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Acta Chimica Academiae Scientiarum Hungaricae, Tomus 62 (1), pp. 1— 6 (1969)

THE USE OF COMPLEXING AGENTS 
IN ION EXCHANGE CHROMATOGRAPHY, II

SE P A R A T IO N  OF COBALT(II) A N D  N IC K E L (II)
IONS ON CATION EX C H A N G E  COLUMN U S IN G  AMMONIACAL 

AM MONIUM  ACETATE SO LUTIO N AS E L U E N T

J .  I n czédy , P . K latsmányi-Gábor  and L. E rdey

(Institu te fo r  General and A nalytical Chemistry, Technical U niversity, B udapest)  

R eceived Novem ber 4, 1968

A m ethod has been developed for the chrom atographic separation of eobalt(II) 
and n ickel(II) ions in unusual order, using am m oniacal am m onium  acetate as eluent. 
The m ethod was planned by calculation of proper distribution coefficients using com ­
plex stab ility  constants, acid dissociation constants and ion exchange constants taken  
from the literature. The experim ental data were com pared to the calculated ones, 
and an adequate agreem ent was found.

In  th e  p rev io u s p a p e r  [1] th e  sep a ra tio n  o f  n ick e l(II) an d  co b a lt(II)  
ions on ca tion  exchange co lum n using  o x a la te  ions as com plex form ing  agents 
has been rep o rted . I t  w as show n, th a t  th e  n ic k e l(II)  ions — form ing  m ore 
s tab le  com plexes w ith  o x a la te  ions, th a n  c o b a lt( I I )  ions — could  be e lu ted  
f irs t before c o b a lt( I I )  ions, an d  using  th e  m o st su itab le  com position  o f th e  
e luent, efficien t an d  ra p id  sep a ra tio n  could be  a tta in e d .

Now an  a t te m p t  h as  been  m ade to  develop  a  sep a ra tio n  p rocedure , in  
w hich th e  o rd er o f ap p ea ran ce  o f th e  sep a ra ted  ions is reversed  in  th e  effluen t,
i.e. co b a lt(II)  ions a p p e a r before nickel ions.

To select th e  su ita b le  co m p lex an t a n u m b e r o f  com plexing agen ts were 
exam ined  an d  a c e ta te  ion  w as found  to  fo rm  a m ore  stab le  com plex w ith  
co b a lt(II)  ions th a n  w ith  n ick e l(II) ions. H ow ever, th e  stab ilities  o f these  
com plexes are low . T herefo re  i t  was exped ien t to  a c t accord ing  to  th e  following 
po in ts  of view : (1) to  use a c e ta te  ions in  fa irly  h ig h  co n cen tra tio n , (2) to  look 
fo r a second com plex ing  ag en t, th e  com plex o f  w h ich  is m ore s tab le  w ith  
n ickel(II) ions th a n  w ith  co b a lt( I I )  ions, b u t  th e  com plexes fo rm ed  are absorbed  
on th e  ca tio n  exchange resin  sim ilarly  or m ore s tro n g ly  th a n  th e  free aquo- 
com plexed m e ta l ions.

A com p lex an t o f th is  so r t is am m onia, fo rm ing  p o sitiv e ly  charged  am m ine 
com plexes w ith  b o th  m e ta l ions.

On th e  basis o f th e  s ta b ili ty  d a ta  i t  seem ed possib le  th a t  th e  fo rm atio n  
of th e  n ick e l-aceta te  com plexes is suppressed  b y  am m o n ia  to  a g rea te r e x te n t, 
th a n  th a t  o f th e  co b a lt com plexes. I t  was ex p ec ted  th a t  a m ed ium  am m onia

1 Acta Chim. Acad. Sei. Hung. 62, 1969
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c o n cen tra tio n  th e  oppo site  in fluences resu lt in  a p re g n a n t d iffe ren tia tin g  
effec t.

O n th e  basis o f th e  above considera tions th e  vo lum e d is tr ib u tio n  coeffi­
c ien ts  o f n ickel(II) an d  c o b a lt( I I )  ions w ere ca lcu la ted  in  th e  case w hen  1 M  
am m o n iu m  ace ta te  so lu tio n s, co n ta in in g  v a ry in g  am o u n ts  o f free am m onia  

h av in g  d ifferen t p H  — w ere used  as eluents.
I t  m ust be s tre ssed  th a t  th e  a d so rp tio n  s tre n g th  of th e  free m e ta l ions 

a n d  o f th e  am m ine com plexes of d iffe ren t coo rd ina tion  n u m b e r are  n o t th e  
sam e. A ccording to  in v es tig a tio n s  [2] th e  species hav in g  p ro p er geom etrical 
sy m m e try  are b o u n d  m o re  s tro n g ly  to  th e  resin  th a n  th e  species h a v in g  u n ­
p a ire d  am m onia g roups as ligands. I n  th e  case o f th e  com plexes o f  c o b a lt(II)  
ions on ly  one, i.e. th e  fo u r co o rd in a ted  com plex is adso rbed  w ith  p a r tic u la r  
se lec tiv ity . H ow ever, am ong  th e  n ick e l(II)-am m in e  com plexes th e  four 
a n d  six  coord inated  species excel in  ad so rp tio n  w ith  increasing  adso rp tion  
s tre n g th .

T hus, in th e  ca lcu la tio n s th e  d iffe ren t ad so rp tio n  s tre n g th s  w ere to  be 
ta k e n  in to  considera tion .

T he overall d is tr ib u tio n  coeffic ien t D of co b a lt(II)  ions on c a tio n  exchange 
resin  in  th e  presence o f  am m onium  a c e ta te  a t  d iffe ren t p H  o f th e  solu tion  
can  be  expressed b y  th e  follow ing eq u a tio n :

n  (Co2+) +  А/ (C o[N H 3]?+) +  (C o [N H J£ +) +  (Co — O H +) +  (Co — ac)
JJCo — — r  \ 1)

'- ‘Co

In  the  n o m in a to r th e  co n cen tra tio n  te rm s of th e  species, b e in g  adsorbed  
to  d iffe ren t e x te n t in  th e  resin  p h ase  are p resen ted  (all in  ro u n d  b rack e ts). 
i d eno tes th e  co o rd in a tio n  n u m b ers  from  1 to  6 ex cep t 4. T h e  d en o m in a to r 
is th e  to ta l  an a ly tica l co n cen tra tio n  of th e  m e ta l ion  in  th e  aq u eo u s phase.

Since the  ten d e n c y  o f c o b a lt( I I )  ions (and  also of n ick e l(II)  ions) to  form 
h y d ro x o  com plexes is m u ch  sm alle r th a n  to  form  am m ine com plexes, th e  
co n cen tra tio n s o f h y d ro x o  com plexes can  be neglected .

In tro d u c in g  th e  in d iv id u a l p a r ti t io n  coefficients of th e  adsorbab le  
species

d0 =  i ^ ;  etc.
[C»2 ] [C o[N H 3],]

a n d  th e  com plex p ro d u c t fo rm ulas

[C o(N H ,),] =  [Co] [N H 3] ' > ;

[Co — ас,] =  [Со] [ас]' у,-
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eq u a tio n  (1) can  be tran sfo rm ed . W ith  sq u a re  b ra c k e ts  con cen tra tio n s in  th e  
aqueous phase are exp ressed , ßi an d  у,- d en o te  th e  com plex  p roduc ts o f th e  
com plexes co n ta in in g  i  ligands. A t th e  tra n s fo rm a tio n  of e q u a tio n  (1) i t  was 
assum ed — as f irs t  ap p ro x im a tio n  — th a t  th e  p a r t i t io n  coefficients of th e  
free m e ta l ion an d  o f  a ll th e  species o th e r  th a n  th e  fou r co o rd in a ted  ones are 
th e  sam e, an d  th e  p a r t i t io n  coefficient o f th e  m o n o v a len t a ce ta te  com plex 
ions is h a lf  o f th e  fo rm er ones. The u n c e r ta in ty  of th e  v a lu e  of th e  la s t n am ed  
te rm  has a v e ry  l i t t le  in flu en ce  on th e  va lu e  o f th e  overa ll d is tr ib u tio n  coef­
fic ien t.

In se rtin g  th e  p ro p e r  equations in to  eq u a tio n  (1) and  tak in g  in to  con­
sid e ra tio n , th a t

Cco =  [Co] +  [Co] [N H ,] ß t +

+  [Co] [N H ,]2 ß2 +  . . . +  [Со] [ас] у, +  [Co] [ac]2 y2

one o b ta in s  a fte r  d iv id in g  b o th  the  n o m in a to r  an d  d en o m in a to r w ith  [Co],

d0( 1 +  [N H 3] ß ,+  [N H 3]2 ß2 +  . . . . )  + d 4[N H 3]4ßi  +  [ас]У1 

Г +  [N H 3] ßl  - f  [N H 3]2ß2 +  . . . +  [а с ] Yl +  [ас ]2y2

The e q u a tio n  d ed u ced  for th e  c a lcu la tio n  o f th e  d is tr ib u tio n  coefficient 
o f n ick e l(II)  ions is n o t  q u ite  th e  sam e, since th e  d iffe ren t ad so rp tio n  s tre n g th s  
o f th e  four and  also s ix  co o rd ina ted  com plexes m u s t be tak en  in to  consider­
a tio n  :

d 0 { l  +  ' J ,3’5[NH3]% )+ d 4[N H 3] V 4 +  de[NH3]«^e +  A [ac] y,
Dn . =  -------------------------------- - - --------------------— ------------------ ------------ -----  (3)

1 +  J [ N H 3] i jfff +  > ’ [ac ] 'y ,
i= 1 1=1

T he values of th e  com plex  p ro d u c ts  w ere ta k e n  from  th e  lite ra tu re . T he 
com plex  p ro d u c ts  o f th e  cobalt com plexes: log ß 1 =  2.05; log ß2 =  3.62; 
log Дз =  4.61; log ßi =  5 .31 ; lo g /35 =  5.43; log ß6 =  4.75 [3]; l o g y 1 = l . l ;  
log y2 =  1.5 [4]. T hose o f  th e  nickel com plexes: log ß1 =  2.75; log ß2 =  4 .95; 
l ° g ^3 = 6 .6 4 ;  log =  7 .79; lo g /35 =  8.50; log  ße =  8.49 [3]; log у, =  0.7; 
l°g  Уг =  1-25 [5].

T he free am m o n ia  co n cen tra tio n  w as ca lcu la ted  b y  th e  use of th e  acid 
d issocia tion  c o n s ta n t o f  th e  am m onium  ion  (log к =  —9.45, co rrec ted  to  
ionic s tre n g th  o f 1) a t  d iffe ren t p H  va lues. T h e  in d iv id u a l d is trib u tio n  coeffi­
c ien ts  were ca lcu la ted  accord ing  to  th e  follow ing eq u a tio n  [1], [6]:

log d  =  log K* +  2 • log Q — 2 • log [N H ^] (4)

1* Acta Chim. Acad. Sei. Hung» 62,. 1969'



4 INCZÉDY et al.: ION EXCHANGE CHROMATOGRAPHY, II

Q d en o tes  th e  vo lum e cap ac ity  o f  th e  re sin ; [N H 4] w as ju s t  u n ity , a n d  th e  
K x c o n cen tra tio n  c o n s ta n t va lu es  w ere estim a ted  on th e  basis  o f se p a ra te  
in v es tig a tio n s  [2].

K c o -m i i  — 3.5 ;
K ní_ nh4 =  3.5 ;
^ щ г ч н 3)4- х н 4 =  11.1;

^ ( t o N H 3)4- N H 4 —  1 0 . 7

•Kn í( n h 3) „ - n h 4 =  13.4

T h e  ca lcu la ted  p a r ti t io n  coeffic ien ts in  th e  case of c o b a lt( I I )  ions were: 
d 0 =  12.6; di — 38.5; and  in  th e  case o f  n ick e l(II) ions: d 0 — 12.6; di  =  40; 
dg =  48.

F ig. 1. D istribution  coefficients o f cobalt(II) and nickel(II) ions from 1 M  am m onium  acetate  
solutions calculated using Eqs. (2) and (3) as function o f the pH

F ro m  th e  d is tr ib u tio n  coeffic ien ts o f co b a lt(II)  and  n ick e l(II)  ions ca l­
c u la te d  a t  d iffe ren t p H  values using  eq u a tio n  (2) an d  (3) g rap h s w ere con­
s tru c te d  as can  be seen in  F ig . 1. F o r  th e  selection  o f th e  b e s t p H  v a lu e  in  
th e  se p a ra tio n  o f th e  tw o m e ta l ions, th e  (Z)Nj -j- a)/(£>co +  я) ra tio s  w ere 
also  ca lcu la ted  a t  d iffe ren t p H  v a lu es  [1]. a denotes th e  vo id  fra c tio n  o f ion 
ex ch an g e  colum n (~ 0 .4 ) .

A ccord ing  to  th e  o b ta in ed  d a ta , th e  b e s t sep a ra tio n  w as ex p ec ted  if  
a 1 M  am m onium  ace ta te  so lu tio n  o f p H  ca 8.1 was used  as e luen t.

O n th e  basis of p re lim in ary  ca lcu la tio n s experim en ts w ere ca rried  o u t 
on  io n  exchange co lum n for th e  e lu tio n  o f trace  am o u n ts  o f n ic k e l(II)  an d  
c o b a lt( I I )  ions, using  1 M  am m o n iu m  a c e ta te  so lu tion  o f d iffe ren t p H  as 
e lu e n t. I n  th e  e lu tion  ex perim en ts th e  efflu en t was co llected  a u to m a tic a lly  
in  frac tio n s  and  ana lysed . F ro m  th e  o b ta in ed  d a ta  ch ro m ato g ram s w ere 
c o n s tru c te d , th e  peak  e lu en t vo lum e ( F max) dete rm in ed  an d  th e  vo lum e 
d is tr ib u tio n  coefficients, th e  p eak  e lu en t volum e ra tio s  ca lcu la ted . F o r th e

Acta Chim. Acad. Sei. Hung. 62, 1969



INCZÉDY et ab: ION EXCHANGE CHROMATOGRAPHY, II 5

calcu lation  o f  d is tr ib u tio n  coefficients eq u a tio n  (5) w as used.

D
V„

X
(5)

X deno tes th e  co lum n volum e in  ml.
T he o b ta in e d  d a ta  are su m m arised  in  T ab le  I .  As can  be seen, th e  h ig h est

Fig. 2. Chrom atographic separation o f eobalt(II) and nickel(II) ions using 1 M  am m onium  
acetate solution o f  p H  8.4 as e luent. Ion exchange colum n: Am berlite CG— 120 T ype I; 

7 X 8 0  m m ; Flow  rate: 0.4 m l/m in. Volum e o f fractions: 2 ml

Table I

Elution o f co b a lt(II ) and n ickel(II) ions with 1 M  ammonium acetate solution of different p H  
(Ion exchange column: 7 x 8 0  mm ; Am berlite CG— 120, Type I)

p H  o f  
e lu e n t

^ m a x , Co 
m l

fo u n d

^ m a x , Ni 
m l

fo u n d

O c o
fo u n d

O tJ i
f o u n d

D a t a  t a k e n  f r o m  th e  
g r a p h s  i n  F ig . 1 .

^ m a x , Co

D Co ° N i
Dm - f  Д 

Deo +  °

7 .1 1 3 . 7 1 7 . 6 1 . 2 8 4 . 0 4 5 . 3

7 . 5 1 5 . 0 1 9 . 3 1 . 2 8 4 . 4 6 5 . 8 5 2 . 5 6 . 9 2 . 5

7 . 9 1 6 . 7 2 9 . 6 1 . 7 7 5 . 0 3 9 . 2 0

8 .1 2 3 . 2 3 9 . 4 1 . 7 0 7 . 1 5 1 2 . 4 4 . 6 1 8 3 . 7

8 . 4 2 6 . 2 5 0 . 5 1.93 8 . 1 1 6 . 0

8 . 5 3 5 . 1 6 1 . 6 1 . 7 5 1 1 . 0 1 9 . 6 1 3 . 1 2 5 . 7 1 . 9 4

8 . 8 6 1 . 6 9 4 . 2 1 . 5 3 1 9 . 6 3 0 . 2 0

ra tio  o f th e  F max v a lu es  is ab o u t p H  8.4. T h e  d ev ia tio n s b e tw een  th e  ca lcu la ted  
an d  ex p e rim e n ta lly  fo u n d  volum e d is tr ib u tio n  coeffic ien t va lu es  are n o t la rg e . 
H ow ever th e  c a lc u la ted  d is tr ib u tio n  coeffic ien ts  are  so m ew h at low er in  th e  
case of c o b a lt( I I ) ,  a n d  som ew hat la rg e r in  th e  case o f  n ick e l(II)  ions, th a n  
those  o b ta in e d  b y  experim en ts. T he d ev ia tio n s  m a y  be  exp la ined  b y  th e  
in accu racy  o f  th e  c o n s ta n ts  used .

T he c h ro m a to g ra m  o b ta in ed  a t th e  se p a ra tio n  o f c o b a lt( I I )  and  n ick e l(II)  
ions in  “ rev ersed  o rd e r”  using an  e lu en t o f p H  8.4 is p resen ted  in  F ig . 2

4cta Chim. Acad. Sei. Hung. 62, 1969



6 INCZÉDY et al.: ION EXCHANGE CHROMATOGRAPHY, II

E x p erim en ta l

Reagents. In all experim ents A.G. chem icals were used. 1 M  am m onium  acetate so lu­
tions o f different pH  were prepared from  2 M  am m onium  acetate solution b y  adding the  
required am ount of am m onia and diluting to  the proper volum e.

Ion exchange column. From  Am berlite CG— 120 Type I cation exchange resin colum n  
( 7 X 8 0  mm ) similar to th a t used in  former experim ents [1] was prepared, converted to N H 4- 
form  w ith  am m onium  acetate solution and washed w ith  deionized water.

Elution experiments. The elution experim ents, the estim ation o f the m etal ions in the  
collected  effluent fractions, the construction o f chrom atogram s (or elu tion graphs) were 
carried out as in the former experim ents [1].
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The inform ations necessary for recovering a structural m atrix of the m olecule  
are contained b y  th e  sym m etry structural m atrix. The algorithm  of the above trans­
form ation can be perform ed with was described in the form  o f a computer program.

W ith the know ledge of the structural m atrix the cycles and building sets o f  the  
m olecule as well as the chains belonging to  th e  building sets can be determined. The 
knowledge o f the cycles and chains can be needed in the case o f establishing connec­
tions betw een the internal coordinates o f  th e  m olecule (i.e. establishing the redundancy  
conditions) as w ell as in  the case o f choosing the corresponding independent internal 
coordinates (i.e., ind irectly , determ ining the m atrix G). Therefore, algorithms were 
worked out for sim ulating the cycles and chains by the aid o f a computer.

In tro d u c tio n

In  th e  f ir s t  p a r t  o f  th is  series o f  p u b lica tio n  [1] th e  concepts o f th e  
s tru c tu ra l  m a tr ix  (C) an d  th e  sy m m e try  s tru c tu ra l m a tr ix  (S) have been  
in tro d u ced . Now we w ill p resen t som e o f  th e ir  p ro p ertie s  and  ap p lica tions.

T he atom s x,- o f a covalen tly  b o n d e d  m olecule (i =  1, 2, . . . , n be ing  
th e  n u m b er o f a tom s in  th e  molecule) fo rm  a ce rta in  se t % o f po in ts. T he o p e r­
a to r  Г  has th e  p ro p e r ty  o f  assigning th e  a tom s to  th e  neighbouring  ones. 
T h u s th e  m olecule can  be considered as a g rap h  ( ф  [2]. B y  th e  o p e ra to r  Г  
th e  valence  lines Uj (j  =  1, 2, . . . , m  b e in g  th e  n u m b er o f  valence lines in  th e  
m olecule) h av e  b een  d e fin ed , w hich c o n s ti tu te  a c e r ta in  se t Tf.

T he s tru c tu ra l m a tr ix  C is a sp ec ia l im age of <3. I t s  row s and  co lum ns, 
re sp ec tiv e ly , are  a rra n g e d  according to  th e  elem ents o f AE an d  respective ly . 
T he e lem ents Cp o f th e  m a tr ix  C m a y  b e  1 or 0 d ep en d in g  on w hether th e  
v a lence  line Uj is co n n ec ted  or no t to  th e  a to m  x,-.

E v e ry  m olecule h as , according to  its  sy m m etry , sy m m etry  elem ents. 
All th e  sy m m etry  e lem en ts  m ay  be co n sid e red  as girs or g iro ids, defin ing  th e  
id e n tity  as a m onogir (E  =  Cx), th e  p lan e  of sy m m e try  as a m onogiroid 
(a =  Sy), w hile th e  c e n tre  o f sy m m etry  as a d ig iro id  (i =  S2).

CZ %
T he e lem ents “ of a c e r ta in  se t * of p o in ts , its  rep re sen ta tiv e

lba  v=r Vi Vip

* Part I: B i l l e s , F.: A cta Chira. Acad. Sei. H ung. 51, 295 (1967).
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8 BIIXES: SOME TOPOLOGICAL FEATURES

b e in g , are sa id  to  be e q u iv a len t w ith  re sp ec t to  som e sy m m e try  e lem en t R

o f th e  m olecule, in  case th e y  can  be  tra n s fo rm e d  in to  each  o th e r  b y  th e  sy m ­
m e try  o p era tio n s It^ connected  to  R  (w here к =  1, 2, , 0 (R ) ; 0 (R ) b e in g
th e  o rd e r of th e  cyclic subgroup  be lo n g in g  to  th e  sy m m etry  g roup  St o f  th e  
m olecule).

T he q u a n ti ty

O(R)

O ( R )  .
V  R rx, ( a =  1 ,2 , . . .  , 10) ( 1 )

is ca lled  sy m m e try  a to m , iv be ing  th e  n u m b e r of th e  e q u iv a le n t a to m ic  se ts  
acco rd in g  to  R. T he  q u a n tity

O ( R )  .

йр= 2  R rui ( 0 = 1 . 2 , . . . , ? )  (2)
r=1

is ca lled  sy m m e try  valence line , q b e in g  th e  n u m b er of th e  eq u iv a len t v a len ce  
lin e  se ts  accord ing  to  R. On th e  basis  o f E q s . (1) and  (2) we have

x =  W  x (3)
and

ii =  Q и (4)

H ere  x an d  u  are , respective ly , th e  co lu m n  vectors fo rm ed  b y  th e  sy m m e try  
a to m s  an d  sy m m etry  valence lines, re sp ec tiv e ly , fu r th e r  ¥  is  a n  « X w  t r a n s ­
fo rm a tio n  m a tr ix  an d  Q is an  m X q  one. C can  form ally  be  d efin ed  as

и  =  С х  (5)
hence

ii =  Q C x =  S x (6)

T he d e fin itions (1) an d  (2) o f th e  q u a n titie s  xa an d  iiß a re  m o tiv a te d  b y  
th e  fa c t th a t  i t  is su itab le  to  choose, in  th e  m a tr ix  S, th e  sum  o f th e  e lem en ts  
o f  th e  colum n v ec to r  belonging to  th e  sy m m e try  a to m  as th e  sum  of th e  ele­
m e n ts  of th e  co lum n vec to r b e long ing  to  th e  co rresponding  a tom s. N am ely , 
b y  th e se  sum s th e  in d ex  o f th e  re sp ec tiv e  a to m , i.e. th e  n u m b e r o f th e  v a len ce  
lin e s  belonging  th e re to , is given.

Som e properties of th e  sy m m etry  s tru c tu ra l m a trix

I f  th e  re p re se n ta tiv e  x, o f th e  se t of po in ts coincides w ith  th e  sy m ­
m e try  axis R  th e n  0 (%,) =  1, in  a n y  o th e r  case 0(9Ca) =  0(R).

I f  th e  re p re se n ta tiv e  Uj o f  th e  se t ^Цз o f lines is co nsidered  as an  o p en ed  
d o m a in  an d  i f  Uj has only  one p o in t com m on w ith  th e  sy m m etry  ax is  R,
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10 BILLES: SOME TOPOLOGICAL FEATURES

th e n  since th e  valence lines do n o t in te rs e c t — O ^ ß )  =  2, w hile, i f  и 
coincides w ith  th e  ax is, 0 ^ \ iß) =  1, a n d  in  a n y  o th e r case 0(®Цз) =  0(R).

Since b y  th e  sy m m e try  o p era tio n s R k th e  su rround ings o f th e  in d iv id u a l 
a to m s  are also tra n s fo rm e d , th e  indices o f  th e  in d iv id u a l a to m s R kXj £ %a 
a re  iden tica l. In  v iew  of th e  foregoing, th e  ind ices of th ese  a to m s re la te d  to  
th e  se t *[lß o f lines are  also id en tica l.

I f  0 (^« ) =  1 th e n  Xj e ith e r  c o n s titu te s  th e  com m on b o u n d a ry  o f  th e  
e lem en ts of ölf<3 (case A )  o r n o t  (case B),  see F ig . 1.

I f  (H%a) =  0(R )  th e n  tw o  cases a re  possib le:
(a) th e  e lem en ts  of ^Iß are  ra d ia l w ith  respect to  th e  sy m m e try  ax is 

( ty p e  C) an d  e ith e r  th e y  are  connected  to  th e  elem ents o f (ty p e  Cx) o r  do 
n o t  to u ch  th e m  (ty p e  C2),

(b) th e  e lem en ts  o f ®Цз a re  ax ia l w ith  resp ec t to  th e  sy m m e try  axis 
( ty p e  D) an d  e ith e r  th e y  connect all th e  e lem en ts  of f a (case H j) or a re  con­
n e c te d  to  one (case D2),  o r do n o t to u c h  th e m  (case D 3), see Fig. 1.

A fter p e rfo rm in g  th e  tra n s fo rm a tio n  C —► S th e  follow ing values for 
th e  elem ents S in  th e  case o f th e  d iffe re n t ty p e s  are o b ta in ed :

ty p e  А  В  С, С, D. D., D3
Sßx 0(R)  0 1 0 2 1 0

As we can  realise  on th e  basis o f F ig . 1, th e  m a tr ix  e lem ents Sßa, are  
th e  indices o f th e  re p re se n ta tiv e  Xj o f th e  se t of p o in ts , re la te d  to  th e  set 
Л1р o f  lines.

So, know ing  th e  e lem ents o f S, th e  fo llow ing can be s ta te d  w ith  re sp ec t 
to  th e  s tru c tu ra l co n s tru c tio n  o f th e  m olecu le  [1]:

F o r th e  c e n tra l co n stru c tio n  th e  fo llow ing su ffic ien t (b u t n o t necessary ) 
co n d itio n  ho lds: S sh o u ld  co n ta in  on ly  e lem en ts  of value 1 an d  0, th e re  shou ld  
be  only  one e lem en t o f v a lu e  0 (H ), an d  S shou ld  be a 1 X  2 m a tr ix .

The n ecessa ry  co n d ition  o f th e  c e n tra l  co n stru c tio n  is th a t  th e  su m  of 
th e  elem ents o f  th e  co lum n v ec to r o f S shou ld  be 0(R),  w hile th e  su m  of 
th e  elem ents o f all th e  o th e r  colum ns sh o u ld  be 1.

I f  th e  v a lu e  o f b e lem ents of S is 2, th e n  S con ta in s a t  le a s t b cycles, if  
Ü(R) ^  2.

The tran sfo rm a tio n  S — C

T he a to m s o f th e  m olecule can  be  n u m b ered  in  n ! d iffe ren t w ays, 
w hereas th e  va len ce  lines can  be n u m b ered  in  m ! ones. H ence a g iven  m o le­
cule m ay  h av e  d iffe ren t s tru c tu ra l m a trice s  o f n u m b er n ! m !, w hich can  be 
tra n sfo rm e d  in to  each  o th e r b y  th e  re sp e c tiv e  s tru c tu ra l m a trices . I n  F ig . 2, 
th e  d iffe ren tly  n u m b ered  form s of th e  sam e m olecule can be seen. T he fo llow ing
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BILLES: SOME TOPOLOGICAL FEATURES 11

re la tio n  o b ta in s  b e tw een  th e  m atrices Ca an d  Ch:
Ca =  P (3412) Сь P ' (4132) (7)

T he c ircum stances are  s im ila r in th e  case o f th e  m a trice s  S belonging  to  th e  
sam e R  as well. H ence, in  th e  case of a g iven  m olecule  an d  a given sy m m etry  
e lem ent th e  n u m b er o f  th e  m atrices S will be w ! q !. I n  o rd er to  c o n s tru c t 
a m a tr ix  S as sm all as possib le, i t  is su ita b le  to  choose a sy m m etry  e lem en t 
such th a t  0(R)  shou ld  b e  th e  possib ly  g re a te s t.

Fig. 2

W ith  th e  know ledge o f the  q u a n titie s  0(R )  as well as and 0 (eUp)
we have  enough in fo rm a tio n  for o b ta in in g  som e m a tr ix  C o f th e  m olecule, 
if S is know n. T herefo re , in  th e  case of u sing  c o m p u te rs , S will be ex ten d ed  b y  
the  Oth co lum n an d  ro w , respectively . T h e  v a lu e  o f  th e  0,0 e lem ent is O(R), 
th e  e lem ents o f th e  0 th  ro w  are th e  co rresp o n d in g  va lu es  o f 0(%a) and  th o se  
of th e  0 th  co lum n are  th e  corresponding  va lu es  o f 0 (6U(3).

B y th e  aid  o f th e  program  given in  th is  p a p e r  th e  a lgo rithm  of th e
tra n sfo rm a tio n  S —> C is given, th e  s th  e lem en t o f  be ing  n u m b ered  b y  

a—1 /3—1
s -f- 0 (% .)  and  th e  ß t h  elem ent of ^  b y  t  -f- 0 ( “Ц ). T hus b y  th e  o rd er

r= 1 T—l
of th e  sy m m etry  a tom s a n d  lines in S, th e  o rd e r o f  th e  atom s and  lines in  C 
is u n equ ivoca lly  de fin ed . T h a t m eans t h a t  one o f  th e  possible m atrices C, 
tran sfo rm ab le  in to  eacb  o th e r  according to  E q . (7), has been u nequ ivocally  
associa ted  w ith  S.

H ence

u =  Q C W  1 x , (8)
th a t  is

S =  Q C W 1 (9)
and

C — Q S W  1 (10)
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12 BILLES: SOME TOPOLOGICAL FEATURES

Vector spaces defined on  th e  skele ton  of the  m olecules

T he s tru c tu ra l m a tr ix  has been  o b ta in e d  on th e  basis o f th e  in fo rm a tio n s  
n ecessa ry  fo r s im u la tin g  th e  m olecule s tru c tu re  w ith  a co m p u te r  (i .e. on th e  
basis  o f  th e  sy m m etry  s tru c tu ra l m a tr ix ) . In  o rd er to  o b ta in  th e  re la tio n s  
b e tw e e n  th e  in n er co o rd in a tes  o f th e  m olecule, i.e. th e  so-called re d u n d a n c y  
c o n d itio n s  [3, 4 , 5], th e  m ax im al ch a in s  [4] and  cycles [5] o f th e  m olecule 
m u s t  be  found . F o r w ork ing  o u t th e  a lg o rith m s to  d e te rm in e  th e se , we h av e  
to  d e fin e  som e fu r th e r  q u an titie s .

T h e  skeleton  “4? o f  th e  m olecule is th e  set o f th e  atom s w hose in d ex  is 
a t  le a s t  2 [4]. T he s tru c tu ra l m a tr ix  C o f th e  skeleton  can  be o b ta in e d  from  
C w hile  cancelling  th e  colum ns w here th e  sum  of elem ents is 1, an d  cancelling  
fro m  th e  m a trix  so o b ta in e d  th e  row s fo r  w hich th e  sum  o f th e  e lem en ts  is 1. 
In  a s im ila r w ay th e  s tru c tu ra l m a tr ix  S of th e  skeleton  T  can be  o b ta in ed  
fro m  S.

In  th e  follow ing we will be concerned  w ith q u an titie s  in  con n ec tio n  w ith  
th e  sk e le to n  of th e  m olecule.

T h e  valence lines uj (j  =  1, 2, . . . ,  fi, /л being th e  n u m b e r o f  th e  row s 
o f  Cv ) a n d  th e  a to m s (i — 1, 2, . . . , v, v being th e  n u m b e r o f  th e  colum ns 
o f  C v ) o f  th e  sk e le ton  shou ld  be n u m b ered .

L e t ‘У be th e  se t o f all th e  su b g rap h s  w hich can be defined  on th e  ske le to n . 
A b in a ry  v ec to r space  <3) m ay  be d e fin ed  w hich is isom orph ic  to  Ш. L e t us 
a ssign  a  v ec to r e;- o f d im ension  fi, i ts  y th  e lem ent being  1 w hereas th e  o th e rs  0, 
to  each  valence line it, o f  th e  sk e le to n .

A n y  su b g rap h  ^  can  be o b ta in e d  as th e  sum  (in  th e  sense o f  se t 
th e o ry )  o f valence lines o f n u m b er P  ( th e  atom s are considered  as th e  zero 
d im en sio n a l cell o f th e  para lle lep ip ed  o f  th e  subgraphs an d  sh o u ld  be d is­
re g a rd e d ) . L et us n u m b e r th e  su b g ra p h s  as well. T hus a su b g ra p h  k (k =  
=  1, 2 , . . . , Pk) can  be  o b ta in ed  as follow s

Uj (11)
7=1

T h e o p e ra tio n  (11) can  be p erfo rm ed  b y  m eans of th e  im age v e c to rs  ey as well 
i f  in tro d u c in g  th e  logical (i.e. boo lean ) su m m atio n  w ith  re sp e c t to  b in a ry  
v e c to rs . T h u s  som e v e c to r  dk £ ©  o f d im ension  [Л can  be w r itte n  as

4  =  J B004 -  (12)
7=1

I f  we also in tro d u ce  th e  logical m u ltip lic a tio n  betw een  b in a ry  n u m b e rs , th e  
b in a ry  vec to rs can  be m u ltip lied  b y  som e b in a ry  n u m b e r £y (ej =  0, 1). B y  
m ean s o f  th em  th e  v ec to rs  dk can  be  o b ta in ed  as th e  lin ea r co m b in a tio n s  of
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BILLES: SOME TOPOLOGICAL FEATURES 13

all th e  v ec to rs  ey,

dk =  2 B0° 'ei A */ (13)
J =  1

B y  th e  exp ression  (12) is show n th a t  th e  tra n s fo rm a tio n  D —► ®  is 
con sis ten t in  o p e ra tio n . I t  can  easily  be seen th a t  th e  v ec to rs  dk c o n s titu te  
such a v ec to r  space o f ц  d im ensions w hose basis  consists o f th e  vecto rs Cy. 
F u rth e r , i t  is to  he  seen th a t  ®  is isom orph ic  to  ‘cl since th e  tra n s fo rm a tio n  
is co n sis ten t in  o p e ra tio n  and  one to  one co rresp o n d en t:

‘äls*;®  (14)

B y  m eans o f th e  m a tr ix  Cv each  v ec to r dk c an  be asso c ia ted  w ith  a v e c ­
to r  wk:

wk =  C v d k (15)

W ith  th is  re la tio n  th e  elem ents o f D h av e  been  tra n sfo rm e d  in to  th e  v ec to r 
space W  o f v d im ensions. This is n o t a one to  one correspondence, th e  elem ents 
of wk be ing  n o n -n eg a tiv e  in tegers. T he com ponen ts o f th e  v ec to rs  wk are th e  
indices o f th e  in d iv id u a l a tom s, re la te d  to  th e  su b g rap h  ^ k £ *cl. L e t us deno te  
th e  se t of th e  im age vec to rs wk b y  c'$° (‘W0 d  CW ).®  an d  are  isom orphic:

(16)

L e t us d esig n a te  b y  cl1 th e  se t o f th o se  su b g rap h s 6äk w hich  can be 
sim ple p a th s  (p a th s  w ith o u t b ran ch in g  th a t  are co nnec ted  a n d  do n o t re tu rn  
to  them selves); th e  im age sets o f <c!1 are  3)1 an d  CV?1. L e t us d en o te  b y  cl2 th e  
se t o f th o se  su b g rap h s  clk w hich can  be sim ple loops (cycles); th e  im age sets 
of <3J2 are  ®2 a n d  V .

D eterm ination  o f th e  cycles

A sim ple p a th  can  be each  su b g rap h  w hose im age v e c to r  vok con ta in s, 
besides e lem ents o f v a lu e  0 and  2, only tw o e lem ents o f v a lu e  1. H ow ever, 
n o t each  o f all su ch  su b g rap h s is a sim ple p a th , n am ely , in  case i t  is n o t con­
n ec ted , i t  m a y  also co n ta in  sim ple loops (cycles). T h u s f irs t  th e  cycles and  th e n  
th e  sim ple p a th s  m u s t be found .

A  cycle can  be  each  su b g rap h  w hose im age co n ta in s  on ly  elem ents of 
value 0 an d  2. (These vec to rs u'k fo rm  th e  se t Чй?2(1).) Such  a su b g rap h  can 
consist o f severa l d isconnected  cycles as well. T he follow ing a lg o rith m  serves 
for d e te rm in in g  th e  cycles.
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14 BILLES: SOME TOPOLOGICAL FEATURES

L et м,у £ 48?2(1) be  one o f su ch  v ec to rs  w hose ab so lu te  v a lu e  is th e  
sm a lle s t am ong th e  e lem en ts  of 48F2(1). To w1 th e re  co rresponds su re ly  a single 
cycle . A fte r perform ing  th e  o p era tio n

wk — wi =  К  (17)

b y  m eans o f every  v e c to r  wk £ £̂ ?2(1), we o b ta in  e ith e r  v ec to rs  h av in g  on ly  
n o n -n eg a tiv e  elem ents o r vec to rs h a v in g  neg a tiv e  e lem en ts, too . T he orig i­
n a l im ages of th e  la t te r  do n o t c o n ta in  th e  cycle ^)v  L e t us d en o te  th e  se t 
o f  th e  vecto rs wk b e long ing  to  th ese  b y  ^ 2(2). F rom  th e  se t CV?2(2) a v ec to r 
o f  th e  leas t abso lu te  v a lu e  can  ag a in  be  chosen, w hich  shou ld  be d en o ted  
b y  w2. T hen  le t us perfo rm  th e  su b tra c tio n s  of ty p e  (17) b y  m eans o f th e  ele­
m e n ts  o f th e  set CW2(2). I n  case th e re  a re  in  th e  sk e le ton  loops o f n u m b e r a , 
a f te r  th e  (« — l ) th  s te p  th e re  rem ain s on ly  a single v e c to r  «у £ V 2(a), n am ely  
MV T he im ages of th e  cycles becom e th e  vectors wv  w2, . . . , wa.

Ow ing to  th e  re la tio n  (16) th e  above algo rithm  can  also be perform ed 
w ith  th e  vectors dk £ S)2( l) .

One ob tains th e  m easu re  o f th e  connection  b e tw een  th e  cycles “t lr, 
i f  th e  p ro d u c t o f th e  co rrespond ing  v ec to rs  d, and  ds, an d  wr an d  ws, respec­
tiv e ly , are m ade.

F o r th e  valence lines:
y?s =  e’r A d s , (18)

fo r th e  atom s:
У% =  w 'r M’s (19)

I f  th e  tw o cycles h a v e  no com m on valence  line th e n  yfs =  0, i f  th e y  have  
no com m on a tom , i.e . th e  tw o cycles are  n o t connec ted , th e n  =  0.

D ete rm ina tion  o f the sim ple paths and  th e  bu ild ing  sets

T he sim ple p a th s  o f th e  sk e le to n  can  be o b ta in e d  w ith  th e  following 
a lg o rith m . The v ec to rs  dk £ ©1(1) w hich  can he th e  im ages o f sim ple p a th s  
are  m ultip lied  successively  b y  th e  v ec to rs  d/ £ ®2:

Qkt == d[i Л di (20)

I f  som e vectors dk h a v e  been  successively  m u ltip lied  b y  all th e  vec to rs d ( and  
if  fo r each of th e  p ro d u c ts  th u s  o b ta in e d  th e re  holds

Qk\ < d\ A d\ {I — 1, 2,. . ., x; d, € @2) (21)

th e n  eBk does n o t c o n ta in  an y  cycle. T hereby  we h av e  chosen th e  elem ents
O f
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BILLES: SOME TOPOLOGICAL FEATURES 15

C hains will be  ca lled  such su b g ra p h s  w hich  are  co n n ec ted  an d  th e  indices 
of w hose atom s, re la te d  to  the  su b g ra p h , are  n o t g re a te r  th a n  2; i.e. chains 
are called  th e  o rig in a l im ages of th e  se t S)(l) =  S)1 U S)2.

A  build ing  se t w ill be called su ch  a se t o f in d e p e n d e n t chains (i.e. o f 
chains h av in g  a t  th e  m o s t com m on a to m s) w hich  covers th e  skele ton  У com ­
p le te ly  an d  co n ta in s a  m in im um  n u m b e r  o f chains. T his m in im um  n u m b er of 
chains we will call c h a in  num ber (P )  [5]. Som e m olecules m ay , of course, 
have severa l b u ild in g  se ts , too.

T h e  chain  n u m b e r  and  th e  b u ild in g  se ts  can  be o b ta in e d  accord ing  to  
th e  follow ing a lg o rith m .

(a) L et H 2 be  e m p ty : TU2 =  О. T h u s th e  sk e le to n  does n o t con ta in  an y  
cycle, i.e. i t  is a tre e . T h e  chain n u m b e r  P  o f th is  tre e  is

where

e =  l +  2 > (q r — 1 ),
r= 1

qr =  e n t lb )  +  I

( 22)

(23)

and  b)  is th e  ind ex  o f  th e  atom  xr, re la te d  to  th e  skeleton .
Proof. L et th e  n u m b e r  of a to m s be 2. T h en  th e  tre e  obv iously  con ta in s 

only  one p a th , an d  o n  th e  basis o f E q . (22) also P  =  1. L e t th e  n u m b er of
p—I

atom s be  v — 1 a n d  le t  th e  chain  n u m b e r be 1 (qr — 1). I f  so ldering
Г =  1

th e  r th  a to m  to  th e  sk e le to n  by  som e valence  line  we h av e  tw o  possible cases: 
W hen  soldering to  an  atom  x  c f  th e  odd in d e x  b ) , one o f th e  p a th s  s t a r t ­

ing from  x, becom es a tr a n s i t  p a th  a n d , since b w as odd , q f  does n o t change. 
On th e  o th e r han d , qv =  1, also b ecau se  of th is  fa c t P  does n o t  change.

W hen  soldering to  an  atom  xr o f  th e  even in d ex  bv , th e  n u m b er of th e  
p a th s  s ta r tin g  from  x r increases b y  one (th e  v a lu e  o f qr increases b y  one). 
Being qv =  1, its  v a lu e  does no t affect P ,  th u s  in  th is  case also P„ =  P„-1 -\- 1. 

T h ereb y  E q. (22) h a s  been p ro v ed .
(b) U2 ^  0. In  th is  case we cou ld  n o t give a closed re la tio n  like E q. (22) 

for d e te rm in ing  th e  c h a in  num ber. T o  d e te rm in e  P  th e  follow ing a lgo rithm  
can  be used.

T he vectors dk £ 'S)1 U <S2 are considered  as th e  d iffe ren t p e rm u ta tio n s  
w ith  re p e titio n  of th e  num bers 0 a n d  1. L et us n u m b e r th e m  in  th e  n a tu ra l 
o rder o f th e  p e rm u ta tio n s . Let us th e n  form  all th e  possib le com binations 
w ith o u t rep e titio n  o f th e  vectors dk th e re b y  n u m b ered . All th e  dr vecto rs 
in  th e  co m bina tion  w ill now be successively  m u ltip lied  b y  each  v ec to r
dk g S)1 U @2.
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These m u ltip lica tio n s  are p e rfo rm ed  w ith  all th e  co m b in a tio n s, in  th e  
n a tu ra l  o rder o f th e  co m b in a tio n s, accord ing  to  in c reasin g  class num bers. 
I n  th e  P th  class th e re  w ill be a t  le a s t  one c o m b in a tio n  w here no  v e c to r  dk 
ca n  be found an y  m o re  w hose p ro d u c t w ith  each v e c to r  dr in  th e  co m bina tion  
van ishes. This m ean s t h a t  no ch a in  dk ex ists an y  m ore  w hich  is in d ep en d en t 
o f  th e  chains dr in  th e  co m b in a tio n . T h e  chain  n u m b e r is g iven  b y  P . T he 
e lem en ts  of th e  co m b in a tio n s ta k e n  P  a t  a tim e , to  w hich  no in d ep en d en t 
c h a in  has been fo u n d , are  e q u iv a len t b u ild in g  sets.

Thus, b y  th e  a lg o rith m  n o t o n ly  th e  chain  n u m b e r b u t  also th e  bu ild ing  
se ts  are given.

In  th e  case w h en  on ly  one b u ild in g  se t and  th e  ch a in  n u m b er a re  needed , 
we can  o b ta in  th e m  in  a m ore sim ple w a y  th a n  above: b y  m eans o f an  a lg o rith m  
sim ila r  to  th a t  u sed  fo r fin d in g  th e  cycles.

L et @(1) =  U @2 be th e  s e t  o f  th e  v ec to rs  t h a t  a re  sure to  be  chains. 
F ro m  am ong th e m  le t  us choose t h a t  o f  th e  g rea te s t ab so lu te  va lue . L e t th is  
b e  dv  Now le t us m ak e  th e  p ro d u c ts

£1 ,k =  dx A (24)

w ith  all th e  v ec to rs  dk £ €>(1). T hose  dk fo r w hich  C15fe =  0 are in d ep en d en t 
o f  dv  F rom  th e  s e t  ®(2) o f th e  l a t te r  now  le t us seek one o f  th e  v ec to rs  o f  th e  
g re a te s t abso lu te  v a lu e : d,. L e t us fo rm  th e  p ro d u c ts

C2,k =  d[ Д dk (d ,£ ® (2 ))  (25)

e tc ., till we o b ta in  th e  e m p ty  se t: ® (P  -J- 1). The se t o f th e  vec to rs dv  d2, dp 
c o n stitu te s  a b u ild in g  set.

The a lg o rith m s m en tio n ed  in  th e  tw o la t te r  sec tions re n d e r i t  possible 
to  sim ulate  th e  cycles an d  m ax im u m  chains w ith  th e  a id  o f an  e lectron ic  
co m p u ter. T he sy m m e try  s tru c tu ra l  m a tr ix  co n ta in s  all th e  in fo rm atio n s 
n ecessary  for th e se  co m p u ta tio n s , A  co m p u te r can  be  n eeded  w hen  d e te r­
m in in g  th e  re d u n d a n c y  cond itions [3, 4 , 5 ], as well as th e  e lem ents o f  W ilson’s 
G m a trix  and  th o se  o f F  m a tr ix  belong ing  to  th e  re d u n d a n t co o rd in a tes , 
respectively .
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P rocedure  for th e  tran sfo rm atio n  S —*■ C

procedure SCTRANS (S, q , w, C);
com m ent the procedure SCTRANS transform s the randed sym m etry structural m atrix S[0:q, 

0:w] into the structural m atrix C [l:m , l:n ], where m  is the sum  o f  elem ents o f the  
zero-th column w hile n is that o f  th e  zero-th row o f  S; 

value q, w; integer q, w; integer array S, C; 
begin integer alpha, b eta , a, b, k, 1; 
a: =  0 ;
for alpha: =  1 step 1 un til q do 
begin b: =  0 ;
for beta: =  1 step 1 until w  do 
begin
if  S [alpha, 0] =  1 then  
begin k: =  a -|- 1; 
if  S [0, beta] =  1 then
begin 1: =  b +  1; C[k, 1]: =  S[alpha, b eta] 
end
else for 1 : =  b -f- 1 step 1 until b +  S [0, b eta ] do 
C[k, 1]: =  S[alpha, beta]; 
goto ex
end S [alpha, 0] =  1
else for k: =  a - f  1 step 1 until a -f- S [a lph a , 0] do 
i f  S[0, beta] =  1 then 
begin 1: =  b +  1;
C[k, 1]: =  S [alpha, beta] -f- S[0, 0]
end
else
begin for 1: =  b +  1 step 1 until b +  S [0, beta] do
C[k, I]: =  0;
i f  S [alpha, beta] =  1 V  S [alpha, beta] =  2 then  
C[k, к - f  b — a]: =  1; 
i f  S [alpha, beta] =  2 tRen 
begin
if  к ?£ S [alpha, 0] +  a then  
C[k, к +  b — a +  1]: =  1 
else C[k, b +  1]: =  1 
end
end S[alpha, 0] =  S[0, 0];
ex:b: =  1
end beta;
a: =  к
end alpha
end SCTRANS;

R E F E R E N C E S

1. B il l e s , F.: Acta Chim. Acad. Sei. H ung. 51 , 295 (1967)
2. B e r g e , G .: Théorie des graphes et ses applications. Dunod, Paris, 1963
3. B il l e s , F.: Acta Chim. A cad. Sei. H ung. 45 , 285 (1965)
4. B il l e s , F.: Acta Chim. Acad. Sei. H ung. 46 , 45 (1965)
5. B il l e s , F.: Acta Chim. Acad. Sei. H ung. 49 , 97 (1966)

F erenc  B illes; B u d a p e s t X I., M űegyetem  rkp . 3.

2 Acfa C.him. Acad. Sei. Hung. 62. 1969





Acta Chimica Academiae Scientiarum Hungaricae, Tomus 62 (1), pp. 19—26 (1969J

A QUANTITATIVE CHARACTERIZATION 
OF MIXING

K . S e i t z  and R . T őrös

(Research Institute fo r  Technical Chemistry o f  the H ungarian Academy 
o f Sciences B udapest)

R eceived A pril 10, 1968

F or th e  q u a n ti ta t iv e  c h arac te riza tio n  o f th e  degree of m ixing a descrip tive  scale 
was proposed w hich  characterizes th e  co m ple te ly  m ix ed  sys tem , a n d  th e  u nm ixed  
system , resp ec tiv e ly  w ith  values (1, -f~ oo). T he m easu re  o f  th e  degree  o f m ixing of 
a n y  system  is a p o sitiv e  in teger w hich  can  be  found  w ith  th e  help  o f a nom ogram .

In tro d u c tio n

As know n, h e a t tra n s fe r  processes, in  th e  sec tio n a l h e a tin g  of packed  
colum ns w here th e  cooling m edium  is in  m o tio n  an d  th e  p ack ing  is s ta tio n a ry , 
are  described by  d iffe ren tia l equ a tio n s p roposed  b y  A n z e l i u s  [1]. T he descrip ­
tio n  of th e  system  consists in  s ta te m e n ts  on th e  sp a tia l h e a t-d is tr ib u tio n  of 
th e  h ea tin g  (cooling) gas and  of th e  g ra n u la r  (solid) pack ing , as a function  
o f tim e.

The equa tions are

31 +  v’ —  =  -  b (T  T ) .....................
3f Эя:

(I)

' _ =  a ( T  -  T ) ..................................................
Э<

(II)

w here T  =  te m p e ra tu re  of th e  m ed ium  to  be h e a te d  (cooled)
T' =  te m p e ra tu re  of th e  h e a tin g  (cooling) m ed ium  
a, b =  co n stan ts  t h a t  co n ta in  h e a t- tra n s fe r  coefficients 
x  and  ( =  co o rd in a tes , re spec tive ly , o f space an d  tim e .

A less exact, b u t  m u ch  m ore sim ple d escrip tion  of th e  sy stem  is possible 
if  th e  en tire  h ea tin g  m ed iu m  and  th e  e n tire  m ed ium  to  be h e a te d  are  severally  
considered as hom ogeneous in  re sp ec t to  te m p e ra tu re . T hen  th e  tran sfe r 
equ a tio n s can be a rr iv e d  a t  in  th e  fo llow ing w ay.

L et th e  specific h e a t  o f th e  solid p ack in g  be C, th e n  th e  specific h ea t 
o f a u n it volum e is у, C. T he overall vo lum e of th e  p ack in g  is L  ■ F  (1 e),

2* Acta Chim. Acad. Sei. Hung. 62, 1969
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w here  L  =  len g th  o f  th e  a p p a ra tu s  a n d  F  =  its  cross sec tion ; e =  th e  p ro ­
p o rtio n  o f voids. H e a t co n ten t o f th e  solid  pack ing  is у  ■ C • L  • F (1  — e) • T.

The h ea t tra n s fe r re d  on th e  su rface  of th e  p ack in g  can  be expressed  b y  
th e  surface a rea  a n d  th e  h ea t tra n s fe r  coefficient, fu r th e r  b y  th e  difference 
b e tw een  th e  te m p e ra tu re  of th e  p ack in g  an d  th a t  o f th e  gas. I f  th e  partic les 
o f  th e  pack ing  are  spheres, th e  to ta l  su rface  is v ■ 4 r2 n, w here v is th e  n u m b er 
o f  partic les.

v =
3FL (1 -  e) 

4 r3 л
. T h u s  th e  surface a re a  is

3 F L (1  -  e) 1г,  т  =  3 F L (1  -  a) 
4 Г3 7Г r

The h ea t flow  in to  (ou t of) th e  solid  pack ing

r

Change in  th e  h e a t co n ten t o f  th e  pack ing  in  u n it  tim e  is

y C L F {  1
. d T  3z FL(  1 -  e)

e ) ----- =  a ----------- --------- -
dt v

(Г ' -  T )

H ere z describes th e  co rrec tion  o f N ew ton’s h e a t tra n s fe r  coefficient. 
In  a sim pler form  th e  eq u a tio n  can be w ritten  as follow s:

dT  =  3ocz 
dt yCv

T) (H I)

The eq u a tio n  v a lid  for th e  gas phase  is a rriv ed  a t  in  a sim ilar m anner. 
T h e  h ea t tra n s fe rre d  b y  th e  gas is y'C'v'(T'0 — T ') , w here T 0 is th e  te m p e r­
a tu re  of th e  gas e n te rin g  in to  th e  system . This h e a t a lte rs  th e  h ea t co n ten t 
b o th  of th e  gas a n d  th e  pack ing , so th a t

F ky 'C  17' (T ’Q -  T ') =  Vgy 'C  —  +  га - F M L l * } .  (T '  _  T ) ..............  (IY)
dt v

w here F/( =  free  cross section  =  e F

F k v' =  e F  —  =  vnF
s

Vg =  free vo lum e — e FJj
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C onsidering th e  connexions in  (IV ), we h av e

v'e F C  /  (T'„ - T )  =  2* ( T  -  T)  +  C  y' F L( 1 — e) d T
dt'

d T  _ 3 o ^  v 'e . - (T'e - T ' ) . . . .
dt v C Y  Ц  l  — e)

(V)

E q u a tio n s  ( I I I )  an d  (V) a re  analogues o f eq u a tio n s  (I) a n d  (II) .
In  descrip tions o f m ix ing  a p p a ra tu s  th ese  tw o p a irs  o f eq u a tio n s  can  be 

c o n s id e r e d ^  tw o lim itin g  cases: A n z e l i u s ’ eq u a tio n s s ta n d  fo r th e  com plete ly  
u n m ix ed  system , eq u a tio n s  (II I )  a n d  (V) for a sy s tem  co m ple te ly  m ixed 
and  p e rfec t h om ogene ity  has been a t ta in e d  th e re in . A  sy s tem  w hen being  
m ixed  c an n o t be considered  as co m ple te ly  m ixed , o n ly  a n  ag g reg a te  o f severa l 
com ple te ly  m ixed zones [2] p e rp en d icu la r to  th e  d irec tio n  o f  flow . R eference 
to  th is  f ic titio u s  co n stru c tio n  is m ade th e re b y  th e  d a ta  t h a t  can  be m easu red  
a t  th e  e x it p o rt — te m p e ra tu re  of th e  cooling, or h ea tin g , gas — are assigned 
to  one o f  th e  n =  1, 2 div isions w ith in  th e  system s su b d iv id ed  in  th e o ry  in 
v zones. T h is n u m b er n  is called th e  m ix in g  u n it n u m b e r  o f  a m ixer.

In  w h a t follows we a tte m p t to  d e m o n s tra te  th e  ca lcu la tio n , an d  th e n  
a nom ogram  for i t  will be proposed.

I t  is well know n t h a t  th e  degree o f  m ix ing  can  be ch a rac te rized  th ro u g h  
th e  m ix ing  coefficient, re sp ec tiv e ly  th ro u g h  th e  tu rb u le n t  d iffusion  c o n s ta n t. 
W e are  well aw are th a t  th e  m ixing u n it  n u m b er is n o t su ita b le  fo r th e  exp res­
sion o f a general co rre la tio n  [3].

I t  w ould be v e ry  g ra tify in g  i f  a re la tio n sh ip  b e tw een  th e  degree of 
m ix ing  as view ed b y  us an d  p ro b a b ility  calculus, re sp ec tiv e ly  th e  e n tro p y  
concep t o f in fo rm atio n  th e o ry , could b e  estab lished . H ow ever, such  a con­
nex ion  is b u t  illusory  b ecau se  th e  in te rp re ta tio n  o f  th e  e n tro p y  o f m ix ing  
requ ires ran d o m  m o tio n  o f th e  single p a rtic le s  w ith in  a m u ltitu d e , w hereas 
a m ixer d e te rm in is tica lly  affects th e  c o n fig u ra tio n  o f th e  pa rtic le s  of th e  
pack ing . T hus n e ith e r a fo rced  g enera liza tion  no r a su p p o sitio n  o f a sto ch astic  
schem e w ill here be re so rte d  to  in  o rd e r to  suggest a n y  connexions.

M ath em atica l s ta te m e n t o f the problem

F o r th e  descrip tion  o f  a system  com posed of n co m p le te ly  m ixed  zones 
th e  ca lcu la tio n  w hich g ives equa tions ( I I I )  an d  (V) as a re su lt is u tilized . 
L et th e  h e a t balance eq u a tio n s  for th e  i- th  zone (£ =  1, 2, . . . , re) be con­
sidered . E q u a tio n  (V)

dTL
dt

3*2
yCv

(T' i-  Tj) z'=2, 2, . . .  t n (1)
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In  equation  ( I I I )  i t  m u st be n o te d  th a t  th e  free vo lum e o f th e  i- th  
zone is th e  n -th  p a r t  o f  th e  to ta l  free  vo lum e, th u s  in s te a d  o f  F  • L( 1 -  e)

w e w rite  ----- --------- — , fu r th e r , since h e a t t r a n s m itte d  refers to  th e  surface
n

a re a  o f th e  packing in  th e  zone, in s tead  of

3azF  (1 s) L
v

we w rite
1 iocFzL(l
n  V

fi) .

T h u s equation  (V) read s

'IT,
dt

+
3az

y'C'v
( T ' i - T i )

nv'e

L(1 -  e)
(T ’i- i T ‘i) /= 1,2 . . n ( 2 )

E q u a tio n s  (1) and  (2) g ive 2 • n eq u a tio n s  fo r th e  T v T2, . . . .  T n an d  T (, T 2, . . . 
. . . ,T 'n unknow n fu n c tio n s . T he in itia l cond itions a tta c h e d  to  th e  svstem  of 
eq u a tio n s are th e  follow ing:

T,( 0) =  T 0
( 3 )

Ti( 0) =  r oi

T'oi d a ta  are  ca lc u la ted  from  th e  residence tim e  o f th e  gas. In  w h a t 
follow s, only th e  process o f h ea tin g  will be d iscussed since th a t  of cooling s 
p e rfec tly  sim ilar.
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I t  will be ex p ec ted  th a t  in the  course o f  th e  process T, (i) —► T'0, if  t -*■ oo,
T,(t) — T'.  W ith

3a 2 3az , nv' e
------=  a , ---------a , and  • —  =  o,
yCv y'C'v L  1 — e

the  system  of d iffe ren tia l equations, w hen w ritte n  in d e ta il, will have th e  
form

ai
dt

oT, +  0 +  . . . 4 - 0 aT\ 4- 0 4 - . . .  4- 0

d i \
dt

0 aT2 +  0 4- -t- 0 4 “ a 7’,j +  0 +  . . .

dT„
dt

0 +  0 +  . . . - аТ„ 4  0 4-

II

t-ч 
'*?» o 'T ,  4- 0 +  . . +  0 (a ' 4- b) T , i-

dT
dt

0 4- a 'T ,  4- . .  . -L 0 4- bTx (a ' +  b)T!, .

dT n _  
dt

0 4  0 4  . . .  + a 'T n +  0 4 - • • • +  bl n_t —

m a tr ix  o f th e  system  is

Г” — o, 0, 0, . . . .0 . a. 0, 0 ...................., 0

0. — a, 0. . . . , 0 , 0, o, 0 . ................ , 0

© О — a, 0, 0 . ..................... , a

o '. 0 ................. . , o , -  (a +  6), 0, . . , 0

0, a ' , .............. о, b, -  (o ' +  b), . ., 0

ОО
1 a' 0 , 0 , . ,  b, — ( a ' +  b)_

e 0

+  a T „ 

+  0

(4)

(5)
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S o lu tion  of the  sy s tem  o f equations

T he so lu tion  o f  sy s tem  (4) o f e q u a tio n s  consists in  th e  d e te rm in a tio n  
o f  th e  eigenvalues o f  m a tr ix  (5), th e n  in  th e  app lica tio n s o f th e  H e rm ite  
po lynom ials.

O bviously , m a tr ix  A can  be co n sid e red  as th e  h y p e rm a tr ix  o f  fo u r 
A 1? A 2, A 3 and  A4 m a trice s , each o f n d im ensions, th u s

A =
A 3, A ,

fu r th e r

> V to __
1

E 0 A , a 2-

<CO
<

A A ~ J-LA 3Al ’ E O, a 4 — A3 A4_1 A2

— (o -f- Я), 0 , .  . . ,  0

1

p . . , 0

0, — (o ~b Я ),. . . ,  0 0, a, . ,o

w here A4 = IIIN
◄

0, 0, — (я Я) 1 © p . ,  a

o ', 0, . ■ . , 0 - — Я — (a ' +  6 ),0 , . . . . , 0

A3 = 0, a ,  . . . , 0 A4 —

+11 . . , 0

,0 ,0 ,  . o ' 0, 0, ,b , — Я — (a +  b)_

( 6 )

(7)

(8 ) -  (8 ')

(9) — (9')

0, a n d  E  are, re sp ec tiv e ly , zero- a n d  u n it-m a tric e s  o f n  d im ensions; Я is th e  
eigenvalue p a ra m e te r. (7) can  be tra n s fo rm e d  fu rth e r, since

D et

co n seq u en tly

A1? A 2 E 0 '  a 2 A 2 ■
=  D e t

_А3А Г \  E
• D et

A3, A 4 0 , a 4 - -  A3Aj 1 A 2

D e t
■A-!, A 2

A3, A4
=  D e t[A jA 4 -  A jA gA j^A 2]

A, A,

‘- ( а -f Я ) ( - « ' - 6 - Я ) , 0 , ....................... , 0 ‘

— (a 4- Я) b, — (a -f- Я) ( — a ' — b — Я) 0 , . . .  ,0

_0,  0, . . . ,  — (a -f- Я) b, — (a +  Я) ( — a — b— Я)_

( 10)

( И )

( 12 )
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Since A j an d  A 3 are  com m utative

Aj A-jAj 1A2= A 3A2=

aa', 0, . . . ,  0 

0, a a , . . . ,  0

0, 0, . . . ,  aa'

(13)

and

Aj A^ ^A2 —

— (a +  A) ( — a — b — X) — aa', 0, . . . ,  0

— (a - f  X) b, — (a -f- X) (a' — b — X) — a a ,  0

(14)

0 ,0 , — (a +  X) b, (a +  A) ( — a ' — b —X) — aa'

D et [A jA 4 — A 1A3A1_1A 2] =  [(a -f- А) (a +  b +  A) —  oa ']"  (15)

A fte r re a rra n g e m e n t, th e  secular e q u a tio n  ta k e s  th e  form :

D(X) =  [A2 +  (a +  a' +  b) X +  afc]n (16)

The e q u a tio n  has tw o  rea l n-fold ra d ic a ls , each  is an  eigenvalue o f n-fo ld  m u lt i­
p lic ity  o f  th e  p rob lem . The eigen functions belong ing  to  th e  eigenvalues A, 
and  A2 w ill n o t be de te rm ined ; th e  so lu tio n  will be  w ritte n  d irec tly .

A n y  reg u la r fu n c tio n  /(A ) of m a tr ix  A  can  be  p roduced  as fo llow s:

/(A) =  2 ’ 2  К  (A -  h  E y -1] ( A - 4 +1 Е)"
fc= 1 j ~ \  (k+2-*k)

(17)

w here E  is a u n it m a tr ix  of 2n d im ensions an d

K k j = ( i ^ ' -
m  

L a  -  xk)n

у -«

X=Xic+1
fc=l,2, (k+2-yk)
/=1,2....... n

(18)

W hen now  /(A ) =  etA, th e n , using th e  L eibniz  ru le

1 /-1
■*ki = ---------eht У  ( -  1)/

'  о - i ) !  11
j -  1

n ( n  +  1 ) .  . .  ( n  +  i — 1 )  (Afc — Ял + 1 )  (n :  ' V  1 1

/=1,2 . . . , П 
k=l,2, (fc+2-»k)

( 19)
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(n+j)

In  (19) we change in d e x  i to  j  — i — l — s, a n d , as ab b rev ia tio n s we in tro d u ce

____ 1

(7 -1)!
C $  =  ( -  i y  ^ n+J)Ci% (20)

0 < s ^ 7 - l  l < 7 ^ n .

С < У „= (-1  V-1- ! /  ,  1 i n ( n + l ) . . . ( n + j -  s 2 ) ^  Л2у ч -
u - i - s ) ;

th e n
J -

ockj =  e ^  (к — 1, 2)

T he so lu tion  o f e q u a tio n
dT
dt

T  =  eAt T n

A T

U sing  form ulas (1 7 ). . .(20) we get

2 n -1
pai =  Jv’ elk> ^ V  a %  (A ;.A-E)p->

k= \ r=o\_p = r+\

T h u s  for T  th e  gen era l so lu tion  is 

T(t) у  eik< ^Jmmi —
/c=l r=o

>' C W (A  Aa.E )p- !
p= r+ 1

( 21)

( 22)

t r (A ЯА+1Е)" (23)

tr (A — Afc+1E )n T 0 (24)

O w ing to  th e  m a n y  p a ram ete rs , th e  i l lu s tra tio n  o f th e  an a ly tica l so lu tio n  is 
cum bersom e, th e re fo re  we p resen t fo r a ty p ic a l se t o f  d a ta  d iagram s c o n s tru c te d  
w ith  an  analogue co m p u te r.

W ith  th e  d iscussion  of th is  ca lcu la tio n  m e th o d  we aim ed a t  a com p ariso n  
o f  geom etrica lly  s im ila r m ixing a p p a ra tu s , an d  a t  th e ir  c h a ra c te riz a tio n  b y  
a scale of va lues defin ed  by  tw o s ta n d a rd  id ea l lim iting  cases.

W e are ind eb ted  to  Mr G. Sasvári for having drawn our attention  to th is problem , 
and for valuable suggestions, further to Mr J . Gy ü r k i for having carried out the num erical 
calculations.
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KINETISCHE ANALYSE 
EINIGER FOLGEREAKTIONEN, V

AUTOKATALYTISCHE R E A K T IO N E N

T . K e l e n , F .  T ü d ő s * und G y . G a l a m b o s *

( Forschungsinstitut f ü r  die P lastindustrie, Budapest und * Zentralforschungsinstitut 
f ü r  Chemie der Ungarischen A kadem ie der Wissenschaften, Budapest)

Eingegangen am 19. Septem ber 1968

Es wurde die kinetische A nalyse der autokatalytischen R eaktionssystem e  
А  — E , A ( + E ) — E( +  E): А  +  А  E , A ( +  E ) -»  E ( +  E ); А  +  В  — E, A ( +  E )  — 
-I- E (-f-E )  sowie die Behandlung der em pirischen D ifferentialgleichung der A utokata­
lyse und die Prüfung der m öglichen Ursachen der Ausbildung S-förmiger K onversions­
kurven durchgeführt. Es wurde festgestellt, daß der S-förm ige Ablauf einer Endpro­
dukt-K onversionskurve nur dann eine autokatalytische R eaktion anzeigt, w enn auch  
die K onversionskurve des A usgangsstoffes S-förmig ist (U nterschied von den einfachen  
Folgereaktionen) und kein vom  E ndprodukt abweichendes Zwischenprodukt während  
der R eaktion sich anhäuft (Unterschied von den konkurrenten Folgereaktionen).

D er I I I .  u n d  IV . Teil u nserer M itte ilung  [1, 2] besch äftig te  sich m it d er 
k ine tischen  B eh an d lu n g  der sog. k o n k u rre n te n  F o lgereak tionen . D as sind  
Prozesse, bei d enen  das im  P rim ä rsc h r it t  e n ts ta n d e n e  Z w ischenproduk t (C) 
m it dem  S to ff (А ) w eite rreag ie rt, aus w elchem  es e n ts ta n d e n  is t. Sofern  die 
G eschw indigkeit des zw eiten  R eak tio n ssch ritte s  g rößer is t als die des e rs ten , 
so is t der P rozeß  d u rch  das Z w isch en p ro d u k t quasi k a ta ly s ie r t. D ieser R e a k ­
tio n s ty p  k a n n  — vom  G esich tspunk t d er A bnahm e des A usgangsstoffes - 
als a u to k a ta ly tis c h  angesehen w erden.

Als ty p isch e  F älle  der a u to k a ta ly tisc h e n  R eak tio n en  sind jed o ch  jen e  
k o n k u rren ten  F o lg ereak tio n en  an zusehen , bei denen  das im  P r im ä rsc h ritt  
e n ts ta n d e n e  »Z w ischenprodukt« (C) m it dem  E n d p ro d u k t (E ) id en tisch  is t. 
Im  F alle  d ieser R eak tio n en  re p rä se n tie rt der k a ta ly tisc h e  E ffek t (h insich tlich  
der B ildung  des E n d p ro d u k te s)  w irk lich  »au to«-K atalyse: das E rsche inen  des 
E n d p ro d u k te s  b esch leun ig t seine eigene B ildung .

In  der vorliegenden  A rbeit befassen  w ir uns m it der k inetischen  A nalyse 
der fo lgenden S ystem e:

А  * E . A( +  E ) -  E (+ E ) ( 1 )

А  +  А  — E. A (  +  E)  -  E (+ E ) (2)

А  +  В  -  E , A ( + E )  — E ( + E ) (3)
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sow ie m it der B eh an d lu n g  der em p irisch en  D ifferen tia lg leichung  der A u to ­
k a ta ly s e  u n d  m it d er P rü fu n g  der m öglichen  U rsachen  der A usb ildung  S-för­
m ig e r K o n v ersio n sk u rv en  (das A u f tre te n  so lcher K u rv en  w urde  von  vielen  
A u to re n  ausschließ lich  m it dem  a u to k a ta ly tis c h e n  C h a rak te r des Prozesses 
in te rp re tie r t) .

1. Das System A  —► E , A (—>E) —> E (-(-E )

E s  seien die geschw ind ig k e itb estim m en d en  k o n sek u tiv en  S ch ritte  d er 
u n te rsu c h te n  chem ischen  R eak tio n  die fo lgenden  Prozesse e rs te r  u n d  zw eiter 
O rd n u n g :

A  — E +  . . .  (4)

A ( + E )  -  E ( + E )  +  . . .  (5)

D ie zur E n ts te h u n g  von je  e inem  Mol des E n d p ro d u k te s  E  la u t  (4) v e r ­
b ra u c h te  M enge des Stoffes A  sei ax M ol, die bei der R e a k tio n  v o n  je  einem  
M ol des E n d p ro d u k te s  E  la u t (5) v e rb ra u c h te  M enge des S toffes A  sei а г, 
fe rn e r  sei m it e d ie m olare  M enge des E n d p ro d u k te s  E  beze ich n et, die la u t  (5) 
e n ts ta n d e n  ist. D ie jew eiligen K o n z e n tra tio n e n  d er versch iedenen  S ubstanzen  
se ien  m it den en tsp rech en d en  g roßen  B u c h s ta b e n  (А, E) beze ich n et. M it H ilfe 
d iese r B ezeichnungen  können  die A nderungsgeschw ind igke iten  der in  den 
R e a k tio n e n  (4) u n d  (5) te iln eh m en d en  S u b stan zen  wie fo lg t au fgeschrieben  
w e rd e n :

d Л
— ___ =  a lk lA  -j- a2k,A E  (6)

dt

^ - = k 1A + ( e - l ) k iA E  (7)
dt

Dieses D iffe ren tia lg leichungssystem  is t form ell dem  im  F alle  von  k o n ­
k u r re n te n  F o lg ereak tio n en  А  —*■ С, M +  C —>- E  abge le ite ten  S ystem  ähn lich  
— s. [2], Z usam m enhänge (4) u n d  (5). D ie B ehand lung  des System s k an n  
a u f  die gleiche W eise erfolgen — fü r das au to k a ta ly tisc h e  S ystem  s. au s­
fü h rlic h  in  [7].

2. Das System A  -f- А  — E, A (-|-E ) —► E (-j-E )

Es seien die geschw ind igke itbestim m enden  k o n sek u tiv en  S ch ritte  d er 
u n te rsu c h te n  chem ischen R eak tio n  die fo lgenden  Prozesse zw eiter O rdnung :

А  +  А  -  E  +  . . .  (8)

A ( + E )  -  E ( + E )  +  . . .  (9)
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Die Ä nderungsgeschw ind igkeiten  der a n  den  R eak tionen  te iln eh m en d en  Stoffe 
können  d an n , durch  A n w endung  der in  P u n k t 1 angegebenen  B ezeichnungen , 
folgend aufgeschrieben  w erden :

j  л
—  =  a ^ A 2 +  a.A ,AE  (10)
dt

—  =  M 2 +  (e -  1) k .A E  (11)
dt

D ieses D ifferen tia lg le ich u n g ssy stem  is t form ell dem  im  F alle  von  k o n ­
k u rre n te n  F o lg e reak tio n en  A  A  C, A  +  C — E  ab g e le ite ten  S ystem  
ähn lich  — s. [1], Z usam m enhänge  (9) u n d  (10). D ie B eh an d lu n g  des System s 
k an n  a u f  gleiche W eise erfolgen f ü r  das a u to k a ta ly tisc h e  S ystem  s. au s­
führlich  in  [7].

3. D as System  A -f- В —► E , A ( + E )  —>- E (-f-E )

E s seien die gesch w in d ig k e itb estim m en d en  k o n sek u tiv en  S ch ritte  der 
u n te rsu ch ten  chem ischen  R eak tionen  d ie  fo lgenden P rozesse zw eiter O rdnung :

A +  В  ^ E (12)

A ( + E )  -* E ( + E )  +  . . . (13)

Die zur E n ts te h u n g  von  je  einem  Mol des E n d p ro d u k te s  E  la u t  (12) v e rb rau ch te  
Menge des Stoffes В  sei b Mol (die jew eilige  K o n z e n tra tio n  sei m it B,  die 
A nfangsk o n zen tra tio n  m it  B 0 beze ichnet, die anderen  B ezeichnungen  s tim m en  
m it den  in  P u n k t 1 g e b ra u c h te n  übere in ), d a n n  können  die Ä nderungsgeschw in ­
d igkeiten  der in den  R eak tio n en  te iln eh m en d en  S u b stan zen  wie fo lg t au f­
geschrieben w erden:

d А
----- = aik j A B + a 9k2A E

dt
(14)

- — ^ b k i A B (15)
dt

—  =  кгА В  +  (e -  1) k9A E  
dt

(16)

D ieses D ifferen tia lg leichungssystem  is t  form ell dem  im  F alle  von  k o n ­
k u rre n te n  F o lg e reak tio n en  А  +  В  —► C, A  -f- С —*■ Е  ab g e le ite ten  System  
ähn lich  — s. [2], Z usam m enhänge  (36 — 38). Die B eh an d lu n g  des System s 
k a n n  a u f gleiche W eise erfo lgen — fü r das a u to k a ta ly tisc h e  S ystem  s. au s­
führlich  in  [7].
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1  Die em p irisch e  D ifferen tia lg leichung  der A u toka ta ly se

Z ur B esch re ibung  k in e tisch e r K u rv en  von  zu n eh m en d em  C h a rak te r 
w u rd e  die em pirische D iffe ren tia lg leichung  der A u to k a ta ly se  oft angew endet:

d l
dt

=  K ? (  1 t y (17)

H ie r  b ed eu te t f  die K onv ersio n  u n d  К  die G esch w in d ig k e itsk o n stan te  des 
P rozesses, fi und  v s in d  ab er em pirisch  e rh a lten e  R e a k tio n so rd n u n g en . D iese 
G le ichung  sag t k a u m  e tw as ü b e r d en  M echanism us des P rozesses aus; so zum  
B eisp ie l besch re ib t sie au ch  viele verzw eig te  K e tte n re a k tio n e n  g u t [4], obw ohl 
d iese  Prozesse n ic h t u n te r  A u to k a ta ly se  ab lau fen . Die G leichung  (17) g e lan g t 
a u c h  fü r  die »physikalische« A u to k a ta ly se  zu r A nw endung ; in  diesen F ä llen  
s in d  die »R eak tionsordnungen«  fi u n d  v aus der M o lek u la ritä t der P rozesse 
n ic h t  abzu leiten , so k ö n n e n  sie belieb ige W erte  aufw eisen [5].

Die B ed ingung  d e r A n w en d b ark e it d er em pirischen  G leichung  (17) i s t ,  
d a ß  die K onversion  au c h  am  A nfang  des Prozesses n ich t N u ll, d. h . die B e d in ­
g u n g  fü r  den A n fan g sw ert der K o n v ersio n  (f 0)

-n Ф  0 (1«)

e rfü llt sei. W idrigenfa lls  k ö n n te  d er P rozeß  n ich t beg innen .
Die Z e itab h än g ig k e it der K onversion  k an n  m it d er u n v o lls tän d ig en  

B e ta -F u n k tio n  — siehe  zum  Beispiel [3] angegeben w erden , w elche n a c h  
T re n n u n g  der V a ria b le n  und  nach  In te g rie re n  aus (17) zu gew innen ist:

6) =  K - t =  ß.-[l fl, 1 v] ß irt[ 1 -  fl, 1 - v ]  (19)

W ie einer d e r V erfasser (in V erb in d u n g  m it der K in e tik  d er P o ly m erisa ­
t io n  von N -V iny lcarbazo l in  fe s te r P hase) b e re its  gezeig t h a t  [5], k an n  d ie  
L ö su n g  der D iffe ren tia lg le ich u n g  (17) im  F alle  ein iger spezie ller W erte  v o n  
fl u n d  v in sehr e in fach e r Form  angegeben  w erden.

5. Die F o rm  der au to k a ta ly tisch en  k inetischen  K u rv en

Es is t fü r  alle  b e h an d e lten  a u to k a ta ly tisc h e n  R eak tio n ssy s tem e  c h a ­
ra k te r is tisc h , d aß  die K o n z e n tra tio n  d er am  Prozeß  te iln eh m en d en  S to ffe  
s ich  in  A b h än g ig k e it v o n  der Z eit gem äß S-förm iger K u rv e n  g es ta lte t. D ie  
einzige A usnahm e is t  der S to ff В  des in  P u n k t 3 b e h a n d e lte n  System s, d e r  
n u r  am  ersten  R e a k tio n ssc h ritt  te iln im m t. D en an d eren  k o n sek u tiv en  R e a k ­
tio n ssy stem en  g eg en ü b er g ib t es bei den  a u to k a ta ly tisc h e n  R eak tio n en  k e in en

Acta Chim. Acad. Sei. H ung. 62, 1969



К KLEN et a t:  KINETISCHE ANALYSE, V 31

solchen S to ff (Z w ischenproduk t), dessen K o n z e n tra tio n  gem äß  einer M axiinum - 
k u rv e  ze itab h än g ig  w äre; be i d iesen  R eak tio n en  is t  n äh m lich  das Z w ischen­
p ro d u k t m it dem  E n d p ro d u k t id en tisch . Im  fo lgenden  soll g ep rü ft w erden , 
wie d er W en d ep u n k t der a u to k a ta ly tisc h e n  K u rv e n  v o n  den P a ra m e te rn  der 
R eak tio n  a b h än g t.

D ie B ehand lung  w urde fü r  die folgenden W erte  d er stö ch io m etrisch en  
K oeffizien ten  d u rch g efü h rt:

я, =  I ,  a, =  1, b =  1, e =  2 (20)

a) Das System А  -* E, A  -j- E  —>■ 2E

Die A bhäng igkeit des W en d ep u n k tes  der k in e tisch en  K u rv en  des in  
P u n k t 1 beh an d e lten  S ystem s von  den P a ra m e te rn  d er R eak tio n  ist fo l­
gende:

A \
I

(1+
1

-^o J infl. 2 x A 0

I-!\ -A0 ) infl

1
О 1 -

1

x A 0

( 21)

( 22 )

Es k an n  festg este llt w erden , d aß  die re la tiv e n  K o n zen tra tio n en  der 
S toffe im W en d ep u n k t n ic h t n u r  vom  Q uo tien ten  x  d e r G eschw ind igkeits­
k o n s ta n te n , sondern  auch  v o n  d e r A n fan g sk o n zen tra tio n  A 0 abhängen . E in  
W en d ep u n k t t r i t t  n u r  dann  au f, w enn

A c >  —  (23)
x

ist. D ie W en d ep u n k te  der k in e tisch en  K u rv en  b e id e r a n  der R eak tion  te il­
n ehm enden  Stoffe gehören  zum  gleichen Z eitw ert.

b) Das System A  -f- А  —*■ E, А  +  E  —*■ 2E

D ie A bhäng igkeit des W en d ep u n k tes  der k in e tisch en  K u rv e n  des in 
P u n k t 2 b eh an d e lten  System s von  den P a ra m e te rn  d er R eak tio n  ist die 
folgende:

A \ - 1 X
(24)

Л-0 ) infl. 2 x — 1

£ )

1 X 1
(25)

Л-0 ! infl. 2 X 1
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In  diesem F a ll h ä n g e n  die zu  den W en d ep u n k ten  g eh ö ren d en  re la tiven  
K o n z e n tra tio n e n  n u r  v o m  Q u o tie n te n  x d er G esch w in d ig k e itsk o n stan ten  ab. 
D ie W en d ep u n k te  d er k in e tisc h e n  K u rv e n  b e id e r S toffe gehören  zum  gleichen 
Z e itw e rt.

c) Das System А  -\- В  —>■ E, A  E  —>► 2E

D ie A bhäng igkeit des W en d ep u n k tes  der k in e tisch en  K u rv e n  des in 
P u n k t  3 beh an d e lten  S y stem s von  den  P a ra m e te rn  d er R e a k tio n  is t  — wegen 
d e r  T ranszendenz d er s tö ch io m etrisch en  Z usam m enhänge zw ischen  den  K o n ­
z e n tra tio n e n  — in  e x p liz ite r  F o rm  n ic h t anzugeben  (die k in e tisch e  K u rv e  des 
S to ffes  В  besitz t k e in e n  W e n d e p u n k t):

' A 1 (B  -F x E )2

. -A-о in fl. . A у.(В-\-*сЕ) — В

E 1
A 0\ in f l . 1 А о I in fl.

(26)

(27)

Diese A usdrücke k ö n n en  — m it H ilfe der stö ch io m etrisch en  Z usam m en­
h ä n g e  — zum  B eispiel g rap h isch  au sg ew erte t w erden . D ie W en d ep u n k te  der 
k in e tisc h e n  K u rv en  b e id e r S toffe gehören  zum  gleichen Z e itw ert.

d) Das empirisch beschriebene autokatalytische System

W enn zur B esch re ib u n g  des a u to k a ta ly tisc h e n  P rozesses die in  P u n k t 4 
b e h a n d e lte  em pirische D iffe ren tia lg le ichung  angew endet w ird , so k a n n  zur 
F e s ts te llu n g  der » R eak tionso rdnungen«  p  u n d  v die fo lgende R e la tio n  b en ü tz t 
w erd en :

- _  V'’Infi. --
p +  v

(28)

D er W ert von  £inf|, h ä n g t n u r  von  den  »R eak tionsordnungen« , n ich t 
a b e r  von  den A n fa n g sp a ra m e te rn  u n d  der G esch w in d ig k e itsk o n stan te  К  ab. 
Im  F alle  der an d eren  a u to k a ta ly tis c h e n  S ystem e n ä h e r t  s ich  d er W ert der zum  
W e n d e p u n k t der k in e tisc h e n  K u rv e  des E n d p ro d u k te s  geh ö ren d en  K onversion  
5 0 %  n u r  bei x —► oo a n  — siehe z. B . (22) u n d  (25) — ; in  dem  m it (28) beschrie­
b e n e n  Fall aber k a n n  e r 50 %  au ch  ü b ersch re iten . Z um  B eispiel bei »R eaktions-

1 3
O r d n u n g e n «  p; v =  — ; 1 ;  — ; 2 is t der W ert w ie fo lg t:

1

5
< f i n f l . <

4

5
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6 . S-förmige Konversionskurven

M an stö ß t o ft a u f  die A n s ic h t, daß  die S -F orm  d er K onversionskurve  
den a u to k a ta ly tisc h e n  A b lau f des Prozesses e in d eu tig  bew eist. T a tsach e  ist 
dem gegenüber, d aß  die S -Form  n ic h t  im m er die Folge e iner A u to k a ta ly se  
is t, obw ohl sie w irk lich  a n d e u te t, d aß  die E n ts te h u n g  o d er A bnahm e des 
be tre ffen d en  Stoffes w äh ren d  d e r R eak tio n  e in ig e rm aß en  besch leu n ig t w ird. 
K onversionskurven  von  besch leu n ig tem  C h arak te r kom m en  näm lich  in  allen 
F o lg ereak tio n ssy stem en  vor.

Z ur I llu s tra tio n  d ieser U m stä n d e  sind in  d en  A bb ildungen  1 — 9 die 
K onversionskurven  des F o lg ereak tio n ssy stem s A  —*■ C, C — E  ([6 ]; in  den

A bb ildungen : I), des k o n k u rre n te n  F o lg e reak tio n ssy stem s A - > - C , A - j - C —>-E 
([2 ]; I I )  u n d  der a u to k a ta ly tis c h e n  R eak tion  A  —*■ E,  A  -f- E  —>► 2E  ( I I I )  
d a rg este llt, bzw. sin d  in  einer T ab e lle  die D a ten  ü b e r die W en d ep u n k te  der 
K o n v ersionskurven  d er e rw äh n ten  S y stem e  zu sam m en g efaß t. D a  die p rim ären  
u n d  sek u n d ären  R e a k tio n ssc h ritte  in  den  S ystem en  I I  u n d  I I I  von  u n te r ­
sch ied licher M o lek u la ritä t sind  u n d  d a h e r die F o rm  d e r K onversionskurven  
n ic h t n u r  von  den G esch w in d ig k e itsk o n stan ten , so n d ern  au ch  v o n  der A nfangs­
k o n zen tra tio n  des A usgangsstoffes (A 0) a b h än g t, beziehen  sich  die vo rg efü h r­
te n  K u rv e n  bzw. D a te n  e inhe itlich  a u f  den  W ert A 0 =  2.

In  A bb. 1 — 3 w urde  die Z e itab h än g ig k e it d er re la tiv e n  K o n zen tra tio n en  
des A usgangsstoffes d a rg es te llt, fü r  alle d rei S ystem e, im  F alle  von  x =  1; 
10; 100. D er W en d ep u n k t is t m it P fe ilen  m ark ie rt.

Es k a n n  festg este llt w erden , d a ß  bei der K u rv e  A j A 0— t im  F alle  des 
System s I  kein  W en d ep u n k t v o rlie g t u n d  ih r A b lau f v o n  x  u n ab h än g ig  ist. 
Im  F alle  des System s I I  is t die K o n v ersio n sk u rv e  S-förm ig u n d  h ä n g t die 
L age des W en d ep u n k tes  vom  гг-W e rt ab ; der g esam te  K u rv e n a b la u f  w ird
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A b b . 1. Z e itab h än g ig k e it der re la tiv e n  K o n zen tra tio n  des A usgangsstoffes, fü r  x  =  1
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A bb. 3. Zeitabhängigkeit der relativen K onzentration des A usgangsstoffes, für x  =  100

Acta Chim. Acad. Sei. H ung. 62, 1969

Abb. 2. Zeitabhängigkeit der relativen K onzentration des Ausgangsstoffes, für x  =  10

Abb. 4. Zeitabhängigkeit der relativen K onzentration des E ndproduktes, für x  =  1
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4 b b . 6. Z e itab h än g ig k e it de r r e la tiv e n  K o n z en tra tio n  des E n d p ro d u k te s , fü r  x  =  100

ab er du rch  x  n u r w enig  b e e in flu ß t. D ie S-förm igen K o n v ersio n sk u rv en  des 
System s I I I  weisen eine s ta rk e  A b h än g ig k e it von  x  auf.

In  A bb. 4 — 6 w u rd e  die Z e ita b h ä n g ig k e it der re la tiv e n  K o n zen tra tio n en  
des E n d p ro d u k te s  in  den  drei S y stem en  fü r  die W erte  v o n  x  =  1; 10; 100 
d a rg este llt. Die W e n d e p u n k te  d e r K u rv e n  sin d  m it P fe ilen  m a rk ie r t.

E s k an n  fe s tg es te llt w erden , d a ß  die Е / А 0—г K u rv e n  in  allen  drei 
S ystem en  S-Form  h ab e n . D er b e sch leu n ig te  C h a rak te r u n d  die я:-A bhäng igke it 
s in d  auch  h ier im  F a lle  des S ystem s I I I  am  d eu tlich sten .

In  A bb. 7 —9 w u rd e  die E n d p ro d u k t-K o n v e rs io n  E / A 0 (zwecks besserer 
V erg leichbarkeit) in  A b h än g ig k e it v o n  den  dim ensionslosen re la tiv en  Z eit­
w erten  t/ttnfi' fü r d en  F a ll von x  =  1; 10; 100 d a rg es te llt. W egen d er ange­
w an d ten  Z e ittran sfo rm a tio n  gehören  die W en d ep u n k te  a ller K u rv e n  zum  
gleichen re la tiv en  Z e itw e rt (t/tm/i, =  1); d ieser is t in  den  A bb ildungen  m it 
P feilen  m ark ie rt.

3* Acta Chim. Acad. Sei. Hung. 62, 1969

A b b . 5 . Z e itab h än g ig k e it der re la tiv e n  K o n zen tra tio n  des E n d p ro d u k te s , fü r  10
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In  dieser D ars te llu n g  zeig t das F o lg e reak tio n ssy stem  I  im  F alle  von  
и =  1 ü b errasch en d  eher einen  au sd rü ck lich en  »au to k a ta ly tisch en «  C h arak ­
t e r  als das S y stem  I I I ,  obw ohl le tz te res  w irk lich  eine a u to k a ta ly tisc h e  
R eak tio n  is t. B ei g rößeren  ?i-W erten k o m m t freilich  die besch leun ig te  E n t ­
s te h u n g  des E n d p ro d u k te s  im  S ystem  I I I  besser zum  A usdruck .

In  der T abelle  I  w urden  die sich au f die W en d ep u n k te  der K onversio n s­
k u rv e n  der drei S ystem e beziehenden  D a te n  fü r  den  F a ll v o n  « =  1; 10; 100 
zusam m engestellt. D ie ersten  fü n f  R eihen  der T abelle  e n th a lte n  die D a ten

Acta Chim. Acad. Sei. H ung. 62, 1969
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Abb. 9. A bhängigkeit der E ndprodukt-K onversion von den relativen Zeitw erten, für x  =  100

Tabelle I

A-+ C 
C-+ E

A-+ C 
A + C -+ 2 E

A-+ E 
A +  E-+ 2 E

\ x =  1 1 x =  10 1 ч =  100 x =  1 x =  10 x =  100 x =  1 * = 1 0 у =  100

E -  ®infl 1,0000 0,2559 0,0465 0 ,3800 0,1239 0 ,0234 0 ,2310 0,1472 0 ,0264

( A / A 0)irf\ 0 ,3679 0,7738 0,9543 0 ,6169 0,8183 0,9592 0 ,7500 0,5250 0,5025

(PI A  o)infl 0 ,3679 0,0774 0,0095 0 ,2289 0,0448 0,0050 — — —

( ^ o ) i n f l 0 ,2642 0,1488 0,0362 0 ,1543 0,1369 0,0359 0 ,2 5 0 0 0,4750 0,4975

( B T O i r m 0,3679 0,7738 0,9543 0 ,8993 1,5515 1,9184 1 ,1250 5,5125 50,5013

®infl — — — 0 ,1136 0,0888 0,0162 0 ,2310 0,1472 0 ,0264

( A / A 0)-lnf] — — — 0 ,8 8 2 3 0,8736 0,9728 0 ,7 5 0 0 0 ,5250 0,5025

(CM o)infl — — — 0 ,0963 0,0406 0,0048 — — —

( E / A 0) infi — — — 0 ,0 2 1 4 0,0858 0,0225 0 ,2500 0,4750 0,4975

( I E / lF 0)jn(| — — — 1.0522 1,5830 1,9067 1,1250 5 ,5 1 2 5 50,5013

des W en d ep u n k tes  d e r K o n v ers io n sk u rv e  vom  A usgangssto ff, d ie an d eren  
fü n f  R eih en  jene  des E n d p ro d u k te s . D ie  A ngaben  ( W/ W 0)jnp_ s in d  die W erte  
der A b nahm egeschw ind igke it des A usgangssto ffes im W e n d e p u n k t, bezogen 
a u f  d ie  A nfangsgeschw indigkeit.

E s k an n  fes tg e s te llt w erden, d a ß  d ie  ( W/ 1Е0),П̂ . -W erte  der re la tiv en  
G eschw indigkeit das M aß der B esch leu n ig u n g  u n d  d ad u rch  d en  a u to k a ta ly ti­
schen  C h a rak te r der u n te rsu c h te n  S y s te m e  g u t w iderspiegeln . (A uch  im  W en­
d e p u n k t d er E n d p ro d u k t-K o n v e rs io n sk u rv e  w urde die sich  a u f  den  Ausgangs-

Acat Chim. Acad. Sei. Hung. 62. 1969
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Stoff beziehende re la tiv e  G eschw ind igkeit angegeben , da  die A nfangsgeschw in­
d ig k e it der B ildung  des E n d p ro d u k te s  in  d en  S ystem en  I  u n d  I I  gleich Null 
is t.)  D er W ert der r e la tiv e n  G eschw indigkeit is t  im  S ystem  I  be i allen «-W erten  
k le in e r  als 1, im  S y stem  I I  ze ig t er ab e r be i « =  100 eine e tw a  zw eifache und  
im  System  I I I  eine e tw a  fünfz ig fache  E rh ö h u n g  d er A bnahm egeschw ind igkeit 
des Stoffes A  b e im  W e n d e p u n k t, im  V ergleich zu r A nfangsgeschw indigkeit. 
E s  sei h ier b e m e rk t, d a ß  die W en d ep u n k te  der K u rv e n  A j A 0 u n d  jE/A0 im 
S y stem  I I  zu u n te rsch ied lich en  Z e itw erten , im  S ystem  I I I  (d a  das Zw ischen­
p ro d u k t hier m it d em  E n d p ro d u k t id en tisch  is t) zu  g leichen  Z eitw erten  gehö­
re n : im  le tz teren  S y stem  sind  die be id en  K u rv en  die gegenseitigen  Spiegelbilder.

D em gem äß is t  d ie  E rh ö h u n g  au ch  der Z unahm egeschw ind igkeit des 
E n d p ro d u k te s  E  b e im  W e n d e p u n k t (im  V ergleich zu r A nfangsgeschw indigkeit) 
im  System  I I I ,  bei x  — 100, e tw a  fünfzigfach .

Die F es ts te llu n g en  ü b e r die S-förm igen K o n v e rs io n sk u rv en  können wie 
fo lg t zusam m engefaß t w erden :

a) Die E n d p ro d u k t-K o n v e rs io n sk u rv e  is t in  a llen  F o lgereak tions­
sy stem en  S-förm ig.

b) Die K o n v e rs io n sk u rv e  des A usgangsstoffes is t n u r  in  k o n k u rren ten  
F o lg e reak tio n ssy stem en  u n d  in  a u to k a ta ly tisc h e n  R e a k tio n e n  S-förmig.

c) A uf G ru n d  des in  den  P u n k te n  a) u n d  b) G esag ten  k a n n  festgeste llt 
w erden , daß die S -förm ige E n d p ro d u k t-K o n v e rs io n sk u rv e  n u r dann  eine 
a u to k a ta ly tisch e  R e a k tio n  a n d e u te t, w enn auch  die K onversio n sk u rv e  des 
A usgangsstoffes S -fö rm ig  is t (U n tersch ied  vom  e in fachen  F o lgereak tions­
system ) und  k e in  v o m  E n d p ro d u k t un te rsch ied lich es  Z w ischenproduk t sich 
a n h ä u ft (U n tersch ied  vom  k o n k u rre n te n  F o lg e reak tio n ssy s tem ).

d) E in  w e ite re r  U n te rsch ied  von  diesen  S y stem en  b e s te h t darin , d aß  
das Maß der U m w an d lu n g  im  F a lle  von  A u to k a ta ly se  be i g roßen  «-W erten  
im  W endepunk t 5 0 %  a n n ä h e rt, u n d  diesen W e rt im  F a lle  von  em pirisch  
beschriebener (z. B . phy sik a lisch er) A u to k a ta ly se  sogar ü b e rsch re ite t.

e) Die die B esch leu n ig u n g  der R eak tio n  anzeigende re la tiv e  G eschw indig­
k e it  {WIW0)infi. (d ie ex p erim en te ll e in facher u n d  g en au e r zu  bestim m en  is t, 
als die Lage der In fle x io n ) k en n ze ich n et die k in e tisch en  K u rv e n  von b esch leu ­
n ig tem  C h arak te r g u t ;  m an ch m al is t  es m öglich , a u f  G ru n d  der ( W/ IF0)m/i.' 
W erte  die ty p isc h e  a u to k a ta ly tisc h e  R eak tio n  vom  k o n k u rren ten  F o lge­
reak tionssystem  zu u n te rsch e id en .
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X-RAY DIFFRACTION INVESTIGATION 
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OF 3-NITRO-PHENYLHYDRAZONE-ACETONE
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The crystal structure determ ination o f 3-nitro-phenylhydrazone-acetone was per 
form ed b y  X -ray diffraction m ethods. The crystals are m onoclinic, the space group  
is C2/c. The structure was determ ined b y  two-dim ensional and trial m ethods. The  
refinem ent was carried out b y  differential synthesis. R eliab ility  index R  =  0.169. 
The bond relations in the benzene ring are asym m etrical. The m easured lengths o f the  
carbon-nitrogen bonds are com pared w ith  data o f similar com pounds. The equation  
o f the “ best plane”  through the benzene ring, that o f the plane o f th e  acetone and of 
the hydrazine were determ ined, and the angles between these planes were com puted.

T he phen y lh y d razo n es p la y  an  im p o r ta n t  role in  th e  o rg an ic  p re p a ra tiv e  
a n d  a n a ly tic a l chem istry . T he s tru c tu re  o f  th e  crysta lline  h y d raz in e  was in v e s ti­
g a te d  b y  Collin an d  Lipscomb [1], t h a t  o f  th e  d ifo rm yl-hydraz ine  b y  Tom iié , 
K o o  a n d  N itta  [2] and  th a t  o f th e  d iace ty l-h y d raz in e  b y  Shintani [3]. 
F urberg  et al. p u b lished  th e  s tru c tu re  o f th e  a rab in o se -p -b ro m o -p h en y lh y d ra - 
zone [4], an d  of th e  rib o se-p -b ro m o -p h en y lh y d razo n e  [5], b o th  com pounds 
are  ch a rac te rized  b y  th e  p resence  o f a h e a v y  a to m  (b rom ine). No s tru c tu ra l 
in v e s tig a tio n  on  ph en y lh y d razo n es w ith o u t a  heav y  a to m  h as b een  rep o rted . 
Som e p o w d er d iffrac tio n  d a ta  are  av a ilab le  in  th e  p a p e r o f  Clark , K a y e  
an d  P arks [6]. Gerecs et al. [7], [8], [9], h av e  p repared  som e p h e n y lh y d ra ­
zones o f  sugars, w hich are o f chem ical a n d  s tru c tu ra l in te re s t.

C rysta ls  of th e  3 -n itro -p h en y lh y d razo n e-ace to n e  (a b b re v ia ted  3-N P H A c),
CgNjOjHjj

h av e  b een  in v e s tig a te d  b y  us b y  X -ra y  d iffrac tio n  m ethods, in  o rd e r to  s tu d y  
th e  b o n d  re la tio n s  o f th e  n itro -p h e n y lh y d ra z o n es . The com pound  is in te re s tin g  
from  th e  m e th o d ica l p o in t o f  v iew , to o , because  w ith  112 a to m s in  th e  u n it  
cell (n o t co u n tin g  hydrogens), i t  co n ta in s  no a tom  heav ie r th a n  oxygen .
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Crystallographic data

T he c rysta ls  w ere  p rep a red  b y  h e a tin g  a m ix tu re  o f ace tone  and  m -n itro - 
p h en y lh y d razo n e  in  aq u eo u s  alcohol [10]. (M .p. 126°C.) T he crystals are  red  
m onoclin ic p la te s  e lo n g a te d  along th e  b ax is. T he face  o f  th e  p la tes is th e  
(100) p lane. T h ey  h a v e  li t t le  m echanical s tre n g th  an d  c a n n o t be cu t w ith o u t 
lo sing  th e ir  single c ry s ta l  character.

T he u n it cell p a ra m e te rs  m easu red  on osc illa tion  and  W eissenberg 
p h o to g rap h s  are th e  fo llow ing:

a =  22.98 ±  0.04 Á, b =  3.900 ±  0.015 Á,
c =  21.91 ±  0.04 Á, ß =  100.2° ±  0.2

Cell volum e: 1934 A 3 • F(000) =  816.
The d en sity  c a lc u la ted  w ith  8 m olecules in  th e  u n it  cell is Dx =  1.323 

g cm  ~3. The m easu red  d en sity  was d e te rm in ed  b y  f lo ta tio n . As th e  c ry s ta ls  
d isso lved  in  o rg an ic  liq u id s , an aqueous so lu tion  o f N a N 0 3 was used  w ith  
som e drops of iso b u ty l alcohol, in  o rd e r to  rem ove  a ir  b u b b le s  from  th e  su rface  
o f  th e  crysta ls. T h e  m easu red  d en sity  is D,„ =  1.31 ^  0.04 g c m -3.

S ystem atic  ab sen ces:
Type o f re flex io n s: hkl. O bserved  reflex ions: h  - j -  к  =  2n.
Type o f re flex io n s: hoi. O bserved  reflex ions: 1 =  2n.
Two space g ro u p s  are  possible: Cc a n d  C2/c. T h e  s ta tis tic a l analysis  o f 

th e  in te n s ity  d is tr ib u tio n  w ith  th e  m e th o d  o f H ow ells, P hilips an d  R ogers 
[ H ]  has show n th e  presence of a c e n tre  o f sy m m etry , so th e  space group  
is C2/c.

M easurem ent of the in tensities of the reflexions 
and the determ ination of the absolute scale o f  the intensities

In te g ra te d  a n d  n o n -in teg ra ted  W eissenberg  p h o to g rap h s  w ere m ad e  
w ith  u n filte red  Cu ra d ia tio n  b y  th e  m u ltip le  film  m e th o d : four layers a ro u n d  
th e  b axis (0, 1, 2 , 3), tw o  layers a ro u n d  th e  a axis (0 ,1 )  an d  one lay e r a ro u n d  
th e  c axis (0). A b o u t 5 0 %  of th e  d iffra c tio n  sphere w as explored, 2100 re fle x ­
ions were reco rd ed , a b o u t 1000 o f th e m  w ere in d e p e n d e n t ones. The n u m b e r 
o f th e  in d e p e n d e n t reflex ions w ith  m easu rab le  in te n s i ty  was 530. T he q u a lity  
o f th e  spots w ith  th e  M iller indices к  3 w as so b a d  th a t  even a ro u g h  e s ti­
m a tio n  of th e ir  in te n s itie s  was im possib le . T he s tro n g  reflex ions were m easu red  
w ith  a Z eiss-Schnell p h o to m eter, th e  in ten s itie s  o f th e  w eak reflex ions w ere 
e s tim a ted  v isu a lly  b y  com paring th e m  w ith  th e  ß  sp o ts  o f th e  strong  reflex ions. 
T he m easured  re la t iv e  in tensities, I m, w ere co rrec ted  b y  th e  L o ren tz -po la ri- 
za tion  fac to r, L p . T h e  corrected  in te n s i ty  is: \ cor =  I m Lp.
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T he in ten s itie s  of th e  u n o b se rv ed  reflexions w ere ta k e n  h a lf  o f th e  
m in im um  m easu red  va lue , th e n  co rrec ted  b y  Lp fa c to r  and  co n v e rted  to  
com m on an d  ab so lu te  scale. T he d e te rm in a tio n  o f th e  scale fac to rs  fo r th e  
p h o to g rap h s  o f d iffe ren t к  =  const, lay e rs  an d  th e  d e te rm in a tio n  o f  th e  
ab so lu te  in ten s itie s  ( I 0) caused d ifficu lties , as th e  specim ens could n o t be  c u t 
to  a p p ro p ria te  d im ensions. The c ry s ta ls  used  fo r th e  p h o to g rap h s  a round  
d iffe ren t axis h a d  a b o u t th e  sam e d im ensions: 1 m m  in  th e  b d irec tion , 0.03 m m  
an d  0.2 m m  in  th e  a an d  th e  c d irec tio n s, resp ec tiv e ly . The a b so rp tio n  co r­
rec tio n  w as neglig ib le on  th e  к  =  co n st, lay e rs , th e  m ax im u m  o f /td  b e in g  0.2, 
b u t  i t  w as considerab le  on th e  h  == co n st, layers w hich  w ere used  to  co n v e rt 
th e  к  =  const, la y e r  p h o to g rap h s to  a com m on scale. As th e  c a lcu la tio n  o f 
th e  ab so rp tio n  co rrec tion  w as n o t possib le  we to o k  a d v a n ta g e  of th e  c ircu m ­
stan ce  th a t  th e  b p a ra m e te r  was sh o rt. T h e  a tom s w ere w ell reso lved  on  th e  
p ro jec tio n  o n to  (010) an d  th is  p ro je c tio n  show ed th e  essen tia l fea tu re s  o f  th e  
s tru c tu re .

T he lay ers  к  =  const, w ere f ir s t  ro u g h ly  co n v erted  to  a com m on scale 
w ith  th e  lay ers  h  == 0 an d  h  =  1. A fte r  th is , th e  ab so lu te  scale w as d e te r ­
m ined  b y  th e  th ree-d im ensiona l W ilson m eth o d . T h is abso lu te  scale was 
considered  as a ro u g h  a p p ro x im a tio n , to o , because th e  com m on scale o f  th e  
in ten sitie s  w as u n c e rta in . W hen  th e  tw o -d im en sio n a l m odel for th e  p ro jec tio n  
on to  (010) w as fo u n d , th e  W ilson m e th o d  was ap p lied  w ith  th e  m o d ifica tio n  
suggested  b y  B uergek  [12]: th e  av erag e  o f th e  th e o re tic a l in te n s ity  values 
w ere ta k e n  F^(hol) in s te a d  of E  i f ,  fo r each  sin2 0 in te rv a l. (F c is th e  ca lcu la ted  
s tru c tu re  fac to r.)  W hen  th e  th ree -d im en sio n a l m odel w as fo und , a scale 
fac to r  K (k ) w as d e te rm in ed  se p a ra te ly  fo r th e  lay ers  к  =  1 an d  к  =  2, b y  
m eans o f th e  re la tio n  2  F^ =  K (k) E  Icor. (A t th is  c o m p u ta tio n  th e  reflex ions 
were n o t d iv ided  in to  groups.) A fter th is  th e  above p rocedure  (W ilson m e th o d  
w ith  Fc in s te a d  o f E  f |)  was re p e a te d  w ith  th ree-d im en sio n a l d a ta . T he f in a l 
value o f th e  D ebye fa c to r  is 3.25 Á  _2. So th e  in ten s itie s  w ere co rrec ted  b y  th e  
te m p e ra tu re  fa c to r : exp (6.50 sin2 6/A2).

Determination and refinem ent of the structure

As m en tio n ed  p rev iously  a t  f i r s t  th e  p ro jec tio n  o n to  (010) w as d e te r ­
m ined . T he sy m m e try  o f th is  p ro je c tio n  is p2 an d  th e  id e n ti ty  periodes are  
h a lv ed  b o th  in  th e  a an d  th e  c d irec tions as th e  consequence of th e  C cen te rin g  
a n d  th e  c glide p lane  respective ly . T here  a re  cen tres of sy m m etry  in  a d is tan ce  
o f  a/4 an d  c/4, re sp ec tiv e ly  from  each  o th e r  because in  th e  p ro jec tio n  th e  tw o ­
fold sy m m e try  axes give ad d itio n a l cen tres  o f sy m m etry .

The f irs t  Шо-dimensional model w as fo u n d  b y  m eans o f a P (u , w) P a tte rso n  
syn th esis . T he re su lt o f th is  co m p u ta tio n  w as com pared  w ith  th e  th e o re tic a l 
v e c to r  d iag ram  o f th e  m olecule. T he b ax is  be ing  sh o rt we m ade th e  th e o re tic a l
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v e c to r  d iag ram  w ith  th e  a ssu m p tio n  th a t  th e  im age o f th e  m olecule w as n o t 
s ig n if ican tly  d is to r te d  on th e  p ro jec tio n . T he th e o re tic a l v ec to r  d iag ram  con­
s is ted  o f  tw o p a r ts :  1). T he se t o f  th e  in tra m o le c u la r  v ec to rs, 2). th e  se t o f th e  
v e c to rs  connecting  th e  atom ic  cen tres  o f tw o  m olecules re la te d  b y  a cen tre  
o f sy m m e try . T he f i r s t  p a r t  gave th e  o r ie n ta tio n  o f th e  p ro jec tio n  o f m ole­
cule in  th e  (010) p la n e , th e  second p a r t  d e te rm in e d  th e  lo ca tio n  o f th e  cen tre  
o f sy m m e try , t h a t  is th e  orig in  in  th e  p lan e . As th e  th ree -d im en sio n a l com ­
p u ta t io n s  show ed la te r  th is  was an  a p p a re n t cen tre  of sy m m etry  and th e  
o rig in  has to  be sh if te d  b y  c/4 on th e  z ax is.

182 in tram o lecu la r  and  196 in te rm o le c u la r  vectors ex is t th eo re tica lly , 
b u t  in  consequence o f  m a n y  coincidences th e  id en tif ic a tio n  o f 10 s tro n g  peaks 
has b een  su ffic ien t to  give th e  re su lt.

The refinement o f  the projection w as ca rr ied  o u t w ith  tw o-d im ensional 
F o u rie r  syn thesis. A fte r th e  f if th  sy n th es is  th e  re liab ility  in d ex  for th e  (hoi) 
re flex ions was R  =  0.22. T he F o u rie r  an d  P a tte rs o n  syn theses w ere com p u ted  
w ith  th e  p rog ram  w r it te n  b y  L. Csordás fo r an  U R A L -2 co m p u te r  [14].

T h e sh o rten in g  on th e  p ro jec tio n  o f th e  ap p ro x im a te ly  know n bond  
le n g th s  and  th e  a ssu m p tio n  th a t  m o st p a r t  o f th e  m olecule w as p lane , d e te r ­
m in ed  rou g h ly  th e  orientation o f  the molecule in  three dimensions. T he p o sitio n  
o f  th is  o rien ted  m olecule  was th e n  u n c e r ta in  in  th e  th ird  d irec tion . Two p ro b ­
lem s w ere to  be so lv ed : The lo ca liza tio n  o f  th e  m olecule in  th e  b d irec tion , 
a n d  th e  d e te rm in a tio n  of th e  tru e  orig in  on  th e  (010) p lane .

T he follow ing tw o  in d ep en d en t m e th o d s  gave th e  sam e re su lt:
a) The orig in  w as f irs t  a rb itra r ily  fix e d  on  th e  у  ax is. T h en  th e  m olecule 

w as shifted as a rigid body step by step in  th e  b d irection  ta k e n  th e  le n g th  o f 
a  s te p  A y  — 0 .04. 224 reflex ions w ith  к  =  1 w ere app lied  to  th is  m e th o d . 
A t each  step  F (h k l) an d  R c o m p u ta tio n s  w ere perfo rm ed , for th e  chosen 
reflex ions. A t th e  b e s t sh ift, th e  re lia b ility  in d ex  was f ir s t  R  =  0.52. T h is 
v a lu e  was im p ro v ed  to  0.32 b y  sh iftin g  th e  orig in  b y  c/4 along th e  z ax is.

b) The o rig in a lly  tw o-d im ensional method o f  Taylor [15] was a d o p ted  
to  th e  one-d im ensional problem .

T he p rinc ip le  o f  th e  m e th o d  — in  one d im ension  — is th a t  b y  sh iftin g  
th e  m olecule as a rig id  b o d y  in th e  b d irec tio n  th e  value o f one chosen s tru c tu re  
fa c to r  F c(hkl) changes as a cosine fu n c tio n  o f th e  sh ift A y . T he a m p litu d e  
A (hkl) and  th e  p h ase  <j9(hkl) o f th is  cosine fu n c tio n  can  be c o m p u ted  on th e  
basis  o f th e  F o u rie r  tran sfo rm  o f th e  m olecule. Those A у  va lues are  to  be 
fo u n d  for w hich [F t (hk l)| =  F 0(likl). ( F 0(hkl) is th e  ab so lu te  v a lu e  o f th e  
o b serv ed  s tru c tu re  fac to r.) I f  к  =  1, fo u r so lu tions ex ist, am ong  th em  tw o  
in d e p e n d e n t ones, th e  o thers can  be o b ta in e d  from  these  b y  add ing  1/2 to  
th e  form ers. C om p u tin g  for tw o hk l-s, th e  com m on so lu tion  gives th e  w an ted  
re su lt. Owing to  th e  possible erro rs we h av e  chosen m ore reflex ions. T he 
M iller indices o f  th e se  reflex ions w ere n o t h igh, because th e  M iller indices
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m u ltip ly  th e  e rro rs  o f the  o rig in a l m odel. F o r th e  chosen  reflex ions th e  con­
d itio n  F 0(hkl) <7 A (hkl)/2 w as fu lfilled , m in im izing  so th e  in fluence  o f  th e  
erro rs in  th e  in te n s i ty  m easu rem en t and  th e  in flu en ce  o f  th e  erro rs in  th e  
ab so lu te  scale. 15 reflexions w ith  к  =  1 were d raw n  in to  th e  co m p u ta tio n . 
T h e  necessity  o f  th e  sh ift o f th e  orig in  b y  c/4 w as p ro v e d  b y  th e  fa c t th a t  
w ith o u t th is fo r m a n y  reflex ions F 0(hkl) >  A (hkl) w as found . T he positio n  
o f  th e  m olecule in  th e  b d irec tio n  w as th e  sam e as in  m e th o d  a).

The three-dimensional refinement was p erfo rm ed  b y  fo u r cycles of Booth’s 
d iffe ren tia l sy n th es is  [16], a n d  b y  six  cycles o f Cruickshank’s q 0  — n c 

syn thesis  [17]. A fte r  th e  la s t cycle  th e  re liab ility  in d e x  fo r all observed  an d  
unobserved  re flex io n s was R  =  0.169. F o r th e  c o m p u ta tio n s  th e  a tom ic  
sc a tte rin g  fac to rs g iven  in th e  In te rn a tio n a l T ables fo r  n e u tra l  a tom s w ere 
used. T able I  c o n ta in s  th e  f in a l positio n a l p a ra m e te rs  w ith  th e ir  e s tim a ted  
s ta n d a rd  dev ia tio n s (e.s.d.) c o m p u te d  b y  th e  m eth o d  o f Cruickshank [18].

Table I
P o s i t io n a l  p a ra m e te rs  w i th  th e ir  s ta n d a r d  d e v ia tio n s  i n  p a re n th e s e s

X У z

C (1) 0.4224 (3) 0.3441 (9) 0.3654 (4)
C (2) 0.4618 (4) 0.2667 (10) 0.3179 (4)
C (3) 0.4509 (5) 0.4946 (10) 0.4268 (4)
C (4) 0.2706 (3) 0.3187 (9) 0.3746 (3)
C (5) 0.2335 (4) 0.4343 (9) 0.4158 (4)
C (6) 0.1738 (3) 0.3827 (9) 0.4002 (3)

C (7) 0.1447 (4) 0.2362 (10) 0.3441 (3)
C (8) 0.1822 (4) 0.1272 (10) 0.3054 (4)
C (9) 0.2462 (4) 0.1550 (10) 0.3197 (4)
N ( l ) 0.3672 (3) 0.2934 (7) 0.3479 (3)
N (2 ) 0.3294 (3) 0.3691 (8) 0.3907 (3)
N (3 ) 0.1346 (3) 0.5205 (8) 0.4417 (3)
0 ( 1 ) 0.1583 (3) 0.6700 (7) 0.4876 (3)
0 ( 2 ) 0.0806 (2) 0.4733 (7) 0.4293 (2)

T h e  v a lu e s  o f  th e  o b se rv e d  a n d  c a lc u la te d  s tr u c tu r e  fa c to r s  a re  a v a i la b le  a t th e  a u th o r .

D escription o f  th e  s tru c tu re

T he p ro jec tion  o n to  (010) o f  tw o  m olecules re la te d  b y  a cen tre  of sy m ­
m e try  is show n in  F ig . 1. Table I I  co n ta in s th e  in te ra to m ic  d istances w ith  
th e ir  e .s.d . The b o n d  angles are l is te d  in  T able  I I I .  C a lcu la ted  b y  th e  m eth o d  
o f Darlow [19], all angles have a p p ro x im a te ly  th e  sam e erro r; ^ 0 .6 ° .  T he 
in tram o lecu la r d is tan ces  and  b o n d  angles are show n also in  F ig . 2.
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Table II
Interatom ic distances w ith their standard deviations

Interatomic 
distances, Á

e.s.d.
in 10~3 Á

C ( 1 ) - C  <2) 1.526 9.6

C ( 1 ) - C  (3) 1.509 10.2

C (1)—N  (1) 1.273 8.6

N ( l ) - N ( 2 ) 1.417 7.4

N ( 2 ) - C  (4) 1.351 8.1

C (4)—C (5) 1.419 9.0

C (5)— C (6) 1.369 9.0

C ( 6 ) - C  (7) 1.413 8.8

C (7)— C (8) 1.377 9.6

C (8)— C (9) 1.453 10.2

C (9)—C (4) 1.390 9.4

C (6)—N  (3) 1.489 8.3

N ( 3 ) - 0 ( l ) 1.237 7.5

N  (3)—0  (2) 1.206 7.4

Acat Chim. A ca d . S e i.  H u n g . 62, 1969

Fig. 1. The projection onto (010) o f  two m olecules related by a centre o f sym m etry
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0 ( 2)

C(7)

I.206A

117,0 N(3)122'8

115,8° ^  ^
C(8)124,4

1.453A

125,1° 118,9”
0 ( 1)

c(9)117;
Hty; 0 ф
^ 4  120,1
121,6° C (4 )ll8 ,2 °

1,351 A

119,9 N(2)103,3

1,369 A

• Г о д

N(l) 117,6'

1,273 A 0 ( 1)

F ig .  2  In tram o lec u la r  d istances and  angles 

Table III

Bond angles

C ( 2 ) - C  ( l ) - c  (3) 117.9° C (5)—C (6)—C (7) 125.1°
N ( l ) - C  ( 1 ) - C  (3) 125.5 C ( 6 ) - C  ( 7 ) - C  (8) 114.2
C ( 2 ) - C  ( l ) - N ( l ) 116.4 C (7)—C ( 8 ) - C  (9) 124.4
C (1)—N  (1)—N (2) 117.6 C (8)—C (9)—C (4) 117.2
N  (1)—N (2)—C (4) 119.9 C ( 5 ) - C  (6)—N (3) 118.9
N  (2)—C (4)—C (9) 121.6 C (7)—C (6)—N (3) 115.8
N  (2)—C (4)—C (5) 118.2 C (6)—N  (3)—0  (1) 120.4
C (9)—C (4)—C (5) 120.1 C ( 6 ) - N  ( 3 ) - 0  (2) 117.0
C (4)—C ( 5 ) - C  (6) 118.8 0  (1)—N  (3)—0  (2) 122.8
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The bond relations in  the benzene ring a re  a sy m m etrica l, th o u g h  th e  m ean  
v a lu e  of th e  bo n d  le n g th s  (1.402 Ä) d iffers on ly  s lig h tly  from  th a t  o f th o se  in  
benzene  (1.393 Á) [20]. T h e  bond  angle a t  th e  ca rb o n  a to m  C (6) w here th e  
n itro  group is a t ta c h e d  is g rea te r th a n  120° (125.1°). T h is is a general ex p e­
rien ce  rep o rted  in  th e  l i te ra tu re  [21—26].

Three k inds o f  ca rb o n -n itro g en  b o n d  ex is t in  th e  m olecule:
a) bond  b e tw e e n  a n  a rom atic  ca rb o n  an d  th e  n itro g en  o f th e  n itro  

g ro u p  C (6)—N  (3). I t s  le n g th , 1.489 Á co rresponds to  th e  d a ta  rep o rted  for 
s im ila r com pounds [21 — 26];

b) bond  b e tw een  an  a ro m atic  ca rb o n  an d  th e  n itro g en  o f th e  h y d raz in e . 
O n ly  a few d a ta  a re  p u b lish ed  for th is  ty p e  o f b o n d . In  arab inose-p -b rom o- 
p h en y lh y d razo n e  [4] i ts  le n g th  is 1.42 Á an d  in  ribo se-p -b ro m o -p h en y lh y d ra- 
zone [5] 1.46 Á. T h e  acc u ra cy  of th is  d e te rm in a tio n s  e s tim a te d  b y  th e  au th o rs  
is v e ry  low, ab o u t 0.1 Á , as a consequence o f th e  lack  o f th e  cen tre  o f sy m m etry  
a n d  th e  sm all n u m b e r  o f  reflexions observed . T he v a lu e  1.351 Á fo u n d  in
3 -N P H A c is n e a r to  th e  le n g th  of th e  b o n d  in  p -n itra n ilin e  (1.371 A) m easured  
b e tw een  th e  a ro m a tic  c a rb o n  an d  th e  n itro g e n  o f th e  am in e  group [22];

c) double b o n d  b e tw een  th e  n itro g en  o f th e  h y d raz in e  an d  th e  carbon  
o f  th e  acetone C (1) — N  (1). This bo n d  is u n u su a lly  sh o rt. In  ribose-p-brom o- 
p h en y lh y d razo n e  th is  b o n d  leng th  is 1.32 A (w ith  th e  accu racy  q u o ted ). 
N o o th e r d a ta  fo r p h en y lh y d razo n es  h av e  been  re p o rte d , n am ely  in  arab inose- 
p -b ro m o -p h en y lh y d razo n e  th e  sugar p a r t  ap p ears  w ith  cyclic s tru c tu re , th e re ­
fo re  no bond  o f th is  ty p e  ex ists in  it. T h e  v a lu e  1.273 A found  in  3 -N P H A c 
c a n  be com pared  to  th e  len g th  o f th e  C =  N  doub le  bonds m easu red  in  
d im ethy lg lyox im e (1.27 A) [27] and  i.i ace to x y m e (1.29 A) [28].

Only one o f th e  in te rm o lecu la r d is tan ces  w as fo u n d  to  be sh o rte r  th a n  
3.20 A, th e  d is tan ce  b e tw een  N (2) an d  О (1 ) ': 3.18 A. T his was a t tr ib u te d  
to  w eak h y d ro g en  b o n d in g , la te r  p ro v ed  b y  IR  m easu rem en ts .

The eq u a tio n  o f  th e  “ b est p lan e”  (d en o ted  w ith  P I )  th ro u g h  th e  a to m s 
o f th e  benzene r in g  w as de te rm ined  b y  th e  m e th o d  o f Shomaker, Waser, 
Marsh and  Bergman [29]. This p lane  is a lm o st p e rp en d icu la r to  th e  (100) 
p lan e  and  is in c lin ed  b y  26.3° to  th e  (010) p lane . T he d istances of th e  a to m s 
from  th is  p lane  a re  l is te d  in  Table Y. T h e  n itro  g roup  lies in  th is  p lane , on ly  
О (1) is sligh tly  o u t  o f  i t .  The eq u a tio n s o f follow ing p lanes are also d e te r ­
m ined : P2 is th e  p la n e  th ro u g h  th e  a tom s C (2) C (1) C (3), th a t  is th e  acetone  
p a r t  of th e  m olecule, P 3  an d  P4 are th e  p lanes th ro u g h  th e  a tom s C (1) N (l) N(2) 
an d  C (4) N (2) N  (1) resp ec tiv e ly , th a t  is th ro u g h  th e  tw o  p a rts  o f th e  h y d ra ­
zine. The eq u a tio n s  re fe rred  to  th e  o rth o g o n a l axes x ',  y , z ' w here x '/ /x  an d  
z'l/z*. The co o rd in a te s  m u s t be su b s titu te d  in  A. T he equ a tio n s o f th e  p lanes 
a n d  th e  angles b e tw e e n  th e  d ifferen t p lanes are  g iven in  T ab le  IV . T he e.s.d . 
o f  these  angles is ^ 2 ° .  T he acetone is ro ta te d  8.0° a n d  th e  planes P3 an d  P4 
5.7° and  8.1°, re sp ec tiv e ly , from  th e  a ro m a tic  p lane . T he planes P3 and  P4
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Table IV

Equations o f  the planes

P I 0.0077 x ' +  0.8920 у  — 0.4450 z' +  2.514 =  0

P2 —0.1000 x ' +  0.9209 у  — 0.3766 z' +  2.552 =  0

P3 —0.0584 x ' +  0.9145 у  — 0.4020 z' +  2.183 =  0

P4 —0.0476 x '  +  0.9344 у  — 0.3528 z' - f  1.967 =  0

Angles between different planes

P2 РЗ Р4 (010) (100)

PI

оосо 5.7° 8 .1 ° 26.3° 85.2°

P2 — 2.0 3.4 — —

P3 — — 2.4 — - -

Table V

Deviations o f atoms from  plane PI

Deviation* 
in Á

С (1) 0.215
С (2) 0.393

С (3) 0.122

С (4) 0.006

С (5) г 0.019

С (6) — 0.030

С (7) 0.014

С (8) 0.011

С (9) —0.021

N (1 ) 0.199
N (2 ) 0.047

N (3 ) 0.026

0 ( 1 ) 0.098

0 ( 2 ) 0.018

fo rm  an  angle o f 2.4°, w hile in  a rab in o se-p -b ro n io -p h en y lh y d razo n e  [4] th is  
angle is 90° and  in  ribose-p -b rom o-pheny lhydrazone  15° [5].

T he L p fac to rs , th e  s tru c tu re  fa c to rs , th e  d ifferen tia l sy n th esis , th e  bo n d  
len g th s , th e  errors o f th e  positional p a ra m e te rs , th e  eq u a tio n  o f  th e  P I  p lan e  
an d  th e  d istances o f th e  atom s from  i t ,  w ere com pu ted  b y  p ro g ram s w ritten  
b y  th e  a u th o r  for an  U R A L-2 co m p u te r.

4 Actti C him . A ca d . S e i. H ung . b2, 1969
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The accuracy of x  —  Av1/n diagram s constructed according to the previous pub­
lication of the authors was investigated  in  case o f pure A- and В -bands. The experi­
m ental fraction-value w idths of A- and В -bands o f fluorobenzene, chlorobenzene and 
thiophene were determ ined and com pared w ith  the values calculated from the diagrams. 
The m axim um  deviations are 4.5 cm - 1  and 18.7% , respectively. The results obtained  
are discussed.

Introduction

In  our prev ious p u b lica tio n  [1] th e  ca lcu la tio n  of in fra red  b a n d  co n to u rs  
o f n in e  h y p o th e tica l p la n a r a sy m m etric  to p  m olecules of d iffe ren t a sy m m e try  
p a ra m e te rs  an d  ro ta tio n a l co n stan ts  h a v e  been  rep o rted . P u re  А -ban d s an d  
В -b an d s  have  been ca lcu la ted  an d  th e  A B -h y b rid  b a n d s ,th e  tra n s it io n  m o m en ts  
o f w h ich  enclose angles o f 30°, 45° a n d  60° w ith  th e  axis o f th e  le a s t m o m en t 
o f in e r t ia , have been  co n stru c ted . T he ha lf- , f if th -  and  te n th -v a lu e  w id th s  of 
in d iv id u a l bands h av e  been  d e te rm in ed . O n th e  basis o f th e  d a ta  o b ta in ed , 
jc — Avijn (Figs 1, 2 an d  3) as w ell as В — Avi ■„ an d  cp — Avlin d iag ram s h av e  
been  co n stru c ted . I t  was s ta te d  t h a t  th e  d irec tio n  of th e  tra n s it io n  m o m en t 
can  b e  de te rm ined  u n am b ig u o u sly  on  th e  basis  of th e  frac tio n -v a lu e  w id th s  
o f th e  h y b rid  b an d s , if  к lies w ith in  th e  ran g e  —0.9 to  —0.6 an d  th e  v a lu e  
o f  th e  m ed ium  ro ta tio n a l c o n s ta n t (B) is ap p ro x im a te ly  0.1500 cm  -1. I f  В is 
a p p ro x im a te ly  0.0500 c m _1, such  a d e te rm in a tio n  is possib le  on ly  in  case 
o f  к =  —0.9. I f  th e  v a lu e  of В is sm a lle r  th a n  0.0500 c m -1, th e  frac tio n - 
v a lu e  w id th s  giVe no in fo rm a tio n  on  th e  d irec tio n  of th e  tra n s it io n  m o m en t.

Comparison of calculated and real spectra

T h e accuracy  o f d iag ram s c o n s tru c te d  on th e  basis o f th e  frac tio n -v a lu e  
w id th s  o f  pu re  A- a n d  В -b an d s  has b e e n  in v es tig a ted  w ith in  th e  d o m ain  of 
a p p lic a b ility  b y  co m p arin g  th e  c a lc u la ted  frac tio n -v a lu e  w id th s  w ith  th e  
an a logous values d e te rm in ed  e x p e rim e n ta lly  in  case of som e p la n a r  m olecules.
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1. F luorobenzene (C 6H SF )

T he m olecule o f  fluorobenzene h as  a C2„ ty p e  sy m m etry . I ts  30 n o rm a l 
v ib ra tio n s  c o n ta in  th e  follow ing species: in p la n e  v ib ra tio n s : 11 A x +  10 B 2; 
ou t-o f-p lane  v ib ra tio n s : 3 A2 -f- 6 B r  N o rm al v ib ra tio n s  o f species A a, B j 
a n d  B 2 are in fra re d  ac tiv e , w hereas th o se  o f  species A2 a re  in fra red  in ac tiv e . 
E rlandsson  [2] g ives th e  a sy m m etry  p a ra m e te r  an d  ro ta tio n a l c o n s ta n ts  
o f fluorobenzene to  b e  as follows:

и =  -0 .5 8 7 9 5  dz 0.00001 
A =  5664.35 dz 0.15 Mc/s 
В =  2570.40 db 0.03 Mc/s 
С =  1767.91 dz 0.03 Mc/s

I f  th e  values o f ro ta t io n a l  co n stan ts  are  expressed  in  u n its  o f cm _1, th e  fo l­
low ing  values are  o b ta in e d :

A =  0.18881 c m - 1 
В =  0.08568 c m - 1 
C 0.05893 c m - 1
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Fig. 2

T he v ib ra tio n s  of fluo robenzene p ro d u ce  pure  A -, B- an d  C -bands. 
V apour sp ec tra  o f  fluorobenzene a re  d ep ic ted  in  Figs 4a  a n d  4b.

Tlie fa c t th a t  in th e  im m ed ia te  v ic in ity  of th e  m o st in ten siv e  b an d s  
o th e r  b an d s can  be found , m ade th e  ev a lu a tio n  m ore d ifficu lt. T hus, th e  d e te r ­
m in a tio n  of th e  background  tra n s m itta n c e  is ra th e r  in accu ra te . T he sep ara tio n  
o f  th e  b an d s w as carried  o u t b y  ev a lu a tin g , on th e  one h a n d , th e  less d is tu rb e d  
h a lf  o f  th e  b a n d , and , on th e  o th e r  h a n d , b y  com pleting  th e  b an d s  o v erlapped  
obv iously  w ith in  th e  b an d  sy stem  in  q u es tio n  in  order to  o b ta in  a b ack g ro u n d  
tra n s m itta n c e  v alue  su itab le  fo r ca lcu la tio n s. The frac tio n -v a lu e  w id th s  
o b ta in ed  in  case o f  bands o f id en tica l ty p e  were averaged . D a ta  concern ing  
А -ban d s are p resen ted  in  T ab le  I ,  w hereas those  of В -b a n d s  are  ta b u la te d  
in  T ab le  I I .  T he frac tion -va lue  w id th s  (half-, fifth - an d  te n th -v a lu e  w id ths) 
w ere read  from  Figs 1, 2 an d  3, th e n  th e  deviations be tw een  ca lcu la ted  and  
o b ta in ed  d a ta  w ere determ ined . R esu lts  a re  com piled in  T ab le  I I I .  T he le tte rs
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Fig. 3

in  th e  Tables h a v e  th e  follow ing m ean ings:

T 0 — b a c k g ro u n d  tra n sm itta n c e  on th e  p lace o f th e  m axim um ;
Tmax — m ax im u m  tra n sm itta n c e ;
T 0 — b a c k g ro u n d  tra n sm itta n c e  on th e  p lace o f  th e  frac tio n -v a lu e  

in  q u es tio n ;
T — tra n s m itta n c e  on th e  p lace o f th e  frac tio n -v a lu e  in qu estio n .

2. Chlorobenzene (C BH 0C1)

The sy m m e try  an d  th e  species o f n o rm al v ib ra tio n s  of chlorobenzene 
a re  iden tical to  th o se  o f fluorobenzene. I t s  a sy m m etry  p a ra m e te r  an d  r o ta ­
tio n a l co n stan ts  h a v e  been  dete rm in ed  b y  E rlandsson  [3]; his resu lts  w ere
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Table I
А -bands o f  fluorobenzene

-value To (%) Imax (%) Та (%) T (%)

1024 c m -1

1/2 78 67 78 72.3 12

1/5 78 67 78 76.7 18

1/10 78 67 79 77.8 22

1158 c m -1

1/2 74 43 74 56.8 20

1/5 74 43 75 67.3 25

1/10 74 43 75 71.0 29

517 c m -1

1/2 73 46 79 62.7 19

1/5 73 46 81 73.9 27

1/10 73 46 82 78.3 32

Table 11
B-bands o f  fluorobenzene

value T„ (%) Тщах(%) Ta (%) T<%) id? (cm-1)

1068 c m -1

1/2 78 60.5 78 68.7 23

1/5 78 60.5 79 74.0 29

1/10 78 60.5 79 75.9 36

403 c m -1

1/2 80 68 80 73.8 23

1/5 80 68 80 77.5 31

1/10 80 68 80 78.7 36

follow s:
с 6н Г с 1 c6H fci

я =  - 0 .8 4 5 0 X  =  - -0 .8537
A =  5666.7 Mc/s A =  5666.7 Mc/s
В =  1576.9 Mc/s В =  1532.0 Mc/s
C =  1233.3 Mc/s C =  1206.3 Mc/s

exp ressed  in cm -1 :

A =  0.18889 c m - 1 A =  0.18889 cm 1

В =  0.05189 c m - 1 В =  0.05106 c m " 1

C =  0.04111 c m - 1 C =  0.04021 c m - 1
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6 0 0  5 5 0  5 0 0  A 5 0  4 0 0
_ _ -1

Fig. 4a

Table III

Comparison o f calculated and real fraction-value widths o f  fluorobenzene

Fraction-
^íreal ( ™ Í ^calc. (cm -1)

Deviation

value cm-1 %

A -b a n d

1/2 17 17.3 + 0 .3 +  1.76

1/5 23.3 21.8 - 1 . 5 — 6.43

1/10 27.7 24.8 - 2 . 9 — 10.47

B -b a n d

1/2 23 20.5 - 2 . 5 — 10.87

1/5 30 28.3 - 1 . 7 — 5.67

1/10 36 34.8 — 1.2 -  3.33
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The v a p o u r spec tru m  o f ch lo robenzene is show n in  F ig . 5. B ands th a t  
a re  re la tiv e ly  u n d is tu rb e d  w ere used  fo r ev a lua tion . F rac tio n -v a lu e  w id th s  
concern ing  А-ban d s and  В -b an d s o b ta in ed  from  th e  rea l sp ec tru m  are  ta b u ­
la te d  in  T ab le  IV  an d  T ab le  V, re sp ec tiv e ly . I t  h ad  to  be  ta k e n  in to  co n sid e ra ­
tio n  w hen frac tio n -v a lu e  w id th s  w ere de te rm in ed , t h a t  ch lo robenzene is an

Table IV

А -bands o f chlorobenzene

Fraction-
value T0(%) ^max (%) Ta(%) T(%) Av (cm-1)

1028 cm -1

1/2 78 53.8 77 63.9 18

1/5 78 53.8 77 71.5 21
1/10 78 53.8 77 75.6 24

1093 cm -1

1/2 70 24.5 70 41.4 16

1/5 70 24.5 70 56.7 19
1/10 70 24.5 70 63.0 22

iso top ic  m ix tu re  o f C6H 535C1 an d  CeH 537Cl. T he ra tio  o f th e  tw o  iso top ic  com ­
p o u n d  is th e  sam e as th e  iso top ic  ra tio  o f  n a tu ra l ch lorine, i.e. 75 .4%  o f 35C1 
an d  2 4 .6%  o f 37C1. T he frac tio n -v a lu e  w id th s  o f ch lorobenzene were ca lcu la ted  
on th e  basis o f F igs 1, 2 an d  3, ta k in g  th is  iso topic ra tio  in to  co n sid e ra tio n . 
C a lcu la ted  and  ac tu a l values a re  co m p ared  in  T able V I.
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Table V

И-band o f chlorobenzene

Fraction-
value To(%) Tmax (%) т»(%) T <%) A v  (cm-1)

1452 c m -1

1/2 75 61 75 67.6 23

1/5 75 61 75 72.0 35

1/10 75 61 75 73.5 38

Table VI

Comparison o f calculated and real fraction-value widths o f chlorobenzene

Fraction
Aureal (cm -1) ^calc (cm-1)

Deviation

value cm-1 %

A-band

1/2 17 13.8 - 3 . 2 -1 8 .7

1/5 20 17.7 — 2.3 — 11.5

1/10 23 20.4 — 2.6 — 11.3

B -band

1/2 23 22.5

lOО1 — 2.17

1/5 35 32.3 - 2 .7 — 7.71

1/10 38 37.8 0.2 0.53

3 . Thiophene (C4H 4S)

Thiophene belongs to  sy m m etry  g roup  C2v,to o . I ts  21 n o rm al v ib ra tio n s  
can  be d iv ided  in to  th e  follow ing species: 8 A 4 7 B2 - f  3 A2 - f  3 B r  The 
m olecule has th e  fo llow ing  a sy m m etry  p a ra m e te r  an d  ro ta tio n a l co n stan ts  
accord ing  to  B a k  et al. [4]:

* =  -0 .0 9 1 8 2  
A =  0.268059 cm  - 1 
В =  0.18064 c m - 1 
C =  0.107859 c m - 1

V apour sp e c tra  o f  th io p h en e  are show n in  Figs 6a, 6b and  6c. F rac tio n - 
va lu e  w id ths w ere d e te rm in e d  as p rev iously . T he resu lts  o f А-bands are  lis ted

Acta Chim. Acad. Sei. H ung. 62, 1969



PAÁL, VARSÁNYI: CALCULATION OF INFRARED BAND CONTOURS, II 59

900 800 700
cm1

F ig . 6a

1500 1400 1300 -11200 1100 1000cm

F ig . 6b

in T ab le  Y II  an d  th e  re su lts  concern ing  В -ban d s are  ta b u la te d  in  Table V I I I .  
C alcu lated  and  ex p e rim en ta l values a re  com pared  in  T ab le  IX .
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3200 3100 3000
cm'

Fig. 6c

E v a lu a tio n

I t  can  be seen from  th e  ab o v e-m en tio n ed  d a ta  th a t  in  case o f A -bands, 
th e  la rg e s t abso lu te  d ev ia tio n  is 4.5 cm -1  (ten th -v a lu e  w id th  o f  th io p h en e), 
a n d  th e  la rg est p e rcen tag e  o f d ev ia tio n  is equal to  18 .7%  (ha lf-va lue  w id th  
o f  ch lorobenzene), w hereas in  case of В -b an d s th e  la rg es t ab so lu te  d ev ia tion  
is also 4.5 cm  -1 (ha lf-va lue  w id th  o f th io p h en e ) and  th e  la rg e s t p e rcen tag e  of 
d e v ia tio n  is 15.00%  (half-value  w id th  o f  th iophene), re sp ec tiv e ly . T he cal­
c u la te d  values are sm aller th a n  th e  rea l ones except for one  case. T he d ev i­
a tio n s  m ay  be ex p la in ed  b y  various reasons.

T he exp erim en ta l d e te rm in a tio n  o f  sp ec tra l frac tio n -v a lu e  w id ths can n o t 
be  e x a c t, p a r tly  because  o f th e  d is tu rb a n c e  of o th e r b an d s  in  th e  v ic in ity  
( i t  is su p p o rted  b y  th e  fa c t th a t  d iffe ren t frac tion -va lue  w id th s  w ere o b ta ined  
in  case o f b an d s o f id en tica l ty p e  o f th e  sam e m olecule), a n d  p a r t ly  because 
o f  th e  in accu ra te  in s tru m e n ta l read in g . T he accuracy o f  read in g  is ab o u t
0.5 c m -1 in  th e  400 — 700 c m " 1 sp e c tra l range and  a b o u t 1 c m " 1 in  th e  
7 0 0 —4000 c m -1 sp ec tra l range  using  a Zeiss UR-10 sp e c tro m e te r  u n d e r th e  
co n d itio n s  app lied . I n  case o f th io p h en e , th e  m edium  ro ta tio n a l c o n s ta n t o f 
w h ich  is В =  0.1806, e x tra p o la tio n  m a y  also cause erro rs to  som e e x te n t.

T he calcu la tions o f  th eo re tica l А -b an d s  and  В -ban d s w ere carried  ou t 
o n  th e  basis of an  ap p ro x im a tio n . T h e  f irs t  ap p ro x im atio n  w as in troduced  
b y  ca lcu la tin g  th e  te rm s  g raph ica lly . T h e  erro r is e s tim a te d  to  be less th a n  
1 0 %  in  th is  case. No considerab le  e rro rs  w ere caused b y  g rap h ica l ap p ro x i­
m a tio n  o f te rm s in  case o f ca lcu la tio n  o f  line positions; in  m o st cases, th is  
g ives rise to  sm all c o n s ta n t sh ifts (0.05 — 1.6 c m -1). I t  in fluences th e  shape
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Table VII

А -bands of thiophene

Fraction-
T„(%)

1
value ^max (%) T» (%) T(%) Ai> (cm-1)

840 cm -1

1/2 90 15 89 35.9 28
1/5 90 15 89 61.9 37
1/10 90 15 89 74.2 41

1038 cm “ 1

1/2 93 70.5 91 79.2 23.5
1/5 93 70.5 91 86.1 34
1/10 93 70.5 92 89.5 40

1083 cm -1

1/2 90 53 91 69.5 30
1/5 90 53 91 81.7 40
1/10 90 53 91 86.2 50

1412 cm - '

1/2 74 49 78 63.5 29
1/5 74 49 78 71.8 32
1/10 74 49 78 74.9 37

3126 cm “ 1

1/2 89 78 90 84.3 26
1/5 89 78 90 87.7 30
1/10 89 78 90 88.8 32

Table VIII

В -bands o f thiophene

Fraction-
T„(%)value Tmax (%) (%) T (%) A v  (cm*1)

873 cm -1

1/2 93 89 93 91.0 38
1/5 93 89 93 92.2 42
1/10 93 89 93 92.6 47

1256 c m -1

1/2 89 56.5 90 71.7 30
1/5 89 56.5 90 82.2 41
1/10 89 56.5 90 86.0 48
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Table IX

Comparison o f real and calculated fraction-value widths o f  thiophene

Deviation

value a»rea l ( 'm “1) j Areale (cm -1)
cm -' %

A-band

1/2 27.3 24.4 -2 .9 - 1 0 .6 2

1/5 34.6 31.3 3.3 9.55

1/10 40.0 35.5 -4 .5 — 11.25

B-band

1/2 30* 25.5 - 4 .5 - 1 5 .0 0

1/5 41.5 37.3 - 4 .2 — 10.12

1/10 47.5 44.7 3.2 6.73

* The half-value w idth of the В -band is n o t a mean value. The in tensity  o f the line  
at 873 cm -1  is so small th at the determ ination o f fraction-value w idth  is very inaccurate. 
The noise and the inertia o f the recording needle m ay cause considerable relative errors. This 
is suggested  by the large deviation  o f the half-value w idth as com pared w ith that o f the band 
at 1256 cm - 1 . The half-value w idth  of the band at 1256 cm-1  was accepted as the half-value  
w id th  o f  the B-band.

o f th e  А -bands, an d  in  case o f x  =  0, to  a  sm all e x te n t, t h a t  o f В -b an d s, too . 
I t  is assum ed using th e  ap p ro x im a tio n  m en tio n ed  th a t  th e  lines o f su b b ran ch  
Q9 A  p erta in in g  to  th e  sam e L  values lie on  th e  sam e place. W here  th e  ca lcu la tions 
c a rr ie d  o u t b y  using e x a c t te rm  values (w hich are av a ilab le  u p  to  J  =  40 [5]), 
th e se  lines w ould he fo u n d  in  a m ore o r less b ro ad  b a n d , th u s  th e  v e ry  sharp  
m a x im u m  of Q is in  fa c t  so m ew hat b ro a d e r  th a n  assum ed . T he s itu a tio n  is 
s im ila r  in  case of su b b ran ch es  R r В I I ,  R p В I I  and  Q,- B , i f  x =  0. In  these  
cases th e  ap p ro x im a tio n  assum ed  th a t  th e  lines p e r ta in in g  to  th e  sam e .] 
v a lu e s  are  on th e  sam e p lace . U sing  a m ore accu ra te  ca lcu la tio n , how ever, 
th e se  lines lie also in  a ran g e  o f w av e  n um bers, th u s  th e  ac tu a l B -b an d  is 
so m e w h a t b ro ad e r th a n  th e  ca lcu la ted  one.

T he ca lcu la tion  o f  F  in te n s ity  va lu es  can be ca rr ied  o u t b y  reduc ing  
th e m  to  those  of th e  sy m m etric  to p  even  in  case o f x  =  0. I f  th e  sh ap e  of 
th e  ca lcu la ted  su b b ran ch es  is co m p ared  w ith  th e  course o f line in te n s ity  
ca lc u la ted  b y  W a it  a n d  P i n k h a m  [6] u sing  ex ac t e igenvalues as th e  base, 
a v e ry  good ag reem en t can  be o b ta in e d .

T he B o ltzm ann  fa c to r  co n ta in s  th e  te rm  va lu e , to o . T he m ax im u m  erro r 
o f  te rm  values as h ig h  as 10%  m a y  cause  large  d ev ia tio n s  on ly  in  cases of 
su c h  large values o f  J  a n d  K , w here  th e  co rrespond ing  in ten s itie s  am o u n t 
o n ly  to  a few h u n d re d th  p er cen ts  o f th e  m ax im u m  in ten s itie s . I n  case of 
x — 0, how ever, th e  m ax im u m  e rro r  o f th e  te rm  v a lu es  is sm aller, b u t  its  
v a lu e  m ay  be as h igh  as 4 —4 .5 %  even  w ith  sm aller v a lu es  o f J  an d  K .

T he in te n s ity  d ev ia tio n  co rrespond ing  to  th is  can  a lread y  be  d e tec ted .
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A n o th er in accu racy  m ay  o rig ina te  from  th e  fa c t th a t  only tran s itio n s  
J  К  =  0, ± 1  an d  A L  =  0, ^ 1  have  been  ta k e n  in to  considera tion  am ong  
all possible tra n s itio n s  (excep t for su b b ra n c h  R p В I ,  w here A L  =  3).

T he dev ia tio n s m ay  be due, how ever, m a in ly  to  the different values o f  
the rotational constants in  the ground and excited states as w ell as to  th e  fa c t 
th a t  the interconnections o f vibration and rotation have been disregarded. I t  is 
essen tia l to  ta k e  th e  la t te r  fac ts  in to  co n sid e ra tio n  in  o rd e r to  o b ta in  m ore 
ex ac t resu lts .

*

The authors are thanking to Dr. S. H o lly  for recording the spectra and making them  
available for the authors.
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HETEROCYCLIC COMPOUNDS FROM SUGARS, I

PR E P A R A T IO N  OF 2-(PO L Y H Y D R O X Y A L K Y L )-B E N Z O T H IA Z O L IN E  D ER IVA TIVE S

R . B o g n á r , Z. K o l o d y n s k a , L . S o m o g y i , Z. G y ö r g y d e á k ,

L . S z il á g y i  and É .  N .  N e m e s

( Institute o f  Organic Chem istry , L. Kossuth U niversity , Debrecen;
Antibiotics Research Group, H ungarian Academ y o f Sciences, Debrecen)

Received J u ly  5, 1968

The condensation reactions o f  2-am inothiophenol (I) and 2-am ino-4-chlorothio- 
phenol (II) w ith D-glucose and D -galactose have been studied. I t  has been established  
th a t 2-(pentahydroxypentyl)-benzothiazoline derivatives (VII, VIII, XIII, XIV) are 
formed which can be converted to O- and 0 ,N -aceta tes (XI, X II, XVII, XVIII and IX, 
X , XV, XVI) by further acetylation. T he syntheses o f the 2-(pentaacetoxypentyl)-ben- 
zothiazolines have also been achieved using the acetates o f al-sugars as the starting  
m aterials. The structures of the com pounds have been confirm ed by IR  spectro­
scopic studies.

T h e reac tio n  o f o -am ino th iopheno ls w ith  carbony l com pounds has been 
th e  su b je c t o f num ero u s papers since 1880 w hen H o f m a n n  [1] re p o rte d  th e  
p re p a ra tio n  of b enzo th iazo le  d e riv a tiv e s  b y  condensing o -am ino th iopheno l (I) 
w ith  a ldehydes.

A ccording to  L a n k e l m a  and  S h a r n o f f  [2], an d  B o g é r t  a n d  N a i m a n  [3], 
th e  re a c tio n  takes p lace  in  several s tep s . F irs t an  anil is fo rm ed ; th is  in te r ­
m e d ia te  is th e n  c o n v e rted  to  a b en zo th iazo lin e  d e riv a tiv e , w hich  is easily  
o x id ized  in to  th e  co rrespond ing  benzo th iazo le .

In  his w ell-know n hook “ C h a rac te risa tio n  of O rganic  C om pounds” , 
F . W i l d  [4] suggests t h a t  a rom atic  a ldehydes and  k e tones be  cha rac terized  
b y  th e  p ro d u c t of th e ir  co n densa tion  w ith  4 -ch lo ro -2 -am ino th iopheno l (II). 
A ccord ing  to  th is  a u th o r , th e  co n d en sa tio n  m ay  re su lt in  th e  fo rm atio n  of 
ben zo th iazo le  or b enzo th iazo line  d e riv a tiv e s , and  th e  la t te r  com pounds are 
b e t te r  su ite d  for th e  c h a ra c te riz a tio n  o f  h igher a lip h a tic  a ldehydes. Benzo- 
th iazo les  can  be iso la ted  in  th e  case o f  a lip h a tic  a ldehydes a n d  th e  m a jo rity  
o f a ro m a tic  a ldehydes, benzo th iazo lin e  deriv a tiv es  being  fo rm ed  only  w ith  
c e r ta in  a rom atic  a ld ehydes. Still, all th e  exam ples g iven b y  th e  a u th o r  fo r 
id e n tif ic a tio n  involve b enzo th iazo line  d e riv a tiv es . T herefo re , th is  in te re s tin g  
m e th o d  requ ires fu r th e r  d e ta iled  s tu d ies  befo re  i t  m ay  f in d  g enera l ap p lica tion .

W e stu d ied  th e  above reac tio n s w ith  m onosaccharides , ta k in g  in to  
accoun t th e  fa c t th a t  th e  C-2 a tom  o f benzo th iazo lines fo rm ed  b y  condensation  
w ith  th e  carbony l g roup  o f  sugars w ill be asym m etric .

To o u r know ledge, no detailed  s tu d y  has been p u b lish ed  on th e  conden­
sa tio n  o f o-am ino th iopheno l w ith  su g a rs . Sa ttler  et al. [5] re p o rte d  th e
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re a c tio n  of D-glucose, D -m annose, an d  D -arabinose w ith  o -am ino th iopheno l 
in  a  sh o rt com m u n ica tio n  in  1951. T he p ro d u c t o f co n d en sa tio n  was assum ed 
to  b e  a benzoth iazo line d e riv a tiv e ; i t  was sensitive  to  lig h t, an d  u n stab le  in 
aq u eo u s  solution. W h e n  exposed  to  a ir th e  so lu tions becam e cloudy, an d  
c ry s ta llin e  b is-(2 -am ino-pheny l)d isu lph ide  p re c ip ita te d , w hile sugar was 
d e te c te d  in  the  so lu tio n . No th io l group could he d e te c te d  b y  sodium  n itro - 
p ru ss id e , and a t te m p ts  to  oxidize th e  p ro d u c ts  to  ben zo th iazo le  deriva tives 
fa iled .

In  order to  e lu c id a te  th e  s tru c tu re s , p ro p ertie s , an d  reactions of th e  
p ro d u c ts , o -am ino th iopheno l an d  2 -am ino-4 -ch lo ro th iopheno l w ere condensed 
w ith  D-glucose and  D -galactose. T he p ro d u c ts  w ere assum ed  to  be b enzo th iazo ­
lin e  derivatives, th e re fo re , fo r purposes o f com parison , 2 ,2 -d im ethylbenzo- 
th ia z o lin e  (III) an d  its  5-chloro d e riv a tiv e  (IV) have  b een  p rep ared . These 
com pounds have k n o w n  s tru c tu re s , an d , fo r s tru c tu ra l reasons, th e y  are n o t 
co n v e rtab le  in to  b en zo th iazo les  b y  ox id a tio n .

Com paring th e  I R  sp ec tru m  o f 2 ,2 -d im ethy l-benzo th iazo line  w ith  those 
o f  th e  condensation  p ro d u c ts  from  sim ple sugars, we fo u n d  th a t  th e  p en ta - 
h y d ro x y p e n ty l d e r iv a tiv e s  o b ta in e d  also h a d  th e  c h a ra c te ris tic  IR  bands of 
benzoth iazo line.

A cetylation  o f  th e  2 -(p en tah y d ro x y p en ty l)-b en zo th iazo lin es  (VII, V III, 
X III ,  XIV) yielded p ro d u c ts  o f tw o k inds, depend ing  on th e  exp erim en ta l 
co n d itio n s. A ce ty la tio n  w ith  p y rid in e /ace tic  an h y d rid e  (24 hours a t  room  
te m p e ra tu re )  y ields a p en ta -O -ace ty l d e riv a tiv e . A c e ty la tio n  w ith  acetic  
a n h y d rid e  in th e  p resen ce  o f sod ium  ace ta te  or zinc ch lo ride  a t  e levated  tem - 
p e r a t r r e i ,  or in th e  p resen ce  o f perch loric  acid  w ith o u t h e a tin g , resu lts  in  th e  
fo rm a tio n  of a h e x a a c e ty l d e riv a tiv e . F u r th e r  a c e ty la tio n  o f th e  p en taace ty l 
d e riv a tiv e s  o b ta in ed  w ith  p y rid in e /ace tic  an h y d rid e  gives th e  h ex aace ta tes  in  
th e  case of bo th  th e  gluco- an d  th e  ga lac to -benzo th iazo line  derivatives.

Sim ilarly to  th e  I R  sp ec tru m  of 2 ,2 -d im eth y l-b en zo th iazo lin e , those  o f 
th e  p en taacety l d e r iv a tiv e s  h av e  an  N H  b a n d  a t  3320 — 3360 c m “1. T he 
ch a rac te ris tic  a b so rp tio n  due to  th e  free N H  group  is n o t observed  in  th e  IR  
s p e c tra  of the  h e x a a c e ta te s , s im ila rly  to  th e  case o f 2 ,2 -d im ethy l-3 -acety l- 
benzo th iazo line. T h e  p resence  o f an  N H  group capab le  o f  undergo ing  a c e ty ­
la t io n , as well as th e  fo rm a tio n  o f a te r t ia ry  am ide (1670 —1680 c m -1) upon  
fu r th e r  ace ty la tio n , c o n s titu te  evidence fo r th e  th iazo lin e  s tru c tu re .

The following ex p e rim en ts  h av e  been  perfo rm ed  to  o b ta in  ad d itio n a l 
p ro o f  of the  s tru c tu re : o -am ino th iopheno l (I) an d  4 -ch lo ro -2 -am ino th iopheno l 
(П ) were condensed w ith  b o th  oZ-pentaacetyl-D -glucose an d  a /-pentaacety l-D - 
g alac tose . P re su m ab ly  due  to  th e  fo rm atio n  of d iastereo isom eric  com pounds, 
in  som e cases on ly  am o rp h o u s  in te rm e d ia te s  could  be iso la ted  w hen processing 
th e  products and  f u r th e r  co n v ertin g  th e  com pounds o b ta in e d  from  th e  al-sugar 
a c e ta te s . H ow ever, id e n tic a l p ro d u c ts  have  been  o b ta in e d  as a re su lt of tw o
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d iffe ren t ro u tes , c o n s titu tin g  ev idence for th e  s tru c tu re s  o f th e  com pounds 
u n d e r co n sidera tion . T he aZ-galactose ace ta te  gave th e  desired  p e n ta a c e ta te s  
(XVII, X V III) w hich  w ere id e n tic a l w ith  th e  p ro d u c ts  o b ta in ed  from  X III 
an d  XIV w ith  p y rid in e /ace tic  an h y d rid e , y ield ing  th e  correspond ing  hexa- 
a ce ta te  (XV a n d  XVI) up o n  fu r th e r  ace ty la tion .

C ondensation  o f aZ-pentaacetyl-D -glucose w ith  I  an d  I I  y ielded  am orphous 
p ro d u c ts  of v a ry in g  op tica l a c tiv itie s . F rom  am ong th e  p ro d u c ts  syn th esized  
b y  tw o d iffe ren t ro u te s , i.e. from  th e  free sugar a n d  th e  aldehydo  d e riv a tiv e , 
o n ly  th e  0 ,N -h e x a a c e ta te s  gave id en tica l com pounds (IX  an d  X) up o n  fu r th e r  
ace ty la tio n  of th e  co n d en sa tio n  p ro d u c t of th e  aZ-pentaacetyl-D -glucose w ith  
I and  II.

These reac tio n s can  be re g a rd ed  as p roo f o f th e  s tru c tu re  of th e  non- 
ace ty la ted  co ndensa tion  p ro d u c ts , too .

The follow ing equ a tio n s sum m arize  th e  above s ta te m e n ts  (cf. p . 68).
The p hysica l co n s ta n ts  o f th e  com pounds (cf. E x p e rim en ta l)  are  show n 

in th e  T ables. D epend ing  on th e  m e th o d  of p re p a ra tio n , som e dev ia tions are 
observed  in  th e  [a ]0  values, an d  to  a sm aller e x te n t in  th e  m .p .-s, th o u g h  th e  
analyses w ere sa tis fa c to ry  in  all cases. In  some in s ta n c e s , th e  in te rm e d ia te s  
fa iled  to  crysta llize . T his is p ro b a b ly  due to  th e  fo rm atio n  o f d iastereo isom ers 
in  th e  co n d en sa tio n . Side reac tio n s  m ay  also have  ta k e n  place, th e  p ro d u c ts  
could on ly  be se p a ra te d  from  th e  sy ru p y  reac tio n  m ix tu re  a fte r fu r th e r  con­
version  in to  c ry sta llin e  d e riv a tiv es .

W ork  on th e  sep a ra tio n  o f th e  d iastereo isom ers an d  fu r th e r  s tu d y  of th e  
co ndensa tion  reac tio n s are  in  progress.

E xperim en ta l

The m .p.-s were determ ined in capillary tubes and are uncorrected. The IR  spectra 
were obtained in K Br pellets w ith a U nicam  SP 200 G apparatus or in carbon tetrachloride 
w ith  a Zeiss U R -10 spectrom eter.

2 .2 - Dim ethylbenzothiazoline (III)

The best results were obtained using the method of K i p r i a n o v  [6 ] :  a m ixture of  
o-am inothiophenol and acetone was heated for 1 hr. at 100°C in a sealed tube.

2 .2 - D im ethyl-3-acetylbenzothiazoline (Y)

(а) 1.4 g of 2,2-dim ethylbenzothiazoline (III) in  absolute benzene was refluxed w ith  
5 ml of acetyl chloride for 90 m in. The reaction m ixture was then evaporated to dryness under 
reduced pressure, and the crystalline residue purified by recrystallization from n-heptane. 
or destination under reduced pressure (b.p. 132—134°C at 2 torr to  y ield 1.32 g (55% ), m .p. 
49— 50°C).

CltH t3NOS (207.3). Calcd. N  6.76; S 15.47; Ac 20.77. Found N  6.86; S 15.02; Ac 21.19% .
(б) The sam e product was obtained b y  heating III w ith approxim ately 5 parts o f acetic  

anhydride for 1 hr. on a steam -bath, and pouring the reaction m ixture into ice-water. After  
extraction w ith  ether and drying, the so lvent was evaporated and the residue crysta llized  
from n-heptane.
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2,2- D im ethyl-5-chlorobcnzothiazoline (IV)

T h is  c o m p o u n d  w a s  p r e p a r ed  b y  th e  k n o w n  p r o c e d u r e . B e s t  r e s u lt s  w ere  o b ta in e d  
u s in g  th e  m e th o d  o f  KiPRiANOV [6 ] :  y ie ld  6 6 % , m .p . 37— 38°C ( l i t .  [3] y ie ld  39%; m .p .  
37— 38°C).

2 ,2 -D im ethyl-3-acetyl-5-chlorobenzothiazoline (VI)

Similarly to the preparation o f V (с/, method (a) above), the acetylation  was carried 
ou t w ith acetyl cllDride. The crude product was recrystallized 3 tim es from n-heptane. Yield  
58% , m.p. 56— 57°C.

C11H 1oClNOS (241.7). Calcd. N  5.80; S 13.26; Ac 17.81. Found N  5.87; S 13.30; Ac 
17.92% .

2-(D -G luco-pen tahydroxypenty l)benzoth iazo line  (VII)
2-(D -G luco-pen tahydroxypenty l)-5 -ch lorobenzoth iazo line  (V III)
2-(D -G alacto-pen tahydroxypenty l)benzoth iazo line  (X III) and
2-(D -G alacto-pen tahydroxypenty l)-5 -ch lorobenzoth iazo line  (X IV )

These com pounds were prepared b y  the following m ethods:
(1^4) A solution o f 10 mmoles o f  2-am ino- or 2-am ino-4-chlorothiophenol in 3 m l o f 

pyridine was mixed w ith  10 mmoles o f D-glucose or D-galactose. The m ixture was heated on 
a steam -bath for 30 m in. under nitrogen, then  cooled and acid ified  w ith  10% HC1. The crystal­
line crude product separated on standing for 12 hrs. in a refrigerator. It was purified by recrys­
ta llization  from a solvent (shown in the Table).

(IB ) A solution o f 10 mmoles o f 2-am ino- or 2-am ino-4-chlorothiophenol in 10 ml of 
absolute methanol was m ixed w ith 10 m m oles o f the aldose and heated for 30 min. on a steam - 
bath. The reaction m ixture was cooled, and after adding 10 m l o f isopropanol it  was allowed 
to stand in a refrigerator overnight. The crude product was recrystallized.

(IC) According to Sa ttler  and Z e r b a n  [5], 2-amino- or 2-am ino-4-chlorothiophenol 
(10 m m oles) dissolved in  10 ml of glacial acetic acid was allow ed to react w ith the aldose 
(10 m m oles) at room tem perature for 3 days. The resulting m ixture w as processed as described 
in Section IB .

The products were first dried in a vacuum  desiccator over CaCl2. The glucose derivatives 
were further dried at 70°C, and the galactose derivatives at 100°C, in a vacuum  drying pistol 
over P20 5.

The characteristics o f the above com pounds are listed in Table I.

2-(D -G luco-pentaacetoxypentyl)benzothiazoliiie  (XI) 
2 -(D -G luco-pen taacetoxypenty l)-5 -clilo robenzoth iazo line  (X II)  
2 -(D -G alac to-pen taacetoxypenty l)benzoth iazo line  (XV II) and 
2 -(D -G alacto-pen taacetoxypenty l)-5 -clilo robenzoth iazo line  (X V III)

The above derivatives were prepared by two independent routes.
(2A )  A cetylation o f the acetyl-free products. 1 ml o f the benzothiazoline derivative  

was le t  to stand w ith 4 m l o f pyridine and 8 m l of acetic anhydride for 24 hrs. at room temper­
ature. The product precipitating after the reaction m ixture had been poured into ice-water, 
was separated, washed w ith  water and, after clarification, crystallized from  a solvent (see 
Table II).

(2 B) Condensation of p e n ta a c e ty l-a Z -D -g lu c o s e  or -D-galactose w ith  o-am inothiophenol 
or 2-am ino-4-chlorothiophenol.

(2B a ) 2-(D -G luco-peiitaacetoxypentyl)benzothiazoliiie  (X I)

0.6 g o f o-am inothiophenol was d issolved  in 5 ml of absolute m ethanol and 1.9 g o f 
a/-pentaacetyl-D-glucose was added. T he m ixture was heated on a steam -bath  for 30 min. 
and the m ethanol evaporated under reduced pressure. A ttem pts to crystallize the residue 
failed.
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Table I

Method

Compound
of

prepa­
ration

Yield
(%)

M.p.
(solvent)

w g
in pyridine (c) Molecular formula and analysis

2-(D-Gluco-pentaliydroxypentyl)- 1A 12 166 —7°C — 66.3° CI2H17N 0 5S (287.3)
benzothiazoline (VII) I B 77 (i-PrOH) (0.33) Calcd. C 50.17; H 5.96; N  4.88; S 11.16

1C* 52 ' Found C 50.15; H 6.31; N  4.84; S 10.59%

2-(D-Gluco-pentahydroxypentyl)-5- 1A 69 132°C — 46.5° C1£H 16C1N05S (312.8)
chlorobenzothiazoline (VIII) I B 86 (i-PrOH) (0.47) Calcd. C 44.79: H  5.01; Cl 11.02; N  4.35; S 9.96

1C 74 Found C 44.74; H 5.32; Cl 11.29; N  4.43; s 9.99%
2-(D-Galacto-pentahydroxvpentyl)- I F 63 191°C -5 0 .9 5 ° C12H 17N 0 5S (287.3)

benzothiazoline (XIII) IB 19 (MeOH or (0.53) Calcd. C 50.17; H  5.96; N 4.88; S 11.16
1C 74 i-PrOH) Found C 50.81; H 6.21; N  4.88; S 11.44%

2-(D-Galacto-pentahydroxypentyl)-5- 1A 94 193—4°C - 8 3 .3 ° C12H„.C1N05S (321.8)
chlorobenzothiazoline (XIV) I B 59 (MeOH or (0.50) Calcd. C 44.79; H 5.01; Cl 11.02; N 4.35; s 9.96

1C 78 i-PrOH) Found C 45.10; H  5.36; Cl 11.05; N  4.36; s 9.94%

* Lit. [5] m.p. 118— 119.2°C; [a]'o =  - 1 5 .6 °  (c =  0.9, water).
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C o m p o u n d
M e th o d  

o f  p r e p a r a t io n
М .р .

( s o lv e n t)

2-(D-G luco-pentaacetoxypentyl)- 2 A , 2В syrup
benzothiazoline (XI)

2-(D-Gluco-pentaacetoxypentyl)-3- 
acetylbenzothiazoline (IX)

3A , 3Б  

3 Be

132— 133°С 
(МеОН)

136— 137°С 
(abs. EtOH)

2-(D-Galacto-pentaacetoxypentyl)- 2A , 2 В 143— 144°С
benzothiazoline (XVII)

2-(D-Galacto-pentaacetoxypentyl)-3- 
acetylbenzothiazoline (XV)

ЗА , 3 В 131— 132°С 
(EtOH)

2-(D-Gluco-pentaacetoxypentyl)-5- 
chlorobenzothiazoline (XII)

2 A , 2 В Amorphous 
(E tO H —Н20 )

2-(D -G luco-pentaacetoxypentyl)-3- ЗА , 3 В Amorphous
acetyl-5-chlorobenzothiazoline (X)

2-(ü-G alacto-pentaacetoxypentyl)-5- 
chlorobenzothiazoline (XVIII)

2 А 162°С
(EtO H)

2-(D-Galacto-pentaacetoxypentyl)-3- 
acety 1-5-chlorobenzothiazoline

ЗА , 3 В 172— 174°С 
(EtO H)

(XVI)

i i

Molecular formula and 
analysis

+  134° 
(0.48) 

+  136° 
( 1.0 )

-  4.75°

72.1°
(0.43)

33.1°

-24.0°

— 93.9° 
(0.52)

+ 4 3 .7 °
(0.60)

C24H29NOu S (539.6)

Calcd. C 53.43; H  5.42; N 2.60;
Found C 53.80; H 5.86; N  2.76;

C22H27NO10S (497.5)
Calcd. C 53.11; H 5.47; N 2.81;
Found C 52.81; H 5.76; N  2.82;

Calcd.
Found

C21H29NOn S (539.6)
N 2.60; 
N 2.73;

C„2H„6ClNO10S (531.96) 
Calcd. “ N  2.63;
Found N  2.60;

Calcd.
Found

C24H 28ClNOn S (574.0)
N 2.44; 
N 2.51

S 5.94; 
S 5.79;

S 6.45: 
S 6.43;

S 5.94; 
S 6.05;

S 6.03; 
S 6.64;

S 5.59; 
S 5.54;

Ac 47.88 
Ac 47.82%

Ac 43.26 
Ac 43.40%

Ac 47.88 
Ac 47.82%

Ac 41.40 
Ac 36.80%

Ac 45.00 
Ac 45.82%

C22H26ClNO10S (531.96)
Calcd. C 49.67; H 4.93; N  2.63; S 6.03;
Found C 49.70; H 4.97; N 2.40; S 6.05;

C24H28ClNOn S (574.0)
Calcd. “ N  2.44; S 5.59;
Found N 2.45; S 5.50;

Ac 41.40 
Ac 40.83%

Ac 45.00 
Ac 44.76%
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Table III

2-subslituted benzothiazolines

IR  spectroscopic data

\ 0 V
X H ,

(III)
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о CH

OH OH
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. 1 1
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/ ч / 8 \ / СНз j о ( c
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(IV )
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н
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OH

OAc OAc OAc
. I 1 1

1
OAc

OAc OAc
1

CH.OH

CH„OH

CHjOAc

I I
OAc OAc

CHoOAc

3320 (N —H): 1582; 755

(VII)

3200—3430 (N —H , О H); 1580; 
735

3150—3420 ( N - H ,  О—H); 1580; 
735

(X III)

(X I)

3360, 3460 (N —H ); 1750 (C =  0  
ester); 1585; 785

(X V II)

3320 (N — H); 
1585; 755

1750 ( C = 0  ester);

3360 (N — H); 1580: 805

(VIII)

3200— 3420
810

(N — H , О— H); 1580;

3240—3340 (N — H, О—H); 1580: 
805 (doublet)

(X IV )

(X II)

3400—3500 (N — H); 1760 ( C = 0  
ester); 1585

(XVIII)

3360 (N —H); 
1585; 805

1750 ( C = 0  ester);

(KBr)

(KBr)

(KBr)

(KBr)

(KBr)

(K B r)

(KBr)

(KBr)

(CC14)

(K Br)
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( 2 B b )  2 -(D -G luco-pen taacetoxypen ty l)-5 -clilo robenzo th iazo line  (X II)

0.8 g o f 2-am ino-4-chlorothiophenol w as dissolved in 6 m l o f glacial acetic acid and 
1.95 g o f ai-pentaacetyl-D-glucose was added . After standing for 3 days, the m ixture was 
poured into ice-water. The precipitated o ily  product soon solidified; it  was separated, washed, 
and dissolved in ethanol. A fter clarification i t  was again precipitated by diluting the m ixture 
w ith water. The IR  spectrum  o f this substance indicated that it  w as identical w ith  the product 
obtained in procedure (2A ).

2 -(D -G alac to -pen taacetoxypen ty l)benzo th iazo line  (XVII) and  
2 -(D -G alac to -pen taacetoxypen ty l)-5 -ch lo robenzo th iazo line  (X V III)

These com pounds were prepared b y  m ethod (2B6), reacting 2-am inothiophenol or 
2-am ino-4-chlorothiophenol w ith  a/-pentaacetyl-D -galactose. The crude product was purified  
b y  recrystallization from ethanol. On the b asis o f the IR  spectra and m ixed m .p. determ ina­
tion , these com pounds were found to he identica l w ith those prepared b y  procedure (2A ).

Table III (contd.)

S /С Н ,

о [ C (V )

'N  / ' C H j

Ac

О

g OAc OAc OAc
\  I

c h '

N /
I

Ac

.. ' s \
O I CH

n /

I
OAc

OAc OAc

CH.OAc

I I
OAc OAc

CH„OAc

Cl

Ac

/  S \ / СНз 
О I С (VI)

■n / ^ C H ,
I

Ac

1670 (C =  0  am ide); 1580; 750

(K Br)

1750 (C =  0  ester); 1670 (C =  0  
amide); 1580; 770 (doublet)

(IX ) (KBr)

1750 ( C = 0  ester); 1670 ( C = 0  
amide); 1580; 750

(X V ) (KBr)

1685 ( C = 0  amide); 
(doublet)

1575; 805

(K Br)

1760 ( C = 0  ester); 1680 ( C = 0  
amide, shoulder); 1585 

(X )  (CC14)

1750 ( C = 0  ester); 1680 ( C = 0  
amide); 1575

(X V I) (KBr)
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2-(D -G luco-pen taacetoxypen ty l)-3 -acety lbenzo th iazo line  (IX )
2-(D-G luco-pentaacetoxypentyl)-3-acetyl-5-chlorobenzothiazoline (X )
2 -(D -G alac to -pen taacetoxypen ty l)-3 -acety lbenzo th iazo line  (X V ) and
2-(D-G alacto-pentaacetoxypentyl)-3-acetyl-5-chlorobenzothiazoIine (X V I)

These compounds w ere prepared b y  the follow ing m ethods:
(3 4 )  Acetylation o f th e  corresponding 2-(pentahydroxypentyl)-benzothiazolines.
(3 4 a )  A m ixture o f  1 g o f the benzothiazoline derivative, 1 g o f  anhydrous sodium  

a ceta te , and 10 ml of acetic  anhydride was heated on a steam -bath for 2 hrs. The m ixture was 
th en  poured into ice-w ater, and the precipitated crude product recrystallized from a solvent 
(see T able II).

(3A b) 1 g of the benzothiazoline derivative in 10 m l of acetic anhydride containing  
1 g  freshly heated ZnCl2 w as kept at 80°C for 30 min. The m ixture was poured into ice-water  
and processed as described in  (2A a).

(3B a) A cetylation o f  th e  2-(pentahydroxypentyl)-benzothiazolines w ith  pyridine acetic  
anhydride.

(3B6) A cetylation w ith  acetic anhydride/sodium  acetate o f the 2-(pentaacetoxypentyl)- 
benzothiazolines obtained b y  condensing 2-am inothiophenol w ith  «/-pentaacetyl-D-glucose  
and -galactose, using procedure (3 4 a ).

(3 Вс) IX  was prepared b y  the condensation of 2-am inothiophenol w ith  al-pentaacetyl- 
D-glucose in glacial acetic  acid , and subjecting the product to further acetylation . Procedure: 
2.342 g (6 mmoles) o f ai-pentaacetyl-D -glucose in 8 m l o f glacial acetic acid was m ixed w ith  
0.752 g (6 mmoles) o f 2-am inothiophenol. The m ixture was let to stand for 3 days under nitro­
gen at room temperature. 30 m l of acetic anhydride and 0.15 ml o f 60% perchloric acid were 
th en  added. After 24 hrs., th e  m ixture was poured on ice, and neutralized w ith solid N aH C 03. 
T he solution was extracted  w ith  chloroform, follow ed by washing w ith  a N aH C 03 solution  
and water. After drying over Na2S 0 4, it  was concentrated to a syrup under reduced pressure. 
T he residue was recrystallized  from absolute ethanol along w ith  a treatm ent b y  charcoal and  
fu ller’s earth. The crude product was 0.525 g (20.9% ), m .p. 135°C. Recrystallization from  
ethanol gave 0.338 g, m .p . 136— 137°C, [a ]ö3 =  +  136°C (c =  1, pyridine). No m.p. depression 
w as observed with the products obtained by procedures (3 4 )  and (3B a, b), and the Ш  spectra  
w ere identical.

Data of the above com pounds are listed in Table II.

*

Thanks are due to  the m icroanalytical laboratory of the In stitu te , headed by K. R .-  
D á v i d , for the analyses, and to Dr. S. Szabó for recording the 1R spectra. Financial support 
o f  th is research by th e  H ungarian Academ y of Sciences is gratefully acknowledged.
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INVESTIGATION OF THE RHEOLOGICAL 
PROPERTIES OF GLUTEN, II

VISCO-ELASTIC P R O P E R T IE S OF CHEMICALLY M O D IF IE D  G LUTEN

R. Lásztity

(Departm ent o f Food Chemistry, Technical U niversity, B udapest)

Received August 8, 1968

Chemical m odification  of several groups in gluten protein and the study of the  
rheology of its derivatives thus obtained m ay furnish useful data  for the elucidation  
of the correlations betw een the chemical structure of the gluten—protein com plex and 
its rheological behaviour.

Among the possible chem ical m odifications the blocking o f thiol groups w ith  
N-ethylm aleim ide, desam idation, esterification of free carboxyls, conversion of amide 
into ester groups, and acylation  of primary amino groups, seem  ch iefly  to be of interest.

To record rheological properties, the m easurem ent o f the relaxation  of stresses 
with a m odified Neo-Laborograph instrum ent, and the m easurem ent of the viscosity  
of gluten solutions are applied.

Blocking o f th iol groups, and esterification o f free carboxyl groups have no 
significant effect on the rheological properties o f gluten. Interference w ith the amido 
groups, and acylation o f  prim ary amino groups cause radical changes in the rheological 
behaviour of gluten; hereby relaxation tim es are shortened, and a decrease in cohesivity  
is observed.

A n im p o r ta n t aim  o f s tu d ies  in  connex ion  w ith  th e  rheo logy  o f g lu ten  
is th e  e lucidation  of th e  co rre la tio n s betw een  rheological p ro p e rtie s  an d  th e  
chem ical s tru c tu re  o f g lu ten  com plex. A com prehensive  rev iew  o f th is  top ic , 
inc lu d in g  b o th  from  th e o re tic a l and  p rac tica l po in ts  o f v iew , has been p u b ­
lished  [1, 2].

I t  m ay  be s ta te d  in  g enera l th a t  besides th e  q u a lity  a n d  q u a n ti ty  o f th e  
p ro te in s  p resen t in  th e  g lu ten  com plex, p rim arily  co v a len t (d isu lphide) and 
no n -co v a len t (hydrogen , hyd ro p h o b ic) bonds th a t  d e te rm in e  th e  s tru c tu re  
o f th e  p ro te in  com plex can  p la y  a decisive role in  th e  rheo log ica l p roperties 
o f g lu ten . A ccordingly , a s tu d y  of th e  rheological b e h a v io u r o f a chem ically  
m odified  g lu ten  m ay fu rn ish  usefu l d a ta  concern ing  th e  g roups t h a t  p a rtic ip a te  
in  th e  fo rm atio n  o f b o n d s , a n d  concern ing  th e  im p o r ta n c e  o f th e  several 
b o n d s, w hen considered from  a rheological p o in t o f viewy

N ot m uch has been  done in  th is  fie ld  up to  now . S tu d ies  of B arnay  
el al. [3], of H olme an d  B riggs [4], fu r th e r  th a t  of B eckw itt et al. [5] m ight 
be reg a rd ed  only p re lim in a ry  steps.

In  th e  course of ou r s tu d ie s , th e  changes in  rheological b e h av io u r due to 
chem ical m odification  o f th e  m ost o ften  occurring  a n d  m o st cha rac teris tic  
g roups (am ido, free ca rb o x y l, p rim ary  am ino , th io l) o f g lu ten  p ro te in s  have 
been  stud ied .
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M ateria ls and  m ethods

Substances studied were glutens separated from various w heat flours. These were, 
on th e  one hand, flours m illed in the laboratory to an extraction rate o f about 70 per cent, 
o f  th e  Bánkuti 1201 strain, from 1966 (sam ples 1 to 4), on the other hand, com m ercially  
availab le products, viz. flour BL 112,* from  1965 (samples 5 and 6) B L  80,** from 1966 
(sam ples 7 and 8), and B L  112, from 1966 (sam ples 9 and 10). From  the point o f view  of the  
bak ing industry, these were qualified third-, second-, and first-rate flours, and gave a cor­
rec t representation of flours generally encountered in practice.

Gluten was separated according to the standard m ethod [6] from  the flours. The wet 
g lu ten  product was dispersed in a 0.1 N  solution of acetic acid, and centrifuged. The super­
n a ta n t was adjusted w ith  calcium hydroxide to pH  6, and the g luten  w hich precipitated was 
co llected  by centrifuging. Purification o f the product was carried out b y  repeated suspension 
in  w ater and recovery b y  centrifuging. T he final product contained less than  1 per cent of 
carbohydrates.

Study of the relaxation  of gluten and of chem ically m odified gluten  was carried out 
b y  m eans of an im proved Neo-Laborograph formerly described [7, 8]. The v iscosity  o f gluten  
solutions was m easured in  an Ostwald viscom eter, at 25°C.

Chemical m odification of gluten w as as follows.

P re p a ra tio n  of a  N -ethylm aleim ide derivative of g lu ten

B y  intensive stirring, gluten (50 g) is suspended in acetic acid (0.05 N ,  500 m l) cooled 
to  2°C and kept free from  air by a stream  o f nitrogen. This gas displaces air also from the vessel 
w herein the suspension is  stirred. B y  cooling w ith ice-water the rise o f tem perature during 
dispersion is prevented. According to  the th iol content to be expected , the 20 tim es equivalent 
o f N-ethylm aleim ide (in the form o f a 0.001 N  solution) is added to the gluten suspension. 
A lso  th is solution is m ade air-free w ith  nitrogen and cooled to 2°C. A bout 10 to  30 m l of this 
im id e solution is needed for each gram  o f  gluten. This reaction m ixture is kept during the  
reaction  time (0.5 to 6 hours) betw een 2 and 6°C.

After the elapse o f the reaction period, the solution is d ialysed in cellophane tubes for 
48 hours. The residue collected by centrifuging is freeze-dried.

In order to check the com pleteness o f blocking, during the reaction sam ples were taken  
a t various tim es from  the reaction m ixture and the am ount o f free th io l groups was deter­
m ined  am perom etrically. H ow the b locking process progresses is shown b y  the tim e function  
curve in Fig. 1, according to  which 4 to  5 hours are sufficient to obtain  com plete blocking.

For the rheological study o f the gluten  derivative, to the lyophylized  product twice 
as m uch distilled w ater was added in a sm all size polythene sack w hich was then closed by  
w elding, and kneaded b y  hand till its  content formed a uniform  hom ogeneous mass. This 
w a s used for relaxation m easurem ents.

P rep a ra tio n  of desam idated g lu ten

Samples o f g luten  were desam idated, according to the m ethod of H olm e  and B rig gs  [4], 
w ith  a warm 0.04 N  hydrochloric acid. T he progress o f this reaction is shown in Fig. 2; com ­
p le te  desamidation requires about 7 to 8 hours. Control-samples were treated in the same w ay, 
w ith  distilled water instead of w ith  hydrochloric acid.

Penetrometric study o f desamidated gluten

T h is  w a s  c a rr ie d  o u t  a c c o r d in g  to  A u e r m a n  [9 ] b y  m e a n s  o f  a  L A B O R - t y p e  p e n e tr o ­
m e te r .  T h e  g lu te n  s a m p le  w a s  c o m p r e s s e d  a f t e r  k n e a d in g  a n d  r e m o v a l  o f  f r e e  w a te r  a s d ir e c te d .

* W heat flour w ith  m ax 1.12%  ash content. 
** W heat flour w ith  m ax 0.8%  ash content.
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Fig. 1. Blocking, w ith N -ethylm aleim ide, o f  the free thiol groups of the gluten  in function of
reaction tim e

Hydrolysis time/hours/

Fig. 2. Desam idation o f gluten in function of tim e

Preparation of m ethylated and ethylated glutens

According to the m ethod of B e c k w i t t  et al. [5], gluten was subjected to methanolysis 
or ethanolysis. Dry ethanol, or m ethanol, and 1.2 N  hydrochloric acid were used, at 30°C. 
Higher temperatures were n o t allowed because controls showed that then  a considerable 
am ount o f dialysable products is formed, th is points to som e hydrolysis o f  proteins. Although 
com plete m ethylation, or ethylation , could n ot be achieved in this w ay, b u t the fission of 
peptide bonds was avoided and therewith an indeterm inable factor affecting rheological prop­
erties was excluded.

In order to check the progress o f m ethylation , or ethylation  Cl a r k e ’s alcoxyl method 
[10] was used. Besides th is, the nitrogen o f residual amide was determ ined b y  a method de­
scribed earlier.

Preparation o f acylated glutens

In order to prepare g luten  that contains acylated prim ary amino groups, samples of 
gluten were suspended at 2°C, in a saturated solution of sodium  acetate, then acetic acid 
anhydride was added in sm all portions. The required am ount o f anhydride w as calculated on 
the basis o f the free amino groups revealed b y  analysis according to the AACC method [11].

After acylation, the gluten  derivative was purified by dialysis for 24 hours, and either 
used in experim ents im m ediately, or lyophylized  for storage, and rehydrated w ith distilled 
water prior to rheological m easurem ents.
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R esu lts , an d  th e ir  evaluation

1. The influence o f  N-ethylmaleimide blocking o f free thiol groups 
o f gluten on its rheological properties

I t  is supposed th a t  free th io l g roups can affect th e  rheological p ro p ertie s  
o f  g lu te n  in tw o w ays. O n th e  one h a n d , th io l groups m a y  p a r tic ip a te  in  th e  
fo rm a tio n  of hydrogen  bon d s a n d , on  th e  o ther, th e y  m a y  affect th e  a rran g e ­
m e n t  o f d isulphide b o nds th ro u g h  a th io l-d isu lp liide  in te ra c tio n  an d  th u s  sig­
n if ic a n tly  influence th e ir  rheological b eh av io u r. B locking th e  free th io l groups 
b o th  w ays of in te rfe ren ce  w ould  be exc luded  and th is , acco rd ing  to  th e  above 
a ssu m p tio n , should be re fle c ted  in  th e  rheological b e h av io u r. N -ethy lm ale im ide  
w as used  as a b locking  reag en t.

o>о
>.
•'S 1.30о
О
(Л
■>
1 120
d
£  20 АО 60 80 100

Degree of blocking, per cent
F ig . 3. Change of v iscosity  o f solutions o f  the N -ethylm aleim ide derivative o f gluten as

a function o f the degree of blocking

20 A0 60 80 100
Degree of blocking, per cent

R heological fe a tu re s  o f N -e th y lm ale im id e  d e riv a tiv e s  o f g lu ten  are  listed  
in  T ab le  I.

D a ta  in  T ab le  I  suggest th a t  no sign ifican t ch an g e  occurs in  th e  visco­
e la s tic  behav iour o f  g lu ten , w hen  i ts  free  th io l g roups a re  b locked.

The viscosity  o f  th e  g lu ten  d e riv a tiv e  suspended  in  0.1 N  ace tic  acid 
w as also s tud ied ; re su lts  are  co llec ted  in  Fig. 3. The d ia g ra m  in d ica tes  a sm all, 
b u t  c learly  o bservab le  decrease in  th e  viscosity  of g lu te n  so lu tions blocked 
w ith  N -ethy lm ale im ide , re fe rred  to  con tro ls.

These tw o series o f  e x p e rim e n ts  allow to  d raw  th e  conclusion  th a t  
free  th io l groups h av e  no s ig n ifican t effect on th e  rheological p ro p ertie s  of 
g lu te n s . The th io l-d isu lp h id e  in te ra c tio n  in  p a s te  o r dough, b y  severa l 
a u th o rs  supposed to  occur, does n o t p lay  any  p ra c tic a l role. I t  is p ro b ab le  
t h a t  th io l groups p a r tic ip a te  in  in tra -  o r in te rm o lecu la r b o nd ing , how ever, no 
no ticeab le  effect due  to  th is  is e x e r te d  upon rheological b eh av io u r.

This refers also to  e v e n tu a l hyd rogen  bonds, as well as to  supposed 
th io l-ca rb o n y l in te ra c tio n s . T h eo re tica lly , in  th e  la t te r  case, due to  an  add ition  
re a c tio n , a th io l e s te r is fo rm ed.
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Table I

Visco-elastic properties o f the N-ethylmaleimide derivative o f gluten

Sample Blocking Relaxation L
No. per cent time, sec. (g)

0 57 69
l 57 64 75

100 59 60

0 39 60

2 57 41 65

100 38 58

0 80 106

3 57 89 125

100 93 98

0 68 75

4 57 75 80

100 69 82

0 43 68

5 57 39 59

100 59 69

0 68 85

6 57 70 80

100 73 78

0 46 92

7 57 50 97

100 50 91

0 58 106

8 57 54 120

100 49 122

0 104 140

9 57 121 130

100 98 119

0 82 98

10 57 78 96

100 91 107
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I t  seems p ro b ab le  t h a t  th io l g roups are  im p o r ta n t on ac c o u n t o f th e ir  
b io lo g ica l functions b u t  less so as s tru c tu ra l  fac to rs.

As fa r  as v isco sity  d a ta  are co n cern ed , a sm all d im in u tio n  m a y  be due 
to  re -a rran g em en t o f th e  m olecules. S ince t re a tm e n t w ith  N -e th y lm ale im id e  
m e a n s  th e  creation  o f  a hyd ro p h o b e  s ta te , th e  “ re -a r ra n g e m e n t”  m ig h t be 
c o u p led  to  th e  fo rm a tio n  o f h y d ro p h o b e  bonds. In  th is  c o n te x t i t  is well to  
m e n tio n  th a t  recen t s tu d ie s  ( A u e r  a n d  D o t y  [12], S a g e  a n d  F a s h m a n  [13], 
on sy n th e tic  p o ly p ep tid es , viz. po ly -leucine , an d  p o ly -p h en y la lan in e ) have 
sh o w n  species th a t  possess an  o rd e red  s tru c tu re  even in  6 M  guan id ine  
h y d ro ch lo rid e , th e  fo rm a tio n  of such s tru c tu re s  being  som ehow  b o u n d  to  th e  
p re sen ce  of h y d ro p h o b e  bondings. I t  m ig h t be supposed  th a t  in  p ro te in s , con­
ta in in g  pep tide  chains o f  p re d o m in a n tly  hyd ro p h o b e  am ino  ac id s , th e  fo r­
m a tio n  o f p a rts  w ith  a n  o rdered  s tru c tu re  is possible. All in  all, th e  free 
th io l groups do n o t p la y  an  im p o r ta n t role in  th e  rheo logy  o f g lu ten .

2. The influence o f  desamidation on the rheological properties o f  gluten

T here  is a g rea t n u m b e r of a m id a te d  carboxy l groups p re se n t in  g lu ten  
p ro te in s . In  view  o f th is  n u m b er, h igh  in  com parison  w ith  o th e r  p o la r  groups, 
th e  ro le  of am ido-groups in  th e  fo rm a tio n  o f secondary  bonds cou ld  be ra th e r  
im p o r ta n t . In  th e  course o f th e  p re se n t w ork  th e  p e n e tra tio n  in d ex es o f g lu tens 
d e sa m id a te d  to  v a rio u s  degrees w ere de te rm in ed , fu r th e r  th e  v iscosities of 
g lu te n  solutions, in  a c e tic  acid, an d  in  8 M  u rea  w ere m easu red . R esu lts  are 
l is te d  in  Tables I I ,  I I I  a n d  IY.

Table II

R h e o lo g ic a l p r o p e r t ie s  o f  d e s a m id a te d  g lu te n

ample
No.

Difference in penetration (A P, %) 
in reference to controls

degree of desamidation

10 30 50 70 90 100

l 15 24 31 39 39 42

2 12 23 35 46 47 50

3 17 29 39 51 55 57

4 10 21 31 35 34 39

5 8 17 29 37 42 42

6 7 23 29 35 37 39

7 13 21 34 45 49 53

8 15 21 29 42 47 48

9 11 19 33 42 47 48

10 14 23 32 44 43 43
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Table III

Characteristic viscosity  o f  desamidated gluten solutions in acetic acid medium

Ser.
No.

— M  41/g
Acetic acid 

concentrationdegree of desamidation

10 30 50 70 90 100

l 0.425 0 .445 0.462 0.480 0.505 0 .510 0.05 N

0.430 0 .435 0.440 0.437 0.435 0 .420 1.0 IV

2 0.480 0 .485 0.492 0.507 0.580 0 .510 0.05 N

0.475 0 .480 0.481 0.475 0.470 0 .469 1.0 N

3 0.460 0 .475 0.490 0.502 0.500 0 .499 0.05 N

0.462 0 .467 0.470 0.465 0 .459 0 .458 1.0 IV

4 0.502 0 .520 0.530 0.536 0.535 0 .537 0.05 N

0.490 0 .501 0.506 0 .508 0 .506 0 .501 1.0 N

5 0.397 0 .4 1 2 0.431 0.432 0 .430 0 .429 0.05 N

0.400 0 .405 0.405 0.402 0.400 0 .390 1.0 N

Table IV

Characteristic viscosity  o f the solutions o f  desamidated gluten in  8 M  urea

M  dl/g
Ser. degree of desamidation
No.

10 30 50 70 90 100

l . 0.480 0 .475 0 .475 0 .478 0 .468 0.450

2. 0.550 0 .552 0 .545 0.547 0 .530 0.527

3. 0.501 0 .497 0 .502 0 .504 0 .486 0.479

4. 0.560 0 .550 0 .552 0.540 0.531 0.535

5. 0.480 0 .482 0 .480 0.470 0 .447 0.450

T h e d a ta  u n eq u iv o ca lly  suggest t h a t ,  com pared  to  co n tro ls , d e sam id a ted  
g lu tens a re  of softer consis ten ce , i.e. th e i r  rheological p ro p e rtie s  are  less good. 
T he d ev ia tio n s  in  re la t iv e  p er cen t p e n e tra tio n s  increase  b y  increasing  th e  
degree o f  d esam id a tio n , s tro n g ly  f ir s t ,  la te r  te n d in g  to w a rd s  a  lim it value.

As fa r  as so lub ilities a re  considered , d esam id a ted  g lu ten  is  m ore  difficult 
to  d isso lve in  stro n g ly  ac id  m edia (below  p H  3) b u t  is easily  d isso lved  — in 
c o n tra s t  to  controls — b y  p h o sp h a te  b u ffe r o f p H  8. C onsidering  th e  su b ­
s ta n tia l  increase of free ca rb o x y l groups a n d  th e  acid  c h a ra c te r  o f  th e  p ro te in  
fo rm ed  th is  fa c t seems to  be  u n d e rs ta n d a b le .

On th e  basis o f re su lts  o f  v isco sity  m easu rem en ts  i t  can  be  s ta te d , f irs t, 
t h a t  desam ida tion  p rim a rily  affects th e  v iscosities o f so lu tions in  ace tic  acid.
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A ccord ing  to  d a ta  in  T ab le  I I I ,  th is  a lte ra tio n  invo lves th e  increase  o f ch a rac ­
te r is t ic  v iscosity , m ean in g  th a t  a ch an g e  h ad  occu rred  in  th e  conform ation  
o f  m olecules w hich p roduces a m o re  asy m m etric  s tru c tu re . To exp la in  th is  
w e m a y  suggest th a t  rem o v a l o f  am id e  groups invo lves e lim in a tio n  o f second­
a ry , e.g. hydrogen  b o n d s in  consequence  of w hich  a m o re  loose s tru c tu re  
w ill em erge. P resu m ab ly , due to  th e  d issociation  o f c a rb o x y l g roups set free, 
w ith in  a m olecule, b e tw een  g roups w ith  id en tica l ch a rg e , repu ls iv e  forces 
a re  o pera tive . This su p p o sitio n  is  su p p o rte d  by  th e  e x p e rim e n ta l fin d in g  th a t  
in c rease  of v iscosity  is s u b s ta n tia lly  less in  1.0 N  a c e tic  acid  a t  h igher p H  
a n d  ldw er d issociation , o r th a t  on th e se  cond itions so m etim es no increase of 
v isco s ity  is found  a t  all. P ro b a b ly  on th e  one h a n d  e le c tro s ta tic  repulsion 
is w eaker, on th e  o th e r  h a n d  n ew  hydrogen  b o n d s are  fo rm ed  betw een 
sp a tia lly  fav o u rab ly  s itu a te d  g roups.

Sim ilar conclusions can  be  d ra w n  from  v iscosity  d a ta  re la tin g  to  g lu tens, 
a n d  to  d esam ida ted  g lu ten s d isso lved  in  8 M  u rea . A  com parison  of v iscosity  
d a ta  of so lutions in  0.05 N  ace tic  ac id  a n d  in  8 M  u rea  rev ea ls  t h a t  in  reference 
to  th e  acetic acid so lu tio n  in c rease  o f v iscosity  o f n o t  d e sam id a ted  contro ls 
is s ig n ifican tly  h igher th a n  th a t  o f  p a r tia lly  d e sam id a ted  sam ples. T he dev i­
a tio n  can be exp la ined  on th e  basis  th a t  in  a m id a te d  g lu ten s th e re  are  su b ­
s ta n tia l ly  m ore h y d ro g en  bon d s p re se n t, and  these  a re  d is ru p te d  b y  th e  u rea  
a d d e d  an d  th u s  th e  co n fo rm atio n s  a re  altered .

A t lower p H  (1 N  ace tic  acid ) also d esam id a ted  g lu ten  sam ples show' 
v isco sity  d a ta  w idely  d iv e rg e n t fro m  those of so lu tions w ith  u re a , som etim es 
th e se  values are v e ry  n e a r ly  th e  sam e  as those for th e  co n tro ls ; a n d  th is  fin d in g  
su p p o rts  th e  idea  of new  h y d ro g en  bon d s being  fo rm ed , as m en tio n ed  in  th e  
discussion of d a ta  show n  in T ab le  I I I .

3. Rheological behaviour o f gluten samples esterified with methanol,
or ethanol

E sterifica tio n  is one of th e  possib ilities to  tra n s fo rm  th e  free carboxy l 
g roups. The p a r tia l  conversion  o f  am ide  groups in to  esters  is also feasib le. 
In  th e  course of o u r ex p e rim en ts  th e  rheological p ro p e rtie s  o f g lu ten s esterified  
w ith  m ethano l or e th an o l, h a v e  b een  s tu d ied , to g e th e r  w ith  th e  v isco sity  
o f  th e  solutions p re p a re d  from  th e  d e riv a tiv es  w ith  0.05 N  ace tic  acid . R esu lts  
a re  lis ted  in  T ables V, V I, V II  a n d  V III .

D a ta  from  T ab le  V  as w ell as from  T ab le  V I I  show  th a t  b y  increasing  
th e  degree o f e s te rifica tio n  th e  rheo log ica l p roperties o f  g lu ten  change for th e  
w orse re lax a tio n  tim e  w ill be s ig n ifican tly  sh o rte r. D u rin g  th e  f irs t  period , 
w hich  corresponds to  th e  e s te rif ic a tio n  of th e  free c a rb o x y l p re se n t, no essen ­
t ia l  change occurs; th is  suggests  t h a t  th e  role of free  carb o x y ls  in  th e  fo rm a ­
tio n  of secondary  b o n d s is n o t  s ig n ifican t.
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Table V

Relaxation o f gluten esterified with methanol

Relaxation time, sec.

Ser.
No.

extent of methylation, mmole/g

0 0.30 0.50 1.0 1.5 2.0 3.0

i 82 79 60 54 48 45 46

2 45 44 36 30 28 25 26

3 73 70 60 52 45 40 41

4 55 56 51 41 35 32 34

5 69 65 54 48 40 36 30

Table VI

Viscosity o f solutions o f  gluten esterified w ith methanol

Ser.
No.

M «и/g
level of methylation mmole/g

0 0.3 0.5 1.0 1.5 2.0 3.0

l 0.442 0.439 0.384 0.350 0.321 0.295 0.280
2 0.495 0.480 0.401 0.362 0.318 0.288 0.275

3 0.480 0.469 0.360 0.331 0.297 0.291 0.302

4 0.530 0.529 0.460 0.431 0.390 0.321 0.305

5 0.420 0.415 0.340 0.291 0.270 0.258 0.261

Table VII

Relaxation o f gluten esterified w ith ethanol

Ser.
No.

Relaxation time, sec.

level of ethylation mmole/g

0.0 0.5 1.0 1.5 2.0

i 83 75 50 42 40

2 45 43 28 24 25

3 73 69 44 38 36

4 55 50 32 29 26

5 69 61 46 31 29

V iscosity  d a ta  un eq u iv o ca lly  show  th a t  c h a ra c te r is tic  v iscosity  is v e ry  
m uch reduced , th is  argues for m ore com pact a n d  less a sy m m etric  m olecules. 
The a lte ra tio n  consists p e rh ap s  th e re in  th a t  a lk y la te d  p ro te in  is h ig h ly  h y d ro ­
phobe, th u s , in w a te r , th e  degree o f its  h y d ra ta tio n  will be low er.
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Table VIII

Viscosity o f  solutions o f glutens esterified with ethanol

Ser.
No.

fo] dl/g

level of ethylation mmole/g

0.0 0.5 1.0 1.5 2.0

l 0 .442 0.430 0 .317 0.285 0 .270

2 0.495 0.477 0 .342 0.272 0.281

3 0 .480 0.469 0 .308 0.236 0 .242

4 0 .530 0.515 0.351 0.277 0.275

5 0 .420 0.402 0 .270 0.260 0 .255

4. Rheological properties o f acylated samples o f gluten

In  o rder to  s tu d y  th e  rheo log ica l p ro p ertie s  o f acy la ted  g lu ten , the  
p e n e tra tio n  figures o f  th e  h y d ra te d  g lu te n  d e riv a tiv e  w ere e s tab lish ed , an d  
th e  v iscosities o f th e ir  so lu tions in  0.1 N  ace tic  acid were m easu red . R esults 
a re  sum m arized  in  T ab les  IX  an d  X .

Table IX

Penetration figures o f  acylated gluten
Penetration, 0.1 mm

Ser.
No. per cent of acylation

0 40 80 100

i 72 142 152 160

2 58 108 112 135

3 85 120 135 142

4 70 105 121 143

5 94 143 162 180

6 45 92 108 125

7 48 89 102 117

8 73 104 130 135

D a ta  reveal t h a t  th e  rheological p ro p ertie s  of acy la ted  g lu te n  a re  very  
m u c h  inferior to  th o se  o f  n a tiv e  g lu ten . T he decrease of co h esiv ity  suggests 
t h a t  p rim a ry  am ino g roups p la y  a s u b s ta n tia l  role in  th e  fo rm a tio n  o f in ter- 
m o lecu la r n o n -co v a len t bonds.

E x p e rim en ta l re su lts  show  th a t  no  m ajo r a lte ra tio n  in  v isco s ity  takes 
p lace ; a fte r an  in it ia l  sm all decrease th e  v iscosity  values rem ain  p rac tica lly  
c o n s ta n t. T hus i t  can  be  concluded th a t  no im p o r ta n t change o f  m olecular 
co n fo rm atio n  occurs, o r th a t  p r im a ry  am ino  groups p a r tic ip a te  p rinc ipa lly  
in  th e  fo rm ation  o f  in te rm o lecu la r  b o n d s .
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Table X

Characteristic viscosity o f  the solutions o f acylated gluten

Ser.
No.

M dl/g
per cent of acylation

0 40 80 100

l 0.425 0.396 0.392 0.388
2 0.480 0.428 0.420 0.422
3 0.460 0.432 0.417 0.418
4 0.502 0.477 0.472 0.465
5 0.397 0.368 0.362 0.365
6 0.485 0.444 0.427 0.430
7 0.510 0.482 0.469 0.461
8 0.447 0.417 0.405 0.396
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A branched chain polym er, considered a suitable m odel com pound for im m u­
nological studies, has been designed using poly-L-lysine as backbone. To each i'-amino 
group of poly-L-lysine short alanine side chains, consisting of four units each, have  
been attached as carriers o f  the synthetic im m unological determ inant 4-hydroxy-3- 
iodo-5-nitrophenylacetic acid (N IP ) coupled to each N -term inal alanine.

The stepw ise synthesis o f tetra-DL-alanine has been achieved by two different 
routes, using (A )  the azide, and (B ) the pentachlorophenyl active ester m ethods for 
the peptide couplings. Tetra-DL-alanine was transformed to the N IP-tetrapeptide penta­
chlorophenyl ester, a derivative suitable for coupling w ith  the £-amino groups o f poly- 
L-lysine. The presumed structure o f the poly-L-lysine derivative (XVI) has been con­
firm ed by IR  spectra, elem ental analyses and also b y  the amino acid analyses o f the 
hydrolyzed product.

Studies d u rin g  th e  p a s t 10 years have show n th a t  sy n th e tic  po lypep tides 
can serve as v a lu ab le  m odel com pounds for th e  im m unochem ist.

M ultichain  po lyam ino  acids p rov ide  a h ig h ly  su itab le  too l for e luc ida ting  
the im p o rtan ce  of th e  locus w hich  th e  im m unogen ic  sites occupy w ith in  th e  
m olecule. The te rm  “ m u ltic h a in ”  po lym ers was in tro d u c e d  b y  Schaefgen an d  
Flory [1] to  d en o te  b ran ch ed  polym ers whose m olecules are  com posed of 
lin ear po lym eric  chains a tta c h e d  to  a po ly fu n c tio n a l core. P u re ly  sy n th e tic  
po lyam ino  acids h av e  been p rep a red  b y  th e  use of po ly lysine an d  po ly o rn ith in e , 
as m u ltiv a le n t in itia to rs  for th e  po lym eriza tion  o f N -carboxy-a-am ino  acid 
anh y d rid es  [2, 3]. I f  each fu n c tio n a l group o f th e  in i t ia to r  s ta r ts  a po lym eric 
chain , every  m u ltich a in  m olecule w ill con ta in  a n u m b e r o f p ep tid e  side chains 
equal to  th e  n u m b e r of th e  fu n c tio n a l groups o f th e  in it ia to r . B y  th e  copoly­
m eriza tion  of m ix tu re s  o f d iffe ren t N -carboxy-a-am ino  acid an h y d rid es , po ly ­
m ers w ith  a ran d o m  sequence o f a -am ino  acids are  o b ta in ed .

F rom  a serological s tu d y  o f m u ltich a in  po lym ers Sela  et al. [4] concluded 
th a t  th e  an tig en ica lly  im p o r ta n t a rea  can n o t be h id d en  in  th e  in te rio r  o f a 
m olecule.

In  view  of th e  precise a rc h ite c tu re  of m olecules p rep ared  b y  th e  s te p ­
wise sy n th e tic  tech n iq u es , i t  is to  be expected , th a t  in v es tig a tio n  o f po lypep ­
tides in  w hich w ell-defined p ep tid es  p rep ared  b y  stepw ise syn thesis  are  a tta c h e d

* Present address: CIBA Laboratories Ltd., Horsham , Sussex.
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to  in e r t  polym ers or to  m acro m o lecu lar p ep tid es , w ill open up  new  possib ilities 
a n d  p e rm it an even m o re  d e ta iled  im m unolog ica l analysis .

T h e  m ain p u rp o se  o f th is  s tu d y  was to  develop a m e th o d  b y  w hich  th e  
sam e  p ep tid e  chain  o f  k n o w n  sequence m ay  be a tta c h e d  to  each  £-amino 
g ro u p  o f polylysine.

As a resu lt o f a d iscussion  w ith  D r. N . A. Mit c h iso n ,* a b ra n c h e d  chain 
p o ly m e r has been d esigned , using  poly-L-lysine as b ackbone . S h o rt a lan ine  
side  chains, consisting  o f  fo u r u n its  each, w ould  be a tta c h e d  to  each  £-am ino 
g ro u p  o f polylysine. E a c h  side chain  w ould ca rry , coupled  to  th e  N -te rm in a l 
a la n in e , th e  sy n th e tic  im m uno log ica l d e te rm in a n t 4 -hydroxy-3-iodo-5-n itro - 
p h en y lace tic  acid (N IP ) , successfully  app lied  in  various ex p erim en ts  b y  
M it c h iso n  et al. [5, 6 ]. DL-Alanine p ep tides have  been fav o u red  in s te a d  of 
L -alan ine  peptides b ecau se  o f th e ir  h ig h er so lu b ility  in  w ate r.

T he stepw ise sy n th es is  o f te tra-D L -alan ine has been ach ieved  b y  tw o 
d iffe re n t routes.

Method A  is su m m arized  in  F ig . 1.

1)1,-A la I )L -A la D L -A la

Z i l l  
Z -

z -  
z—

-OH

-N2H3

IV

II -OCH3

-OCH3

- n 2h , H- VI

VII

DL-Ala

ОСНз

ОСНз

F ig. 1

C arbobenzyloxy-D L-alanine [7] (I) was con v erted  to  th e  corresponding  
h y d raz id e  [8] (III) via  th e  m e th y l ester [9] (II), an d  coupled  w ith  DL-alanine 
m e th y l ester (II) u s in g  th e  azide m ethod . The resu ltin g  carbobenzyloxy-D L- 
alanyl-D L-alanine m e th y l e s te r (IV) was con v erted  to  th e  h y d raz id e  (V), and  
co u p led  via th e  azide w ith  th e  d ip ep tid e  este r VI, availab le  from  IV b y  hydro- 
genolysis, to  y ield  th e  p ro te c te d  te tra p e p tid e  (VII).

Method В  is su m m arized  in  F ig . 2.
The p ro tec ted  te tra p e p tid e  (VII) was p rep ared  in  th is  case b y  using 

p en tach lo ro p h en y l a c tiv e  esters for coupling. T he ad v an tag es  o f th is  m ethod  
fo r  th e  synthesis o f  p o ly p ep tid es  w ith  a know n rep ea tin g  sequence of am ino 
ac ids have been o u tlin e d  b y  K ovács et al. [10, 11]. N-Carbobenzoxy-D L- 
a lan in e  p en tach lo ro p h en y l este r (V III) was p rep ared  em ploying  th e  m ethod  
described  by K ovács et al. [11] for th e  p rep a ra tio n  of th e  L-isomer. V III was

* Division of E xperim ental B iology, The N ational Institute for M edical Research. 
Mill H ill, London.

Acta Chim. Acad. Sei. H ung. 62, 1969



SZEKERKE, WADE: Ne-NIP-TETRA-DL-ALANYL-POLY-L-LYSINE 89

DL
7

•A la DL 
OH

-Ala

2 rvurp u

2
Y U n U vJL.113

7
IV UL.JLI3

2
IX

Z —
X

VIII

DI,-Al a DI,-Ala

H
VI

OCH,

OCH,

F ig . 2

coup led  w ith  D L-alanine m eth y l e s te r  (II), to  y ield  th e  d ip ep tid e  m e th y l e s te r  
(IV). T he sapon ified  p ro d u c t (IX) o f IV gave, w ith  p en tach lo ro p h en o l an d  
d icyclohexy lcarbod iim ide  (DCC), N -carbobenzoxy-D L -alanyl-D L -alanine p e n ta -  
ch lo ropheny l e s te r (X). Coupling o f  th e  d ip ep tid e  ac tive  este r (X) w ith  VI 
affo rded  th e  p ro te c te d  te tra p e p tid e  (VII), id en tica l w ith  th e  p ro d u c t o b ta in ed  
b y  M ethod  A.

F ig . 3

To achieve coup ling  of th e  p ro p o sed  side chain  to  th e  poly-L-lysine 
b ackbone , th e  p e n tach lo ro p h en y l e s te r  m e th o d  w as chosen. T he syn th esis  
of a su itab le  d e riv a tiv e  fo r coupling th e  N IP - te tra p e p tid e  p en tach lo ro p h en y l 
e s te r (XIV) is su m m arized  in  Fig. 3. T h e  sapon ified  p ro d u c t (XI) of th e  t e t r a ­
p ep tid e  (VII) was tra n sfo rm e d  to  th e  co rrespond ing  p en tach lo ro p h en y l e s te r 
(XII). T he te tra p e p tid e  (XIII), o b ta in e d  b y  hydrogeno lysis from  XII, w as 
coupled w ith  N IP  azide (XV) [5] to  y ie ld  XIV.

T he f in a l s tep  o f  th e  sy n th esis , th e  coupling  o f XIV w ith  th e  e-am ino 
g roups o f poly-L-lysine, w as effected  in  d im eth y lfo rm am id e . T he reac tio n  
p roceeded  a t  room  te m p e ra tu re  fo r 24 hours. A fte r rem o v al o f th e  so lv en t 
u n d e r red u ced  p ressu re , th e  residue w as d ilu ted  w ith  w a te r  an d  d ia lyzed  
ag a in s t 0.2 M  N a H C 0 3 fo r 4 days. T h e  inso lub le  m a te r ia l fo rm ed  w as sep a­
ra te d  b y  c e n tr ifu g a tio n  a n d  lyoph ilized . T he p resum ed  s tru c tu re  (F ig . 4) 
(XVI) has been co n firm ed  by  IR  sp e c tra , e lem en ta l analyses an d  also b y  the  
am ino acid  analyses o f th e  hyd ro lyzed  p ro d u c t.
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XVI

F ig. 4

N IP

D L - A la , 

Ly*

E xperim en ta l

The microanalyses were carried out b y  Drs. G. W e il e r  and F . B. Stra u ss , Oxford, 
E ngland. Amino acid analyses were carried out on the E E L  autom atic amino acid analyser. 
A ll m .p .’s are uncorrected and were taken on a K ofler apparatus. The infrared spectra were 
obta ined  in  Nujol, using a Perkin-EIm er Infracord instrum ent. The com pounds were checked 
for p u rity  and the presence o f  possible contam inations or side products by thin-layer chrom ato­
graphy.

R eagent grade chem icals were used throughout. Amino acids and poly-L-lysine (Mol. wt. 
^ 1 0 0 ,0 0 0 )  were obtained com m ercially.

N -C arbobenzoxy-D L-alanine (I)

The synthesis was achieved as described by Ov e r b y  and I n g e r so ll  [7].

DL-Alanine m eth y l este r HCl (II)

The synthesis was achieved as described b y  Za h n  and S ch ü ssler  [9j.

N -C arbobenzoxy-D L-alanine hydrazide (III)

T h e  synthesis w as c a rr ied  o u t as described  b y  E rla n ger  an d  B ra nd  [8].

N -Carbobenzoxy-D L-alanine pen tach lorophenyl ester (VIII)

T his was syn thesized  in  75% yield  acco rd ing  to  th e  m eth o d  of K ovács et al. [11] 
d e sc rib ed  for the  syn thesis o f  th e  L-isomer; m .p . 159 — 160°C (from  h o t e th y l a c e ta te -p e tro le u m  
e th e r) .

C „H 22N 0 4C15. Calcd. C 43.25; H 2.5; N  2.98. Found C 43.4; H  2.7; N  3.1% .

N -C arbobenzoxy-D L-alanyl-D L-alanine m ethy l e ste r (IV)

Method A . To a suspension of III (10.35 g; 0.05 m ole) in ice-cold water (250 m l) 5N  
hydrochloric acid (24 m l) and glacial acetic acid (60 m l) were added until a clear solution was 
obta ined . Sodium nitrite (3 .66 g; 0.053 m ole) in cold water (15 ml) was rapidly added to the  
co ld  hydrazide solution. T he azide separated as an oil and was extracted w ith cold ether  
(three 100-ml portions). T he combined ether solution was washed w ith  3% aqueous N aH C 03 
(2 X 4 0  m l) and water (2 X 4 0  ml) and dried over Na2S 0 4. To the clear ether solution of the  
azide, an ether solution o f  DL-aianine m ethyl ester hydrochloride (8.08 g; 0.058 m ole) and 
tr iethylam ine (8.06 ml; 0.058 m ole) was added. After stirring for 24 hrs at room tem perature, 
th e  reaction mixture was extracted  twice w ith  50-m l portions of 0.5 N  HC1, water, 3% aqueous 
NaHCOg and water. A fter  drying the ether layer w ith  Na2S 0 4 and evaporation in vacuum ,
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a white solid was ob ta ined , which was recrystallized from eth y l acetate-petroleum  ether to  
give 9.25 g (60% ) o f  IV, m .p. 115 -1 1 6 °C .

C15H20N 2O5. Calcd. C 58.4; H 6.54; N 9.1. Found C 58.2; H 6.9; N 8.8%.
Method B. To a solution of the pentachlorophenyl ester VIII (4.7 g; 0.01 mole) in dry  

m ethylene chloride (50 m l) a m ixture of DL-alanine m ethyl ester hydrochloride (1.6 g; 0.0115 
mole) and triethylam ine (1.6 ml; 0.0115 m ole) in m ethylene chloride (10 ml) was added w ith  
stirring. 2-H ydroxy-pyrid ine [12] (0.15 g) was added to the above m ixture and the stirring 
continued for 24 hrs at room temperature. The m ixture was filtered from  triethylam ine hydro­
chloride, and the filtra te  evaporated in vacuum . The residue w as taken up in ethyl acetate  
(100 ml) and a further crop of triethylam ine hydrochloride isolated . The filtrate was extracted  
three times w ith  30-m l portions of 1 N  HC1, water, 5% N a H C 0 3 solution and water. The 
ethyl acetate solution  was dried over N a2S 0 4 and evaporated under reduced pressure. The  
residual oil was crystallized  from ethyl acetate-petroleum  ether. T w o more recrystallizations 
from the same so lven t m ixture yielded 12.3 g (40% ) of the chrom atographically pure com ­
pound. m.p. 115 — 116°C (no depression w ith the product obtained b y  Method A).

C15H20N 2O5. Calcd. C 58.4; H 6.5; N 9.1. Found C 57.9: H 6.4; N  9.5%.

N -C arbobenzoxy-D L-alanyl-D L-alanine hydrazide  (V)

Hydrazine hyd rate  (0.65 ml; 95% ) was added to a solution o f  IV (3.08 g; 0.01 m ole) 
in dry ethanol (80 m l). The reaction m ixture was kept for 24 hrs at room  temperature. Crystal­
lization started on th e  addition of ether. The m ixture was allow ed to stand in a refrigerator 
overnight. The crysta ls were collected and recrystallized from ethanol-ether to obtain 1.5 g 
(50% ) of V, m .p. 1 5 7 —158°C.

CI4H20N4O 4. Calcd. C 54.5; H 6.5; N 18.2. Found C 54.3: H 6.5; N 18.6%.

DL-AIanyl-DL-alanine m ethy l ester hydrochloride  (V I)

The protected dipeptide IV was dissolved in dry m ethanol containing 1 eq. HC1 and 
subjected to hydrogenolysis in a stream of hydrogen at room tem perature in the presence of 
palladium-charcoal (5% ). No C 02 developm ent was detectable after 2 hrs. The dipeptide  
m ethyl ester hydrochloride was isolated in 80% yield as an am orphous, hygroscopic solid, 
which could not be crystallized and was used for the next step w ithout further purification.

N-Carbobenzoxy-D L-alanyl-D L-alanine (IX )

Saponification o f the dipeptide IV was achieved in acetone w ith  aqueous sodium hydrox­
ide. The residue obtained from the normal procedure was crystallized from ether-petroleum  
ether to yield IX  in 85%  yield, m.p. 144 145°C.

C14H 18N20 5. Calcd. C 51.2; H 6.2; N  9.5. Found C 51.2; H 6.3; N  9.8%.

N -C arbobenzoxy-D L-alanyl-D L-alanine p en tach lo ropheny l ester (X )

The dipeptide IX  was converted into the active ester em ploying the method reported  
by P l e s s  and B o is s o n n a s  [13]. The product was recrystallized from  ethyl acetate-petroleum  
ether; m.p. 180 — 181°C. Several recrystallizations were needed to rem ove traces of dicyclo- 
hexylurea. The final y ield  did not exceed 40% .

C20H 17NoO5Cl5. Calcd. C 44.3; H 3.2; N 5.2; Cl 32.7. Found C 44.5; H 4.3; N 4.8; Cl 
32.95% .

N-Carbobenzoxy-D L-alanyl-D L-alanyl-D L-alanyl-D L-alanine m eth y l ester (VII)

Method A . The dipeptides V and VI were coupled by the azide m ethod, as described 
previously for the preparation of IV. The residue obtained was crystallized from ethyl aceta te-  
petroleum ether; m .p. 103— 105°C; yield: 35%.
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C2,H 30N ,0 ,. Calcd. C 56.0; H 6.7; N  12.4. Found C 56.2; H 6.9; N  12.1% .
M ethod B. The dipeptides X and VI were coupled, as described previously  for the prep­

aration o f  IV. The oily  residue obtained could be freed from by-products on ly  b y  repeated  
recrystallizations. Yield: 25% . M.p. 103 — 105°C.

C21H 30N4O7. Calcd. C 56.0; H 6.7; N  12.4. Found C 55.5; H  6.4; N  12.0% .

N -C arbobenzoxy-D L-alanyl-D L-alanyl-D L-alanyl-D L-alanine (X I)

Saponification o f the tetrapeptide ester V II was achieved in  aceton e w ith  aqueous 
sodium  hydroxide. The dem ethylated  derivative (X I) was obtained in a 45%  yield. The com ­
pound was crystallized from  ethyl acetate-petroleum  ether, m.p. 94 96°C.

C20H 28N,,07. Calcd. 55.03; H 6.47; N  13.85. Found C 55.35; II 6.3; N  13.4% .

N -C arbobenzoxy-D L -alanyl-D L-alanyl-D L -alanyl-D l-alanine pen tach lo ropheny l ester (X II)

X I was converted into the active ester (X II) adopting the m ethod described by P less 
and B o isso n n a s  [13]. The crude product was recrystallized several tim es from  ethyl acetate-  
petroleum  ether as traces o f  dicyclohexylurea were detectable by th in-layer chrom atography  
and IR  spectra. The yield o f the purified product was only 25%; m .p. 138 140°C.

C26H2707C15. Calcd. N  8.18; Cl 25.9. Found N  8.6; Cl 25.8%.

D L-Alanyl-DL-alaiiyl-DL-alanyl-DL-alaiiine pen tach lorophenyl ester hydroch loride  (X III)

The protected tetrapeptide active ester w as hydrogenated in dry m ethanol, containing  
1 eq. HC1, in the presence o f palladium  on charcoal (5% ), as described previously for the prep­
aration o f \T . The tetrapeptide active ester w as isolated as the hydrochloride salt, yield 90%. 

T he crude product was tw ice recrystallized from  ethanol-ether; m.p. 145 — 146°C. 
C18H22N40 5C1g. Calcd. N  9.55; Cl 36.34. Found N 9.95; Cl 36.05% .

N IP-D L-alanyl-D L-alanyl-D L-alanyl-D L-alanine pentach lorophenyl este r (X IV )

A solution of 0.58 g (0.001 mole) o f the tetrapeptide hydrochloride (X III) in 20 m l ethyl 
aceta te  was mixed w ith 0.14 ml of triethylam ine to liberate the free base, then 0.42 g o f N IP  
azide [5] (XV) (10% excess) in 25 m l acetone was added. The reaction m ixture was stirred 
m agnetically  for 24 hrs a t room  tem perature. The solvent was evaporated in vacuum , the  
residue diluted with chloroform  and washed w ith  0.5 N  HC1, water, 3% aqueous N aH C 03, 
and w ater. The chloroform layer was dried over Na2S 0 4, and evaporated to dryness. The IR  
spectrum  of the residue confirm ed the expected  structure. Only traces o f N IP-derivative  
contam ination were detectable by thin-layer chrom atography. The crude product was recrystal­
lized from  ethyl acetate-petroleum  ether; m .p . 155°C. Yield: 50%.

C28H250 9N5IC15. Calcd. N  7.97; Cl 20.15. Found N 7.76; Cl 19.02% .

Ne-N IP-Tetra-D L-aIanyl-poly-L-lysine (X V I)

A mixture of poly-L-lysine hydrobrom ide (0.23 g) (commercial origin) and triethylam ine  
(0.28 m l) in dim ethylform am ide (10 ml) was added, w ith stirring, to a solution  of XIV (0.88 g; 
0.001 m ole) in dry dim ethylform am ide (50 m l). 2-H ydroxypyridine (0.01 g) was also added, 
and the stirring continued for 24 hrs at room  temperature. The so lvent was evaporated in 
vacuum , the concentrated solution diluted w ith  water and dialyzed against several changes 
o f 0.2 M  N aH C 03 for 4 days. The insoluble precipitate formed was collected by centrifugation, 
w ashed w ith water and lyophilized. Yield: 420 m g (51%).

C30H36N7O9. Calcd. C 47.05; H 4.74; I 16.16. Found C 46.75; H  6.59; I 15.9; Na 1.38% .
The amino acid ratio after acid hydrolysis was: L yst oSAla3 85.
The IR  spectra were consistent w ith  the proposed structure (see Fig. 4).
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Complexes o f  cyclohexyl a ceta te , ethylen e glycol d iacetate,cyclopentane-eis- 
trares-l,2-diol d iacetate, cyclohexane-cis- and frans-1.2-diol d iacetate, trans-1,3-diol 
diacetate and <x-and '.'-cyclohexane! riol triacetate have been prepared w ith equim olar  
and excess quantities o f  titanium  tetrachloride. On the basis o f the com positions and  
infrared spectra o f  the complexes th e  probable structures are suggested. Linking o f  
both oxygen atom s to the central m eta l atom  o f TiCl4 is supposed in the I : 1 com plex  
if  the carbonyl oxygens of the ester groups are su fficien tly  near to each other. In other  
cases, such as those o f cyclopentane-<rares-l,2-diol diacetate or cyclohexane-1,3-diol 
diacetate, the com bination of several substrate and TiCls m olecules result in the for­
m ation of a greater cycle. In triol tr iaceta tes, tw o carbonyl oxygens are connected to  
the titanium  atom  in the 1 : 1 com plexes. The 1 : 2 com plex has a different structure: 
tw o carbonyl oxygens of two substrate m olecules are each connected to one m olecule  
o f TiCl4, producing a cyclic structure. T he residual ester groups are supposed to  be  
attached to one m olecule o f titanium  tetrachloride each.

In tro d u c tio n

R eac tio n s o f e s te rs  w ith  t i ta n iu m  te tra c h lo r id e  were in v e s tig a te d  f i r s t  
b y  Demarcay [1]. H is m odel co m p o u n d s w ere a lip h a tic  a n d  a ro m atic  m ono- 
carboxy lic  esters (e th y l ace ta te , e th y l b e n z o a te , e th y l b u ty ra te , e th y l v a le ra te , 
e th y l cap ro a te , am y l a c e ta te , m ethy l b e n z o a te )  a n d  d icarboxy lic  esters (d ie th y l 
o x a la te  a n d  d ie th y l succinate). A ccord ing  to  h is re su lts , th e  com positions of 
th e  re su ltin g  com plexes (2 TiCl4 • E ; T iC l4 • E ; TiCl4 • 2 E ; o r TiCl4 • E E ')  
d ep en d  on th e  co n d itio n s of the  re a c tio n  (E  =  th e  este r com ponen t). Scag- 
l ia r in i a n d  Tartar!n i [2] were th e  f i r s t  to  re p o r t  com plexes o f d im e th y l 
p h th a la te  w ith  t i ta n iu m  te trach lo rid e . Hertel a n d  Demmer [3] p rep ared  
th ree  d iffe ren t com plexes of d im eth y l fu m a ra te , th e  m o lar ra tio s  o f T iCl4 
an d  th e  su b s tra te  b e in g  2 : 1 ,  1 : 1  a n d  1 : 2. T h u s  th e  in itia l in v es tig a tio n s  
p roved  th e  ex istence  o f  tw o  kinds o f  t i ta n iu m  te tra c h lo rid e  com plexes o f 
esters o f  m onocarboxy lic  acids hav ing  1 : 1 a n d  2 : 1 m olar ra tio , w hile in  th e

* P art IV: Z. Cs ű r ö s , Gy. D eá k , I. Gy u r k o v ic s , S. H o lly , M. H a raszthy -P a p p , 
A. T ö r ö k -K alm ár  and E . Z ára -K aczián : Period ica  P olytechnica  (Ch) 12, 147 (1968).
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case o f  d icarboxy lic  ac id s th e  1 : 2 co m p lex  w as also form ed. T hese ea rly  
in v e s tig a tio n s  w ere o f  p re p a ra tiv e  c h a ra c te r  an d  no  a t te m p t w as m ad e  to  
e lu c id a te  th e  p rocess o f  com plex fo rm a tio n . I t  is rem ark ab le , th a t  a f te r  th e  
p a p e r  o f  H ertel a n d  D emmee [3] no  o th e r  com m unica tion  d ea lt w ith  th is  
su b je c t fo r tw e n ty  y e a rs . In  1952 Osipov  p u b lish ed  his f ir s t  resu lts  of a p h y sico ­
chem ical in v e s tig a tio n  on th e  reaction  o f  m o nocarboxy lic  esters w ith  TiCl4 [4]; 
th is  w as follow ed b y  severa l o th e r p a p e rs . In  th e  course of th e se  s tu d ie s  
[5 — 15], in  c o n tra s t to  th e  in itia l ex p e rim en ts  described  above, th e  in d iv id u a l 
com plexes were n o t  iso la te d ; th e  p resence  an d  com positions of th e  com plexes 
w ere deduced  from  th e  m easured  physico -ch em ical d a ta  only. T h e  m e th o d  
u sed  w as to  p rep a re  m e lts  o f the  s u b s tra te  an d  t i ta n iu m  te tra c h lo rid e  in  d if­
fe re n t ra tio s , an d  to  d e te rm in e  th e  v isc o s ity , d en sity  an d  co n d u c tiv ity  o f th e  
m e lt. T hese d a ta , ev en  in  th e  case of th e  f i r s t  m odel com pound , isoam yl a c e ta te , 
w hen  p lo tte d  as a fu n c tio n  of the  co m p o sitio n , show ed th a t  v iscosity  a n d  its  
te m p e ra tu re  d ep en d en ce  h ad  defin ite  m a x im a ; th e  s tra ig h t line re p re se n tin g  
th e  change of d e n s ity  h a d  a b reak  a n d  th e  co n d u c tiv ity  curve h a d  a sh a rp  
m in im u m  betw een  tw o  m ax im a, co rresp o n d in g  to  1 : 1 m olar ra tio  o f t i ta n iu m  
te tra c h lo r id e  an d  su b s tra te . F rom  th e se  fa c ts  th e  fo rm atio n  of on ly  one k in d  
o f  iso am y l a ce ta te  com plexes and  s te ric  h in d ra n c e  o f th e  fo rm atio n  o f th e  2 : 1 
co m p lex  were co n c lu d ed . In  fu rth e r  w o rk , in  ad d itio n  to  th e  above m eth o d s , 
m e ltin g  p o in t d iag ram s w ere used [10] a n d  o th e r m onocarboxylic  es te rs  w ere 
also in v e s tig a te d  (T ab le  I). In  these  s tu d ie s  th e  m e ltin g  p o in t d iag ram s alw ays 
in d ic a te d  fo rm a tio n  o f  th e  1 : 1 co m p lex ; how ever, on th e  basis o f th e  h e a t 
o f  fo rm a tio n  an d  o th e r  physico-chem ical d a ta , th e  ex istence o f th e  2 : 1 
co m p lex  was also p ro b ab le .

In  th e  in te rp re ta t io n  of th e  processes o f com plex  fo rm a tio n , a new  
a s p e c t w as in tro d u c e d  b y  th e  in v es tig a tio n s  o f R ivest  et al. [16 —18], w ho u sed  
a g a in  th e  earlier m e th o d  of iso la ting  th e  com plexes. In  th is  w ork, com plexes 
o f  es te rs  of a lip h a tic  d icarboxy lic  acids w ere p rep ared . U nder th e  e x p e rim e n ta l 
co n d itio n s  used , th e  fo rm atio n  o f com plexes w ith  1 : 1  or 1 : 2  ra tio  w as 
e s ta b lish e d , d e p en d in g  on th e  s t ru c tu re  o f th e  su b s tra te  m olecule. I t  w as 
su p p o sed , th a t  in  th e  com plex of 1 : 1 ra t io  form ed from  esters of low er m olec­
u la r  w eigh t, th e  c a rb o n y l oxygen a to m s  o f b o th  ester groups p a r t ic ip a te d  
in  th e  fo rm atio n  o f  th e  com plex, a c tin g  as e lec tron  p a ir  donors, to  give a cyclic 
s tru c tu re  (m acrocycle) conta in ing  a h e x a c o v a len t t i ta n iu m  a tom . In  th e  com ­
p lex es of 1 : 2 r a t io , w hich  are o b ta in e d  from  longer chain  d icarboxy lic  e s te rs , 
o n ly  one ca rbony l g ro u p  is a tta ch ed  to  one m olecule o f tita n iu m  te tra c h lo r id e . 
T h is m ay  in d ica te  a p e n ta c o v a len t t i ta n iu m  a to m , to o , b u t R ivest  et al. [17] 
sugg ested  th e  p resen ce  o f a h e x aco v a len t t i ta n iu m  also in  th is  case, su p p o sin g  
b o th  oxygen a to m s o f th e  ester g roup  to  b eh av e  as e lec tron  p a ir  d onors. T h is  
w as based  on in f ra re d  spectra  o f so lu tio n s  of th e  com plexes in  m e th y le n e  
ch lo ride . In  th e se  sp e c tra  bands o f th e  C — 0  — C s tre tc h in g  v ib ra tio n , ch a rac -
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te r is t ic  o f th e  e ste r group, w ere m issing  in  th e  1000—1200 c m -1 reg ion . 
C om plexes of esters w ith  t i ta n iu m  te tra c h lo r id e  p repared  up  to  now  are  lis ted  
in T ab le  I.

A m ore d e ta iled  in v es tig a tio n  o f th e  in fra red  sp ec tra  o f  com plexes o f 
esters  w ith  TiCl4 an d  w ith  o th e r Lew is acids, w as carried  o u t b y  L appert  [19]. 
H e show ed beyond  d o u b t th a t  th e  linkage  is estab lished  b e tw een  th e  oxygen 
a to m  an d  th e  cen tra l m eta l a to m  o f th e  Lew is acid in  th e  course  o f com plex 
fo rm atio n . In  ag reem en t w ith  th e o re tic a l considerations, th is  re su lts  in  a 
decrease o f th e  frequency  o f th e  C = 0  s tre tc h in g  v ib ra tio n ; th e  w av en u m b er 
o f th e  r asC — C—0  s tre tch in g  v ib ra tio n  w ill be  h igher, w hile th e  r asC—О —C

II
b a n d , app earin g  a t  low er w av en u m b er, show s a sligh t decrease. These ex am i­
n a tio n s  also gave in fo rm ation  on th e  ste ric  s tru c tu re s  of th e  in d iv id u a l com ­
plexes.

A ccord ing  to  view s held  to d a y , th e  c e n tra l m eta l a to m  in  com plexes 
of m e ta l te tra h a lid e  Lewis acids can  com plete  i ts  o c te t in to  d ece t or dodecet 
in  th e  course of com plex fo rm a tio n , w hile th e  orig inal te tr a h e d ra l  steric  
s tru c tu re  is converted  in to  an  o c tah ed ra l one, h av in g  four ha logen  atom s an d  
tw o donor a tom s in  its  corners. T here  are  tw o  possible a rra n g e m en ts : cis an d  
trans, h av in g  th e  tw o carbony l oxygens a t  tw o  neighbouring  or a t  tw o  opposite  
co rners, respective ly . Lappert [19] concluded  th e  cis o c tah ed ra l a rra n g e m en t 
o f som e com plexes from  th e  sp lit t in g  o f  th e  ca rbony l b a n d  sh if te d  to  low er 
w av en u m b ers . In  these  com plexes th e  ca rb o n y l groups are coup led  th ro u g h  
th e  c e n tra l m eta l a to m , so v ib ra tio n s  o f id e n tic a l phase ap p ea r in  th e  in fra red  
sp e c tra  in  th e  case o f cis a rran g em en t only .

E xperim en ts an d  results]

In  th e  course of an  in v es tig a tio n  on th e  m echanism  o f th e  rin g  cleavage 
o f 2 ,3 ,4 -triace ty l-g lucosan  <1.5) ß <1.6) b y  t i ta n iu m  te tra c h lo r id e  [36], th e  
iso la tio n  an d  exam ination  of th e  com position  an d  s tru c tu res  o f  th e  p ro d u c ts  
w ere req u ired . This problem  drew  o u r a tte n tio n  to  com plexes o f  su g ar esters 
w ith  t i ta n iu m  te trach lo rid e .

In  ou r f irs t s tud ies on th is  su b jec t [37], on ly  th e  com positions o f th e  
com plexes p rep ared  from  m odel co m pounds w ith  d ifferen t m o la r  ra tio s  of 
th e  su b s tra te  an d  th e  Lewis ac id  w ere ex am in ed , as no su itab le  m e th o d  was 
av a ilab le  fo r de te rm in in g  th e  s tru c tu re s  o f th e se  com plexes.

A p a r t  from  th e  ac tu a l p rob lem , in te re s t  w as a tta ch ed  to  th e se  in v e s ti­
g a tio n s since no stud ies h ad  been  ca rried  o u t p rev iously  on com plexes of 
su b s tra te s  hav in g  m ore th a n  tw o  com plex-form ing  groups, i.e., w hen  th e y  
are  p o ly fu n c tio n a l in  respect to  e lec tron  p a ir  d o n a tin g . The m odel com pounds 
used  (levoglucosan-, glucose- an d  cellobiose esters) con tained  3, 5 an d  8 ester
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Table I

C o m p le x e s  o f  esters w i th  t i t a n iu m  te tra c h lo r id e

Ester component 
(substrate)

Composition of the comp ex (substrate : TiCl4)

Isolated complex
conductivity, 
density, and 
viscosity

on the basis of 

heat of formation melting point
'

Diethyl oxalate 1 : 1 [16]
Diethyl malonate 1 : 1 [14]
Diethyl maleate 1 : 1 [14]
m-Cresyl acetate 1 : 1 [20]
Isoamyl acetate 1 : 1 [6] 1 : 1; 2 1 [12] l l [10]
Ethyl acetate 1 : 1 [5] 1 : 1 m l l [10]
Ethyl formate 2 : 1 [1] l l [10]
Butyl acetate 1 : 1; 2 : 1 [8] 1 : 1; 2 1 [7] l l [10]
Propyl acetate 1 : 1 [8] 1 : 1 [8] l l [10]
Methyl acetate l l [10]
Butyl formate 1 : 1; 2 : 1 [И] 1 : 1; 2 1 [12] l l [10]
Isobutyl formate l l [10]
Isoamyl formate 1 : 1; 2 : 1 [И] 1 : 1; 2 1 [12] l l [10]
Ethyl propionate l l [10]
Ethyl butyrate l l [10]
sec.-Octyl acetate 1 : 1; 2 1 [12]
Ethyl stearate 1 : 1 [13] l l [15]
Ethyl valerate l l [15]
Ethyl caproate l l [15]
Ethyl n-heptoate l l [15]
Ethyl pelargonate l l [15]
Amyl acetate l l [15]
Hexyl acetate l l [15]
Octyl acetate l l [15]
Chloromethyl acetate 1 : 1; 2 : 1 [13]
Diethyl succinate 1 : 1 [17]
Dimethyl phthalate 1 : 1 [2]
Diethyl fumrrate 1 : 2; 1 1; 2: 1[3]
Butyl chloroacetate l l [10]
Isobutyl chloroacetate l l [10]
Isoamyl chloroacetate l l [10]
Diethyl glutarate 1 : 1 [17]
Diethyl adipate 1 : 1; 1 : 2 [17]
Diethyl pimelate 1 : 2 [17]
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Tabic I (c o n tin u ed )

Ester component 
(substrate)

Composition of the complex (substrate : TiCl.,) 

on the basis of
Isolated complex

conductivity, 
density, and 

viscosity
heat of formation melting point

Diethyl suberate 1 : 2 1 1 7 ]

Diethyl azelate 1 : 2 [ 1 7 ]

Diethyl sebacate 1 : 2 [ 1 7 ]

Phenyl acetate 1 : 1 [ 2 1 ]

o-Tolyl acetate 1 : 1 [2 1 ]

m-Tolyl acetate 1 : 1 [2 1 ]

p-Tolyl acetate 1 : 1 [2 1 ]

Thymyl acetate 1 : 1 [ 2 1 ]

groups; su rp ris in g ly , th e  n u m b e r of th e  h o u n d  m olecules o f TiCl4 was low er 
th a n  th a t  o f th e  fu n c tio n a l groups: in  th e  case of fiv e  fu n c tio n a l groups (p en ta - 
acety lg lucose) tw o , a t  e ig h t fu n c tio n a l g roups (octaacety lcellob iose) th re e  
m olecules o f TiCl4 w ere fo u n d  as th e  h ig h e s t possible n u m b er. The fo rm atio n  
of th e  d iffe ren t com plexes was exp la ined  b y  th e ir  special charge d is tr ib u tio n .

R i v e s t  et al. [ 1 7 ]  pu b lish ed  th e ir  re su lts  ab o u t one y e a r  a fte r our re p o r t . 
T heir p a p e r suggested  th e  p o ssib ility  t h a t  o u r m odel com pounds could  also 
have y ie lded  such  com plexes in  w hich  th e  ca rb o n y l oxygens o f  tw o ester g roups 
were a tta c h e d  to  one m olecule o f t i ta n iu m  te tra c h lo r id e . I f  in  th e  case of 
levoglucosan-, glucose- a n d  cellobiose a ce ta tes , considered  as cyclic polyol 
ace ta tes , th e  fo rm a tio n  o f such  com plexes can  be v e rified , th is  m ay  reveal 
th e  re la tio n  b e tw een  th e  s tru c tu re  o f th e  su b s tra te  a n d  th e  n u m b er of Lew is 
acid m olecules in  th e  com plex  co n ta in in g  th e  h ig h es t n u m b e r of TiCl4. A n 
influence o f th e  ste ric  s tru c tu re  of th e  m odel com p o u n d  on th e  s tru c tu re  o f 
th e  com plex w as also considered . To v e rify  th is  la t te r  a ssu m p tio n , d ependence  
of th e  te n d e n c y  to  com plex  fo rm atio n  in  esters  o f cyclic di- an d  polyols, an d  
th e  com position  o f th e  com plexes as a fu n c tio n  of th e  re la tiv e  steric  p o sitions 
of th e  e s te r  g roups w ere in v es tig a ted  f irs t .

As Lew is acids a n d  th e ir  com plexes are  v e ry  sen s itiv e  even to  trace s  
of w ate r, th e  com plexes w ere p rep ared  u n d e r  carefu l co n d itio n s  in  a “ d ry -b o x ”  
or in  an  a p p a ra tu s  designed  fo r th is  p u rp o se  (Fig. 1).

A ccord ing  to  th e  genera l p rocedure , th e  ca lcu la ted  q u a n ti ty  o f Lew is 
acid in  ch loroform  so lu tio n  w as added , b y  d rops, to  a d ry  chloroform  so lu tio n  
of th e  su b s tra te , w ith  con tin u o u s s tirr in g . T he p re c ip ita te , w hich sep a ra ted  
sp o n tan eo u sly  or on d ilu tio n  w ith  p e tro leu m  e th e r, w as f ilte re d  off, w ashed 
w ith  th e  so lv en t a n d  d ried .
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T h e com positions o f th e  com plexes w ere de te rm ined  b y  e lem en ta l a n a ­
lysis a n d  b y  m eans o f  a p rev iously  deve loped  m ethod  [38], b y  t i t r a t in g  th e  
su b s ta n c e  w ith  p y rid in e  in  ace to n itrile  so lu tion .

D e te rm in a tio n  o f  th e  com positions rev ea led  th e  m ax im u m  n u m b e r of 
Lew is acid  m olecules b o u n d  b y  th e  ex am in ed  m odel com pounds. H ow ever, 
n o  in fo rm a tio n  was o b ta in e d  reg a rd in g  th e  s tru c tu re  a n d  th e  v a lid ity  of 
R iv e st ’s conception  [17] fo r these  cases.

F ig . 1. Apparatus for the preparation of complexes of titanium tetrachloride

T h e purpose o f o u r s tud ies o f th e  in fra re d  sp ec tra  o f th e se  com plexes 
w as to  th ro w  lig h t on th e  s tru c tu ra l ch a rac te ris tic s . On th e  basis o f th e  above- 
m e n tio n e d  ex am in a tio n s o f Lappert [19] i t  was expec ted  th a t  th e  in fra re d  
s p e c tra  o f th e  com plexes o f po lyesters used  as m odel com pounds w ould  help  
in  e lu c id a tin g  th e  s tru c tu re s .

Since th e  com plexes suffer decom position  in  so lu tion , we tr ie d  to  o b ta in  
th e  sp ec tra  in  K B r pelle ts  or in  p a ra ff in  oil m ull. Owing to  th e  low  s ta b ility
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F ig . 2. Infrared spectrum of ethyl acetate (in KBr)
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of th e  substances, th e  sam ples w ere p re p a re d  in  a d ry -b o x . P re lim in a ry  ex p eri­
m e n ts  w ith  K B r p e lle ts  soon in d ic a te d  th a t  th is  te c h n iq u e  was u n su itab le , 
as th e  com plexes p a r t ly  decom posed  d u rin g  reco rd in g  th e  sp ec tra , giving 
d iffuse, unusable b a n d s . M ulling in  N ujo l w as found  a d e q u a te , a n d  this te c h ­
n iq u e  was used in  th e  fu r th e r  w ork.

A fter es tab lish in g  th e  ex p e rim en ta l cond itions an d  ex am in a tio n  m ethods, 
com plexes of th e  chosen  m odel com pounds were p re p a re d ; th e ir  com position 
a n d  decom position p o in ts  w ere d e te rm in ed , an d  th e  in fra re d  sp ec tra  recorded.

Microns
2.5 3,0 3,5 4,0 5,0 6.0 7,0 8,0 10,0 12,0 16,0

The f irs t m odel com pounds w ere ace ta tes  of cyclohexane-1 ,2-cis- and  
irans-diols. I t  is k n o w n  th a t  in  th e  cis-diol th e  h y d ro x y l g roups are p resen t 
in  a, e or e, a p o s itio n s , w hile in  th e  irans-d io l th e y  h av e  e, e or a, a positions. 
C onform ation  e, e is g en era lly  considered  to  be en e rg e tica lly  m ore favoured . 
I n  th e  a, e a n d  e, e co n fo rm atio n s, th e  d is tan ce  b e tw een  th e  ace ty l groups is 
th e  sam e. T hus in  th e  case o f 1 ,2-cyclohexanedio l d ia c e ta te s , th e  effect of th e  
d is tan ce  of th e  e s te r  ca rb o n y l oxygens on th e  com plex  fo rm a tio n  and devel­
o p m en t of a m acrocyc lic  s tru c tu re  could on ly  be p ro v ed  i f  th e  iraras-diol 
d iace ta te  reac ted  w ith  TiCl4 as th e  o, a conform er. S ince th is  is n o t p robab le , 
th e  possible d ifference  in  th e  com plex  form ing  ten d en c ies  o f ace toxy  groups 
depend ing  on th e  an g le  (60° or 180°) m ade by  th em , w as s tu d ie d  on cis- and  
irons-cyclopen taned io l d iace ta tes  h a v in g  rig id , n ea rly  p la n a r  s teric  s tru c tu res .

F irs t 1 : 1 com plexes* o f e th y l a ce ta te , cy c lo p en ty l a c e ta te  and  cyclo­
h ex y l ace ta te  w ere p re p a re d  to  s tu d y  th e  m ost c h a ra c te r is tic  changes in  th e  
in fra red  sp ec tra  p ro d u ced  b y  com plex  fo rm atio n . T hese  experim en ts were

* Further on, the complexes will he characterized by the ratio of substrate to Lewis 
acid component.
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necessa ry , because th e  1 : 1 com plex o f  TiCl4 an d  e th y l a c e ta te  w as n o t  i n  v esti 
g a ted  b y  Lappert [19]. T he in f ra re d  sp ec tra  o f th e  su b stan ces a n d  th e ir  
com plexes (Figs 2—7) show ed th e  fo llow ing  m ost ch a rac te ris tic  changes: 
th e  j> C = 0  b a n d  o f th e  su b s tra te , fo u n d  a t  1750 c m -1 o r n e a r  to  i t ,  d isap p ears  
in  th e  com plex  an d  a new , b roader, v e ry  s tro n g  b a n d  appears a t  1610 — 1615 
cm -1. A t th e  sam e tim e , th e  bands o f  th e  rasC—C — О a n d  vasC — О — C s tre tc h -

11 I!
ing v ib ra tio n s  are m issing  a t  1240 cm  1 an d  1045 cm _1, respective ly . In s te a d

F ig . 5. Infrared spectrum of the 1 : 1 complex of ethyl acetate with TiCl4 (in Nujol)

NaCl KBr

F ig . 6. Infrared spectrum of the 1 : 1 complex of cyclopenty] acetate with TiCl, (in Nujol)

of th e  fo rm er, a new  b a n d  appears a t 1310 —1320 cm  _1 (a d ü b le t in  cy c lo p en ty l 
ace ta te ), a n d  th e  b a n d  a t  1045 cm 1 is  sh ifted  b y  5 cm  _1 to w ard s th e  low er 
w av en u m b ers . F u r th e r  ch arac teris tics  in  th e  sp ec tra  o f th e  com plexes is a new , 
b road , s tro n g  b an d  ap p earin g  in th e  reg io n  705 730 c m “ 1.

I f  th e  presence o f p e n ta c o v a len t ti ta n iu m  is supposed  in  th e  TiCl4 
com plexes o f th e  above esters, th e  a p p e a ra n c e  o f th e  in ten se  b a n d  b e tw een  
730—705 c m “1 can n o t be  accounted  fo r . T herefore, i t  is m ore p ro b ab le , th a t  
b o th  o x ygen  atom s o f th e  ester group a re  connected  to  th e  ti ta n iu m  a to m  in  
th e  com plex  as suggested  b y  R iv e st  [17], p roduc ing  h ex aco v a len t t i ta n iu m
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Microns

F ig. 7. Infrared spectrum  o f the 1 : 1 com plex o f  cyclohexyl acetate w ith  TiCl, (in N ujol)

Fig. 8. Probable structure of com plexes o f m onoesters w ith TiCl4

(F ig . 8). This b a n d  be tw een  730 an d  705 cm  -1 m ay  arise from  th e  ou t-o f-p lane  
d e fo rm a tio n  v ib ra tio n  o f  th e  charged  “ m icro-cycle” , while th e  p C = 0  an d  
r asC — C—О v ib ra tio n s  m u s t be p red o m in a tin g , in  th e  m odes p roducing  th e

II
b a n d s  a t  1610 cm a n d  n e a r 1300 cm -1, respective ly .

E th y len e  glycol d ia c e ta te  reac ts  w ith  an  excess o f TiCl4 to  give b o th  
th e  1 : 1 an d  2 : 3 com plexes. A com parison  o f th e  in fra red  sp ec tra  of th e  s u b ­
s t r a te  (F ig . 9) an d  th e  com plexes (F igs 10, 11) shows th a t ,  in s tead  o f th e  
in it ia l  s ta te , b o th  com plexes have  a b ro a d  ca rb o n y l b a n d  a t  1635 cm _1, an d  
th e  sh if t of th e  C — C— 0  b an d s is s im ila r to  t h a t  observed  in  th e  cyclohexyl

II
a c e ta te  com plex.

In  th e  1 : 1 com plex  th e  orig inal “ free”  carb o n y l b a n d  is ab sen t, in d i­
c a tin g  th a t  one m olecule of TiCl4 is a ffixed  to  tw o carbony l oxygens.
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F ig . 10. Infrared spectrum  of the 1 : 1  com plex  o f ethylene glycol diacetate w ith TiC]4
(in N u jo l)

w o l  I__ l_J__L J _ J__ ________ __ LJ__ __ __ i__ I__ I__  ,
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Fig. 11. Infrared spectrum  o f the 2 : 3 com plex o f  ethylene glycol diacetate w ith TiCl4(inN ujol)
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Microns

NoCI KBr

Fig. 13. Infrared spectrum  of the 1 : 1 com plex o f cyclo pen t anc-cís-1,2-diol diacetate w ith
TiCl4 (in Nujol)

NaCl KBr
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Fig. 14. Infrared spectrum  of the 1 : 2 com plex o f cyclopentane-cis-1.2-diol diacetate w ith
TiCl, (in N ujol
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Fig. 15. Infrared spectrum o f cyclopentane-ir<m s-l,2-diol diacetate (in K Br)
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Fig. 16. Infrared spectrum  of the 2 : 3 com plex of cyclopentane-ireres-l,2-diol diacetate w ith
TiCl4 (in Nujol)

T he in fra re d  sp ec tra  of th e  1 : 1 an d  1 : 2 com plexes o f cyclo p en tan e- 
c is-l,2 -d io l d ia c e ta te  (Figs 12 — 14) h av e  a fu r th e r  ch a rac te ris tic  fea tu re . 
In  th e  sp ec tru m  o f th e  1 : 2 co m plex , th e  sh ifted  b a n d  o f th e  ca rb o n y l group 
in co o rd in a te  linkage has a sh ap e  s im ila r to  th a t  o f th e  ca rbony l b a n d  in  th e  
cyclohexyl a c e ta te  com plex (F ig . 7), w hile in  th e  com plex of 1 : 1 ra tio  (con­
ta in in g  free ca rb o n y l only as a  c o n ta m in a tio n , as show n b y  i ts  spec trum ) 
th e  co rrespond ing  b a n d  is sp lit, w ith  a d ifference o f  35 cm 1 b e tw een  th e  tw o 
p a rt-m a x im a . T h is sp littin g  of th e  b a n d  in d ica te s  th a t  th e  ca rb o n y l oxygens 
o f th e  tw o este r g roups are s itu a te d  on tw o n e ig h b o u rin g  corners o f  a f ic titio u s  
o c tah ed ro n , i.e. th e  donor-accep to r re la tio n  is o f cis ch a rac te r.

T h e  Irans isom er of cyclopen tane-1 ,2 -d io l d ia c e ta te  gives a 1 : 1 com plex 
even i f  TiCl4 is used  in  excess, th u s  d iffering  from  th e  case o f th e  cis isom er. 
T he sp ec tru m  (F igs 15, 16) rev ea ls  no  sp littin g  o f th e  carbonyl b a n d , i.e., 
here th e  re la tion  is of Irans c h a ra c te r .

Acta Chim. Acad. Sei. Hung. 62, 1969



108 CSŰRÖS et al.: LEWIS ACID COMPLEXES, У
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Fig. 17. Infrared spectrum of cyclohexane-ci's-l,2-diol diacetate (in KBr)
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Fig. 18. Infrared spectrum  of the 1 : 1 com plex o f cyclohex an e-tt's-1,2-tliol diacetate w ith
TiCI4 (in Nujol)

NaCI KBr

Fig. 19. Infrared spectrum  of the 1 : 2 com plex of cyclohexane-cis-l,2-d iol diacetate w ith
TiCl, (in Nujol)

Acta Chim. Acad. Sei. H ung. 62, 1969



CSŰRÖS et al.: LEWIS ACID COMPLEXES. V 109

Microns

Fig. 20. Infrared spectrum of cyclohexane-ir<ms-l,2-diol diacetate (in KBr)

NaCl KBr

Fig. 21. Infrared spectrum  of the 1 : 1 com plex o f  cyclohexane-trans-l,2-d iol diacetate w ith
TiCl4 (in N ujol)

S im ilarly  to  th e  corresponding cy c lo p en tan e  d e riv a tiv e , cyclohexane- 
c is-l,2 -d io l d ia c e ta te  y ields a 1 : 2 com plex  w ith  an  excess o f TiCl4. A ccording 
to  th e  sp ec tra  (F igs 17 — 19), th e  1 : 1 com plex  has cis s tru c tu re  in  th is  case, 
to o ; th e  d is tan ce  o f  th e  tw o p a rt-m ax im a  o f th e  b a n d  assigned  to  th e  ca rb o n y l 
in  coo rd ina te  lin k ag e  is 40 c m -1. In  th e  sp ec tru m  of th e  1 : 2 com plex, th e  
b a n d  o f th e  ca rb o n y l g roup  is n o t s ig n ifican t enough , th u s  i t  is u n su itab le  for 
d raw ing  conclusions reg a rd in g  the  s tru c tu re .

In  th e  case o f cyclohexane-irares-l,3-dio l d ia c e ta te  (for th e  sp ec tru m , 
see F ig . 20), th e  s itu a tio n  is sim ilar to  t h a t  o f th e  cis isom er. In  th e  in fra red  
sp ec tru m  of th e  1 : 1 com plex  (Fig. 21) th e  ca rb o n y l b a n d  is sh ifted  b u t  n o t 
sp lit, a n d  i t  is co n sid e rab ly  broader th a n  th e  sim ilar b a n d  o f th e  1 : 2 com plex  
(F ig . 22).

T he resu lts  o b ta in e d  so fa r in d ica te  th a t  th e  tw o ca rbony l groups are  
lin k ed  to  th e  c e n tra l m e ta l a tom  of th e  Lew is acid  in  th e  1 : 1 TiCl4 com plexes

Acta Chim. Acad. Sei. Hung. 62, 1969



110 CSŰRÖS et al.: LEWIS ACID COMPLEXES, V

o f cyc lopen tane-c is-, an d  cyclohexane-cis- an d  -trans-1 ,2-diol d iace ta tes . T he 
s tru c tu re s  m ay  be rep resen ted  as o u tlin e d  in  F ig . 23. I f  an  excess of T iCl4 
is u sed , th is  cyclic s tru c tu re  suffers c leavage, an d  th e  c is-cyclopen tane  an d  
-cyclohexane d e riv a tiv e s  give rise  to  an energe tically  m ore fav o u rab le  s tru c ­
tu re , in  w hich each  carbony l g roup  is co nnec ted  to  a Lew is acid  m olecule. 
H ow ever, in  th e  in fra red  sp e c tra  o f  1 : 1 com plexes (F igs 14, 19, 22), th e  
s tro n g  b an d  a t  705 — 735 c m “1, w hich  is p re se n t in th e  sp ec tra  o f  th e  m ono-

NaCl KBr

Fig. 22. Infrared spectrum  of the 1 : 2 com plex o f cyclohexane-irans-l,2-diol diacetate with
TiCl, (in Nujol)

CL

Fig. 23. Probable structure of the 1 : 1 com plexes o f TiCl4

a c e ta te  com plexes (Figs 5 — 7) is s tr ik in g ly  m issing. In  m onoesters th is  b an d  
w as due to  n a tiv e  bonds con n ec tin g  b o th  oxygen  atom s o f th e  e ste r g roup  to  
th e  ti ta n iu m  a to m . In  diol d ia c e ta te s , fav o u rab le  position  o f th e  e ste r g roups 
m ak es possible a n o th e r  a rra n g e m en t. I t  m ay  be supposed , t h a t  in  th is  case 
o n ly  th e  ca rb o n y l oxygens are  a t ta c h e d  to  th e  cen tra l m e ta l a to m , a n d  th e  
h ex aco v a len t s ta te  of th e  la t te r  is p ro d u ced  b y  th e  connection  o f TiCl4 m o le­
cules, th ro u g h  ch lo rine a tom s, since th e  m olecules are fix ed  in  space n e a r  to  
each  o th e r (F ig . 24). In  th e  case o f cy c lo p en tan e-irim s-l,2 -d io l d ia c e ta te  th e  
s itu a tio n  is d iffe ren t. Because o f  th e  g re a te r  d istance  b e tw een  th e  acety l 
g ro u p s, fo rm atio n  o f a m acrocycle is u n lik e ly . T he in fra red  sp ec tru m  o f th e  
1 : 1 com plex o f  th is  com pound is a p p a re n tly  in  c o n tra s t w ith  th is , as no 
free  carbony l g roup  is in d ica ted . H ow ever, i t  is rem ark ab le , th a t  no b a n d ­
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sp littin g , acco m p an y in g  cis connections re su ltin g  in  m acrocycles, is observed  
in  th e  sp ec tru m . T h is suggests th e  presence o f a com plex  form ed b y  tw o m ole­
cules each  of th e  s u b s tra te  an d  TiCl4, as show n in  F ig . 25.

T he above fa c ts  ra ised  th e  problem  of s tru c tu re  o f th e  com plexes form ed 
from  cyc lo h ex an e-1 ,3-diol d iace ta te  co n ta in in g  r a th e r  d is ta n t ace ty l groups.

W e fo u n d  t h a t  th re e  k inds of com plexes (2 : 1, 1 : 1 an d  1 : 2) could be 
p rep ared  from  traras-1,3-diol d iace ta te  (for th e  I R  sp ec tru m , see F ig . 26)

Fig. 24. Probable structure o f the 1 : 2 com plexes o f 1,2-cis-diol diacetates with-TiCl4

Fig. 25. Probable structure o f the 1 : 1 com plex of cyclopentane-trares-l,2-diol diacetate
w ith  TiCl,

depend ing  on th e  ra tio  o f  th e  com ponents. In  th e  2 : 1 com plex (Fig. 27), 
th e  o rig inal an d  sh if te d  ca rbony l b an d s ap p ear to g e th e r  in  th e  spectrum  (“ o ri­
g in a l”  m eans here  th e  ca rbony l group n o t p a r tic ip a tin g  in  a coord inate  l in k ­
age). T he b a n d  a t  1240 c m -1 , assigned to  th e  i>asC—C —О stre tch in g  v ib ra tio n ,

II
is p a r tly  u n c h a rg e d , p a r t ly  sh ifted  to  1305 c m -1 . I n  th e  case of th e  1 : 1 
com plex, th e  sp e c tru m  (F ig . 28) shows coo rd in a te  b o n d s  fo r b o th  carbony l 
groups, an d  no s p lit t in g  o f th e  carbony l b a n d  is observed . T he spec trum  o f 
th e  I  : 2 com plex  d iffers  from  th e  fo rm er in  th e  sh ap e  o f th e  sh ifted  carbony l 
b a n d  w hich  is n a rro w er, a n d  th e  b a n d  a t  1310 cm  _1 is accom pan ied  b y  a new  
b a n d  a t  1330 c m -1 . T h is new  b a n d  was observed  o n ly  as a shoulder in  th e  
sp ec tru m  o f th e  1 : 1 com plex .
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F ig . 26. Infrared spectrum of cyclohexane-tr<ms-l,3-diol diacetate (in KBr)
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F ig . 27 . Infrared spectrum of the 2 : 1 complex of cyclohexane-irares- 1,3-dioI diacetate with
TiCl, (in Nujol)

These facts in d ic a te  th a t  th e  s tru c tu re  of th e  1 : 1 com plex  is sim ilar 
to  t h a t  shown in  F ig . 25.

In  our fu r th e r  w o rk , th e  te n d e n c y  to  com plex fo rm atio n  o f tr ifu n c tio n a l 
cyclohexane-1 ,2,3 -trio l tr ia c e ta te s  w as in v estig a ted . T here  are  th re e  stereo ­
iso m ers  of cyc lohexanetrio l: a -, ß- a n d  y -trio l. In  th e  а -m o d ifica tio n , th e  
C - l,  C-2, and  th e  C-2, C-3 h y d ro x y l g roups are in  trans positio n  to  each  o ther; 
in  th e  y-isom er th e y  are  in  cis p osition . In  th e  /(-form th e  C -l a n d  C-2 h y d ro x y l 
g ro u p s are in cis p o s itio n , while th o se  a t  C-2 an d  C-3 are  trans. W e p repared  
th e  a- an d  y-isom ers a n d  th e ir  com plexes. In  th e  spec tru m  o f th e  1 : 1 com plex 
o f  th e  y-isom er (for th e  sp ec tru m , see F ig . 30) tw o new  b a n d s  w ere observed
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Microns

Fig. 28. Infrared spectrum  o f the 1 : 1 com plex o f cyclohexane-irons-l,3-d iol diacetate w ith
TiCf, (in Nujol)

Microns

Fig J  29. Infrared spectrum  of the 1 : 2 com plex of cyclohexane-irans-l,3-diol diacetate with
TiCl4 (in Nujol)

a t 1640 cm  - 1 an d  1665 cm -1 (F ig . 31), in  ad d itio n  to  th e  orig inal carbony l 
b an d  a t  1750 c m -1 . T h is in d ica tes  cis s tru c tu re .

U sing an  excess o f  TiCl4, th e  com plex  w ith  1 : 2 ra tio  w as o b ta in ed . I t  has 
Irans s tru c tu re  as show n b y  th e  p resence  o f a single b a n d  a t  1640 cm  h av in g  
an in flex ion  (F ig. 32).

T hus an  excess o f T iCl4 gives rise  to  a new  s tru c tu re  in s te a d  o f th e  a t ta c h ­
m en t o f a n o th e r m olecule of th e  Lew is acid  to  th e  free ace to x y  group  (F ig. 33). 
A com plex  w ith  1 : 3 ra tio  could n o t  be p rep a red ; th e  use o f excess T iC l4 
resu lted  in th e  fo rm a tio n  of th e  1 : 2 com plex  only.
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F ig . 31. Infrared spectrum  o f the 1 : 1 com plex o f  y-cyelohexane-1.2.3-trio I triacetate with
TiCl, (in Nujol)

An excess o f T iCl. gave w ith  th e  a-isom er (con ta in ing  eq u a to ria l, axial 
a n d  eq u a to ria l su b s ti tu e n ts , in  th is  o rd er) a 1 : 2 com plex sim ilar to  th a t  
o b ta in e d  from  th e  у -form  (Figs 34, 35). No com plex o f  1 : 3 ra tio  could  be 
p re p a re d  in  th is  case, e ither.

T he ex p erim en ts  m ade w ith  cyc lohexanéd io l an d  -trio l ace ta te s  verified 
o u r a ssum ption  t h a t  th e  carbony l oxygens of fav o u rab ly  s itu a te d  n e ig h ­
b o u rin g  acetoxy  g ro u p s m ay give rise  to  th e  fo rm atio n  o f a m acrocycle, in 
th e  sam e w ay  as in  th e  m odel co m pounds s tu d ied  b y  R iv e st  et al. [17]. 
I t  h a s  also been show n  th a t  th e  fo rm a tio n  o f a m acrocycle o f cis-connection  
is in d e p e n d e n t o f  th e  steric  positions o f  th e  su b s titu e n ts . T his m akes p ro b ab le
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Fig. 32. Infrared spectrum  of the 1 : 2 com plex of y-cyclo hexane-1,2,3-trio l triacetate w ith
TiCI4 (in Nujol)

Fig. .33. Schem e of structure of the 1 : 2 com plex of y-cyclohexane-l,2 ,3-trio l triacetate w ith TiC l.
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Microns

Fig. 35. Infrared spectrum  o f the 1 : 2 com plex o f a -cyclohexane-l,2 ,3-tr io l triacetate with
TiCl4 (in Nujol)

e, e conform ation  o f  th e  trans iso m er in  th e  course o f com plex  fo rm ation , 
i f  th e  su b stra te  a n d  T iC l4 are used  in  eq u im olar q u a n titie s  a n d  th e  carbonyl 
o x y g en  atom s are  w id e ly  se p a ra te d  (cyclopentane-tr< m s-l,2 -d io l d iace ta te , 
cyclohexane-1 ,3-d io l a n d  -1,4-diol d iace ta tes ), a g re a te r  cyclic  s tru c tu re  is 
fo rm ed  b y  m eans o f  in te rm o le c u la r  connections.

O ur in v es tig a tio n s  also rev ea led  th a t  t i ta n iu m  te tra c h lo r id e , in  co n trast 
to  an  ex p erim en ta lly  u n su p p o rte d  s ta te m e n t in  th e  l i te ra tu re  [22], is equally  
su ita b le  for th e  fo rm a tio n  of com plexes w ith  cis a n d  trans s tru c tu re s , th e  
process an d  th e  com positions o f th e  com plex  being  d e p e n d e n t on th e  s tru c tu re  
o f th e  su b stra te .

E x p erim en ta l

1. Materials

Cyclohexyl acetate

The commercial product was purified by distillation.

Ethylene g lycol diacetate

The commercial product was purified b y  distillation.

Cyclopentane-1,2-diol diacetates

The compounds were prepared from  cyclopentene. The la tter  was prepared by the 
therm al cyclization of adipic acid w ith barium  hydroxide [23], and reduction o f the obtained  
ketone to cyclopentanol in the presence o f  R an ey  nickel at 70 atm . and 80°C [24], followed  
by dehydration of the resulting alcohol w ith  85% phosphoric acid [25].
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(a )  1 ,2-cis-d io l d iaceta te

Cyclopentene w as oxidized to 1,2-cis-cyclopentane-diol w ith K M n 04 in aqueous alcohol 
solution [26] and the p ro d u ct acetylated w ith  acetic acid anhydride [27], then purified by  
distillation.

(b )  1 ,2 -trans-d io l d iace ta te

The oxidation o f  cyclopentene was carried out in formic acid solution with hydrogen  
peroxide [26].

C yclohexane-1,2-diol d iaceta tes

( a )  1 ,2-cis-d io l d iaceta tes

Cyclohexene was oxidized to the 1,2-cis-diol w ith  H 20 2 in absolute t-butanol solution  
in the presence of osm ium  tetraoxide at 0°C [28, 29], and then acety lated  w ith acetic anhyd­
ride [27].

(b )  1 ,2 -trans-d io l d iace ta te

The oxidation o f cyclohexene was carried out in  anhydrous form ic acid solution w ith  
hydrogen peroxide [30].

C yclohexane-1 ,3-trans-dio l d iaceta te

Phloroglucine (m .p. 213— 216°C) was hydrogenated in alcoholic solution in the presence 
of R aney nickel catalyst in an autoclave at 105 atm . pressure at 125°C for 4 hrs. The product 
was purified by distillation in vacuum , to obtain cyclohexane-1,3-irans-diol diacetate in 27.8%  
yield (b.p. 147— 156°C). For identification o f the com pound, its benzoate and urethan were 
prepared, which had the m .p .’s reported in the literature. The diol was then acetylated in the  
usual m anner. The acety lated  product was purified b y  distillation in vacuum .

C yclohexanc-l,4 -d io l d iaceta te

H ydroquinone was hydrogenated in alcoholic solution in the presence o f Raney nickel 
catalyst a t 110 atm . and 140°C for 2 hrs. The 1,4-diol was purified b y  distillation in vacuum  
and recrystallization, and then  acetylated in the usual manner.

C y clo h exane-a-l,2 ,3 -trio l tr ia ce ta te

Cyclohexene was allow ed to react in the presence o f absolute ethanol w ith bromine 
in carbon tetrachloride solution , at a tem perature betw een — 5°C and — 1°C, to obtain 1,2- 
dibrom ocyclohexane [31]. This compound was heated in absolute m ethanol in the presence 
of sodium m ethoxide. F irst dehydrohalogenation o f the com pound took place, then the residual 
bromine atom  was replaced by a m ethoxy group [32]. The resulting 3-m ethoxycycIohexene  
was converted into 3-m ethoxycyclohexene chlorohydrin by means o f hypochlorous acid 
produced from a solution o f monochlorourea [33] acidified w ith acetic acid. Alkaline dehydro­
halogenation of 3-m ethoxycyclohexene chlorohydrin gave 3-m ethoxycyclohexene-a-oxide, 
which yielded a-dim ethoxycyclohexanol on m ethanolysis [33]. D em ethylation  of the com ­
pound w ith aqueous hydrogen iodide and acetylation of the recrystallized triol with acetic 
anhydride in the presence o f sodium  acetate gave cyclohexane-a-l,2 ,3-trio l triacetate in the 
purity reported in the literature, m .p. 128.5— 130°C. (L it. [34] m.p. 128— 129°C.)
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C y c lo h ex an e-y -l,2 ,3 -trio l triace ta te  [35]

Pyrogallo l was h y d ro g e n a te d  in alcoholic  so lu tion  in th e  p resence  of R an ey  nickel 
c a ta ly s t  a t  100 a tm . a n d  150°C. C yclohexane-irans-l,2 -d ioI, ap p ea rin g  as b y -p ro d u c t, was 
e x tr a c te d  w ith  acetone fro m  th e  raw  p ro d u c t o b ta in e d  by frac tio n a l d is tilla tio n  in vacu u m ; 
re p e a te d  recrysta lliza tions fro m  acetone gave  th e  p u re  y -l,2 ,3 -trio l in  17%  yield.

T h e  trio l was a c e ty la te d  w ith  acetic  a n h y d rid e  in the  u sua l w ay ; th e  y -trio l tr ia c e ta te  
p u r if ie d  b y  d istillation  in  v a cu u m , had a re fra c tiv e  index iden tica l w ith  th a t  given in  the  
l ite ra tu re .

2. Complexes with titanium  tetrachloride

( a )  P re p a ra tio n  of th e  com plexes in a  dry-box

In  these ex p erim en ts th e  com plexes w ere p rep ared  in th e  a p p a ra tu s  show n in F ig . 36.
I n  th e  course o f p re p a rin g  th e  com plex , th e  co n ten t o f fla sk  A  was s tirred  using  a 

m ag n e tic  stirrer. D uring  th e  reac tio n  and  th e  f i ltra tio n  of the  com plex , d ry  n itro g en  gas was 
p assed  th ro u g h  th e  a p p a ra tu s ;  th is was in tro d u c ed  th rough  a s id e -tu b e  o f flask  A .  F la sk  A

c o n ta in ed  a hexane so lu tio n  of th e  su b s tra te  in  th e  case of p re p a ra tio n  of th e  2 : 1 com plex, 
w h ile  a d ry  hexane so lu tio n  o f TiCl4 was p laced  in i t  when p re p a ra tin g  th e  1 : 1 an d  1 : 2 
co m plexes. The so lu tion  o f  th e  o th er c o m p o n en t was added, by  d ro p s  and  w ith  con tin u o u s 
s t i r r in g , from  a d ropp ing  fu n n e l. In  th e  p re p a ra tio n  of the  1 : 1 com plexes 10%  (w /v) h exane  
so lu tio n s  contain ing  e q u im o la r q u a n titie s  o f  th e  su b s tra te  and  T iC l4 w^ere m ixed. W hen ou r 
p u rp o se  was the  p re p a ra tio n  of com plexes w ith  h igher TiCl4 c o n te n t, double, o r in  th e  case 
o f th e  trio l ace ta tes , t r ip le  m o la r q u a n titie s  o f  Lew is acid were used . R ep ea ted  p re p a ra tio n s  
o f  a  given com plex gave su b stan ces o f s lig h tly  d ifferen t m .p .’s, b u t  th e  in frared  sp ec tra  w ere 
id en tica l. The sp o n tan eo u sly  p rec ip ita tin g  com plex  was s tirred  fo r 3 0 —40 m in ., th en  th e  a p p a ­
r a tu s  w as tu rn ed  in to  a n o th e r  position  to  a llow  f iltra tio n  of th e  p re c ip ita te  on a s in te red  glass 
f i l te r  sealed in to  th e  side tu b e ,  using slight su c tio n . I t  was th en  w ashed  w ith  p e tro leu m  e th e r  
a n d  d ried  over p hosphorous pen tox ide  an d  p a ra ffin e  shavings in a v acu u m  desiccator.

(b )  P repara tion  of com plexes in  special a p p ara tu s

Using th e  a p p a ra tu s  show n in F ig . 1, h e a tin g  or cooling could  be app lied  in th e  course  
o f  th e  p repara tion  of th e  com plexes. T he com plex  was p repared  in  re ac tio n  vessel d, equ ip p ed  
w ith  a vibrom ixer a . D ry  n itro g en  gas w as in tro d u ced  in to  th e  a p p a ra tu s  th ro u g h  th e  p ipe- 
e n d  6. To p rev en t g e tt in g  o f th e  so lu tion  in to  th e  sin tered  filte r  sealed  in th e  a p p a ra tu s , th e  
sp ace  betw een stop-cock g  a n d  th e  glass f i lte r  w as filled w ith m ercu ry  before s ta r tin g  th e  w o rk . 
In  th e  cases when h o t  w a te r  was c ircu la ted  in ja c k e t e, cooling o f th e  m ercu ry  was re q u ire d ;
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this was performed by circulating cold water in jack et f ;  otherwise som e mercury got in to  
space d  through the sintered filter. After com pletion o f the complex form ation , the m ercury  
was allow ed to flow  into flask h, and the com plex was filtered off under nitrogen pressure using  
a clean flask. Fresh solvent was added to the precip itate, which was stirred up and repeatedly  
filtered off, and fin a lly  dried in a stream  of dry nitrogen until a pow der-like substance w as 
obtained. The apparatus was then opened in a dry-box, and the com plex com pletely dried, as 
described above.

The operations connected w ith  the analysis o f the complexes and the preparation of  
paraffin m ulls for recording the infrared spectra, were carried out in a dry-box in every case. 
The analyses o f the com plexes are given in Table II.

Table II

Composition o f complexes w ith titanium  tetrachloride

Substrate

Ratio 
of sub­
strate

Cl % T i% TiCl .% Decompo­
sition

and
TiCl4 
in the 

complex
Calcd. Found Calcd. Found Calcd. Found

point,
°C

C yclohexyl acetate 1 : 1 42.81 40.80 14.41 13.76 57.1 59.6 94 97

E thylene glycol 
diacetate 1 : 1

2 : 3
42.20
49.48

41.73
49.25

14.2
16.70

14.47
18.37

1 4 3 -1 4 7
146—149

cis-Cyclopentane-1,2- 
diol diacetate 1 : 1

1 : 2
37.70
50.10

38.25
49.28

12.00
16.80

12.27
15.96

1 4 3 -1 4 4
138— 140

f raus-Cyclopentane-1,2-
diol diacetate 2 : 3 

1 : 2
45.16
38.90

36.70
47.54

12.30
16.50

12.20
15.71

48.68 49.07 177— 178
1 5 3 -1 5 4

frarcs-Cyclohexane-1,2- 
diol diacetate 1 : 1

2 : 3
36.40
43.94

36.29
42.96

12.30 12.24 48.68
58.79

48.02
60.10

125— 135
1 6 0 -1 6 3

trims-Cyclohexane-1,3- 
diol diacetate 1 : 1

1 : 2
36.40
48.90

36.43
47.65

12.30
16.50

13.30
16.22

100— 102
135— 137

a-Cyclohexane-1,2,3- 
triol triacetate 1 : 2 44.55 44.97 15.34 15.11 107— 108

y-Cyclohexane-1,2,3- 
triol triacetate 1 : 1 

1 : 2
31.72
44.55

30.94
43.48

10.70
15.34

10.07
16.37

42.37
59.53

42.67
58.10

178— 180
168— 173

The infrared spectra were recorded w ith Perkin-Elm er 237 and Zeiss U R  10 recording 
spectrophotom eters.
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( P relim inary communication)

I t  is kn o w n  [1] t h a t  one o f th e  anom eric  fo rm s o f p e ra c y la ted  halogen 
sugars is lab ile  an d  u n d e r su itab le  cond itions i t  is ra p id ly  co n v erted  to  th e  
stab le  isom er. On th e  basis o f ex p erim en ta l d a ta , tw o  ru les h av e  been e s ta b ­
lished fo r ace ty l d e riv a tiv e s  [2] w hich  p e rm it to  p re d ic t th e  co n fig u ra tio n  
of th e  lab ile  fo rm  from  re la tiv e  sp a tia l position  o f  in d iv id u a l g roups in  th e  
H aw o rth  p ro je c tio n  fo rm u la . In  th e  case o f g lucose, th e  lab ile  form  is th e  
/3-anomer.

T he f i r s t  m e th o d  fo r th e  p re p a ra tio n  o f ha logen  sugars w ith  lab ile  
co n fig u ra tio n  h as  been  re p o rte d  b y  Schulbach a n d  Gilbert  [3]. T he p roce­
du re  is b ased  on th e  reac tio n  o f th e  acetobrom o su g ar o f opposite  co n figu ra tion  
w ith  fresh , ac tiv e  s ilver chloride in  an  in e r t so lv en t. T he effic iency  o f th e  
m ethod  depends on th e  a c tiv ity  o f silver ch loride, i ts  d raw b ack  being  poor 
re p ro d u c ib ility . T herefo re , th e  o b se rv a tio n  b y  Le m ie u x  an d  B rice [4] is o f 
p ra c tic a l im p o rta n c e , accord ing  to  w hich, th e  reac tio n  o f pen taacety l-ß -D - 
glucose w ith  t i ta n iu m  te tra c h lo r id e  (a re a c ta n t f ir s t  ap p lied  b y  Pacsu [11] 
to  th e  p re p a ra tio n  o f  halogen sugars w ith  stab le  co n fig u ra tio n ) y ields /S-aceto- 
chloroglucose u n d e r  k in e tic  con tro l. Zem plén  et al. [5], a n d  la te r  K orytnyk  
an d  Mills [6] h av e  developed  a rep roduc ib le  m e th o d  o f p re p a ra tiv e  v alue  
for th e  sy n th es is  o f  /S-acetochloroglucose, using  a lu m in u m  ch lo ride in s tead  
o f t i ta n iu m  te tra c h lo r id e .

U nlike in  the case o f acety lated  /З-D-glucosylchloride derivatives, no 
data are found in the literature for the benzoyl derivative. N ess et al. 
[7] have prepared tetrabenzoyl-a-D -glucopyranosyl chloride from penta- 
benzoyl-/?-D-glucose w ith titan ium  tetrachloride. B y  dissolving the penta- 
benzoate in  chloroform containing 2.5 vol. % o f titan ium  tetrachloride and 
processing the solution  after 30 m in, K orytnyk  and Mills [6] have obtained
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a so lid  p ro d u c t w ith  a ch lo rine c o n te n t o f  1%  and  w ith  specific ro ta tio n  of 
+  14.2°. T hus, accord ing  to  th e  above s tu d y , no rep lacem en t o f  th e  Cj acetoxy  
g ro u p  b y  chlorine is o b se rv ed  as o p p o sed  to  th e  p e n ta a c e ta te .

T h e  outcom e o f th e  above e x p e rim e n t perfo rm ed  b y  K o e y t n y k  and 
M i l l s  [6] could n o t be  u n d ers to o d  on th e  basis o f th e  s tru c tu re  o f the 
co m p o u n d  and  th e  re a c tio n  m echan ism . T herefore, ea rlie r s tu d ies  b y  the  
p re se n t au tho rs [8] h a v e  been  e x ten d ed  to  /?-pentabenzoyl-D -glucose. I f  p en ta - 
benzoyl-/3-D-glucose d isso lved  in  ch lo ro fo rm  (dried  o v er ca lcium  chloride) is 
r e a c te d  w ith  an e q u im o la r am o u n t o f  t i ta n iu m  te tra c h lo r id e  an d , a f te r  5 m in, 
th e  so lu tio n  is d ilu ted  w ith  ab so lu te  p e tro leu m  e th e r, a yellow  com plex, is 
p re c ip ita te d  (specific ro ta t io n  in  a c e to n itr ile  + 4 2 .7 °) . A fte r  decom posing  the  
co m p lex  w ith  w a te r  a n d  ch loroform , w ash ing  th e  ch lo ro fo rm  ph ase  u n til 
n e u tra l i ty ,  and  d ry in g , e v a p o ra tio n  in  v acu u m  yields a sy ru p  w ith  a chlorine 
c o n te n t  o f 5 .6% , in  good ag reem en t w ith  th e  ca lcu la ted  ch lo rine  c o n te n t of 
te trab en zo y lg lu co sy l ch lo ride  (5 .78% ). If , w ith o u t iso la tio n  o f th e  com plex, 
th e  reac tio n  is ca rried  o u t  w ith  la rg e r am o u n ts  an d  th e  sy ru p  is c rysta llized  
tw ice  from  e th e r/p e tro leu m  e th e r, a c ry s ta llin e  solid is o b ta in e d  (m .p . 109 
111° C, specific ro ta t io n  + 4 5 .7 °)  w h ich , on th e  basis o f its  IR  sp ec tru m  too, 
is id e n tic a l w ith  th e  expected  2,3,4 ,6-tetrabenzoyl-/?-D -glucosyl chloride 
(C alcd . C 66.4; H  4 .39 ; Cl 5.78. F o u n d  C 66.7; H  4 .74; Cl 5 .90% ). T he specific 
ro ta t io n  value c a lc u la ted  from  th e  m o lecu la r ro ta tio n s  o f  a - a n d  /S-penta- 
benzoylglucose [9] a n d  a - an d  /J-acetochloroglucose [3, 10] b y  m eans o f th e  
H u d so n  rule is + 3 7 .5 ° ,  in  ag reem en t w ith  th e  e x p e rim e n ta l v a lu e  fo r th e  
su b s ta n c e  p repared  (w ith in  th e  e rro r  ch a rac te ris tic  fo r s im ila r calcu la tions 
d e sc rib e d  in  th e  l i te ra tu re ) .

Follow ing th e  re a c tio n  b y  an  IR -sp e c tro p h o to m e tric  te c h n iq u e  described 
e a rlie r , we found t h a t  in  th e  p re se n t case, th e  625 c m “ 1 C — Cl b a n d  is ill- 
d e fin e d  and  of low  in te n s ity , co n seq u en tly , n o t su ita b le  fo r r a te  stud ies. 
H o w ev er, the 1110 cm  b a n d  w hich , in  ea rlie r s tud ies on acetochloroglucoses, 
w as on ly  observed in  th e  IR  sp e c tru m  o f th e  a -an o m er, is easily  recorded . 
T h is  b a n d  appears a f te r  15 m in , in d ic a tin g  an o m eriza tio n  o f th e  p rim arily  
fo rm e d  |3-chloro su g a r benzoate . S im ila r re su lts  a re  o b ta in e d  i f  th e  reac tio n  
is follow ed p o la rim etrica lly .
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ACTA CHIMICA

TOM 62 —  ВЫ П 1

РЕЗЮМЕ

Применение комплексообразователей в ионообменной хроматографии, II

Разделение ионов кобальта (II) и никеля (II) на ионообменной колонке 
с помощью элюентаацетата аммония, содержающего аммоний

Я. ИН Ц ЕДИ , П. КЛАТШ М АНИ-ГАБОР и Л . Э Р Д Е И

Был разработан метод разделения ионов кобальта(П) и никеля(П) в порядке, 
отличающемся от обычного. В качестве элюента использовался раствор ацетата аммония, 
содержающего аммоний.

Расчет наилучшего отношения распределения, необходимого для разделения, 
проводился на основе литературных данных для констант стабильности комплекса, 
диссоциации и ионного обмена. Результаты полученные экспериментальным путем, имеют 
хорошее совпадение с расчетными данными.

Некоторые топологические свойства молекул с ковалентными связями, II
Ф. БИ ЛЛЕШ

Структурная матрица симметрии содержит необходимые информации, чтобы из 
нее обратно получили один из структурных матриц молекулы. Описывается — в форме 
программы для электронной вычислительной машины — алгоритм позволяющий произ­
водить вышеописанную трансформацию.

При знании структурной матрицы можно поискать колец и составляющих мно­
жеств молекулы, а также цепи, относящиеся к отдельным составляющим множествам. 
Знание колец и цепей может стать необходимым при построении зависимостей между 
внутренними координатами — условий лишения — и при выборе годящихся независи­
мых внутренних координат, т. е. косвенным путем, при расчете матрицы G. Поэтому 
выли разработаны алгорифмы годящиеся для симуляции колец и цепей электронными 
вычислительными машинами.

О количественной характеристике перемешивания
К . СЕЙТЦ и Р. ТЕРЁШ

Для количественного описания перемешивания вводилась наглядная мера, кото­
рая имеет значение, равное 1 для полностью смешанной системы и равное +оо для не­
смешанной системы. Величина степени смешения для любой системы является положи­
тельным целым числом. Определение этого числа возможно с помощью номограммы.



Кинетический анализ некоторых последовательных реакций, V

Автокаталитические реакции
ч T . К Е Л Е Н  — Ф. ТЮ ДЁШ  и Д . ГАЛАМБОШ

Проведен кинетический анализ автокаталитических систем А -► Е, A(-j-E) -*■ 
-*■ Е (+ Е ); А +  А Е ,  А (+ Е ) -  Е (+ Е ); А +  В -► Е, А ( + Е ) Е ( + Е ) .  Рассмотрено 
эмпирическое дифференциальное уравнение автокатализа в общем случае. Обсуждаются 
различные причины образования кривых конверсий формы S. Установлено, что S-форма 
кривой конверсии конечного продукта указывает на автокаталитический характер реак­
ции только в том случае, если кривая конверсии исходного продукта также имеет форму 
S (отличие от последовательных реакций) и если не накапливается в течении реакции 
промежуточный продукт отличный от конечного продукта (отличие от последовательно­
параллельных реакций).

Рентгено-диффракционное изучение кристаллического и молекулярного 
строения 3-нитрозо-фенилгидразон-ацетона, C8N30 2H. НГ1

ДЬ. М ЕН Ц ЕЛ Ь

Изучалось кристаллическое строение 3-нитро-феннлгидразон-ацетона с помощью 
рентгено-диффракционного метода. Кристаллы относятся к моноклинной системе, при­
надлежащей к пространственной группе С2/с. Строение определялось с помощью двух­
размерного метода Паттерсона и, т. наз., „trial“ метода. Уточнения производились синте­
зом дифференциала. Индекс надежности R =  0,169. Система связей бензольного кольца 
асимметрична. Измеренные величины связей углерод-азот сравнивались с данными для 
подобных соединений. Было установлено уравнение плоскости, «наиболее хорошо прил е- 
гающей» к  бензольному кольцу, а также уравнения плоскости ацетона и двух частей 
плоскости гидразона. Были рассчитаны углы между этими плоскостями .

Расчет контуров ИК-полос для плоских молекул типа асимметрического
ротатора, II

Изучение точности общей зависимости
Э. ПААЛ и Д . ВАРШ АН И

Изучалась точность диаграмм к —Ä v^n, построенных описанным в предыдущем 
сообщении методом, в случае чистых полос А и В. Определялись ширины эксперимен­
тальных полос А и В при некоторых долях высот в случае фторбензола, хлорбензола и 
тиофена, и последние сравнивались с рассчитанными из диаграммы. Максимальное от­
клонение 4,5 см-1 или 18,7%. Оцениваются полученные результаты.

Гетероциклические соединения из сахаров, I

Получение производных 2-(полигидрокси)алкил)-бензтиазолина
Р. БОГНАР, 3 . КО ЛОДИНСКА, Л . ШОМОДЬИ, 3 . Д Ь Ё Р Д Ь Д Э А К ,

Л . СИЛАДИ и Е. НЕМЕШ

Изучалась реакция конденсации 2-амино-тиофенола (I) и 2-амино-4-хлортиофе- 
нола (II) с d - г л ю к о зо й  и о-галактозой. Было установлено, что образуются производные
2-(пентагидрокси)пентил-бензтиазолина (VII, V III, X III, XIV), которые могут быть 
ацетилированы до О-ацетатов (XI, X II, XVII, X V III) и О—N-ацетатов (IX , X, XV, XVI). 
Был осуществлен также синтез 2-(пентаацетокси) пентил-бензтиазолинов исходя из 
a l -сахарных ацетатов. Структура соединений подтверждалась спектроскопическими 
исследованиями.



Изучение реологических свойств клейковины, II

Вязкоэластические свойства химически модифицированных клейковин
Р. ЛАСТИТ И

Химическое модифицирование отдельных групп белков клейковины и изучение 
реологических свойств полученных производных клейковины служат ценным источником 
данных для определения зависимостей между химическим строением комплексов белков 
клейковины и их реологическими свойствами.

Среди возможных химических превращений являются, интересными в первую 
очередь, блокирование тиольных групп N-этилмалеинимидом, дезамидирование клейко­
вины, этерификация свободных карбоксилов, превращение амидных групп в сложные 
эфиры и ацилирование первичных аминогрупп.

Для изучения реологических свойств может быть с успехом использовано изме­
рение релаксации напряжения, с помощью модифицированного Неолаборографа, а также 
измерение вязкости растворов клейковины.

Блокирование тиольных групп, а также этирификация свободных карбонильных 
групп не оказывают значительного влияния на реологические свойства клейковины, в то 
время как превращение амидных групп,'а также ацилирование первичных аминогрупп 
приводит к глубоким изменениям в реологических свойствах клейковины, а именно 
уменьшает время релаксации и ухудшает когезию.

Синтез №-МР-тетра-ОЬ-аланил-поли-L-лизина
М. С Е К Е Р К Е  и В. ВЭЙД

Проводился синтез разветвленного полимера со скелетом поли-L-лизина — модель­
ного соединения для иммунологических исследований. К каждой «-аминогруппе поли-L- 
лизинового скелета присоединяются короткие аланиновые боковые цепи, содержащие 
известное число аланиновых единиц, а к каждому N-терминалу аланина присоединяется
4-гидрокси-3-иодо-5-нитрофенил-уксусная кислота (NIP), как синтетический носитель 
иммунологического действия.

Синтез тетра-DL-aлапина, представляющего боковую цепь, производился двумя 
путями с помощью использования а) соответствующих азидов и б) пентахлорфенильных 
активных сложных эфиров. Пентахлорфенильный эфир N IP-тетрапептида, получаемый 
из тетра-ОБ-аланина, оказался пригодным для образования связей между «-аминогруп­
пами поли-Ь-лизина и боковыми цепями. Структура полученного производного поли-L- 
лизина (XVI) доказывалась на основе ИК-спектров, данных элементарного анализа и 
результатов аминокислотного анализа продукта, полученного с помощью солянокислого 
гидролиза.

Получение и исследование комплексов кислот Дьюиса, V

Комплексы ацетатов циклических двух- и трех-основных спиртов 
с четыреххлористым титаном

3 . ЧЮ РЁШ , Д . Д Е А К , ш. Х О Л Л И , А. ТЁРЁК-КАЛ М АР и Е. ЗА РА -К А Ц И А Н

Были изучены комплексы четыреххлористого титана, взятого в эквимолекулярных 
количествах или в избытке, с циклогексил-ацетатом, этиленгликоль-диацетатом, цикло- 
пентан-цис- и транс-1,2-диол-диацетатами, циклогексан-цис- и транс-1,2-диол-диацета- 
тами, и транс-1,3-диол-диацетатом, а также с а- и у-циклогексан-триол-триацетатом. 
На основе состава и ИК-спектров комплексов делались заключения о строении комплек­
сов. Полагалось, что в случае соединений, в молекулах которых карбонильные атомы 
кислорода сложных эфирных групп находятся в достаточной близости друг к другу, в 
комплексе с составом 1:1 оба атома кислорода связаны с центральным атомом металла 
TiCl4. В остальных случаях (циклопентан-транс-1,2-диол-диацетат, циклогексан-1,3- 
диол-диацетат) несколько молекул субстрата и молекула TiCl4 образуют больший по раз­
меру цикл. В случае триол-триацетатов в комплексе с составом 1:1 связаны с титаном 
два карбонильных кислорода. Структура же комплекса с составом 1:2 полностью отли­
чается. Согласно нашим представлениям, присоединяются к  одной молекуле TiCl4, два 
карбонильных кислорода из двух молекул субстрата образуя циклическое соединение, а 
оставшиеся -эфирные группы содержат в связанной форме по одной молекуле TiCI4.
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BEITRÄGE ZUR CHEMIE DES SELENS 
UND DER SELENVERBINDUNGEN, XVI*

BESTIM M UNG VON S E L E N S P U R E N  IN  R E IN ST T E L L U R  U N D  
R E IN ST T E L L U R D IO X Y D

S. Z s i n d e l y  u n d  L . B a r c z a

( F o r s c h u n g s in s t i tu t  f ü r  N ic h te is e n m e ta l le ,  B u d a p e s t  u n d  I n s t i t u t  f ü r  A n o r g a n is c h e  u n d  A n a l y ­
t is c h e  C h e m ie  der L .  E ö tv ö s  U n iv e r s i tä t ,  B u d a p e s t )

Eingegangen am  10. Februar 1968

Zur B estim m ung des Selengehaltes von  Tellur wird die R eaktion von Se(IY) 
m it o-Phenylendiam in empfohlen. Im  F a lle  von  R einsttellur ist eine vorherige Trennung  
überflüssig, es m uß nur das Te(IY) b e im  gegebenen pH  W ert (pH  =  1— 2) m it Citro- 
nensäure in Lösung gehalten werden. D as R eaktionsprodukt wird spektrophotom etrisch  
bei 335 nm bestim m t. Die untere Grenze der Bestim m ung liegt bei einem  Se-G ehalt 
v o n  2 • 10“ 4 %. D ie  Methode ist einfacher, zuverlässiger und schneller als die B estim ­
m ung des Selens m it 3,3’-Diam inobenzidin.

D ie sich s tü rm isc h  en tw ickelnde  F e rn m eld e tech n ik  b e n ö tig t im m er 
re in e re  S toffe  u n d  so is t  es v ers tän d lich , d aß  die A n a ly tik  der S p u re n v e ru n re in i­
gungen  v o n  h och re inen  S ubstanzen  im m e r schw erere P rob lem e zu ü b e rw in ­
den  h a t .

B ei der U n te rsu ch u n g  des R e in s tte llu rs  s te llt die B estim m u n g  des in  
seh r geringen  M engen v o rhandenen  Selens die g röß te  Schw ierigkeit d a r. Es 
w ird  im  allgem einen die R eak tion  v o n  Se(IY ) m it D iam inobenzid in  v o rg esch la ­
gen: d ie  m it der selenigen Säure g eb ild e te  V erb in d u n g  des D iam inobenz id ins 
w ird  m it  Toluol e x tra h ie r t  und die L ic h ta b so rp tio n  der o rgan ischen  P h ase  
w ird  gem essen [1].

I n  d er R eak tio n  d er Se(IV) m it 3 ,3 ’-D iam inobenzid in  b ild e t sich  h a u p t ­
säch lich  5 -(3 ,4 -D iam inopheny l)-2 ,l,3 -B enzoselenad iazo l. E in  N ach te il is t j e ­
doch, d a ß  das P ro d u k t n u r  u n te r so rg fä ltig  e in g eh a lten en  V ersuchsbed ingungen  
e n ts te h t ,  die A b so rp tio n  n ich t bei d e r  em pfoh lenen  W ellenlänge [1] ih r  M axi­
m u m  ze ig t, und  die V erb indung  w egen  den  anw esenden  freien  A m in o g ru p p en  
n u r  b e i einem  so rg fä ltig  e ingehaltenen  p H -W e rt e x tra h ie rb a r  is t. Sie v e r te il t  
sich zw ischen  der w äßrigen  und  d e r o rg an isch en  P hase  ziem lich u n g ü n s tig  
u n d  d e r V erteilungskoeffizien t h ä n g t s ta rk  v o n  der Io n s tä rk e  der w äß rig en  
P h ase  ab . Schließlich können  die b e id e n  orfo-ständigen A m in o g ru p p en  m it 
selen iger Säure w e ite r reagieren, das so e n ts te h e n d e  D ise len -D erivat b e s itz t 
völlig an d ere  E ig en sch aften  als das M o n o -D eriv a t [2].

A u f G rund  d ieser T atsachen  k a n n  die obige R eak tio n  auch  u n te r  so rg ­
fä ltig  e in geha ltenen  U m ständen  n u r  fü r  eine an n äh ern d e  B estim m u n g  des 
S elengehaltes von R e in s tte llu r  d ienen.

* M itteilung XV: A cta Chim. Acad Sei. H ung. 48, 99— 104 (1966).

A cta  Chimica A cadem iae Scientiarum H ungaricae , Tomus 62 (2 ) , p p . 125— 129 (1 9 6 9 )
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U nseren  E rfa h ru n g e n  nach  k a n n  d er S elen g eh a lt des R e in s tte llu rs  m it 
H ilfe  von  o -P h en y len d iam in  ohne die ob igen  S tö ru n g en  d irek t b e s tim m t 
w erd en . D er V o rte il des V erfahrens lieg t in  se iner E in fach h e it, S e le k tiv itä t 
u n d  in  seiner re la tiv e n  U nem p fin d lich k e it gegen Ä nderungen  d er V ersuchs­
bed in g u n g en .

Abb. 1. Ä nderung der E xtinktion als Funktion der W ellenlänge 
a )  = 0,500 g Tellur -f- 0,5 g  NaO H  -j- 5 g Citronensäure je  25 m l Lösung; b) = wie oben -}- 
2,5 m l l% ige o-Phenylendiam in-H C l-Lösung je 25 m l Lösung; c) =  0,5 g N aO H  +  5 g 

Citronensäure +  2,5 m l l% ige o-Phenylendiam in-H C l-Lösung je  25 m l Lösung

Die selenige S äu re  lie fert m it o -P h en y len d iam in  e indeu tig  das seh r s tab ile
2 ,1 ,3 -B enzoselenad iazo l [3]:

H ,S e 0 3
A / \
V / ^ N '

Se -j- 3H 20

D ie E x tin k tio n  d er V erb indung  zeig t bei 335 nm  ein M axim um , w elches 
fü r  ana ly tisch e  Z w ecke g eb rau ch t w erden  k an n .

In  dieser A rb e it w ird  ein V erfahren  besch rieb en , welches die B estim m u n g  
v o n  Selenspuren  in  R e in s tte llu r  bzw . R e in s tte llu rd io x y d  bis zu einem  Se- 
G eh a lt von  2 • 10 ” 4 % ,  m it einem  R e la tiv feh le r von  ca. 5% , ohne vo rherige  
T re n n u n g  erm öglich t.

D as W esen des V erfahrens b e s te h t d a rin , d aß  das T ellu r in  S a lp e te rsäu re  
au fge löst, die sich ausscheidende te ilu rige  S äu re  m it C itronensäure in  einem  
K o m p lex  ü b e rg e fü h rt u n d  nach  Zugabe von  o -P h en y len d iam in  in  saurem  M edium  
—  zw eckm äßig  bei p H  =  1— 2 — die E x tin k tio n  der V erb indung  bei 335 nm  
b e s tim m t w ird. E in e  E x tra k tio n  der S e len v erb in d u n g  is t n ich t nötig .

U nsere U n te rsu ch u n g en  zeig ten , d aß  die L ösung  bei 335 nm  auch  ohne 
R eagens eine n ic h t zu  vernachlässigende E x tin k tio n  zeig t, die genau zw eim al 
g rö ß e r is t, als die b e i 395 nm  gem essene E x tin k tio n , w ährend  die Selen- 
V erb in d u n g  des o -P heny lend iam ins bei 395 n m  n ic h t abso rb ie rt (A bb. 1).

A cta  C him . Acad. Se i. H u n g . 62 , 1969
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U m  n ich t gegen einer kein  R eagens e n th a lte n d e n  L ösung p h o to m e trie ren  
zu  m üssen , sc h e in t es d ah er e infacher zu  sein , die E x tin k tio n  d e r das R eagens 
bere its  e n th a lte n d e n  Lösung sow ohl bei 335 nm , als auch  bei 395 n m  zu 
bestim m en  u n d  den  zw eifachen W e rt d er le tz te ren  vom  W e rt d er e rs te ren  
abzuziehen . N ach  u n se ren  U n te rsu ch u n g en  is t die so v e rm in d e rte  E x tin k tio n  
bei R e in s tte llu r  im m er dem  S elengehalt d er P robe  p ro p o rtio n a l (A bb. 2)

0  1 2  3 i
/ug/m/Se

A bb. 2. Kalibrationskurve
eX4,0 =  Se jug/m l

E xperim en te ller Teil

Reagenzien:
Salpetersäure, 1 : 1 verdünnt, halogenfrei;
Natronlauge, fest, p. a.;
Citronensäure, p. a.;
20%ige Salzsäure;
l%ige o-Phenylendiammoniumchlorid-Lösung (einige Stunden lang verwendbar).
Selenstammlösung: Man löst genau gewogenes elementares Selen p.a. in halogenfreier 

Salpetersäure, dampft auf dem Wasserbad bis zur Trockene ein und verdünnt mit Wasser 
so, daß die Lösung 25 ( jig Se) ml in Form von seleniger Säure enthalten soll.

Bestimmung in Reinsttellur: 0,5 g feinpulverisiertes Reinsttellur werden mit 35 ml 
Salpetersäure 1 : 1 in einem Becherglas übergossen. Die Probe löst sich beim Erhitzen auf. 
Man läßt die Lösung am Wasserbad bis zur Trockene eindampfen und gibt zum trockenen Rück­
stand ungefähr 0,5 g Natronlauge und 10 ml Wasser. Nach der vollständigen Auflösung der 
tellurigen Säure fügt man 5 g Citronensäure hinzu, gießt die Lösung in einen 25-ml-Meßkolben 
und spült das Becherglas zweimal mit je 3 ml Wasser nach. Der pH wird mit Salzsäure auf 
1—2 eingestellt und zur Lösung werden 2,5 ml Reagenslösung zugegeben. Der Kolben wird 
mit Wasser bis zur Marke aufgefüllt, geschüttelt und nach einer Stunde wird die Extinktion 
in Quarzküvetten (1 cm) bei 335 nm sowie bei 395 nm gemeßen.

Bestimmung in Tellurdioxyd: Zu 0,5 g feinpulverisierten Tellurdioxyd werden in einem 
100-ml-Becherglas etwa 0,6—0,7 g Natronlauge und 10 ml Wasser gegeben. Die Probe löst 
sich vollständig auf, dann fügt man 5 g Citronensäure hinzu und verfährt weiter wie bei der 
Bestimmung des Selengehaltes von Tellur.

Die Kalibrationskurve wird wie folgt aufgenommen: In mehreren 25-ml-Meßkolben 
werden je 5 g Citronensäure in 15 ml Wasser gelöst und aliquote Teile der Selenit-Stamm- 
lösung entsprechend 5,0—75,0 /ig Se, werden in die Kolben pipettiert. Der pH wird mit Salz­
säure auf 1—2 eingestellt. Man gibt in jeden Kolben 2,5 ml Reagenslösung und verfährt 
im weiteren wie oben.

1* Acta Chim. Acad. Sei. Hung. 62, 1969.
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Die K a lib ra tio n sk u rv e  ist seh r e in fach  u n d  g u t rep ro d u z ie rb a r (A bb. 2) 
u n d  m uß  n ich t in  je d e m  F all neu  aufgenom m en  w erd en : u m  den  S elengehalt 
d e r P rü flö su n g  in  [ig /m l e rh a lten  zu  k ö n n en , k a n n  der k o rrig ie rte  E x tin k tio n s ­
w e r t einfach m it 4 ,0  m u ltip liz ie rt w erden .

Die R esu lta te  s in d  in  T abellen  zu sam m en g efaß t. A us diesen geh t h e rv o r,

Tabelle I

Prüfung der Em pfindlichkeit der Methode nach vorheriger Zugabe von bekannten Selenmengen

Einwaage
Tellur

g

Zugabe
Selen

g

Gefunden
Selen
1* g

Selengehalt 
der Tellurprobe

Mg

Selengehalt 
nach Abzug 

des Se-Gehaltes 
des Tellurs

V S

Differenz
V S

0,500 25 71 45,5 25,5 0,5
0,500 40 84 45,5 38,5 —1,5
0,500 50 93,5 45,5 48,0 —2,0

Tabelle II

Selengehalt einiger Proben

Probe
Einwaage

g
Gefunden Se 

V S
Gefunden Se 

10-- %
Mittelwert

io-* %

Tellur I. 0,500 26,5 53
0,500 26,5 53
0,500 26,0 52
0,500 24,0 48 51
0,200 10,5 53
0,300 16,0 53
0,700 34,0 49

Tellur II. 0,500 41,0 82 81
0,500 40,5 81

Tellur III. 0,500 16,0 32 33
0,500 17,5 35

Tellurdioxyd 0,500 11,4 23
0,500 14,5 29
0,200 6,0 30 28
0,200 5,7 29
0,200 6,0 30

Acta Chim. Aead. Sei. H u n g . 62, 1969



ZSINDELY, BARCZA: CHEMIE DES SELENS, XVI 129

d a ß  m it der M ethode am  g ü n stig s ten  ein  Se-G ehalt d er G rö ß en o rd n u n g  v o n  
1 0 - 3 %  z u b es tim m en  is t . D a die so n stig en  V erun re in igungen  des R e in s tte llu rs  
bzw . R e in s tte llu rd io x y d s  höchstens in  1 0 - 3 %  anw esend  s in d , b ra u c h t m it 
S tö re ffek ten  n ich t g e rech n e t w erden . B ei T ellu rp roben  te c h n isc h e r R e in h e it 
is t  es ab e r zw eckm äßig , ähn lich  w ie b e i d er B estim m u n g  des S elengehaltes 
v o n  Schw efel, S chw efelverb indungen  u n d  sulfid ischen E rz e n , das Selen vom  
T e llu r d u rch  D e stilla tio n  zu tre n n e n  [4].
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The adsorption of nickel(II), cobalt(II), copper(II), cadmium(II) and zinc(II) ion8 
on cation exchange resin from ammonium chloride solutions containing various amounts 
of free ammonia was investigated. It was found that the tetrammine and in most 
cases the hexammine complex ions exhibit particular high adsorption strength. The 
approximate values of the ion exchange constants of the complex species were also 
calculated.

I n  connection  w ith  th e  p la n n in g  of ch ro m a to g rap h ic  sep a ra tio n  of 
b iv a le n t m e ta l ions [1] th e  know ledge o f d a ta  concern ing  th e  ad so rp tio n  
s tre n g th s  of som e m e ta l  am m ine com plexes was necessary .

In  o rd er to  o b ta in  q u a n ti ta t iv e  d a ta  on th e  e x te n t  of ad so rp tio n  of 
v a rio u s  am m ine com plexes s ta t ic , b a tc h  ex p erim en ts  w ere ca rried  o u t to  
d e te rm in e  th e  d is tr ib u tio n  coeffic ien ts o f th e  b iv a le n t com plex  fo rm ing  m e­
ta l  ions: n ick e l(II) , c o b a lt(II) , z in c (II) , c ad m iu m (II) a n d  co p p er(II) from  
am m onium  chloride so lu tion  c o n ta in in g  am m onia  in  v a ry in g  co n cen tra ­
tio n s .

To get m ore in fo rm a tio n  on th e  fo rm  of th e  ad so rb ed  n ick e l(II) com plex 
species, ca tion  ex ch an g e  resin  sam p les  o f know n a m o u n t an d  cap ac ity  were 
lo ad ed  com pletely  w ith  n ick e l(II) ions o r w ith  n ick e l(II)  com plexes, using  
n ick e l(II) chloride so lu tio n  w ith o u t or w ith  am m o n ia  in  d iffe ren t co n cen ­
tra tio n s .

T he s a tu ra te d  resin  sam ples w ere se p a ra te d  q u ick ly  from  th e  liqu id  
p h ase  b y  suction  a n d  analysed  fo r  n ick e l(II) , am m o n ia  an d  w a te r. O n th e  
basis  of th e  d a ta  o b ta in e d  th e  n u m b e r  o f m oles of am m o n ia  an d  w a te r  per 
ad so rb ed  mole n ic k e l(II)  ions w ere ca lcu la ted . I t  w as fo u n d  —  in  ag reem en t 
w ith  th e  resu lts o f Stokes an d  W alton [2] —  th a t  th e  ca lcu la ted  average 
ligand  num ber (b o u n d  am m onia  p e r  m ole m e ta l ion) belong ing  to  th e  am m onia  
co n cen tra tio n  of th e  liqu ids u sed  w as v e ry  close to  t h a t  fo u n d  ex p erim en ta lly  
in  th e  resin  phase . T h u s , th e  com positio n s of th e  a d so rb ed  com plexes co rre ­
sp o n d ed  to  those ca lcu la ted  on th e  basis  o f ligand  c o n c e n tra tio n  an d  com plex 
p ro d u c t d a ta  in  so lu tio n .

In  the calculation of average ligand number at given am m onia concentra­
tion , the com plex stab ility  constants determ ined b y  B jerrum  [3] were used.
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F or the  p u rp o se  o f co m p arin g  th e  com position  of th e  resin  con ta in in g  
n ic k e l(II)  liexam m ine com plex  ion to  th a t  co n ta in in g  n ick e l(II)h ex aq u o  
com plex , some d a ta  a re  g iven  in  T ab le  I . T he n ick e l(II) fo rm  resin  to o k  up

Table I

Results o f  the analysis o f  N i-form  and N  If-form  resin samples swollen in  water and in cc.
ammonia solution

Resin sample

Ni2+
or

NH+
NH, H 20 NH, H 20

column
volume

mequ. mole per 
1. equ. resin

ml

0.5 g air dry resin loaded with 
Ni2+ ions, swollen in water 
(green) 2.08 30.4 14.6 1.17

0.5 g air dry resin loaded with 
Ni-hexammine ions in pre­
sence of cc. NHj, swollen 
in cc. NH.,-solution 
(violette) 2.08 6.4 21.0 3.1 10.0 1.04

0.5 g air dry NH4-form resin, 
swollen in water 2.08 — 28.0 — 13.5 1.11

0.5 g air dry NH4-form resin, 
swollen in cc. ammonia sol. 2.08 2.1 25.6 1 .0 12.3 1.09

a m m o n ia  from  th e  am m o n ia  so lu tio n  to  form  h ex am m in e  com plex ions. 
T h e  difference b e tw een  th e  u p ta k e  of am m onia  of th e  am m o n iu m  form  and  
n ic k e l(II)  form  resins o f  one eq u iv a len t has been fo u n d  a b o u t 2 m ole/equ. 
re s in . The sum  o f th e  ad so rb ed  w a te r  an d  am m onia  m olecules in  th e  resin  
c o n ta in in g  hex am m in e  com plex  ions is less th a n  th e  n u m b e r  of w a te r  m ole­
cu les in  the  h y d ra te d  n ick e l(II)  fo rm  resin . S ign ifican t co n tra c tio n  of th e  
co lu m n  volum e o f th e  n ick e l(II)  fo rm  resin  in  cc. a m m o n ia  w as observed . 
F o r  com parison, th e  co lum n vo lum e d a ta  of 0.5 g a ir d ry  am m onium  fo rm  
re s in  sam ple was also d e te rm in ed  in  w a te r an d  cc. am m o n ia  an d  fo u n d  as 
1.11 an d  1.09 m l re sp ec tiv e ly .

The d is tr ib u tio n  m easu rem en ts  were carried  o u t w ith  d ifferen t m e ta l 
ions u n d er th e  sam e co n d itio n s. F rom  th e  ex p erim en ta l vo lum e d is tr ib u tio n  
coeffic ien ts d iag ram s w ere co n s tru c te d , as can  be seen in  F igs 1— 5. Since i t  
h a s  been  show n b y  p re lim in a ry  experim en ts th a t  th e  av e rag e  com position  
o f  th e  adsorbed com plexes co rresp o n d ed  to  th a t  in  th e  so lu tio n  a t  g iven am m onia  
co n cen tra tio n , th e  m ole frac tio n s  Ф o f th e  com plex species h a v in g  fo u r and  
s ix  ligands were ca lcu la ted  u sing  th e  com plex p ro d u c t d a ta . T he ca lcu la ted  
m o le  frac tion  curves are  also given in  th e  d iag ram s. A ccord ing  to  th e
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F ig . 1. Distribution coefficient D  of nickel(II)ions on Dowex 50X8 cation exchange resin 
from 0.2 M  NH4C1 solution as a function of the logarithm of the free ammonia concentration 
(full line). With broken lines the calculated mole fractions (Ф) of the four- and six coordina­

ted complex species are presented

log£NH3J

F ig . 2 . Distribution coefficient (D ) of cobalt(II) ions on cation exchange resin from 0.2 M  
NH4C1 solution as a function of the logarithm of the ammonia concentration (full line). The 

mole fractions of the four and six coordinated species are presented with broken lines

log [N H j]

F ig . 3. Distribution coefficient (D) of copper(II) ions on Dowex 50X8 cation exchange resin 
from 0,2 M  NH4C1 solution as a function of the logarithm of the ammonia concentration (full 

line). With broken line the mole fraction (Ф) of the complex species is presented
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o b ta in e d  curves, i t  is c lea r th a t  in  th e  case o f c o b a lt(II) , co p p e r(II) , z in c (II) , 
c a d m iu m (II)  an d  also  o f n ick e l(II) ions th e  te tra m m in e  com plexes e x h ib it 
m u c h  s tronger a d so rp tio n , th a n  th e  free , aquocom plexed  m e ta l ions. T h e  
m a x im a  of th e  D  cu rves coincide as f ir s t  a p p ro x im a tio n  w ith  th e  m ax im a  
o f th e  Ф4 curves, b u t  a  sh if t or r a th e r  a h y ste resis  can  be  o b se rv ed  in  all cases. 
I t  m u s t be assum ed  th a t  th e  equ ilib riu m  com position  in  th e  so lu tion  an d  in

logLNHj]

F ig . 4. Distribution coefficients (D ) o f cadm ium (II) ions on D ow ex 5 0 X 8  cation exchange  
resin from 0.2 M  N H 4C1 solution  as a function of the logarithm  o f  the free am m onia concentra­
tio n  (full line). W ith broken lines the calculated m ole fractions (Ф) o f  th e  com plex species

are presented

F ig. 5. Distribution coefficients (D ) o f zinc(II) ions on D ow ex 5 0 X 8  cation  exchange resin  
from  0.2 M  NH 4C1 solution  as a function of the logarithm  of the free am m onia concentration  
(fu ll line). W ith broken lines the calculated m ole fractions of the com plex species are presented

th e  resin  phase is n o t  q u ite  th e  sam e. I n  th e  case of co p p er, zinc and  n ickel 
ions also th e  ra p id  in crease  of th e  d is tr ib u tio n  coeffic ien ts a t  h igh am m onia  
co n cen tra tio n s cou ld  be  observed . This ph en o m en o n  c a n  be  a t tr ib u te d  to  
th e  fo rm atio n  of h ex am m in e  com plex. T h u s  th e  a d so rp tio n  of o c tah ed ra l 
h ex am m in e  com plex  ions on th e  ion  ex ch an g e  resin  is e x tre m e ly  strong .

In  th e  w ork  o f  B je r r u m  th e re  are  n o  d a ta  on th e  h ex am m in e  com plex  
fo rm a tio n  of c o p p e r(II)  an d  z inc(II) ions in  aqueous a m m o n ia  solu tions, a n d  
th e re fo re  th e  cu rves o f  Фв are o m itte d  in  F ig . 3 an d  5, h o w ev e r, th e  fo rm a tio n  
o f  th e  six co o rd in a ted  species in  th e  re s in  phase  also in  th e se  cases seem ed 
to  b e  v e ry  p ro b ab le .
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In  o rder to  o b ta in  q u a n tita tiv e  d a ta  for th e  e x te n t  o f a d so rp tio n  o f th e  
com plex ions som e ap p ro x im a te  ca lcu la tions w ere m ad e . To o b ta in  th e  ion 
exchange co n stan ts  o f th e  p a r tic u la r  species, i.e. o f th e te tr a m m in e  an d  hexam - 
m ine com plexes, tw o m eth o d s o f ca lcu la tio n  w ere used .

In  th e  f irs t  one i t  w as assum ed  th a t  all th e  species ex cep t th e  hex am m in e  
or te tra m m in e  com plexes a re  adso rbed  on th e  resin  to  n e a r ly  th e  sam e e x te n t. 
C onsidering th e  ca lcu la ted  com position  of th e  m e ta l com plexes a t  given 
am m onia  co n cen tra tio n s an d  th e  overall d is tr ib u tio n  coeffic ien t m easu red , 
th e  p a r ti t io n  coefficients o f th e  in d iv id u a l species cou ld  be  ca lcu la ted .

T he second m e th o d  is b ased  on th e  basic  e q u a tio n  o f th e  d is tr ib u tio n  
coefficien t

D (M) +  (M (N H 3)) +  (M (N H 3)2) +  . . . +  (M (N H 3)„)

CM

w here M s tan d s  fo r th e  com plex  fo rm ing  b iv a le n t m e ta l ion . T he ro u n d  b rack e ts  
m ean  th e  co n cen tra tio n s in  th e  resin  phase . C onsidering th e  in d iv id u a l p a r t i ­
tio n  coefficients of th e  species

(M) d (M(NH3),-) =  d 
[M] ° [M(NH3),.]

an d  th e  com plex p ro d u c t expressions:

[M(NH3)i] =  [M] [NH3]'/?,

E q . (1) can  be tran sfo rm ed . S quare  b rack e ts  m ean  th e  co n cen tra tio n s  in  th e  
liq u id  phase , d is th e  p a r ti t io n  coefficient, an d  ß th e  com plex  p ro d u c t.

A ssum ing th a t  w ith in  a range  of ligand  c o n c e n tra tio n  th e  fo rm a tio n  of 
som e com plex species (e.g. hexam m ine) can  be n eg lec ted , an d  th e  p a r ti t io n  
coefficients of th e  o th e r  ones excep t one (e.g. t h a t  o f te tra m m in e ) are  equal, 
th u s  d0 =  d4 =  d2 — d3 — d. th e  follow ing sim plified  e q u a tio n  can  be w ritte n :

D  =

1= 3
1 +  ^ ' [ N H 3]'/9,. +  [N H 3]=/35) +  d4 [N H 3]4

i = 5
1 +  [N H 3] ‘ ßi

D
d y  +  d4[N H 3]4/?4

( 2)

T he la s t eq u a tio n  can  be linearised  in  th e  fo llow ing lo g arith m ic  fo rm : 

log (D a -  d0x') =  log (d4 ß j  +  4 log [N H 3] (3)
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O n th e  basis o f e x p e rim e n ta l D  d a ta , an d  lig an d  co n c e n tra tio n  d a ta  
th e  log  (Doc —  doc1) te rm  h as been  ca lcu la ted  using  c o n s ta n ts  ta k e n  from  th e  
l i te r a tu r e  and  p lo tte d  a g a in s t th e  lo g a rith m  o f th e  am m o n ia  co n cen tra tio n . 
F ro m  th e  in te rsec t o f th e  o b ta in e d  line th e  v a lu e  of d4 w as ca lcu la ted . Such 
d iag ram s can be seen in  F igs 6 a n d  7. F ro m  th e  o b ta in ed  p a r t i t io n  coefficient

logCNHjI

F ig. 6. Graphical evaluation o f  the partition  coefficient o f  cobalt(II) tetram m ine com plex ion

F ig . 7. Graphical evaluation o f  the partition  coefficient o f copper(II) tetram m ine com plex ion

v a lu es  th e  ap p ro x im ate  ion  exch an g e  co n stan ts  of th e  species w ere ca lcu la ted  
a n d  ta b u la te d  in  T ab le  I I .  F o r  th e  ca lcu la tio n  o f th e  c o n s ta n ts  th e  following 
e q u a tio n  was used:

Щ =  d,
[N H 4] у
(n h 4)

(4)
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Table II

Calculated volume ion exchange contants o f  some bivalent metal ions and metal am m ine  
complex ions reffering to the am monium ion

d
Partition coefficient 
in 0.2 M  N H 4C1 sol.

K x
Volume ion 

exchange constant

N i2+ 160 2.0

N i(N H 3)2+ 900 11.1

N i(N H 3)i+ 1050 13.4

Co2+ 95 1.2

Co(NH3)t+ 870 10.7

Cu2+ 130 1.6

Cu(NH3)2+ 700 8.7

Cd2+ 60 0.74

Cd(NH3) |+ 636 7.8

Cd(NH3)2+ (1400) (17)

Zn2+ 140 1.7

Zn(NH 3)jS+ 610 7.5

T h e am m onium  ion co n cen tra tio n  in  th e  liqu id  phase  w as 0.2 M  in  each e x p e ri­
m e n t ex cep t one series, w hich w as c a rr ie d  ou t w ith  1 M  am m onium  ch lo ride  
so lu tio n . T he co n cen tra tio n  of am m o n iu m  ions in  th e  resin  ph ase  was ca lcu la ted  
b y  su b tra c tin g  th e  adsorbed  m e ta l eq u iv a len ts  from  th e  vo lum e c a p a c ity  
of th e  resin .

I n  th e  case of th e  n ickel(II) ions th e  d is tr ib u tio n  coeffic ien t of th e  free , 
aquocom plexed  m e ta l ion  was also  m easu red  in  th e  presence  of d iffe ren t 
a m o u n ts  of am m onium  n itra te  a n d  am m onium  p e rch lo ra te  co n cen tra tio n . 
T he d a ta  o b ta in ed  a re  p resen ted  in  a lo g arith m ic  d iag ram  in  F ig . 8. O n th e  
basis o f d is trib u tio n  m easurem ents in  so lu tions co n ta in in g  0.2 an d  1 M  am m o ­
n iu m  io n  an d  12 M  o f free am m onia, th e  p a r ti t io n  coefficient o f th e  h ex am m in e  
species w as also re g is tra te d  in  th e  sa m e  d iag ram . As can  be  seen th e  o b ta in e d  
lines h a v in g  a slope n ea rly  — 2, s lig h tly  d ev ia te  from  th e  idea l ones.

E x p erim en ta l

Reagents. In all experim ents reagent grade chem icals and deionized water were used. 
M etal salt stock solutions of 0.05 M  concentration were prepared from cryst. NiCl2 •

• 6 H 20 ;  C oS04 ■ 7 H20 ;  CuS04 ■ 5 H20 ;  Z n S 0 4 • 7 H20 ;  C d(N 03)2 • 4 H20  resp. by weighing, 
dissolution, and dilution to the required vo lum e. The concentrations o f the solutions were 
controlled by chelatom etric titrations.

Am m onia solution (a.g.) of 0.910 spec, gravity was used.
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A m m onium  chloride, am m onium  nitrate solutions were prepared from the salts and 
standardized b y  titration. A m m onium  perchlorate stock solution was prepared from perchloric 
acid solution  b y  neutralization w ith  ammonia to pH  5 and diluted to required volum e.

Ion  exchange resin. D o w ex  5 0 X8  resin of 50— 100 m esh was treated w ith  acid and 
alkali solutions according to  prescription [4] and loaded w ith  am m onium  ions using 1 M  
am m onium  chloride solution , w ashed out and dried in  air, fina lly , stored in glass stoppered  
bottle . T he capacity o f the air-dried ammonium form  resin, its volum e in colum n was deter­
m ined and found as follow s: 0.5 g air-dry resin ~ 2 .0 8  m equ ~ 1 .1 1  ml

Instrum ents. For pH  m easurem ents Universal pH  m eter (T ype OP 204, Radelkisz, 
H ungary); for polarographic m easurem ents Polarograph PO 4 (R adiom eter, Denm ark) for 
photom etric m easurem ents Spekol (Zeiss, Jena, G D R ) were used.

Determ ination o f  the am m onia, water and m etal ion content o f  nickel (II )-fo rm  resin  
sam ples. 0.5 g o f air-dry resin sam ples were weighed and transferred into glass ion exchange  
colum ns o f sm all size. N ick e l(II) chloride stock solution  w ithout am m onia, or containing

Fig. 8. Logarithm ic diagram  o f  the distribution coefficient o f n ickel(II) ions as a function  
of the am m onium  salt concentration  in the absence o f free am m onia (I) and in presence of

12 M  am m onia (II)

am m onia in known concentration, was poured on the resin colum n in high excess until com plete 
saturation. The excess o f n ick el(II) ions or com plexes was washed out from the resin samples 
w ith  w ater or w ith am m onia solution of the sam e concentration as used before.

A fter short suction the resin samples were analysed for n ickel(II), water and ammonia. 
The determ ination of n ickel(II) ions was carried out b y  chelatom etric titration  using murexide 
as ind icator in am m oniacal so lution  at pH 10 after com plete elution of nickel ions from the  
resin sam ple w ith 2 M  hydrochloric acid solution. The nickel(II) ion  content o f the resin  
sam ples in m illiequivalents per gram resin was found to be always about the sam e, corre­
sponding to the capacity o f th e  resin determined b y  the usual salt sp litting m ethod [4]. The 
deviations were within the error of the determ inations. For determ ining the am m onia content 
of the resin sample, it was added to 20 ml of 1 M  standard hydrochloric acid solution and 
titrated  w ith  1 M  sodium  hydroxide standard solution  in the presence of m ethyl orange 
indicator. The ammonia co n ten t was calculated from  the difference of the consum ed volum es 
of standard solution. The w ater content of the resin sam ples was determ ined from  ca 0.2 g 
portions o f the samples b y  the K arl Fischer titration m ethod using dead stop end point detection.

Determination o f the column volume o f the swollen resins o f  different form s. 0.5 g o f air 
dry am m onium  form resin w as weighed and swollen in water, transferred to the required form  
and w ith  the proper liquid poured in a calibrated glass cylinder of 5 m m  diam eter, containing  
glass filter disc at the b o tto m  and a connection w ith  rubber tube to a niveau device. After 
the resin was settled in the glass cylinder the liquid was sucked gently  w ith hydrostatic  
pressure and the volum e o f th e  resin bed red off. B y  raising the n iveau device the resin was 
washed back and the m easurem ent repeated again. The m easurem ents were carried out w ith  
N H 4-form , Ni-form resin sam ples using water and cc. am m onia, as liquids.
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D eterm ination o f  the distribution coefficients o f  the metal ions, at different am m onia  
concentrations. 0.5 g o f air-dry am m onium  form  resin sam ple were weighed in to  glass stoppered  
200 ml flasks and 50 m l of the solution of different com position. The in itia l concentration of 
the m etal ion w as alw ays 2 ■ 10“ 3 M ;  th a t o f  the am m onium  salt: 0.2 M  (except one series); 
while the concentration o f free am m onia was different.

The resin sam ples were shaken w ith  solution  periodically in th e  flasks and stored for 
24 hours. In the case o f the experim ents carried out w ith  cobalt(H ) ions th e  tim e was reduced  
to 3 hours, and a more vigorous shaking was used to  avoid the oxidation o f the bivalent m etal 
ions by air. After equilibration, known portions o f  the liquid phase were analysed for m etal 
ion  and am m onia. The latter was determ ined b y  pH  m easurement and also by acidim etric  
titration  at higher concentrations. From  the obtained data, the volum e distribution coeffi­
c ients o f  the m etal ion were calculated, using also the capacity and colum n volum e data of  
the resin sam ple (see above).

Determination o f  the distribution coefficient o f  n ick e l(II) ions at different am monium  
ion concentrations. 0.5 g o f air-dry resin sam ples in  am m onium  form  were weighed in glass 
stoppered flasks and equilibrated as before w ith  solution containing 2 • 10“ 3 M  n ickel(II) 
ion and am m onium  nitrate, chloride or perchlorate in  different concentrations. After equilibra­
tion  the concentration o f n ickel(II) ions was determ ined in a portion o f the liquid phase. The 
volum e distribution coefficients were then calculated .

Determination o f  n ic k e l(II )- , c o b a lt( I l) - ,  c o p p er (I I )- , s in c ( I I ) -  and c a d m iu m (II)  
ions. For the determ ination of n ickel(II) ions a photom etric m ethod using d im ethylglyoxim e  
(DM G) as reagent and bromine water as ox idan t w as used. The m easurem ents were carried 
o u t a t 530 nm  [4]. The concentration o f the cobalt(II) ions was determ ined also by p h oto­
m etric m ethod based on the th iocyanate com plex form ation in acidic solutions using tin (II)  
chloride and am m onium  thiocyanate solutions as reagents. The optical den sity  o f the solution  
containing 50 vol%  acetone was m easured at 625 nm  [5]. Calibration graphs were prepared 
and used for the determ ination of the concentrations o f m etal ions from the optical density data.

Copper(II)-, z inc(II)- and cadm ium (II)-ions were determined b y  polarographic m ethod  
using am m oniacal am m onium  chloride solution as supporting electrolyte. For the evaluation  
o f the obtained polarograms calibration graphs were used.

R esults and  discussion

O n th e  basis of th e  ex p erim en ta l re su lts  an d  ca lcu la ted  d a ta  th e  follow ­
ing conclusions can  be d raw n .

T he m eta l am m ine com plex  eq u ilib ria  in  th e  resin  p h ase  are a lm ost 
th e  sam e as in  so lu tio n , only  a sm all sh if t be tw een  th e  com plex  fo rm atio n  in 
th e  tw o  phases can  be observed.

T he com plex species h av in g  a h ig h er geom etric sy m m e try , or r a th e r  
h av in g  a closed s tru c tu re , su rro u n d ed  w ith  am m onia  m olecules ex h ib it ex cep ­
tio n a lly  s tro n g  ad so rp tio n . T he ph en o m en o n  can be ex p la ined  b y  assum ing  
th a t  th e  ions w ith  closed am m onia  spheres do n o t b ind  w a te r  m olecules so 
s tro n g ly  in  th e  o u te r  sphere , as th e  aquocom plex  ions.

This assu m p tio n  is su p p o rte d  also b y  th e  u n u sua lly  la rg e  difference o b ­
served  a t  th e  co lum n volum es of th e  n ick e l(II)-fo rm  resin  in  w a te r  and  in  
cc. am m onia .

T hus th e  size of th e  hexam m ine  n ick e l(II)  ion is a lm ost th e  sam e as th a t  
of th e  h ex aq u o  n ick e l(II) ion, how ever, th e  so lva tion  a b ility  o f th e  la t te r  is 
g rea te r . C orrespondingly , if th e  in n e r sphere  o f th e  com plex ion  is n o t com plete ly  
filled  w ith  am m onia  m olecules, th e re  are  w a te r  m olecules also p resen t, th e  
screen ing  being n o t com plete  an d  fu r th e r  h y d ra tio n  is fa c ilita te d .
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E x c e p t th e  case o f  co b a lt(II)  com plexes, th e  h ig h e s t ad so rp tio n  s tre n g th  
e x h ib it th e  s a tu ra te d  s ix  ligands co n ta in in g  com plex species. One m u st assum e 
t h a t  also in  th e  case o f co p p er(II) an d  z in c (II)  ions th e re  a re  also hex am m in e  
com plexes b o und  to  th e  resin.

T he ad so rp tio n  s tre n g th s  of th e  fo u r co o rd in a ted  species are so m ew h at 
low er th a n  those o f th e  s ix  co o rd ina ted  ones, an d  th e  v a lu es  o f th e  ion exchange 
c o n s ta n ts  are v e ry  n e a r  to  each o th e r. H ow ever, a decrease  in  th e  К £ values 
from  n ick e l(II) to  z in c (II)  can  be o b se rv ed  (T able I I ) .

A ccording to  th e o re tic a l considera tions th e  fo u r co o rd in a ted  com plexes 
o f n ick e l(II) , c o b a lt( I I ) , copper(II) ions a re  p lan a r, a n d  th o se  of th e  z in c (II)  
an d  cad m iu m (II) ions te tra h e d ra l;  h ow ever, in  so lu tions th e  species c a n n o t 
be assum ed  as rig id  com plex  ions, an d  a sim ilar sy m m etrica l a rra n g e m en t 
of all th e  com plexes h a v in g  four am m o n ia  as lig an d s m u st be suggested .

I t  has to  be re m a rk e d  th a t  th e  ca lcu la ted  К * v a lu es  in  T able I I ,  are  
on ly  ap p ro x im ate , s ince  th e  ad so rp tio n  s tre n g th  of a ll species ex cep t th e  
fo u r an d  six  co o rd in a ted  ones was assu m ed  to  be th e  sam e.

A ccording to  th e  exp erim en ta l re su lts  su m m arized  in  F ig  8. one can  
s ta te  th a t  th e  slope o f  th e  curve I I  co rrespond ing  to  th e  th eo re tica l case is 
v e ry  n e a r to  — 2. H ow ever, in th e  case o f th e  eq u ilib riu m  betw een  non- 
com plexed  n ickel(II) a n d  am m onium  ions a dev ia tio n  fro m  th e  th eo re tica l can  
be observed . The a d so rp tio n  of th e  n ick e l(II)  ions seem s to  be g rea te r th a n  
th a t  ca lcu la ted  if  th e  co n cen tra tio n  of th e  am m onium  ions is high. F o r g iv ing  
an  e x p lan a tio n  of th is  phenom enon  i t  m u s t be a ssu m ed , th a t  ap p rec iab le  
co m p lex a tio n  an d  also change of th e  p o sitio n  of eq u ilib riu m  occurs in  am m o ­
n iu m  n itra te  so lu tio n s, i f  th e  c o n c e n tra tio n  is in creasin g , how ever, th e  p H  
is ca 5.
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M E M B R A N E  PO TEN TIAL AN D  IN T E R N A L  ACTIVITY  

J .  H . S i p o s , I .  K á l m á n  a n d  J .  M i k e s

(Research Institu te fo r  the P lastics Industry)

R eceived February 2, 1968; in revised form  Septem ber 2, 1968

The q u a n tity  o f  electrolyte in  the m em brane-phase o f ion exchange m embranes 
is composed o f tw o  parts: the fix ed  ions and their counter-ion partners form the u n ­
changed ion q u a n tity , and the co-ions diffusing from  the external solution w ith  the  
corresponding q u a n tity  o f counter-ions represent the varying concentration term . 
Under the cond itions of electrodialysis the m otion-controlling potentia l comes from  
a driving and an inhibiting com ponent where the driving com ponents are both the  
external field  stren gth  and the diffusion potential, the inh ib iting com ponent is on the  
other hand the ion-exchange m em brane potential determ ined b y  the ions of the m em ­
brane phase, w ith  other words th e  internal a c tiv ity  o f the m em brane. These factors 
are correlated, thou gh  not linear.

Io n  exchange m em branes a re  generally  n o t su ffic ien tly  described  b y  
th e  d a ta  p u b lished  in  th e  l i te ra tu re  [1, 2] e ith e r  in  techno log ica l rep o rts  o r 
in  m a n u fa c tu re rs ’ p am p h le ts . T he d a ta  u su a lly  re fer to  o p tim u m  conditions [3] 
w hich are n o t v a lid  fo r e lectrod ia lysis an d  th u s  th e ir  use is re s tric ted  to  
com parisons.

W e have th e re fo re  a tte m p te d  to  c o n s tru c t a m odel [4] to  describe th e  
e lectrochem ical p h en o m en a  b y  acco u n tin g  fo r charge  m ig ra tio n  p rim arily  
b y  physica l an d  physico-chem ical m ethods to  allow  th e  s tu d y  of th e  ph y sica l 
[5, 6, 7] an d  eng ineering  [8, 9] p a ra m e te rs  o f th e  electrod ia lysis process.

The p o te n tia l conditions on th e  anion exchange m em b ran e  during  d ia ly ­
sis are  show n b y  F ig . 1. The in te rn a l  energy  o f th e  sy s tem  is p lo tte d  on th e  
v e rtic a l axis: th is  in te rn a l energy  is d e te rm in ed  b y  th e  ion  a c tiv ity  of th e  
so lu tions and  of th e  m em brane, resp ec tiv e ly . T he h o riz o n ta l axis shows th e  
positio n  of th e  ion . T h e  energy co n d itions are  fu r th e r  in flu en ced  b y  th e  e x te rn a l 
fie ld  ( F = t g a ) .

A ccording to  th e  th eo ry  o f p - ty p e  co n d u c tio n  th e  ions are s itu a te d  in  
th e  p o ten tia l wells o f th e  so lv en t an d  an  energy  eq u a l to  th e  h e igh t of th e  
p o te n tia l well is n ecessary  to  b r in g  ab o u t th e ir  d isp lacem en t. The e x te rn a l 
fie ld  d isto rts  th e  sh a p e  of th e  p o te n tia l  well an d  from  th e  aspec t of ion  d is ­
p lacem en t th e  d ire c tio n  of th e  f ie ld  in te n s ity  is a p re fe rred  o rien ta tio n .

I f  on th e  tw o  sides of th e  m em b ran e  th e  so lu tio n  ac tiv itie s  are id en tica l 
(oc =  ad) th e n  th e  m em brane p o te n tia l  w ill be  th e  sam e on b o th  sides. I f , 
how ever, th e re  is a  difference b e tw een  th e  p o te n tia ls  of th e  d ilu ting  and  con-
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c e n tra tin g  solutions (ac ad) th e n  th e  p o ten tia l w ell w ill h av e  a d is to rted  
en e rg y  value , th e  p o te n tia l  well w ill a p p e a r  for th e  co-ion in  p o in t “ C”  low er 
b y  a v a lue  of

UN =
R T  e . ac
---------In —

F z  ad ( 1 )

th a n  th e  m em brane p o te n tia l. F ig . 1 is va lid  for th e  case ad <" ac; i f  ad >  ac 
th e n  UN has to  be acco u n ted  fo r w ith  an  opposite  sign.

W e h av e  left th e  p o la riza tio n  p h e n o m e n a  on th e  ion  exch an g e  m em b ran e  
su rface  o u t of co n sid era tio n , s ta r t in g  fro m  th e  assu m p tio n  th a t  on th e  one 
h a n d  th e se  are c o n c e n tra ted  to  a th in  in te rfac ia l lay er, w hile on th e  o th e r 
h a n d  th e y  are sim ilar, th o u g h  of o p p o site  sign  on th e  tw o sides o f th e  m em b ran e , 
p ro v id e d  th e  d ifference b e tw een  th e  co n cen tra tio n s  o f th e  tw o  so lu tions is 
n o t  to o  g rea t. (In  p ra c tic a l o p e ra tio n s  no  ex trem e con d itio n s are  app lied .) 
U n d e r th e se  conditions th e  effect o f th e  tw o in te rfac ia l layers w ill equalize  
each  o th e r  during  elec trod ia lysis.

T h e  sam e is t ru e  fo r ca tio n  ex ch an g e  m em brane, b u t  obv iously  w ith  
o p p o site  charges.
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T he ra te  o f ion  m o b ility  in  e lec tro ly te  so lu tions in  th e  v ic in ity  o f th e  
m em brane  m ay  be  fo rm u la te d  b y  th e  p - ty p e  co n d u c tan ce  th e o ry  (2) fo r th e  
coun ter-ion  in  p o in t “ J3”  w hich in  th e  case o f an io n  exchange m em b ran e  
has a n eg a tiv e  charge

ö — I ES \  Ed
V _  — ____ e kT  e V кт + 2кт )  e  2кт

2т~ \

an d  fo r th e  po sitiv e  co-ion p o in t “ C”

—  <5 _ J L  (  ( _ E b . U n \  _  E a
у  =  _____ e  kT  L I .  kT  + 2kT + kT  )  ___e  2kT

2t0+ (
(3)

T he forces ac tin g  on th e  coun ter-ion  are : th e  h e ig h t “ LT”  of th e  p o te n ­
tia l  well w hich in h ib its  an d  th e  ion  exchange m em b ran e  p o te n tia l Um w hich 
p ro m o ted  to g e th e r  w ith  th e  e x te rn a l fie ld  s tre n g th  th e  m o b ility  of th e  c o u n te r­
ion. In  th e  case o f th e  co-ion U an d  Um in h ib it a n d  E  p rom otes ion  m ig ra tion , 
as reflec ted  b y  th e  signs in  th e  exponen ts.

T he q u o tie n t of th e  p o te n tia l well w id th , <5, a n d  of th e  residence tim e  
of th e  ion  in  th e  w ell r 0, th a t  is th e  average v e lo c ity  o f th e  ions, is p ro p o rtio n a l 
to  th e  ab so lu te  m o b ility  of th e  ions:

—  =A*E. (4)

Current efficiency

T here are  sev era l co rre la tions betw een  e lec trod ia ly sis  an d  m em brane  
p a ram ete rs . T he re la tio n sh ip  be tw een  th e  p e rm se lec tiv ity  of th e  m em branes 
b o rdering  th e  cell an d  th e  c u rre n t efficiency of th e  cell is given b y E q . (5).

V =  la p c +  h  Pa (5)

In  elec trod ia lysis  th e  c u rre n t efficiency o f th e  cell is equal to  th e  q u o tie n t 
of th e  d ifference an d  sum  o f th e  charges tra n s p o r te d  b y  th e  positive and 
neg a tiv e  ions th ro u g h  th e  m em b ran e  in  u n it tim e

i_

4  
i _

i+
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T here  is an u n eq u iv o ca l co rre la tio n  betw een  c u rre n t in te n s ity  and  ion 
ve lo c itie s :

i+  =  z +e+n +V + 

i_  — z_ e_ n _ V _
(V

T h e num ber o f m obile  ions in  u n it  vo lum e (n) is d irec tly  p ro p o rtio n a l to  
th e  co n cen tra tio n , th u s

i+ =  ccV+  

i~  =  cd У -

S u b s titu tio n  of these  v a lu es  in to  E q . (6) leads to

a _ r  c d  У -

Г}--
ce V+

1 C<V -
cc V+

(9)

a n d  su b s titu tio n  of th e  v a lu es  of V + a n d  V_  from  E qs (1), (2), an d  (3) in to  E q . (9) 
le ad s  a fte r  s im p lifica tio n  to

V —

c d f * -

1

/  U r n  E d  \  E d  
Д  k T  + 2 k T )  _  e ~ 2 k T

/  U m  E d  U n  \  
e V“  k T  +  2 k T  + k T  )  __e

E d

2 k T

Cd l1 -

( U m  E l 5 \  E l 5 
e V k T  +  2 k T )  _  e  2k T

C c f i  +

/  U  m  E d  U n \  
e l -  k T  + 2 k T  +  k T  )  __  g

E d  \ 
2 k T  I

( 10)

S u b s titu tin g  th e  va lu e  o f  17jvfrom E q . (1) in to  E q . (10) a fte r  re a rra n g em e n t and  
s im p lifica tio n  th e  fo llow ing  re la tio n sh ip  is o b ta in ed  fo r th e  v a lu e  of cu rren t 
effic iency :

l  +  . * = f i e- T F
/И +  Cc

1 + Urn
ekT

( И )
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T hus th e  c u rre n t effic iency  of ion ex ch an g e  m em b ran e  electrodialysis depends 
on th e  ion exchange m em brane p o te n tia l ,  on th e  a c tiv itie s  of th e  e x te rn a l 
so lu tions and  on th e  m ob ility  of th e  tw o  ion ty p e s . E ffic iency  will increase  
w ith  increasing  m e m b ra n e  p o ten tia l, b u t  w ill e ith e r  increase  or decrease w ith  
changes in  th e  ra t io  o f ex ternal so lu tio n  a c tiv ity , t h a t  is will increase w hen  
th e  d ilu tin g  so lu tio n  (ad >  ac), an d  d ecrease  w hen  th e  co n cen tra tin g  so lu tio n  
is th e  m ore c o n c e n tra te d  (ac > aa). T h is  is in  ag reem en t w ith  th e  ex p e rim en ta l 
re su lts .

T he ion  ex ch an g e  m em brane p o te n tia l  is m an ife s t only  in  its p e rm se lec­
tiv e  effect, b u t  c a n n o t be m easured  d irec tly .

F o r  th e  d esc rip tio n  of the  ion  ex ch an g e  m em b ran e  p o ten tia l th e  N e rn s t 
eq u a tio n  m ay  be u sed :

Um
R T e  . a 
------- I n -------------

F z  ad +  ac
2

w here a refers to  th e  inside of th e  m em b ran e  a n d  is per definitionem th e  
a c tiv ity  req u ired  fo r  th e  d escrip tion  of th e  q u a n ti ta t iv e  conditions.

A fter su b s ti tu t in g  th e  ion ex ch an g e  m em b ran e  p o te n tia l Um to  E q . 
(11) th e  in te rn a l a c t iv i ty  of th e  m e m b ra n e  a can  be  ca lcu la ted :

a c 4~ a d
1 + /Ц+ Cc( l  -  v )

p _  cd(l +  1j)

_L Ь I /г+°с(1 - v ) }2 __ acw +{  1 —n)
4 ( p,_cd( \ + r j ) )  adcdp _ ( l  - j-rj)

(13)

T hus th e  in te rn a l ac tiv ity  o f  th e  m em b ran e  depends on th e  e x te rn a l 
so lu tio n  ac tiv itie s , on  th e  ion m o b ilities an d  th e  c u rre n t efficiency of e le c tro ­
dialysis and  can  b e  de term ined  f ro m  th ese  d a ta .*

E x p erim en ta l resu lts

T he ex p e rim en ts  were carried  o u t  w ith  a nine-cell ion  exchange m em b ran e  
cell sequence (F ig . 2.).

Fig. 3 show s th e  co rrelations ca lcu la ted  from  th e  d a ta  of p o ta ss iu m  
chloride e lec trod ia ly sis . C urrent effic iency  was m easu red  during e lec tro d ia ­
lysis w ith  v a rio u s d ilu ting  an d  c o n c e n tra tin g  so lu tions. In te rn a l a c tiv ity  
was ca lcu la ted  from  th e  co rrelations derived  above an d  were p lo tted  vs. th e  
average  of e x te rn a l activ ities. I f  th e  d ilu tin g  an d  th e  co n cen tra tin g  so lu tio n s 
h a d  th e  sam e a c tiv ity , th en  in te rn a l a c tiv ity  vs. e x te rn a l one gave th e  m idd le

*Experiments concerning the average value nature of U m are in progress.
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F ig .  3. Internal activity (a) vs. the activity of the external solution in case of K.C1 solution

cu rv e  (fully  draw n). O n th e  curve below  i t  a re  th e  m easuring  p o in ts  fo r th e  
case w hen  th e  co n cen tra tio n  of th e  d ilu tin g  so lu tion  is low er th a n  th a t  o f  th e  
c o n c e n tra tin g  so lu tion , w hile on th e  u p p e r  cu rv e  are th e  ex p e rim en ta lly  d e te r ­
m in ed  po in ts  for th e  case w hen th e  c o n c e n tra tio n  of th e  d ilu tin g  so lu tio n  is 
h ig h e r th a n  th a t  o f  th e  co n cen tra tin g  so lu tio n .

A  eta Ckim , Acad. Sei. H ung. 621 1969
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I t  ap p ears  from  th e  curves t h a t  w ith  increasing  e x te rn a l a c tiv itie s  th e  
in te rn a l a c tiv ity  w ill also increase, t h a t  i t  w ill ap p ro ach  a lim it v a lu e  c h a ra c ­
te ris tic  of th e  m em b ran e . F o r th e  in v e s tig a te d  m em branes in  p o tassiu m  ch lo ride  
so lu tions th is  lim it v a lue  is a — 5 ^  0.4. T h e  po in ts  rep re sen t values c a lcu la ted  
from  th e  av erag e  co n cen tra tio n  chan g es du ring  a 2 -h o u r e lec trod ia ly sis  
process, th e re fo re  th e  m iddle curve h as  a so m ew hat low er position  due  to  th e
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F ig . 4. Internal activity (a) vs. the activity of the external solution in case of various electrolytes

d ilu tio n  of th e  d ilu tin g  solu tion  an d  th e  co n cen tra tio n  o f th e  co n c e n tra tin g  
so lu tion  in  th e  course of th e  e x p e rim e n t com pared  to  th e  in itia l ac =  аа 
condition .

E lec tro d ia ly ses  were perform ed w ith  o th e r e lec tro ly tes too , th e  re su lts  
are sum m arized  in  Fig. 4.

In  th e  case o f sa lt solutions th e  cu rv e  approaches th e  above d iscussed  
lim it v a lue  w hich  changes w ith  th e  ra t io  o f ion m obilities. This la t te r  p h en o m ­
enon m ay  be ex p la ined  b y  th e  in flu en ce  of th e  d iffusion  p o te n tia ls , a rising  
from  th e  d iffe ren t m obilities of th e  ions, on th e  ion exchange m em b ran e  
p o ten tia l.

A d iffe ren t b eh av io u r was o b serv ed  in  th e  range u n d e r in v es tig a tio n  in  
th e  case o f h y d ro x y l and  hydrogen  ions. W ith  increasing  e x te rn a l co n cen tra -
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t io n  th e  in te rn a l a c t iv i ty  describes a m o n o to n o u sly  rising  cu rve  w hich m ay  he 
ex p la in ed  b y  th e  sup erim p o sitio n  of sev era l phenom ena .

T he f irs t p h en o m en o n  to  be m en tio n ed  in  th is  re sp ec t is th e  v e ry  h igh  
m ob ilities of th e  H + an d  O H -  ions w hich  because  of th e ir  h igh  tran sfe ren ce  
n u m b e r  are m an ife s t in  th e  c u rre n t efficiency. O n th e  o th e r h an d , th e  se lec­
t iv i ty  of ion exch an g e  m em branes excludes th e se  ions to  a sm all degree, so 
t h a t  th e  in te rn a l ion  com position  of th e  m em b ran es is s ig n ifican tly  sh ifted  in  
fa v o u r  of th e  H + an d  O H -  ions, re sp ec tiv e ly .

L ast b u t  n o t le a s t th e  fac t shou ld  also be m en tio n ed  th a t  th e  m easu ring  
re su lts  are  b ased  on th e  re su lta n t p e rm se lec tiv ity  o f ca tio n  exchange an d  
an io n  exchange m em b ran e  pairs (com plete  e lec trod ia lysis cell).

T hus th e  re su ltin g  efficiency is th e  av erag e  of a v e ry  h igh  p e rm se lec tiv ity  
(e.g. sod ium  h y d ro x id e  on an ion  exchange m em brane) an d  of a v e ry  low  
p erm se lec tiv ity  ( th e  sam e on ca tio n  exchange m em brane).

P resu m ab ly , th e  acidic an d  a lkaline  cells c an n o t be considered  a s tra ig h t­
fo rw ard  D o n n án  sy stem .

C onclusions

Sum m ing u p  th e  aforesaid  i t  ap p ears  t h a t  th e  q u a n ti ty  o f e lec tro ly te  in  
th e  m em b ran e  p h ase  is com posed o f tw o p a r ts :  th e  fixed  ions an d  th e ir  c o u n te r­
ion  p a r tn e rs  form  th e  u n changed  ion q u a n ti ty , an d  th e  co-ions d iffusing from  
th e  e x te rn a l so lu tion  w ith  th e  co rrespond ing  q u a n ti ty  o f coun ter-ions re p re ­
se n t th e  v a ry in g  co n cen tra tio n  te rm . T h e  la t te r  q u a n ti ty  depends on th e  
e x te rn a l e lec tro ly te  co n cen tra tio n  n o t on ly  because  of th e  d iffusing  e lec tro ly te  
q u a n t i ty ,  b u t  u n d e r  th e  conditions of e lec trod ia lysis  also because  of th e  change 
o f th e  in te rfac ia l ion  layer.

T he concep t o f  in te rn a l a c tiv ity  is necessary  for th e  descrip tion  of th e  
m em b ran e  phase  as a so lu tion  in  w hich th e  m o tio n  of th e  ions can be e v a lu a ted  
fro m  th e  know n co rre la tions.

T he e lec trod ia ly sing  cell m ay  be fu r th e r  a p p ro x im a ted  b y  a so lu tion  
p a ir  d iv ided  b y  a th ird  e lec tro ly te  space w ith  g iven ion c o n cen tra tio n  a n d  
b o rd e re d  in f irs t  ap p ro x im a tio n  b y  a m a th e m a tic a l p lane . T his in te rn a l space  
has D onnán  n a tu re  in  so fa r th a t  one ion ty p e  is fixed  (unab le  to  leave its  
positio n ) w hile i t  h as  free ly  m oving coun te r-ions. This is accom pan ied  b y  a 
co m p lem en ta ry  ion  q u a n ti ty  depend ing  on th e  ex te rn a l so lu tion . D iffusion 
con d itio n s are  co n tro lled  b y  th e  ion lay e r on th e  in te rface  (here  again  concen­
t r a te d  to  a m a th e m a tic  p lane) th ro u g h  w hich  th e  ions h av e  to  p e n e tra te  
d u rin g  th e ir  m o tion .

T hus th e  m o tio n  contro lling  p o te n tia l com es from  a d riv ing  and  an  
in h ib itin g  co m p o n en t w here th e  d riv ing  com ponen ts a re  b o th  th e  ex te rn a l 
fie ld  s tre n g th  an d  th e  diffusion p o ten tia l, th e  in h ib itin g  com ponen t is, on th e
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o th e r h a n d , the  ion ex ch an g e  m em b ran e  p o ten tia l. T ho u g h  th ese  fac to rs  are 
c o rre la ted , the  c o rre la tio n  is no t lin e a r  because of th e  effect o f th e  in te rn a l 
fixed-ion  q u a n tity . I t  w as a tte m p te d  to  b rin g  in to  accord  th is  physica l p ic tu re  
w ith  th e  re la tionsh ip  betw een  th e  m easu rab le  cond itions an d  th e  know n 
so lu tion  laws.

Sym bols
a  in te rn a l a c tiv ity  o f th e  ion ex change  m em b ran e
a c a c tiv ity  of th e  co n ce n tra tin g  so lu tio n
da a c tiv ity  o f th e  d ilu tin g  solution
cc con cen tra tio n  o f th e  co n cen tra tin g  so lu tion
cd con cen tra tio n  o f  th e  d ilu ting  so lu tio n
e u n it  charge (4 .8 Х Ю - 10 e.u.)
E  e x te rn a l field s t r e n g th  (Y)
F  F a ra d a y  n u m b er
i+ c u rre n t frac tio n  t ra n s p o r te d  by  th e  p o sitiv e ly  charged  ions
i -  c u rre n t frac tio n  t ra n s p o r te d  by  th e  n e g a tiv e ly  charged  ions
к  B oltzm ann  c o n s ta n t
n  n u m b er of m ob ile  ions per u n it  v o lu m e
P c perm selec tiv ity  o f  th e  cation e x ch an g e  m em brane
P a perm selec tiv ity  o f th e  anion ex ch an g e  m em brane
q  cross-section
jR un iversal gas c o n s ta n t
ta t ra n sp o r t  n u m b er o f th e  anion
tc tra n sp o rt  n u m b er o f  th e  cation
T  abso lu te  te m p e ra tu re
U  ac tiv a tio n  en erg y  (eV ); height o f th e  p o ten tia l well
U m ion exchange m e m b ra n e  p o ten tia l (eV )
U дг con cen tra tio n  p o te n tia l  difference d u e  to  th e  d iffe ren t co n cen tra tio n s o f the  so lu­

tions on th e  tw o  sides o f the m em b ran e  (eV)
F+ average ve loc ity  o f  cations
F _  average v e loc ity  o f  anions
z  valency  of th e  ions
ő  w id th  of th e  p o te n tia l  well
t 0  residence tim e in  th e  p o ten tia l w ell

an ion  m obility  
[Л+ ca tion  m obility
rj cu rren t efficiency
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INVESTIGATIONS ON ION EXCHANGE EQUILIBRIA  
WITH RADIOACTIVE TRACER METHOD, XVI

DETER M IN A TIO N  OF T H E  ST A B IL IT Y  CONSTANTS OF NEG A T IV E L Y  CH ARGED  
ZINC CH LO RIDE CO M PLEXES W IT H  T H E  A ID  OF L IQ U ID  A N IO N  E X C H A N G E R

T. L e n g y e l  and J. Törkő

(Institu te  o f  Isotopes, H ungarian Academ y o f  Sciences, B udapest)

R eceived Ju ly  1, 1968

Using liquid anion exchanger Am berlite LA-2, the form ation constants o f nega­
tively  charged chloro-com plexes o f zinc were determ ined. For th e  treatm ent of experi­
m ental data a new graphic m ethod was developed. The constan ts lg К  8 =  — 0.30 and 
lg Kt =  — 0.07 seem  to he reliable though the com parison w ith  literature data is 
rather difficu lt as the values published previously show  a large scattering.

In tro d u c tio n

Io n  exchange tech n iq u e  h as  fo u n d  w ide-sp read  ap p lic a tio n  in  th e  s tu d y  
of com plex  fo rm atio n  betw een  a ch arg ed  cen tra l ion  a n d  a ligand  of opposite  
charge. H ow ever, th e se  in v es tig a tio n s  w ere d irec ted  f i r s t  o f all to  ca tion ic  
an d  n e u tra l species, using  ca tio n  exchangers.

In  superfic ia l ap p earan ce , th e  s tu d y  of n e g a tiv e ly  charged  com plexes 
m a y  be p erfo rm ed  likew ise w ith  th e  a id  of an ion  ex ch an g ers . N evertheless, 
th is  p rocedure en co u n ters  serious difficulties w hich can  be  sum m arized  as 
follows:

(a) Beside an ion ic  com plexes b o th  th e  ligand  a n d  th e  anions p resen t are  
b o u n d  in  th e  resin  (or organic) p h ase ;

(b) Since no c o n s ta n t ionic s tre n g th  can be se t, th e  a c tiv ity  coefficients 
in  th e  aqueous p h ase  v a ry  w ith  th e  lig an d  c o n c e n tra tio n ;

(c) W hen  ap p ly in g  h igh lig an d  c o n cen tra tio n  in  o rd e r to  p rom ote  th e  
fo rm atio n  of an ionic  com plexes th e  so called “ e le c tro ly te  invasion  effect”  
m ay  d is tu rb  d is tr ib u tio n  m easu rem en ts , a t  least w h en  re s in -ty p e  exchanger 
is used ;

(d) T he a c tiv ity  coeffic ien t in  th e  exchanger c a n n o t be considered 
c o n s ta n t, unless th e  co n cen tra tio n  of th e  cen tra l ion  is m a in ta in e d  ex trem ely  
low an d  th e  ion  exchanger is p re s a tu ra te d  w ith  th e  lig an d .

These d iscrepancies m ay  be  e lim in a ted  if  liq u id  an io n  exchangers p re sa t­
u ra te d  w ith  th e  co rrespond ing  lig an d  are used, th e  a c t iv i ty  coefficient in  
th e  aqueous phase can  be ta k e n  in to  accoun t and  ra d io a c tiv e  tra c e r  techn ique  
enab ling  th e  m easu rem en t of th e  ce n tra l ion also in  m ic ro -concen tra tions 
is applied .
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F r o n a e u s  [1] a n d  M a r c u s  [2] w ere th e  f irs t w ho a t te m p te d  th e  calcu­
la t io n  of s ta b ility  c o n s ta n ts  b a sed  on d is tr ib u tio n  m e a su re m e n ts , using  ion 
ex ch an g e  techn ique. B ecause  of th e  d ifficu lties ra ised  b y  th e  resin -type  
e x ch an g e r, th e ir  t r e a tm e n t  of ex p e rim en ta l d a ta  is r a th e r  cum bersom e and  
n o t  relieved  of in a c c u ra te  ap p ro x im a tio n s .

A l l e n , an d  la te r  on sev era l au th o rs  [3— 6] succeeded  in  using  liqu id  
a n io n  exchangers fo r  th e  in v e s tig a tio n  of com plex species. T h is  experim en ta l 
te c h n iq u e  has p ro v ed  to  be re liab le  b u t  th e  calcu la tion  m e th o d s  are  still n o t 
d e fin itiv e ly  developed.

In  th is  p ap e r a g rap h ic  w ay  of de te rm in in g  th e  s ta b i l i ty  co n stan ts  of 
zinc-ch lorocom plexes is p re sen ted , a p p ea rin g  to  be sim ple a n d  o f considerable 
p rec ision .

Theoretical

L et us tak e  a d iv a le n t m e ta l ion w ith  a m ax im um  c o o rd in a tio n  n um ber 
N  =  4 in to  co n sidera tion . T he an ionic  com plexes form ed w ith  a m o n o d en ta te  
l ig a n d  will reac t w ith  th e  ion ex ch an g er p re sa tu ra te d  w ith  th e  corresponding  
lig a n d  according to  E q s (1) and  (2):

W[M L 3] +  0[RL] =  0[R M L 3] +  J  L] (1)

J M L 4] +  2 0[RL] =  0[R 2M L 4] +  2W[L] (2)

The correspond ing  equ ilib riu m  co n stan ts  for th e  ex ch an g e  reactions 
m a v  be w ritten  as

0[R M L 3] J L] 
J M L 3] 0[RL] 

0[R2M L t] J j L f  
iy[M L 4] 0[B L f

(3)

(4)

In  the  region of lig an d  c o n c e n tra tio n  w here th e  ex is ten ce  of th e  cationic 
species [M2 + ] an d  [M L + ] m ay  be  neg lec ted , th e  d is tr ib u tio n  ra tio  referring  
to  th e  p a rtitio n  of th e  ce n tra l ion  betw een  th e  organic an d  aqueous phases 
c a n  be defined as

D =  0[i*M L] +  w[R2M L i ]
w[M L 2] +  W[M L 3] +  J M L 4]

In tro d u c in g  th e  n o ta tio n s
K*ex =  K 3exo[RL] (6)

a n d
K l x =  K itX0[ R L f  (7)
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an d  th e  co rrespond ing  com plex fo rm a tio n  c o n s ta n ts

__ W[ML3]
3 k[ M L 2] J L ]

and
K  =  №[M £ 4]

1 J M L 3] J L ]

E q . (5) can  be re a rra n g e d  to  yield

( 8 )

(9)

!  = __________ 1 J L ]  K 4J L ] 2
d  к*ехк 3 +  к*ехк 3к 4 к*ех +  к*ехк ,  K*ex +  i q exK 4

( 10 )

F rom  E q . (10) i t  is obvious th a t ,  in  th e  reg ion  o f ligand  co n cen tra tio n  
a t  w hich th e  p resen ce  o f species [M L 4] m ay  be n eg lec ted , a p lo t of 1/D vs. 
lig an d  a c tiv ity  {L} (lig an d  co n cen tra tio n  co rrec ted  w ith  th e  ac tiv ity  coeffi­
c ien t) yields a s t r a ig h t  line ; th e  ra tio  o f th e  slope s a n d  in te rcep t i o f th e  
lin ea r section gives th e  value of K 3.

C onsequently , a t  h ig h er ligand  a c tiv itie s  w here th e  presence of [M L 4] 
is also to  be ta k e n  in to  account, b y  p lo tt in g

♦ vs. {L}

also a linear c o rre la tio n  is arrived  a t ;  th e  ra tio  of th e  slope s' and in te rc e p t 
i' o f th is  s tra ig h t line  yields K v

E x p erim en ta l

The static equilibrium  measurements were carried out a t 25 °C.
The determ ination o f the distribution ratio was perform ed b y  radiometric assay of 

the zinc concentration in  b o th  phases. 65Zn tracer of high specific a c tiv ity  enabled to keep the  
concentration of zinc at 5 X 10“ 6 M .

Am berlite LA-2 (m olecular weight 374) diluted w ith to luene to 0.1 F concentration  
in  the chloride form  w as used as liquid anion exchanger.

Chloride concentration  w as varied b y  using aliquots o f  6 M  sodium  chloride solution . 
All the solutions were acid ified to attain pH  =  1.7 in  the aqueous phase at equilibrium .

R esults an d  discussion

The results o f equilibrium  m easurem ents are sum m arized in  Table I.
In the course o f calculating ligand activ ities the a c tiv ity  coefficients were obtained  

from literature data [7].
Starting out from  th e  experim ental data Figs 1 and 2 were constructed, yielding the  

values K.s =  0.50 and f t ,  =  0.86. The form ation constants are com pared w ith literature data  
in Table II.
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Table I

Distribution ratio as a function o f  ligand activ ity  in the zinc chloride system

[Zn] =  5 x  1 0 -8 M  [L A -2] =  0.1 F  pH  ^  1.70

{Cl-} l/D {Cl-} l/D

0.501 1.408 2.751 0.443

0.660 0.902 2.847 0.439

0.827 0.633 2.970 0.472

1.258 0.445 3.081 0.452

1.720 0.382 3.350 0.477

1.899 0.365 3.475 0.491

2.100 0.386 3.610 0.542

2.198 0.380 3.759 0.553

2.410 0.401 3.900 0.591

2.507 0.409 4.202 0.642

2.628 0.430 4.498 0.706

Fig. 1. 1/D as a function of ligand a c tiv ity  for the system  zinc chloride 
[Zn] =  5 X 10_6Af, [LA-2] =  0.1 F, pH  e* 1.70

The considerable deviations m ay be due to  the fact that m easurem ents o f  weak com plexes  
at h igh  ionic strengths m eet difficulties in  ensuring reproducible experim ental conditions.

I t  is to be m entioned, however, th a t m ost o f the results quoted were originally obtained  
as overall form ation constants, i.e. as ß, va lues and therefore the errors in determ ining step ­
w ise form ation constants were cum ulated.

A nyhow , the lg K 3 value presented in  th is paper represents about the m ean of the  
data published and the lg  K 4 value is also in  th e  sam e range when the data  extrem ely  deviating  
from  th e  average are neglected.
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_ 1 _ _  .

Fig. 2. D  as a function of ligand a c tiv ity  for the system  zinc chloride 

[Zn] =  5 X 1 0 - m ,  [LA -2] =  0.1 F , pH  ^  1.70

Table  I I

Formation constants o f species  [ZnCI3] and [ZnCl4]

Jg *3 ig к , Method of determination Reference

— 0.25 0.15 emf titration [8]
— 0.09 — polarography [9]
— 0.68 0.37 cation exchange [10]
— 0.28 — 0.13 anion exchange [11]
— 1.58 — 0.12 liquid anion exchange [12]

— 0.65 — 0.25 liquid anion exchange [13]

— 0.30 — 0.07 liquid anion exchange this work

The authors’ thanks are due to Mr. Gy. T óth for his valuable help in performing the 
m easurem ents.
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ANWENDUNG DES POTENTIOSTATS ZUR BESTIMMUNG 
DES MAXIMALEN KORROSIONSSTROMS VON 

GALVANISCHEN ELEMENTEN, I

J .  D é v a y , B. L e n g y e l  j u n .  und L . M é s z á r o s

(Lehrstuhl f ü r  Physikalische Chemie, Chemisch-technische Universität, Veszprém;
Elektrochemische Forschungsgruppe der Ungarischen A kadem ie der W issenschaften)

Eingegangen am 5. Oktober 1968

D er m axim ale Korrosionsstrom von  verschiedenen galvanischen E lem enten  
wurde poten tiostatisch  gemessen und die R ichtigkeit der M eßmethode durch verglei­
chende M essungen (Evans-Diagram m  bzw. M essung der zeitlichen Änderung des 
Korrosionsstrom s m it Strommesser) bestätigt. E s wurde festgestellt, daß der P oten tio sta t  
bei entsprechender Schaltung zur M essung des m axim alen Korrosionsstroms geeignet 
ist. Der Vorteil des Verfahrens gegenüber den älteren Verfahren liegt darin, daß selbst 
bei galvanischen E lem enten m it niedrigem  innerem  W iderstand der W ert des m a x i­
m alen K orrosionsstrom s und dessen zeitlicher Verlauf unm ittelbar gem essen wird, 
und die aus der Extrapolierung stam m enden Fehlerm öglichkeiten ausgeschaltet werden.

P o te n tio s ta tisc h e  V erfahren  w u rd en  w eitgehend  in  der K o rro sio n sfo r­
schung  zu r U n te rsu c h u n g  des P assiv ie rungsm echan ism us von E isen  [1— 4], 
S tah l [5] u n d  a n d e ren  M etallen  [6— 8] in  v e rsch iedenen  Lösungen, zum  N a c h ­
weis der N eigung n ic h tro s te n d e r S täh le  zu r in te rk r is ta llin e n  K orrosion [9— 10] 
u n d  zur U n te rsu c h u n g  der L ochkorrosion  [11— 13], e ingesetzt. N eben  diesen  
G ebieten , wo p o te n tio s ta tisc h e  M ethoden  au sg ed eh n t vertvendet w erd en , 
w urden  versch ied en e  V ersuche u n te rn o m m en , u m  das A nw endungsgeb ie t 
des P o te n tio s ta ts  auch  a u f andere E rsch e in u n g en  auszudehnen . So w u rd e  
u .a . der W id e rs ta n d  gegenüber S pannungskorrosion  bei A lum inium -M agnesium - 
L egierungen [14] u n d  die V orau sb estim m u n g  d er K orrosionseigenschaften  
von  M agnesium  [15] u n te rsu c h t. A uch die W irk u n g  versch iedener In h ib ito re n  
[16] w urde  p o te n tio s ta tisc h  u n te rsu ch t.

In  d er vo rlieg en d en  A rbeit w ird  ü b e r ein neues A nw endungsgeb iet des 
P o te n tio s ta te n  u n d  zw ar ü b e r seine A nw endung  zu r M essung des m ax im a len  
K orrosionsstrom s v o n  galvanischen  E lem en ten  (M odellen von  L okale lem enten) 
be rich te t.

D er m ax im ale  K orrosionsstrom  w urde  bis j e tz t  durch  K o n s tru k tio n  
eines E v an s-D iag ram m s aus den P o la risa tio n sk u rv en  des M etallpaars, w elches 
das galvan ische  E lem en t b ild e t, b e s tim m t. Dieses V erfahren  b e s te h t im  
w esentlichen  d a rin , die anodische P o la risa tio n sk u rv e  des A nodenm etalls u n d  
die k a th o d isch e  P o la risa tio n sk u rv e  des K a th o d e n m e ta lls  in  einem  g em ein ­
sam en D iag ram m  d arzu ste llen , wobei die S tro m stä rk e  als Abszisse, das P o te n ­
tia l als O rd in a te  au fg e trag en  w ird. D er m ax im ale  K orrosionsstrom  e rg ib t 
sich als S c h n ittp u n k t d er graphisch  e x tra p o lie rten  anod ischen  und  k a th o d isch en
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P o la risa tio n sk u rv e n , da in  diesem  P u n k t  d e r P o ten tia lu n te rsch ied  zw ischen 
der K a th o d e  und  der A node v e rsch w in d e t. N ach  einem a n d e ren  b e k a n n te n  
V e rfa h ren  [17] w ird  die K u rz sc h lu ß s tro m stä rk e  des E lem ents u n d  ih re  z e it­
liche Ä n d eru n g  gem essen. Bei der A n w en d u n g  der g en an n ten  V erfah ren  
ergeben  sich  folgende F eh le r bzw. S chw ierigkeiten :

—  B eim  E v an s-D iag ram m  w ird  die ze itliche Ä nderung  d er K orrosion  
n ic h t e r fa ß t;  die K o n s tru k tio n  des D iag ram m s is t ze itraubend  u n d  die g ra p h i­
sche E x tra p o lie ru n g  fü h r t  zu re la tiv  h o h en  F eh lerm öglichkeiten .

—  B eim  M essen d er K u rz sc h lu ß s tro m stä rk e  w ird n ic h t d er m ax im ale  
K o rro s io n ss tro m  e rh a lten , besonders d a n n , w enn  der innere W id e rs ta n d  des 
M eß in s tru m en tes  im  V ergleich zum  in n e re n  W id erstand  des galvan ischen  
E lem en te s  n ic h t v e rn ach lässig b ar ist.

D u rch  A nw endung der p o te n tio s ta tis c h e n  M eßm ethode k ö n n en  diese 
N ach te ile  b ese itig t w erden . In  der M eß an o rd n u n g  m it d rei E le k tro d e n  (K a ­
th o d e , A node und  B ezugselek trode) w ird  die P rü fé lek trode  d u rch  den  P o ten - 
t io s ta te n  m it H ilfe eines e lek tro m ech an isch en  oder e lek tron ischen  System s 
re la t iv  zu r B ezugselek trode au f einem  gew ü n sch ten  P o te n tia l g eh a lten  u n d  
zw ar so , d aß  der U n te rsch ied  d er I s t-S p a n n u n g  zwischen B ezugse lek trode  
u n d  P rü fe le k tro d e  u n d  der e ingeste llten  S o ll-S pannung  als S te llw ert v e rw en d e t 
u n d  d a d u rc h  die K lem m en sp an n u n g  d e r S trom quelle  bzw . die S tro m stä rk e  
des G le ichstrom s zw ischen K a th o d e  u n d  A node p ro p o rtio n a l zum  S te llw ert 
so lange g eän d e rt w ird, bis le tz te re r  a n n ä h e rn d  gleich Null is t. D er P o te n tio s ta t  
s ta b ilis ie r t  also den P o te n tia lu n te rsc h ie d  zw ischen B ezugselek trode  u n d  
P rü fe le k tro d e  bzw . h ä lt  ih n  au f dem  gew ü n sch ten  W ert.

W ird  n u n  als B ezugselek trode  die G egenelektrode, d. h . die K a th o d e  
bzw . A node der E lek tro ly se  v erw en d e t, so, je  nach  dem , ob die A node oder 
die K a th o d e  als P rü fe lek tro d e  an den  P o te n tio s ta t  bei S p an n u n g ss teu e ru n g  
gleich  N u ll wie ein In s tru m e n t, dessen in n e re r  W iderstand  gleich N ull is t. In  
d iesem  F a ll w erden näm lich  —  u n a b h ä n g ig  vom  durch fließenden  S tro m  —  
die b e id en  E lek tro d en  des galvan ischen  E lem en ts  durch den  P o te n tio s ta te n  
ku rzgesch lossen , d. h . die K lem m en sp an n u n g  des ga lvan ischen  E lem en ts 
w ird  b e im  W ert Null geha lten . Dies is t a b e r eben  die G rundbed ingung  fü r  den 
S c h n it tp u n k t im E v an s-D iag ram m .

N ach  diesem  V erfah ren  k a n n  also d er dem  E v an s-D iag ram m  e n tsp re ­
ch en d e  K orrosionsstrom , d. h. der m ax im ale  K orrosionsstrom  des galvan ischen  
E le m e n ts  a u f  v e rh ä ltn ism äß ig  einfache A rt u n m itte lb a r  gem essen und  zugleich 
seine ze itliche  Ä nderung  verfo lg t w erden .

E s w urden  V ersuche m it ga lvan ischen  E lem en ten  aus Z ink -E isen , Z ink- 
K u p fe r  u n d  E isen -K u p fer d u rch g efü h rt. D ie E lek troden , deren  O berfläche 
10 c m 2 b e tru g  u n d  die m it E p o x y d h a rz  in  G lasröh ren  b efestig t w aren , ta u c h te n  
hei Z im m e rte m p e ra tu r  in  eine 5% ige K C l-L ösung. Vor den M essungen w urden  
die E le k tro d e n  m it S chleifpapier gere in ig t, die Zn- und  F e -E le k tro d e n  in 0.1 n
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HCl, die C u -E lek tro d en  in  0.1 n H N 0 3 5 M inu ten  lan g  g e ä tz t, ansch ließend  
m it d est. W asser g e sp ü lt u n d  sofort v e rw e n d e t. Die eine E lek tro d e  w urde an  
den  P rü fe lek tro d en e in g an g , die andere  an  den  G egenelek trodeneingang  des 
P o te n tio s ta te n  angeschlossen . G egenelek trodeneingang  u n d  B ezu g se lek tro d en ­
eingang  des P o te n tio s ta te n  w urden kurzgesch lossen , d. h . die G egenelek trode 
w urde  als B ezugse lek trode  verw endet.

V or B eginn d er A rb e it wurde d ie  am  P o te n tio s ta te n  eingestellte  N u ll­
sp an n u n g  durch  ein G le ich s tro m rö h ren v o ltm e ter m it h o h em  E ingangsw ider­
s ta n d  k o n tro llie rt. D ie  zeitliche V e rä n d e ru n g  des K o rrosionsstrom s w urde

Abb. 1. Änderung des m axim alen Korrosionsstroms als Funktion der Zeit bei den galvanischen  
Elem enten F e— Cu, Zn— Cu und Zn— F e, potentiostatisch  gem essen

m it einem  G le ich s tro m reg is trie rin s tru m en t reg is tr ie r t, w elches m it dem  
A usgangsstrom kreis des P o te n tio s ta te n  in  Keilte g esch a lte t w ar.

D ie M eßergebnisse der m axim alen  K orrosionsström e u n d  ih rer ze itlichen  
Ä n d eru n g  bei den g e p rü fte n  galvanischen  E lem en ten  sind  in  A bb. 1 d arg este llt. 
Bei säm tlich en  E le m e n te n  zeigt sich eine  zeitliche Ä n d eru n g  des m ax im alen  
K o rro sio n sstro m s.

U m  die R ich tig k e it des V erfahrens zu  p rü fen , w u rd en  V ergleichsversuche 
d u rch g e fü h rt, in dem  die  E lek troden  des galvan ischen  E lem en ts  über S tro m ­
m esser m it versch iedenen  inneren  W id e rs tä n d e n  (10 Q, 100 ß ,  1000 Q) k u rzg e ­
schlossen u n d  die W e rte  d e r K orrosionsström e gem essen w u rd en . D a aus A bb . 
1 fe s tg es te llt w erden k o n n te , daß der K o rro sio n sstro m  n a c h  5 M inuten  einen  
k o n s ta n te n  W ert e rre ic h t, w urden sä m tlic h e  A blesungen  jew eils n ach  5 
M inu ten  d u rch g efü h rt. D ie M eßergebnisse sin d  in  A bb. 2 gezeigt. D er d u rch  
den  S trom m esser fließ en d e  S trom  w u rd e  als Abszisse, die ü b e r dem  W id e r­
s ta n d  des S trom m essers au ftre ten d e  S p a n n u n g  als O rd in a te  dargeste llt. D ie
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e rh a lte n e n  M eßpunk te  w u rd en  m ite in a n d e r  v erb u n d en  u n d  a u f  den W id e r­
s ta n d s w e r t  N ull ex tra p o lie rt, w odurch  d e r m ax im ale K orro sio n sstro m  e rh a lte n  
w u rd e . D ie E x trap o lie ru n g  is t jed o ch  u n sich e r, da  die K u rv e n  n ic h t lin ea r  sin d .

D er W ert des m ax im alen  K orro sio n sstro m s bei d en  u n te rsu c h te n  g a l­
v a n isc h e n  E lem en ten  w urde  auch  m it H ilfe  des E v an s-D iag ram m s b e s tim m t. 
D a z u  w urden  die anodischen  P o la risa tio n sk u rv e n  der A noden  u n d  die k a th o -

A bb. 2. M essung des m axim alen K orrosionsstrom s der galvanischen E lem ente Fe— Cu, Zn— Cu, 
Zn— Fe bei B elastung m it verschiedenen W iderständen

Abb. 3. Evans-D iagram m  des galvanischen E lem ents Zn— Cu

d isch en  P o la risa tio n sk u rv en  d er K a th o d e n  gegenüber e iner 0.1 n K alom elelek- 
tr ó d e  als B ezugselektrode aufgenom m en u n d  im  E v an s-D iag ram m  d a rg es te llt. 
D e r  m ax im ale  K orrosionsstrom  w urde  d u rch  den S c h n ittp u n k t d er e x tra p o lie r­
te n  K u rv e n  angezeigt. A uch in diesen V ersuchen  w urden  jew eils nach 5 M inu­
te n  A blesungen d u rch g efü h rt. In  A bb . 3— 5 sind die gem essenen W erte  d er 
E le k tro d e n p o te n tia le  als F u n k tio n  des L ogarithm us d e r S tro m stä rk e  des 
p o la ris ie ren d en  G leichstrom s au fg e trag en .
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Tabelle I

Vergleich der m it verschiedenen Verfahren gemessenen Werte der maximalen Korrosionsströme

Meßverfahren
Korrosionsstrom (,uA) in den Lokalelementen

Zn—Fe Zn—Cu Fe—Cu

P otentiostat 5,6 • 102 4,0 • 102 2,8 • 102

K urzgeschlossen über 

W iderstände 5,8 • 102 4,1 ■ 102 3,1 • 102

Evans-Diagram m 5,2 • 102 4,5 • 102 3,2 • 102

Abb. 4. Evans-Diagram m  des galvanischen E lem ents F e— Cu

Die nach drei verschiedenen Meßverfahren ermittelten Werte der maxi­
malen Korrosionsströme in den untersuchten galvanischen Elementen sind 
in Tab. I zusammengefaßt.

Aus den Angaben ist ersichtlich, daß zwischen den mit dem potentiosta­
tischen Verfahren erhaltenen Ergebnissen und den Ergebnissen der vergleichs­
weise angewandten Verfahren eine gute Übereinstimmung innerhalb des Meß­
fehlers vorhanden ist. Der Potentiostat kann also vorteilhaft und ohne die 
Fehlerquellen der früheren Meßverfahren zur unmittelbaren Messung der
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m ax im a len  K orrosio n sströ m e in  galv an isch en  E lem en ten  u n d  zur B estim m u n g  
d e r  zeitlichen  Ä n d e ru n g  d ieser S tröm e v e rw e n d e t w erden.
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For a m ore thorough study o f  the pharm acological properties o f com pounds 
containing the benzo(a)quinolizine sk eleton , a num ber o f oxim e esters and acid am ides, 
and several ether and amine derivatives have  been synthesized , using the 2-oxy-im ino  
and the 2-am ino com pounds as starting  m aterials.

A m ong th e  d e riv a tiv es  of l ,2 ,3 ,4 ,6 ,7 -h e x a h y d ro -llb H -b e n z o (a )q u in o -  
liz ine, several co m pounds have b een  show n to  possess v a lu a b le  p h arm aco lo g ­
ica l p roperties [1], b u t  no m en tio n  h as  been  m ade in  th e  l i te ra tu re  o f  th e  
sy n th es is  and  s tu d y  o f  a num ber of ty p e s  o f th ese  com pounds th a t  also p rom ise  
to  be effective.

E arlie r, one o f  th e  au thors [2, 3] described  a new  an d  v e ry  sim ple m e th o d  
fo r th e  p re p a ra tio n  o f  benzo(a)quinolizine d e riv a tiv es  (I). O w ing to  th e  y ie ld  
show n in  Table I ,  th e  p re p a ra tio n  o f sev era l ty p e s  of pharm aco log ically  
in te re s tin g  d e riv a tiv e s  has becom e feasib le .

F o r th e  f ir s t  ty p e  of com pounds to  be  p rep a red , ox im e esters (IV) w ere 
chosen, using m a in ly  such acids fo r  e s te rific a tio n  w hich  h a v e  been fo u n d  to  
fig u re  in  p h arm aco log ica lly  ac tive  com pounds. T he oxim e esters [4] p re ­
p a re d  according to  m e th o d s  А, В, C, a n d  D , resp ec tiv e ly , a re  lis ted  in  T ab le  IV . 
T h e  new  in te rm e d ia ry  ketones (II) a n d  oxim es (III), n o t y e t  rep o rted  in  th e  
li te ra tu re , are show n  in  Tables I I ,  a n d  I I I ,  re spec tive ly .

R ed u c tio n  w ith  lith iu m  a lu m in iu m  h y d rid e  of th e  oxim es gave th e  
co rrespond ing  2 -am in o  com pounds, a n d  from  th ese  th e  ac id  am ides w ere p re ­
p a re d . T he am ides (V) synthesized  acco rd in g  to  v a rious m e th o d s  [5] are lis te d  
in  T ab le  V.

Some of ou r 2-am ino-, and  2 -h y d ro x y im in o  com pounds w ere also m ad e  
to  re a c t w ith  2 ,4 -d in itro flu o ro b en zen e  an d  w ith  p h en y liso cy an a te , an d  som e 
am ines w ere t r e a te d  w ith  ethy l c y a n o a c e ta te , e th y l ch lo ro fo rm ate , and  e th y len e  
b ro m o h y d rin .

T he fo rm a tio n  o f oxime este rs  an d  o f acid am ides w as follow ed, an d  
th e  hom ogeneity  o f  th e  products ch eck ed , b y  TLC using  silica gel p la tes.

T he resu lts  o f  th e  pharm aco log ical s tu d y  o f th e se  com pounds w ill be 
p u b lish ed  elsew here.
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E x p erim en ta l

(All m .p .’s are uncorrected)

Thin-layer chromatography

Prior to use, the plates were coated w ith  Silica Gel G, and dried a t 120 °C for 10 m in. 
D evelop m en t was carried out in a solvent m ixture o f 39 m l of chloroform and 1 m l o f m ethanol. 
F or detection , a 0.5%  solution o f iodine in chloroform  was used.

Preparation of the parent ketones

‘9,10-D im ethoxy- and 9 ,10-d ieth oxy-2-oxo-3-a lkyl-l,2 ,3 ,4 ,6 ,7 -h exah ydro-llbH -benzo(a)-  
quinoliz ine were prepared according to [3], from  6,7-dim ethoxy-3,4-dihydroisoquinoline  
hydrochloride containing 3.5 m oles o f  water o f crystallization , and 6 ,7-diethoxy-3,4-dihydro- 
isoqu inoline hydrochloride, respectively.

Table I

Yields o f  the paren t ketones

(I)

R ,=  RS Rs M. p., °c Yield
%

CH 3 H 150— 151 36— 38

CH3 CH 3 139— 140 55— 57
CH 3 C2H 5 112— 113 60— 62

CH 3 n -c 4H 9 113— 114 74— 75

CH 3 i-C4H 9 126— 128 70— 72
C2H 5 C2H 5 116— 118 68— 70

C2H 5 i-C<H9 105— 107 60— 62

I t  is more advantageous to prepare 9,10-d i-n-butoxy- and 9,10-d ibenzyloxy-2-oxo-
3 -iso-bu ty l-l,2 ,3 ,4 ,6 ,7 -hexahydro-llb H -b en zo(a)q u inoliz ine com pounds b y  the alkylation , 
resp ectively  b y  aralkylation o f the corresponding 9,10-dihydroxy com pounds.

2-0xo-3-isobu ty]-9 ,10-d i-n -butoxy-l,2 ,3 ,4 ,6 ,7-hexahydro-llbH -benzo(a)qu inoliz ine

A  solution o f 2-oxo-3-isobu ty l-9 ,10-d ihyd roxy-l,2 ,3 ,4 ,6 ,7 -h exah ydro-llb H -b en zo(a)- 
quinolizine (8.67 g; 0.03 m ole) in acetone (200 m l) was m ixed w ith n-b uty l brom ide (16.44 g; 
0.12 m ole) and anhydrous potassium  carbonate (20 g), and the m ixture w as stirred and refluxed  
for 48 hrs. After cooling, the m ixture was filtered, the solvent evaporated, and the residue 
recrystallized  from acetone to y ield 2.6 g o f  the product, m.p. 70— 73 °C.

Preparation o f oxim es

General method. The ketone (0.1 m ole) was dissolved in hot ethanol (100 ml) and hyd- 
roxylam ine sulphate (0.052 m ole) in water (60 m l) was added, then  the solution was m ade  
alkaline by the addition of sodium  hydroxide (0.11 m ole) in water (5 m l). A  precipitate form ed  
im m ed iately . The m ixture w as boiled for 5 m in. on a water bath, allow ed to cool, and le t  to  
stan d  in  a refrigerator overnight. F iltration  and w ashing w ith 80% ethanol gave the product 
in 98— 100% yield.
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Table II

New ketones

R, =  R , R,
M. p., °c

(Base -HC1)
Empirical formula 

(Mol. weight)

Analysis 
of the base, %

C H N

C2H 5 i-C4H 9 105— 107 C2iH 31N 0 3 73.04* 8.98* 4.06*
345 72.86** 8.72** 4.26**

n-C4H9 i-C4H 9 70— 73 ^25H39N 0 3 74.81 9.72 3.49
401 74.77 10.02 3.48

Benzyl i-C4H 9 118— 120 c31h 35n o 3 79.31 7.46 2.98

(207— 209) 469 79.43 7.45 2.99
Benzoyl i-C4H 9 121— 123 74.86 6.23 2.81

(214— 216) 497 74.68 6.25 2.83

*Calcd. **Found.

Table III

New oximes

R, =  R , R, M. p., °C (Base-HCl)
Empirical formula 

(Mol. weight)

Analysis 
of the base, %

C H N

C2H5 c2h 5 138— 140 ^lgH^gNgOg 68.67 8.43 8.43

332 69.13 8.64 8.64

c2h 5 i-C4H 9 162— 164 C21H 32N20 3 70.00 8.88 7.77
360 69.83 9.03 7.76

n-C4H9 i-C4H9 179 ^25^40^2O3 72.11 9.61 6.73

416 72.31 9.31 6.67
Benzyl i-C4H9 166— 167 C3iH 36N 20 3 76.86 7.43 5.79

484 76.51 8.08 5.84
Benzoyl i-C4H9 176— 177 ^31^32^2^5 72.65 6.25 5.46

512 73.19 6.35 5.65
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Table IV 0 5
0 5

New oxime esters

R i =  R 2 R a R .
M. p., °c

(Base—HC1) Method Empirical formula 
(Mol. weight)

Analysis 
of the base, %

C H N Hal

CH3 CH3 C2H5 125 C) 1̂9-̂ -2(>̂ 2̂ 4
346

65.89
65.58

7.51
7.69

8.09
8.11

CH3 CH3 2'-nitro-3',4',5'-trim ethoxypheny] 166 C) ^26^-31^3^9
529

58.97
58.94

5.85
6.07

7.93
7.93

CH3 С_л5 CH3 95— 96 A) c 19h 2„n 2o4
346

65.89
65.91

7.51
7.55

8.09
8.14

CH3 C2H5 benzyl 113 C) C25H 30N 2O4
422

71.09
71.23

7.10
7.31

6.63
6.32

CH3 C2H6

C2H5

C6H5— CH =  CH 138— 140 A) c26h 30n a
434

71.88
71.98

6.91
7.04

6.45
6.43

26.8
26.64

CH3 3',5 '-dibrom o-4'-m ethoxyphenyl 192— 194
(175— 176)

A) C25H28N20 5Br2
596

50.33
50.44

4.69
4.70

4.69
4.67

CH3 c2h 5 3',4',5’-trim ethoxyphenyl 164 A) ^27H34N20 7
498

65.06
65.38

6.82
7.11

5.62
5.64
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CH3 C2H5 pyridin-3’-yI 153 A ) ^23^27-^3^4
409

67.61
67.61

6.82
7.05

10.24
10.28

CH3 re-C4H9 CH3 104— 105
(195— 196)

A ) c21h 30n 2o 4
374

67.37
67.41

8.02
8.35

7.48
7.47

CH3 n" C4H9 C2HS 112— 114 A ) ^22Н з2̂ 20 4
388

68.04
68.16

8.22
8.63

7.21
7.16

CH3 ra-C4H9 3',5’-dichloro-4'-m ethoxyphenyl 165— 166
(178— 179)

A ) C27H32N20 5Cl2
535

60.56
60.58

5.98
6.12

5.23
5.32

1 3 .2 7
1 3 .3 4

CH3 n-C„H9 3',5'-dibrom o-4'-m ethoxyphenyl 161— 163
(183— 184)

A ) C27H 32N20 5Br2
624

51.92
52.11

5.12
5.22

4.49
4.40

25.64
25.95

CH3 ti-C4H 9 3',4',5'-trim ethoxyphenyl 154 A ) ^29^38-^2^7
526

66.15
66.12

7.22
7.32

5.32
5.38

CH3 n-C4H 9 pyridin-3'-yl 142 A ) С25Н зЛ 0 4
437

68.65
68.70

7.09
7.46

9.62
9.63

CH3 i-C4H , CH3 99— 100
(190— 192)

A ) Ca H3„N20 4
374

67.37
67.15

8.02
8.16

7.48
7.61

CH3 i-C4H9 C2H5 100—101 C) С22Н32̂ 20 4
388

68.04
67.87

8.22
8.32

7.21
7.29

CH3 i-C4H9 i-C4H9 77 C) ^ 24 ^ -3  6 N 20 4
416

69.23
68.90

8.65
8.63

6.73
6.74

CH3 Í-C4Hg benzyl 100— 102 C) c.,7h 34n 2o 4
450

72.00
72.14

7.55
7.70

6.22
6.18

CH3 i-C4H9 C6H5CH =  CH 124— 125 C) 2̂8-И-34 ^ 20 4
462

72.72
72.71

7.35
7.57

6.06
6.07

CH3 i-C4H 9 4’-fluorophenyl 132 C) c26h 31n 2o 4f
454

68.72
68.70

6.82
7.17

6.16
6.14

4.18
4,02
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Table IV continued

R, =  R, K3 r 4
M. p., °c

(Base—HC1) Method
Empirical formula 

(Mol. weight)

Analysis 
of the base, %

C H N Hal

CH3 i-C4H9 4'-nitrophenyl 159
(195— 197)

B) ^26H3iN 30 6
481

64.86
64.83

6.44
6.54

8.74
8.66

CH3 i-C4H9 3'-chIoro-4'-m ethoxyphenyl 179 C) C27H33N20 5C1
500.5

64.73
64.68

6.59
6.82

5.59
5.64

7.09
6.59

CH3 i-C4H9 3 ',5 '-dichloro-4 '-m ethoxyphenyl 161— 162
(188— 190)

A) C,7H32N 20 5C12
535

60.56
60.52

5.98
6.05

5.23
5.20

13.27
13.24

CH3 i-C4H9 3',5'-dibrom o-4'-m ethoxyphenyl 172— 173 A) C27H32N20 5Br2
624

51.92
51.97

5.12
5.36

4.49
4.49

25.6
24.92

CH3 i-C4H9 3',4',5'-trim ethoxyphenyl 173— 174 A) ^29^38^2^7
526

66.15
66.26

7.22
7.45

5.32
5.22

CH3 i-C4H9 pyridin-3'-yl 138— 139 A) c25h 31n 30 4
437

68.65
68.79

7.09
7.20

9.62
9.82

CH3 i-C4H9 C1CH2 214— 216 D) C2IH29N20 4C1
408,5

61.68
61.82

7.09
8.22

6.85
6.80

8.69
8.69

C,H5 C2H5 CH3 103— 105
(180— 185)

A) C21H30N2O4
374

67.37
67.43

8.02
8.16

7.48
7.72

C2H5 C2H5 C2H 5 105— 106
(158— 160)

B) c22h 32n 2o 4
388

68.06
68.17

8.24
8.36

7.21
7.25

C2H5 C2H5 3 ',4' ,5 '-trim ethoxyphenyl 161— 162 A) ^29^38^2^7
526

66.15
66.03

7.22
7.32

5.32
5.06

C2H5 i-C4Ha CH3 102— 103 A) ^23^34^2^4
402

68.65
68.30

8.46
8.68

6.96
6.29

c2h 5 i-C4H 9 C2H5 112— 113
(200— 202)

A) ^24H36N20 4
416

69.23
68.89

8.65
8.29

6.73
7.08

C2H5 i-C4H9 3',4',5 -trim ethoxyphenyl 175—176 A) c31h 42n 2o 7
554

67.14
67.01

7.58
7.64

5.05
5.17
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Preparation of oxime esters

M ethod A . A  solution o f the oxim e (0.03 mole) in abs. pyridine (90 m l) was cooled below  
5 °C and a solution of the acid chloride (0.036 mole) in abs. pyridine (50 ml) was added drop- 
wise, under stirring. The m ixture was allowed to stand overnight a t room  tem perature. It  
w as then  poured into ice-water, and the m ixture extracted w ith  benzene. The benzene was 
evaporated, and the residue crystallized from  a m ixture of e th y l acetate and ethanol. For 
analysis the product was recrystallized from  acetone.

M ethod B . A  suspension o f the oxim e (0.03 mole) and anhydrous sodium  carbonate  
(0.08 m ole) was prepared in dry benzene (50 ml). The m ixture was stirred, and a solution  
o f the acid chloride (0.033 m ole) in dry benzene (60 m l) was added dropw ise, while the tem per­
ature was m aintained below  5 °C. The m ixture was allowed to sta n d  overnight, then it  was 
poured into  ice-water, and extracted , after brief standing, w ith  benzene. The extract was 
worked up as described under M ethod A.

M ethod C. A  solution of the acid chloride (0.033 mole) in abs. benzene (14 m l) was 
added b y  drops, below 5 °C, into a stirred suspension of the oxim e (0.03 m ole) and triethanol­
am ine (0.036 m ole) in abs. benzene (50 m l). The temperature of the m ixture was m aintained  
betw een 0 and 5 °C for 30 m in., then the m ixture was shaken at room  tem perature for 2 hrs, 
and allow ed to stand overnight. The m ixture was refluxed for 30 m in. on a water bath  and 
poured into ice-water. Further work-up was the same as described under M ethod A.

M ethod D . A  solution o f chloroacetyl chloride (0.03 m ole) in  dichloroethane (25 m l) 
was added dropwise during 1.5 hr. into a suspension of the oxim e (0.03 m ole), dichloroethane 
(50 m l), and triethylam ine (0.0315 m ole), kept between 0 and 5 °C. T he m ixture was stirred 
for 1 hr. a t a tem perature below 5 °C, then for 2 hrs at room tem perature, poured into ice- 
water, and extracted w ith  benzene. The residue obtained after evaporation  of the benzene  
was crystallized from acetone.

2-(P henylcarbam oyloxy-im ino)-3-isobutyl-9 ,10-d im ethoxy-l,2 ,3 ,4 ,6 ,7-hexahydro-llbH -
benzo(a)quinolizinc

To a suspension of the oxim e (9.96 g; 0.03 mole) in abs. benzene (100 m l) there was added  
by drops, a solution of phenylisocyanate (5.36 g; 0.045 mole) in  abs. benzene (12 m l). The 
stirred m ixture was boiled for 4 hrs, and allowed to stand overn ight a t room tem perature. 
The crystals that had separated were collected by filtration, and the benzene m other liquor 
was evaporated to dryness. The residue was crystallized from acetone to yield 2.48 g, m .p. 
140— 142 °C.

C26H 330 4N 3 (451). Calcd. C 69.17; H. 7.32; N  9.31. Found C 68.46; H  7.42; N  9.35% .

Synthesis o f oxim e ester quaternary salts
2-(P rop ionyloxy-im ino)-3-isobutyl-N -m ethyl-9 ,10-d im ethoxy-l,2 ,3 ,4 ,6 ,7-hexahydro-llbH -

benzo(a)quinolizin ium  iodide

The oxim e ester (11.64 g; 0.03 m ole) dissolved in chloroform (50 m l) w as m ixed w ith  
m ethyl iodide (42.6 g; 0.3 m ole) and the solution was allowed to stand at room  tem perature  
for 24 hrs. Petroleum  ether was then added till slight turbidity appeared. An oily  product 
separated, w hich becam e crystalline on scratching. The crude product (m. p. 136 °C) was 
recrystallized from acetone to obtain m .p. 180 °C. The yield was q u antitative .

C23H 360 4N2I (530). Calcd. C 52.07; H 6,60; N 5.28; I 23.98. Found C 52.08; H 6.90; 
N  5.23; I 23.61% .

Synthesis o f oxim e ethers
2-(2 ',4 '-D in itrop henyloxy-im ino)-3-isobutyl-9 ,10-d im ethoxy-l,2 ,3 ,4 ,6 ,7-hexahydro-llbH -

benzo(a)quinolizine

A m ixture of 2 -hyd roxyim ino-3-isobu ty l-9 ,10-d im ethoxy-l,2 ,3 ,4 ,6 ,7 -hexahyd ro-llbH -  
henzo(a)quinolizine (9.96 g; 0.03 m ole), abs. benzene (200 ml), tr iethylam ine (20.7 ml; 0.15 
m ole), and 2.4-dinitro-l-fluorobenzene (8.56 g; 0.046 mole) was boiled for 1 hr. I t  was then  
diluted w ith  water, and the benzene phase was separated. This was washed w ith  water and 
dried over K 2C 03. The red am orphous substance obtained after evaporation o f the solvent 
was crystallized  from 80% ethanol; m. p. 167— 168 °C.

CjsH joOjNj (498). Calcd. C 60.24; H  6.03; N  11.24. Found C 60.24; H 6.40; N  11.18% .
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Table V

New acid amides

R ,0
R„0- N

R s
(V)

N H - С О  R 4

R 1 =  R 2 R 3 R< (вкве-HCl) Method
Empirical formula 

(Mol. weight)

Analysis 
of the base, %

C H N Hal

CH3 CH3 C H 3 226— 227 B) C 18^-26^2^3
318

67.92
67.91

8.18
8.37

8.80
8.80

C H 3 C H 3 C2 H - 2 1 5 -  217 B) c 19h 28n 2o 3
332

68.67
68.81

8.43
8.82

8.43
8.43

C H 3 CH3 3/,5/-dichioro-4'-m ethoxyphenyl 236— 238 A) C2 1 H 2 8 N 20 4 C12

479
60.12
60.17

5.84
6.04

5.84
5.84

14.86
14.07

nя! 
U

CH3 2’-nitro-3',4',5'-trim ethoxyphenyl 219— 220 A) ^26-^33^д08
515

60.58
60.60

6.40
6.58

8.15
8.12

C H 3 c 2H5 C H 3 221— 222
(185— 186)

A) Cts>H2 8N 2 0 3

332
68.68
68.50

8.43
8.68

8.43
8.43

C H 3 C2H 5 C2 H 5 225— 226
(238— 241)

A) C2 0 H 3 0 N 2 O 3

346
69.36
70.00

8.67
8.82

8.09
8.10

C H 3 C2 H 5 i-C 3 H 7 247— 248 A)
360

70.00
70.02

8.88
9.11

7.77
7.82
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CH3 C2H5 4 /-nitrophenyl 237— 238
(218— 220)

A)
439

65.60
65.61

6.60
6.78

9.56
9.57

CH3 C2H5 3',5'-dichloro-4'-m ethoxyphenyl 231— 232
(222— 224)

A) ^25^3 O-^OjClg
493

60.85
60.81

6.08
6.34

5.68
5.36

14.40
14.77

CH3 c2h 5 3' ,4' ,5' - trim ethoxypheny 1 117— 118
(252— 254)

A) ^27^36^20 G
484

66.94
66.54

7.44
7.78

5.78
5.78

CH3 C2H5 2'-nitro-3',4',5'-trim ethoxypheny] 203— 204 A) ^Н зб^зО д
529

61.24
61.39

6.61
6.68

7.93
8.01

CH3 C2H5 3',5'-dim ethoxy-4'-rt-am yloxy-
phenyl

190— 191
(230— 233)

A) C3,H44N2Oc
540

68.88
68.79

8.15
8.35

5.18
5.21

CH3 C2H5 pyridin-3'-yl 226— 228
(178— 180)

A) ^23^29^3^3
395

69.87
69.70

7.34
7.50

10.65
10.49

CH3 ra-C4H9 CH3 210— 212 A) ^21Н 32̂ 20 з
360

70.00
70.01

8.88
9.03

7.77
7.68

CH3 n-C,H9 C2H5 215— 217
(238— 240)

A) Q 2H34N203
374

70.58
70.50

9.09
9.28

7.49
7.48

CH3 n-C4Ha i-C3H 7 223—224
(265— 266)

A) ^23-^36-^20з
388

71.13
71.17

9.27
9.44

7.21
7.04

CH3 n-C4H3 Cl— CH2 194— 196 C) C21H31N20 3C1
394,5

63.87
64.37

7.86
8.15

7.09
7.01

8.94
8.41

CH3 п-С4Н„ 4'-nitrophenyl 206— 208
(210— 215)

A) C26H33N30 5
467

66.80
66.58

7.05
7.05

8.99
8.79

CH3 n-C4H9 3',5'-dichloro-4'-m ethoxyphenyl 225— 226
(218— 220)

A) C27H 34N20 4C12
521

62.18
62.15

6.52
6.70

5.37
5.44

13.63
13.40

CH3 n-c4H9 3',5'-dibrom o-4'-m ethoxyphenyl 222—224
(208— 210)

A) ^ 2 7 H 34 N 2 0 4 B r 2

610
53.11
52.82

5.57
5.79

4.59
4.54

26.22
26.36
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Synthesis o f the 2-am ino parent compounds

T he suspension o f th e  oxim e (0.1 m ole) in abs. tetrahydrofuran (164 m l) was added, 
during about 30 min., to a suspension of lith ium  alum inium  hydride (8.3 g; 0.22 m ole) in  abs. 
tetrahydrofuran (250 m l), a t  60 °C. The m ixture was boiled for 1 hr., cooled, carefully 
dilu ted  w ith  water, filtered , and the m aterial collected on the filter was washed w ith  hot 
tetrahydrofuran. The so lv en t was evaporated, and the oily residue used w ithou t further 
purification  for the syn thesis o f the amides. The hydrochlorides prepared w ith  HC1 in abs. 
ethanol were crystalline products.

Synthesis o f the acid amides

M ethod A . To a suspension of the am ine (0.03 m ole) and sodium  carbonate (0.13 m ole) 
in  abs. benzene (50 ml) there w as added a solution  o f the acid chloride (0.033 m ole) in benzene 
(30 m l) b y  drops, below 5 °C. After standing overnight, the m ixture w as boiled for 30 min., 
cooled , and filtered. The substance collected on the filter was purified b y  boiling in water, 
filtra tio n , drying, and crystallization  from a m ixture of ethyl acetate and alcohol.

Method B. A  stirred solution  of the am ine (0.03 m ole) in abs. benzene (50 ml) and 
tr iethylam ine (0.036 m ole) w as m aintained at 5 °C, and a solution o f the acid chloride (0.033 
m ole) in abs. benzene (20 m l) w as added by drops. The m ixture was allowed to stand between
0 and 5 °C for 30 m in., and then  at room tem perature overnight. I t  was refluxed for 30 min. 
and poured into ice-water. T he benzene layer w as separated, washed, dried, and the solvent 
evaporated . The residue w as crystallized from a m ixture of ethyl acetate and ethanol.

Method C. A solution o f chloroacetyl chloride (0.015 mole) in dichloroethane (25 ml) 
w as added dropwise during about 1.5 hrs into a solution of the am ine (0.03 m ole) in  dichloro­
ethane (50 ml), m aintained at a tem perature below  5 °C. The m ixture was then stirred for
1 hr. a t 5 °C, for 2 hrs a t room  tem perature, and poured into ice-water. The pH  o f the  
aqueous m ixture was adjusted  to  6— 7 w ith a 10% solution  o f Na2C 03, and repeatedly extracted  
w ith  chloroform. The com bined extracts were dried w ith  CaCl2, filtered, and evaporated to 
dryness. The residue was crystallized from acetone.

Method D. The chloroacetylam ino com pound was prepared according to M ethod C 
th en  th e  appropriate am ine w as added in great excess, or as a solution in xy len e, and this 
m ixture was boiled for 2 to 4 hrs. After cooling, som e ice was added and the m ixture extracted  
rep eated ly  w ith benzene. T he com bined extract w as washed w ith  water, dried, and the solvent 
evaporated . The residue w as recrystallized from  eth y l acetate.

2-Form yIam ino-3-isobutyl-9 ,10-d im ethoxy-l,2 ,3 ,4 ,6 ,7-hexaliydro-llbH -benzo(a)qu inolizine

Formic acid (98% ; 2 m l) was added dropwise w ith cooling, to 2-am ino-3-isobutyl- 
9,10-d im ethoxy-l,2 ,3 ,4 ,6 ,7 -hexahydro-llb H -b en zo(a)q u inoliz ine (5 g; 0.0157 m ole), then the  
m ixture was boiled for 3 hrs. The excess form ic acid was distilled off under reduced pressure, 
and th e  residue dissolved in warm benzene. The addition of 10% N a2C 0 3 caused the separa­
tio n  o f  a solid that was collected  by filtration  and recrystallized from benzene to y ield 2 g, 
m . p .1 9 8 — 200 °C.

C20H30O3N2 (346). Calcd. C 69.3Ö; H 8.67; N . 8.09. Found C 69.24; H  8.80; N  8.06% .

2-(C yanacetyl-am ino)-3-isobutyl-9 ,10-d im ethoxy-l,2 ,3 ,4 ,6 ,7-hexahydro-llbH -benzo(a)
quinolizine

A  solution of ethyl cyanoacetate (10.17 g; 0.09 m ole) in abs. ethanol (10 m l) w as added  
b y  drops to a solution o f the am ine (9.54 g; 0.03 m ole) in abs. ethanol (10 m l), and the m ix­
ture w as boiled for 8 hrs. For one night it  was kept in a refrigerator, then the crystals which  
had separated were filtered o ff to obtain 2.9 g; m .p. 240— 241 °C.

C22H 310 3N 3 (385). Calcd. C 68.66; H 8.24; N  10.97. Found C 68.57; H  8.05; N  10.90% .

2-(C arbethoxyam ino)-3-isobutyl-9 ,10-dim ethoxy-l,2 ,3 ,4 ,6 ,7-hexahydro-llbH -
benzo(a)quinolizine

The amine (9.54 g; 0.03 mole) was dissolved in abs. ethanol (50 m l), and the solution  
was cooled below 5 °C. E th y l chloroformate (4.34 g; 0.04 mole) was added dropwise to the  
stirred and cooled solution , w hile the reaction m ixture was kept alkaline b y  the addition, as
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necessary, o f sodium  ethoxide. After standing for 2 lirs at room  temperature, the m ixture  
was adjusted w ith I N  HC1 to pH  7, then filtered and the filtrate evaporated. The residue w as 
dissolved in benzene, the solution washed w ith  w ater, dried, and the solvent evaporated. 
The residue was crystallized from  acetone, and the crystals were washed w ith petroleum  ether  
to obtain 2.5 g, m .p. 135— 136 °C.

C22H340 4N2 (390). Calcd. C 67.69; H 8.71; N  7.17. Found C 67.50; H 8.88; N  7.15% .

2-(Phenylcarbam oylam ino)-3-isobutyl-9 ,10-dim ethoxy-l,2 ,3 ,4 ,6 ,7-hexahydro-llbH -
benzo(a) quinolizine

A solution of phenylisocyanate (5.36 g; 0.045 m ole) in benzene (30 ml) was added by  
drops to a solution o f the am ine (9.54 g; 0.03 m ole) in benzene (100 mi). After boiling it  for 
4 hrs, the reaction m ixture was allowed to stand overnight at room  temperature. The crystals  
w hich had separated were collected by filtration and recrystallized from acetone to obtain  
3.25 g, m.p. 197 °C.

C26H350 3N 3 (437). Calcd. C 71.39; H 8.00; N  9.61. Found C 71.27; H 7.97; N  9.59% .

Quaternary salts o f the amides
2-(3',4',5'-trim ethoxybenzoylam inoj-3-isobutyI-N -m elhyl-9,10-diethoxy-l,2 ,3 ,4 ,6 ,7- 

hexahydro-llbH -benzo(a)qu inoliz in ium  iodide

M ethyl iodide (42.6 g; 0.3 m ole) was added to  a solution of the acid amide (16.2 g; 
0.03 mole) in chloroform (50 m l), the m ixture was le t  to stand for 24 hrs at room tem perature. 
Petroleum  ether was added till the appearance of slight turbidity. The crystals which separated  
the n ext day were filtered  off. The crude product (m .p. 188°C) was recrystallized from acetone  
to obtain 9.4 g, m .p. 199°C.

C32H470 6N2I (682). Calcd. C 56.30; H 6.89; N  4.10; I 18.62. Found C 56.03; H 7.28; 
N  4.03; I 18.90% .

Alkyl- and arylam ino derivatives
2-(2 ',4 '-B in itrophenylan iino)-3-isobutyl-9 ,10-d im ethoxy-l,2 ,3 ,4 ,6 ,7-hexahydro-llbH -

benzo(a)quinolizine

A m ixture o f the am ine (9.54 g; 0.03 mole), abs. benzene (200 m l), triethylam ine (20.7 ml; 
0.15 mole), and 2,4-dinitrofluorobenzene (8.56 g; 0.046 mole) was refluxed for 30 m in. The 
reaction m ixture was diluted  w ith  water and the tw o phases were separated. The benzene  
layer was washed w ith  a little  water, dried over K 2C 0 3, and the so lvent evaporated to leave  
a brown oil, which was purified as the hydrochloride to obtain the free base as crystals. R ecrys­
tallized from acetone, the product was 3.2 g, m .p. 154— 155°C.

C25H320 6N4 (484) Calcd. C 61.98; H 6.61; N  11.57. Found C 61.67; H 7.03; N  11.35% .

2-(beta-hydroxyethylam ino)-3-isobutyl-9 ,10-d im ethoxy-l,2 ,3 ,4 ,6 ,7-hexahydro-llbH - 
benzo(a)quinolizine hydrobromide

A mixture o f the am ine (9.54 g; 0.03 m ole), ethylene brom ohydrin (6 g; 0.048 m ole), 
and benzene (100 m l) was boiled for 30 min., and allow ed to stand at room  temperature over­
night. The crystals were filtered off, and washed w ith  benzene to give 1.6 g o f the product,
m .p. 245°C.

C21H350 3N2Br (443) Calcd. C 56.88; H 7.90; N  6.32; Br 18.02. Found C 56.86; H 7.84; 
N  6.38; Br. 18.58% .

2-(l',l'-D icarb eth oxyvin ylam ino)-3-isob uty l-9 ,10-d im ethoxy-l,2 ,3 ,4 ,6 ,7 -h exah ydro-llbH -
benzo(a)quinolizine

A m ixture of the am ine (9.54 g; 0.03 m ole), d iethyl ethoxym ethylenem alonate (7.56 g; 
0.035 mole) and abs. benzene (60 m l) was boiled for 1.5 hr., and allowed to stand at room  tern-
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perature overnight. The solvent was distilled off, and the residue crystallized from  ethyl 
aceta te , and recrystallized from  acetone to give 2.52 g, m .p. 140— 141 °C.

C27H40O6N2 (488). Calcd. C 66.39; H  8.19; N  5.73. Found C 66.24; H 8.26; N  5.85% .

*

T hanks are due to Dr. E . K a s z t r e i n e r  for having made available a part o f th e  acids 
needed for the preparation of acid chlorides. To Mrs. K .  P á l m a y  and Mrs. Z. K u t n y An s z k y  
we are indebted for valuable technical assistance. To our Analytical D epartm ent (directed b y  
Mr. A . M i z s e i ) we express our thanks for the accurate accom plishm ent o f a great num ber o f  
m icroanalyses.
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HETEROCYCLIC COMPOUNDS FROM SUGARS, II*

P R E P A R A T IO N  OF 2-PO L Y H Y D R O X Y A L K Y L T H IA Z O L E  A N D  -BENZO TH IA ZO LE
D E R IV A T IV E S

R .  B o g n á r , I . F a r k a s , L. S z i l á g y i , M . M e n y h á r t , É .  N .  N e m e s , and

I . F .  S z a b ó

(Institu te o f  Organic Chem istry, L . Kossuth U niversity, Debrecen)

R eceived  Ju ly  5, 1968

N ew  th io am id e  d e riv a tiv e s  h av e  been p rep ared  b y  th e  ad d itio n  of h y d ro g en  
sulphide to  a ce ty la te d  a ld o n itriles . T he condensation  of pen taace ty l-D -g lucon ic  acid 
th ioam ide  w ith  ch loroacetone, a n d  t h a t  o f pen taace ty l-D -g a lac to n ic  acid th io am id e  
w ith  p h en acy l b ro m id e , give th e  co rresp o n d in g  su b s titu te d  th iazo le  d e riv a tiv es.

The condensation of a cety la ted  aldonic acid chlorides w ith  2-am inothiophenol 
or 2-am ino-4-chlorothiophenol results in the formation of 2-polyacetoxyalkylbenzoth ia- 
zole or 2-polyacetoxyalkyl-5-chlorobenzothiazole derivatives. The polyacetoxy  com ­
pounds can be saponified w ith sodium  m ethoxide to 2-polyhydroxyalkylbenzoth iazoles. 
A cetylated aldonic acid nitriles also condense w ith 2-am inothiophenol to g ive  the  
corresponding 2-polyacetoxyalkyl-benzothiazoles in good yield.

The optical activ ity  o f th e  2-polyhydroxyalkylbenzothiazoIes and the steric  
position of the hydroxyl group a t the carbon atom  of the polyhydroxyalkyl chain  
attached to the benzothiazole ring, are connected by a relationship similar to the  
“benzim idazole rule” .

In  a prev ious p a p e r [1] w e rep o rted  a s tu d y  o f 2 -po lyhydroxya lky l- 
benzo th iazo lines fo rm ed  in  th e  reac tio n s  of 2 -am ino th io p h en o l or 2-am ino-4- 
ch lo ro th iopheno l w ith  sim ple su g ars . In  th e  p resen t w o rk  we describe th e  
sy n th esis  of som e 2 -p o ly h y d ro x y a lk y lth iazo le  and  -benzo th iazo le  d e riv a tiv es . 
In te r e s t  is a tta c h e d  to  these  s tu d ie s  because th e  com pounds are  closely re la te d  
to  th e  benzo th iazo line d e riv a tiv es  from  w hich th e y  are  ex p ec ted  to  form  w hen  
a c te d  upon  b y  oxidizing agen ts. I n  ad d itio n  to  th is , com pounds co n ta in in g  
such  ring  system s are in te re s tin g  from  a pharm aco log ical p o in t of v iew , and  
because  re la tiv e ly  l i ttle  w ork  h as  been  done on th e  p re p a ra tio n  such ty p e s  
of su g ar derivatives.

T he f irs t successful e x ten s io n  o f th e  H a n t z s c h  syn thesis  to  c a rb o ­
h y d ra te  deriva tives w as rep o rted  b y  B e y e r  an d  S c h u l t z  [2]. These a u th o rs  
described  th e  syn th esis  of pen taacety l-D -g lucon ic  ac id  th ioam ide  a n d  its  
cycliza tion  w ith  p h en acy l b ro m id e , re su ltin g  in  th e  fo rm a tio n  of 2-(D-gluco- 
p en taace to x y p en ty l)-4 -p h en y lth iazo le . To ou r know ledge, no o th e r a ldon ic  
ac id  th ioam ides h av e  been  re p o r te d , an d  no d a ta  a b o u t 2 -p o ly h y d ro x y a lk y l- 
benzoth iazo les w ere found  in  th e  lite ra tu re .

W e are rep o rtin g  th a t  th e  k n o w n  th ioam ide  sy n th es is  [3] can  also be 
ap p lied  to  c a rb o h y d ra tes . In  alcoholic  so lu tions, am m onia  ca ta lysis  effects th e  
ad d itio n  of h y d rogen  su lph ide to  a c e ty la te d  a ldon itriles, re su ltin g  in  th e  fo rm a-

*Part I: R. B o g n á r  et al. [1].
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t io n  o f th ioam ides in  good y ields. The s tru c tu re  of th e  th io am id es  is su p p o rted  
b y  th e ir  IR  spec tra . T h e  re su lts  concern ing  th ioam ides a re  show n in  T able I.

Table I
Acetylated aldonic acid thioamides

Compound
Yield

%

'EPИ

.

Characteristic 
IR  bands 

(cm-  *)

Pentaacety l-D -gluconic  acid 
th io am id e  [2]

67 154°
+ 6 3 °

(c =  1.0)

3410, 3300, 3190, 1615, 
1435

T etraacety l-D -xylon ic  acid 
th io am id e  (I)

88 138— 139°
+ 6 9 °

(c =  1.5)

3380, 3300, 3215, 1640, 
1440

P entaacety l-D -galacton ic  acid 
th io am id e  (П)

67 139°
+ 7 1 °

(c =  0.7)

3375, 3300, 3210, 1640, 
1440

Pentaacety l-D -glucosam inic  acid 
th io am id e  (1П)

63 154— 155°
+ 8 1 °

(c =  1.0)

3415, 3300, 3185, 1605, 
1415

As expected , pen taacety l-D -g lucon ic  acid  th io am id e  [2] an d  th e  galac- 
to n ic  acid  analogue (II) reac ts  w ith  ch lo roacetone  and  p h e n a c y l b rom ide to  
give 2 -(D -g lu co -p en taace toxypen ty l)-4 -m ethy lth iazo le  (IV) a n d  2-(D -galacto- 
p en taace to x y p e n ty l)-4 -p h e n y lth ia z o le  (V) re spec tive ly . B o th  com pounds yield 
ace ty l-free  c rysta lline  d e riv a tiv e s  w hen  sapon ified  acco rd ing  to  Z e m p l é n .

R =

R

N H ,
I

-C

X

OC—R'
I
CH,

-H „0

=нГ R -

N -
I

-C

- C - R '

CH

I
HCOAc

AcOCH

HCOAc
I

CHjOAc
I

HCOAc
I

AcOCH

AcOCH
I

HCOAc
I
CH2OAc

II

H CNH Ac
I

AcOCH
I

HCOAc
I

HCOAc
I

CH.OAc
III

X = C 1; Br

R

I
HCOAc

I
AcOCH

I
HCOAc 

H^OAc
= I

CH2OAc
IV

I
HCOAc

!
AcOCH

I
AcOCH

I
HCOAc

R ' =  — CH,

R '= C .H ,
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T he co n d en sa tio n  of ca rboxy lic  ac id  deriv a tiv es  w ith  o -am ino th iopheno ls 
is a g enera l m eth o d  o f preparing  d e r iv a tiv e s  o f  benzoth iazo les [4]. T he a c e ty la te d  
aldon ic  acid ch lo rides were found  to  r e a c t  read ily  w ith b o th  2 -am in o th io p h en o l 
a n d  2-am ino-4-ch lo ro th iopheno l in  h o t  benzene  in  th e  p resen ce  of an h y d ro u s 
p y rid in e . U sing th is  m ethod , we h a v e  p re p a re d  2 -su b s titu te d  b enzo th iazo le  
d e riv a tiv e s  (VI— X) from  te traace ty l-D -a rab o n ic  acid ch lo ride , pen taacety l-D - 
g luconic  acid ch lo ride , and  p en taacety l-D -g a lac to n ic  acid ch lo ride . T e traace ty l-  
D -galac taric  acid  d ich loride, too , r e a c te d  accord ing  to  e x p e c ta tio n  w ith  o-am i- 
n o th io p h en o l. I t  w as possible to  p re p a re  l,4 -ll»is-(2,-benzoth iazo ly l)-D -galacto- 
te tra a c e to x y b u ta n e  (XI) and  l,4 -6 is -[2 ’-(5’-ch lorobenzoth iazo ly l)]-D -galacto- 
te tra a c e to x y b u ta n e  (XII) b y  th is  m e th o d .

R , _ У

\ / \
n h 2 o

R

SH Cl

—H20 
— HC1

R =  CH 2O A c—(CHOAc)n—

VI: R ' =  H ; R: n = 3 , VII: R ' =  H; R : n =  4 , f  ,
VIII: R ' =  H ; R: n = 4 ,  fD-arabo- IX : R '=C 1; R : n =  4 T D'^iuco 

X: R ' =  C1; R: n = 4 ,  \x>-galacto-

R

SH

n h 2 о  о  h 2n

^ -- (C H O A c)4—  P

R'

X T '
— 211,0 
— 2НсГ

R' _ _ X \ _____ N

^ \ /  \  g  /  (C H O A c).

XI: R ' =  H
F ig . 2

XII: R' =  CI

K u h n  and  D r a w e r t  [5] have  p re p a re d  d ifferen t 2 -su b s titu te d  2-th iazo- 
lines b y  reac tin g  a lip h a tic  nitriles w ith  cy s team in e . Sim ilarly, th e  co ndensa tion  
of o -am in o th io p h en o l w ith  n itriles is e x p e c te d  to  yield 2 -su b s titu te d  b en zo ­
th iazo le  d eriv a tiv es . O nly  a few exam ples a re  know n [6, 7] w here  th is  reac tio n  
w as u sed  to  p rep are  2 -su b stitu ted  b en zo th iazo les . We fo u n d  t h a t  ace ty la ted  
aldon ic  acid  n itriles read ily  reac ted  w ith  o-am ino th iopheno l in  h o t alcohol 
w ith  th e  fo rm atio n  o f  am m onia an d  2 -su b s titu te d  benzo th iazo les .

In  som e cases th is  procedure g av e  sy ru p -lik e  aceta tes , w h ich , how ever, 
could  be  d e a c e ty la te d  to  yield c ry s ta llin e  2 -p o lyhydroxya lky lbenzo th iazo les. 
T he la t te r  com pounds, in  tu rn , gave c ry s ta llin e  acetates w h en  tre a te d  w ith  
acetic  anhydride .

T h e  2 -su b s titu te d  benzothiazole d e riv a tiv e s  prepared  in  tw o d ifferen t 
w ays p ro v ed  to  be id en tica l in every  re sp ec t. T he benzo th iazo le  s tru c tu re  is
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also supp o rted  b y  I R  spectroscopic d a ta . The b a n d  a t  1515— 1545 c m -1 
can  be assigned to  th e  skeletal v ib ra tio n  of th e  benzo tliiazo le  ring  [8, 9 ]. 
T h e  cha rac teris tic  a b so rp tio n  of 1 ,2 -d isu b s titu ted  b en zen e  derivatives a ro u n d  
750 c m -1 is also p re se n t in  th e  spectra  (с/. T ab le  I I ) .  T h e  2 -su b s titu te d  benzo- 
th iazo les  are c h a ra c te r iz e d  by  th e  d a ta  g iven  in  T ab le  I I .

A ccording to  T a b le  I I ,  th e  op tica l a c tiv ity  of th e  2 -poly  h y d ro x y  a lk y l - 
benzoth iazo les a n d  th e  s teric  position  o f  th e  h y d ro x y l g roup  a t th e  ca rb o n  
a to m  of th e  p o ly h y d ro x y  alkyl chain  a tta c h e d  to  th e  benzoth iazo le  rin g  
( i.e . C-2’) are c o n n e c te d  b y  a re la tio n sh ip  sim ilar to  th e  “ benzim idazole 
ru le ”  [10].

NC—(C H O A c)n—CH2OAc
- N H 3 
----------- >■

/ - N
(CIIOAc)n- C H 2OAc

VI: B-arabo-
XIII: 0 L-arabo-
XIV: n =  0 , D-xylo-
XV: B-xylo-

Fig.

VII: D -gluco-
VIII: n =  4 d -galacto- 
XVI: D-manno-

3

W ork on th e  re la tio n sh ip  b e tw een  2 -p o ly h y d ro x y a lk y lb en zo th iazo le  
a n d  -benzoth iazo line d e riv a tiv es , m en tio n ed  in th e  in tro d u c tio n , is in  p rogress. 
T h e  ox idation  of th e  b enzo th iazo line  d e riv a tiv es  to  th e  corresponding  benzo- 
th iazo les is being s tu d ie d .

E xperim en ta l

T etraacetyl-D -xylonic acid th ioam ide (I )

10 g o f tetraacetyl-D -xylonic acid nitrile was dissolved in 90 m l of ethanol a t 50°C 
and hydrogen sulphide w as introduced for 3 hrs, while the so lution  was maintained at 50°C  
in a water-bath. After saturation  with H 2S about 1 hr, 0.2 ml o f  cone, ammonium hydroxide  
w as added. The yellow  solution  was evaporated to dryness in vacuum  and the residual syrup  
crystallized from 20 m l o f  ethanol, to obtain 8 g 88% of I, m .p. 138— 139°C, [a]o  =  + 6 9 °  
(c =  1.51, in CHCLj).

Ci3H i90 8NS (349 .4). Calcd. N 4.01; S 9.17. Found N  3.96; S 9.14% .

P en taace ty l-D -g alac to n ic  acid  th ioam ide  (II )

10 g of pentaacetyl-D -galactonic acid n itrile  was dissolved in  200 ml of absolute ethanol 
at 50 °C and H2S was bubbled through the so lution  for 1.5 hrs a t th is temperature. 2 m l o f 
ethanol saturated w ith  am m onia at 20 °C was then added and H 2S introduced for another
1.5 hrs. The solution w as concentrated to 50 m l in vacuum . On dilution  w ith water the th io­
am ide crystallized. I t  w as allowed to stand several hours in a refrigerator, and separated b y  
filtration. Together w ith  an additional crop from  the mother liquor, 6.5 g (67%) of thioam ide  
was obtained. After crystallization  from alcohol the compound had m .p. 139°C, [a]ß =  + 7 1 °  
(c =  0.7, in CHCI3).

C16H23O10N S (421 .5). Calcd. N 3.32; S 7.61. Found N 3.23; S 7.59%.
Recrystallization from  ethyl acetate/petroleum  ether yielded a different m odification  

(m .p. 150 °C), which w »s identical w ith the above com pound as show n by the optical a c tiv ities  
( M d =  + 7 1 .6 °) and th e  IR  spectra.
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Table II
(a ) 2-Polyacetoxyalkylbenzothiazoles

Compound
Method

of
prepa­
ration*

Yield
%

М .р„ [»]D (in СНС13)
Characteristic 

IR  bands 
(cm-1)**

2-(D-aro6o-tetraacetoxy-butyl)-,
(VI) A 25 75— 76°; — 3.8° 1515, 760

2-(D-arafro-tetraacetoxy-butyl)-,
(VI) В 90 76°; — 3.2°

2-(L-arafeo-tetraacetoxy-butyl)-,
(XJII) В 75 75°; + 3 .5 ° 1515, 760 (identical

2-(D-yy/o-tetraacetoxy-butyl)-,
(XIV) в 87 94°; + 9 4 .5 °

with VI) 

1 5 2 0 -1 5 1 0 , 765
2-(L-*y/o-tetraacetoxy-butyl)-,

(XV) в 92 91— 92°; — 94° 1520— 1515, 765

2-(D-gZnco-pentaacetoxy-pentyl)-,
(VII) А 69 157— 158°; + 1 0 8 °

(identical w ith XIV) 

1530, 1520, 745

2-(D-g/nco-pentaacetoxy-pentyl)-,
(VII) В 74 158— 159°; + 1 1 0 °

2-(D-gaiacto-pentaacetoxy-pentyl)-,
(VIII) А 42 132— 133°; + 4 5 .6 ° 1530, 1520, 768

2-(D-ga/acZo-pentaacetoxy-pentyl)-,
(VIII) В 63 133— 135°; + 4 6 .2 °

2-(D-ma7m o-pentaacetoxy-pentyl)-,
(XVI) В 98 96—97°; + 1 7 .5 ° 1520, 760

2-(D-g/iico-pentaacetoxy-pentyl)- 
5-chloro-, (IX) А 70 113— 114°; +  107.4° 1545, 1515, 840

2-(D-ga/acio-pentaacetoxy-pentyl)- 
5-cbIoro-, (X) А 64 149°; + 4 0 .2 ° 1545, 1517, 815

*A: from acid chloride. B: from nitrile.
**The IR spectra were recorded in K B r pellets

(b ) 2-Polyhydroxyalkylbenzolhiazoles

Compound Yield
%

M .p.; [<x] d  (in pyridine)

2-(D -ara6o-tetrahydroxybuty l)-, (Via) 80 207— 208°; — 133.5°
2-(L -arabo-te trahydroxybuty l)-, (X llla ) 80 206°; + 1 3 4 °
2-(D -ay lo-te trahydroxybuty l)-, (XVIa) 54 143— 144°; +  82.8°
2-(L -xy/o-tetrahydroxybutyl)-, (XVa) 85 144— 145°; —  83.5°

2-(D-gZuco-pentahydroxypentyl)-, (Vila) 71 169— 170°; +  74°
2-(D -ga/ar(o-pentallydroxypentyl)-, (V illa) 97 212— 213°; +  41°

2-(D -m arm o-pentahydroxypentyl)-, (XVIa) 54 190— 191°; —  60.6°

2-(D-gZuco-pentahydroxypentyl)-5-chloro-, (IXa) 91 212— 213°; +  79.5°
2-(l)-galacto-pcn tahydroxypentyl)-5-chloro-, (Xa) 83 220— 221°; + 1 4 2 °
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Pen taace ty l-D -g lucosam in ic  acid  th ioam ide (III)

2.5 g o f pentaacetyl-2-am ino-2-deoxy-D -gluconic acid nitrile w as dissolved in 25 ml 
o f e thanol at 50° C. A v igorous stream  of H2S was passed through the solution for 1.5— 2 hrs. 
w hile i t  was m aintained a t 40°C in a water-bath. In  10 min. after the stream  of H2S had been 
started , 0.2 m l o f cone, am m onium  hydroxide was added to the solution , w hich becam e orange- 
red w hen the reaction w as com pleted. The th ioam ide precipitated on cooling, and was recrys­
ta llized  from  hot ethanol, to  obtain  1.7 g (63% ), m .p. 154— 155° С, [oi] q =  + 8 1 °  (c =  1.01, 
in CHC13).

C16H240 9N2S (420.4). Calcd. N  6.66; S 7.62. Found N  6.60; S 7.59% .

2-(D -g lu co -p en taace to x y p en ty l)-4 -m eth y lth iazo le  (TV)

4 g of pentaacetyl-D -gluconic acid thioam ide in  4 ml o f chloroacetone was heated for 
15 m in. at 75°C in a w ater-bath . The substance gradually dissolved and, after the reaction  
had gone to  com pletion, a dark green solution w as obtained, which was evaporated to dryness 
in  vacuum . The residue w as taken up in anhydrous ethanol and the so lvent evaporated in 
vacuum , th is procedure being  repeated several tim es. After recrystallization, the product had  
m .p. 128°C. Yield: 1.18 g (27% ); [a]D =  + 9 6 .2 °  (c =  0.48, in CHC13).

C19H25O10NS (459.5). Calcd. C 49.66; H  5.48; N  3.04; S 6.97. Found C 49.92; H  5.30; 
N  2.98; S 6.79% .

2 -(D -g lu co -p en tahydroxypen ty l)-4 -m ethy lth iazo le  (IV a)

1 g o f IV was d issolved in 5 ml of warm  absolute ethanol and 0.3 ml of 1 N  sodium  
m eth oxide in m ethanol w as added. The solution was allowed to  stand in a refrigerator for 
1 hr., then the crystalline product was filtered o ff and recrystallized from 5 ml of ethanol to  
y ield  0.4 g (74% ) of IVa, m .p . 160°C, [a]p =  + 4 4 .1 °  (c =  0.6, in pyridine).

C9H 150 5SN (249.3). Calcd. C 43.36; H  6.07; N  5.61; S 12.86. Found C 43.52; H 5.84; 
N  5.55; S 12.73%.

2-(D -galac to -p en taace to x y p en ty l)-4 -p h en y lth iazo le  (V)

1 g of pentaacetyl-D -galactonic acid th ioam ide (II) was dissolved in 10 ml of anhydrous 
ethanol, 0.5 ml o f absolute pyridine and 0.48 g o f phenacyl bromide were added, and the solu­
tion  was heated on a w ater-b ath  for 30 m in. A fter cooling, the m ixture was poured into ice- 
w ater, the precipitate filtra ted  off, washed w ith  ice-water, and dried in a vacuum  desiccator 
over P20 5. After three recrystallizations from  aqueous ethanol, the y ield  was 0.28 g (23% ); 
m .p. 120— 121.5°C, [a ]D =  + 4 5 .6 °  (c =  0.4, in  CHC13).

C24H2,O 10NS (521.5). Calcd. N 2.68; S 6.13. Found N  2.64; S 6.07% .

2-(D -galac to -p en tah y d ro x y p en ty l)-4 -p h en y lth iazo le  (V a)

1 g o f V suspended in 20 ml of anhydrous ethanol was m ixed w ith a solution of 2 m l 
o f 1 N  sodium m ethoxide in  absolute m ethanol. After rapid dissolution, abundant crystal 
form ation was observed. T he crystals were filtered off after standing for several hours and  
w ashed w ith m ethanol. Y ield: 0.45 g (75% ). Two recrystallizations from  aqueous ethanol gave  
m .p. 217— 219 °C, [a]D =  + 1 3 2 °  (c =  0.51, in pyridine).

C14H I70 5NS (311.3). Calcd. N  4.50; S 10.30. Found N  4.48; S 10.12% .

2-(D -arabo-te traace to x y b u ty l)-b en zo th iazo le  (V I)

(a )  From acid chloride
A solution of 2.1 g  o f tetraacetyl-D-arabonic acid chloride and 0.74 g o f o-am inothio- 

phenol was prepared in 50 m l of absolute benzene, and 1.3 ml o f absolute pyridine was added. 
The solution was refluxed on a water-bath for 1 hr., while N2 was bubbled through it. A fter  
cooling, the solution was decanted from the precipitated pyridinium  chloride, evaporated to  
dryness in vacuum  and the residue recrystallized twice from petroleum  ether, to yield 0.6 g 
(25% ) of VI, m.p. 75— 76°C, [a]ß =  — 3.8° (c =  1.4, in CHC13). The IR  spectrum was identical
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w ith  th a t o f the product obtained by procedure (b ) .  No m ixed m .p. depression was observed  
w ith  the products prepared according to procedures (a )  and (b ).

(b )  From nitrile
0.2 g o f 2-(D -arabo-tetrahydroxybutyl)-benzothiazoIe (Via) was subjected to acety la ­

tion  in a m ixture o f 5 m l o f absolute pyridine and 5 m l o f acetic anhydride for 24 hrs a t room  
tem perature. Upon pouring on ice, a syrup w as form ed which was extracted  w ith  chloroform. 
The CHC13 solution was washed w ith a N a H C 0 3 so lution  to remove th e  acid, then dried over  
anhydrous Na2S 0 4, and evaporated to dryness in  vacuum . Absolute ethanol was d istilled  
from  the sryup several tim es in vacuum , soon resu lting in  crystallization, and yielding 0.3 g 
(90% ) o f VI. Recrystallized from petroleum  ether, th e  substance had m .p. 76°C, [a]D =  — 3.2° 
(c =  1.8, in CHCI3). No m elting point depression w as observed w ith the product prepared b y  
procedure (a ) .

C19H210 8NS (423.4). Calcd. N  3.30; S 7.58. Found N 3.19; S 7.58% .

2-(D -arah o -te trah y d ro x y b u ty l)-b en zo th iazo le  (V ia )

0.5 m l of o-am inothiophenol was added to  1 g o f tetraacetyl-D-arabonic acid nitrile 
dissolved in 10 ml o f absolute ethanol and the so lution  was refluxed for 4 hrs on a w ater-bath  
in a stream  of nitrogen. The solvent was evaporated  in  vacuum  and the residual yellow  syrup  
directly  deacetylated b y  dissolving it  in 10 m l o f  absolute m ethanol and adding 2 ml o f  1 N  
sodium  m ethoxide in  absolute m ethanol. A fter  several hours of standing, the solution was 
neutralized w ith acetic acid, the precipitated su bstance filtered off, and w ashed w ith m ethanol. 
Yield: 0.65 g (80% ). R ecrystallization from cello so lve  gave m.p. 207— 208° C, [k | q =  — 133.5° 
(c =  0.3, in pyridine).

C n H ^ N S  (255.3). Calcd. N  5.48; S 12.55. Found N  5.18; S 12.50% .

2-(L-arabo-tetrahydroxybutyl)-benzothiazole (X IH a)

1 g o f tetraacetyl-L-arabonic acid nitrile w as reacted w ith 0.5 m l o f  o-am inothiophenol. 
(For conditions and processing, see the preparation o f V ia). The crude product obtained after  
deacetylation  (0.65 g; 80% ) was recrystallized from  cellosolve; m .p. 206°C, [a]D =  + 1 3 4 °  
(e =  0.33, in pyridine). The IR  spectrum w as identica l w ith  that o f V ia .

Cn H 130 4NS (255.3). Calcd. N  5.48; S 12.55. Found N  5.29; S 12.44% .

2-(L -arabo-tetraacetoxybutyl)-benzothiazole (Х1П )

0.2 g of XIHa was acetylated in a m ixture o f 5 m l pyridine and 5 m l acetic anhydride 
for 24 hrs at room tem perature. The product w as processed as described for VI. The crude 
product was recrystallized from petroleum ether, to  y ield  0.25 g (75% ) o f XIII, m.p. 75°C, 
[a]D =  + 3 .5 °  (c =  1.44, in  CHCI3). The IR  spectrum  was identical w ith  th a t o f VI.

2 - (  D -xylo - tetrahydroxybutyl) -benzothiazole (XIVa)

This compound was prepared from 1.2 g o f  tetraacetyl-D -xylonic acid nitrile and 0.6 m l  
of o-am inothiophenol as described for Via. The crude product obtained on saponification w ith  
sodium  m ethylate (0.44 g; 54%) was recrystallized from  «-butanol; m.p. 143— 144°C, [<x] d =  
=  -(-82.8° (c =  0.28, in pyridine).

C n H 130 4NS (255.3). Calcd. N  5.48; S 12.55. Found N  5.30; S 12.40% .

2 -(D -x y lo -te traace toxybu ty l)-benzo th iazo le  (XIV)

0.2 g of XVIa was acetylated as described for VI. After recrystallization from petroleum  
ether, the product (0.29 g; 87% ) had m.p. 94°C, [a ]D =  + 9 4 .5 °  (c =  0.35 , in CHC13). 

C19H2l0 8NS (423.5). Calcd. N  3.30; S 7.58 . Found N  3.28; S 7.42% .

2-(L-xylo-tetrahydroxybutyl)-benzothiazole (XVa)

1 g o f  tetraacetyl-L-xylonic acid nitrile w as reacted w ith 0,5 m l o f  o-am inothiophenol. 
For conditions and processing, see the preparation o f V ia. The crude product obtained after  
deacetylation  (0.69 g; 85% ) was recrystallized from  га-butanol; m.p. 144— 145°C, [а]ц =  
=  — 83.5° (e =  0.3, in  pyridine). The IR  spectrum  was identical w ith th a t o f  X lV a.
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2-(L -xyIo-tetraacetoxybutyl)-benzothiazole (X V )

0.25 g o f XVa was acetylated  w ith pyridine/acetic anhydride as described for V ia . 
The crude product (0.35 g; 92% ) was recrystallized from petroleum  ether; m.p. 91— 92°C, 
[a ]D =  — 94° (c =  0.2, in CHC13). The IR  spectrum  was identical w ith  that o f XIV.

2 -(D -g luco-pen ta acetoxypen ty l)-b en zo th iazo le  (V II)

(a )  From acid chloride

6 g of pentaacetyl-D -gluconic acid chloride was dissolved in 60 ml of absolute ethanol 
and a m ixture of 1.76 g o f o-am inothiophenol, 1.4 m l o f absolute pyridine, and 20 ml of abso­
lute benzene was added dropw ise, followed by refluxing on a w ater-bath  for 1 hr. After cooling, 
the solution was decanted from  the pyridinium chloride, and evaporated to dryness in vacuum . 
The residual syrup w as recrystallized from hot ethanol. Two recrystallizations gave colorless 
needles (4.8 g; 69% ), m .p . 157— 158°C, [cc]ß =  + 1 0 8 °  (c =  0.69, in  CHC13). No m.p. depression  
was observed w ith the product prepared according to (b ).

C22H25Ol0N S (495.5). Calcd. N  2.82; S 6.47. Found N 2.85; S 6.44% .

( b)  From nitrile

1 g o f pentaacetyl-D -gluconic acid nitrile was dissolved in 10 m l of absolute ethanol 
0.4 ml of o-am inothiophenol was added, and the solution was refluxed for 4 hrs on a w ater- 
bath  in a stream of nitrogen . The crystals w hich separated on cooling (0.95 g; 74% ) were  
filtered off and recrystallized tw ice from absolute ethanol, to obtain  m .p. 158— 159° C, [a ]o  =  
=  -f-110° (c =  0.57, in  CHC13). The IR  spectrum  was identical w ith  th a t o f the product pre­
pared by m ethod ( a ) ,  and no m.p. depression was observed w ith  th a t product.

2 -(D -g lu co -pen tahydroxypen ty l)-benzo th iazo le  (V ila )

2 g o f VII w as suspended in 30 ml of absolute m ethanol and a solution o f 2.5 m l o f  
1 N  sodium m ethoxide in m ethanol was added. F ast dissolution w as followed by abundant  
crystal formation. The crystals were filtered off after several hours’ standing, and recrystallized  
from  hot ethanol to obtain  0.82 g (71% ) of V ila , m.p. 169— 170° С, [а]^ =  + 7 4 °  (c =  0.5 , 
in pyridine).

Cl2H 150 5NS (285.3). Calcd. N 4.91; S 11.23. Found N  4.80; S 11.21%.

2 -( d -galacto-pentaacetoxypentyl)-benzothiazole (V III)

(a )  From acid chloride

2.5 g o f pentaacetyl-D -galactonic acid chloride was dissolved in 25 mi of absolute b en ­
zene, and a m ixture o f 0.65 g of o-am inothiophenol, 10 ml of absolute benzene, and 0.5 m l 
o f absolute pyridine was added dropwise, w ith stirring under nitrogen. The solution was refluxed  
for 1 hr. on a w ater-bath . A fter cooling, the benzene solution was decanted from the precip i­
ta ted  pyridinium salt and evaporated to dryness in vacuum . R epeated evaporation o f ethanol 
from the syrup-like residue, resulted in crystallization of the latter. After two recrystallizations 
from 50% aqueous ethanol the product (1.23 g; 42% ), had m .p. 132— 133° С, [а]д =  + 4 5 .6 °  
(c =  1.12, in CHC13).

C22H25O10NS (495.5). Calcd. N 2.82; S 6.47. Found N 2.79; S 6.29% .

(b )  From nitrile

In this syn thesis 1 g o f pentaacetyl-D -galactonic acid nitrile w as allowed to react w ith  
0.4 m l of o-am inothiophenol, as described for VII (m ethod b ). The crude product (0.8 g, 63% ) 
was recrystallized from  aqueous ethanol; m .p. 133— 135 °C, [a][) =  + 4 6 .2 °  (c =  0.76, in  
CHC13).

On the basis o f th e  IR  spectrum and m ixed  m .p. determ ination, the product was id en ­
tica l w ith that o f procedure (a ) .
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2 -(D -g a lae to -p en tahydroxypen ty l)-benzo th iazo le  (V il la )

1.05 g of VIII in 10 m l of absolute m ethanol was m ixed w ith  1.2 m l o f 0.5 N  sodium  
m eth oxide in m ethanol. The solution w as allow ed to stand in a refrigerator overnight. The  
product was recrystallized from 80 ml o f eth an o l, and dried in a vacuum  desiccator over P 20 5 
at 80° C to obtain 0.59 g (97% ) of V illa , m .p . 212— 213° C. [ oe] d  =  + 4 1 °  (e =  0.48, in pyridine).

C12H I50 5NS (285.3). Calcd. N  4.91; S 11.23. Found N  4.73; S 11.32% .

2 ,2 '-b is(p en taace ty l-D -g alac to n am id o )-d ip h en y ld isu lp h id e

0.59 g of 2 ,2'-d iam inodiphenyldisulphide was acylated w ith  2 g o f pentaacetyl-D - 
galacton ic  acid chloride. For conditions and  processing, see m ethod (a )  described for VII. 
Two recrystallizations from  absolute ethano l gave 1.8 g (37% ) o f th e  product, m .p. 214—  
215° C, [ot]D =  — 73.7° (c =  0.62, in CHC13).

C44H520 22N2S2 (1025.0). Calcd. N  2.73; S 6.25. Found N 2.70; S 6.15% .
Characteristic IR  bands: 3350 (vN H ), 1680 (rC =  0 ,  amide), 1580, 1515, and 760 cm - 1 .

2-(D -m anno-pentahydroxypentyl)-benzothiazole (X V Ia)

1 g o f pentaacetyl-D-m annonic acid n itr ile  was reacted w ith 0.4 m l o f o-am inothiophenol 
as described for Via. After saponification w ith  sodium  m ethoxide, the crude product (0.40 g; 
54% ) w as recrystallized from  га-butanol; m .p . 190— 191 °C, [<x] q =  — 60.6° (c =  0.31, in 
pyridine).

C12H 150 5NS (285.3). Calcd. N  4.90; S 11.24. Found N  4.76; S 11.05% .

2-(D -m anno-pcntaacetoxypentyl)-benzothiazole (X V I)

0.5 g o f XVIa was acetylated  as described for VI under (b ) .  The crude product (0.85 g; 
98% ) w as recrystallized from  petroleum  ether; m .p. 96— 97° C, [a]p  =  + 1 7 .5 °  (c =  0.7, 
in CHC13).

C22H25O10NS (495.5). Calcd. N  2.83; S. 6.47. Found N 2.88; S 6.45% .

2-(D -g luco-pen taacc toxypen ty l)-5 -ch !o robenzo th iazo le  (IX )

2 g o f  pentaacetyl-D-gluconic acid chloride was allowed to react w ith  0.74 g o f 2-am ino-
4-chlorothiophenol according to m ethod (a )  g iven  for VII. Two recrystallizations from  abso­
lu te  ethanol gave 1.75 g (70% ) of IX, m .p. 113— 114 °C, [a]c, =  + 1 0 7 .4 °  (c =  0.81, in CHC13). 

C22H24O10NSCl (529.9). Calcd. N  2.64; S 6.05. Found N  2.62; S 6.08% .

2-(D -g luco-pen tahydroxypen ty l)-5 -eh lo robenzo th iazo le  (IX a )

1 g  o f IX was suspended in 20 ml o f h o t absolute m ethanol, and 0.7 m l o f 0.5 N  sodium  
m ethoxide in absolute m ethanol was added. A fter  dissolution, the deacety lated  product rapidly  
crystallized. The next day it  was filtered off, w ashed w ith  absolute m ethanol, and recrystal- 
ized from  hot 50% aqueous ethanol to obtain  bright needles (0.55 g; 91% ), m .p. 212— 213° C, 
a][j =  + 7 9 .5 °  (c =  0.26, in pyridine).
1 C12H 140 5NSC1 (319.8). Calcd. N  4.38; S 10.02. Found N  4.37; S 9.85% .

2 -(D -g a lac to -pen taace toxypen ty l)-5 -ch lo robenzo th iazo le  (X )

2 g  o f pentaacetyl-D-galactonic acid chloride was allowed to react w ith  0.74 g o f 2-am ino- 
4-chlorothiophenol as described for IX . The com pound was recrystallized from  absolute ethanol 
to  y ield  1.6 g (64% ) o f X , m .p. 149° C, [a ]D =  + 4 0 .2 °  (c =  0.52, in CHC13).

C22H 24O10NSCl (529.9). Calcd. N  2.64; S 6.05. Found N  2.66; S 6.02% .
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2-(D -gaIacto-pentahydroxypentyl)-5-chlorobenzothiazole (X a)

1 g o f X in 25 m l o f  absolute m ethanol was saponified w ith 1 m l o f 0.5 N  sodium m ethox- 
ide  in  absolute m ethanol according to the procedure described for IX a. The crystalline crude 
produ ct was recrystallized from  aqueous d im ethyl form am ide, to  ob ta in  0.5 g (83% ), m .p. 
220— 221° C [a]o  =  + 1 4 2 °  (c =  0.7, in pyridine).

C13H u 0 5NSC1 (319.8). Calcd. N  4.38; S 10.02. Found N  4.45; S 9.87% .

l,l-b is-(2 '-benzoth iazolyl)-n-galaoto-tctraacetoxybutane (X I)

3.65 g o f tetraacetyl-D-galactaric acid dichloride was d issolved in  80 m lo f hot absolute  
benzene, then 2.2 g o f o-am inothiophenol in 20 m l o f absolute benzene and 1.4 ml o f absolute  
pyridine were added dropwise while stirring. T he solution was w arm ed at 75° for 1 hr. in  a 
w ater-bath. The solid residue, obtained on evaporating the so lvent in  vacuum , was dissolved  
in  h ot absolute pyridine, and absolute ethanol was added until a slight turbidity appeared. 
F urther recrystallization from  a m ixture o f pyridine and absolute ethanol gave a y ield  o f 1.2 g 
(24% ); m .p. 239— 240° C (d.).

C26H240 8N2S2 (556.6). Calcd. N  5.03; S 11.52. Found N  5.18; S 11.37% .
Characteristic IR  bands: 1520 and 760 cm - 1 .

l,4 -b is-(2 '-b e iizo th iazo ly l)-D -g a lac to -te trah y d ro x y b u tan e  (X Ia)

1.6 g of XI w as suspended in 60 m l o f absolute m ethanol, and 2 m l of 0.5 N  sodium  
m ethoxide in absolute m ethanol was added. A fter refluxing for 30 m in. on a w ater-bath, the  
suspension was shaken for 12 hrs. at room tem perature. The filtered product was recrystallized  
from  dim ethyl form am ide to obtain 0.5 g (45% ) o f XIa, m.p. 278— 280° C (d.).

C18H 160 4N 2S2 (388.5). Calcd. N  7.21; S 16.50. Found N  7.31; S 16.30% .

l,4-b is[2 '-(5 '-ch lorobenzoth iazolyl)] -D -g a lac to -te traace to x y b u tan e  (X II)

3.3 g o f tetraacetyl-D -galactaric acid dichloride in 60 m l o f h ot absolute benzene was 
allow ed to react w ith  2.54 g o f  2-am ino-4-chlorothiophenol as described for XI. The crude 
product was recrystallized tw ice from hot absolute pyridine to y ield  2.6 g (52% ) of XII, m .p. 
285— 286 °C (d.).

C„6H220 8N,S„C12 (625.5). Calcd. N  4.48; S 10.24; Cl 11.30. Found N 4.60; S 10.17; Cl 
11.26% .

Characteristic IR  bands: 1545, 1515 and 805 cm - 1 .

l,4 -b is [2 '-(5 '-c lilo ro b en z o th ia zo ly l)]  -D -g a lac to -te trah y d ro x y b u tan e  (X lla )

2 g o f XII was saponified w ith 2.5 ml o f 0.5 N  sodium  m ethoxide in absolute m ethanol, 
as described for XIa. Since the crude product was insoluble in com m on solvents as w ell as in  
h o t glacial acetic acid, dioxan, pyridine, and dim ethyl formam ide, it  was purified b y  extraction  
o f the im purities w ith  h ot ethanol. Yield: 1.4 g (96% ), m .p. 296— 300° C (d.).

A ttem pts to prepare X lla  in pure sta te  rem ained unsuccessful; however, upon acety la­
tion. w ith  pyridine and acetic  anhydride it was converted to XII:

1 g of X lla  was refluxed for 5 hrs in a m ixture of 30 m l o f absolute pyridine and 20 m l . 
o f  acetic  anhydride. The solid product was filtered off the n ext day , and washed w ith  ethanol, 
to  obtain 1.2 g (88% ) o f X lla , m .p. 284— 285° C (d.). No m elting poin t depression was observed  
w ith  XII.

*
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IMPROVED SYNTHESES OF STEREOISOMERIC 
POLY-y-GLUTAMIC ACIDS, I

SY N T H E SE S V IA  POLYM ETHYL E ST E R S  

M. K a j t á r  and V. B r u c k n e r

( Institu te fo r  Organic Chem istry , L. Eötvös U niversity, Budapest)  

R eceived Decem ber 21, 1968

Syntheses o f poly-y-glutam ic acid published earlier [4] have proved to  he  
unsatisfactory for the practical preparation of this substance. Considering the possi­
bilities o f a better synthesis, the conclusion was drawn that the general schem e o f  the  
former syntheses could be adopted by substitu ting new m ethods for the earlier ones 
in every basic step o f the synthesis. The new procedure for the preparation of poly-a-  
m ethyl-g lutam ate is based on the polyautoacylation  reaction of the p-n itrophenyl and  
pentachlorophenyl ester salts o f a .a ’-dim ethyl y-glutainyl-glutam ate (X and X I, re­
spectively). An im proved m ethod was also elaborated for the synthesis o f thefour possible 
stereoisom ers o f the dipeptide active ester salts w ith  a high grade of structural and 
optical purity. The poly-a-m ethyl-glutam ates were obtained in fairly high y ields  
(40— 90% ). Alkaline hydrolysis o f the polyesters, follow ed by different m ethods o f  
isolation , led to  the stereoisom eric poly-y-glutam ic acids, nam ely, poly-y-D -glutam ic  
acid, poly-y-L-glutam ic acid, and the D —L and L—D m esoid poly-y-glutam ic acids in  
high yields (65— 98% ). The molecular weights o f the different samples o f both  th e  
polyesters (6— 8000) and the polyacids (4— 9000) were determ ined by two m ethods. 
The optical and structural purity o f  the polyacids were also studied. The observation  
that syn thetic  racem ic poly-y-glutam ic acid (i.e. the equim olecular m ixture of syn thetic  
D -  and L-poly-y-glutam ic acids) is practically insoluble in water m ay be regarded as 
a confirm ation through synthesis o f the earlier v iew s relating to the structure o f  sub- 
tilis  polypeptide. The mesoid polyacids, too, were found to be very scarcely soluble in 
water.

In  th e  1950’s ex tensive  research  in c lud ing  d eg rad a tiv e  [1, 2] as well 
as sy n th e tic  [1, 3— 6] in v estig a tio n s was m ade in  th is  la b o ra to ry  w ith  th e  aim  
of e lu c id a tin g  th e  s tru c tu re  of b ac te ria l poly  g lu tam ic  acids [7]. In  th e  course 
of th is  w ork, v a rio u s ty p es  of p o lyg lu tam ic  acids, am ong th em  several s te re o ­
isom ers of p o ly -y -g lu tam ic  acid  (IV) [4, 5]*, w ere sy n thesized . The com parison  
of th e  h igh ly  specific  serological reac tio n  of th e  d iffe ren t ty p es o f sy n th e tic  
po lyg lu tam ic  acids w ith  th a t  o f th e  n ative  su b stan ces  led to  unequ ivocal co n ­
clusions ab o u t th e  s tru c tu re  of th e  n a tiv e  p o ly p ep tid es . These resu lts  w ere 
found  to  be in  fu ll ag reem en t w ith  those o b ta in ed  by  deg rad a tiv e  s tu d ie s , 
and  so, th e  la t te r  h av e  also been confirm ed b y  th e  syn thesis  [1, 4].

F o r fu r th e r  physico-chem ical an d  serological s tu d ies , we needed a la rg e r  
q u a n tity  o f po ly -y -g lu tam ic  acid . Since th e  ea rlie r m ethods did n o t seem  
sa tis fac to ry  fo r th e  p re p a ra tio n  of th is su b stan ce  on a la rger scale, th e  d e ­
velopm ent o f a new  syn thesis  m ore a p p ro p ria te  fo r th is purpose becam e 
necessary .

*Poly-y-L-glutam ic acid was synthesized also b y  W a l e y  [ 8 ] .
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G eneral considera tions

As po in ted  o u t in  o u r  earlie r in v es tig a tio n s  [3], th e  sy n th esis  o f  poly-y- 
g lu ta m ic  acid can n o t s t a r t  from  a sim ple d e riv a tiv e  of g lu tam ic  ac id  w ith  its 
am in o  o r/an d  y -carboxy l g roup  su ita b ly  a c tiv a te d  for a coup ling  reac tio n . 
S uch  a com pound w o u ld  undergo  r a th e r  an  in tram o lecu la r th a n  an  in ter- 
m o lecu la r reaction , i.e. in s te a d  of po lym eriz ing , i t  w ould cyclize in to  a pyro- 
g lu ta m ic  acid d e riv a tiv e . T hus, fo r th e  syn th esis  o f po ly -y -g lu tam ic  acid, 
one m u s t  ta k e  a t le a s t a y -d ip ep tid e  d e r iv a tiv e  of g lu tam ic  acid  in to  consider­
a t io n  as th e  s ta r tin g  m a te ria l. On th e  basis  of th is  reason ing , th e  earlier 
sy n th e se s  [4] were accom plished  accord ing  to  th e  general schem e sum m arized  
as follow s.

<j!OOH
H2NCHCH2CH2COOH

I

COOQ C pO Q
x - h n c h c h 2ch2c o — h n c h c h 2c h 2c o  - y

в

{ CjOOQ <^OOQ
h n c h c h 2c h 2c o — - h n c h c h 2c h 2c o  

111
- -Y

Г cooH
"1

I
COOH

HNCHCH2CH2CO-------HNCHCH2CH2CO--OH

I t  seem ed a p p ro p ria te  to  ad o p t th e  sam e general schem e also in  th e  new 
sy n th e se s , p rovided  t h a t  th e  insufficiencies in  th e  single steps of th e  fo rm er 
sy n th e s is  w ould be e lim in a ted , an d  m ore su itab le  m ethods w ould  be su b s titu te d  
fo r  th e  earlier ones. F o r th is  purpose, th e  follow ing considera tions w ere m ade.

(a )  The d ip ep tid e  d e riv a tiv e  I I  h as  to  sa tisfy  tw o m ain  req u irem en ts  
to  a ssu re  th a t  th e  p o ly m er I I I  will n o t co n ta in  a -p ep tid e  bonds o r an y  so rt 
o f  c h a in  b ranching . F ir s t ,  i t  m u st n o t c o n ta in  an y  im purities o f th e  corre­
sp o n d in g  a-isom er, an d  second, th e  am in o ly tic  re a c tiv ity  of its  oc- an d  y-carb- 
o x y l g roups (i.e. t h a t  o f  th e  a p p ro p ria te  deriv a tiv es  of th e  ca rb o x y l groups) 
sh o u ld  be w idely d iffe ren t.

(b )  The crucial s te p  in  th e  syn th esis  is reac tio n  B, th e  conversion  of the  
d ip e p tid e  derivative  I I  in to  th e  po ly -y -g lu tam ic  acid d e riv a tiv e  I I I . To o b ta in  
a p o lym eric  p ro d u c t o f h igh  m olecular w eigh t, it  is v e ry  im p o r ta n t  to  avoid
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side reactions. T h u s , fo r perfo rm ing  th is  s tep , a p e rfec tly  unequ ivocal re a c tio n  
m u st be chosen going  as fa s t as possib le a n d  giving a h ig h  degree of conversion . 
In  th is  re sp ec t th e  p u r i ty  o f th e  s ta r t in g  m a te ria l (II) is also of u tm o s t im ­
p o rtan ce .

(c ) In  th e  la s t  s tep  of th e  sy n th es is , i.e. in  th e  tra n s fo rm a tio n  of th e  po ly- 
y -g lu tam ic  acid d e r iv a tiv e  III in to  th e  free  po lyacid  IV (step  C) care m u s t be 
ta k e n  th a t  th e  p e p tid e  bonds a lre a d y  fo rm ed  shou ld  n o t  be dam aged  e ith e r  
b y  hydro lysis  or b y  tra n sp e p tid a tio n .

F ro m  th e  ab o v e  considera tions i t  is a p p a re n t th a t ,  th o u g h  poly-y- 
g lu tam ic  acid  is b u il t  u p  of only  one single am ino ac id , th e  general p rob lem s 
to  he solved in  its  sy n th esis  are  s im ila r to  th o se  em erg ing  du ring  th e  sy n th esis  
o f po ly p ep tid es  w ith  know n rep e a tin g  sequence of am ino  acids [9, 10]. In  b o th  
cases i t  is an  o ligopep tide  (in our case a d ipep tide) a n d  n o t an  am ino ac id  
d e riv a tiv e  w hich is co n v erted  in to  a p o ly p ep tid e . I t  m a y  therefo re  be s ta te d  
th a t  th e  earlie r sy n th eses  o f po ly -y -g lu tam ic  acid  [4] a re  am ong th e  f ir s t  
exam ples for th e  so lu tio n  of th is  sy n th e tic  p rob lem  (cf. [9]). In  th e  la s t decade  
q u ite  a lo t of experience  on th e  sy n th es is  o f “ se q u e n tia l p o ly p ep tid es”  h as  
becom e av a ilab le  in  th e  l i te ra tu re  [9— 14]. W e could  m ak e  good use o f th e se  
re su lts , too , in  p la n n in g  o u r new  sy n th eses .

T he f irs t  q u e s tio n  to  be se ttle d  w as how  to  p ro te c t th e  a -carb o x y l g roups 
of th e  y -g lu ta m y  -g lu tam ic  acid  d e r iv a tiv e  II. I t  is w ell know n th a t  in  th e  
course o f a lk a lin e  h y d ro lysis  of p ep tid e s  co n ta in in g  esterified  a -a sp a r ty l or 
a -g lu tam y l re s id u es n o t  on ly  th e  h y d ro ly sis  of th e  e s te r  groups, b u t  also  a 
p a r tia l  iso m eriza tio n  of th e  а -linked  residues in to  th e  correspond ing  co-linked 
isom ers ta k e  p lace  [5]. T hough  th e  rev erse  iso m eriza tion  o f th e  со-linked am ino  
d icarboxy lic  ac id  residues in to  th e  a -isom ers has n o t b een  observed w ith  c e r­
ta in ty  as y e t, th e  p o ssib ility  o f th is  re a c tio n  c a n n o t be  precluded . F o r th is  
reason , we th o u g h t i t  adv isab le  to  look also for such  w ays of synthesis w hose 
la s t  s tep  (reac tio n  C) does n o t in v o lv e  a lkaline t re a tm e n t. T herefo re , in  
ad d itio n  to  new  v a ria tio n s  of th e  earlie r syn th eses  [4] passing  via p o ly m e th y l 
es te r, we h av e  a lso  developed  tw o  o th e r  ro u te s  fo r th e  p re p a ra tio n  o f poly-y- 
g lu tam ic  acid, n am e ly  via its  p o ly b en zy l an d  p o ly -i-b u ty l esters [16]. A cco rd ­
ing ly , we sy n th es ized  th re e  d iffe ren t ty p e s  o f th e  d ip ep tid e  d e riv a tiv e  II, 
th e  a -ca rb o x y l g roups o f w hich w ere p ro te c te d  b y  th e  th re e  groups (Q) c o rre ­
spon d in g  to  th e  p o ly este rs  lis ted  above.

C onsidering th e  possib ilities [1, 4] fo r th e  tra n s fo rm a tio n  of th e  d ip ep tid e  
de riv a tiv es  II in to  th e  po ly -y -g lu tam ic  esters  III (reac tio n  B), we concluded  
th a t  th e  m ost su ita b le  m eth o d  fo r th is  p u rp o se  w ould  be th e  p o ly au to acy la tio n  
reac tio n  of an  ac tiv e  e s te r of th e  d ip e p tid e  lib e ra te d  fro m  its  sa lt b y  a te r t ia ry  
base. A lready  in  one o f ou r ea rlie r sy n th eses  [4] we u sed  a ,a ’-d im ethy l y -g lu ta - 
m y l-g lu tam a te  th io p h e n y l e s te r h y d ro b ro m id e  (II; Q =  C H 3, Y  =  SC6H 5, 
X  =  H B r.H ) as th e  s ta r tin g  d ip ep tid e  d e riv a tiv e  fo r th e  p re p a ra tio n  o f
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p o ly -a -m e th y l-g lu ta m a te . In  th e  p re se n t w o rk , we chose th e  co rrespond ing  
p -n itro p h e n y l an d  p e n tach lo ro p h en y l e s te r  sa lts  as s ta r tin g  m a te ria ls . T he ra te  
o f  am ino lysis  o f a n eg a tiv e ly  s u b s ti tu te d  p h e n y l este r is a t  le a s t th re e  or fo u r 
o rd e rs  o f m ag n itu d e  h ig h er th a n  th a t  o f a m e th y l e s te r [17]. This difference 
in  r e a c tiv i ty  seem ed to  be  su ffic ien t to  assu re  th e  se lec tiv ity  req u ired  fo r th e  
sy n th e s is  o f a  s tru c tu ra lly  p u re  у-linked  p o ly p ep tid e . T he ap p lica tio n  o f th e  
a b o v e  tw o  ty p es of ac tiv e  esters  as “ po lym eriz ing  u n its ”  fo r th e  syn th esis  
o f  se q u e n tia l po ly p ep tid es  w as in tro d u c e d  a n d  e lab o ra ted  b y  D e  T ar  [10, 13] 
a n d  b y  K ovács [9, 12, 18] an d  th e ir  co-w orkers, re spec tive ly . In  our case, 
th e  u se  o f one or th e  o th e r ty p e  o f th e  ac tiv e  e s te r  was in  som e in s tan ces  lim ited  
b y  th e  esterify ing  groups on th e  « -carb o x y ls  of th e  d ip ep tid e  d e riv a tiv e  II 
(с/. [16]).

I n  recen t years su itab le  new  m eth o d s  have  been e lab o ra ted  [19, 20] 
fo r  th e  p re p a ra tio n  o f th e  « -esters o f g lu tam ic  acid  w ith  a h igh  g rade  of s t ru c ­
tu r a l  p u r i ty . This fa c t offered  us a p o ss ib ility  to  develop a new  syn thesis  fo r 
th e  y -g lu tam y l-g lu tam ic  acid  d e riv a tiv es  as well (reaction  A ). T hus th e  p re ­
p a ra t io n  o f these  im p o r ta n t s ta r tin g  com pounds for th e  sy n th es is  o f poly-y- 
g lu ta m ic  ac id  in  a fo rm  ab so lu te ly  free fro m  a-isom eric im p u ritie s  (cf. [3, 4]) 
co u ld  be  accom plished.

In  th e  p re sen t p a p e r  we re p o r t  a new  syn thesis o f fo u r stereo isom eric  
p o ly -y -g lu tam ic  acids via  th e ir  m e th y l e s te rs . A p re lim in ary  p a p e r  on a p a r t  
o f th is  w ork  has a lread y  been  p u b lish ed  [21]. Tw o o ther ro u te s  fo r th e  p re p a ­
r a t io n  o f th e  p o lyac id  th ro u g h  th e  co rresp o n d in g  po lybenzy l a n d  po ly -f-b u ty l 
e s te rs  w ill be described  la te r  [16].

Synthesis o f th e  d ipeptide active ester salts

T h e  p re p a ra tio n  of th e  ac tiv e  e s te r sa lts  of a ,« ’-d im e th y l y -g lu tam y l- 
g lu ta m a te s  of d iffe ren t con fig u ra tio n s w as accom plished  in  th e  follow ing w ay.*  
T h e  coupling  of ос-m eth y l N -ca rb o b en zo x y -g lu tam ate  p -n itro p h e n y l e s te r 
(V) [20] w ith  « -m eth y l g lu ta m a te  (VI) [20] in  d im eth y lfo rm am id e  an d  in  
th e  p resence  of tr ie th y la m in e  re su lted  in  th e  fo rm atio n  o f  « ,«’-d im eth y l 
N -c a rb o b en zo x y -y -g lu tam y l-g lu tam a te  (VII) in  good y ie ld . F ro m  th e  tw o  
a n tip o d e s  o f th e  g lu tam ic  acid  d e riv a tiv e s  V a n d  VI all th e  fo u r possib le stereo- 
i -om ers o f V ll  w ere p rep a red . T h ey  are  c ry s ta llin e  m ateria ls  g iv ing  only  single 
sp o ts  w hen  c h ro m a to g rap h ed  on th in  lay e r. T h e ir m elting  p o in ts  are so m ew hat 
h ig h e r  th a n  tho se  of th e  sam e su b stan ces  p rep ared  b y  th e  earlie r m e th o d  
[3, 4 ] . T he n itro p h e n y l an d  p en tach lo ro p h en y l esters VIII a n d  IX w ere m ade 
fro m  th e  d ip ep tid e  d e riv a tiv es  VII an d  th e  corresponding  phenols w ith  di-

*Abbreviations used in th is paper conform  to those recommended by the 5th European  
P ep tid e Sym posium  [22].
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Z — Glu —OMe H -G lu -O M e

I + II---ONP 1----f-OH
Zf G|U

IM FA L L
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VII

HO-PCP
DCCI

Z- -G lu—OMe НВг/А сОН
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VIII
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cy c lohexy lcarbod iim ide  as th e  condensing  a g e n t [23]. A ll stereoisom ers o f  
th e  p ro te c te d  d ip e p tid e  ac tive  esters V III a n d  IX  c ry sta llized  well an d  w ere 
ch ro m a to g rap h ica lly  p u re . T he ca rbobenzoxy  g roup  o f th e  n itro p h en y l e s te r  
V III was rem o v ed  b y  acidolysis w ith  h y d ro g en  b ro m id e  in  glacial ace tic  ac id  
[24]. The re su ltin g  n itro p h e n y l e s te r h y d ro b ro m id es  (X), th e  d — d an d  L— L 
isom ers of w hich w ere p rep ared , were iso la ted  as hyg roscop ic  am orphous pow ders 
w hich could n e ith e r  be  crysta llized  n o r a n a ly sed ; th e y  p ro v ed , how ever, to  
be hom ogeneous b y  th in - la y e r  c h ro m a to g rap h y . T h e  sp littin g  of th e  N -p ro tec t-  
ing  group of th e  d ip ep tid e  p en tach lo ro p h en y l e s te r IX  w as carried  o u t b y  
ca ta ly tic  h y d ro g e n a tio n  in  th e  presence of s lig h tly  m ore th a n  one m ole o f 
hyd rogen  ch lo ride [9]. In  c o n tra s t to  th e  n itro p h e n y l e s te r h y d ro b ro m id es 
(X), th e  p e n ta c h lo ro p h e n y l e s te r h y d roch lo rides o f th e  fo u r stereo isom eric  
a,o f-d im ethy l y -g lu t am y l-g lu tam ates  (XI) w ere ch ro m ato g rap h ica lly  p u re  
c rysta lline  su b stan ces  w ith  sharp  m elting  p o in ts ; th e ir  e lem en ta l com position  
was found  to  be in  good agreem ent w ith  th e  ca lcu la ted  values.

P o ly m eriza tio n  of th e  dipeptide active e ste r salts

T he p o ly m eriza tio n  (or ra th e r  p o ly au to acy la tio n ) o f th e  d ipep tide  ac tiv e  
ester salts w as p e rfo rm ed  in  d im eth y lfo rm am id e  or d im e th y l su lfoxide so lu tio n  
(con cen tra tio n  1— 3 m m oles/m l) in  th e  p resence  o f 2— 2.5 equ iv a len ts  o f 
tr ie th y lam in e  a t  ro o m  te m p e ra tu re  or a t  100° C. U n d e r th ese  cond itions th e  
following re a c tio n  ta k e s  place.

HX.H- -Glu—OMe Et3N H- 'G lu—OMe Et3N H' 'G lu —OMe
n n Y  (-E t3N.HX) 1 (-E^N-HOY) 1

L- k°Y L 2 °

X=Br, Y=NP; X XII
X=CI, Y=PCP; XI

XIII

Acta Chim. Acad. Sei. Hung. 62, 1969



196 KAJTÁR, BRUCKNER: STEREOISOMERIC POLY-y-GLUTAMIC ACIDS, I

T h e b e s t reac tion  p a ra m e te rs  fo r th e  p o ly m eriza tio n  w ere d e te rm in e d  in  th e  
case o f  b o th  types of th e  s ta r tin g  d ip e p tid e  ac tiv e  e ste r sa lt. I n  se lec ting  th e  
c o n v e n ie n t so lvent, one m u s t ta k e  in to  co n sid e ra tio n  th a t  i t  h as  to  dissolve 
re a d ily  b o th  th e  d ip ep tid e  ac tiv e  e s te r  s a l t  an d  th e  p o ly este r. T he h ig h  so lu ­
b il i ty  o f  th e  s ta r tin g  m a te r ia l is re q u ire d  to  avoid  th e  cy c liza tio n  process 
c o m p e tin g  w ith  th e  p o ly m eriza tio n  in  a d ilu te  so lu tion . T he in itia l c o n c e n tra ­
tio n  sh o u ld , therefo re , be  as h igh as possib le . E a rly  p re c ip ita tio n  o f  th e  end 
p ro d u c t , on th e  o th e r h a n d , w ould  cause  th e  p o ly m eriza tio n  re a c tio n  to  b re a k  
o ff a n d  lead  to  po lym ers o f  low m o lecu la r w eigh ts. T he so lu b ility  o f th e  p o ly m er 
is th e  o th e r  fac to r th a t  de te rm ines th e  o p tim a l co n cen tra tio n  o f th e  p o ly m eriz ­
in g  re a c tio n  m ix tu re . —  F o r th e  p o ly m eriza tio n  of th e  n itro p h e n y l e s te r 
h y d ro b ro m id es  (X), w arm in g  in  d im e th y lfo rm am id e  so lu tio n  p ro v e d  to  be 
th e  b e s t  m ethod . O n th e  o th e r h an d , th e  p en tach lo ro p h en y l e s te r  h y d ro c h lo r­
ides (XI) gave, u n d e r th e  sam e co n d itio n s, im p u re  po lym eric  p ro d u c ts . In  th e  
l a t t e r  case, s tirrin g  th e  d im e th y l su lfox ide  so lu tio n  of th e  d ip ep tid e  d e riv a tiv e  
(XI) a t  ro o m  te m p e ra tu re  w as found  to  he  m ore ad v an tag eo u s  (see T ab le  I).

T h e  progress o f p o ly m eriza tio n  w as follow ed se m iq u a n tita tiv e ly  b y  
sp ec tro sco p ic  m easu rem en ts . In  th e  I R  sp e c tru m  of th e  d ip ep tid e  p e n ta c h lo ro ­
p h e n y l e s te r  h y d roch lo ride  (XI) in  d im e th y l su lfox ide tw o  CO b an d s  a p p e a re d : 
a m o re  in ten se  b an d  a t  1750 c m -1  d u e  to  th e  m e th y l e s te r  g roups, an d  a 
w eak e r one a t  1780 c m -1  co rrespond ing  to  th e  carbony l g roup  o f th e  p e n ta ­
ch lo ro p h en y l ester. In  a sam ple ta k e n  from  th e  reac tio n  m ix tu re  5 m in u tes  
a f te r  th e  ad d itio n  of th e  base , th e  in te n s i ty  o f th e  ac tiv e  e s te r  h a n d  w as only  
a b o u t 5— 10%  of th e  o rig in a l va lue , a n d  a f te r  30 m inu tes no  p e a k  or sh o u ld e r 
a p p e a re d  in  th e  sp e c tru m  of th e  p o ly m e riz a tio n  m ix tu re  a t  1780 c m -1 . T h is 
e x p e rim e n t allow ed us to  conclude th a t  in  th e  f irs t  h a lf  an  h o u r  th e  p o ly m e riz a ­
tio n  re a c tio n  w ent a lm o st to  com pletion  (a t  le a s t in  98% ).*  I n  th e  case o f th e  
s ta r t in g  d ipep tide  d e riv a tiv e s  XI of D — D or L— L co n fig u ra tio n , h o w ev er, 
th e  re a c tio n  m ix tu re  tu rn e d  in to  an  u n s tir ra b le  gel on ly  a f te r  6— 8 ho u rs . 
T h is m ean s th a t  e ith er th e  fo rm atio n  o f th e  gel requires a longer tim e , o r som e 
c h a in  g ro w th  has ta k e n  p lace  even a f te r  30 m inu tes. T he m esoid  ( d — l  an d  
L— d ) p o ly -a -m e th y l-g lu tam ate s  are less so lub le  in  d im e th y l su lfox ide , a n d  
so th e y  p rec ip ita te  from  th e  reac tio n  m ix tu re  w ith in  one or tw o  h o u rs . T his 
fa c t is possib ly  responsib le  for th e  so m ew h a t low er m olecu lar w eigh ts o f th e se  
p o ly e s te rs  w hen  co m p ared  w ith  th o se  b u i l t  u p  from  « -m e th y l g lu ta m a te  re s i­
dues o f id en tica l co n fig u ra tio n  (see T ab le  I) . T he iso la tion  o f th e  p o ly este rs  
w as accom plished  b y  d ilu tin g  th e  re a c tio n  m ix tu res  w ith  e th e r  an d  w ash ing  
th e  p re c ip ita te d  su b stan ces w ith  d iffe ren t so lven ts to  e lim in a te  b y -p ro d u c ts  
(see E x p erim en ta l) .

*The experim ental error of the spectroscopic determ ination o f the active ester group 
was about 2% .
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T he id en tif ic a tio n  of th e  p o ly este rs  was m ade b y  e lem en ta l ana lysis . 
T he n u m b e r average  m olecu lar w eig h ts  of th e  d ifferen t p re p a ra tio n s  w ere c a l­
cu la ted  from  th e  am ino  n itro g en  c o n te n ts  de te rm ined  b y  a m odified  v a n  S l y k e  

m eth o d  [25]. I t  m a y  be  n o te d  th a t ,  acco rd ing  to  th e  e q u a tio n  of th e  p o ly m eri­
za tio n  reac tio n  (p. 195), th e  p o ly es te r sh o u ld  still co n ta in  one n itro p h e n y l or 
p e n tach lo ro p h en y l e s te r  group p e r m olecule (XIII), a n d  so, its  m o lecu la r 
w eight shou ld  also be  d e te rm in ab le  b y  th e  analysis o f an  e lem en t or fu n c tio n a l 
g roup  (chlorine or n itro  group) c h a ra c te ris tic  of th e  a c tiv e  ester. H ow ever, 
our ex p erim en ts  show ed  th a t ,  th o u g h  th e  po lyester co n ta in s  equal n u m b e r 
of N -te rm in a l an d  C -term inal g roups, th e  m olecular w eigh ts ca lcu la ted  from  
th e  ac tiv e  e ste r c o n te n t (e.g. from  th e  chlorine c o n te n t o f th e  po lym er) 
w ere m uch  h ig h er th a n  tho se  o b ta in e d  from  th e  am ino  n itro g e n  values (e.g. 
85,000 an d  9,000 ag a in ts  6,400 an d  5,600, respective ly ). T h is c o n tra d ic tio n  
can  p ro b a b ly  be ex p la in ed  b y  th e  p a r t ia l  hydro lysis of th e  ac tiv e  e ste r g roup  
d u rin g  th e  iso la tio n  a n d  p u rific a tio n  o f th e  po lyester.

Table I

Reaction conditions o f the preparation  and molecular weights o f  stereoisomeric 
poly-a-m elhyl-glutam ales

No.

Starting dipeptide 
active ester salt Solvent;

temperature, Yield,
%

Amino-N,
%

Number
average

molecular
Structure Configuration weight

l DMFA, 100° 44 0.19 7400
2 X L— L DMFA, 20° 39 0.56 2500
3 DMSO, 20° 23 1.86 750

4 D— D DMFA, 100° 38 0.20 7000

5 DMFA, 100° 80a) 0.23 6100

6 to
O' 0.16 8800

7 XI D— D 90 0.22 6400
8 L— D DMSO, 20° 80 0.25 5600
9 D— L 81 0.26 5400

a) d a rk  coloured, im p u re  p ro d u c t; b ) w ashed  w ith  w ater.

T he reac tio n  co n d itio n s of th e  d iffe ren t p o ly m eriza tio n  ex p erim en ts , 
to g e th e r w ith  th e  y ields a n d  m olecu lar w eigh ts o f th e  p ro d u c ts  a re  su m m arized  
in  T ab le  I . T he an a ly tic a l va lues of one re p re se n ta tiv e  p o ly -a -m e th y l-g lu ta m a te  
sam ple  can  be found  in  th e  E x p e rim e n ta l. T h e  d a ta  in  T ab le  I  show  th a t  th e  
p e n tach lo ro p h en y l e s te r  hyd roch lo rides o f th e  stereo isom eric  a ,a ’-d im eth y l
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y -g lu tam y l-g lu tam a te s  (XI) are —  in re sp ec t of th e  y ie ld  —  b e tte r  s ta r tin g  
m a te ria ls  for th e  p ra c tic a l  syn thesis o f p o ly -a -m e th y l-g lu ta m a te , th a n  th e  
co rrespond ing  n itro p h e n y l e s te r h y d ro h ro m id es (X).

Preparation o f the free poly-y-glutam ic acids

In  o rder to  p re p a re  po ly -y -g lu tam ic  acids, th e  p o ly m e th y l esters w ere 
h y d ro ly zed  w ith  0 .25N  sod ium  h y d ro x id e  so lu tion  a t 100° C for 45 m inu tes. 
T he free po lyacids w ere iso la ted  from  th e  h y d ro ly za te  in  d iffe ren t w ays. T he 
f i r s t  m eth o d  was th e  sam e  as th a t  used  in  th e  earlier sy n th eses  [4]. The in so l­
ub le  copper(II) s a lt  o f  th e  polyacid  w as p re c ip ita te d  a t  p H  6; i t  was th e n  
d isso lved  in  d ilu te  h y d ro ch lo rid e  acid, th e  so lu tion  dem eta llized  by  hydro g en  
su lfide , dialyzed a g a in s t d istilled  w a te r  fo r several d ay s, an d  fina lly  freeze- 
d ried . T he o th e r w ay  fo r iso lating  th e  po ly ac id  was th e  ac id ifica tion  o f th e  
h y d ro ly z a te  w ith  io n  exchange  resin  (A m b erlite  IR -120  in  hyd rogen  cycle), 
a n d  th e  su b seq u en t freeze-d ry in g  of th e  so lu tio n  w ith o u t d ialysis. The m esoid 
po ly -y -g lu tam ic  ac ids, b e in g  v e ry  poorly  so lub le  in  w a te r, cou ld  be p re c ip ita te d  
fro m  th e  h y d ro ly z a te  also b y  sim ple ac id ifica tio n  w ith  hydroch lo ric  acid . 
T h e  y ie ld s of th e  iso la tio n  of th e  po lyacids —  depend ing  on w h e th e r th e y  h a d  
b een  dialyzed  or n o t —  v a rie d  betw een  a b o u t 50 and  n ea rly  100%  of the  th e o re ­
tic a l (see T able I I ) .

T he p o ly -y -g lu tam ic  acids are solid foam s or am o rp h o u s w hite pow ders. 
A ll th e  sam ples c o n ta in  som e w ater w hich  c a n n o t be rem o v ed  w ith o u t d a m a g ­
ing  th e  po lym er itse lf.

Four stereoisom ers of poly-y-glutam ic acid were prepared through the  
new  synthesis, n am ely  poly-y-D-glutam ic acid, poly-y-L-glutam ic acid, and 
the D —L and L— D m esoid poly-y-glutam ic acids, i.e. poly-(y-D-glutam yl- 
L-glutamic acid) and poly-(y-L-glutam yl-D-glutam ic acid). All of these sub­
stances had already been  synthesized earlier [4, 5], but in  considerably poorer 
yields.

Properties o f the synthetic poly-y-glutainic acids

( a )  So lub ility  —  I n  co n tra s t to  poly-y-D -glu tam ic ac id  and  poly-y-L- 
g lu tam ic  acid, b o th  re a d ily  soluble in  w a te r , th e ir  equ im olecu lar m ix tu re ,
i.e. th e  racem ic p o ly -y -g lu tam ic  acid is p ra c tic a lly  inso lub le . A cid ification  of 
a so lu tio n  of eq u im o lecu la r q u an titie s  o f sodium  p o ly -y -g lu tam ate  of D- an d  
L -configuration  re su lts  in  th e  p re c ip ita tio n  of th e  racem ic  polyacid . T hese 
find ings are of som e im p o rtan ce  in  co n n ec tio n  w ith  th e  so lu b ility  p ro p ertie s  
o f subtilis  p o ly p ep tid e  as well. I t  has b een  re p o rte d  b y  T h o r n e  and  L e o n a r d  

[26] th a t  th e  p o ly g lu ta m ic  acid ex c re ted  b y  Вас. subtilis  in to  th e  cu ltu re  m ed ia  
co n ta in s  various a m o u n ts  of b o th  d - a n d  L-glutam ic ac id  residues. The ques-
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Table II

Reaction conditions o f  the preparation and molecular weights o f  stereoisomeric
poly-y-glu tam ic acids

No. Confign.
Starting Method of Yield,«» Amino-N,

Number average molecular 
weight

polyester0^ isolation % %
Calcd. from 

the amino-N
Calcd. from 

the ninhydrin 
reaction11)

l L l Cu-salW D c' 65 — — 4100
2 L 2 resind*

N D e)
90 0.56 2500 2500

3 L 3 resin,
N D

90 0.34 4100 3700

4 D 4 Cu-salt,
D

68 0.37 3800 4100

5 L 5 Cu-salt,
D

20 0.47 3000 5000

6 L 6 resin,
N D

95 0.15 9300 9400

7 D 7 Cu-salt,
N D

53 0.28 5000 4900

8 L----D
m esoid

8 Cu-salt,
N D

72 — — 7100

9 L----D
m esoid

8 resin,
N D

98 — — 5900

10 D----L
m esoid

9 HClf)
N D

60 — — 6100

11 D----L
m esoid

9 resin,
N D

70 — — 7100

a) The numbers refer to  those of Table I; b) m ethod (a )  (see Experim ental); c) dialyzed; 

d) m ethod (b )  (see E xperim ental); e) not dialyzed; f) m ethod (c )  (see Experim ental); g) relating  

to the polyester; h) for details, see Table V III.

tio n , w h e th e r th e  g lu tam ic  acid residues o f a n tip o d a l con fig u ra tio n  are b u ilt  
in to  one single p o ly p e p tid e  m olecule in  v a rio u s  ra tio s , o r th e  subtilis p o ly ­
p ep tid e  is a m ix tu re  o f  d iffe ren t am oun ts o f th e  tw o  a n tip o d a l po ly -y -g lu tam ic  
acids each b u ilt  u p  e n tire ly  of e ith er D- o r L -g lu tam ic acid  residues, was 
solved b y  th e m  on th e  basis  o f th e  follow ing ob se rv a tio n s. U pon  ac id ifica tion  of 
a so lu tion  of th e  so d ium  s a lt  of subtilis p o ly p ep tid e , a p a r t  o f th e  free p o ly ac id  
p rec ip ita ted . A cid  h y d ro ly s is  o f th is inso lub le  frac tio n  led  to  inac tiv e , i.e. 
racem ic g lu tam ic  acid . T h e  soluble frac tio n  o f th e  p o ly p ep tid e , in  tu rn , p ro v ed  
to  be com posed p re d o m in a n tly  e ith er of d - or L -g lu tam ic acid , depend ing  on 
w hich of th e  tw o s tereo isom eric  g lu tam ic acid  residues w as p re sen t in  a h ig h e r
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a m o u n t in  th e  orig inal subtilis p o ly p ep tid e . F ro m  th is  an d  o th e r  even  m ore 
co n v in c in g  evidences o b ta in e d  from  th e  re su lts  of ex p erim en ts  m ad e  w ith  
th e  iso to p e  d ilu tio n  tech n iq u e , th e  a u th o rs  h av e  concluded  th a t  th e  subtilis 
p o ly p e p tid e  is a m ix tu re  o f D- an d  L -poly-y-g lu tam ic acids. O ur o b se rva tions 
on th e  so lu b ility  of th e  sy n th e tic  racem ic  po ly -y -g lu tam ic  acid  are  in  ag reem en t 
w ith  th e  fac ts  ou tlin ed  above, and  so, th e y  m a y  be considered  as a co n firm a tio n  
th ro u g h  syn thesis  o f th e  earlie r conclusions concern ing  th e  s tru c tu re  o f sub­
tilis  p o ly p ep tid e .

S im ila rly  to  th e  racem ic  p o ly -y -g lu tam ic  acid, also th e  m esoid  poly-y- 
g lu ta m ic  acids are  v e ry  p o o rly  soluble in  w a te r  (th e ir so lu b ility  is m ax . 1— 2 
m g/m l)* . I t  w ould  be in te re s tin g  to  s tu d y  th e  s tru c tu ra l an d  associa tive  forces 
re sp o n sib le  fo r th is  g re a t d ifference in  th e  so lub ility  b e tw een  th e  po ly-y- 
g lu ta m ic  acids w ith  asy m m etric  cen tres  o f un ifo rm  co n fig u ra tio n  on th e  one 
h a n d , an d  th e  racem ic or th e  m esoid fo rm s on th e  o th e r, since th e re  is no 
s u b s ta n tia l  difference in  th e  m olecu lar w eigh ts of th e  tw o  ty p es  of p o lyac id . 
T h e  p o ly g lu tam ic  acid  iso la ted  from  th e  cu ltu res of Вас. megaterium  [27] 
c o n ta in s  D - an d  L -y-g lu tam yl residues b u i l t  in  1:1 ra tio  in to  th e  sam e p ep tid e  
c h a in , th u s  being p ro b a b ly  a m esoid  p o ly -y -g lu tam ic  acid . U n fo rtu n a te ly , 
no d a ta  on th e  so lu b ility  of th is  n a tu ra l p o ly p ep tid e  in  d ilu te  acid  can  be found  
in  th e  lite ra tu re .

(b ) Molecular weight —  T he n u m b e r average  m olecu lar w eights o f th e  
d iffe re n t sam ples o f p o ly -y -g lu tam ic  acids w ere de te rm in ed  b y  tw o  m eth o d s.

(1) T he am ino n itro g en  c o n ten ts  o f  th e  po lyacids w ere d e te rm in ed  b y  a 
m o d ifica tio n  of th e  v a n  S l y k e  m eth o d  in tro d u ced  b y  K a i n z  et al. [25]. I t  
w as fo u n d  th a t  th is  m odified  p ro ced u re  can  also be used in  th e  case of y -g lu tam y l 
p e p tid e s  [28], fo rm erly  inaccessib le to  analysis  because o f th e ir  stepw ise 
d e g ra d a tio n  u n d er th e  reac tio n  co n d itio n s o f th e  orig inal v a n  S l y k e  m eth o d  
[29]. T h e  m olecular w eights ca lcu la ted  fro m  th e  am ino n itro g en  c o n te n ts  are  
p re se n te d  in  T ab le  I I .

(2) A n o th e r sim ple m e th o d  fo r th e  d e te rm in a tio n  o f th e  free am ino 
g ro u p s was based  on th e  sp ec tro p lio to m e tric  m easu rem en ts of th e  colour 
in te n s i ty  o f th e  n in h y d rin  reac tio n  o f p o lyg lu tam ic  ac id  so lu tions [30]. 
S o lu tio n s o f know n c o n cen tra tio n  o f g lu tam ic  acid and  of a series of y -linked  
o ligopep tides [31] w ere used  for c a lib ra tin g  th e  m ethod . I t  w as fo u n d  th a t  
th e  “ co lour y ie ld”  of th e  n in h y d rin  re a c tio n  in  th e  case of th e  o ligopeptides 
w as, on  an  average, on ly  87%  of t h a t  g iven  b y  th e  g lu tam ic  acid so lu tio n  of 
e q u a l m o la r co n cen tra tio n . This d isc rep an cy  is p ro b ab ly  to  be a t t r ib u te d  
to  th e  w a te r  co n ten t o f th e  o ligopeptides th e  ex ac t am o u n t o f w hich could  n o t 
be  d e te rm in ed  so fa r. As th e  p o ly p ep tid es  m a y  co n ta in  a b o u t th e  sam e a m o u n t

*The insolubility  o f the m esoid poly-y-glutam ic acids was not observed in  the course 
o f our earlier work [4, 5], probably because o f  the low  molecular w eights o f the products 
syn thesized  at that tim e.
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of w a te r  (see below ), th e  ca lcu la tio n  of th e  m olecu lar w eigh ts of th e  p o ly g lu tam ic  
acids was based  on th e  “ co lour y ie ld ”  of th e  o ligopep tides. The m o lecu lar 
w eights de te rm in ed  b y  th is  m e th o d  are  also lis ted  in  T ab le  I I .

I t  can  be seen th a t  th e  m o lecu lar w eight d a ta  o b ta in ed  b y  th e  tw o  
m eth o d s are  in  fa irly  good ag reem en t in  som e of th e  cases, w hile in  o th e rs , 
th e re  is a su b s ta n tia l d ifference b e tw een  th em . T he s itu a tio n  is a b o u t th e  
sam e w hen co rre la tin g  th e  m o lecu lar w eights of th e  po lyac ids w ith  th o se  of 
th e  correspond ing  po ly este rs . I t  c a n n o t be to ld  w h e th e r th ese  d iscrepancies 
on ly  arise from  ex p e rim en ta l e rro r  o r th e y  have som e o th e r  origin as well. 
I t  shou ld , how ever, be b o rn e  in  m in d  th a t  th e  a c cu ra te  d e te rm in a tio n  o f th e  
m o lecu lar w eights w ith  va lu es  be tw een  a b o u t 2000 a n d  10 000, is a r a th e r  
d ifficu lt ta sk . O ur m o lecu lar w eig h t d a ta  m ig h t th e re fo re  be considered  only  
as ap p ro x im a te  values. E x p e rim e n ts , w ith  th e  aim  of d e te rm in in g  th e  m o le­
cu la r w eights an d  th e  degrees o f d isp e rs ity  of th e  d iffe ren t po ly g lu tam ic  acids 
m ore accu rae tly , are  in  progress.*

As reg ard s th e  re la tiv e  m o lecu lar w eights of th e  po ly -y -g lu tam ic  acids 
p re p a re d  b y  d iffe ren t w ays, th e  m e th o d  via th e  p e n tach lo ro p h en y l e s te r seem s 
to  be superio r to  t h a t  via  th e  n itro p h e n y l ester.

(c) Structural and optical p u r ity  —  A ccording to  th e  elem enta l ana ly sis , 
all sam ples of po ly -y -g lu tam ic  acid  co n ta in  som e w a te r, b u t  its  ex ac t a m o u n t 
h as  n o t been  de te rm in ed  so fa r. T he values for th e  w a te r  co n ten t ca lcu la ted  
in d ep en d en tly  from  th e  carb o n , th e  h y d ro g en  or th e  n itro g en  c o n te n t of 
th e  sam e sam ple do n o t agree w ith  one a n o th e r sa tis fac to rily , and , w h a t is 
even  m ore su rp rising , th e  oxygen  c o n te n t w hich shou ld  be th e  m ost sen sitive  
to  w a te r  co n ten t, could n o t be  d e te rm in ed  accu ra te ly  a t  all. All values o b ta in e d  
fo r th e  oxygen co n ten t of th e  free po lyacids were u n reaso n ab ly  low. T he cause 
o f th is  v e ry  su rp rising  fa c t is y e t  u n k n o w n . In  consequence of these  d ifficu lties, 
th e  ex ac t p o ly p ep tid e  c o n te n t o f o u r sam ples are n o t know n . W e can  o b ta in  
th e  b es t ag reem en t w ith  th e  a n a ly tic a l figures b y  ca lcu la tin g  w ith  one m ole 
o f w a te r  p er tw o g lu tam y l residues. T his corresponds to  ab o u t 6— 7 %  of 
w a te r  in  th e  po lyacid .

T he op tica l p u r ity  of po ly-y-L -g lu tam ic acid w as te s te d  b y  to ta l  h y d ro ­
lysis. A so lu tion  of th e  po ly ac id  in  3N  hyd roch lo ric  acid  w as h ea ted  a t  100 °C 
fo r 3 hours. T he o p tica l ro ta to ry  d ispersion  of th e  h y d ro ly z a te  was m easu red  
be tw een  588 an d  280 nm , an d  co m p ared  w ith  th e  O R D  curves of tw o g lu tam ic  
acid  so lu tions of th e  sam e m o la r co n cen tra tio n , one of w hich  h a d  been tr e a te d

*Note added in proof. R ecent fractionation experim ents m ade on a Sephadex G-50 colum n  
have shown that the undialyzed, high m olecular w eight samples o f syn thetic  poly-y-glutam ic  
acid contain some sort o f ninhydrin negative, low  molecular w eight substance, very probably  
o f cyclopeptide nature, in a rather high quantity . A ccording to th is finding, the m olecular  
w eight data, higher than 5000, determ ined b y  ■ am ino-nitrogen analysis (either by the V a n  

S l y k e  or the ninhydrin m ethod) should be taken as, very probably, erroneous. Further in ­
vestigation s of this kind are in progress and w ill be published later.
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u n d e r  th e  conditions o f  th e  hydro lysis , a n d  th e  o th e r h a d  n o t. The optical 
r o ta t io n  of th e  h y d ro ly z a te  w as found  to  a m o u n t to  94 + 1 %  o f tho se  of 
th e  tw o  s ta n d a rd  so lu tio n s . T he la t te r  so lu tions gave tw o  id e n tic a l d ispersion 
cu rv es  show ing th a t  no  racem iza tio n  of th e  g lu tam ic  acid  o ccu rred  during  the  
ac id  hydro lysis. T he g lu ta m ic  acid co n te n t o f th e  h y d ro ly z a te  (an d , for co m p a­
riso n , also th a t  o f th e  s ta n d a rd  so lu tions) w as d e te rm in ed  b y  th e  m icro 
K j e l d a h l  m ethod  [32], a n d  w as found  to  be  94 + 3 %  of th e  v a lu e  ca lcu la ted  
fro m  th e  w eight of th e  p o ly g lu tam ic  acid (an d  from  th e  g lu tam ic  acid co n ten t 
o f th e  stan d ard s). T h is  is in  ag reem en t w ith  th e  e s tim a ted  w a te r  co n ten t of 
th e  po lym er. On th e  b as is  o f these  ex p erim en ts , th e  conclusion  can  be d raw n 
t h a t  —  a t  least b e tw e e n  th e  lim its o f th e  ex p erim en ta l e rro r  —  our poly-y- 
g lu ta m ic  acid can be co n sid e red  as op tica lly  p u re . This m eans t h a t  no racem iza­
tio n  to o k  place in th e  course of th e  sy n th esis .

T he specific ro ta t io n  of th e  sy n th e tic  po ly-y-D -glutam ic acid ([а]о° 
-f-24.1°) agrees q u ite  w ell w ith  th e  v a lu e  ( [°c]d -f-23.5°) described  fo r th e
n a tiv e  anthrax  p o ly p e p tid e  [4, 7]. A nalysis of th e  o p tica l ro ta to ry  d ispersion 
o f  th e  po ly -y -g lu tam ic  acids an d  th e ir  es te rs  to g e th e r w ith  th e  correspond ing  
oligom ers has a lread y  b een  pub lished  [33], an d  will be describ ed  in  a m ore 
d e ta ile d  form  elsew here. All resu lts o f th e se  in v estig a tio n s seem  to  confirm  
th e  above conslusion t h a t  th e  p o lyg lu tam ic  acids sy n th esized  b y  us are o p ti­
ca lly  pure .

T he s tru c tu ra l h o m o g en e ity  of th e  sy n th e tic  p o ly -y -g lu tam ic  acids p re ­
p a re d  b y  alkaline h y d ro ly s is  of th e  p o ly m e th y l ester has a lre a d y  been s tu d ied  
ea rlie r [4], b u t, as a m a t te r  o f fac t, no ab so lu te ly  conclusive resu lts  could 
be o b ta in ed  th u s fa r . T h e  resu lts  of th e  to ta l  hydro lysis seem  to  be of in te re s t 
in  th is  respect, to o . T h o u g h  a lread y  th e  good ag reem en t b e tw een  th e  ro ta to ry  
d ispersion  curve of th e  h y d ro ly z a te  and  th o se  o f s ta n d a rd  g lu tam ic  acid so lu ­
tio n s  can  be ta k e n  as a p ro o f for th e  com pleteness of th e  hydro lysis  (since 
th e  o p tica l ro ta tio n s  o f th e  y-oligopeptides o f g lu tam ic  acid a re  e ith e r of oppo­
s ite  sign  or, a t le a s t, o f  m u ch  less ab so lu te  v a lu e  in  th is  sp e c tra l range [33]), 
th e  h y d ro ly za te  w as also te s te d  b y  th in - la y e r  ch ro m a to g rap h y . No spo ts, 
h ow ever, beside t h a t  o f  g lu tam ic  acid, could  be de tec ted  on th e  ch rom atog ram . 
F ro m  th e  fac t th a t  th e  h y d ro lysis  of th e  po ly g lu tam ic  acid w as com plete u n d er 
th e  v e ry  mild co n d itio n s used  b y  us, we m ig h t also conclude th a t  no (or a t 
le a s t  v e ry  few) а -g lu ta m y l linkages are to  be en co u n tered  in  th e  polyacid . 
T h e  proneness o f p o ly g lu ta m ic  acid to  h y d ro ly ze  read ily  u n d e r m ild acidic 
con d itio n s has been  consid ered  as a p ro o f o f th e  у -linked s tru c tu re  also in th e  
ex am in a tio n  of th e  n a tiv e  p o lypep tide  [34].

T he resu lts o f o u r experim en ts on oligom eric m odel substances [31] 
show ed , th a t ,  a t le a s t  in  th o se  instances, a p p a re n tly  no s ig n ifican t tra n sp e p ti-  
d a tio n  occurred. T h e  com p ariso n  of p o ly g lu tam ic  acids p re p a re d  from  po lyesters 
o f d ifferen t typ es seem s also to  confirm  th is  conclusion [16]. H ow ever, th e
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q u estio n  o f у  —>- x  t ra n sp e p tid a tio n  can  b y  no m eans be reg a rd ed  as s e ttle d , 
and  req u ires  fu r th e r  s tu d y . Such w o rk  is u n d e r w ay  in  our la b o ra to ry .

E x p erim en ta l

The m .p .’s are uncorrected and were taken on a T ottoli apparatus. The optical rotations  
were m easured on a v isual polariméter (Schm idt— H aensch) using a sodium  lam p. Before m icro­
analysis, the sam ples were dried in a vacuum  desiccator over phosphorus pentoxide for 8 — 10 
hrs at a tem perature adjusted to the m elting points o f the single substances (50— 100° C). 
Thin-layer chrom atogram s were made on silica gel (Kieselgel-G  nach Stahl, Merck) using the  
follow ing solvent m ixtures:

a) re-butyl a lcohol-pyrid ine-acetic  acid—water (30 : 20 : 6 : 24),
b) re-butyl alcohol-acetic  acid -w ater ( 4 : 1 : 1 )
c) chloroform -m ethyl alcohol-acetic  acid (75 : 20 : 5)
d) chloroform -hexane-acetic  acid ( 8 : 1 : 2 )
For the preparation o f all the stereoisom ers of the different com pounds on ly  one descrip­

tion is given. A ny occasional differences in  the work-up procedure are noted. The physical 
constants and analytical data of the single stereoisom ers are summarized in Tables connected  
to the corresponding descriptions.

a-M ethyl N-carbobenzoxy-D-glutam ate dicyclohexylam m onium  salt

From  120 g o f N-carbobenzoxy-D -glutam ic acid anhydride —  according to the m ethod  
o f K l i e g e r  and G i b i a n  [20] —  98 g of a -m eth y l N-carbobenzoxy-D-glutam ate d icyclohexyl­
am m onium  salt was obtained. Yield : 44% ; m .p. 178— 180° C; [a]2]] +  11.2° (c 2, m ethanol). 
The physical constants described [20] for the L-antipode are: m .p. 172— 173° C; [a ]2]] — 10.9° 
(c 1.02, m ethanol).

C2GH40N2OG (476.6). Calcd. C 65.52; H 8.46; N  5.88; OCH„ 6.52. Found C 65.57; 
H 8.44; N  5.53; OCH3 6.59% .

a-M ethyl N-carbobenzoxy-D-glutam ate

The m ethod o f preparation differed slightly  from that described for the L-isomer b y  
K l i e g e r  and G i b i a n  [20]. The above dicyclohexylam m onium  salt (80 g) was suspended in  
a m ixture of ether (680 m l) and I N  H2S 0 4 (450 m l). The m ixture was shaken for a few  m inutes 
until the crystals com pletely  dissolved. A fter the separation of the phases, the ether solution  
was washed w ith  three 100-m l portions o f w ater, dried over anhydrous M gS04, and evaporated  
to dryness under reduced pressure. The rem aining colourless oil soon crystallized. Y ield: 
48 g (97% ); m .p. 68— 69 °C. R ecrystallization o f a sample (8 g) from ethyl acetate (8 m l) 
and petroleum  ether (8 m l) gave 4.8 g (60% ) of the purified substance; m .p. 69— 71° C; [a ]2" 
-(-24.7° (c 1.0, m ethanol). The physical constants described [20] for the L-antipode are: m .p. 
68— 69° C (after recrystallization); [a]i>5 — 25.9° (c 1.06, m ethanol).

C14H 17NO g (295.3). Calcd. C 56.94; H  5.80; N  4.74. Found C 57.18; H  6.10; N  4.90% .

a-M ethyl N-carbobenzoxy-D-glutam ate p-nitrophenyl ester (V)

T h e  m e th o d  o f  p r e p a r a t io n  w a s  t h e  s a m e  a s  t h a t  d e s c r ib e d  b y  K l i e g e r  a n d  G i b i a n  

[20] fo r  th e  L -a n t ip o d e . F r o m  32.5 g  (0.11 m o le )  o f  a -m e t h y l  N - c a r b o b e n z o x y -D -g lu ta m a t e  
34 g  (82% ) o f  th e  n i t r o p h e n y l  e s te r  w a s  o b t a in e d ;  m .p . 93— 94° C; [a]f>° + 9 .6 °  (c 1.2, a c e t ic  
a c id ) . T h e  p h y s ic a l  c o n s t a n t s  o f  th e  L -a n t ip o d e  [20] are: m .p .  91— 92° C; [a]i>5 — 9.9° (c  1, 
a c e t ic  a c id ) .

C20H20N2O8 (416.4). Calcd. C 57.69; H  4.84; N  6.73; OCH3 7.45. Found C 57.85; H. 5.12; 
N  6.68; OCH3 7.62% .

a-M ethyl D-glutam ate (VI)

This substance was prepared according to  the m ethod of K l i e g e r  and G i b i a n  [20]. 
Catalytic hydrogenation o f 15 g (0.05 m ole) o f a-m ethyl N-carbobenzoxy-D-glutam ate gave
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6.9 g (85% ) of the free sem iester; m.p. 148— 149° C; [a]f>° —34.0° (c 3.8, water); Rp(a) 0.78, 
Rp(b) 0.79. The physical constants described [20] for the corresponding L-antipode are: m .p. 
149— 150° С; [а]У + 3 5 .1 °  (c 2.01, water),

CeH ltN 0 4 (161.2). Calcd. C 44.71; H 6.88; N  8.69; OCH3 19.26. Found C 44.83; H 6.75; 
N  8.54; OCH3 19.03% .

a ,a '-D im eth y l N-carbobenzoxy-y-glutam yl-glutam ate (V II)

a-M ethyl g lutam ate (VI) (6.5 g; 40 m m oles) and triethylam ine (5.5 m l; 40 m m oles) 
were added to a so lution  o f  a-m ethyl N -carbobenzoxy-glu tam ate p-nitrophenyl ester (V) 
(15.0 g; 36 mmoles) in dim ethylform am ide (100 m l). The suspension was stirred for 5 hrs at 
room  tem perature. B y  th e  end of this period a -m eth y l glutam ate dissolved alm ost com pletely. 
The reaction m ixture w as allow ed to stand overn igh t and then evaporated under reduced pres­
sure. The oily  residue w as taken  up in ethyl aceta te  (250 m l) and washed w ith  11VHC1 (3 X 50 m l) 
and 10% NaCl solution (3 X 5 0  ml). The ethyl aceta te  solution , after being dried over anhydrous 
Na,SO j, was evaporated under reduced pressure. T he o ily  residue —  which som etim es crystal­
lized  —  was dissolved in h o t e th y l acetate (50 m l) to w hich petroleum  ether (50 m l) was added. 
A fter standing overnight, th e  precipitated crysta ls w ere collected, washed w ith  a cold m ixture  
(50 m l) o f ethyl acetate—petroleum  ether (1 : 1), and dried. The yield was 13.4 g (85% ).

Table III

Physical constants and elemental analyses o f  stereoisomers o f  VII

Confign.
M.p °c [a]2jS(clO, MeOH)

RF (a)
Analysis

lit. [4] lit. [4] C% H% N% OCHa%

D— D 112— 113° 109— 110° +  28.0° +  28.3° 0.89 55.28 5.83 6.25 14.60

L— L 110—112° 109— 110° — 28.1° — 28.3° 0.89 55.00 6.37 6.30 14.70

D— L 139— 141° — — 3.7° — 0.88 54.80 5.81 6.56 14.50

L— D 139—141° 136— 137° +  3.5° +  4.3° 0.88 55.30 5.89 6.31 14.79

Calcd. for C20H20N2O9 (438.4) 54.79 5.98 6.39 14.16

a,a'-D im ethyl N -carbobenzoxy-y-glutam yl-glutainate p-nitrophenyl ester (VIII)

To a solution o f a ,a '-d im ethyl N -carbobenzoxy-y-glutam yl-glutam ate (VII) (13.1 g; 
30 m m oles) and p-n itrophenol (3.7 g; 27 m m oles) in tetrahydrofurane (60 ml) dicyclohexyl- 
carbodiim ide (5.6 g; 27 m m oles), dissolved in a few  m l o f tetrahydrofurane, was added.The solu­
tion  was stirred for 5 hrs a t room temperature and then  let to stand overnight. (D icyclohexyl- 
urea began to separate in  the first m inutes o f  stirring.) After cooling for a short tim e, the  
dicyclohexylurea was filtered  off (4.9 g; 80% ), and the solution evaporated under reduced  
pressure. The resulting y e llow  oil was dissolved in chloroform  (300 m l) and the solution washed  
w ith  5% K 2C 03 solution  (3 X 5 0  ml), 10% NaCl solution  (3 X 5 0  m l), then w ith  0.5 N  HC1 
(50 m l), and finally  w ith  w ater (50 ml). T he chloroform  solution was dried over anhydrous 
Na2S 0 4. After evaporation o f  the solvent under reduced pressure, there remained a crystalline  
m ass w hich —  in the case o f  the D— D and L— L stereoisom ers —  was dissolved in hot ethyl 
alcohol (120 ml), and the solution  was allowed to cool slowly to room tem perature. (The crude 
crystalline material could be dissolved in half o f  the am ount of alcohol as given above, but 
at such a concentration th e  m aterial would separate in too fine crystals to allow com plete 
rem oval o f the solvent. The poor ability to crystallize is responsible for the low  yield of the  
purified substance.) A fter standing overnight, the crystals were separated, washed w ith alcohol 
(30 m l) and dried. The y ie ld  of the pure nitrophenyl ester (VIII) was 8.2 g (55% ). The D— L 
isom er o f the crude d ipeptide nitrophenyl ester was crystallized from m uch less alcohol (15—  
20 m l). The yield of the pure substance was 9.5 g (63% ).

Acta Chim. Acad. Sei. H ung. 62, 1969



KAJTÁK, BRUCKNER: STEREOISOMERIC POLY-y-GLUTAMIC ACIDS, I 205

Table IV

Physical constants and elemental analyses o f stereoisomers o f  VIII

Confign. M. p., °c MB (EtOH) Rp(d)
Analysis

C% H% N% 0%

D — D 133— 134° + 2 6 .1 °  (c 4.5) 0.75 55.78 5.33 7.69 1 1 .2 1

L— L 135— 136° — 27.2° (c 3.8) 0.75 55.83 5.92 7.39 11.24

D — L 126— 128° —  9.0° (c 2.0) 0.75 55.45 5.73 7.40 11.75

Calcd. for C26H29N 3O u  (559.5) 55.81 5.22 7.51 1 1 .1 2

a ,a '-D im ethyl y-glutam yl-glutam ate p-nitrophenyl ester hydrobromide (X )

T he protected dipeptide nitrophenyl ester (VIII) (13.7 g; 24.5 m m oles) was dissolved  
in  glacial acetic acid  containing 28% o f H Br (130 ml). The in itia l vigorous evolution o f carbon  
dioxide ceased in 15— 20 m in. After standing for 40 m in. a t room  tem perature, the yellow ish  
solution was poured in to  anhydrous ether (1.51). The precipitated hydrobrom ide was thoroughly  
rubbed w ith the so lv en t and then filtered o ff by suction as fast as possible. I t  was im m ediately  
placed into a vacuum  desiccator and dried over cc. H ,SO, and K O H  for a night. The dipeptide  
nitrophenyl ester hydrobrom ide was a very hygroscopic, am orphous, slightly yellow  powder. 
The yield was 12 g (97% ), Rp(c) 0.32. The substance could not be analyzed and was polym er­
ized w ithout further purification.

a ,a '-D im ethy l N-carbobenzoxy-3 -glutam yl-glut a mate pentachlorophenyl ester (IX )

D icyclohexylcarbod iim ide (2.7 g; 13 m m oles) in a few  m l o f dim ethylform am ide was 
added to a stirred so lu tion  of a ,a '-d im ethyl N -carbobenzoxy-y-glutam yl-glutam ate (VII) 
(6.6 g; 15 m m oles) and pentachlorophenol (3.5 g; 13 m m oles) in  dim ethylform am ide (50 m l). 
The solution was stirred for 3 hrs at room  tem perature and then  le t  to stand overnight. After  
being cooled for a few  hours, the solution was filtered from the separated dicyclohexylurea  
crystals (2.6 g; 88% ) and  evaporated under reduced pressure (less th an  1 mm). The o ily  residue 
was taken up in chloroform  (150 m l) and extracted w ith three 30-m l portions of 5% K 2C 0 3 
solution , water ( 2 X 3 0  m l), 30 ml of 0.51V HC1, and fina lly  w ith  30 m l of water. The chloro­
form  solution was dried over anhydrous MgSO, and then evaporated in vacuo. The crude 
m aterial was crystallized  from  ethyl acetate (100 ml) to give 6.2 g (70% ) o f the pure pentachloro­
phenyl ester (IX ) in  th e  case o f the D— D and the L— U isom ers; the m esoid type dipeptide  
active esters (d — и  and L— d ) were purified b y  crystallization from  benzene (120 ml), to obtain  
7.2 g (81% ) of the pure substances.

Table V

Physical constants and elemental analyses o f  stereoisomers o f  IX

Confign. M. p., °c MB (ch c u ) Rf  (d)
Analysis

C% H% №/„ 0% ci%

D — D 161 — 162.5° — 13.7° (c 1.5) 0.85 45.73 3.85 4.09 26.20
L— L 161.5— 162.5° +  13.5° (c 1.6) 0.85 45.72 3.53 4.45 20.97 25.65
D — L 131 — 135° +  6.2° (c 5.0) 0.88 45.96 4.03 4.04 25.90

L— D 134 — 136° —  6.5° (c 5.0) 0.88 45.25 3.91 4.10 20.60 25.90

Calcd. for C26H25N 20 9C15 (686.8) 45.47 3.67 4.08 20.97 25.81
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a,a'-D im ethyl y-glutam yl-glutam ate pentachlorophenyl ester hydrochloride (X I)

A  solution of the protected  dipeptide pentachlorophenyl ester (IX ) (6.9 g; 10 m m oles) 
in  dim ethylform am ide (100 m l) was m ixed w ith  m ethanol (10 m l) containing hydrogen chloride 
(0 .73 g; 20 mmoles), palladium (10% )-on-charcoal ca ta lyst (1 g) was added, and the suspen­
sion w as shaken in a stream  o f hydrogen until no more carbon dioxide could be detected in  
the departing gas (about 2— 3 hrs). The ca ta lyst w as filtered off, and the so lution  evaporated  
to dryness under reduced pressure (less than 1 m m ). The rem aining crystalline substance was 
disso lved  in hot dim ethylform am ide (25 m l), and the solution carefully diluted  w ith  ethyl 
aceta te  (50 ml). C rystallization of the dipeptide active ester salt began im m ediately. The 
slurry w as allowed to stand a t room  tem perature, then the crystals were filtered off, washed  
w ith  e th y l acetate (25 m l) and dried on a steam  bath . The white crystalline product weighed 
5.1 g (89% ).

Table VI
Physical constants and elemental analyses o f stereoisomers o f  XI

Confign.
M. p., °C
(decomp.)

„ №
(c 5; DMFA) RF (c)

Analysis

c% H% №/„ «% ci%
(ionic) OCH3%

D — D 2 0 2 — 203° +  11 .1 ° 0 .3 9 3 ? .2 8 3 .5 4 4 .9 2 3 5 .9 2 6 .0 5 1 0 .8 0

L --- L 2 0 4 — 205° 11.4° 0 .3 9 3 6 .8 7 3 .3 2 5 .22 3 6 .0 7 6 .0 3 1 0 .8 0

D --- L 19 4 — 195° — 1 6 .9 ° 0 .4 2 3 6 .6 9 3 .5 0 4 .6 0 3 5 .7 7 6 .0 9 1 0 .7 0

L — D 1 9 5 — 197° +  1 6 .5 ° 0 .4 2 3 7 .1 9 3 .57 5 .0 4 3 6 .0 0 6 .0 6 1 0 .8 0

Calcd. for Cl8H20N2O7Cl6 (5 8 9 .1 ) 3 6 .7 0 3 .4 2 4 .7 2 3 6 .1 1 6 .0 2 1 0 .5 4

Stereoisonieric poly-a-inethyl-glutam ates (X III)

Polymerization of the d - d and L-L stereoisom ers of a ,a'-d im ethyl y-glutam yl- 
glutam ate p-nitrophenyl ester hydrobromide (X )

The dipeptide nitrophenyl ester hydrobrom ide (X) was dissolved in d im ethylform am ide  
or d im eth y l sulfoxide. I f  the polym erization was effected  w ith warm ing, the starting concentra­
tio n  o f  the solution was 3 m m oles/m l. For polym erization experim ents carried out at room  
tem perature, solutions o f a concentration o f only  1 m m ole/m l could be used, since more con­
cen tra ted  solutions cannot b e  m ade at room  tem perature.

To the solution of the active ester salt (X) 2.2 equivalents o f triethylam ine were added; 
som e triethylam m onium  brom ide separated im m ediately. In the case o f th e  polym erizations  
o f  th e  first type, the reaction  m ixture was warm ed for 6— 8 hrs on a boiling w ater bath. The 
so lu tion  turned gradually darker in colour and more and more viscous in consistence. In  
the polym erizations of the second typ e , the m ixture was stirred at room  tem perature for 
8— 10 hrs and then let to stand for 2 days. N o noticeable coloration o f  the solution was 
observed  in these instances. After the polym erization had gone to com pletion , the reaction  
m ixtu re  was diluted w ith ten  volum es of ether. The polyester and the triethylam m onium  bro­
m ide separated in the form  o f  a viscous m ass w hich was rubbed w ith several portions of ether 
to  ob ta in  a dry powder. For elim inating the triethylam m onium  brom ide, the crude product 
w as thoroughly triturated several tim es w ith  acetone. The polyester was w ashed w ith ether 
and dried in a vacuum  desiccator. The resulting poly-a-m ethyl-glutam ate w as obtained as 
a s lig h tly  coloured am orphous powder in 23— 44%  yield (see Table I, N os 1— 4).

Polymerization o f the stereoisomers of a,a'-d im ethyl y'-glutam yl-glutam ate 
pentachlorophenyl ester hydrochloride (X I)

( a )  To a solution o f th e  dipeptide pentachlorophenyl ester hydrochloride (XI) in d im ethyl­
form am ide (concentration 1 m m ole/m l) 2.4 equivalents o f triethylam ine were added, and the
solution  was warmed on a steam  bath for 8 hours. The solution, from w hich triethylam m onium
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chloride crystals had separated, turned gradually darker and becam e fairly viscous b y  the  
end o f the reaction. The bulk o f dim ethylform am ide was distilled o ff under reduced pressure, 
and the residue rubbed to  a powder w ith  a large am ount of anhydrous ether. The product 
w as suspended in hot chloroform  and filtered off. This procedure was repeated several tim es 
for the elim ination of triethylam m onium  chloride. The substance w as fin a lly  washed w ith  ether 
and dried. The resulting polyester was isolated  as a brownish powder in a y ield  o f 80% (see 
Table I, No. 5). This product proved to be im pure, and the polyacid could be prepared from  it  
only  in  very poor yield (с/. Table II , N o. 5).

(b)  The corresponding stereoisom er o f the dipeptide pentachlorophenyl ester hydro­
chloride (XI) was dissolved in dim ethyl su lfoxide. The concentration o f the solution w as 1 
m m ole/m l in the case o f the D— D and L— ь stereoisom ers and 0.8 m m ole/m l in  the case o f 
the D— L and l — d  stereoisom ers. After th e  addition o f 2.2 equivalen ts o f triethylam ine, the  
solution  was stirred at room  tem perature un til it  changed into an unstirrable gel. (This occurred 
in  the course of the polym erization of the m esoid type active ester salts in about %— 1 hr., 
w hile the solutions of the D — D or b — L stereoisom ers could be stirred for about 5— 6 hrs.) 
The reaction m ixture was le t  to  stand for I— 2 days at room tem perature, and then diluted  
w ith  ether. The precipitated viscous m ass was rubbed w ith several portions o f ether until 
it  turned into a powder. For elim inating the by-products (triethylam m onium  chloride, penta- 
chlorophenol), the substance was washed several tim es w ith hot chloroform , then w ith  acetone, 
and fina lly  w ith  ether. The m esoid poly-a-m ethyl-glutam ates are practically  insoluble in  water, 
so th ey  were washed w ith  water instead o f chloroform. (In a case when the poly-a-m ethyl- 
L-glutam ate was washed w ith  water, a v ery  poor yield was obtained; cf. N o. 6 in Table I.) 
The polyester was obtained in the form  o f amorphous w hite pow ders in yields o f 80— 90%  
(see Table I, Nos. 6— 9). The elem ental analysis o f one representative sam ple of poly-a-m ethyl- 
glutam ate (N o. 7 in Table I) is presented below.

(C6H 9N 0 3)n (143.1)„. Calcd. C 50.34; H 6.34; N  9.79; CH30  21.68. Found C 49.87; 
H 6.51; N  9.75; CH30  21.80; Cl 0.20% .

Observation o f the progress o f polymerization by IR  spectroscopy

Sam ples of 0.1 m l were w ithdraw n from  the dim ethyl su lfoxide solution (concentration  
1 m m ole/m l) o f the dipeptide pentachlorophenyl ester hydrochloride (XI) before, and 5 and 
30 m in. after the addition of the triethylam ine. The samples were d iluted to 1.0 m l w ith  
dim ethyl sulfoxide, and th e  IR  spectra o f these  solutions were recorded im m ediately  betw een  
1700 and 1900 cm - 1 .

Stereoisomeric poly-y-glutam ic acids (IV )

H ydrolysis o f  the polyesters]

T he polyester was suspended in 1.5 equivalents of 0.25N  N aO H , and the m ixture was 
warmed for 45 min. on a steam  bath. (The polyester dissolved w ithin 5— 10 m in.) The hydroly- 
zate w as then cooled and worked up by one o f the following m ethods.

Isolation o f  the polyacids

(a )  The hydrolyzate o f the D — D or L— L polyester was neutralized w ith  61V HC1 to 
pH  6. A  saturated solution of copper su lfate was then added until no more precip itate was 
form ed. The copper salt isolated  b y  centrifugation was washed several tim es w ith  water, ace­
tone, and ether. The w eight o f the dried substance was about equal to th at o f  the polyester  
hydrolyzed. The copper sa lt was then dissolved in 0.1 N  HC1 (the qu antity  being about 20%  
m ore than calculated stoichiom etrically), and hydrogen sulfide was bubbled through the  
solution. The precipitated copper sulfide was centrifuged and washed w ith  several portions of  
0.1 N  HC1. Some charcoal was added to the polyglutam ic acid solution com bined w ith  the  
washings, and it was filtered  repeatedly to  give an absolutely clear solution . This solution  
was then dialyzed through a dialyzing m em brane for 2— 3 days against several portions of  
distilled water (with a to ta l volum e am ounting to  about 6—800 tim es th a t o f  the polyglutam ic  
acid solution). A t the end o f the dialysis neither the inner nor the outer solution gave a positive  
chloride reaction. The dialyzed solution w as then  evaporated under reduced pressure to 5— 10 
m l and then freeze-dried. The polyacids obtained as foam y, w hite substances were dried in 
a vacuum  desiccator over P2Os at room  tem perature.
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The copper salts o f  the m esoid poly-y-glutam ic acids were prepared as described above. 
A fter, and even during the dissolution of the copper polyglutam ate in 0.12V HC1, the m esoid  
polyglutam ic acid precipitated from' the acid solution in the form  o f  a w hite powder. After 
stan d ing  for a while in a refrigerator, the precipitate was centrifuged and washed several tim es 
w ith  cold 0.1 V  HC1, w ater, acetone and finally w ith  ether.

( b)  The alkaline hydrolyzate o f the D- or L -poly-a-m ethyl-glutam ate was acidified  
to  p H  2.5 by successive addition  of a suspension o f A m berlite IR -120 resin (H  form). 10 ml 
o f th e  hydrolyzate required about 7— 8 m l of the resin suspension. The reaction m ixture was 
stirred for 30 min., then the resin was filtered off. The solution (after addition o f a slight am ount 
o f  charcoal) was filtered clear, concentrated in vacuo to 5— 10 ml, and freeze-dried. The poly­
g lu tam ic acid was obtained in alm ost quantitative yield.

The procedure w as the sam e also in the case o f the m esoid poly-y-glutam ic acids, w ith  
th e  difference that the filtered  clear solution was acidified to pH  1.5 w ith  HC1 and let to stand  
for several hours in a refrigerator. The precipitated m esoid polyacid was then  isolated by  
centrifugation, and w ashed several tim es w ith  cold water, acetone and ether. The product 
was an amorphous, w h ite  pow der; the yield was alm ost quantitative.

(c )  The m esoid polyg lutam ic acids could also be isolated b y  direct acidification of the  
alkaline hydrolyzate w ith  HC1, w ithout the use of an ion exchange resin. Since the precipita­
tion  o f the mesoid polyacid  w as fairly slow, the filtration  o f the acid solution was possible  
w hen required.

The analytical data  o f a num ber of poly-y-glutam ic acids, prepared b y  different m ethods, 
are summarized in Table V II.

Table VII

Elemental analyses o f poly-y-glutam ic acid samples

No.“> C% H% №/„ сн,0 %

I 44.48 5.59 10.13 0.52

4 44.77 5.61 10.38 0.43
6 43.52 5.56 10.16 0.11

10 46.66 5.74 10.63 0

Calcd. for

(C5H7N 0 3)n (129 .l)n 46.50 5.47 10.85 0

Calcd. for

(C5H 7N 0 3 • Vs H 20 )n  (138.l ) n 43.47 5.83 10.15 0

a) The numbers refer to those in Table II.

Solubility

(a )  Racemic po ly-y-g lu tam ic acid. —  20— 20 m g (0.135 m eq.) o f  both  the D- and the  
L-poly-y-glutam ic acid were dissolved in 0.8 ml o f w ater, and the resulting solution was neutra­
lized  to  pH  7 w ith 0.27 m l o f  12V NaO H  solution. 1.07 m l o f 22V HC1 w as then added, and 
the solution allowed to stand in a refrigerator for 20 hrs. The precipitated racem ate was sepa­
rated b y  centrifugation, w ashed w ith  cold water (2 X 0 .5  m l) and dried in  a vacuum  desiccator 
over P20 6. The racemic poly-y-glutam ic acid obtained weighed 33.4 m g (82% ); [a]?,1 0° (c 3, 
I V  NaO H ).

(b )  L — D mesoid poly-y-g lu tam ic acid. —  100 m g o f the L— D m esoid poly-y-glutam ic  
acid was dissolved in 8 m l o f 0 .1 V  NaO H . The solution was treated w ith  a sm all am ount o f  
decolourizing carbon, filtered, and acidified w ith 6V  HC1 to pH  1.2. After 12 hrs o f cooling
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the precipitated substance was separated b y  centrifugation, washed w ith  cold water (2 X 10 m l), 
acetone (2 X 1 0  m l), and ether (10 ml), and dried. 85 mg o f m esoid poly-y-glutam ic acid was 
recovered.

Determination of the m olecular weight

(a )  M odified  van Slyke method. — The procedure of the determ ination has been described  
elsewhere [28]. B ecause o f insolubility o f the m esoid poly-y-glutam ic acids, their m olecular  
weight could not be determ ined by this m ethod (c f. Table II).

(b )  Spectrophotometric ninhydrin method. —  The reagent used [30] for the ninhydrin  
reaction was a 1 : 1 m ixture of the following tw o solutions: a) solution of ninhydrin (3 g) in  
m ethyl cellosolve (100 g), b) solution of stannous chloride (1.6 g) in  41V sodium acetate—acetic  
acid buffer (1000 m l; pH  5.5). To 1 ml o f the solution containing 1.0 or 1.5 m g o f poly-y-  
glutam ic acid, 1 m l o f the reagent was added, the m ixture was warmed on a boiling steam  
bath for 20 m in. and then diluted w ith 2.5 m l o f 50% aqueous ethanol. The extinction  o f the  
sample was m easured in  a 10-mm cell at 570 nm . D istilled water, treated w ith ninhydrin in 
the sam e m anner, was used for blank m easurem ent. For the calculation of m olecular w eights, 
standard solutions o f glutam ic acid w ith concentrations from  0.1 to 0.5 mmole/ml were used. 
The intensities o f the ninhydrin reactions o f these solutions were found to be proportional to  
their concentrations in  th is concentration range. The extinction  o f a glutam ic acid solution  
of the original concentration of 0.35 m m ole/m l was 1.220 after the procedure described above. 
As standard solutions o f another type, those o f several g lutam ic acid "/-oligopeptides [31] 
were used. The average value of the extinctions o f these solutions, in  the concentration o f  0.35 
m m ole/m l, w as found, after the procedure o f the ninhydrin reaction, to be only 1.060, i.e. 
87% of th a t o f a glutam ic acid solution of the sam e molar concentration. The molecular w eights  
of the polypeptides were calculated on the basis o f the extinction  values obtained from  the  
oligopeptide series (see tex t). The extinctions of the different poly-y-glutam ic acid sam ples 
of the original concentration of 1.0 and 1.5 m g/m l, and their calculated molecular w eights are 
summarized in  Table V III.

Determination of the optical purity

Poly-y-L-glutam ic acid (No. 6 in Table II; 13.12 m g) was dissolved in 3N  HC1 (10.0 m l) 
and heated in a sealed tube for 3 hrs at 100°. Glutam ic acid (13.78 mg) dissolved in 3IV HC1 
(10.0 m l) was treated in the same manner. For determ ining the glutam ic acid content o f  the  
polyacid hydrolyzate, three 1-ml aliquots were withdrawn and dried in a vacuum  desiccator  
over P20 5 and K OH . The nitrogen content o f the dry residues were determined by the m icro  
K j e l d a h l  m ethod [32]. According to these m easurem ents, the hydrolyzate contained 1.41 
+  0.04 m g o f glutam ic acid per ml. This corresponds to 94 + 3 %  o f polyglutam ic acid (i.e. 6 
+  3% of water) in the original sample. The optical rotations o f both  the polyacid hydrolyzate  
and the glutam ic acid solution were measured betw een 580 and 280 nm  in a 10.0-m m  polari­
m éter tube at 30° C on a photoelectric spectropolarim eter (O PTO N REPM  12). The observed  
rotation at 286 nm  (which was nearly the m axim um  value of rotation to be m easured w ith  
the m axim al sen sitiv ity  on the instrum ent) was + 0 .0 7 5 7 ° + 0 .0 0 1 °  for both solutions. The 
specific rotation  o f glutam ic acid in the hydrolyzate was [a]|§6 + 5 3 7 °  + 1 0 °  (calculated for 
the glutam ic acid content determined as described above), and that o f the glutam ic acid in 
the blank was [a]|g6 + 5 5 0 °  + 1 0 ° . To control accidental racem ization of glutam ic acid under 
the conditions of acid hydrolysis, the rotation o f a third standard glutam ic acid solution , 
which had not been heated, was also measured. (The concentration of this solution was 14.80 
mg in 10.0 m l of 31V HC1.) The observed rotation  at 286 nm  was + 0 .0 8 2 2 ° + 0 .0 0 1 ° , corre­
sponding to [a]i§e + 5 5 6 °  + 1 0 ° . This means th at no racem ization o f glutam ic acid took place  
during the hydrolysis. The optical purity o f the poly-y-glutam ic acid sample calculated from  
the above data m ay be taken as 98 + 2 % .

The m icroanalyses were made by Mrs. H. M e d z i h r a d s z k y - S c h w e i g e r ,  Mrs. J . 
K a j t á r ,  Mrs. S. K u t a s s y  and Mrs. M. D e r c s é n y i  in our Analytical Laboratory. The IR  
spectra were obtained b y  Dr. F. R u f f .  Their m ost valuable contribution as well as the technical 
assistance o f M r .  J. G e r a  is gratefully acknowledged.
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Table VIII

Data o f  the ninhydrin reactions o f  poly-y-glutam ic acids

No.»)
Concentration,*1) Extinction0)

Molar
concentration'*)

(mmole/ml)

Number average molecular weight
mg/ml

mean value

1.5 1.120 0.370 4050
1

1.0 0.730 0.242 4150
4100

1.5 1.750 0.580 2600
2

1.0 1.250 0.415 2400
2500

1.5 1.250 0.415 3600
3

1.0 0.845 0.280 3600
3600

1.5 1.100 0 365 4150
4

1.0 0.750 0.248 4050
4100

1.5 0.880 0.291 5150
5

1.0 0.635 0.209 4800
5000

1.5 0.430 0.140 10700
6

1.0 0.380 0.124 8050
9400

1.5 0.930 0.308 4900
7

1.0 0.622 0.207 4850
4900

1.5 0.628 0.207 7300
8

1.0 0.440 0.144 7000
7100

1.5 0.825 0.273 5500
9

1.0 0.480 0.158 6300
5900

1.5 0.700 0.230 6500
10

1.0 0.525 0.173 5800
6100

1.5 0.640 0.210 7200
11

1.0 0.438 0.143 7000
7100

a) The numbers refer to those in Table II; b) before the ninhydrin reaction; c) extinction  

of the solution diluted w ith  the reagent (see text); d) calculated for the original sample on the  

basis o f the molar extinction  of the "/-oligopeptides (see text).
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Macromolecular Chemistry 3. In te rn a tio n a l  S ym posium , Tokyo an d  K y o to , 
1966 (G enera l lec tu res)
B u tte rw o rth s , L o n d o n  1967, 609 p p ., 90 s.

Macromolecular Chemistry 4. In te rn a tio n a l S ym posium , B russels-L ouvain , 1967 
(P len a ry  a n d  m ain  lectures)
B u tte rw o rth s , L ondon  1968, 490 -)- 26 p p ., 90 s.

In each year, the annual Ш РАС Sym posium  on M acromolecular Chemistry is the  
greatest event for scien tific  workers o f this field . The publication of these papers, which were 
invited  lectures delivered by the m ost acknow ledged scientists, is a great help for those, who 
were able to be present at these m eetings, because as the Rom ans said “ verba volant, scripta  
m anent” , and a still greater help for people who could not take part at the Sym posium  and 
to listen  to w h at the “ b ests” were saying there.

The pu blication  o f these two books has now  a special actuality  for Hungary; we are 
going to have th is m eeting this year here, in B udapest, August 25— 30. This is the first tim e  
th a t the Sym posium  on Macromolecular Chem istry w ill be held in our country. We hope, th at  
the sixth  wolum e o f th is series will reflect recent achievem ents in macromolecular chem istry  
ju st as properly as the earlier volum es do.

The third volum e contains 16 general lectures and the fourth volum e the five  plenary  
lectures (Authors: H . F. M a r k ,  A. K a t c h a l s k y ,  I. S a k u r a d a ,  С. E. H. B a w n  and V. A. 
K a r g i n )  and 10 m ain lectures. Each of the authors is an outstanding scientist in his field , so 
the papers are not only very interesting, b u t also th ey  deal w ith the m ost im portant results 
which were ready to print at the tim e o f these conferences.

G. B o d o r

Organic Magnetic Resonance. An In te rn a tio n a l  Jo u rn a l, E d ited  b y  E . F . 
M ooney, H ey d en  an d  Son L td ., L ondon . One vo lum e p e r annum . P u b lish ed  
b i-m o n th ly

Indeed, the application of nuclear m agnetic resonance to the structural analysis o f  
organic m olecules is th a t special field of organic chem istry, the developm ent and im portance  
o f  which ju stifies the starting o f a special journal. In hardly tw en ty  years, this m ethod has 
becom e indispensable in  modern research laboratories o f organic chem istry. There ex ists an 
international com m unity  o f specialists in this field  who are in urgent need o f proper opportunity  
for publication. T he in itia tive  o f Heyden and Son to  start a journal o f this type, m ust be con­
sidered therefore as fortunate. The expected high leve l o f the journal is guaranteed b y  the  
international editorial board, under participation o f  renown specialists in this field  o f science, 
and by the person o f  the editor in chief. In supplem ents to the single issues, the NMR spectra  
discussed in the papers w ill be published w ith  detailed registration data. The first num ber 
carries 46 spectra.

The new  journal, the presentation of w hich m eets all requirem ents, will m ost certain ly  
be included in the library of every researcher concerned w ith NM R work.

Gy. D e á k
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Fortschritte der Arzneimittelforschung. B a n d  11. H erausgegeben  von  E . J u c k e r , 
B irk h ä u se r  V erlag , B asel u n d  S tu t tg a r t ,  1968, 572 Seiten

Band 11 der von  E . Jucker herausgegebenen Serie »Fortschritte der A rzneim ittelfor­
schung« ist eine würdige Fortsetzung der bisher erschienenen Bände. A uch in diesem  B and  
behandelt das B uch Problem e, die im  M ittelpunkt der Arzneim ittelforschung stehen. Im  
A b sch n itt »Mescaline and R elated Compounds« behandelt A. R. P a t e l  eingehend die Chemie, 
A n alyse, den M etabolism us in vivo und in v itro  sowie die pharm akologischen W irkungen  
des w egen seiner halluzinogenen Wirkung allgem ein bekannten Mescalins und der M escalin- 
A naloga. Besonders w ertvoll ist dieser Artikel, w eil er die im  Schrifttum  sehr zerstreut beschrie­
benen  M escalin-Derivate und -Analoga einheitlich  behandelt. Die Zusam m enfassung von  
S. T. R e i d  »The P hotochem istry of Drugs and R elated  Compounds« befaßt sich eingehend, 
über etw a 70 Seiten, außer der Photochem ie von  A rzneim itteln auch m it der von anderen  
organischen M olekülen, w ie z.B . Alkenen, D ienen, ja  sogar stickstoffhaltigen Verbindungen. 
D ieser A bschnitt des B uches ist vor allem vom  G esichtspunkt der organischen Chemie von  
B edeutung, schon w egen der sehr um fangreichen Literatur (500 Zitate) von  überwiegend che­
m ischen Charakter. Der etw a 100 Seiten betragende A bschnitt »Untersuchungen zur B io ­
chem ie und Pharm akologie der Thym oleptika« wurde von M. H. B i c k e l  geschrieben. A uch  
dieser A bschnitt zeichnet sich durch die sehr sorgfältige Bearbeitung der einschlägigen L iteratur  
aus (431 Zitate), die noch m it den bis Anfang 1967 erschienenen neuesten Publikationen ergänzt 
wird. Obzwar in der vergangenen Zeit auf diesem  G ebiet mehrere ausgezeichnete Zusam m en­
fassungen erschienen sind, ist es ein Verdienst dieses Artikels, daß die w ichtigen Vertreter dieser 
neuen  Arzneim ittelgruppe sowie deren pharm akologische Untersuchungsm ethoden ausführ­
lich , doch gleichzeitig m it richtigem Proportionssinn besprochen werden. Dabei wird der 
M etabolism us der T hym oleptika und der Zusam m enhang zwischen chem ischer Struktur und  
antidepressiver W irkung besonders eingehend behandelt. Der sich m it dem  W irkungsm echa­
nism us befassende Teil des Abschnittes ist ausgezeichnet. Der nächste A bschnitt von nahezu  
130 Seiten wurde von  E . R e n k  und W. G. S t o l l  unter dem Titel »Orale Antikoagulantien«  
geschrieben. Auch dieser zusam m enfassenden A rbeit verleihen die vielen L iteraturstellen (899 
Z itate) besonderen W ert. Der Abschnitt befaßt sich eingehend m it der Chemie, Pharm akologie 
und dem  M etabolism us der 4-H ydroxykum aron- und 1,3-Indandion-Derivate. Auch für die 
m it Arzneim ittelforschung sich beschäftigenden Chemiker und Pharm akologen wird ein  
Studium  des m it k linischen Anwendungen sich befassenden Abschnittes sehr Lehrreich sein, 
besonders vom  G esichtspunkt der Behandlung der Erkrankungen der Koronarien. Die bekann­
testen  im  Handel erhältlichen Präparate für solche Behandlungen werden in einer separaten  
T abelle angeführt.

Der letzte A b schn itt des Buches hat einen von  den vorangehenden vollkom m en ver­
schiedenen Charakter. K r e u t z b e r g e r  behandelt in diesem  Abschnitt von  etwa 90 Seiten  
—  »Die Am idinstruktur in der Arzneim ittelforschung« —  nicht einen gegebenen A rzneityp, 
sondern die Rolle einer funktionellen Gruppe auf dem  Gebiete der Arzneim ittelforschung. 
E in  sehr übersichtlicher und ausführlicher Teil befaßt sich m it der Chemie der A usbildung  
der Am idingruppe, sodann werden kurz die in der N atur vorkom m enden Am idine besprochen. 
D er zw eite Teil behandelt die zu Gruppen von  verschiedener pharm akologischer W irkung  
gehörigen Amidine, undzw ar auf Grund der erzielten R esu ltate vor allem  vom  chem otherapeu­
tischem  G esichtspunkt aus gesehen, da ja die m eisten  Am idine in dieser R ichtung ihre W irkung 
ausüben. Es werden aber auch Am idinderivate m it antidiabetischer, lokalanästhetischer, 
antiviraler und cytostatischer usw. W irkung angeführt. Auch in diesem  A bschnitt werden  
viele  Zitate (513) aus der Literatur angeführt.

Der W ert des neu erschienene Bandes wird durch das mehr als 100 Seiten betragende  
Inhaltsverzeichnis nur noch erhöht. D ieses Inhaltsverzeichnis enthält nicht nur das Sach- 
wortverzeichnis dieses Bandes, sondern auch die w ichtigsten Sachwörter der vorangehenden  
B ände. Die Ausrichtung des Buches, ähnlich wie die der vorangehenden B ände, ist ausgezeich­
n e t, die Typographie m acht das Buch leicht lesbar, und es ist sehr erfreulich, daß die sich m it 
A rzneim ittelforschung beschäftigende L iteratur m it einem  neuen ausgezeichneten W erk  
bereichert wurde. N un schließt sich auch dieses B uch der ganzen Serie an, welche unentbehr­
lich  für jeden ist, der sich m it A rzneim ittelforschung beschäftigt oder die neuesten Ergebnisse  
au f diesem  Gebiet von  chem ischem  oder m edizinischem  G esichtspunkt zu verfolgen w ünscht.

K .  N á d o r
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A. C o r n u  and  R . M a s s o t : L ist o f Conversion Factors for Atom ic Im purities  
to p p m  by Weight 
H eyden  an d  Son, 1968

The book consists o f tables which m ake possible the conversion o f results obtained by  
different analytical m ethods (mass spectrom etry, gam m a-spectrom etry, activation  analysis, 
etc.) and expressed in num ber of atom s/m illion atom s into ppm  by w eight un its, by  m eans o f  
the conversion factors calculated by the authors. These conversion factors have been ca lcu ­
lated by m eans of a com puter, using the atom ic weights given by the International U nion o f  
Pure and Applied Chemistry in 1961 (B ulletin  d’Inform ation N° 14 de septem bre 1961), 
based on 12C =  12. These atom ic w eights are listed on pages IX  and X .

On pages V —V III directions are g iv en ,in  English and in French,for the use o f the tables. 
The follow ing part o f the book essentially  consists o f two sections. Section A  contains tables  
referring to pure m atrix elem ents (42 pages) specifying the atom ic num ber, nam e and atom ic  
weight M x o f the m atrix and the sym bols, atom ic numbers and nam es o f all contam inant 
elem ents w ith  the conversion factors M 2IM X calculated using the values o f M 2 listed on the  
separate table. Thus, if  an analytical m ethod shows, e.g., in m etallic beryllium  the presence  
of 1.1 atom  of Li per 1 m illion atoms of B e, th is value m ultiplied by the factor M 2/M x y ields  
the result in ppm by w eight units.

Section B , the second part, com prises 90 pages; it  is to be used if  the m atrix is a chem ­
ical com pound. In such cases the m olecular w eight (M ) of the com pound is calculated, and 
a conversion factor taken from the tables and corresponding to the nearest M x value is used  
in the above described manner.

The data listed in the tables are v ery  helpful, because th ey  provide a fast m ethod o f  
conversion of results into ppm by weight un its generally used nowadays.

M. Ö r d ö g h

A nnua l Review o f N M R  Spectroscopy. Vol. 1
E d ite d  b y  E . F . M ooney, A cadem ic P ress , L ondon an d  New  Y o rk , 1968, 353 p p .

In the last 10 years NMR spectroscopy has becom e a routine m ethod  for chem ists. 
One of the several consequences o f this is the exponential increase in the am ount of inform ation  
produced in various branches of chem istry. Therefore, chem ists who w ish to keep abreast o f  
the theoretical and technical developm ents in  NM R spectroscopy are greatly assisted b y  an 
annual m onograph summarizing the m ost im portant results.

The ’’Annual R eview  of NMR Spectroscopy” serves this end. It is intended to survey  
annually the developm ents and application  o f proton m agnetic resonance and to sum m arize 
the results on other nuclei (e.g., F 19) in  each 2 or 3 years, depending on the am ount of accu­
m ulated m aterial.

Volume 1 contains general review s on proton m agnetic resonance ( R i c h a r d  A. Y . 
J o n e s  32 pp .), the application of NM R in conform ational analysis (W . A. T h o m a s ,  40 pp .), 
high resolution NM R (E .O . B i s h o p ,  42 pp .), heteronuclear m agnetic double resonance (W . 
M c F a r l a n e ,  26 pp.), (P . R . S e w e l l ,  54 pp .), th e  problem of the signal to noise ratio (G. E . 
H a l l ,  12 pp .), and fina lly  on F 19 NM R spectroscopy (E. F. M o o n e y  and P . H. W i n s o n ,  
36 pp.).

E ach chapter is fo llow ed  by exten sive  references. Chapter 1, for exam ple, cites 376 
references. The thorough a u th o r  and subject indexes further increase the usefulness o f the book.

The book is a very useful reading m aterial for organic and analytical chem ists who 
are in contact w ith this interesting domain o f spectroscopy. A ny chem ist m ay have encoun­
tered ( e.g.) the annoying problem of the signal to noise ratio, treated in the brief and excellent 
review by G. E. H a l l .

W ell prepared drawings of the spectra  facilitate thorough understanding of the sub­
ject m atter.

The typographic make-up is excellent, in accordance w ith  the trad itions o f Academ ic
Press.

Cs. SzÁ N TA Y

Acta Chim. Acad. Sei. Hung. 62, 1969
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РЕЗЮ МЕ

Некоторые данные к химии гелена и селеновых соединений, XVI

Определение селена в теллуре и двуокиси теллура высоких чистот 

Ш. Ж И Н Д Е Л Ь  и Л . БАРЦ А

Для определения содержания селена в теллуре предлагается реакция образования 
8е(1У)-о-фенилен-диамина. В случае теллура высокой чистоты нет необходимости раз­
делять, достаточно лишь держать теллур (IV) в растворе лимонной кислоты при нужной 
величине pH (pH =  1—2). Продукт реакции определяется спектрофотометрически на 
длине волны 335 ммк. Нижний предел чувствительности составляет 2-10_4% селена. 
Данный метод намного проще, быстрее и надежнее, нежели определение селена с по­
мощью 3,3'-диамина-бензинида.

Применение комплексообразователей в ионообменной хроматографии, III

Связывание аминовых комплексов металлов на ионообменных смолах

й .  И Н Ц Е Д И

Изучалось связывание ионов никель(П), кобальт(П), медь(П), кадмий(П) и цинк(П) 
из растворов хлористого аммония, содержащих различное количество свободного аммония, 
на катионообменных смолах.

Было установлено, что среди образующихся комплексов, комплексные ионы тетра- 
аммина и гексааммина отличаются особенно сильными связями. Были рассчитаны также 
приблизительные значения констант ионообменного равновесия, характерные для дан­
ных комплексов.

Ионообменные мембраны, XI

Потенциал мембраны и внутренняя активность 

ю. х . ш ипош , и. к а л м а н  и я . м и к е ш

Суммируя вышеизложенное авторы делают заключение о том, что количество 
электролита, находящееся в фазе мембраны, складывается из двух частей: пары фикси­
рованных ионов и их противоионы составляют неизменное количество ионов, а соионы, 
диффундирующие из внешнего раствора, и соответствующее им количество противоионов 
представляют собой переменный член концентрации. Количество последнего зависит от 
концентрации внешнего электролита и, к  тому же, не только из-за количества диффунди­
рующего электролита, но и вследствие образования ионного слоя на поверхности раз­
дела в условиях электродиализа. Понятие внутренней активности необходимо для того, 
чтобы мембранную фазу можно было бы рассматривать как такой раствор, в котором коли­
чественное и кинетическое движение ионов оценивается на основе известных зависимостей.

В приближении, электродиализирующуюся ячейку можно рассматривать как пару 
растворов, между членами которой находится — треть электролитного поля с определен­
ной концентрацией ионов, ограниченное в приближении математической плоскости.



Это внутреннее поле обладает характером Доннана, поскольку один тип ионов не может 
изменять своего положения, а имеются свободно движущиеся противоионы и какое-то 
дополнительное количество ионов, зависящее от внешнего раствора. Диффузионные 
условия регулируются ионным слоем, образовавшимся на границе раздела — опять 
абстрактируя математической плоскостью — через который ионы должны проникнуть 
во время их движения.

Таким образом, потенциал, регулирующий движение, состоит из движущего и 
препятствующего компонентов, где движущий компонент представляет собой внешнее 
силовое поле и диффузионный потенциал, а препятствующий компонент — ионообменный 
потенциал мембраны. Они находятся в зависимости друг от друга, однако, именно вслед­
ствие влияния внутреннего фиксированного количества ионов, не находятся в линейной 
корреляции. Зависимость измеряемых условий и известных законов растворов авторы 
пытались заключить в рамки этой физической картины.

Изучение ионообменных равновесий с помощью метода радиоактивных
индикаторов, XVI

Определение констант стабильности отрицательно заряженных комплексов хлористого 
цинка с помощью жидкого ионообменника

T. Л Е Н Д Ь Е Л  и Й. Т ЁРК Ё

С помощью жидкого ионообменника Amberlite LA—2 определялись константы 
образования отрицательно заряженных комплексов хлористого цинка. Был разработан 
новый графический метод для оценки экспериментальных данных.

Значения log К3 =  —0,30 и log К 4 =  —0,07 кажутся вполне надежными; однако 
сравнение их с литературными данными, вследствие сильного расхождения последних, 
затруднено.

Использование потенциостата для определения максимального 
коррозионного тока гальванических элементов, I

Й. ДЕВ А Й , б . Л Е Н Д Ь Е Л  и Л . МЕСАРОШ

С помощью потенциостата измерялся максимальный коррозионный ток различных 
гальванических элементов. Правильность измерительного метода измерения было дока­
зано сравнительными измерениями, причем снималась диаграмма Эванса для изучаемых 
гальванических элементов, а также измерялась с помощью амперметра зависимость кор­
розионного тока от времени. Было установлено, что, при условии подходящего вклю­
чения в схему, потенциостат может быть использован и для измерения максимального 
коррозионного тока. Преимущество данного метода, по сравнению с остальными мето­
дами, заключается в том, что и в случае гальванических элементов с небольшим внут­
ренним сопротивлением, величина максимального коррозионного тока и его изменения 
во времени измеряются непосредственно; таким образом, устраняются возможные погреш­
ности, связанные с экстраполяцией.

Получение новых производных бензо(а)хинолизина, I
П. БИ ТЕ, Э. Д И С Л ЕР, М. Ф ЕК ЕТ Е, А. ВИЛЛАНИ и М. КЮРТИ

Д ля более глубокого изучения фармакологического действия соединений, содер­
жащих скелет бензо(а)-хинолизина, было синтезировано большое число оксимовых эфиров 
и кислотных амидов, а такж е несколько из их эфирных и аминовых производных исходя 
из 2-окси- и 2-имино-соединений.



Гетероциклические соединения из сахаров, II

Получение производных 2-полигидроксиалкил-тиазола и -бензтиазола

Р. БО ГН А Р, И . ФАРКАШ, Л . С И Л А Д ЬИ , М. М ЕНЬХ АРТ, Е. Н . НЕМЕШ  и
И. Ф . САБО

На основе присоединения сероводорода к нитрилам ацетилированных альдоновых 
кислот, удалось получить некоторые новые производные амида тиокислот. Тиоамид 
пентаацетил-О-глкжоновой кислоты с хлорацетоном, а тиоамид пентаацетил-Г)-галак- 
тоновой кислоты с фенацил-бро,чидом конденсируются в соответствующие замещенные 
производные тиазола.

При конденсации хлоридов ацетилированных альдоновых кислот с 2-амино- 
тиофенолом и 2-амино-4-хлор-тиофенолом образуются производные 2-полиацетокси- 
алкил-бензтиазола и 2-полиацетокси-алкил-5-хлор-бензтиазола. Полиацетокси-произ- 
водные омыляются метилатом натрия в 2-полигидрокси-алкил-бензтиазолы. Нитрилы 
ацетилированных альдоновых кислот такж е конденсируются с 2-амино-тиофенолом, и 
таким путем с хорошим выходом могут быть получены 2-полиацетокси-алкил-бензтиазолы.

Между оптическим вращением 2-полигидрокси-алкил-бензтиазолов и пространст­
венным положением гидроксильной группы на атоме углерода полигидрокси-алкильной 
цепочки, примыкающей к кольцу, наблюдается зависимость, подобная «бензимидазоль- 
ному правилу».

Синтез стереоизомерных у-полиглутаминовых кислот, I
М. К А Й ТА Р и В. Б Р У К Н Е Р

Описанные ранее методы получения у-полиглутаминовой кислоты [4] не пригодны 
для практического получения этих соединений в больших количествах. Оценка воз­
можностей разработки более подходящего синтеза привела к  заключению о примени­
мости теоретической последовательности синтезов, разработанных ранее, но на каждой 
основной ступени необходимо заменить старые методы более новыми. Новый способ 
синтеза метилового эфира у- п о л иг л у та м и новой кислоты основан на реакции полиавто­
ацилирования солей а' а'-диметил-у’-п-нитрофениловых и пентахлор-фениловых эфиров 
у-глутамил-глутаминовой кислоты (X и X I) под действием оснований. Новым методом 
были получены стереоизомеры солей дипептидных активных эфиров (X и XI); с помощью 
данного метода удалось получить структурно однородные, оптически чистые продукты. 
Метиловые эфиры у-полиглутаминовой кислоты удалось получить с гораздо лучшими 
выходами (40—90%), по сравнению с ранними работами. Путем щелочного гидролиза 
полиэфиров и изолирования их продуктов различными способами могут быть получены 
с очень хорошими выходами (65—98%) стереоизомеры у-полиглутаминовой кислоты: 
у-поли-Ь-глутаминовая кислота, у-поли-О-глутаминовая кислота, а также D—L- и 
L—D-мезоиды  у-полиглутаминовой кислоты.

Определенный двумя методами молекулярный вес полиэфиров и поликислот, 
полученных при различных экспериментальных условиях, равен 6—8000 и 4—9000, 
соответственно. Проверялись структурная однородность и оптическая чистота поли­
кислот.

Синтетический рацемат  у-полиглутаминовой кислоты (что означает эквимолеку­
лярную смесь D- и L-изомеров у-полиглутаминовой кислоты) практически не раство­
ряется в воде; на основе этого наблюдения, более ранние представления о структуре 
субт ильных полипептидов получили подтверждение и с синтетической стороны.

Мезоиды у-полиглутаминовой кислоты также плохо растворимы в воде.





T h e  AALC c o l l e c t io n ,  in c lu d in g  a p p r o x .  5500 p u n c h e d  ca r d s  
g iv e s  the in d iv id u a l the  a d v a n t a g e s  o f  m o d e r n  d a t a  
p r o c e s s in g ,  w i th o u t  the  n e e d  fo r  e x p e n s iv e  m a c h in e s

T he  a d v a n t a g e s  of c a r d s !
The AALC collection of cards offers many advantages to its user. First, because only 
a card-file can be kept complete and up-to-date at any time. Book-form bibliogra­
phies are difficult to handle and are not apt for cross-indexing. Secondly with a card­
file you do not have to make personal notes If you wish to retain items of informa­
tion from a book-bound bibliography, you cannot avoid noting them down (if you 
don’t want to tear out the relevant pages!); with the AALC-file, however, you can 
indulge in the luxury of picking out the cards you are looking fo»*.

T he  a d v a n t a g e s  o f  p u n c h e d  c a r d s !
By having the AALC collection on p u n c h e d  cards, you never have to replace cards 
in any particular order. Through the selection operation the cards you are looking 
for fall unerringly from the whole pack, irrespective of the place they occupy in the 
card-file. Using simple methods, you can coller? all the cards that are particularly 
important for the topical field you are engaged in at a given time. A punched card 
file allows any questions to be combined according to the nature of your problem: 
it allows cross-indexing as weil.

©
®
e

e
©

©

©
e
©

©
9
©

©
©
©

©

©

©
©

©
©
©

©

©

©
©
«
©
©
@
©

©

AALC—File
ACTIVATION
ANALYSIS
LITERATURE
CARDS
1935—1968
Unslotted:

US$ 0.05/card
Slotted:

US$ 0.06/card
IN PREPARATION

Ask for leaflets at the following address

AKADÉMI AI  KI ADÓ

Publicity Department. Budapest 502. P.O.B. 24

ACTIVATION ANALYSIS DOCUMENTATION CENTER

AKADÉMIAI KIADÓ
PUBLISHING HOUSE OF THE HUNGARIAN ACADEMY OF SCIENCES



P rin ted  in  H ungary

A kiadásért felel az Akadémiai Kiadó igazgatója
A kézirat nyomdába érkezett: 1969. VII.

Műszaki szerkesztő: Farkas Sándor 
■ Terjedelem: 8,25 (A/5) ív, 26 ábra

69.67926 Akadémiai Nyomda, Budapest — Felelős vezető: Bernát György



The A cta  Chim ica publish papers on chem istry  in English, German, French and  
Russian.

The A cta C him ica appear in volum es consisting o f four parts o f varying size, 4 vo lum es  
being published a year.

M anuscripts should be addressed to

A cta  Chimica
B udapest 112/91 M űegyetem

Correspondence w ith the editors should he sen t to  the same address.
The rate o f  subscription is 165 forints a volum e. Orders m ay he placed w ith “ K u ltú ra ”  

Foreign Trade C om pany for Books and Newspapers (B udapest I ., Fő u tca  32. A ccount N o . 
43-790-057-181) or w ith  representatives abroad.

Les Acta C him ica paraissent en francjais, allem and, anglais et russe et puhlient des 
m ém oires du dom aine des sciences chim iques.

Les Acta Chim ica sont publiés sous forme de fascicu les. Quatre fascicules seront réunis 
en un  volume (4 v o lu m es par an).

On est prié d ’envoyer les m anuscrits destines ä la rédaction ä l’adresse suivante:

A cta  Chimica
B udapest 112/91 M űegyetem

Toute correspondance doit étre envoyée ä cette  mérne adresse.
Le prix de l ’abonnem cnt est de 165 forints par volum e.
On peut s’abonner ä l’Entreprise pour le Commerce Exterieur de Livres et Journaux  

«K u ltú ra » (B udapest I . ,  Fő utca 32. Com pte-courant N o . 43-790-057-181) ou ä l ’étranger chez  
tous les représentants ou  dépositaires.

«Acta C him ica» издают трактаты из области химической науки на русском, фран­
цузском, английском и немецком языках.

«Acta Chimica»  выходят отдельными выпусками разного объема. 4 выпуска со­
ставляют один том. 4 тома публикуются в год.

Предназначенные для публикации рукописи следует направлять по адресу:

A d a  Chimica
Budapest 112/91 M űegyetem

По этому ж е адресу направлять всякую корреспонденцию для редакции.
Подписная цена «Acta Chimica» — 165 форинтов за том. Заказы принимает пред­

приятие по внешней торговле книг и газет «K u ltú ra» (B udapest I., Fő utca  32. Текущий 
счет №  43-790-057-181) или его заграничные представительства и уполномоченные.



3 8 , —  F t

Reviews of the Hungarian Academy of Sciences are obtainable 
at the following addresses:

ALBANIA
Nderm arja Shtefnore e Botimeve 
Tirana

AUSTRALIA 
A. Keesing 
Box 4886, GPO 
Sydney

AUSTRIA
Globus Buchvertrieb 
Salzgries 16 
Wien I

BELGIUM
Office International de Librairie
30, Avenue Marnix
Bruxelles 5

Du Monde Entier
5, Place St. Jean
Bruxelles

BULGARIA

Raznoiznos
1, Tzar Assen
So fia

CANADA

Pannónia Books
2, Spadina Road 
Toronto 4, Ont.

CHINA
Waiwen Shudian
Peking
P. О. B. 83

CZECHOSLOVAKIA

Artia
Ve Smeíkách 30 
Praha 2

PoStovná Novinová Sluíba 
Dovoz tisku 
Vinohradská 46 
Praha 2

Mad’arská Kultúra 
Vádavské nám. 2 
Praha I

PoStová Novinová Sluiba 
Dovoz tlaée 
Leningradská 14 
Bratislava

DENMARK
Ejnar Munksgaard 
Nörregade 6 
Copenhagen

FINLAND

Akateeminen Kirjakauppa
Keskuskatu 2
Helsinki

FRANCE
Office International de Documentation
et Librairie
48, rue Gay Lussac
Paris S

GERMAN DEMOCRATIC REPUBLIC 
Deutscher Buch-Export und Import 
Leninstraße 16 
Leipzig 701 

Zeitungsvertriebsamt 
Fruchtstrasse 3—4 
1004 Berlin

GERMAN FEDERAL REPUBLIC 
Kunst und Wissen 
Erich Bieber 
Postfach 46 
7 Stuttgart S.

GREAT BRITAIN 
Collet’s Holdings Ltd.
Dennington Estate 
London Rd.
Wellingborough. Northerns.

Robert Maxwell and Co. Ltd. 
Waynflete Bldg. The Plain 
Oxford

HOLLAND
Swetz and Zeitlinger 
Keizersgracht 471—487
Amsterdam C 

Martinus Nijhof 
Lange Voorhout 9 
The Hague

INDIA
Current Technical Literature 
Co. Private Ltd.
India House OPP 
GPO Post Box 1374 
Bombay I

ITALY

Santo Vanasia 
Via M. Macchi 71 
Milano

Libreria Commissionaria Sansoni 
Via La Marmora 45
Firénzé

JAPAN

Nauka Ltd.
92, Ikebukur O-Higashi 1-chome
Toshima-ku
Tokyo

Maruzen and Co. Ltd.
P. O. Box 605
Tokyo-Central

Far Eastern Bookseller
Kanda P. О. Box 72
Tokyo

KOREA
Chulpanmul
Phenjan

NORWAY
Johan Grundt Tanúm 
Karl Johansgatan 43 
Oslo

POLAND
RUCH
ul. Wronia 23 
Warszawa

ROUMANIA
Cartimex
Str. Aristide Briand 14—18 
Bucurefti

Mezhdunarodnaya Kniga 
Moscow G — 200

SWEDEN
Almquist and Wiksell 
Gamla Brogatan 26 
Stockholm

USA

International Arts and Sciences Pres?
108, Grand Street
White Plains, N. Y. 10601

VIETNAM

Xunhasaba
19, Tran Quoc Toan
Hanoi

YUGOSLAVIA

Forum
Vojvode MiJiéa broj 1 
Novi Sad

Jugoslovenska Knjiga 
Terazije 27 
Beograd

SOVIET UNION

3. X I I .  1969, Index: 26.007



ACTA
CHIMICA

A C A D E M I A E  S C I E N T I A R U M  
H U N G A R I C A E

ADIUVANTIBUS

L. ERDEY, K. POLINSZKY, G. SCHAY 
AC

R. BOGNÁR, GY. BRUCKNER, Z. CSŰRÖS, T. ERDEY -GRÚZ, Z. FÖLDI, 
M. FREUND, Á. GERECS, GY. HARDY, J. HOLLÓ, M. KORACH, F. MÁRTA, 

F. NAGY, E. PUNGOR, Z. SZABÓ, P. TÉTÉNYI, L. VARGHA, К . VAS

RED IG IT

В. LENGYEL

TOMUS 62 FASCICULUS 3

AKADÉMIAI KIADÓ, BUDAPEST 

1 9 6 9

ACTA CHIM. ACAD. SCI. HUNG.



ACTA CHIMICA
A M A G Y A R  T U D O M Á N Y O S  A K A D É M I A  
K É M I A I  T U D O M Á N Y O K  O S Z T Á L Y Á N A K  

I D E G E N  N Y E L V Ű  K Ö Z L E M É N Y E I

S Z E R K E S Z T I

L E N G Y E L  B É L A

T E C H N I K A I  S Z E R K E S Z T Ő K

D E Á K  G Y U L A  é s  H A R A S Z T H Y - P A P P  M E L I N D A

A z Acta Chimica ném et, angol, francia és orosz nyelven  közöl értekezéseket a kém iai 
tudom ányok köréből.

A z Acta Chimica változó terjedelm ű fűzetekben jelenik m eg, egy-egy  k ötet négy fü zet­
ből áll. É vente átlag n ég y  kötet je len ik  m eg.

A  közlésre szánt kéziratok a szerkesztőség címére (B udapest 112/91 M űegyetem ) kül­
dendők.

Ugyanerre a cím re küldendő m inden  szerkesztőségi levelezés. A  szerkesztőség kéz­
iratok at nem ad vissza .

Az Acta Chimica előfizetési ára köteten ként belföldre 120 F t, külföldre 165 F t. Meg­
rendelhető a belföld szám ára az „A kadém iai K iadó” -nál (B udapest V ., A lkotm ány utca  21. 
Bankszám la 05-915-111-46), a külföld szám ára pedig a „K ultúra” K önyv- és Hírlap K ülkeres­
kedelm i Vállalatnál (B udapest I ., F ő  u tc a  32. Bankszám la: 43-790-057-181) vagy  annak kül­
fö ld i képviseleteinél és bizom ányosainál.

D ie A cta Chim ica veröffentlichen Abhandlungen aus dem  Bereiche der chem ischen  
W issenschaften in  deutscher, englischer, französischer und russischer Sprache.

Die Acta Chim ica erscheinen in  H eften  wechselnden U m fanges. Vier H efte bilden einen 
B and . Jährlich erscheinen 4 B ände.

Die zur Veröffentlichung bestim m ten  M anuskripte sind an folgende Adresse zu senden:

A cta  Chimica
B udapest 112/91 M űegyetem

An die gleiche Anschrift ist auch jede für die R edaktion bestim m te Korrespondenz zu 
richten.

A bonnem entspreis pro B and: 165 Forint. Bestellbar bei dem  Buch- und Zeitungs- 
Außenhandels-Unternehm en nK ultúra« (B udapest I ., Fő utca 32. Bankkonto N r. 43-790- 
057-181) oder bei seinen A uslandsvertretungen und K om m issionären.



THERMOLYSE YON CYANOKOMPLEXEN IP

D IE  T H ER M ISC H E ZERSETZUNG  E IN IG E R  CYANO M ETALLAT-SÄUREN

В . M o h a i

(In stitu t f ü r  Allgemeine und Anorganische Chemie der U niversität 
f ü r  Chemische Industrie , Veszprém)

Eingegangen am  29. Septem ber 1968

Die therm ische Zersetzung der folgenden Cyanom etallat-Säuren wurde unter­
sucht: H4[Fe(CN)G], H 3[Fe(CN)6], H 2[Fe(CN )6N O ], H 3[Co(CN)6]. D en einzelnen Zerset­
zungsstufen konnten wohldefinierte R eaktionen  zugeordnet werden. Außer den Zer­
setzungstem peraturen und G ew ichtsverlusten wurden auch die E nthalpieänderungen  
im  Laufe der Zersetzungsprozesse b estim m t. Durch die erhaltenen ! //-  Werte konnten  
die thermischen Stabilitäten der Verbindungen direkt verglichen werden. Zersetzungs­
tem peratur, W ärm etönung und R eaktionsw ärm e stehen m it der E lektronenstruktur  
des Zentralatom s in  engem  Zusam m enhang.

E in le itu n g

D ie im  Z u sam m en h an g  m it d e r  th e rm isch en  S ta b ili tä t  u n d  Z erse tzung  
der Ü berg an g sm eta ll-C y an o k o m p lex e  frü h e r ersch ienenen  M itte ilungen  b e ­
sch ä ftig en  sich m it d e r W asserabgabe v o n  C y an o k o m p lex -H y d ra ten  [1, 2] bzw . 
m it d e r  D e h y d ra ta tio n  von  w a sse rh a ltig en  N iedersch lägen  [3]. U ber den  
A b b a u  d er e igen tlichen  K o m p le x s tru k tu r  w u rd en  die e rs ten  th e rm isch en  u n d  
s tö ch io m e trisch en  D a te n  —  am  B eisp iel des K a liu m ferricy an id s  —  v o n  
C u t t i c a  angegeben [4]. P e r r e t  u n d  G i l s o n  [5] u n te rsu c h te n  die C yano- 
fe r ra te  d er E lem en te  d e r  ersten  u n d  zw eiten  G ruppe  des P e riodensystem s u n d  
m a c h te n  einen U n te rsch ied  zw ischen  C yanid  bzw. C y an am id  b ild en d en  
K a tio n e n .

I n  den  sp ä te re n  A rbeiten  v o n  R . D u v a l  u n d  C. D u v a l  w urde u n te r  
a n d e re n  an a ly tisch en  N iedersch lägen  auch  die th e rm isch e  S ta b ili tä t  v o n  
schw erlöslichen  Ü b erg an g sm eta ll-C y an o k o m p lex en  u n te rsu c h t [6, 7] u n d  in  
e in igen  F ä llen  w u rd en  die K u rv e n  d er T herm olyse  (beispielsw eise die des 
K a liu m ferro - u n d  -ferricyanids) m it  d en  IR -S p e k tre n  verg lichen  [8]. C h a m ­

b e r l a i n  u n d  G r e e n e  [9] s te llten  a u f  G ru n d  der D T A -K u rv en  15 v ersch ied e­
n e r  C y an o m eta lla te  (zunächst C y an o fe rra te ) fe s t, daß  deren  H y d ra te  ih ren  
W asse rg eh a lt bei e tw a  100 °C ab g eb en . D ie w eitere  Z erse tzu n g  der dehy- 
d ra t ie r te n  S u b stan zen  w urde d u rch  U n te rsu c h u n g  der G asphase  verfo lg t.

D ie K en n tn isse  ü b e r die th e rm isc h e n  Prozesse der C yanokom plexe w u r ­
d en  in  le tz te r  Z eit besonders v o n  S e j f e r  u n d  M ita rb e ite rn  e rw e ite rt. A u ß e r

* I. M itteilung, M o h a i ,  В.: J. inorg. nucl. Chem. 31, 885 (1969)

Acta Chimica Academiae, Scientiarum Hungaricae, Tomus 62 (3), pp. 217—228 (1969)

1 A cta  Chim . A c a d . S e i. H u n g . 62, 1969



218 MOHAI: THERMOLYSE VON CYANOKOMPLEXEN, II

d e r T herm olyse d e r  F e rro cy an id e  d e r A lkali- u n d  E rd a lk a lim e ta lle  [10, 11], 
zah lre ich er Ü berg an g s- [12, 13] bzw . M etam eta lle  [14— 16] u n d  ein iger se lte ­
n e r E lem en te  [17—-19] w urde auch  d ie  th e rm isch e  Z erse tzu n g  so lcher C yan ide  
u n te rsu c h t, die a n d e re  Z en tra la to m e  en th ie lte n  [20]. D ie A bw eichungen  im  
M echanism us der en tsp rech en d en  P h a se n  der Z erse tzu n g  u n d  in  d er Z u sam m en ­
se tzu n g  der fe s ten  R ü c k s tä n d e  k o n n te  a in  E in k lan g  m it  den  s tru k tu rc h e m isc h e n  
E ig en sch aften  d e r A to m k o m p o n en ten  e rk lä r t w erd en  [21].

Ü ber die T h erm o ly se  der » G rundverb indungen« , d. h . der fre ien  C yano- 
m e ta lla t-S ä u re n  s in d  in  der L ite ra tu r  keine A ngaben  zu finden .

Die vo rliegende A rb e it b e fa ß t s ich  m it dem  th e rm isch en  A b b au  ein iger 
b e k a n n te r  C y an o m eta lla t-S äu ren , n a m e n tlic h  m it d en  Z e rse tzu n g sreak tio n en  
v o n  w asserfreiem  H 4[Fe(C N )6], H 3[F e(C N )6], H 2[Fe(C N )5NO] u n d  H 3[Co(CN)e]. 
Im  G egensatz zu d en  g en an n ten  A u to re n  w urden  sow ohl die TG - als au ch  d ie  
D T A -K u rv en  q u a n t i ta t iv  ausgew erte t, m it an d eren  W o rte n : s ta t t  der ü b lich en  
q u a lita tiv e n  A ngabe d e r W ärm etö n u n g  w u rd en  die im  L aufe der Z erse tzu n g s­
prozesse a u f tre te n d e n  E n th a lp ie ä n d e ru n g e n  b e s tim m t u n d  zah lenm äß ig  a n ­
gegeben. Diese U n te rsu ch u n g en  lie fe rte n  c h a ra k te ris tisch e  M eßw erte , m it  
den en  die th e rm isch e  S ta b ilitä t d e r u n te rsu c h te n  V erb indungen  u n m itte lb a r  
verg lichen  w erden  k a n n .

M eßergebnisse

Die zu r U n te rsu ch u n g  d er T herm olyse  v o n  C y an o m e ta lla t-S äu ren  
ausgew äh lten  M odellverb indungen  erm öglichen  den  V ergleich e inerse its v o n  
zwei- u n d  d re iw ertig es  E isen e n th a lte n d e n , an d ere rse its  von  H ex a- u n d  
P en tacy an o -E isen k o m p lex en . W e ite rh in  so llten  die th e rm isch en  V orgänge 
in  der H e x a c y a n o k o b a lta t( I I I ) -S ä u re  m it jen en  d e r en tsp rech en d en  E ise n ­
v e rb in d u n g en  (en tw ed e r gleiche O x y d a tio n szah l oder isoelek tron ische  S tru k tu r  
des Z en tra la to m s) verg lichen  w erden .

Die u n te rsu c h te n  K om plexsäu ren  sind  in der e rs te n  S palte  der T abe lle  I  
d a rg es te llt. D ie zw eite  Spalte  e n th ä lt  die Zersetzungstemperaturen. B ei R e a k tio ­
n en , die sowohl stö ch io m etrisch  als au ch  th e rm isch  q u a n ti ta t iv  au sg ew erte t 
w erden  k o n n ten  (ste ile  TG -Stufe, sch a rfe  D T A -Spitze), w urde  die zum  B eg inn  
d e r Z ersetzung  u n d  au ch  die zur m ax im a len  R eak tionsg esch w in d ig k e it gehö­
ren d e  T e m p e ra tu r  angegeben. D er a llgem einen K o n v e n tio n  e n tsp rech en d  
w u rd e  bei en d o th e rm isch en  V orgängen  die sog. S p itz e n te m p e ra tu r , bei exo- 
th e rm isch en  R e a k tio n e n  die A n fa n g s te m p e ra tu r  d e r G ew ich tsabnahm e als 
Z e rse tz u n g s te m p era tu r  b e tra c h te t (k u rsiv ). Bei in  einem  b re ite ren  T e m p e ra ­
tu rb e re ic h  ab lau fen d en  Z ersetzungsprozessen  (k o n tinu ie rliche  G ew ich tsän d e­
rung) stehen  e in fach  die T em p era tu rg ren zen  s t a t t  d e r obigen D a ten .

Die d r itte  S p a lte  der Tabelle g ib t die von  d en  T G -K u rv en  abgelesenen 
Gewichtsabnahmen bezogen  au f 1 Mol des A usgangskom plexes an. W ird  diese

A c ta  Chim . A cad . S e i. H u n g . 62 , 1969
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Tabelle I

Thermolyse der Суanometallat-Säuren: stöchiometrische und thermische Kennwerte

Verbindung
Zersetzungs­

temperatur
(°C)

Gewichts­
abnahme 

(g • Mol-1)

Gasförmiges 
Zersetzungsprodukt 

(Mol- >)
AH

(Kcal • Mol"1)
AH

n Bemerkung

170, 190 108,7 4 HCN (108) 24,5 6,1 stark, scharf: endoth.

H4[Fe(CN)6] — 600 — (CN)2 — — schwach, stumpf: endoth.

- 6 5 0 — n 2 — — schwach, scharf: exoth.

H3[Fe(CN)6]
120, 140 

155, 165

26,5

- 8 0

V2 (CN)2 (26) 

3 HCN (81)

— 10,5

- 1 3

— 21,0

4— 5

stark, scharf: exoth. 

m ittelm . scharf: endoth.

H2[Fe(CN)6NO]
150, 175 

235, 265

84,3

25,8

2 HCN +  1 N 0 (8 4 )  

V2 (CN)2 (26)

30,0 

—  8,5
( - )

- — 17

stark, scharf: endoth. 

m ittelm . stumpf: exoth.

190, 225 81,3 3 HCN (81) 32,5 10,8 stark, scharf: endoth.

290—410

430— 510
26,3 l/2 (CN)2 (26) ~  14 25— 30 m ittelm . stumpf: endoth.

H3[Co(CN)e] — 530 schwach, scharf: exoth.

560 25,8 V2 (CN)2 (26) — — Depolymerisation: endoth.

570, 580 stark, scharf: exoth.

600— — n 2 — (?)
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K o m p o n en te  in  m e h re re n  S tufen ab g esp a lten  (D T G -K urve), so w u rd e  n u r  
d e r  m it g rößerer G en au ig k e it m eß b are , a u f  die v o lls tän d ig e  S tu fe  bezüg liche  
G esam tg ew ich tsv e rlu s t au fg efü h rt; im  F alle  des H 3[Co(CN)6] z. B . w ird  
D icy an  in  v ier S tu fe n  fre ig ese tz t, v o n  den en  je  zwei verschm elzen  u n d  gen au  
einem  h a lb en  Mol D ic y a n  en tsp rechen .

Die im  L au fe  d e r  Z ersetzung  g eb ild e ten  gasförmigen Produkte s ind  in  
d e r v ie r te n  S p a lte  an g e fü h rt. Sofern d e r frag lichen  th e rm isch en  S tu fe  eine 
R e a k tio n  e in d eu tig  zu g eo rd n e t w erd en  k a n n , w u rd e  auch  die M olzahl des 
Z erse tzu n g sp ro d u k tes  bezogen au f 1 M ol des u rsp rü n g lich  eingew ogenen K o m ­
plexes angegeben. (Z. B . 4 H C N /H 4[F e(C N )6], n ach s te h e n d  in  K lam m ern  der 
b e rech n e te  th e o re tisc h e  W ert.)

D ie au f G ru n d  d e r  D T A -K urven  b e s tim m te n  Reaktionswärmen  s in d  in  
d e r fü n fte n  S p a lte  angegeben . Z um  d ire k te n  V ergleich w urde auch  die a u f  
1 Mol des Z erse tzungsgases en tfa llen d e  E n th a lp ie ä n d e ru n g  (AH/n)  au fge­
tra g e n . L e tz te re  d a r f  a b e r  —  besonders be i m eh rstu fig en  Z ersetzungsprozessen  
—  n u r  als A n n ä h e ru n g sw e rt b e tra c h te t  w erden . B ilden  sich in  derselben  S tu fe  
v ersch iedene gasfö rm ige  P ro d u k te , so w ä re  die A ngabe der e rw äh n ten  D u rc h ­
sc h n ittsw e rte  fo rm ell, d a ru m  w u rd en  sie auch  w eggelassen. Im  F alle  von  
H „[Fe(C N )5NO] w erd en  z. B. in  d e r e rs te n  S tufe  2 Mol H C N  u n d  1 Mol NO 
gleichzeitig  ab g e sp a lte n . O ffenbar v e r te i l t  sich ab e r d er d o rt angegebene 
W ärm eeffek t (30,0 K cal/M ol) au f die zw eierlei L ig an d en  n ic h t g leichm äßig : 
d e r E n erg ieb ed arf d e r  F re ise tzu n g  v o n  1 Mol NO is t a lle r W ahrsch e in lich k e it 
n a c h  größer als d e r v o n  I Mol H CN .

In  der le tz te n  S p a lte  w ird  d er A b la u f d er D T A -K u rv en  —- genauer 
g esag t, die F o rm  u n d  G röße der S p itzen  —  k u rz  c h a ra k te ris ie rt.

Aus T abelle I  i s t  ersich tlich , d a ß  es sich überw iegend  um  E isen v e rb in ­
dun g en  h an d e lt, d ie im  L aufe  der T herm o ly se  —  u n ab h än g ig  vom  A usg an g s­
s to ff  —  zur g leichen  Z erse tzu n g sp h ase  gelangen: es b ild e t sich näm lich  in  
je d e m  F all E ise n (II)c y an id . Von h ie r  angefangen  is t  die w eitere  Z erse tzu n g  
schon  bei allen E isen k o m p lex en  die gleiche, d ah er w u rd en  diese w ied erk eh ren ­
den  R eak tio n en  n u r  b e i d er e rs tan g e fü h rten  V erb in d u n g , also heim  H 4[Fe(C N )6] 
angegeben . D a die Z erse tzungsvorgänge der u n te rsu c h te n  C y an o m eta lla t-  
S äu ren  (neben ein igen  e rw artu n g sg em äß en  Ä hn lichkeiten ) v o r allem  g ru n d ­
legende A bw eichungen  zeig ten , w u rd en  in  A b b ildung  1 die D eriv a to g ram m e 
säm tlich e r V e rb in d u n g en  dargeste llt.

Z u le tz t soll im  Z usam m enhang  m it der G enau igke it der M eßergebnisse 
noch  folgendes b e m e rk t  w erden: D ie Z e rse tzu n g s tem p era tu ren  w aren  in  jed em  
F a ll innerhalb  v o n 5 °C rep ro d u z ie rb ar. D ie R ep ro d u z ie rb a rk e it der Z erse tzu n g s­
w ärm en  w ar im  a llgem einen  e tw a 5 %  u n d  blieb  auch  bei dem  am  w enig ­
s te n  stab ilen  K o m p lex  —- H 3[Fe(CN 6)] —  w eit u n te r  10% . N a tü rlich  k o n n te  
d e r A H -W ert e iner zw eiten  S tufe sch lech te r re p ro d u z ie rt w erden  als e iner 
e rs ten . W enn  die U n sich erh e it der E n th a lp ie w e rte  die obigen F eh le rg renzen
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Abb. 1. Derivatogram m e der Cyanom etallat-Säuren: 
a )  H4[Fe(CN)c]; b) H 3[Fe(CN)0]; c)  H 2[Fe(CN)5NO ]; d )  H 3[Co(CN)e]

ü b e r tra f , so w urde dies in  der Tabelle v e rm e rk t. Ü brigens sind  die angegebenen  
D a te n  M itte lw erte  v o n  3 bis 5 P a ra lle lv e rsu ch en , w obei jedes einzelne D eriva- 
to g ra m m  m it se p a ra t h ergeste llte r P ro b e  aufgenom m en  w urde.
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Zerse tzu n g sr eak t ionén

U n te r  den in  T ab e lle  I  an g e fü h rte n  k o m p lex en  S äu ren  erw ies sich das 
in  K ry p to n k o n f ig u ra tio n  ein d re ivertiges K o b a lta to m  e n th a lte n d e  H 3[Co(CN)e] 
als d ie  s tab ils te . D ie th e rm isch e  S ta b il i tä t  des ebenfalls d iam ag n etisch en , m it 
dem  obigen  isoe lek tron ischen  H 4[Fe(C N )6] is t  schon  en tsch ieden  k le iner. D ies 
is t a u ß e r  d er n ied rigeren  Z e rse tzu n g s tem p era tu r  (190 gegenüber 225 °C) b eso n ­
ders aus den  Z erse tzungsw ärm en  (24,5 bzw . 32,5 Kcal/M ol) oder n och  m eh r 
aus dem  V ergleich d e r zu r A b sp a ltu n g  v o n  1 Mol H CN  nö tigen  d u rc h sc h n itt­
lichen  E n erg ieb ed arfe  ersich tlich  (6,1 bzw . 10,8 K cal/M ol K om plex/M ol H C N ). 
In n e rh a lb  der d re iw ertiges E isen  e n th a lte n d e n  S äu ren  is t das edelgaskonfigu ­
r ie r te  H 2[Fe(CN)5N O ] viel s tab ile r  als das p a ram ag n e tisch e  H 3[Fe(C N )e], 
bzw . le tz te res  is t u n te r  den  h ie r b e h a n d e lte n  V erb indungen  am  w enigsten  
w ärm eb estän d ig .

A u f G rund  d e r gem essenen G ew ich tsab n ah m en  u n d  d er Z u sam m en se t­
zung d e r gasförm igen  P ro d u k te  k o n n te n  den  einzelnen  th e rm isch en  S tu fen  
die fo lgenden  R e a k tio n e n  zugeo rdnet w erden .

a) H 4 [Fe(C N )6]

In  der e rs te n  Z erse tzungsstu fe  v o n  W asse rs to ffh e x ac y a n o fe rra t(II)  
w erden  in  einer s ta rk  en d o th e rm isch en  R eak tio n *  v ie r Mol W assers to ffcy an id  
frei:

190 °C
H 4[Fe(C N )e] -------* 1/3 F e ' 1 [F e " (C N )e] +  4 H C N  +  24,5 K ca l. (1)

W as d ie  w eite ren  Z erse tzu n g sv o rg än g e  des E ieen (II)fe rro cy an id s  b e tr if f t , 
k o n n te  m an  sich zu m  T eil au f die R e su lta te  v o n  S e j f e r  s tü tz e n . N ach  se inen  
m it versch iedenen  E isen h ex acy an o fe rra ten  d u rch g e fü h rten  u n d  d u rch  rö n tg e n o ­
g rap h isch e  U n te rsu c h u n g e n  e rg än z ten  V ersuchen  [12] f in d e t v o n  e tw a 400 °C 
an g efan g en  d ie  s tu fenw eise  D ep o ly m erisa tio n  des E isen (II)-K o m p lex es s t a t t :

F e2[F< (CN)6] —> 3 F t (CN)2 . (2)

B ei w eiterem  E rh itz e n  zerse tz t sich au ch  das einfache E ise n (II)c y an id  nach  
d er G leichung

3 F e (C N )2- > F e 3C +  5 C - f  3N 2. (3)

B ei 660 °C b e o b a c h te te  S e j f e r  n och  eine po ly m o rp h e  U m w an d lu n g  des 
g eb ild e ten  Z em en tits .

*D ie K oeffizienten sind in den G leichungen in jedem  Fall so angegeben worden, daß  
die Zersetzungswärm en und gasförmigen Produkte sich im m er auf 1 Mol des ursprünglichen  
K om plexes beziehen.
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A uch  u n se re  eigenen U n te rsu ch u n g en  zeig ten , d aß  die n ach  dem  A u s tr i t t  
des W asse rs to ffcy an id s  zu rückb le ibende feste  P h ase  zw ischen 250 u n d  550 °C 
p ra k tisc h  g ew ich tsk o n stan t ist. D ie w eite re  Z erse tzung  b eg in n t e rs t u m  e tw a  
600 °C: am  A n fan g  w ird  in  lan g sam er en d o th e rm isch er R eak tio n  D ic y a n  
geb ilde t, b a ld  m e ld e t sich zw ischen 6 4 0 —660 °C eine scharfe  ex o th e rm isch e  
Sp itze . L e tz te re  k a n n  aber n ich t b lo ß  als Folge d er M o d ifik a tio n sän d eru n g  
des Z em en tits  b e tra c h te t  w erden, d a  eb en  bei d ieser R e a k tio n  eine g este ig e rte  
G ew ich tsab n ah m e  e in tr i t t .  D ah er w u rd e  angenom m en , daß  d er a n fän g lich  
v e rlau fen d en  Z erse tzung

~600 °c
Fe(CN )2----------- - F e  +  (CN)2 (4)

(en d o th erm ) u m  e tw a  650 °C die R e a k tio n  (3) fo lg t (exo therm ). D er V orzeichen ­
w echsel d e r W ärm e tö n u n g  is t d a m it zu  e rk lä ren , d aß  die R e a k tio n  (3) im  V e r­
gleich zu r R e a k tio n  (4) le tz ten  E ndes au c h  die Z erse tzung  des D icyans b e in h a lte t , 
dessen B ild u n g sw ärm e b ek an n tlich  s ta rk  en d o th e rm  is t. D iese E rk lä ru n g  
s te h t  auch  m it d e r p lö tzlichen  G eschw ind igkeitszunahm e der träg e  b eg in n en d en  
R e a k tio n  in  E in k lan g .

b) H 3[F e (C N )6]

B eim  th e rm isch en  A bbau  v o n  W asse rs to ffh e x ac y a n o fe rra t(III)  b ild e t 
s ich  W asse rs to ffcy an id  n u r in  d er zw eiten  Z erse tzungsstu fe . In  d er e rs te n  
w ird  in  e in e r h e ftig en  exo therm ischen  R eak tio n  D icy an  ab g esp a lten , w obei 
d e r E ise n (III)-K o m p le x  sich zu  E isen (II)-V erb in d u n g en  u m se tz t:

120 °C
H 3[F e(C N )6] -------► 3/4 H ,[F < (C N )e] +  1/12 F e » [F e , , (CN)e] +

+  1/2 (C N )2 -  10,5 K cal. (5)

D ie w e ite ren  Z ersetzungsprozesse des H 3[Fe(C N )6) stim m en  im  w esen tlich en  
m it d enen  des H 4[Fe(C N )6] ü bere in . D em gem äß  g ib t das im  L aufe  des i n t r a ­
m o lek u la ren  R edoxvorganges geb ilde te  H 4[Fe(C N )6] W assers to ffcy an id  ab  
u n d  es b ild e t sich  das schon b e k a n n te  E ise n (II)c y an o fe rra t(II) :

3/4 H „[Fe(C N )6] 1/4 F e 2 [Fe (CN),] +  3 H C N  +  13 K ca l. (6)

Im  Z u sam m en h an g  m it der le tz te re n  R eak tio n  m ü ß te  auffa llen , d aß  
d e r W ä rm ee ffek t k au m  die H älfte  des e n tsp rech en d en  W ertes der C y an o fe rra t-  
( I l) -S ä u re  e rre ic h t (24,5 bzw. 13 K cal/M ol). D er v e rh ä ltn ism äß ig  große U n te r ­
sch ied  lä ß t  sich  zum  Teil d am it e rk lä ren , daß  h ie r s t a t t  4 n u r  3 Mol H C N  
fre ig ese tz t w erd en . D ie D ifferenz is t  ab e r v ie lm ehr die Folge je n e r  T a tsa c h e , 
d aß  das W assers to ffcy an id  beim  H 3[Fe(C N )e] n ich t m eh r aus e iner in ta k te n
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S tru k tu r  (erste S tu fe ) , sondern  aus e inem  Z w ischen p ro d u k t (zw eite S tufe) 
ab g esp a lten  w ird. V erg le ich t m an  n u n  die S ta b ilitä te n  d er b e tre ffen d en  
S äu ren  a u f  G rund  d e r  a u f  1 Mol H C N  en tfa llen d en  W ärm ebedarfe , so w ird  
d er obige U n te rsch ied  w esentlich  k le in e r (e tw a  6 bzw . 4— 5 K cal).

c) H 2 [Fe(C N )5N O ]

D as W a sse rs to ffp e n tac y a n o n itro sy lfe rra t(II I )  k an n  gew isserm aßen  als 
Ü b erg an g  zw ischen H 4[Fe(CN )e] u n d  H 3[Fe(C N )6] angesehen  w erden . E s 
e n th ä l t  näm lich  ein  d reiw ertiges Z e n tra la to m , zugleich b e s itz t es —  äh n lich  
den  E isen (II)-C y an o k o m p lex en  —  eine d iam ag n etisch e  E le k tro n e n s tru k tu r . 
D em en tsp rech en d  v e r la u fe n  auch seine Z erse tzu n g sreak tio n en . D ie T e m p e ra tu r  
d er beg innenden  Z e rse tzu n g  fä llt z. B . zw ischen  die den  e rw äh n ten  S äu ren  
en tsp rech en d en  W e rte . D ie T herm olyse  s e tz t  übrigens u n te r  A bgabe von  
W assersto ffcyan id  e in  (A nalogie zu r H e x a c y a n o fe rra t(II) -S ä u re ) , es sch ließ t 
s ich  ab e r sofort die A b sp a ltu n g  von  S tick o x y d  an :

175 ®C
H 2[Fe(C N )5N O ]-------* 1/2 F e in [F e m (C N )e] +  2 H C N  +  NO +  30,0 K ca l. (7)

D as in  einer s ta rk  en d o th e rm isch en  R e a k tio n  gebildete  E isen (III)cy an o - 
f e r ra t( I I I )  se tz t sich  u n te r  ex o th erm isch er E n tw ick lu n g  von  D icy an  (A nalogie 
zu r H e x a c y a n o fe rra t(III)-S ä u re )  zu E ise n (II)fe rro c y a n id  u m :

235 °C
1/2 F e i n [F e n i (CN)6] -------* 1/3 F e ” [ F e n (C N )6] +  1/2 (CN ), -  8,5 K cal. (8)

D er w eitere  A bbau  d e r  N itro p ru ss id säu re  f in d e t nach  den bei d er T herm olyse 
des H 4[Fe(CN )e] b esch rieb en en  T e ilreak tio n en  s ta t t .

B ezüglich d e r D icy an b ild u n g  aus H 2[Fe(C N )5N O] soll noch  b e m e rk t 
w erd en , daß  diese u n te r  en tsch ieden  g erin g erer W ärm een tw ick lu n g  v e rlä u f t 
als im  F alle  des H 3[Fe(C N )6] (—8,5 bzw . 10,5 K cal/M ol K om plex). D ie 
U rsach e  is t w ied eru m  d a rin  zu su ch en , d aß  h ie r die A bgabe von  D icyan  
gegenüber H 3[Fe(C N )e] n u r  in  der zw eiten  Z erse tzungsstu fe  e in tr i t t .

d) H 3[Co(CN)ß]

D ie th e rm isch en  Prozesse von  W a sse rs to ffh e x a c y a n o k o b a lta t( I I I )  beg in ­
n en  m it einer sch a rfen  en d o th erm isch en  R eak tio n , in  w elcher 3 Mol H C N  
fre ig ese tz t w erden:

225 °C
H 3[Co(CN)6] -------> 1/2 CoUI[Coi n (C N )6] +  3 H CN  +  32,5 K cal. (9)

V on h ie r angefangen  w eichen die Z e rse tzu n g sreak tio n en  des H 3[Fe(C N )e] 
v o n  denen  der E isen k o m p lex e  s ta rk  ab . A m  au ffa llen d sten  is t  je n e r  U n te r­
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sch ied , d aß  die D icyanb ildung  im  F a lle  d er K o b a ltv e rb in d u n g  in  v ie r S tu fen  
v e r lä u f t , v o n  denen je  zwei v ersch m elzen . Die W ärm e tö n u n g  des e rs te n  
S tu fen p aa re s  is t  en d o th e rm ; die d r i t te  u n d  v ie rte  S tu fe  s te llt  ex o th e rm isch e  
R e a k tio n e n  dar. Die m ehrstu fige  D ic y a n a b sp a ltu n g  is t o ffenbar die F o lge 
d e r b e k a n n tlic h  großen  S ta b ili tä t  d e r K o b a lt(III)-K o m p lex e , die g e rad e  
d esha lb  n u r  schw er zu n iedrigeren  O x y d a tio n ss tu fen  re d u z ie rt w erden  k ö n n en . 
D er Y orzeichenw echsel d er W ä rm e tö n u n g  is t d a ra u f  zu rü ck zu fü h ren , d aß  die 
k ry p to n k o n fig u rie rte n  d iam ag n e tisch en  K o b altkom plexe  das D icyan  in  endo- 
th e rm isc h e r, die ein u n g ep aa rte s  E le k tro n  e n th a lte n d e n  p a ram ag n e tisch en  
h ingegen  in  exo therm ischer R e a k tio n  abgeben  (vgl. m it  C y a n o fe rra t(III ) -  
S äu ren ).

W äh ren d  der en d o th erm isch en  D icy an stu fen  se tz t s ich  das K o b a lt( I I I ) -  
c y a n o k o b a lta t( I I I )  a llm äh lich  zu K o b a lt( I I )c y a n id  um . In  d er e rs ten  S tu fe , 
die sich  m eist n u r  he im  A m m o n iu m h e x a c y a n o k o b a lta t( I I I )  sep arie ren  lä ß t  
(s. n ach steh en d e  M itte ilung), b ilden  sich  versch iedene K o b a lt( I I )k o b a lt( I I I ) -  
In te rm e d iä re , z. B . Co3II[CoIII(CN)6]2, die d an n  bei d a u e rn d  ab n eh m en d er 
R eak tionsg esch w in d ig k e it v o llkom m en  zu K o b a lt(II)*  re d u z ie rt w erden.

D ie Z ersetzung  des ebenfalls in te rm e d iä re n  K o b alt(II)-C y an o k o m p lex es 
b e g in n t bei e tw a 530 °C: d a ra u f  w e is t a u ß e r  der schnelleren  G ew ich tsab n ah m e 
au ch  eine kleine exo therm ische  S p itz e  h in . Diese R e a k tio n  w ird  ab er v o n  
einem  bei 560 °C ab lau fenden  V o rg an g  s ta rk  gehem m t, sogar u n te rb ro c h e n . 
L e tz te re r  k o n n te  an  d er D T A -K urve  des K 3[Co(CN)e] auch  v o n  C h a m b e r l a i n  

u n d  G r e e n e  b e o b ach te t w erden u n d  w u rd e  als S tru k tu ru m w a n d lu n g  g e d e u te t 
[9]. U n serer M einung n ach  f in d e t im  L au fe  des end o th erm isch en  Prozesses d ie  
nach

Cog11 [Co211 (CN)10] 5 Co(CN), (10)

v e rlau fen d e  D epo lym erisa tion  des b is  zu  einem  b e s tim m te n  G rade sch o n  
au fge lockerten  K o b a lt(II)-K o m p lex es  s t a t t  u n d  es b ild e t sich  einfaches ( je tz t  
schon  param agnetisches) K o b a lt( I I )c y a n id , das im  w eiteren  in  n ic h t g eh em m ­
te r  ex o th e rm isch er R e a k tio n  zu K o b a lt( I )c y a n id  ze rse tz t w ird . Diese E rk lä ­
ru n g  w ird  auch  du rch  die T a tsach e  g e s tü tz t ,  daß  die R e a k tio n  bei 570 °C seh r 
h e ftig , fa s t exp losionsartig  w ird, g le ichzeitig  erschein t in  d e r D T A -K urve eine 
in  d iesem  T em p era tu rb ere ich  beisp iellos s ta rk e  u n d  scharfe  ex o th erm isch e  
S p itze  (s. A bb. Id ). Schließlich z e rse tz t sich von  600 °C angefangen  auch  das 
K o b a lt(I)c y a n id , w obei n ach  Se jf e r  [20] m etallisches K o b a lt sowie K o h le n ­
s to ff  u n d  S tick sto ff geb ilde t w erden .

*Der Cyanokom plex des zw eiw ertigen K obalts existiert nach den U ntersuchungen  
von  N a s t  [22] und anderen Verfassern [23— 25] nur in Form des dimeren Pentacyanokobaltats, 
[Co2(C N ),0]6~ . Die K obaltatom e werden v o n  einer kovalenten cr-Bindung zusam m engehalten, 
so enthält der dimere K obalt(II)-K om plex kein  ungepaartes E lektron und ist ähnlich den  
K obalt(III)-K om plexen  diam agnetisch.
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A us den obigen A u sfü h ru n g en  fo lg t, d a ß  die T herm olyse  des H 3[Co(CN)e] 
sich  aus zahlreichen T eilp rozessen  zu sam m en se tz t. D esw egen sollen die Z er­
se tzungsvorgänge s t a t t  ausfüh rlicher s tö ch io m e trisch e r G leichungen (obwohl 
die be i den  D icy an -S tu fen p aaren  gem essenen  G ew ich tsverlu ste  genau einem  
h a lb e n  Mol D icyan  en tsp rech en ) doch a n  H a n d  eines v ie l ü b ersich tlicheren  
R eak tio n ssch em as zu sam m en g efaß t w erd en  (A bb. 2).

225 °C
H 3[Co(CN)6] > C o" I[C 0 n i(C N )e] -

HCN, endo

290— 410 °C IT IIf 430—510 °C
Co>I[Co'" (C N )6] 2 -

(C N )2, endo  

C o ^ C o ^ C N ) ,, ,]

(CN )j, endo 

-530 °C, (C N )2, exo

Co" (C N )2

, —600 °C
— — > (C o * C N )„ ------------* Co, C

N 2(?)

Abb. 2. Schem a der Therm olyse von  H 3[Co(CN)6]

D ie Z erse tzu n g sreak tio n en  der C y an o m e ta lla t-S äu ren  sollen sp ä te r , im  
V erg leich  zu den th e rm isc h e n  Prozessen ih re r  A m m onium salze, noch  eingehend  
d is k u tie r t  w erden.

Experimenteller Teil

1. M eßmethode

D ie thermischen Zersetzungsvorgänge der Cyanom etallat-Säuren wurden m it einem  
D erivatographen System  P a u l i k — P a u i .i k — E b d e y  untersucht [26, 27]. D ie Auswertung  
der TG -K urven geschah a u f die übliche W eise. W ie schon erwähnt wurde, dienten die DTA-

Tabelle II

K alibrierung: Wärmeeffekt— Fläche Äquivalentfaktoren

Substanz Benzoesäure AgNO, NaNOa

Schmelzpunkt (°C) 122 212 314

Äquivalentfafctoren 4,12 5,50 6 ,6 8

(cal/cm2) 4,08 5,51 6,62

Mittelwert 4,10 5,50 6,65
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K urven diesm al n icht nur zur Bestim m ung der R ichtung der Enthalpieänderungen, sondern  
auch der zahlenm äßigen W erte der R eaktionswärm en. Vor diesen qu antitativen  Untersuchun­
gen wurde die M eßeinrichtung auf Grund v o n  Prozessen m it bekanntem  W ärm eeffekt kali­
briert: dazu dienten die Schmelzwärmen von  Benzoesäure, Silbernitrat und N atrium nitrat.

D ie Angaben der Tabelle II zeigen, daß die W ärmeeffekt— Fläche A quivalentfaktoren  
m it dem  gleichen Eichm aterial vorzüglich reproduziert werden konnten: andererseits sind  
sie  aber von der Tem peratur (Schm elzpunkt des Eichm aterials) abhängig. D a die Darstellung  
der Faktoren als Funktion der Tem peratur einen fa st linearen Zusam m enhang zeigte, konnten  
diese zwischen 80 und 350 °C durch Inter- bzw . E xtrapolation für beliebige Tem peraturwerte  
berechnet werden.

D ie zur K alibrierung und B estim m ung der Enthalpieänderungen angew andten Deriva- 
togram m e wurden auf Grund zahlreicher Vorversuche —  unter Berücksichtigung der verschie­
densten Anforderungen der auf dem G ebiet der Cyanokom plexe zu erw artenden Zersetzungs­
reaktionen •— jedesm al m it den folgenden Param etern aufgenommen:

Aufheizgeschwindigkeit: 5°/Min.
TG -Em pfindliehkeit: 200 mg 
DTG -Em pfindlichkeit: 1/15 
DTA -Em pfindlichkeit: 1/10
Inertstoff: bei 1200 °C geglühtes A120 3 in  P latintiegel (Gewicht: etw a 4,5 g). 
Inertgas: sauerstofffreier Stickstoff m it einem  Überdruck von  5 b is 10 Torr.

U m  die G enauigkeit der Messungen zu steigern, wurden aus dem  therm isch aktiven  
S to ff solche Mengen eingewogen, daß die von  den erhaltenen DTA-Kurven begrenzten F lächen  
annähernd denen der K alibrationskurven entsprachen. Im  Falle der untersuchten Verbin­
dungsgruppe waren dazu Probem engen zwischen 200 und 300 mg (0,75— 1,25 mM ol) notw endig. 
Zur weiteren Erhöhung der M eßgenauigkeit wurden die Derivatogram m e der K alibrations­
stoffe  sowie die der Versuchsm aterialien im m er m it gleichen Interstoffm engen (500 m g) 
aufgenom m en [28].

2 . Präparation und Analyse

D ie zu den therm ischen U ntersuchungen verwendeten C yanom etallat-Säuren wurden  
aus den entsprechenden Alkalisalzen hergestellt. Dabei wurde einerseits die gewöhnliche 
M ethode verw endet, nach welcher die Säuren aus ihren Salzen freigesetzt und in Form des 
A therats isoliert werden können. Andererseits wurden auch auf Ionenaustausch beruhende 
Verfahren angew endet [29, 30]. Durch ihre K om bination und m ehrm aliges W iederholen  
gelangten wir schließlich zu alkalifreien Substanzen.

D ie Präparate wurden durch B estim m ung ihres W asserstoff- und E isen- bzw. K obalt­
gehaltes identifiziert. D ie R esu ltate der analytischen  Untersuchungen sind in Tabelle III  
zusam m engestellt.

Tabelle III

A n a ly s e n d a te n  d e r  C y a n o m e ta lla t-S ä u r e n

Verbindung H+/Mol Konv. (%)
Fe bzw. Co (Gew.-%)

ber. gef.

H4[Fe(CN)e] 3,93 98,3 25,9 25,7

H 3[Fe(CN)6] 2,88 96,1 26,0 25,3

H2[Fe(CN)5NO] 1,95 97,5 25,65 25,3

H3[Co(CN)c] 3,02 100 27,05 26,9
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228 MOHAI: THERMOLYSE VON CYANOKOMPLEXEN, II

a) B e s t im m u n g  des W a s s e r s to ffg e h a lte s

Da die betreffenden Cyanometallat-Säuren — mit Ausnahme des H4[Fe(CN)e] — 
selbst auf Grund ihrer letzten Dissoziationsstufe sehr starke Säuren sind, konnte ihr Wasser­
stoffgehalt durch einfache Titration mit 0,1 n  NaOH-Lösung bestimmt werden. Die Ergebnisse 
der direkten und indirekten azidimetrischen Bestimmungen stimmten überein.

b )  B e s t im m u n g  des E is e n -  u n d  K o b a ltg e h a lte s

Die Cyanokomplexe wurden durch mehrmaliges Abrauchen mit konzentrierter Schwefel­
säure zerstört. Nach Auflösung in angesäuertem Wasser wurde der unlösliche Anteil des Rück­
standes herausfiltriert. Im Filtrat wurde der Eisengehalt der Cyanoferrate titrimetrisch 
(Permanganometrie), der Kobaltgehalt des H3[Co(CN)e] gravimetrisch mit a-Nitroso-/?- 
naphthol bestimmt.
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THERMOLYSE YON CYANOKOMPLEXEN, III

D E R  TH ERM ISC H E ARBAU Y O N  AM M ONIUM -CYANOM ETALLATEN

В . M ohai

( I n s t i t u t  f ü r  A l lg e m e in e  u n d  A n o r g a n is c h e  C h e m ie  d e r  U n iv e r s i tä t  
f ü r  C h e m isc h e  I n d u s t r i e .  V e s z p r é m )

Eingegangen am  29. September 1968

D ie R eaktionen des therm ischen Abbaus von A m m onium -hexacyanoferrat(II), 
-H exacyanoferrat(III), -Pentacyanonitrosylferrat(III) und -H exacyanokobaltat(III) 
wurden auf Grund der G ew ichtsverluste und Zusam m ensetzung der gasförm igen  
Produkte aufgeklärt. Außer den Zersetzungstem peraturen wurden auch die Zerset­
zungswärmen bestim m t und m it denen der entsprechenden freien Säuren verglichen. 
Die Abspaltungsenergie von N H 4CN ist  etwa das Vierfache der des HCN. Der ein- 
oder mehrstufige V erlauf der entsprechenden Reaktionen sow ie die W ärm etönung und  
Reihenfolge der Teilprozesse konnten in  Einklang m it den strukturchem ischen E igen­
schaften gedeutet werden.

E in leitung

Ä hnlich  wie die in  d er I I .  M itte ilu n g  b eh an d e lten  C y an o m eta lla t-S äu ren , 
s ind  auch die th e rm isch en  Z erse tzungsvorgänge ih re r A m m onium salze b ish e r 
noch  n ich t u n te rsu c h t w orden . D ie T herm o ly se  der U b ergangsm eta ll-C yano- 
kom plexe , die ein flü ch tig es  — fo lg lich  dissoziables —  K a tio n  e n th a lte n , is t 
in  e rs te r L inie wegen d e r M an n ig fa ltig k e it ih re r gasförm igen  Z erse tzu n g sp ro ­
d u k te  in te re ssan t. G egenüber den am  e ingehendsten  u n te rsu c h te n  A lkali- u n d  
E rd a lk a li-C y an o m e ta lla ten  (besonders C yanoferra ten ), die S tick sto ff u n d  
D icyan  abgeben  [1— 3], b ild e t sich b e i d e r Z ersetzung  d e r A m m o n iu m v er­
b in d u n g en  au ß er diesen auch  noch  W assers to ffcy an id  u n d  A m m oniak . D es­
h a lb  sind  die Zersetzungsprozesse d e r  A m m o nium -C yanom eta lla te  e inerse its  
ko m p liz ie rte r als die d e r schon frü h e r  u n te rsu c h te n  C yanokom plexe, a n d e re r­
se its k a n n  ab er der Z erse tzu n g sv erlau f, gerade au f G ru n d  d er Z u sam m en se t­
zung  der G asphase, v e rh ä ltn ism äß ig  e in fach  au fg ek lä rt w erden .

Die vorliegende M itte ilung  d ieser R eihe b e faß t sich m it den  A m m o n iu m ­
salzen  der schon frü h e r u n te rsu c h te n  S äu ren . Diese A m m o n iu m -C y an o m eta l­
la te  sind  in  Tabelle I  an g efü h rt. W ie e rs ich tlich , kom m en  u n te r  ihnen  w asse r­
freie sowie K ris ta llw asser e n th a lte n d e  M odifikationen  v o r. D as A m m onium - 
h e x a c y a n o fe rra t(II)  w u rd e  in  b e id en  F o rm en ; beim  A m m o n iu m h ex acy an o - 
fe r ra t( I I I )  u n d  -k o b a lta t( I I I )  n u r d ie  w asserfreie M odifika tion  u n d  beim  A m - 
m o n iu m p e n ta c y a n o n itro sy lfe rra t(III)  n u r  das H y d ra t u n te rsu c h t. Es k o n n te  
näm lich  en tw eder k e in  w oh ldefin iertes H y d ra t*  h e rg es te llt, oder an d ererse its  
das P rä p a ra t  n ich t v o lls tän d ig  e n tw ä sse r t  werden.

* D ie wasserhaltige M odifikation des Am m onium ferrocyanids, obwohl sie aus der 
Literatur als Trihydrat bekannt ist [4], kon n te  reproduzierbar nur m it 1,5 Mol W assergehalt 
hergestellt werden.
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230 MOHAI: THERMOLYSE VON CYANOKOMPLEXEN, III

M eßergebnisse, Z erse tzu n g sreak tio n en

Die R e su lta te  d e r  U n te rsu ch u n g en  ü b e r  die th e rm isc h e n  Z erse tzungs­
prozesse der A m m o n iu m -C y an o m eta lla te  s in d  in  T abelle  I  zu sam m engefaß t. 
D ie  E inzeldaten  d e r  T ab e lle  sind wie in  d e r  I I .  M itte ilu n g  zu  deu ten . E in ig e  
R eak tio n en  der A m m o n iu m -C y an o fe rra te  v e rlau fen  g eg en ü b er den e n tsp re ­
ch en d en  Säuren (b eso n d ers  in  der e rs ten  P h ase  der Z erse tzung) m ehrstu fig  a b . 
B e i diesen w urden  d ie  G ew ich tsab n ah m en  u n d  E n th a lp ie ä n d e ru n g e n  d er T e il­
v o rg än g e  auch su m m ie r t  angegeben (Z).  Ä hnlich  w ie aus den  freien S äu ren  
b ild e t  sich auch au s d e n  A m m onium -C yanoferra ten  d e r gleiche feste R ü c k ­
s ta n d  (E isen (II)cy an id ). V on h ie r an gefangen  stim m en  d ie  Z erse tzu n g sreak ­
tio n e n  der E isen k o m p lex e  schon ü bere in , d a h e r  w urden  sie n u r  bei der e r s ta n ­
g e fü h rten  V erb in d u n g  angegeben.

Die Z erse tzungsvorgänge  der u n te rsu c h te n  A m m on iu m -C y an o m eta l­
la te  beginnen —  so fe rn  sie K rista llw asser e n th a lte n  —  m it A bgabe von  W a s­
ser. Diese v e rh ä ltn ism ä ß ig  schw ach en d o th e rm isch en  R e a k tio n e n  finden  e tw as 
ü b e r  100 °C s ta t t .  D a  d ie E n tw ässe ru n g sen th a lp ien  d er C y an o fe rra t-H y d ra te  
k ü rz lich  [5] schon b e h a n d e lt  w urden , soll an  d ieser S telle n u r  so viel b e m e rk t 
w erd en , daß  die P en tacy an o k o m p lex e  (P ru ss ia te ) im m er w esentlich  s tä rk e r  
h y d ra t ie r t  sind  als d ie  H ex acy an o v erb in d u n g en  (im  vo rliegenden  F a ll 11,0 
gegenüber 6,2 K ca l/M ol K om plex/M ol W asser).

Die T herm olyse  d e r  w asserfreien bzw . d er b e re its  en tw ässe rten  A m m o­
n iu m -C y an o m eta lla te  s e tz t  sich im  a llgem einen  m it e in er s ta rk  en d o th e rm i­
sch en  R eaktion  fo r t. I n  d ieser Z erse tzungsphase  w erden  A m m oniak  und  W a s­
sersto ffcyan id  (o ft g em ein sam  m it D icyan) abgespa lten . D a  das M olverhältn is 
d e r  gasförm igen K o m p o n e n te n  sich im  L aufe  der T herm o ly se  fo rtw ä h re n d  
ä n d e r t  (s. Tabelle I I ) ,  m u ß te  angenom m en w erden , d aß  gleichzeitig  v e rsch ie ­
d en e  R eak tionen  a b la u fe n . A uf G rund  d e r Z u sam m en se tzu n g  der gasförm igen 
P ro d u k te  k o n n te n  d e n  einzelnen Z erse tzungsstu fen  in  E in k la n g  m it den  ge­
m essenen  G ew ich tsv e rlu sten  die fo lgenden  R eak tio n en  zugeo rdnet w erd en .

F i:  !• (N H 4)4[F e (C N )6]
Г

Bei der T h e rm o ly se  von  A m m o n iu m liex acy an o ferra t(II)  w ird das in s ­
g esam t 4 Mol N H 4C N  en tsp rechende  G asgem isch in  d re i S tu fen  fre ig ese tz t. 
A us den th e rm isch en  K u rv en  der A bb ild u n g  l a  is t zu e rsehen , daß  die G e­
schw ind igkeit d e r R e a k tio n  stufenw eise ab n im m t. D ie e rs te  Stufe (200 °C) 
lä ß t  sich gu t se p a rie re n , die zw eite u n d  d r i t te  (330 bzw . 410 °C) k o n n te  a b e r  
n u r  zusam m en aus g e w e rte t w erden.

W ie schon e rw ä h n t, w urden  im  F a lle  des A m m onium ferrocyan ids b e id e  
M odifikationen  u n te r s u c h t .  Dies m ach te  es m öglich, die s tö ch iom etrischen  
u n d  therm ischen  A n g ab en  h insich tlich  ih re r  R ep ro d u z ie rb a rk e it zu verg le i-
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T abelle I
T h e r m o ly s e  d e r  A m m o n iu m -C y a n o m e ta l la te :  s tö c h io m e tr isc h e  u n d  th e rm isc h e  K e n n w e r te

Zersetzungs- Gewichts- Gasförmiges AH AH BemerkungVerbindung temperatur abnahme 
(g ■ M ol-1)

Zersetzungsproduk t
(Mol"1)

(K cal. 
Mol"1) n

70, 115 26,3 1,5 H 20  (27) 9,3 6,2 schwach, stumpf: endoth.

160, 200 120,0 N H 3, HCN 57,3 — stark, scharf: endoth.

(NH 4)4[Fe(CN)6] • 1,5 H20
330 }  57,5 N H 3, HCN 32,2 m ittelm . breit: endoth.
410

2 177,5 4 NH 4CN (176) 89,5 22,4 Dreierstufe: endoth.

— 620 — (CN)2 — — schwach, stumpf: endoth.
— 660 — n 2 — — schwach, scharf: exoth.

160, 200 118,5 N H 3, HCN 55,7 — stark, scharf: endoth.

(N H 4)4[Fe(CN)6] 330
410 }  58,1 N H 3, HCN 33,3 — m ittelm . breit: endoth.

2 176,6 4 NH 4CN (176) 89,0 22,2 Dreierstufe: endoth.

150—200 ]  99,6 (CN)2, N H 3, HCN 26,3 stark, breit; result.
220 N H 3, HCN W ärmetönung: endoth.

(NH 4)3[Fe(CN)G]
340
415 J 58,8 N H 3, HCN 28,0 — m ittelm . breit: endoth.

2 158,4 1/2(CN)2 +  3 N H 4CN (158) 54,3 ( - )
Viererstufe; result. 
W ärmetönung: endoth.

75, 120 18,1 о ОЭ 'w
' 11,0 11,0 m ittelm . stumpf: endoth.

220, 250 - 9 0 N H 3, HCN, (CN)2, N2 — 18,0 ( - ) stark, scharf: exoth.

(N H 4)2 [Fe(CN)5NO] • H20 330
420 1 - 5 5 N H 3, HCN — — schwach, breit: endoth.

2 — 145 2 N H 4CN + 1 NO + 
+ 1/2(CN)Z (144) — — Dreierstufe m it Sekun­

därreaktion

280, 330 130,5 3 NH 4CN (132) 120 40 sehr stark, breit: endoth.
400, 415 15,5 0,3 (CN)2 (15,6) - 8 25— 30 schwach, scharf: endoth.

440— 530 10,7 0,2 (CN)2 (10,4) — — schwach, breit: endoth.
(NH4)3[Co(CN)6] - 5 5 0 ] schwach, scharf: exoth.

565 25,7 1/2 (CN)2 (26) — — Depolymerisation: endoth.
575, 590 stark, scharf: exoth.

600— n 2 — — (?)
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OTG

1220°C a 575°C

120°CJ V. к DT А Л  565°C 
\  /415°C

330°C \ J
200 400 600 

°C
200 400 600° c

~ V l  H2°

50 \ 3 NH^CN1
12 NH4CN+1NO +1/2 (CN)2

Ю0 V 0.3 (CN)2
4^0.2 (CN)2

150 1/2 (CNOl

C>____________  ^
200
mg

d>

-466. 1. Derivatogramme der Am m onium -Cyanom etallate: a) (]NH4),[F e(C N ), ] • 1,5 H 20 ,  
b) (N H 4)3[Fe(CN )6], c) (N H 4)2[Fe(CN)5NO] • H 20 ,  d )  (N H 4)3[Co(CN)6]

ch en . D ie T ab e llen d a ten  zeigen, d aß  die zu  den  e n tsp rech en d en  Z ersetzungs, 
s tu fe n  gehörenden T e m p e ra tu rw erte  id en tisch  sind  u n d  au ch  die den einzel­
n e n  Teilprozessen e n tsp re c h e n d en  G ew ich tsab n ah m en  u n d  E n th a lp ie ä n d e ­
ru n g e n  (besonders su m m ie rt)  vorzüglich  ü b ere in stim m en . A us d er T atsache-
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Tabelle II

Analysendaten des Zersetzungsgases von Ammonium-Cyanometallaten

Verbindung
Gasförmiges 

Produkt (Mol-1 ) 
Molverhältnis

Temperatur der Unterbrechung der Thermolyse (°C)

150 175 210 240 260 300 330 360 550

N H 3 0,56 i , i 6 2,37 3,15 3,74 3,96
(N H 4)4[Fe(CN)e] HCN 0,34 0,81 2,03 2,97 3,77 4,04

N H 3/HCN 1,65 1,43 1,17 1,06 0,99 0,98

N H 3 0,76 1,18 2,02 2,76 2,94
(N H 4)3[Fe(CN)e] H C N + (C N )2 0,84 1,36 2,38 3,38 3,54

N H 3
- H C N +(C N )2 0,91 0,87 0,85 0,82 0,83

N H 3 0 0,80 1,14 1,31
(N H 4)2[Fe(CN)äNO] H C N +(C N )2 0 1,77 2,32 2,47

N H 3
H C N + (C N )3 ( - ) 0,45 0,49 0,53

NO 0 0 0 0

N H , 1,83 2,48 2,93
(N H 4)3[Co(CN)fl] H C N +(C N )2 1,87 2,96 3,59

N H 3
H C N + (C N )2 0,98 0,84 0,82

M
O

H
A

I: TH
E

R
M

O
LY

SE V
O

N
 C

Y
A

N
O

K
O

M
PLEX

EN
, III 

233
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d aß  die K n ick p u n k te  d e r  T G -K u rv en  w ied erh o lt bei den  g leichen  T em p era tu r- 
w e rten , nach e tw a  d e n  gleichen G ew ich tsv erlu sten  a u f tre te n  u n d  auch die 
T eilen th a lp ien  b e fried ig en d  ü b ere in stim m en , k o n n te  gefo lgert w erden, d a ß  
d ie  B rüche von  w o h ld e fin ie rten  T eilvo rgängen  h erv o rg eru fen  w erden. D a am  
A nfang  der Z erse tzung  des A m m onium ferrocyan ids ein an Am m oniak reiches 
G asgem isch geb ilde t w ird , in  dem  die K o n z e n tra tio n  des W assersto ffcyan ids 
ra sc h  zun im m t, m u ß te  d ie  nach steh en d e  R eihenfolge d e r T eilreak tio n en  a n ­
genom m en w erden . A nfäng lich  do m in ie rt die R eak tio n

200 °C
(N H 4)4[F e (C N )0] — ( NH4)2H 2[Fe(C N )6] +  2 N H 3. (1)

d a n n  rü c k t der P ro z e ß

330 °c
(N H 4)2H 2[F e (C N )6] 1/3 F e2[Fe(C N )e] +  2 N H 3 +  4H CN  (2)

in  V orderg rund . Schließ lich  f in d e t die das M olverhältn is N H 3 : HCN n ic h t 
m eh r beeinflussende R e a k tio n

(N H 4)4[F e(C N )6] ^  1/3 F e2[Fe(C N )e] +  4 N H 4CN (3)
s ta t t .

Die angegebenen  R eak tio n en  v e rlau fen  (wie das sch o n  aus dem  b ish e ri­
gen hervo rgeh t) m it e in e r  gewissen Ü b erlap p u n g . D aru m  sin d  die e rw äh n ten  
K n ick p u n k te  n u r  m ä ß ig  sch a rf  u n d  ebendesw egen  d ü rfen  d ie  zu ihnen  gehö­
ren d en  T e m p e ra tu rw erte  b loß  als S te llen  b e tra c h te t  w erd en , an  denen d ie  
ob igen  R eak tio n en  d as  Ü bergew icht e rlangen .

Aus dem  A m m o n iu m ferro cy an id  b ild e t sich im  L au fe  der Z erse tzung  
—  obgleich in  m eh re ren  S tu fen  — das gleiche E isen (II)fe rro cy an id  wie aus d e r  
fre ien  Säure. A uch se ine  w eiteren  Z erse tzu n g sreak tio n en  s tim m en  m it d enen  
v o n  W a sse rs to ffh ex acy an o fe rra t(II)  ü b e re in , doch tr e te n  sie be i etw as h ö h e ­
re n  T em p era tu ren  u n d  v ielle ich t deshalb  au ch  schärfer ein .

2. (N H 4)3[F e(C N )6]

Die Z erse tzung  v o n  A m m o n iu m liex acy an o fe rra t(III)  b eg in n t, äh n lich  
wie bei der E isen (II)-V erb in d u n g , m it e in e r s ta rk  en d o th erm isch en  R eak tio n . 
D ie A bgabe v o n  A m m o n iak  u n d  W assers to ffcy an id  v e r lä u f t  aber g egenüber 
dem  dreistu figen  P ro z e ß  des A m m onium ferrocyan ids in  v ie r  S tufen , obw ohl 
im  Falle der F e rriv e rb in d u n g  w eniger N H 4CN ab g esp a lten  w erden  k an n . E in  
w eiteres P roblem  s te l l t  die T a tsach e  d a r, d a ß  die bei d er e rs te n  Z ersetzungs- 
s tu fe  des H 3[Fe(C N )e] b eo b ach te te  ex o th erm isch e  S p itze  (D icyanb ildung) 
aus dem  D e riv a to g ra m m  seines A m m onium salzes feh lt.
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Dies sind  ab e r n u r  scheinbare »U nregelm äßigkeiten« . B ei n ä h e re r  B e­
tra c h tu n g  d er e rs ten  D oppelstufe  is t n äm lich  w ah rzu n eh m en , d aß  die zu  ih r  
gehörende en d o th erm isch e  D TA -Spitze gew isserm aßen  geh em m t b eg in n t, d a n n  
is t ab  200 °C eine sp ru n g h a fte  Ä n d eru n g  d e r R eak tio n sg esch w in d ig k e it u n d  
d er W ärm etö n u n g  zu  b eobach ten . U n te r  B erü ck sich tig u n g  d er g a sa n a ly ti­
schen  A ngaben  d er T abe lle  I I ,  nach  w elchen  am  A nfang  d er Z erse tzung  ein 
an Cyankomponenten reiches G asgem isch fre ig ese tz t w ird , g e lan g ten  w ir zu 
den  n ach steh en d en  S ch lußfo lgerungen:

In  der e rs te n  Z erse tzungsstu fe  des A m m onium ferricyan ids w erden  Di- 
cy an , A m m oniak  u n d  W assers to ffcy an id  p a ra lle l abgegeben . D ie im  F alle  
des H 3[Fe(CN)e] g u t sep arie rb are  ex o th e rm isch e  D icy an stu fe  is t d a h e r bei 
seinem  A m m onium salz  m it den en d o th e rm isch en  N H 4C N -S tufen  v ersch m o l­
zen. D em zufolge b ild e t sich  die e rw ä h n te  en d o th erm isch e  S p itze  als die R e ­
su ltie ren d e  von  P rozessen  en tg eg en g ese tz te r W ärm e tö n u n g  aus. D er in  d er 
D TA - u n d  D T G -K u rv e  in  A bbildung  l b  s ich tb a re  B ru ch  (Pfeile) b eze ichnet 
also den E n d p u n k t d e r exo th erm isch en  R eak tio n , d .h . die B eend igung  d er 
D icyanb ildung . D an ach  gelangt n u r m e h r d er en d o th e rm isch e  W ärm eeffek t 
d er A b sp a ltu n g  von  N H 4CN zur G eltung , w elche —  äh n lich  wie beim  A m m o- 
n iu m ferro cy an id  —  u n g e fäh r bei g leichen T e m p e ra tu ren  (220, 340 u n d  415 °C) 
ebenfalls in  d re i S tu fen  v erläu ft. L e tz te n  E ndes k a n n  die e rs te  P hase  d er 
T herm olyse  des A m m onium ferricyan ids also m it d er fo lgenden  B ru tto g le i­
chung  beschrieben  w erd en :

(N H 4)3[Fe(C N )e] i5o-4i5°c 3 F e 2II[F e II(CN)6] +  3 N H 4CN +

+  1/2 (CN)£ +  54,3 K cal. (4)

Die w eiteren  Z erse tzu n g sreak tio n en  s in d  m it denen  v o n  A m m onium - bzw . 
W a sse rs to ffh ex acy an o fe rra t(II)  id en tisch .

In  der I I .  M itte ilu n g  w urden  die a u f  1 Mol H C N  b e re c h n e ten  Z erse tzu n g s­
w ärm en  von  H 4[Fe(C N )6] u n d  H 3[Fe(C N )6] verg lichen . E in  so lcher V ergleich 
der en tsp rech en d en  W erte  ih re r A m m onium salze is t infolge des beim  E ise n (III)-  
K om plex  gleichzeitig  abgespaltenen  D icy an s n ic h t ohne w eiteres m öglich. 
D a ab er -— gerade aus den  Z erse tzu n g sreak tio n en  d er F e rricy an id säu re  —  
die bei der E n tw ick lu n g  von  0,5 Mol D icy an  fre iw erdende W ärm e b e k a n n t is t 
( —10,5 K cal), k a n n  d e r E n th a lp iew ert des Ammonium ferricyanids k o rrig ie rt 
w erden:

54,3 +  10,5 =  2 l 6 K cal/M ol K om plex/M ol N H 4CN .

L e tz te re r  u n te rsch e id e t sich kaum  v o n  dem  fü r  Am moniumferrocyanid  e r­
h a lte n e n  D u rc h sc h n ittsw e rt von 22,3 K ca l. Folg lich  sin d  die S ta b ilitä te n  der 
A m m o n iu m h ex acy an o ferra te  p rak tisch  gleich, obw ohl die en tsp rech en d en
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S ä u re n  einen b e d e u te n d e n  U n te rsch ied  zu g u n sten  d er d iam ag n e tisch en  V er­
b in d u n g  zeigten. D iese E rfa h ru n g  is t g a r  n ic h t ü b e rra sch en d , d enn  es kön n en  
au ch  in stab ile  S äu ren  s ta b ile  Salze b ild en  u n d  m an  f in d e t zah lreiche B eispiele 
au ch  d a fü r, daß  die D ifferenz  zw ischen den  S ta b ilitä te n  v o n  dasselbe Z e n tra l­
a to m  in  versch iedenen  O x y d a tio n ss tu fen  e n th a lte n d e n  S äu ren  v iel g rö ß er 
is t  a ls die ih rer Salze.

3. (N H 4)2[Fe(C N )5N O ]

N ach  der A bgabe des W assergeha ltes s e tz t sich  die T herm olyse  von  
A m m o n iu m p e n ta c y a n o n itro sy lfe rra t(II I )  m it e iner h eftig en , exothermischen 
R e a k tio n  fo rt ( —18,0 K cal/M ol). D ies is t u m  so ü b e rra sch en d er, da  die Z er­
se tz u n g  des H 2[Fe(C N )5N O ] in  d er en tsp rech en d en  P h ase  u n te r  s ta rk  endo- 
thermischen U m stän d en  v e r lä u f t  (30,0 K cal/M ol, s. v o ran steh en d e  M itte ilung). 
Im  F a lle  der Säure w u rd e n  zw ar aussch ließ lich  endo therm ische  W ä rm e tö n u n g  
h e rv o rru fen d e  K o m p o n en ten  (H C N  u n d  NO) fre ig ese tz t, dagegen  b ild e t sich  
b e i ih rem  A m m onium salz  au ß e r A m m oniak , W assersto ffcyan id  u n d  S tick o x y d  
(en d o th e rm ) auch D ic y a n  (exo therm ). A us d er gem einsam en B ildung  d ieser 
S to ffe  k a n n  aber ke inesw egs ein ex o th e rm isch er B ru tto v o rg a n g  re su ltie ren , 
d a  —  a u f  G rund d e r b e re its  zu r V erfügung  s teh en d en  E rgebn isse  —  bei d e r 
D icy an b ild u n g  die F re ise tz u n g  e iner e tw a  u m  eine h a lb e  G rö ß en o rd n u n g  
k le in e ren  W ärm em enge zu  e rw arten  is t , als die A b sp a ltu n g  d er e rw ä h n te n  
K o m p o n en ten  b e a n sp ru c h e n  w ürde.

H ierzu  k o m m t n o c h , d aß  S tick o x y d  im  Z ersetzungsgas des A m m onium - 
n itro p ru ss ia ts  in  k e in em  F a ll nachgew iesen  w erden  k o n n te , w eite rh in  e rgab  
sich  n a c h  der v o lls tän d ig en  Z erse tzung  d e r S u b stan z  ein e tw a  2/3 Mol b e t r a ­
g e n d e r M angel an  A m m o n iak  (s. T abelle  I I ) .  D eshalb  w urde  angenom m en, d a ß  
zw ischen  den p rim ä re n  Z e rse tzu n g sp ro d u k ten  die S ek u n d ä rreak tio n

2/3 N H 3 +  NO H 20  +  5 /6 N2 (5)

a b lä u f t  [6]. D a diese R e a k tio n  schon  s ta rk  ex o th e rm  is t, k a n n  d er W ä rm e ­
b e d a r f  der p rim ären  Z erse tzu n g  b e trä c h tlic h  ü b e rk o m p en sie rt w erden .

D ie obige A n n a h m e  w urde  im  w eite ren  (in e rs te r  R eihe d u rch  die M as­
sen- u n d  W ärm eb ilanz  d er p rim ären  u n d  sek u n d ä ren  Prozesse) m eh rfach  
bew iesen . Ü ber diese U n te rsu c h u n g e n  soll an  an d e re r S telle  b e r ic h te t w erden .

4. (N H 4)3[Co(CN )6]

D as A m m o n iu m h e x a c y a n o k o b a lta t(III)  erwies sich sow ohl a u f  G ru n d  
se in e r hohen  Z e rse tz u n g s te m p era tu r  (330 °C) als auch  se iner großen  Z e rse t­
zungsw ärm e (120 K cal/M ol) als d er s ta b ils te  V e rtre te r  d ieser V e rb in d u n g s­
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g ru p p e . D er K o b a ltk o m p le x  g ib t g egenüber den  A m m o n iu m -C y an o ferra ten  
seinen  v o lls tän d ig en  A m m oniak- u n d  W asse rs to ffcy an id -G eh a lt in  einer e in ­
zigen, sehr s ta rk  en d o therm ischen  S tu fe  ab :

(N H 4)3[Co(CN)6] 330 ^  1/2 CoIII[C oIII(CN)6] +  3 N H 4CN +  120 K cal. (6 )

Von h ie r an g efan g en  s tim m en  seine Z erse tzungsprozesse  im  w esentlichen  
m it denen des H 3[Co(CN)e] ü bere in , n u r  se tzen  sie b e i e tw as höheren  T e m p e ­
ra tu re n  (5 bis 20 °C) u n d  viel p lö tz lich e r ein . Z. B .: die e rs te  endothermische 
D icyanstu fe , die be i d e r  freien S äure m it d er zw eiten  verschm olzen  w ar, k o n n te  
g u t sep arie rt u n d  d esha lb  auch g eso n d ert au sg ew erte t w erden  (vgl. die d ie s ­
bezüglichen  A n g ab en  der I I .  M itte ilung ). D er gem essene G ew ich tsverlust 
sch e in t die frü h ere  A nnahm e, n ach  w elcher die T h erm o ly se  des H 3[Co(CN)6] 
d u rch  v o rü b erg eh en d e  A usbildung  von  K o b a lt( I I )k o b a lt( II I ) -K o m p le x e n  
v e rlä u ft, zu bew eisen :

1/2 CoIII[CoIII(CN)e] 415 °c, 1/5 Co3n [C o in (CN)6]2 +  3/10 (CN )2 +  8 K cal. (7)

L e tz te res  se tz t sich  in  einem  lan g sam en  en d o th e rm isch en  V organg zu dem  n u r  
K o b a lt(II)  e n th a lte n d e n  K om plex  u m :

1/5 С о Л С о " Ч С В Д  1/5 Co3i , [Co2i i(CN)10] +  2/10 (CN)2 . (8)

V erg leich t m an  die im  Falle der A m m o n iu m v erb in d u n g  se p a ra t gem essene 
u n d  a u f  1 Mol D icy an  bezogene Z erse tzungsw ärm e m it dem  aus der gem ein ­
sam en  A usw ertung  d e r  D oppelstufe  v o n  H 3[Co(CN)6] e rh a lte n e n  W ert, so is t  
eine befriedigende Ü b ere in stim m u n g  festzuste llen  (25— 30 Kcal/M ol K om - 
plex/M ol D icyan).

Die exotherm v e rlau fen d en  R e a k tio n e n  d er w e ite ren  D icyanb ildung  sow ie 
die inzw ischen s ta ttf in d e n d e  endo th erm isch e  M o d ifika tionsänderung  sind  m it 
den  T eilvorgängen  d e r  S äu rev erb in d u n g  iden tisch .

D iskussion

D en H C N -S tu fen  der C y an o m eta lla t-S äu ren  en tsp rech en  bei ih re n  
A m m onium salzen  d ie  N H 4C N -Stufen. D a d er th e rm isc h e  A bbau  der u n te r ­
su ch ten  K om plexe im  allgem einen m it  der A bgabe d ieser P ro d u k te  b eg in n t, 
k a n n  die W ä rm eb estän d ig k e it d er S äu re-S a lzp aare  zu m eis t a u f G rund d e r 
e rw äh n ten  Z erse tzu n g sstu fen  verg lichen  w erden.

Die V ersuchsergebnisse  zeig ten , d a ß  die thermische Stabilität der A m m o- 
n iu m -C y an o m eta lla te  in  jedem  F all g rö ß er is t, als die d e r en tsp rech en d en  fre ien
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S äu ren . B ei d er G egenüberste llung  d e r  Abspaltungstemperaturen von  HCN  
u n d  N H 4CN ergab  sich die k le in ste  D iffe renz  zwischen H 4[Fe(C N )6] u n d  seinem  
A m m o n iu m salz  (10 °C); d er g rö ß te  U n te rsc h ie d  ko n n te  zw ischen  H 3[Co(CN)6] 
u n d  se inem  A m m onium salz  b e o b a c h te t w erden  (105 °C). V erg le ich t m an  nun  
d ie  Zersetzungswärmen d ieser V erb in d u n g sp aa re , so is t fe s tzu s te llen , d aß  der 
E n e rg ie b e d a rf  d er F re ise tzu n g  des A m m onium cyan ids (22,3 bzw . 40 Kcal/M ol) 
in  b e id e n  F ä llen  fa s t  das V ierfache des W assersto ffcyan ids e rre ic h t (6,1 bzw. 
10,8 K cal/M ol). Schon aus d iesem  ein z ig en  Beispiel is t zu e rseh en , d aß  allein 
d ie Z e rse tzu n g s tem p era tu ren  n ic h t v ie l ü b e r die th e rm isch en  V erhältn isse  
au ssag en , bzw . d a rü b e r  inw iefern  d ie  b ish e r  au ß er ach t ge lassenen  E n th a lp ie ­
ä n d e ru n g e n  zu r g en au eren  K en n tn is  des th erm isch en  G esam tb ildes e iner V er­
b in d u n g sg ru p p e  b e itra g e n  können .

D ie Z e rse tzu n g s tem p era tu ren  g e s ta lte n  sich auch  b e im  F erricy an id - 
u n d  N itro p ru ss ia t-S ä u re -S a lz p aa r d en  o b ig en  en tsp rechend , ih re  Z erse tzungs­
w ä rm e n  k ö n n en  a b e r n ic h t m ehr v e rg lich en  w erden. Es b ild e t sich  näm lich  
im  F a lle  des A m m o n iu m ferricy an id s  n eb e n  A m m onium cyan id  auch  D icyan , 
b e im  A m m o n iu m n itro p ru ss ia t au ß e rd e m  noch  S tickoxyd (es f in d e t sogar eine 
S e k u n d ä rre a k tio n  s ta t t ) ,  deshalb  k a n n  be i diesen V erb in d u n g en  n u r  die 
R esu ltie ren d e  d er die T eilvorgänge b eg le iten d en  E n th a lp ie ä n d e ru n g e n  w a h r­
g en o m m en  w erden .

D ie E rfa h ru n g , w onach  das sch w äch er gebundene Wasserstoffcyanid  
b e i säm tlich en  S äu ren  in  e iner einzigen Stufe  fre igesetzt w ird , s te h t  m it den  
g em essen en  Z erse tzungsw ärm en  in  E in k la n g . D agegen is t  die A b sp a ltu n g  
des v ie l s tä rk e r  geb u n d en en  Am m onium cyanids  im  F a lle  d e r  A m m onium - 
C y an o fe rra te  ein  mehrstufiger P ro zeß . E s  d ü rfte  auch e rw äh n en sw ert sein, 
d a ß  d ie Dicyanstufen  d e r fre ien  S äu ren  —  unabhäng ig  d av o n , ob sie v o r oder 
n a c h  d e r W asse rs to ff cy an id s tu fe  a u f t r e te n  —  m eistens g u t separiert w erden  
k ö n n e n ; dem gegenüber is t die D icy an b ild u n g  bei den  A m m onium -C yano- 
f e r ra te n  im m er m it d en  A m m o n iu m cy an id stu fen  verschmolzen.

V on diesen F es ts te llu n g en  b ild e n  die K ob altk o m p lex e  zum  Teil eine 
A u sn a h m e , da  be i d iesen  sow ohl d as  W assersto ffcyan id  als au ch  das A m m o­
n iu m c y a n id  in  e iner einzigen S tu fe  en tw e ich t. Die A bgabe v o n  D icyan  v e r­
lä u f t  a b e r m eh rs tu fig  u n d  lä ß t sich m a n c h m a l in  T eilvorgänge tre n n e n .

A uch  im  Z u sam m en h an g  m it d e r  Wärmetönung d e r Z e rse tzu n g sreak tio ­
n e n  k a n n  einiges v e ra llg em ein ert w e rd en . Die F re ise tzu n g  v o n  Wasserstoff­
cyanid  u n d  Am m onium cyanid  f in d e t —  abhäng ig  von  d e r S ta b ili tä t  des b e ­
tre f fe n d e n  K om plexes —  in  e iner m e h r  oder weniger d e u tlic h  ab er im m er 
endothermischen R e a k tio n  s ta t t .  E b en so  is t die p rim äre  (!)  A b sp a ltu n g  des 
Stickstoffmonoxyds im m er ein endothermischer Prozeß. D agegen  k a n n  die E n t­
w ick lu n g  v o n  Dicyan  endo- bzw . ex o th erm isch e  W ärm eeffek te  h e rv o rru fen . 
D ie  W ärm e tö n u n g  d e r D icy an b ild u n g  is t  na tü rlich  kein  Z ufa ll, so n d ern  sie is t 
m it  d e r E le k tro n e n s tru k tu r  des sich  zersetzenden  K om plexes v e rb u n d en .
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D ie A bgabe v o n  D icy an  v e rlä u ft b e i den  paramagnetischen E ise n (III)-  u n d  
K o b a lt(II)-V erb in d u n g en  u n te r  exothermischen, be i den  diamagnetischen K o- 
b a lt( I I I ) -  u n d  E isen (II)-K o m p lex en  u n te r  endothermischen U m stän d en .

Noch eine E rfa h ru n g , n am en tlich  die Reihefolge d e r R eak tio n en  (ge­
n a u e r  gesagt die »Stelle« der D ic y a n re a k tio n  w äh ren d  d er T herm olyse) s te h t  
m it den obigen F es ts te llu n g en  in  engem  Z u sam m en h an g . Bei den  paramagne­
tischen E isen (III)-K o m p lex en  f in d e t n äm lich  die D icy an  liefernde in tra m o le ­
k u la re  R ed o x reak tio n  —  u n ab h än g ig  d av o n , ob sie se p a rie r t (W asserstoff- 
ferricyan id ) oder m it anderen  R e a k tio n e n  verschm olzen  (A m m onium ferri- 
cy an id ) v e rlä u f t —  im m er in  der ersten S tu fe  s t a t t .  D em gegenüber sp ie lt sich  
die D icyan b ild u n g  im  Falle der diamagnetischen E ise n (III)-Y erb in d u n g en  
(N itro p ru ss ia tsäu re ) n u r  in der zweiten Z erse tzu n g sstu fe  ab . Diese E rsch e i­
n u n g  lä ß t  sich d a m it e rk lä ren , d aß  d ie  d iam ag n e tisch en  E isen (III)-K o m p lex e  
d u rch  A bgabe des d re ie lek tron isch  g eb u n d en en  S tickoxyd ligands e rs t ein  
u n g ep aa rte s  E le k tro n  e rh a lten  m üssen , d en n  sie sind  zu r in tram o lek u la ren  
O x y d a tio n  n u r  in  d iesem  Z ustand  fäh ig . M it ähn lichen  Ü berlegungen  k ö n n en  
au ch  die w echselnde W ärm etö n u n g  aufw eisenden  D icy an reak tio n en  d e r 
C y an o k o b a lta te  e rk lä r t  w erden.

Experim enteller Teil
Die angewandte M eßmethode wurde (m it besonderer R ü ck sich t auf die Bestim m ung  

der Enthalpieänderungen) schon in der II. M itteilung erörtert.
Die untersuchten K om plexsalze wurden aus den entsprechenden Säuren durch N eutra­

lisation  m it A m m onium hydroxyd und anschließende K ristallisation  hergestellt. Da die genaue 
Zusam m ensetzung der Säureverbindungen bekannt war, konnten die Am m onium -Cyanom e- 
ta lla te  einfach auf Grund ihres Am m oniakgehaltes identifiziert werden. Das Am m oniak wurde 
aus den Präparaten m it 10% iger N aO H -L ösung freigesetzt und m it L uft in eine Salzsäurelö­
sung getrieben. Der Säureüberschuß wurde m it 0,1 n  N aO H -Lösung zurücktitriert. D ie Er­
gebnisse sind in Tabelle II I  dargestellt.

Tabelle III

Analysendaten der Am m onium -Cyanom etallate

Verbindung NH<+/Mol Konv. (%)

(N H 4)4[F e(CN)6] 3,895 97,5

(NH 4)3[Fe(CN)6] 3,08 100

(NH 4)2[Fe(CN)6NO] 1,96 98,0

(N H 4)3[Co(CN)6] 3,05 100

Die Zusam m ensetzung des im Laufe der Therm olyse gebildeten Gasgemisches wurde 
m it absatzweiser A ufheizung separat untersucht. D ie Tem peraturstellen der Unterbrechung  
des Zersetzungsvorganges wurden so gewählt, daß sie die Spitzen der DTA-Kurven um  etw a  
± 2 0  °G in die M itte nehm en. D as freigesetzte Gasgem isch wurde m it S tickstoff ausgetrieben  
und sein A m m oniakgehalt in Salzsäure-, die Cyankom ponenten in Natrium hydroxyd-Lösung  
aufgefangen. Ersterer wurde m it azidim etriseber R ücktitration der überschüssigen Säure, 
letzterer — m it R ücksicht auf die Disproportionierung des D icyans — argentom etrisch be­
stim m t. D ie R esultate dieser Untersuchungen sind aus Tabelle II schon bekannt.
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A m ethod w as developed for chrom atographic separation of some arom atic  
acids using lith ium  chloride and nickel(II) chloride solutions as eluents. The experi­
m entally  found peak eluent volum e data were com pared to  those obtained by calcu­
lation based on literary and experim entally found equilibrium  constant data. T he  
separated acids were determ ined b y  direct spectrophotom etric methods.

In  earlie r p ap e rs  [1, 2] th e  ca lcu la tion  o f th e  o p tim u m  conditions fo r th e  
sep ara tio n  of b iv a le n t m e ta l ions using  com plex  fo rm ing  agen ts has been  r e ­
p o rted .

A nion ex ch an g e  equ ilib ria  can  be  tre a te d  s im ila rly  to  those of c a tio n  
exchange. H ow ever, a t  th e  ad so rp tio n  o f th e  anions o f  po lybasic  w eak ac ids 
th e  p ro to n a tio n  o f th e  anions depend ing  on th e  p H  o f th e  so lu tion  m u s t 
also be considered . T h u s , in  p H  ranges, w here th e  w eak  ac id  is n o t com ple te ly  
d issociated , th e  d is tr ib u tio n  coefficient depends on  th e  adso rp tio n  s tre n g th  
of th e  d iffe ren t p ro to n a te d  anionic species. F o r th e  d esc rip tio n  of th e  o vera ll 
d is tr ib u tio n  coeffic ien t (D) of a d ibasic  acid  tw o  in d e p e n d e n t p a ram e te rs  o r  
co n stan ts  are  necessa ry .

Вл.Ш ± Ш  ,i ,
Ca

W ith  round  b ra c k e ts  a re  d eno ted  th e  co n cen tra tio n s o f th e  m ono- and b iv a le n t 
species, in  th e  re sin  p h ase , while Ca  m eans th e  to ta l  co n cen tra tio n  of ac id  in  
th e  so lu tion , w ith o u t a n y  respect to  th e  form  o f th e  species.

Ca  =  [H 2A] +  [HA]  +  [A]

In tro d u c in g  th e  in d iv id u a l p a r titio n  coefficients o f th e  adsorbab le  species,

dA
(A)  . (HA)
---------  9 Н'И A  ---- --------------
[A\  HA [HA]
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a n d  th e  k t an d  k2 d issocia tion  c o n s ta n ts  o f  th e  acid, E q u a tio n  (1) can  h e  t r a n s ­
fo rm e d :

dA [ A ] + d HA [H ] [A]
D a =

[A] +  [ A ] ( H ] ~  +  [ A ] [ H f  1

dA +  dHA [H ]

i  +  [ H ] ~  +  [h y  1
kjto

( 2)

E q u a t io n  (2) is app licab le  to  th e  c a lc u la tio n  of th e  d is tr ib u tio n  coefficient, 
w h en  th e  p a r titio n  coefficients o r th e  c o n cen tra tio n  c o n s ta n ts  o f  th e  adsorb- 
a b le  species an d  th e  e lu en t c o n c e n tra tio n  are  know n. I f  th e  a m o u n t o f th e  
e lu te d  A 2- or H A -  ions is sm all co m p ared  to  th a t  of th e  e lu e n t ch lo ride  ions, th e  
p a r t i t io n  coefficients can  be ca lcu la ted  u s in g  th e  following e q u a tio n s  [1]:

lg dA =  log K xa Q '-~  2 log [Cl] (3)

lg dHA =  log K XHA Q — log [Cl] (4)

I n  E q u a tio n s  (3) an d  (4) Q is th e  v o lu m e  cap ac ity  of th e  re sin  in  m eq u /m l; 
K x th e  co n cen tra tio n  c o n s ta n t o f  th e  an io n ic  species re fe rrin g  to  th e  e lu en t 
(ch lo rid e) ion.

(HA)  [Cl] . _  (A)[CIY
HA [HA]  (Cl) ’ A [A] (Cl)2

F o rtu n a te ly , th e re  are  som e p o ssib ilities  fo r sim p lifica tio n s, because  in  
c e r ta in  p H  ranges on ly  one species is p re d o m in a n t and  u su a lly  th e  ad so rp tio n  
s t r e n g th  o f th e  b iv a le n t ion  is m uch  h ig h e r  th a n  th a t  o f th e  m o n o v a len t one, 
a n d  th e  adso rp tio n  o f th e  la t te r  can  b e  neglected .

T h e  d is trib u tio n  coefficient o f  p o ly b asic  w eak acids can  be  in fluenced  
b y  th e  co n cen tra tio n  of th e  com p etin g  e lu e n t ion and  b y  th e  p H  of th e  e lu en t 
so lu tio n  b u t  only  to  a lim ited  e x te n t. U n fo rtu n a te ly  in  th e  case o f th e  s e p a ra ­
t io n  o f  w eak  acids o f s im ila r c h a ra c te r  th e  change of th e  e lu e n t c o n cen tra tio n  
a c ts  in  th e  sam e w ay, a n d  b y  se lec ting  th e  b e s t p H  va lu e  also  th e  se lec tiv ity  
o f  th e  sep ara tio n s can  be  increased  b u t  o n ly  to  a lim ited  e x te n t . T he se lec tiv ity  
c a n  b e  increased  effec tively  b y  th e  use  o f  com plex fo rm ing  m e ta l ions. Sa m u - 
e l s o n  et al. [3, 4] used  successfully  zinc an d  m agnesium  a c e ta te  as e lu en t fo r 
s e p a ra tio n  of som e a lip h a tic  acids. S im ila rly  o th e r com plex  fo rm ing  m e ta l
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ions e.g. n icke l(II) ions can be a d v a n ta g e o u s ly  u sed  if  acids o f d iffe ren t co m ­
p lex  fo rm ing  p ro p e rtie s  are to  be  s e p a ra te d .

T h e  d is tr ib u tio n  coefficient o f  a  d ibasic  w eak  acid in  th e  p resence  of 
com plex  form ing b iv a le n t m etal ions is c a lc u la ted  b y  th e  follow ing e q u a tio n :

lg D a  =  lg (K x QZ) -  lg aMM) -  2 log [Cl] (5)

Fig. 1. Logarithmic diagram  of the d istribution coefficients o f sulphosalicylic (SSA), salicylic  
(SA ) and acetyl-salicylic (ASA) acids in absence (full line) and presence (broken line) o f  

nickel(II) ions, obtained  by static  m easurem ents

T his e q u a tio n , w hich  is very  s im ila r to  t h a t  d ed u ced  b y  R ingbom  [5] c a n  be  
used  in  m ost cases, since  for th e  c o m p le x a tio n  o f d ibasic  acids b i- or t r iv a le n t  
m e ta l ions are u sed  a n d  usually  do  n o t  fo rm  a n y  new  n eg a tiv e ly  ch arg ed  ad - 
so rb ab le  species, a  is th e  co m p lex a tio n  coeffic ien t, w hich can  be  ca lcu la ted  
if  th e  c o n cen tra tio n  o f  th e  free m e ta l  ions a n d  th e  s ta b ility  c o n s ta n t o f  th e  
1 : 1 com plex  (or r a th e r  the  a p p a re n t  s ta b il i ty  c o n s ta n t K[  ta k in g  in to  co n ­
s id e ra tio n  th e  p a r t ia l  p ro to n iza tio n  o f  th e  lig an d  a t  given pH ) are  know n.

z A(M)= l  +  [ M ] K [  (6)
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K{  is ca lcu la ted  u s in g  th e  d issociation  c o n s ta n ts  o f th e  acid.

X A ( H)

«л<я) =  1 + [ Я ] - ^ -  +  [Я]2Т Т -

F ig. 2. Logarithmic diagram  of the distribution coefficients o f sulphosalicylic (SSA), salicylic 
(SA ) and benzoic (B A ) acids in absence (full line) and presence (broken line) o f n ickel(II) 

ions obtained by dynam ic m easurem ents

F o r sep a ra tin g  v a rio u s types o f a ro m a tic  acids p re lim in ary  ex p erim en ts  
w ere ca rried  o u t to  se lec t th e  a p p ro p ria te  ion  exchange resin , so lv e n t an d  
com plex  fo rm ing  m e ta l  ion. I t  was fo u n d  th a t  m acroporous s tro n g ly  basic  
an io n  exchange resin  o f  sm all p artic le  size is su itab le  for th e  se p a ra tio n  o f th e  
a ro m a tic  acids o f sm a ll m olecular w e ig h t if  an  e th a n o l—w a te r  m ix tu re  of 
1 : 1 com position  is u se d  as so lven t. As e lu en t chloride an d  as co m p lex an t 
n ick e l(II)  ions w ere chosen . N ickel(II) ion  form s s tab le  com plexes w ith  m an y
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organ ic  lig ands, does n o t form , h o w ev er, h y d ro x o  com plexes in  th e  p H  ra n g e  
4 to  7. N ick e l(II) chloride is so lub le  in  th e  e th a n o l— w a te r  so lv en t m ix tu re  
u p  to  1 M , an d  th e  solu tion  ex h ib its  m in im um  lig h t a b so rp tio n  in  th e  reg ion  
b e tw een  250 an d  300 n m , so th a t  sev e ra l a ro m a tic  acids can  be  m easu red  p h o to ­
m etrica lly  in  th e  presence of n ic k e l(II)  ion.

T o  develop  a m ethod  for th e  se p a ra tio n  of o rgan ic  a ro m a tic  acids f irs t  
b a tc h  ex p erim en ts  w ere carried  o u t  to  de te rm ine  th e  ion  exch an g e  c o n s ta n ts

\  \ d n p a

\  \
\  \X \

\  \
\  \

\  \
\  \

4  \
\  \  

\  \  
\

N

1___________
-1 0 

log tCIl

Fig. 3. Logarithm ic diagram of the d istribution coefficients o f din itrophthalic acid, obtained  
b y  sta tic  m easurem ents, in absence (full line) and in presence (broken line) o f n ickel(II) ions

o f th e  co rrespond ing  anions. As re fe rence  ion  ch loride ion  —  as genera lly  a c ­
c e p te d —  an d  as so lv en t 1 :1  e th a n o l—w a te r  m ix tu re  w ere used . A ll ex p erim en ts  
w ere ca rried  o u t a t  p H  5.5. Since th e  lo g arith m  o f th e  d issoc ia tion  c o n s ta n ts  
o f th e  carb o x y lic  groups of th e  ac ids are  u su a lly  g re a te r  th a n  —4, a t  th e  p H  
chosen th e y  w ere assum ed to  be  co m p le te ly  d issocia ted , w hile th e  pheno lic  
g roups b e in g  m uch  w eaker acids, p ra c tic a lly  und isso c ia ted .

B y  m eans o f b a tc h  ex p erim en ts  th e  vo lum e d is tr ib u tio n  coeffic ien ts o f 
tra c e  am o u n ts  of acids were d e te rm in e d , a t  v a ry in g  co n cen tra tio n s  o f lith iu m  
chloride o r n ick e l(II) chloride. T h e  fo u n d  vo lum e d is tr ib u tio n  coeffic ien t 
d a ta  are  su m m arised  in  Figs 1 a n d  3.
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B y  m eans o f io n  exchange co lum n  also e lu tio n  ex p erim en ts  w ere carried  
o u t  using  lith iu m  ch lo ride  or n ick e l(II)  ch lo ride  o f v a ry in g  co n cen tra tio n  as 
e lu en ts . F rom  th e  o b ta in e d  peak  e lu e n t vo lu m e an d  co lum n volum e d a ta  also 
th e  vo lum e d is tr ib u tio n  coefficients w ere ca lcu la ted . T he D  va lues o b ta ined

\  \DNPa \

V  \
\  \  \
\  N \
\  \  \
\  \  \
\  \  \

\  \  \  
pa\  \

4'
\

-1 0 
log [CIJ

F ig . 4. Logarithmic diagram  of the distribution coefficients o f  dinitrophthalie (D N P A ) and 
ph thalic  (PA) acids, obtained  by dynam ic m easurem ents, in absence (full line) and in presence

(broken line) o f  n ickel(II) ions

b y  co lum n m easu rem en ts  w ere fo u n d  in  a ll cases so m ew h at low er th a n  tho se  
ca lcu la ted  from  s ta t ic  m easu rem en ts . T h e  d is tr ib u tio n  coefficients o b ta in ed  
b y  co lum n m easu rem en ts  are su m m arised  in  F igs 2 a n d  4.

F o r th e  ca lcu la tio n  o f th e  K x v a lu es  o f th e  an ionic  species th e  curves 
o b ta in e d  in  th e  absence  o f n ick e l(II) ions b y  s ta tic  m easu rem en ts , w hile in  
th e  cases o f b en zo a te  an d  p h th a la te  ions th e  curves o f th e  co lum n m easu re ­
m e n ts  were used. As can  be seen, th e  fu ll line curves in  F igs 1 an d  3 (and  in 
F igs 2 and  4) can  b e  a p p ro x im a ted  w ith  th e  follow ing e q u a tio n s:
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Benzoic acid  (F ig . 2)
lg Д ва =  - 0 .4  -  0.8 lg  [Cl]

Salicylic ac id  (F ig . 1)
lg D &a =  0 . 3 - 0 . 9  lg [Cl]

A cetylsalicylic  ac id  (F ig . 1)
lg ^ asa 2.0 —  lg [С/]

Sulphosalicylic  acid  (F ig . 1):
lg D s ,A =  0.76 -  2 lg  [Cl]

P h th a lic  ac id  (F ig . 4):
lg Д ра  =  - 0 .4  -  2 lg [Cl]

D in itro p h th a lic  acid (F ig . 3)
lg Д ояра  =  0.38 —  2 lg [Cl]

O n th e  basis o f  th e  above eq u a tio n s  one can  estab lish  th a t  u n d e r th e  
cond itions p rev a ilin g  in  th e  ex p e rim en ts  th e  acids a re  p re se n t as com plete ly  
d issociated  m ono- a n d  b iv a le n t an io n s ex cep t b enzo ic  a n d  salicylic  acids, in  
case o f which th e  d issoc ia tion  is n o t  com plete  ow ing to  th e ir  low er f irs t  dissoci­
a tio n  constan ts .

U sing th e  c a p a c ity  o f th e  re s in , th e  K x va lues w ere ca lcu la ted  d irec tly  b y  
E q u a tio n s  (3) an d  (4), b u t  in  th e  case  o f benzoic a n d  also salicy lic  acid  a co r-

ТаЫе I

Volume ion exchange constants o f  some mono- and bivalent 
aromatic anions referred to chloride ion, in  1 : 1 ethanol—water 
mixture, calculated from  distribution data obtained at p H  5.5, 

at room temperature Ion exchange resin Lewatil M P —500

L ig a n d
A n io n  f o r m e d  

a t
pH 5.5

K A—Cl

B enzoate A - 0 . 4 6 *

Salicylate A - 2 . 7 5

A cetyl-salicylate A - 1.1

Sulpho-salicylate A 2- 6 . 9

P hthalate A 2- 0 . 4 8 *

D initrophthalate A 2- 2 . 9

* from column measurem ents

rec tio n  for in co m p le te  d issoc ia tio n  w as m ade. T h e  ca lc u la ted  a p p a re n t con­
s ta n ts  were m u ltip lie d  b y  th e  p ro to n a tio n  coeffic ien t («д(я)) to  o b ta in  th e  
re a l K x values. T h e  ca lcu la ted  io n  exchange c o n s ta n ts  are  sum m arised  in  
T ab le  I .
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T h e d is tr ib u tio n  coefficients in  th e  presence  of in c reas in g  n icke l(II) 
c h lo rid e  co n cen tra tio n  w ere fo u n d  to  be  low er th a n  th o se  o b ta in e d  in  th e  a b ­
sen ce  o f  com plex fo rm in g  ions (i . e. in  eq u iv a len t lith iu m  ch lo ride  solu tion) 
co rresp o n d in g  to  th e  e x te n ts  o f co m p lex a tio n  o f th e  in d iv id u a l acids. (See 
b ro k e n  line curves in  F igs 1— 4.)

H ow ever, in  th e  case of d in itro p h th a lic  acid  th e  d ifference  b e tw een  th e  
d is tr ib u tio n  coefficients m easu red  in  th e  absence an d  p resen ce  o f  n icke l(II) 
ions do  n o t increase, b u t  decrease w ith  increasing  ion  c o n c e n tra tio n  o f  n ick e l(II).

F ig . 5 . Chromatographic separation o f benzoic (B A ), salicylic (SA ), d in itrophthalic  (D N PA ), 
su lp hosa licy lic  (SSA) acid m ixture using also n ickel(II) ions as com plexant. Ion  exchange  

column: Lew atit M P 500 (150 — 300 m esh); 5 X l8 0  m m ; flow  rate: 0.1 m l/m in

T h is  anom alous p h en o m en o n , w hich  is in co n sis ten t w ith  th e  b as ic  p rinc ip le  
(i. e. t h a t  only th e  n e g a tiv e ly  ch a rg ed  species are  ad so rb ed  o n  th e  re s in ), can  he 
e x p la in e d  p ro b ab ly  b y  a  sa ltin g  o u t e ffec t; n am ely  th e  in c rea s in g  c o n c e n tra ­
t io n  o f  th e  sa lt w as responsib le  fo r th e  increasing  a d so rp tio n  s tre n g th  o f th e  
n o n  io n ic  d in itro p h tlia la to  n ick e l(II)  com plex  m olecule.

O n th e  basis o f th e  o b ta in ed  d is tr ib u tio n  coefficien t d a ta  a n d  K x values 
s e p a ra tio n s  of th e  acids w ere p lan n ed  an d  carried  o u t using  an  an io n  exchange 
co lu m n  an d  an  e lu en t th e  com position  o f w hich w as changed  s tep w ise  d u ring  
ch ro m a to g ra p h y .

T w o ch ro m ato g ram s of th e  sep a ra tio n s  o b ta in ed  w ith  L e w a tit  M P 500 
re s in  co lum n using lith iu m  chloride a n d  n ick e l(II)  chloride as e lu e n t so lu tions 
c a n  b e  seen in  Figs 5 a n d  6.

T h e  calcu lation  o f  th e  p eak  e lu e n t vo lum e va lues, u sin g  th e  o b ta in ed  
K x v a lu e s , and  s ta b ility  c o n s ta n t, d issoc ia tion  c o n s ta n t d a ta  g iv en  in  th e  l i te r ­
a tu re ,  a n d  E q u a tio n s (3), (4), (5) a n d  (6), can  be  given b r ie fly  as follows. 
(T he co n stan ts  w ere u sed  w ith o u t a n y  co rrec tion , assum ing  t h a t  th e  erro rs of 
th e  ap p ro x im a te  ca lcu la tio n s w ere in  s im ila r o rd e r of m a g n itu d e  as th e  d ev i­
a tio n s  o f  th e  co n stan ts  in  aqueous a n d  in  m ixed  so lv en t so lu tions.)
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ml

Fig. 6. Chromatographic separation of phthalic (PA ) and dinitrophthalic (D N P A ) acids, using  
nickel(II) ions as com plexant. Ion exchange column: Lew atit M P 500 (150—300 mesh);

5 X 180 mm ; flow  rate: 0.1 m l/m in

Acid dissociation constants and first stab ility  o f the N i-com plex used:

Benzoic acid: lg к , =  —4.0; lg К г =  0.9 [6]
Salicylic acid: lg k, =  —2.9, lg k 2 =  —13.1: [7]; lg К г =  7.0 [8]
Sulphosalicylic acid: l g k < l ;  lg k 2 =  —2.6, lg k3 — —11.6 [7]; lg  K 1 =  6.4 [9] 
Phthalic acid: lg A, =  —2.8, lg кг =  —5.1 [7]; lg K t  =  2.1 [6]
Dinitrophthalic acid: lg  кх =  —1.7, lg k 2 =  —3.2 [10]; lg =  1.78 (estim ated)
Resin colum n volum e, X  =  3.52 ml; Void fraction, a =  0.4.

Separation I  (See F ig . 5)

Benzoic acid (E luent 0.1 M  LiCl)
lg D bä =  —0.4 -|“ 9.8 — 0.4; D ba ■ 2.5
»m i, bä =  X (D Ba -(- a) =  3.52 • 2.9 «= 10.2 m l
Salicylic acid (E luent: 22 ml 0.1 M  LiCl -)- 0.25 M  LiCl)
lg D iA =  0.3 +  0.9 =  1.2; D la =  16

22 =  Xj(Dl -|- a) =  *i • 16.4; *) =  1.34 m l 
lg D1a =  0.3 +  0.54 =  0.8; D |A =  7 
»mu, s a  =  22 +  (3.52 -  1.34) (7 +  0.4) «=* 38.1 ml
Dinitrophthalic acid (E luent: 22 ml 0.1 M  LiCl -j- 26 m l 0.25 M  biCl -f- 0.125 M  NiCI2) 
lg D dnpa =  0.38 -f- 2 =  2.38; D dnpa — 240 
lg D dnpa =  0.38 1.2 =  1.58; D dnpa =  38
<*dnpa(ni) =  1 +  0.125 • 60 8.5; lg a =  0.93
lg D dnpa =  0.38 — 0.93 +  1.2 =  0.65; D f,npa =  4.5 

22 =  *j • 240; =  0.092 ml
26 =  x 2 ■ 38.4; x 2 =  068 ml; *i +  x2 =  0.77 ml 

»m i, dnpa — 48 -{- (3.52 — 0.77) (4.5 -j- 0.4) 61.5 ml
Sulphosalicylic acid (E luents: 22 ml 0.1 M  LiCl 26 ml 0.25 M  LiCl -f~ 23 m l 0.125 M  
NiClj +  0.5 M  NiCl2) 
lg DJba =  0.76 +  2 =  2.76; D !B8A =  580 
lg D I sa  =  0.76 +  1.2 =  1.96; D J sa  =  92

«saA(N0 =  l + [ N i ] ^  =  1 + 0 . 1 2 5 - ^  =  1.25

lg ® S SA (N i) =  0.1
lg Dssa =  0.76 -  0.1 +  1.2 =  1.86; DlaA =  72
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c*3sa(ni) =  1 +  0.5 • 2 =  2; lg  otssA =  0.3 
lg  -Dssa “  0.76 — 0.3 — 0 =  0.46; D ssa =  2.9

22 =  580 x , =  0.038  
26 =  92.4 x2; x 2 =  0.28
23 =  72.4 ж3; x ä =  0.32

1 W . 8sA =  71 +  (3.52 -  0 .64) (2.9 +  0.4)«a80.5 m l 
Separation  I I  (See F ig . 6)
P h th a lic  acid (Eluent: 0.25 M  LiCl) 
lg  D pa =  —0.4 4~ 1.2 — 0.8; D p \ — 6.3 
отач, p a  =  3.52 (6.3 -f- 0 .4) =  23.5 ml
D initrophthalic acid (E luent: 32 m l 0.25 M  LiCl - f  0.125 M  NiCl2l  
lgDNPA — 0.38 4~ 1.2 =  1.58; -Ddnpa =  38 
OínNPAfNi) — 1 "f" 0.125 • 60 =  8.5; lg oídnpa — 0.93 
lg D m p a  =  0.38 -  0.93 4- 1.2 =  0.65; Df,sPA =  4.5 

32 =  38.4 Xj ; x ,  =  0.84
Umax, dnpa =  32 4- (3.52 — 0.84) (4.5 4- 0.4) =  45.2 ml

The ca lcu la ted  vmax va lues a n d  those  o b ta in ed  from  th e  ch ro m ato g ram s 
a re  sum m arised in  T ab le  I I .  A s i t  can  be seen from  th e  ta b le , th ere  are  no 
h ig h  deviations b e tw e e n  th e  ca lcu la ted  an d  ex p e rim en ta lly  fo u n d  p eak  e lu en t 
vo lum es.

E x p erim en ta l

Reagents. In all experim ents a.g. reagents were used.
0.01 M  stock so lu tion s of benzoic, salicylic, acetylsalicylic, sulphosalieylic, phthalic, 

dinitrophthalic acids were prepared b y  w eighing the solid substances and dissolving in ethanol, 
and after adjusting w ith  ethanolic 0 . Ш  lith ium  hydroxyde solution  to  pH  5.5, diluted to  
th e  required volume.

2 M  lithium chloride stock solution. The solid sa lt was weighed and dissolved in 1 : 1 
ethanol-w ater m ixture and diluted to the required volum e. The chloride concentration of th e  
so lu tion  was checked b y  argentom etric titration.

Table I I

Calculated and experimentally found peak eluent volumes o f  some aromatic acids, using eluent 
solution o f stepwise varied composition, o f  p H  5.5

Acid Eluent used
*'max (ml)

calculated found

B enzoic acid 0.1 M  LiCl 10.2 9
Salicylic acid 22 ml 0.1 M  LiCl 4- 0.25 M  LiCl 38.1 37
Dinitrophthalic acid 22 ml 0.1 M  LiCl 4- 

4- 26 ml 0.25 M  LiCl 4- 
4- 0.125 M  NiCI2 61.5 60

Sulphosalieylic acid 22 ml 0.1 M  LiCl +
4- 26 m l 0.25 M  LiCl 4-
23 ml 0.125 M  NiCl2 
4- 0.25 M N iC l,

80.5 82

Phthalic  acid 0.25 M  LiCl 23.5 21
Dinitrophthalic acid 32 m l 0.25 M  LiCl 4- 

4- 0.125 M  NiCl2 45.2 46
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1 M  n ickel(III) chloride stock solution. The solid crystalline sa lt was weighed and  
dissolved in 1 : 1 ethanol-w ater mixture and d ilu ted  to the required volum e. The pH and the  
chloride concentration o f the solution were determ ined.

Ion exchange resin. L ew atit MP 500 com m ercially  available resin was sieved and the  
fraction o f 0.3 —0.5 mm particle size was treated  w ith  acid and alkali in the usual w ay, then  
transform ed to the chloride form  and washed w ith  deionised water and finally  extracted in  a 
Soxleth  apparatus w ith 96%  ethanol. The ex tracted  resin was dried at room tem perature 
and stored in glass bottle. The capacity o f the resin was determ ined b y  the usual m ethod [11] 
and found to be 3.15 m equ/g air dried resin. T he colum n density o f  the resin was a — 0.29.

For elution experim ents the pretreated resin was ground and fractionated by sed i­
m entation until a fraction o f  150 — 300 mesh particle size was obtained.

Instruments. For qu antitative  determ ination o f arom atic acids a Spektromom 201 
(MOM, H ungary) spectrophotom eter; for the determ ination o f pH  an Universal pH -m eter  
Typ 204 (Radelkisz, H ungary); in  the elution experim ents F ractom at Y  3 (H ako, Germ any) 
fraction collector were used.

Determination o f  distribution coefficients by  static method. 0.25 g air dried pretreated  
resin sam ple of the chloride form was weighed in  a glass stoppered bottle . The solution con­
taining lithium  chloride or nickel(II) chloride and arom atic acid o f required concentration  
in 1 : 1 ethanol-w ater m ixture was prepared from  know n portions o f the stock solutions and  
filled up to 50 ml in volum etric flasks. The am oun ts in //m oles o f the arom atic acids used in  
the experim ents (50 ml final volum e) were as follow s: Benzoic acid 25, salicylic acid 10, acetyl- 
salicylic acid 25, su lphosalicylic acid 25, phthalic acid 5, and dinitrophthalic acid 12.5. 25 ml 
of the solution prepared was added to the resin sam ple b y  a p ipette and after closing the b ot­
tle, it  was allowed to stand 24 hours, shaked periodically to reach the equilibrium. After equilib­
ration a fraction of the original solution and a fraction  o f the equilibrated solution was analysed  
spectropliotom etrically. The optical density w as m easured at the follow ing wave lengths for 
the determ ination of the individual acids: B enzoic acid 272, salicylic and sulphosalicylic acid: 
300, acetylsalicylic acid 295, phthalic acid 225, dinitrophthalic acid 305 nm . The concentration  
was determ ined using calibration graphs and th e  D s w eight- and D  volum e distribution coeffi­
cients calculated:

_  m equ. ion/g air dried resin  
mequ. ion/ml solution

D  =  D s a
Elution experiments. For elution experim ents an ion exchange colum n of size 5 x  100 m m  

was prepared from the pretreated finely ground ion exchange resin. A  sm all portion o f the  
stock solution was poured on the resin column and the elution was carried out with lith ium  or 
nickel(II) chloride eluent solution  made w ith 1 : 1 w ater-ethanol m ixture. The flow rate o f  
the eluent was kept constant, 0.1 ml/min. The efflu en t was collected in 1 or 2 ml fractions using  
an autom atic fraction collector, and the fractions filled up to 5 ml w ith  solvent m ixture and  
analysed. From the obtained data elution graphs were constructed and the peak eluent volum e  
(vmax) *n ml determined. The volum e distribution coefficient was also calculated [12]:
D  =  Уп1ах — a 

X
X  =  colum n volum e in m l; a =  void fraction o f  the colum n.

Separation of acids. Ion exchange colum n o f size 5 X 180 m m  was prepared from  the  
pretreated finely ground ion exchange resin. Sm all portions of the stock solutions of the acids 
were p ipetted on the colum n, washed w ith som e drops o f ethano l—water solvent m ixture. 
The tota l am ounts o f the acids separated were: B enzoic acid: 25, salicylic acid 5, dinitrophtha­
lic acid 5, sulphosalicylic acid 7.5, phthalic acid  2.75 p mol. The elu tion  was carried out w ith  
eluents given in Figs 5 and 6, w ith  a flow rate o f  0.1 m l/m in. The efflu en t was collected in 1 m l 
fractions. The optical den sity  o f  the fractions after dilution to 5 m l was measured at the proper 
wave length (given before).

*

The authors express their thanks to Prof. L. E r d e y ,  H ead o f the Institute, for his sup- 
port and attention concerning the work.
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INVESTIGATIONS IN THE FIELD OF RADIATION-  
INDUCED SOLID STATE POLYMERIZATION, XXV*

IN FL U E N C E  OF A  SECOND COMPONENT ON T H E  SO LID STATE POLYM ERIZATION
OF CETYL V IN Y L  E T H E R

Gy . H a r d y , K. N y i t r a i  and F. C s e r

(Research Institute fo r  P lastics, B udapest)

Received March 15, 1968

The kinetics o f the solid state polym erization were investigated  in the binary  
system s cety l v iny l ether-p-benzoquinone and cetyl v in y l ether-dim ethyl oxalate. 
I t  was found that the additives som ew hat retard polym erization  up to the eu tectic  
com position , but at higher concentrations their effect rem ains unchanged.

The solid state polym erization o f c e ty l v iny l ether occurs by cationic m ech­
anism ; th is has been confirmed by its solid sta te  polym erization  initiated w ith  iodine  
vapour.

In  o u r p rev ious com m unication  [1] w e h a v e  rep o rted  on th e  law s g o v e rn ­
ing th e  liq u id -c ry s ta llin e  an d  solid s ta te  p o ly m eriza tio n  o f  ce ty l v in y l e th e r . 
T he p o ly m eriza tio n  ra tes  have  been  fo u n d  to  change p ro p o rtio n a lly  to  th e  
firs t pow er o f dose ra te , w hich is g en era lly  an  in d ica tio n  of p o ly m eriza tio n  
occu rring  b y  ion ic  m echanism . C onsidering th e  te n d e n c y  o f a lip h a tic  v in y l 
e thers to  p o ly m eriza tio n  b y  ca tion ic  m ech an ism , th e  process in  all p ro b a b ili ty  
tak es  p lace  acco rd ing  to  th is  m echan ism . I n  th e  p re se n t w ork  we h a v e  in ­
v e s tig a te d  th e  effects o f benzoqu inone a n d  d im e th y l o x a la te  ad d itives on  th e  
solid s ta te  p o ly m eriza tio n  of cety l v in y l e th e r . B enzoqu inone is a free ra d ic a l 
accep to r, w hile d im e th y l oxa la te  w as chosen  as an  in e r t ad d itiv e  h a v in g  a l­
m ost th e  sam e p h ase  d iagram  as b en zo q u in o n e . In  p rev ious papers [2, 3] we 
have  p o in te d  o u t th a t  th e  m echanism  o f so lid  s ta te  p o ly m eriza tio n  can  b e  
d e te rm in ed  w ith  g rea t c e rta in ty  b y  s tu d y in g  th e  effect o f ad d itiv es , m a in ly  
for m onom ers po lym erizing  accord ing  to  acce lera tin g  k in e tica l cu rves, p r o ­
v ided  th e  p h ase  d iagram s are know n.

E xp erim en ta l
The experim ental m ethod was the sam e as described previously [1]. The phase diagram s 

of the binary system s were determined by a polarization-optical m ethod [4]. To avoid anom alies 
due to co-crystallization  [5], the binary system s o f various com positions were m elted prior 
to irradiation and crystallized at a temperature 1 —2 °C below the m elting point of the eu tectic  
com position. Polym erization was carried out in th e  presence o f iodine by applying an about 
0.02 m m  th ick  layer of 0.5 g o f cetyl vinyl ether to  the walls o f norm al test tubes. In another  
small open glass vessel 1 g of iodine was weighed and this vessel w as then  placed into th e  te st  
tube containing the cety l v inyl ether which was m aintained at the tem perature of polym eriza­
tion. The beginning of polym erization was counted from  the tim e the iodine was placed in to  
the test tube. A fter the end of polym erization, first the vessel containing the iodine w as re­
m oved from  the te st  tube and the unchanged cety l v in y l ether m onom er extracted, w ith ou t  
dissolution, w ith  acetone at the temperature o f polym erization . In acetone solution no p o ly ­
m erization o f the monomer takes place in the presence of iodine.

*Part X X IV : European Polym . Journ. 5, 133 (1969)
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R esults an d  discussion

Fig . 1 show s th e  phase d iag ram  o f th e  system  ce ty l v in y l e th e r-b e n zo -  
q u in o n e , w hich is ch a rac te rized  b y  an  e u te c tic  m ix tu re  co n ta in in g  4.5 m o le-%  
o f  benzo q u in o n e  a n d  h av in g  a m e lting  p o in t  o f 14 °C. S im ilar phase d iag ram s 
w ere  o b ta in ed  fo r  th e  system s ally l p a lm ita te -b e n zo q u in o n e  [6] an d  v in y l

Fig. 1. Phase diagram  o f the binary system  cety l v in y l ether (M \) and benzoquinone (M 2)

la u ra te —b en zo q u in o n e  [7]. E v en  th e se  m onom ers w ith  long  a lip h a tic  s u b s ti­
tu e n ts  form  an  e u te c tic  m ix tu re  w ith  re la tiv e ly  sm all am o u n ts  of b en zo ­
q u in o n e . The p o ly m eriza tio n  k in e tica l cu rv es  in  Fig. 2 w ere d e te rm in ed  a t  
0 °C  fo r system s w ith  various b en zo q u in o n e  co n ten ts . I t  ap p ears  qu ite  c lea rly  
t h a t  w ith  increasing  q u an titie s  of b en zo q u in o n e , up  to  th e  eu tec tic  com posi­
t io n , th e  len g th  o f  th e  in d u c tio n  perio d  increases an d  th e  slope of th e  s te e p  
sec tio n  of acce le ra tin g  k in e tica l curves decreases, i. e. even  th e  acce le ra ted  
sec tio n  will be so m ew h a t slower th a n  in  th e  case of th e  p u re  m onom er. I t  w as 
e s tab lish ed  in  o u r ea rlie r w ork [1] th a t  th e  accelera ting  k in e tica l curve in  th e  
case  o f  ce ty l v in y l e th e r  was c h a ra c te r is tic  o f  th e  m onom er in  th e  sm ec tic  
liq u id  c ry s ta l s ta te .  As in d ica ted  b y  th e  p h ase  d iag ram , th e  liqu id  c ry s ta llin e  
p h a se  o f ce ty l v in y l e th e r  form s w ith  b en zo q u in o n e  an  eu tec tic  m ix tu re  a t  
14 °C , th u s  a t  0 °C  ce ty l v iny l e th e r  is in  a liqu id  c ry sta llin e  s ta te . T h is is 
co n firm ed  b y  p o la ro p tic a l p a tte rn s  ta k e n  a t  0 °C. C onsequen tly , th e  b en z o ­
q u in o n e  m olecules d isp lay  th e ir  ac tion  on  th e  ce ty l v iny l e th e r  p la tes a long  th e  
p la n e  form ed b y  th e  v iny l groups. T h e y  m ay  e ith er b lock  th e  em erg ing  o f 
v in y l groups from  th e  p lane , or a lte r  th e  d ie lec tric  cond itions in  th e  p o ly m eri­
z a tio n  area. T he f i r s t  effect w ould lead  to  th e  accelera tion  o f  p o ly m eriza tio n  
(see P a r t  X X IV  o f th is  series), so th a t  th e  second a ssu m p tio n  appears to  be 
m o re  likely. T he m ax im u m  size o f th e  c o n ta c tin g  surfaces develops up  to  th e
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eu tec tic  com position ; a f te r  th is , th e  s e p a ra te  b en zo q u in o n e  crysta ls  h a v e  no 
effect on th e  k in e tic  process of p o ly m eriza tio n . I t  a p p e a rs  from  T ab le  I  th a t  
benzoqu inone has no  unam biguous e ffec t on th e  m o lecu la r w eight, an d  on  th e  
in trin s ic  v iscosity  o f th e  v alue  of l im it  conversion. T h is is in  good ag reem en t 
w ith  th e  above e x p lan a tio n . In  th e  case  of o th e r m onom ers in v es tig a ted  so fa r, 
w hich polym erize in  th e  solid phase  accord ing  to  acce le ra tin g  k in e tica l cu rves, 
in  ag reem en t w ith  a ra d ic a l m ech an ism , an  u n am b ig u o u s re ta rd in g  e ffec t of
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Fig. 2. Polym erization k in etica l curves o f c e ty l v in y l ether irradiated w ith a constant dose rate 
o f  5.26 X 104 rad/hour at 0 °C, in  the presence o f  various quantities o f benzoquinone: О =  0% , 
D =  2.25 m ole-% , Д =  2.5 m ole-% , x =  4.5 m ole-%  (eutectic com position), •  =  15 mole-%

benzoquinone

benzoqu inone was o b se rv ed , e.g., fo r  N -v iny lsuccin im ide  [2], N -v in y lca rb a - 
zole [8, 9] an d  ac ry lam id e  [3] m o n o m ers; a t  th e  sam e tim e , th e  p re s ­
ence of benzoqu inone considerab ly  low ered  th e  m o lecu la r w eights o f  th e  
fo rm ed  polym ers an d  th e  lim it co n v ersio n  of solid s ta te  po lym eriza tio n  was 
m ark ed ly  decreased. F ig . 3 show s th e  p o ly m eriza tio n  k ine tica l cu rves of 
p u re  ce ty l v in y l e th e r  a n d  of a s y s te m  con ta in ing  15 m ole-%  of b e n zo q u i­
n one  a t  —10 °C. T h e  sy s tem  was p re p a re d  by  s to rin g  th e  sam ples a t  — 10 °C 
fo r  72 h rs p rio r to  ir ra d ia tio n , to  co m p le te  th e  slow c ry s ta lliz a tio n  process [1]. 
A t th is  te m p e ra tu re  c e ty l v iny l e th e r  form s solid th ree -d im en sio n a l c ry sta ls  
a n d  its  solid s ta te  p o ly m eriza tio n  k in e tic a l curve h a s  lin ea r  ch a rac te r . I t  is 
obvious th a t  b en zoqu inone  co n cen tra tio n s  m uch ab o v e  th e  eu tec tic  com posi­
t io n  resu lt in  a m ild re ta rd in g  ac tion . I n  F ig . 4 are p lo tte d  th e  resu lts  o b ta in e d  
a t  —20 °C, u n d er o therw ise  u n ch an g ed  conditions, t h a t  is in  th e  te m p e ra tu re  
ran g e  of th e  second c ry sta llin e  m o d ifica tio n  of ce ty l v in y l e th e r [1]. H ere , 
to o , a benzoqu inone co n cen tra tio n  th re e  tim es h ig h e r  th a n  in  th e  eu tec tic  
m ix tu re  h as  only  a m ild  re ta rd in g  e ffec t.

A c ta  C h im . A c a d . Se i. H u n g . 6 2 , 1965
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Table I

In trinsic  viscosity values o f  the polym ers form ed in the binary systems cetyl v in y l ether (C V E )-
rate o f  5.26 X 10*, as a function o f the

Conversion 
of pure 

poly-CVE
%

Ы

0.25 mole-% 
BQ

M

2.5 mole-% BQ

M

4.5 mole-% BQ

conversion
%

conversion
%

conversion
%

5.2 0.060 5.9 0.060 10.0 0.096 12.7

12.0 0.042 14.0 0.071 17.0 0.078 15.6

27.5 0.050 39.0 0.068 24.5 0.078 24.6

39.5 0.082 42.0 0.041 46.2 0.064 39.9

50.1 0.070 63.0 0.078 52.0 0.063 49.3

65.1 0.048 65.1 0.070 43.0 0.088 60.1

69.4 0.052 68.3 0.085 68.0 0.062 67.3

72.0 0.070 70.0 0.076

73.1 0.076 77.0 0.070

T h e effect of c ry s ta lliz a tio n  tim e  on th e  b eh av io u r o f th e  b in a ry  system s 
w as also  in v estig a ted . T h e  k in e tica l curves show n in Fig. 5 w ere  m easured  on 
sy s te m s  irrad ia ted  im m e d ia te ly  a fte r  cooling dow n to  —10 °C. These resu lts  
d iffe r  essen tially  from  th o se  p lo tte d  in  F ig . 2, since th e  in d u c tio n  periods do 
n o t  becom e longer a t  h ig h e r  benzoqu inone co n cen tra tio n s. S y stem s con ta in ing  
b en zo q u in o n e  are r e ta rd e d  o n ly  a fte r  a conversion  of a b o u t 35 %  has been  
a t ta in e d , and  su b se q u e n tly  th e  k in e tica l cu rv e  is in d ep en d en t o f th e  benzo-

Fig. 3. Polym erization k in etica l curves o f cetyl v iny l ether irradiated w ith  a constant dose rate 
o f  5.26 XlO4 rad/hour a t  — 10 °C: x =  pure m onom er; О =  15 m ole-%  benzoquinone

Acta Chim. Acad. Sei. Hung. 62, 1069



HARDY et al.: SOLID STATE POLYMERIZATION, XXV 257

benzoquinone (B Q ) and cetyl v in yl ether-dimethyl oxalate (D M O ) by irradiation at 0 °C with a do s 
composition and the degree o f  conversion

hi

15 mole-% BQ

hi

5.5 mole-% DMO

hi

15 mole-% DMO

hi
conversion

%
conversion

%
conversion

%

0.078 11.2 0.060 5.2 0.060 5.0 0.060

0.075 15.8 0.054 9.2 0.040 6.7 0.060

0.085 25.0 0.081 15.5 0.056 11.0 0.076

0.064 42.0 0.070 19.2 0.043 28.5 0.080

0.058 49.0 0.064 30.0 0.071 56.0 0.056

0.074 68.5 0.053 40.0 0.068 60.5 0.069

0.070 52.0 0.078 67.5 0.086

65.1 0.060 78.5 0.080

70.2 0.052

76.0 0.086

qu in o n e  co n cen tra tio n  w ith  an  a b o u t 10%  reduction  in  th e  v a lu e  o f  lim it con­
versio n . I n  th e  above  cases, th e  re ta rd in g  effect m ay  b e  a t t r ib u te d  ra th e r  to  
th e  la ttic e  d estro y in g  ac tio n  of th e  benzoqu inone c ry s ta ls  w hich  in  th e  case 
o f  lin ea r  k in e tica l cu rves, th a t  is o f m onom ers po lym eriz ing  in  th e  la ttic e , 
b rin g s a b o u t a re ta rd a tio n  o f th e  process [3]. H ere again  i t  is possib le  to  in te r ­
p re t  th e  effect o f b en zo q u in o n e  by  th e  above described  m echan ism . T he only  
d ifference be tw een  th e  tw o  s tru c tu re s  ap p ears  to  be  t h a t  in  th e  tru e  cry sta l-

Fig. 4. Polym erization kinetical curves of cety l v in y l ether irradiated w ith  a constant dose rate 
o f 5.26 X 104 rad/hour at —20 °C: x =  pure monomer; □  =  15 m ole-%  benzoquinone

Acta Chim. Acad. Sei. Hung. 62. 1969
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F ig . 5. Polym erization k in etica l curves o f cetyl vinyl ether irradiated im m ediately  after cooling  
to  — 10° C with 9.3 Xl O4 rad/hour dose rate: □  =  pure m onom er; x =  2.5 mole-% benzo­
qu inone; О =  4.5 mole-%  benzoquinone (eutectic  com position); д  =  15 mole-%  benzoquinone

lin e  s ta te  th e  v iny l g ro u p s are  s itu a te d  in a w ell-defined  p lan e  an d  th is p lane  
is n o t  d istu rbed  b y  th e  p resence  of foreign m olecules. T h u s th e  k inetics of th e  
p ro cess  rem ains lin ea r. I n  th e  case o f rap id  c ry s ta lliz a tio n , an  undercooled , 
l iq u id  crystalline e u te c tic  sy stem  is fo rm ed , so th a t  th e  effect will be sim ilar 
to  t h a t  observed b efo re . O n th e  o th e r  h an d , ra p id  cooling in  th e  less m obile 
s y s te m  does n o t leav e  tim e  for th e  benzoqu inone c ry s ta ls  to  g e t in serted  g ra d ­
u a lly  an d  in acco rd an ce  w ith  th e  com position  in  be tw een  th e  p la tes consist­
in g  o f  clusters of m olecu les. C onsequen tly , th e  effect on  th e  po lym eriza tion

F ig . 6. Phase diagram o f the binary system s cety l v iny l ether (M t ) and dim ethyl oxalate (M 2)

A cta  Chim. Acad. Sei. H ung. 62, 1969
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k in e tica l curve w ill be  p rac tica lly  in d e p e n d e n t of th e  benzoqu inone concen ­
tra t io n , and  k in e tic a l re ta rd a tio n  is observed  in  p rac tice  on ly  a fte r 35%  co n ­
version .

In  o rder to  sho w  th a t  th e  effects observed  w ith  benzoqu inone are  in ­
d ep en d en t of th e  ra d ic a l c ap tu rin g  n a tu re  o f th is  su b s ta n c e , a com pound  was 
so u g h t, to  be u sed  as an  ad d itiv e , w hose ph ase  d iag ram  w as sim ilar to  a n d  th e  
p o la r ity  ro u g h ly  id e n tic a l w ith  th o se  of benzo q u in o n e . D im eth y l oxala te  
seem ed  to  m eet th e se  req u irem en ts . F ig . 6 show s th e  p h ase  d iag ram  o f th e  
b in a ry  system  c e ty l v in y l e th e r-d im e th y l o x a la te , w h ich  is again c h a ra c te r ­
ized  b y  th e  fo rm a tio n  of an  eu tec tic  m ix tu re  w ith  a m e ltin g  p o in t o f 13.5 °C

F ig . 7. Polym erization kinetical curves o f  cety l v iny l ether irradiated w ith  a constant dose rate  
o f  5.26 x 104 rad/hour at 0 °C in the presence o f various quantities o f  dim ethyl oxalate: О =  
pure monomer; x =  1 moIe-% dim ethyl oxalate; Д =  5.5 mole-%  dim ethyl oxalate (eutectic  

com position); □ =  15 mole-%  dim ethyl oxalate

a t  5.5 m ole-%  d im e th y l o x a la te  c o n te n t. A t th e  m e ltin g  p o in t of d im e th y l 
o x a la te  (54 °C), th is  com pound  m ixes w hen  m elted  w ith  ce ty l v iny l e th e r  on ly  
u p  to  30 m ole-%  o f d im e th y l o x a la te  c o n te n t, hence th e  ex am in a tio n  o f  th e  
p h a se  d iagram  also  ends a t  th is  com position . F ig . 7 show s th e  p o ly m eriza tio n  
k in e tica l curves o f c e ty l v iny l e th e r  w ith  v a rio u s d im e th y l o x a la te  co n ten ts  
m easu red  a t  0 °C. H e re  again  th e  tre n d s  are th e  sam e as in  th e  case o f b en z o ­
qu inone. The in d u c tio n  period  becom es longer, an d  th e  slope o f th e  a c c e le ra t­
in g  section  sm aller in  th e  presence o f d im e th y l o x a la te , a n d  a t  co n cen tra tio n s 
h ig h e r th a n  th e  e u te c tic , th e  degree o f changes is th e  sam e as observed  fo r th e  
e u te c tic  com position .

T he d a ta  in  T a b le  I  show  no u n am b ig u o u s effect o f d im e th y l o x a la te  on 
th e  in trinsic  v isco s ity  o f th e  form ed po lym ers an d  on th e  values of lim it co n ­
version . Thus th e  re su lts  su p p o rt th e  assu m p tio n  th a t  in  th e  given case th e  
m olecules of th e  fo re ig n  su b stan ce  a lte r  th e  d ielectric  cond itions in  th e  a rea  
o f ionic p o ly m eriza tio n  an d  influence th e  course of p o ly m eriza tio n  in  th is  w ay.
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C onsequen tly , th e  effect o f b o th  benzoqu inone an d  d im e th y l o x a la te  
on  th e  course  of th e  p o ly m eriza tio n  o f c e ty l v in y l e th e r  m a y  be  u n eq u iv o ca lly  
e x p la in e d  b y  dielectric  effects.

T o  fin d  fu rth e r  c o n firm a tio n  o f th e  v a lid ity  of th e  p o ly m eriza tio n  m ech a­
n ism  o f  c e ty l v iny l e th e r  sugg ested  ea rlie r [1], th e  effects o f v a rio u s in itia to rs  
a n d  c a ta ly s t  system s w ere in v e s tig a te d . T he resu lts  are show n in  T ab le  I I .  I t

Table II

D e p en d e n ce  o f  th e  p o ly m e r iz a t io n  te n d e n c y  o f  c e ty l v i n y l  e th er  
o n  th e  in i t ia to r  a n d  th e  c a ta ly s t  s y s te m  a p p lie d

No. Initiation
Polymeri­

zation 
tempera­
ture, °C

Polymeri­
zation Note

l . Azo-bis-isobutyronitnle 70 — 6 hrs polym erization

2. Benzoyl peroxide 70 — 6 hrs polym erization

3. U ltra-violet irradiation 25 — 5 hrs irradiation in quarz tube

4. Gamma rays 25 — 22.6 Mrad tota l dose

5. FeCl3* 25 + 20 min; yield about 64%

6. A1CI3* 25 + 20 min; y ield about 71%

7. B F 3* 25 + 20 m in; y ield about 86%

8. TiCl4* 25 + 20 min; y ield about 68%

9. Iodine 25 [ 35 min; y ield about 61%

* diethyl ether solution  
-f- polymerization 
—  no polymerization

a p p e a rs  t h a t  liqu id  p h ase  p o ly m eriza tio n  is in itia te d  only  b y  th e  know n  c a ta ­
ly s ts  o f  po lym eriza tions occu rrin g  b y  ca tio n ic  m echanism . In  fu r th e r  w ork  th e  
k in e tic s  o f th e  solid p h ase  p o ly m eriza tio n  of ce ty l v iny l e th e r  w as s tu d ied . T he 
p o ly m e riz a tio n  was in it ia te d  a t  v a rio u s  te m p era tu res  b y  iodine v ap o u rs  
(F ig . 8). T he k in e tica l cu rves are  lin e a r  a n d  la te r  te n d  to  a lim it conversion . 
T h is  in flec tio n  is m ore p ro n o u n ced  on th e  k in e tic  curve m easu red  a t  0 °C an d  
is s im ila r  to  th e  re ta rd e d  k in e tic a l cu rve .

I n  th is  case, th e  k in e tica l cu rves express b eyond  th e  p o ly m eriza tio n  
k in e tic s  also th e  d iffusion  p ro p ertie s  o f  iod ine  vapours in  b o th  th e  gaseous an d  
th e  so lid  m onom eric ph ase . T h u s, e.g., in  th e  solid ph ase  ( —10 °C, —78 °C) 
th e  d iffu sion  ra te  of iod ine  does n o t change as a fu nc tion  o f th e  q u a n ti ty  o f th e  
fo rm e d  po lym er, w hile a t  0 °C, in  th e  liq u id  c rysta lline  s ta te , i t  m u st decrease 
o w ing  to  th e  h igher v isco sity  (low er m o b ility ).

As show n b y  th e  d a ta  in  T ab le  I I I ,  no u n equ ivoca l co rre la tio n  a n a lo ­
gous to  rad ia tio n  in itia tio n  w as fo u n d  b e tw een  th e  in tr in s ic  v iscosity  o f  th e
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polym ers (i.e. th e ir  m olecular w eigh ts), an d  th e  p o ly m eriza tio n  te m p e ra tu re  
an d  conversion .

T he e ffec tu a l po lym eriz ing  ac tio n  o f iod ine , to g e th e r  w ith  th e  o th e r fac ts  
described , p ro v e  th e  ca tion ic  m echan ism  o f p o ly m eriza tio n . T he f irs t  s tep  
o f  io d in e -in itia ted  p o ly m eriza tio n  is in  a ll p ro b a b ility  th e  ab so rp tio n  o f iod ine 
v ap o u rs  on th e  su rface  of th e  m onom er, fo llow ed b y  th e  fo rm a tio n  o f a charge- 
tra n s fe r  co m p lex  [10], w hich th e n  in it ia te s  ionic p o ly m eriza tio n  [11]. I n  th e  
follow ing s te p  io d ine  diffuses to w ard s  d eep er layers w here  i t  d isp lays th e  sam e
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F ig . 8. Polym erization kinetical curves o f the solid phase polym erization o f cetyl v iny l ether  
at various tem peratures in itiated  w ith  iodine

action . O w ing to  th e  know n  s tru c tu re  o f p ara ffin s , d iffu sion  proceeds a t  a p re ­
ferred  ra te  a long  th e  p lane  of th e  m o lecu la r chain  te rm in a ls  —  th u s  o f th e  
v in y l g roups —  co m p ared  w ith  th e  d iffusion  be tw een  th e  chains. This exp la ins 
th e  fo rm a tio n  o f  th e  po lym er a t  te m p e ra tu re s  as low  as — 78 °C, w hich, a t  th e  
sam e tim e , excludes th e  p o ssib ility  o f iod ine  ac tin g  acco rd ing  to  som e k in d  of 
rad ica l m echan ism .

Table III

Intrinsic viscosity o f  the polymers form ed in the solid state polym erization o f cetyl v in yl ether 
initiated with iodine vapour, as a function o f  the temperature and the degree o f conversion

0°c -10°c -7 8  °C

Ы
Conversion M Conversion [-7]% % %

11.4 0.080 7.8 0.066 11.5 0.071
18.3 0.080 13.7 0.066 15.0 0.073
23.3 0.058 32.0 0.054 16.0 0.047
30.0 0.062 36.0 0.061 18.0 0.071
55.0 0.082 43.4 0.073 24.0 0 062
62.0 0.072
70.1 0.065
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The true com position of the n om inally  binary acetic a c id — carbon tetrachloride  
m ixture has been determ ined from dielectric properties using the A —A 2 — В ternary  
m ixture model. The density  and d ielectric constant of the m ixture have been m easured  
as functions of the nom inal com position . The frequency dependence of the refractive  
index o f acetic acid has been determ ined in the visible region. The results com bined  
w ith the IR  spectrum  of liquid acetic  acid have been used to  determ ine the refractive  
index of the m ixture extrapolated to  in fin ite  wave-length, as a function of the nom inal 
com position. In order to calculate th e  dielectric constant o f the m ixture, the m onom eric 
and dimeric acetic acid molecules w ere m odeled by m eans o f an ideal dipole located in 
an ellipsoidal cav ity  w ith  half-axes a , 6, and c. According to the results, the perm anent 
dipole m om ent o f th e  dimeric acetic acid molecule varies w ith  dilution. The apparent 
equilibrium constant (expressed in m ole fractions) for the dim erization of acetic acid  
at 20° is given b y  th e  following equation:

lg К  =  1.8261 +  2.4549 x B

where x p  is the nom inal m ole fraction o f  carbon tetrachloride.

Introduction

In  th e  la s t th re e  decades in c re a s in g  space has b een  d ev o ted  in  chem ical 
li te ra tu re  to  th e  s tu d y  o f physico -chem ical p roperties o f  su b stan ces w hich u n ­
dergo  association . T h e  in tro d u c tio n  o f  com puters in to  chem ical eng ineering  
s tro n g ly  increased  th e  in te re s t  in such  prob lem s since now  th e  len g th y  an d  tim e- 
consum ing  calcu la tions do n o t p re se n t obstacles. W ell-estab lished  and  un ifo rm  
ca lcu la tio n  m ethods a re  availab le  fo r  non-po lar su b stan ces  [1, 2, 3] w hich , 
how ever, in tro d u ce  a h ig h  degree o f  u n c e r ta in ty  and  v a rio u s  errors w hen  used  
fo r th e  ca lcu la tion  o f th e rm o d y n a m ic  p ro p ertie s  of p o la r  su b stan ces or m ix tu re s  
co n ta in in g  po lar com ponen ts. T he e r ro r  of th e  ca lc u la ted  values is u su a lly  
due  to  th e  difference b e tw een  tru e  a n d  nom inal com positions. In  th is  c o n te x t 
th e  d e te rm in a tio n  o f th e  tru e  co m p o sitio n  of associa ting  su b stan ces or m ix ­
tu re s  con ta in ing  such com ponen ts is o f  considerable im p o rtan ce .

In  p rincip le , th e  tru e  co m p o sitio n  of m ix tu res c o n ta in in g  associa ting  
com ponen ts can be d e te rm in ed  b y  m easu rin g  any p ro p e r ty  of th e  m ix tu re  th a t  
is a fu n c tio n  of th e  degree of a sso c ia tio n .

T he following m e th o d s  are w id e ly  used: IR  a n d  R a m a n  spec tro scopy  
[4— 12], N M R [13— 19], analysis o f  p re ssu re -v o lu m e-tem p era tu re  d a ta  [20— 
27], s tu d y  o f d ielectric  p roperties [28— 34].
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In  th e  p re se n t w o rk , th e  tru e  com positions o f  ace tic  a c id  — carbon  t e t r a ­
c h lo rid e  liquid m ix tu re s  co rrespond ing  to  th e  A — Ag— В te rn a ry  m odel w ere 
d e te rm in e d  from  th e  co m p o sitio n  dependence  o f th e  d ie lec tric  co n stan t.

1 . D ielectric constant o f  polar liquids

Several a p p ro ach es  h a v e  been  described  fo r th e  d e te rm in a tio n  of th e  
d ie lec tric  co n stan t o f  m ix tu re s  co n ta in in g  p o la r com ponen ts [35— 38]. O f basic  
im p o rta n c e  is th e  th e o ry  o f Onsager [39] in  w hich for d ie lec tric  purposes th e  
p o la r  m olecule is re p la c e d  b y  a p o in t d ipole in  a spherical cavity. The c a v ity  
re p re se n tin g  th e  d im en sio n s o f th e  m olecule is in  a hom ogeneous m edium  w ith  
d ie le c tr ic  c o n s tan t e. I f  th e  d ipole is rem o v ed  from  th e  c a v ity , th e  ex te rn a l 
e le c tr ic  field F  w ill g ive  rise  to  an  electric  fie ld  G inside th e  c a v ity . The p e rm a ­
n e n t  dipole m om en t o f  th e  m olecule (an  idea l d ipole inside th e  cav ity ) p o la r­
izes th e  su rround ing  m e d iu m  w hich , in  tu rn ,  ac ts  u p o n  th e  m olecule . T herefore, 
a re a c tio n  field R is su p erim p o sed  on G an d  th e  re su ltin g  fie ld  is

F  =  G +  R (1)

T h u s  reac tio n  fie ld  R  is th e  fie ld  inside th e  c a v ity , i.e. th e  m odel of th e  m ole­
cu le , w ith  zero e x te rn a l fie ld  if  th e  m ed ium  po larized  b y  th e  d ipole  is fixed a n d  
th e  d ipole rem oved fro m  th e  cav ity . T he re a c tio n  fie ld  is p ro p o rtio n a l to  th e  
d ip o le  m om ent o f th e  m olecule, i.e.

R = / m  (2)

T h e  dipole m om ent o f  th e  m olecule m  is a su m  o f th e  p e rm a n e n t (p) and  in ­
d u c e d  dipole m o m en ts:

m  =  p +  a  F (3)

w h ere  к  — th e  av e rag e  p o la riz a b ility  o f th e  m olecule. P ro p o rtio n a lity  fac to r  
f  in  E q . (2), called th e  re a c tio n  field  fac to r , is a fu n c tio n  o f th e  d ielectric con­
s t a n t  o f th e  m ix tu re  (e) a n d  th e  rad iu s  o f  th e  spherica l m olecule  (i):

1 2e — 2 

r3 2e +  l

F ie ld  G in E q. (1) is g iv en  b y  th e  expression

G =
3e

2e +  1
E

(4)

(5)
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LISZI: ACETIC ACID—CARBON TETRACHLORIDE MIXTURE, I 265

In  th e  ca lcu la tio n  o f th e  d ie lec tric  c o n s ta n t o f  p o la r  liqu ids, one shou ld  
ta k e  in to  acco u n t t h a t  th e  dipoles do n o t  h av e  fixed  p o sitions in  space h u t  are  
ran d o m ly  m oving  as a re su lt of th e  th e rm a l m o tion . T herefo re , one shou ld  
use th e  average  v a lu e  fo r th e  co m p o n en t o f th e  d ipole m o m en t in  th e  d irec tio n  
o f  th e  e x te rn a l e lec tric  fie ld , given b y  th e  follow ing expression :

3s [i1

2s +  1 3fcT(l - / a ) 2
(6)

T he d ielectric  c o n s ta n t of a p u re  liq u id  consisting  o f spherica l m olecules 
can  th u s  be  w ritte n  as

± = ± = ± ln L + *  I
e +  3 3 ( 3 k T + f / i 2)

w here  N  —  th e  n u m b e r of m olecules in  1 cm3 of th e  liq u id ; 
fc —  th e  B o ltzm an n  c o n s ta n t;
T  —  th e  ab so lu te  te m p e ra tu re  (°K ).

T he O nsager th e o ry  was m odified  b y  Schölte  [40] w ho considered  th e  
d ie lec tric  c o n s ta n t o f  th e  ac tu a l e n v iro n m en t of th e  c a v ity  rep re sen tin g  th e  
g eo m etry  o f th e  m olecule. The p ro p o sed  m odel is sch em atica lly  show n in  
F ig . 1. T he p o in t d ipole is loca ted  in  th e  cen te r o f a  sp h ere  w ith  rad iu s  a. T h ere  
is v a cu u m  inside th e  sphere , th ere fo re  s1 =  1, th e  s ta t ic  d ielec tric  c o n s ta n t. 
S ince th e  rad iu s  o f th e  m olecule (i.e., o f th e  c a v ity  rep re sen tin g  th e  m olecule) 
equals a , th e  n e a re s t po larizab le  m ed iu m  is a t  a d is tan ce  a from  th e  dipole 
an d  th e  n ea re s t ne ig h b o u rin g  dipole a t  a d istance  o f 2a. T herefo re , b e tw een  a 
a n d  2a th e re  is a m ed iu m  w ith o u t d ipoles of th e  so r t  u n d e r co n sid e ra tio n ,
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266 LISZI: ACETIC ACID—CARBON TETRACHLORIDE MIXTURE, I

ch a rac te rized  b y  a s ta t ic  d ielectric  c o n s ta n t

£2 =  « I

w h ere  — th e  re f ra c tiv e  in d ex  of th e  p o la r liqu id  e x tra p o la te d  to  in fin ite
w av e-len g th  of lig h t (cf. S ection  4). B eyond  d is tan ce  2a, th e  d ie lec tric  co n stan t 
is id en tica l to  th a t  o f  th e  p o la r liq u id : es =  e.

T he th eo ry  w as e x te n d e d  b y  S c h ö l t e  to  m olecules o th e r  th a n  spherical. 
I n  su ch  cases th e  m odel o f  th e  m olecule is a dipole lo ca ted  in side  an  ellipsoid 
w ith  half-axes a, b, a n d  c.

O n th e  basis o f  th e  m odel show n in  F ig . 1, S c h ö l t e  h a s  derived  th e  fo l­
lo w ing  expressions fo r a n  ellipsoidal c a v ity  w ith  half-axes a, b, a n d  c:

G =

/  =

36erei E
n e n l  +  7 n i  +  7e +  Sn l

3(e — nj,)
2 n l  -  2 +

17e +  7 n i

2„._ +  ! _
17e +  7 n l

(8)

(9)

t* =
s

e +  (1 -  s) A 3k T  (1 - / a )2
( 10)

w here  a^ —th e  p o la r iz a b ility  o f th e  m olecule in  th e  d irec tio n  o f th e  dipole, an d

3 A ( l - A ) ( n l - 1 )  
abc e - f  (1 — e) A

36e n i  2e -f- 1

17 e n l  +  7 n i  +  7e +  5/fL 3e

4 =
% 2nj  -  21
abc 2 n l  -)- l j

( И )

( 12)

(13)

F a c to r  A  in  E qs. (10) a n d  (11) can be  ca lcu la ted  from  th e  d im ensions of th e  
m olecule:

A  =

oo
abc Г ds

2 J (s +  a2)3/2 (s +  62)1/2 (s +  c2)1/*
о

(14)

i f  th e  p e rm an en t d ipo le  m o m en t p o in ts  in  th e  d irec tio n  o f  h a lf-ax is  a o f th e  
ellipso id .
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T h e above eq u a tio n s  yield th e  follow ing expression  fo r th e  d ie lec tric  
c o n s ta n t o f a p u re  d ip o la r liquid:

£ — 1 V 36 e n t
4jt N a

+

l l e n l  +  7 n i  +  7e +  5 n i  1 -  foe
+

РЧ
e +  (1 — e) А  ЗкТ  (1 - / Л ) 2

(15)

w here V  —  th e  m o la r volum e of th e  liq u id  an d  N A —  th e  A vogadro  n u m b e r.
In  o rd e r th a t  th e  above th e o ry  could  be app lied  to  th e  case o f  ace tic  

acid  — carb o n  te tra c h lo r id e  m ix tu re s , one shou ld  k n o w  th e  s tru c tu re  o f  th e  
m ix tu re , i.e. th e  t ru e  com ponents o f  th e  n o m in a lly  b in a ry  m ix tu re  a n d  th e ir  
m o lecu la r p ro p erties .

2 . Model and equation for th e  calculation o f true com position

Views have b een  p u t forw ard  su g g estin g  e ith e r  c h a in -ty p e  asso c ia tio n  
(F ig . 2a) o r th e  fo rm a tio n  of cyclic d im e rs  (F ig. 2b) in  liqu id  acetic  ac id  [42, 
43J. T h e ex istence o f  cyclic dim ers is g en era lly  recognized  in  th e  v a p o r  p h a se

NH

'4 ) = c '

H-

CH3 O'

\ c У

о
\
H

/С Н Я /c
\

О— НОч
C—  CH ,

о н — о У

2a 2b

Fig. 2. Chain association (a) and  cyclic (b) dimer o f acetic acid

an d  in  d ilu te  so lu tions w ith  apolar so lv e n ts . Since we need  w ell-defined m o lec­
u la r p ro p ertie s  (e.g. p e rm a n e n t dipole m o m e n t, m o lecu lar d im ensions, e tc .) to  
describe th e  d ielectric  c o n s tan t of th e  m ix tu re , we sha ll assum e in  th e  c a lc u la ­
tions t h a t  pu re  liq u id  acetic  acid is a  m ix tu re  o f m onom eric  an d  d im eric  
m olecules. C onsequen tly , th e  n o m in a lly  b in a ry  m ix tu re  acetic  a c id -c a rb o n  
te tra c h lo r id e  will be reg a rd ed  as a t e r n a r y  m ix tu re  consisting  of co m p o n en ts  
A — A2— B . The tru e  com position  o f th e  m ix tu re  w ill re fe r to  th is  te rn a ry  
m ix tu re . T h e  nom ina l m ole frac tions a re  x ac (acetic  acid) a n d  x B (ca rb o n  
te tra c h lo rid e ) , while th e  tru e  mole f ra c tio n s  —  х г (m onom eric  acetic  ac id ), 
x2 (d im eric  acetic  ac id ), an d  x3 (ca rb o n  te tra c h lo rid e ) .
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N ow  exam ine th e  m olecular c h a ra c te r is tic s  of th e  tru e  co m p o n en ts , f irs t 
of a ll th e  m olecular d im ensions. T he m o lecu la r d im ensions o f ca rb o n  t e t r a ­
ch lo ride  are  p recisely  k n o w n  [44]. D ue to  i ts  h igh  sy m m etry , in  th e  ca lcu la ­
tio n  o f  th e  d ielectric  c o n s ta n t  th e  m olecule c a n  be reg a rd ed  as a sphere  w ith  
rad iu s  r  =  3.048 Á.

N o d a ta  are av a ila b le  for th e  d im ensions o f m onom eric an d  d im eric  
ace tic  ac id  m olecules in  th e  liquid  p h ase . H ow ever, on ly  neglig ib le e rro r is 
in tro d u c e d  if  th e  so lid  s ta te  m olecular d im ensions a re  used  because  th e  te m ­
p e ra tu re  o f  th e  m e a su re m e n ts  (20 °C) is v e ry  close to  th e  m e ltin g  p o in t

Fig. 3. The arrangem ent of acetic acid m olecules in the solid state

(16.26 °C). B y X -ra y  d iffrac tio n , J o n e s  a n d  T e m p l e t o n  [ 4 3 ]  d e te rm in ed  th e  
d im ensions of th e  u n i t  cell for c ry sta llin e  ace tic  acid , co n ta in in g  fou r m o n o ­
m eric  m olecules: lx =  13.32 +  0.02 Á ; l2 =  4 .08 +  0.01 Á; l3 =  5.77 +  0.01 
Á. A ccord ing  to  th e  a u th o rs , th e  ca rb o n  a n d  oxygen a tom s o f th e  m olecule 
lie in  th e  sam e p lan e . T h e  a rran g em en t o f  th e  fou r m olecules in  th e  u n it cell is 
sh o w n  in  Fig. 3. F ro m  th e  u n it cell d im ensions and  m olecular a rra n g e m en t, 
th e  follow ing d im en sio n s are  ob ta in ed  fo r  th e  m onom eric an d  d im eric  m o le­
cu les:

ax =  2.885 Á  a2 =  1.02 Á
=  1 .0 2  Á  b2 =  6 .6 6  Á

c1 =  3.33 Ä c2 =  2.885 Á

T he above d im ensions define th e  e llip so idal c a v ity  w hich rep re sen t th e  
m olecules and  in c lu d e  th e  in fo rm ation  t h a t  th e  p e rm a n e n t d ipole m o m e n t 
o f m onom eric  ace tic  a c id  po in ts in  th e  d irec tio n  of ha lf-ax is a 15 w hile th a t  o f  
th e  d im eric  m olecule —  in th e  d irec tio n  o f ha lf-ax is a2. T he d irec tio n  of th e  
p e rm a n e n t dipole m o m e n t, of the  m onom eric  acetic  acid , has been  d e te rm in ed  
f ro m  increm en ts a n d  m olecular d im ension  ta k e n  from  th e  li te ra tu re  [44].
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T h e  p e rm a n e n t d ipo le m om ent o f th e  d im eric  acetic  ac id  w ill be d ea lt w ith  
in  th e  discussion of th e  resu lts. T he re fe rences concerning th e  m ag n itu d e  o f th e  
p e rm a n e n t dipole m o m en t are c o n tra d ic to ry . D epend ing  on  th e  m e th o d  of 
d e te rm in a tio n , th e  p e rm a n e n t d ipo le  m o m en t o f m onom eric ace tic  acid v aries 
b e tw een  0.84 and  2.0 D , while th a t  o f  th e  d im er betw een  0.0 a n d  0.94 D [28]. 
S ince th e  p resen t s tu d ies  are concerned  w ith  m ix tu res o f ace tic  acid  an d  an  
a p o la r  com ponen t, we used  th e  va lu es  =  1.68 D  an d  ц2 =  0.92 D, d e te rm in ed  
in  n -h e p ta n e  so lu tion , an  apolar so lv e n t. H ow ever, these  d a ta  give sa tis fa c to ry  
re su lts  on ly  for p u re  ace tic  acid. T h e  ca lcu la tio n s in d ica ted  th a t  th e  p e rm a ­
n e n t d ipole m om ent o f th e  dim er is n o t  a c o n s ta n t b u t  decreases w ith  th e  co n ­
c e n tra tio n  of acetic  ac id . This p h en o m en o n  is in te rp re te d  in  S ection  6.

N a tu ra lly , ca rb o n  te tra c h lo rid e  h a s  no p e rm an en t d ipo le  m om en t. I ts  
av e rag e  po la rizab ility , a 3 =  10.50 • 1 0 -24 cm 3 [45]. The av erag e  p o la rizab ilities  
o f m onom eric  and  d im eric  acetic ac id  a re  g iven b y  K o h l e r  [46] on th e  basis 
o f d a ta  b y  P o h l , H o b b s  and  G r o s s  [32]:

oq =  4 .85  • 10-24 cm 3

«2 =  15.65 • 10~24 cm 3

U sing th e  above m olecular c h a ra c te ris tic s  o f th e  co m p o n en ts  an d  th e  
e q u a tio n s  given in  S ection  1, one c a n  express th e  d ielec tric  c o n s ta n t o f th e  
m ix tu re  as a fu n c tio n  o f th e  com po sitio n :

-  1 1

4 л  N A q

36s n \

( M A  - f -  M 2X 2 - f -  -M g itg )  ---

n s n l e +  l n i e +  7 £ +  5 n l,

I ^ 2  i * 8
+  X 2 ---------- ---------- b  x 3

1 - / 2 * 2  1 - / 3 * 3

£

1 - / л

+

+

P i  1
£ +  (1 _ е ) Л  3кт (1 - / ulv ) 2

+

+  *2
P il

s +  ( l - e ) A 2 3k T  (1 - У > , 2)2

(16)

I n  E q . (16) a2, a 3, jix an d  fi2 are  d a ta  k n o w n  from  th e  l i te ra tu re . f 2, f 3
can  be  ca lcu la ted  from  E q . (9), a n d  f ß2 —  from  E q . (10), А г a n d  A 2 —- from
E q . (13), w hile qx and  q2 —  from  E q . (12). an d  ctß2 are c a lcu la ted  from  th e  
m o lecu la r d im ensions, N a is th e  A vogadro  n u m b er, T  —  th e  ab so lu te  tempera-> 
tű re , M  —  th e  m olecu lar w eight, a n d  q —  th e  d en sity  of th e  m ix tu re . a
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T h e in teg ra l in  E q . (13) can  be g iven  in  a n a ly tic a l fo rm  only  fo r an  e llip ­
so id  o f  ro ta tio n  (i.e., if  a t  le a s t tw o ha lf-ax es are  id en tica l) , there fo re , th e  values 
o f c o n s ta n ts  A  w ere d e te rm in ed  b y  an  a p p ro x im a tio n  p ro ced u re . T he in teg ra l 
was w ritte n  as a sum :

d s

.) (s +  a2)3'* (s +  b2)1'2 (s -f c2)‘/= J (s +  a')*'* (s +  b2)1̂ {s +  cW* 
о 0

*
d s

+

d s

S5/2
(17)

+ J '
S °

s °  =  100 Á a, b, c

an d  in te g ra tio n  w as p e rfo rm ed  g rap h ica lly  w ith  an  u p p e r  lim it s°. T he re su lt is

A 1 =  0.21; A 2 =  0.73 .

T h e  m olecu lar ch a rac te ris tic s  o f  th e  com ponen ts o f  th e  A— A2— В ty p e  
m ix tu re  a re  lis ted  in  T ab le  I.

Table I

Monomeric acetic acid
(A)

Dimeric acetic acid
(A,)

Carbon tetrachloride
(B)

M 60 120 153.8

a 2.885 Á 1.02 A 3.048 A

b 1.02 A 6.66 A 3.048 A

c 3.33 A 2.885 A 3.048 A

a 4.85 • 10“ 24 cm3 15.65 • 10- 24 cm3 10.5 • 10- 24 cm3

% 5.80 • 10- 24 cm3 4.55 • 10- 24 cm3 —

A 0.21 0.73 1/3

ß 1.68 D (variable) 0

In  a d d itio n  to  th e  d a ta  in  T ab le  I ,  th e  ap p lica tio n  of E q . (16) req u ires  
th e  know ledge o f th e  d e n s ity , d ie lec tric  c o n s ta n t, a n d  re frac tiv e  ind ex  (e x tra ­
p o la te d  to  in fin ite  w ave-leng th ) of th e  m ix tu re  as a fu n c tio n  of th e  n o m in a l 
com position .

3 . Density o f the m ixture as a function o f the nom inal composition

T he pu re s t av a ilab le  m ateria ls  w ere used  in  th e  ex p erim en ts  a fte r  a d d itio n ­
a l p u rific a tio n . R e a g e n t grade carb o n  te tra c h lo rid e  w as d istilled  on a p ack ed  
co lu m n  eq u iv a len t to  20 th eo re tica l p la te s , th e  p u r i ty  o f th e  d is tilla te  was 
ch e c k e d  b y  re fra c tiv e  in d e x  m easu rem en ts . T he re fra c tiv e  in d ex  o f ca rb o n
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te tra c h lo r id e  u sed  in  th e  ex p e rim en ts  w as 1.4603 (N aD-line) id en tica l to  th e  
l i te ra tu re  v alue  [47].

P u re  acetic  ac id  is s trong ly  h y g ro sco p ic , there fo re  i t  w as fre sh ly  d is tilled  
befo re  each ex p erim en t. The p u rif ic a tio n  p rocedure  was as follow s: a m ix tu re  
o f  200 m l o f ace tic  ac id  w ith  30 m l o f  ace tic  an h y d rid e  was d istilled  over a col-

XB
Fig. 4. The density o f  acetic  acid-carbon tetrachloride m ixtures as a function o f the nom inal

com position

u m n  e q u iv a len t to  20 theo re tica l p la te s  a n d  th e  d is tilla te  w as su b jec ted  to  
m u ltip le  c ry s ta lliza tio n . The m elting  p o in t  o f th e  crysta llized  p ro d u c t was m eas­
u red  fo r con tro l p u rposes. The sam p le  w as regarded  su itab le  fo r th e  e x p e ri­
m en ts  w hen  th e  m e ltin g  points o f tw o  su b seq u en t c ry s ta lliza tio n  p ro d u c ts  
w ere id en tica l. T he m elting  poin t of a c e tic  acid  used  in  th e  m easu rem en ts  w as
16.26 °C.

T h e  d en sity  o f th e  m ix tu re  w as d e te rm in e d  b y  m eans o f th e  p y k n o m e tric  
m e th o d . M ixtures o f vario u s com positions w ere p rep ared  b y  w eighing. T he d e n ­
s ity  o f th e  acetic  acid  -  carbon  te tra c h lo r id e  m ix tu re  as a fu n c tio n  o f th e  n o m i­
n a l m ole frac tio n  o f  CC14 (x B) is show n in  T ab le  I I  an d  Fig. 4 fo r 20 °C.

T able  II

* B q  (g /cm °)

0 1 . 0 4 9 3

0 . 2 0 6 5 1 . 2 0 6 4

0 . 4 1 6 3 1 . 3 3 0 5

0 . 5 9 9 5 1 . 4 2 7 4

0 . 7 9 8 6 1 . 5 1 4 4

1 . 0 0 0 0 1 . 5 9 4 2
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272 LISZI: ACETIC ACID—CARBON TETRACHLORIDE MIXTURE, I

T h e resu lts  c a n  b e  described  w ith  th e  follow ing em pirica l expression  
o b ta in e d  b y  a le a s t-sq u a re s  procedure :

g20 (g /cm 3) = 1 .0 4 9 3  +  0 .7709 x B -  0 .2259 x% (18)

4 . Refractive index o f  the mixture extrapolated to infin ite wave-length

T he d ielec tric  c o n s ta n t and  re fra c tiv e  in d ex  o f  a  su b stan ce  w ith  u n it  
m ag n e tic  p e rm e a b ility  a re  re la ted , a t  le a s t a t  low  frequencies , b y  th e  follow ing 
e q u a tio n  f irs t g iven  b y  M a x w e l l  [48J:

e =  n 2 (19)

T h e  m agnetic  p e rm e a b ility  of dielectrics is u n ity , th e re fo re , E q . (19) ho lds a t  
le a s t for non -po lar su b s ta n c e s . T hus th e  sq u a re  o f th e  re frac tiv e  index  fo r CC14 
e x tra p o la te d  to  in f in ite  w ave-leng th  is

« i s  =  ев — 2 .23

I t  is necessary  to  rem in d  th a t ,  in  o rd e r to  ca lcu la te  th e  d ielectric  c o n s ta n t 
u s in g  th e  th e o ry  o u tlin e d  in  Section 1, one h as  to  know  th e  dielectric  c o n s ta n t 
o f  th e  dipole-free m ix tu re , i.e. its  re fra c tiv e  index  e x tra p o la te d  to  in fin ite  
w ave-len g th  (c f . F ig . 1). F o r p e rm an en t d ipo les, such as acetic  acid a t  f re q u e n ­
cies below  th e  re la x a tio n  frequency , th e  d ie lec tric  c o n s ta n t contains a c o n tr i­
b u tio n  from  o r ie n ta tio n  p o la riza tion , to o . T herefo re , th e  re frac tiv e  in d ex  o f  
ace tic  acid e x tra p o la te d  to  in fin ite  w av e-len g th  c a n n o t be  ca lcu la ted  from  E q . 
(19). In s te a d , we u sed  th e  S e l l m e i e r  d ispersion  fo rm u la  [37] w hich does n o t 
inc lude  o rien ta tio n  p o la riza tio n  due to  p e rm a n e n t d ipo les:

n2 =  1 +  £ N ,K ,  -

w here

K ' — l L .
co] q

n —  th e  re frac tiv e  in d e x  a t  angu la r f req u en cy  со; со,- —  th e  i- th  resonance  f re ­
q u en cy  of th e  m o lecu le ; IV,- — th e  n u m b e r o f oscilla tors p er cm 3 w ith  a n g u la r  
frequency  со,-; <р,- —  th e  force c o n s ta n t o f th e  i- th  o sc illa to r; g —- th e  d e n s ity  
o f th e  m ed ium ; u n i ty  in  th e  eq u a tio n  rep re sen ts  th e  re la tiv e  re frac tiv e  in d e x

(20)

( 21 )
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o f v acu u m . T he ca lcu la tion  o f  <fi is sim ple  on ly  fo r th e  q u asy -e lastic  b o n d in g  
o f  a single e lec tron , in  o th e r cases i t  sh o u ld  be d e te rm in ed  from  spectroscop ic  
d a ta .  S ubstances tra n sp a re n t fo r  v isib le  lig h t m ay  abso rb  in  th e  UY o r IR , 
th e re fo re , th e  sum  in  E q . (20) c a n  be  sp lit  in  tw o  te rm s:

•  »2 =  i  + 2 N ‘K r
CO

C0‘
+  2 n jK j -

j CO? —  CO2
(22 )

w here  su bscrip ts  j  an d  i re fer to  reso n an ce  frequencies in  th e  UY an d  IR , re ­
sp ec tiv e ly . I f  th e  re frac tiv e  in d e x  is re fe rred  to  in fin ite  w av e-len g th , w ith  
со =  0, E q . (22) gives:

n l  =  1 +  2  N ik t +  2  Nj k j  (23)
< i

F ig. 5. The square of the refractive ind ex  as a function of the frequency (schem atic)

In  E q . (22), th e  I R  an d  UV c o n tr ib u tio n s  to  «1 are rep re sen ted  b y  th e  second  
a n d  th ird  te rm s of th e  r ig h t-h a n d  side, re sp ec tiv e ly . The re frac tiv e  index  m eas­
u re d  w ith  visible lig h t includes c o n tr ib u tio n s  from  a b so rp tio n  in  b o th  th e  I R  
a n d  UV region. T his is i llu s tra te d  b y  F ig . 5 sch em atica lly  show ing  th e  f re ­
q u en cy  dependence  o f th e  re fra c tiv e  in d ex . T he solid lines in  F ig . 5 re p re se n t 
sq u a re s  o f th e  re frac tiv e  in d ex  as ca lcu la ted  from  E q . (22) w hile th e  d o tte d  
lines correspond to  th e  values d e riv ed  from  th e  Ca u c h y  e q u a tio n  [E q . (24)]. 

T he Ca u c h y  eq u a tio n  [37] is

n2 =  В  +  Cco2 +  Deoi +  . . .  (24)

w here  n  —■ th e  re frac tiv e  in d ex ; со —  th e  a n g u la r  freq u en cy ; В , C, an d  D . . . 
—  em p irica l co n stan ts . E q . (24) gives th e  w ave-leng th  d ependence  of th e  re ­
fra c tiv e  index  from  th e  visible reg io n  to  in fin ite  w ave-leng th  if  th e re  is no a b ­
so rp tio n  in  th e  IR , i.e., i t  co rresponds to  th e  sum  o f th e  f ir s t  an d  th ird  te rm s  
in  E q . (22). T hus E q . (22) can  b e  w r itte n  a p p ro x im a te ly  as

Cxpi
n2 с* в  +  Cco2 +  Deo4 +  у  Niki------- ------ (25)

i coj — CO2
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E x tra p o la tio n  o f E q . (25) to  in fin ite  -w ave-length y ields

п> =  В  +  J ?  N iK i  (26)
i

A ccord ing  to  E q s. (26) a n d  (24), in  o rd e r to  d e te rm in e  th e  re frac tiv e  in d ex  
re fe rrin g  to  in fin ite  w av e-len g th , i t  is su ffic ien t to  k n o w  th e  I R  ab so rp tio n s 
an d  th e  w ave-leng th  d ependence  of th e  re fra c tiv e  in d ex  in  th e  visible reg ion . 
A ccord ing ly , we m e asu red  th e  re frac tiv e  in d e x  o f ace tic  ac id  as a fu n c tio n  of

Fig. 6. The refractive index of acetic acid as a function o f the w ave-length

th e  w ave-leng th  in  th e  v isib le  region a n d  su b tra c te d  th e  co n tr ib u tio n  b y  I R  
ab so rp tio n . T he co rrec ted  re frac tiv e  in d e x — w ave-leng th  values w ere th e n  
e x tra p o la te d  to  in fin ite  w ave-length  u sin g  E q . (24). T h e  e x tra p o la te d  v a lu e  
y ields c o n s ta n t В  o f E q . (26). The m o n o ch ro m atic  lig h t w as o b ta in ed  from  a 
“ S p ec tro m o m ” sp ec tro p h o to m e te r  u sing  a m irro r sy stem . T he m easu rem en ts 
w ere p erfo rm ed  w ith  an  A bbé ty p e  re fra c to m e te r , c a lib ra tin g  th e  scale w ith  
su b stan ces of know n  re frac tiv e  index . T h e  resu lts  are  show n in  T able I I I  an d  
F ig . 6.

Table III

Л(А) n n8 Corrected

6563 1.3695 1.8755 1.8891

5893 1.3715 1.8810 1.8898

4861 1.3762 1.8939 1.8996
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F ro m  th e  d a ta  o f T ab le  I I I  an d  E q . (24) one o b ta in s  В  =  1.8764.
T h e  n u m b e r  o f  oscillators p e r  cm 3 is g iven b y  th e  follow ing e q u a tio n :

j y  _  h N A X l  +  Z2N A X 2

' Vy e
w here

T/ 60x1 -f- 120я;2
y e =

Qac

(27)

(28)

z, an d  z2 a re  th e  n u m b e r of oscilla tors p e r  m olecule o f acetic  acid m o n o m er 
an d  d im er, re sp ec tiv e ly . T he values (p,- a n d  a>i an d  E q . (21) have  b een  d e te r ­
m ined  from  th e  I R  ab so rp tio n  sp ec tru m  o f liqu id  ace tic  acid . T he sp e c tra  w ere 
reco rd ed  on a  T y p e  Z eiss-Jena  U R -1 0  C. IR -sp e c tro m e te r. The sam ples w ere 
in tro d u c e d  as liq u id  film s. The id e n tif ic a tio n  of th e  ab so rp tio n  b an d s a n d  th e  
d e te rm in a tio n  o f  force c o n s tan t are  described  b y  R rook  an d  H aas [4 9 ], H e r z - 
b e r g  [50], a n d  M o e l w y n -H u g h es  [44]. T h e  values fo r acetic  acid  a re  show n 
in  T ab le  IV .

Table IV

W ave-number 
(cm-  J) Bond (pi dyn/cm • 10-  5 N t . 10 -21 NiKt . 10s

3 6 0 0 O — H  — 7 .2 6 5 9 .5 1 4 .3 0 2 2

3 0 5 0 C—H  — 4 .8 7 6 3 2 .4 4 5 .5 8 6 8

2 9 9 0 C — H  « 4 .8 7 6 3 2 .4 4 7 .4 3 3 6

2 9 4 0 C—H  — 4 .8 7 6 3 2 .4 4 9 .0 6 0 0

1 7 8 0 c = o  — 1 3 .4 5 9 .5 1 0 8 .3 0 6 6

143 5 H — C— H  t 0 .4 6 1 3 2 .4 1 9 .4 7 9 2

141 0 H — C— H ] 0 .4 6 1 3 2 .4 2 8 .2 8 8 5

140 0 H — C— C Í 0 .6 2 3 2 .4 1 9 .9131

1 3 7 0 H — C— H [ 0 .4 6 1 3 2 .4 2 1 .3 7 0 3

129 0 С— 0 — H  i 0 .7 3 0 9 .5 1 1 .1 9 3 8

119 0 C— 0 5 .0 4 6 9 .5 9 0 .8 6 3 7

106 0 H — C— C Í 0 .6 2 3 2 .4 4 8 .0 1 6 3

1 0 0 0 C H 3- 0 .3 9 7 9 .5 1 0 .1 2 7 8

85 0 c —c ~ 4 .7 8 4 9 .5 1 6 8 .8 8 1 5

6 5 0 O — H 0 .0 5 5 9 .5 1 8 .5 2 9 3

6 2 0 C H 8- 0 .3 9 7 9 .5 2 6 .3 4 6 9

56 4 C H 3 - 0 .3 9 7 9 .5 3 1 .7 9 0 6

53 6 0 = C — 0  Í 0 .5 7 5 9 .5 5 1 .0 7 9 4

21 2 CH3-torsional 0 .0 2 3 9 .5 1 2 .1 0 4 6
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I n  T ab le  IY , •*->- a n d  { denote  s tre tc h in g  an d  defo rm ations, respective ly . 
W here  th e re  is no sy m b o l, group v ib ra tio n s  are  show n. T he ro ta tio n  o f th e  C H 3 
g ro u p  appears a t  235 c m -1 , th is  v a lu e  is ta k e n  from  th e  p a p e r  b y  B r o o k  

a n d  H a a s .

F ro m  E q . (26) a n d  th e  d a ta  o f T ab le , IY , th e  square  o f th e  re frac tiv e  
in d e x  e x tra p o la te d  to  in fin ite  w av e-len g th  fo r ace tic  acid is

n l ac =  1.8764 +  0 .8227 =  2.6991

T h e  re frac tiv e  in d ex  o f  th e  m ix tu re  w as ca lcu la ted  from  th e  know n  values o f 
reLac a n d  n Lß> assu m in g  a d d itiv ity  o f m o la r po larisa tions

rale — 1 

r a l e  +  2
Ve =

+  1
Vacx ac +

ralß  — 1 

rals +  2
V b x b (29)

w h ere  su b sc rip t e re fe rs  to  th e  m ix tu re . T h e  v a ria tio n  o f n ^ ac w ith  th e  sh if t 
o f th e  associa tion  equ ilib riu m  was ta k e n  in to  accoun t th o u g h , accord ing  to  
o u r m easu rem en ts , th e  I R  frequencies do n o t  change s ig n ifican tly  w ith  d ilu ­
tio n . T h e  volum e ch an g e  upon  m ix ing  w as neg lec ted . The a p p ro x im a te  c h a r­
a c te r  o f  th e  ca lcu la tio n s is obvious espec ia lly  if  one considers th a t  even  th e  
m ix tu re  of m onom eric  an d  dim eric ace tic  acid  show s n eg a tiv e  d ev ia tio n  from  
id e a lity . (These s tu d ie s  w ill be re p o rte d  in  a sep a ra te  p ap er.) N evertheless, 
th e  a p p ro x im a tio n  u sed  in  connection  w ith  E q . (29) does n o t in tro d u ce  a n y  
ap p rec iab le  erro r in  th e  d e te rm in a tio n  o f  th e  tru e  com position  because , ac-

ТаЫ е V

XB n t e

0 .0 2 .6 9 9 1

0.2 2 .5 5 0 2

0 .4 2 .4 3 7 1

0 .6 2 .3 5 0 0

0 .8 2 .2 7 4 0

1.0 2 .2 3

co rd ing  to  ca lcu la tio n s, E q. (16) is n o t  to o  sensitive tow ards changes o f ra^c. 
T h e  re frac tiv e  in d e x  o f th e  m ix tu re  e x tra p o la te d  to  in fin ite  w ave-leng th  is 
sh o w n  as a fu n c tio n  o f th e  nom inal CC14 m ole frac tio n  in  T ab le  V an d  F ig . 7.

Acta Chim. Acad. Sei. H ung. 62, 1969
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Fig. 7. R efractive index o f acetic  acid—carbon tetrachloride m ixtures extrapolated  to in fin ite  
w ave-length , as a function  o f  the nominal com position

5 . D ielectric constant o f the m ixture

T h e  dielectric  c o n s ta n ts  w ere m easu red  on a T ype T R —9701 b rid g e  a t  a 
f req u en cy  of 300 k H z . T h e  sam ple  h o ld e r  w as th e rm o s ta te d  s ta in less s te e l 
cell w ith  a cap ac ity  o f  10 p F  su rro u n d e d  b y  a p o lyv iny lch lo ride  ja c k e t. S ince 
ace tic  ac id  is s tro n g ly  hygroscop ic , th e  cell w as t ig h tly  co v ered  w ith  T eflon . 
T h e  e r ro r  of th e  d ie lec tric  c o n s ta n t is less th a n  2% . T he ex p e rim en ta l re su lts  
a t  20 °C  are show n in  T ab le  V I a n d  F ig . 8.

Table VI

* B г X B e X B £

0 . 0 0 0 0 6 .3 d 0 .3 0 5 1 3 .4 2 0 .6 9 1 6 2 .4 2

0 . 0 0 0 0 6 .3 5 * 0 .3 0 9 9 3 .3 7 0 .7 8 3 5 2 .3 7

0 . 0 0 0 0 6 .2 0 0 .4 1 8 7 3 .1 7 0 .7 9 1 9 2 .3 6

0 .0 4 6 9 5 .8 5 0 .4 2 8 9 2 .9 3 0 .8 1 5 2 2 .3 5

0 .0 4 7 3 5 .8 3 0 .4 3 1 2 2 .9 4 0 .8 9 6 2 2 .3 2

0 .0 4 8 1 5 .6 8 0 .4 9 7 8 2 .7 4 0 .9 0 7 1 2 .2 7

0 .0 8 4 8 4 .8 0 0 .5 0 6 4 2 .71 0 .9 6 0 8 2 .2 5

0 .1 1 4 1 4 .7 4 0 .5 0 9 4 2 .6 9 0 .9 7 5 4 2 .2 4

0 .1 2 2 4 4 .7 6 0 .5 7 5 0 2 .5 9 1 . 0 0 0 0 2 .2 3

0 .2 0 4 8 4 .0 4 0 .5 8 9 8 2 .5 3

0 .2 0 8 2 3 .9 7 0 .6 0 1 6 2 .4 7

0 .2 0 8 9 3 .8 7 0 .6 8 1 1 2 .4 6

0 .2 8 3 8 3 .6 0 0 .6 8 4 0 2 .45

T he v a lu e  in  Table V I m ark ed  b y  □  is ta k e n  from  th e  p a p e r b y  D obos [51], th e  
s ta r re d  (*) value was re p o rte d  b y  Conti a n d  F ranconi [52]. T h e  la t te r  a u th o rs
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also  de te rm in ed  th e  d ie lec tric  co n stan ts  o f  ace tic  acid—carb o n  te trach lo rid e  
m ix tu re s  as a fu n c tio n  o f  th e  nom inal co m position  b u t  re p o r te d  th e  d a ta  only  
g rap h ica lly . T hus th e re  is no w ay for q u a n ti ta t iv e  co m p ariso n  w ith  th e  p re ­
s e n t  resu lts .

F ig .  8 . D ie le c tr ic  c o n s t a n t  o f  a c e t ic  a c id -c a r b o n  te tr a c h lo r id e  m ix t u r e s  a s  a fu n c t io n  o f  t h e
n o m in a l c o m p o s it io n

6. C alculation  o f th e  tru e  com position

T he tru e  com p o sitio n  was ca lcu la ted  u sing  E q . (16), ta k in g  in to  acco u n t
t h a t

X1 +  X2 +  X3 =  1  ( 3 ° )

a n d , th a t  th e  fo llow ing re la tionsh ip  ex is ts  be tw een  n o m in a l an d  tru e  ca rb o n  
te tra c h lo r id e  m ole fra c tio n s :

X B
__

1 +  *2
(31)

Since th e  re frac tiv e  in d e x  of acetic  ac id  e x tra p o la te d  to  in fin ite  w ave-leng th  
is also a fu nc tion  o f  th e  com position , an  ite ra tio n  p ro ced u re  was used  in  th e  
ca lcu la tio n s. T he п ма(. va lu e  was d e te rm in ed  fo r an  a rb itr a ry  com position  
a n d  n ^ e was th e n  ca lc u la ted  from  E q . (29). This re su lt w as com bined w ith  E q . 
(16) to  ca lcu la te  th e  com position  w ith  w hich  th e  p ro ced u re  was re p e a te d . 
I te ra t io n  was co n tin u e d  u n til tw o su b se q u e n t cycles y ie lded  id en tica l m ole 
frac tio n s .
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As m en tio n ed  earlie r, th e re  is d isag reem en t in  th e  l i te ra tu re  w ith  re sp e c t 
to  th e  p e rm a n e n t d ipo le  m o m en t of m onom eric and  d im eric  acetic  acid. In  th e  
p re sen t ca lcu la tio n s we used  th e  d a ta  of P ohl , H obbs  an d  Gross [32] o b ­
ta in e d  in  a n o n -p o la r  so lv en t, u n d e r cond itions s im ila r to  o u r m easu rem en ts:

ц г — 1.68 D  an d  =  0.92 D

В

Fig. 9. The com position o f the ternary m ixture corresponding to  the А —А ,—В model

O n th e  o th e r  h a n d , v a p o r  ph ase  m easu rem en ts  in d ica te  t h a t  dim eric ace tic  
ac id  has no p e rm a n e n t dipole m o m en t because of its  sy m m etria l s tru c tu re  
(cf. F ig. 2b). I f  th e  ca lcu la tio n s are  p erfo rm ed  w ith  ii1 =  1.68 D and p 2 =  
=  0.00 D , one o b ta in s  a low er degree o f d im eriza tio n  fo r p u re  liqu id  acetic ac id  
th a n  th a t  d e te rm in ed  in  th e  v ap o r phase  [53] (cf. F ig . 9, I) while th e  values 
/ij =  1.68 D  a n d  i^2 =  0.92 D  lead  to  n eg a tiv e  mole fra c tio n s  (cf. F ig. 9, I I )  
w hich  obv iously  lack  p h ysica l re a lity . T hese re su lts  in d ic a te  v a ria tio n  o f th e  
p e rm a n e n t d ipole m o m e n t of d im eric  ace tic  acid w ith  d ilu tio n . In  our v iew , 
th is  phenom enon  can  be  ex p la in ed  b y  s tro n g  in te ra c tio n  be tw een  m onom eric 
an d  dim eric m olecules in  c o n cen tra ted  so lu tions, re su ltin g  in  th e  defo rm ation  
o f th e  d im er in  th e  d irec tio n  n o rm al to  th e  p lane  of th e  ring . T hus th e  d im er 
beh av es as if  i t  possessed  a p e rm a n e n t dipole m o m en t. T h is in te rac tio n  d e ­
creases w ith  decreasing  ace tic  acid  co n cen tra tio n  an d  th e  d ipole m om ent a s ­
sum es zero v a lu e  a t  in fin ite  d ilu tio n  s im ila rly  to  th e  v a p o r  p h ase . In  our o p in ­
ion in  acetic  a c id —carb o n  te tra c h lo rid e  m ix tu res  no tr im e rs  or polym ers ex is t. 
O n ly  s tro n g ly  in te ra c tin g  m onom eric  an d  dim eric m olecules should  be co n ­
sidered , th e ir  in te ra c tio n  decreasing  w ith  d ilu tio n  an d  reach in g  zero a t  in fin ite  
d ilu tio n . In  th e  tr im e r , th e  m onom ers occupy fixed  po sitio n s re la tiv e  to  each  
o th e r and  th e  forces o f in te ra c tio n  shou ld  be s tro n g  enough  fo r th e  tr im e r to  
ex is t in  d ilu te  so lu tio n s. H ow ever, th is  w ould  c o n tra d ic t th e  physica l p ic tu re  
o b ta in ed  from  th e  analysis  o f th e  d ielec tric  p ro p erties . As a f ir s t  ap p ro x im atio n , 
one can  assum e t h a t  th e  p e rm a n e n t dipole m o m en t o f d im eric  acetic acid  is
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p ro p o r tio n a l to  th e  c o n c e n tra tio n  o f  a c e tic  acid :

H  =  0 .92(1  -  *3) (32)

T h e  re su lts  o b ta in ed  using  E q . (32) a re  show n  in  T able V II  a n d  Fig. 9 (curve 
I I I ) .

Table VII

*B * 1 ** *3 К

0 0 .1 1 4 9 0 .8 8 5 1 0 67

0 .2 0 .0 5 4 7 0 .6 2 1 1 0 .3 2 4 2 2 0 7

0 .4 0 .0 2 7 4 0 .4 0 9 0 0 .5 6 3 6 5 4 5

0 .6 0 .0 1 2 0 0 .2 4 2 5 0 .7 4 5 5 1 6 8 4

0 .8 0 .0 0 3 8 0 .1 0 9 0 0 .8 8 7 2 7 5 4 8

1 0 0 1 2 4 0 0 0

T h e  la s t  co lum n o f T ab le  V II  co n ta in s  th e  chem ical e q u ilib riu m  c o n s ta n t fo r 
d im e riz a tio n

2 A ^ = ± A 2 (33)

d e fin ed  as

К  =  —  (34)
x\

T h e  v a lu e  of К  =  67 fo r p u re  liq u id  ace tic  acid is in  good ag reem en t w ith  th e  
e q u ilib riu m  c o n s ta n t (К  =  62) d e te rm in e d  b y  F r e e d m a n  [54J using  an  u l t r a ­
so n ic  ab so rp tio n  tech n iq u e . (The e rro r  o f  th e  d a ta  of T ab le  V I I  w ill be re p o rte d  
in  th e  second p a r t  o f th is  artic le .)

A ccording to  F ig . 10, th e  lo g a rith m  o f th e  eq u ilib riu m  c o n s ta n t fo r d i­
m eriza tio n  is a lin ea r  fu n c tio n  of th e  n o m in a l mole fra c tio n  o f ca rbon  t e t r a ­
ch lo rid e :

l g X  =  lg K QC +  ( l g K „ - l g K ŰC) * B (35)

U sin g  th e  d a ta  fo r 20 °C, E q . (35) ca n  be  rea rran g ed  to

lg К  =  1.8261 +  2.4539 xB (36)
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T h u s E q . (36) p e rm its  th e  ca lcu la tio n  of tru e  mole frac tio n s  fo r th e  te rn a ry  
m odel A — A2— B , fo r an y  a rb itra ry  no m in a l com position  o f th e  acetic  a c id — 
ca rb o n  te tra c h lo rid e  m ix tu re  a t  20 °C.

F ig. 10. The logarithm  o f the dim erization constant expressed in term s o f mole fractions as a
function of the nom inal com position

T he d ip o la r liq u id  m odel o f O n s a g e r  an d  S c h ö l t e  is app licab le  to  n o m i­
n a lly  b in a ry  associa ting  m ix tu res  o f ace tic  acid w ith  ca rb o n  te trach lo rid e . 
T h e  tru e  com position  of th e  m ix tu re  can  be de te rm ined  fro m  dielectric  p ro p ­
ertie s  using  th e  th e rm o d y n am ic  m odel A — A2— В of re a c tiv e  m ix tu res.

*

The author is indebted to  Klára J ónás (University o f Veszprém ) and György B or  
(H ungarian Oil and Gas Research Institute) for helpful suggestions and recording the spectra.
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SOLANUM GLYCOSIDES, IIP
D IO SC IN

P . B i t e  and M. M. S h a b a n a **

(Research Institu te fo r  Pharm aceutical Chemistry, B udapest)  

Received A ugust 23, 1968

From fresh, unripe berries o f  Solanum  introsum  dióséin, a saponin earlier ob­
tained  only from Dioscoreae, has been isolated.

The identity  o f  the isolated substance w ith dióséin w as proved on the basis of 
m elting point, optical rotatory pow er, infrared spectrum , th in-layer chrom atography  
in  several solvent system s, acety lation , qualitative investiga tion  and quantitative  
determ ination o f the aglyeone and th e  sugar com ponents, m oreover by periodate ox i­
dation and identification  of trillin  obtained by partial hydrolysis. A cetylation  of 
dioscin at 140 °C yielded directly a hom ogeneous peracetate.

The presence o f gracillin in th e  berry was confirm ed b y  thin-layer chrom atog­
raphy.

I n  th e  p as t tw o  decades sev era l s tud ies d ea lt w ith  th e  s te ro id  alkalo ids 
of Solanum  species, as a  possible so u rce  o f  s ta r tin g  m a te r ia l fo r  th e  p ro d u c tio n  
o f s te ro id  pharm aceu tica ls  in  co u n trie s  o f th e  te m p e ra te  zone. In  th e  course 
of th e se  investiga tions severa l a u th o rs  h a v e  iso la ted  sm alle r am o u n ts  o f s te ro id  
sapogen ins from  v ario u s  Solanum  species, b u t  iso lation  o f th e  co rrespond ing  sa- 
pon ins p re sen t in th e  liv in g  p la n t has  n o t  y e t been re p o rte d  in  th e  lite ra tu re .* * *  

N o ste ro id  a lk a lo id á i c o n s titu e n t w as found  in  th e  d ilu te  acid  e x tra c t  
o f th e  d ried  and g ro u n d ed  un ripe  fru its  o f S. introsum. O n th e  o th e r  h a n d , th in -  
lay e r ch ro m a to g rap h y  o f a c o n c e n tra ted  m eth an o l e x tra c t  o f  th e  fresh , u n rip e  
fru its  o f th e  sam e p la n t  revealed  th e  presence o f som e s te ro id  g lycoside 
in  considerab le  a m o u n t (F ig . 1, s tr ip  a) (Silicagel-G ; d ev e lop ing  so lv en t [1] 
th e  low er phase o f a 63 : 35 : 10 m ix tu re  of ch loroform  : m e th an o l : w a te r , 
so lv en t sy s tem  I ; d e te c tio n  w ith  SbC l3).

O n tre a tm e n t o f  th e  e v a p o ra tio n  residue  of th e  aqueous m e th a n o l ex ­
t r a c t  w ith  abs. m e th an o l, th e  s te ro id  glycosides fu lly  d isso lved , w hile th e  
c o n ta m in a n ts  m ostly  rem ain ed  un d isso lv ed . T h in -lay e r c h ro m a to g ra p h y  o f 
th e  c o n cen tra ted  abs. m e th an o l e x tr a c t  show ed now w ell s e p a ra te d  spo ts (F ig . 
1, s tr ip  b), 10 of w hich  w ere red d ish -v io le t an d  3 yellow  a f te r  d e tec tio n  w ith  
SbClg. T h e  form er w ere d esigna ted , in  o rd er of d ecreasing  R f  v a lues, w ith

* Part II: Acta Chim. Acad. Sei. H ung. 52, 79 (1967).
** U n ited  Arab Republic Scholar from  Cairo U niversity, F acu lty  o f Pharm acy.

*** Subsequent to com pletion of the m anuscript o f this paper appeared the publication  
o f  H. R i p p e r g e r  and K. S c h r e i b e r  (Chem. Ber. 1 0 1 , 2450; Ju ly , 1968), dealing w ith the iso ­
lation  and structure elucidation of two steroid saponins of Solanum paniculatum .
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le t te r s  A  to  K , an d  th e  la t t e r  spo ts sim ilarly  w ith  n u m b ers  1, 2  an d  3. On th e  
b a s is  o f  th e  c h ro m a to g ram , th e  am o u n ts  o f A , E , F  an d  1 a re  considerab le , 
th e i r  respective  R f  v a lu e s  b e in g  0.55, 0.32, 0.25 an d  0.38, w hile  th e  o th e r  
co m p o n en ts  are p re se n t in  sm all am o u n ts  on ly  (T able I).
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F ig . 1. Thin-layer chrom atogram s. Adsorbent: Silicagel-G; developing solvent: the lower phase  
o f  a CHCl3-M e0 H -H 20  65 : 35 : 10 m ixture; detection w ith  SbCl3 in CHC13. a )  crude m ethanol 
ex tra ct; b) abs. m ethanol extract; c) authentic dioscin; d )  authentic gracillin; e)  CHCl3-E tO H  

(3 : 1) extract; f )  e th y l acetate extract; g )  butanol extract; h)  aqueous residue

Iso la tion  of co m p o n e n t A  was ach ieved  as show n in  F ig . 2.
C om ponent A  a c c u m u la ted  fu lly  in  th e  c h lo ro fo rm -e th an o l (3 : 1) 

e x t r a c t ,  w hich w as c o n c e n tra te d  in  v acu u m  an d  th e  resid u e  ch ro m ato g rap h ed  
f i r s t  on silicagel an d  th e n  on alum in ium  oxide co lum ns; th e  frac tions show ing 
th e  sp o t of A  on ly  w ere  com bined , c o n cen tra ted  an d  th e  residue su b jec ted  
to  re p e a te d  p re c ip ita tio n s  a n d  th e n  to  rec ry sta lliza tio n s to  give p u re  A ,  in  fo rm  
o f  colourless needles. T h in -la y e r ch ro m a to g rap h y  w ith  fo u r d iffe ren t so lv en t 
sy s te m s , e lem enta l an a ly sis  as well as in fra red  spectroscop ic  analysis show ed 
th e  p ro d u c t to  be id e n tic a l w ith  dioscin [2], w hose s tru c tu re  w as e luc ida ted  b y
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BITE, SHABANA: SOLANUM GLYCOSIDES, III 285

Unripe berry o f Solanum introsum

extraction w ith MeOH
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Fig. 2

K aw asaki and Y amauchi [3] in 1962 as bis-a-L-rham nopyranosyl (1 2 and
1 —► 4)-/3-D-glucopyranosyl diosgenin.

H ow ever, p u re  A  m elted  a b o u t 20 °C h ig h er th a n  t h a t  given in  th e  l i te r ­
a tu re  for dióséin. A lso its  specific ro ta t io n  was a b o u t 5° low er th a n  re p o rte d .

T he Fehling  re a c tio n  was n e g a tiv e , th e  A lb erti re a c tio n , an d  th e  B ial 
re a c tio n  were p o s itiv e  [4]; acco rd ing ly , A  does n o t  c o n ta in  a free red u c in g  
g ro u p , its  aglycone co n ta in s  a t  le a s t  one double b o n d  an d  m eth y lp en to se  is 
p re se n t in  its su g ar m o ie ty .

A ce ty la tio n  o f  A  w ith  acetic  a n h y d rid e  in  p y rid in e  a t  room  te m p e ra tu re  
y ie ld ed  a p ro d u c t w h ich  on th in - la y e r  ch ro m ato g rap h ic  analysis acco rd ing  
to  K a w a s a k i , w ith  b en z e n e -ac e to n e  4 : 1 (solvent sy s te m  I I )  (d e tec tio n  w ith  
SbCl3) gave alw ays tw o  w ell-sep ara ted  spo ts (R j 0.70 an d  0.63). On th e  o th e r  
h a n d , a ce ty la tio n  a t  140 °C gave a  hom ogeneous c ru d e  p ro d u c t. T his w as 
ch ro m a to g rap h ed  on  silicagel co lu m n  an d  pu rified  b y  p re c ip ita tio n . O n th e  
basis  o f  e lem enta l an a ly s is , and  m ass sp ec tru m  th e  p u re  p ro d u c t was d ioscin
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peracetate, in contrast to  the finding o f K aw asaki [1], it  gave one spot only 
on th in-layer chrom atography.

I n  order to  id e n tify  th e  aglycone a n d  th e  sugar m o ie ty  o f  A ,  i t  was 
h y d ro ly zed  w ith h y d ro c h lo ric  acid. On th e  basis  o f m e lting  p o in t, m ixed  m e lt­
in g  p o in t, th in -la y e r c h ro m a to g ra p h y  w ith  a 9 : 1 m ix tu re  o f cyc lo h ex an e- 
a c e to n e  (solvent sy s te m  I I I )  [5], in fra red  sp ec tro scopy , an d  e lem en ta l a n a ly ­
s is , th e  aglycone w as id e n tic a l w ith  d iosgenin .

O n basis o f th e  m easu red  a m o u n t o f  d iosgenin  fo rm ed , th e  m olecular 
w e ig h t of A  was fo u n d  to  be  885, w hich  is in  ag reem en t w ith  th e  ca lcu la ted  
m o lecu la r w eight (869.15) o f dióséin.

HO/ Г “
VMe

Vон

Dioscin
la  4 1/3— 3

L -r h a m n o se  ------ — ■— *■ D - g lu c o s e ----------------> d io s g e n in

I  l a  — 2

L -rh a m n o se  

F ig . 3

A fter th e  re m o v a l o f  th e  ag lycone, th e  acidic so lu tio n  w as n eu tra lized  
w ith  A m berlite  I R —4 B  resin . The n e u tra liz e d  so lu tion  w as ru n  on W h a tm a n  
1 p a p e r  b y  th e  a scen d in g  tech n iq u e  w ith  b u ta n o l : p y rid in e  : w a te r, 6 : 4 : 3  
(so lv e n t system  IY) [6] an d  b u tan o l : e th a n o l : w a te r, 8 : 1 : 2  (so lven t system  
V) [7], and th e  sp o ts  d e te c te d  w ith  an iline  p h th a la te , in  th is  w ay  D-glucose 
a n d  L-rham nose w ere  iden tified .

B y m eans o f  th e  F ischer  an d  D örfel q u a n tita tiv e  su g a r d e te rm in a tio n  
p ro ced u re  [8] th e  m o la r  ra tio  of L -rham nose an d  D-glucose w as found  to  be 
1.95 : 1, in  acco rd an ce  w ith  th e  ra tio  o f  2 : 1 subsis tin g  in  d ioscin .

P eriodate  o x id a tio n  of A ,  accord ing  to  K uh n  [9], an d  su b seq u en t h y d ro ­
ly sis  followed b y  p a p e r  ch ro m a to g rap h y  show ed glucose as th e  on ly  su rv iv ing  
su g a r  com ponent.
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P a r t ia l  h y d ro ly sis  of A  a n d  ch ro m a to g rap h ic  p u rif ic a tio n  of th e  c rude  
p ro d u c t y ielded an  in te rm e d ia ry  p ro d u c t  A x in  p u re  fo rm , w hich on th e  basis 
o f  m e ltin g  p o in t, o p tic a l ro ta to ry  po w er, b eh av io u r in  th in - la y e r  ch ro m a to ­
g ra p h y , its  aglycone a n d  sugar m o ie ty , m oreover th e  m e ltin g  p o in t an d  o p tica l 
a c t iv i ty  of its  a c e ty la te d  d e r iv a tiv e , w as id en tica l w ith  tr illin  (jő-D-gluco- 
pyranosy l-d iosgen in ) [10].

C om ponent В  in  F ig . 1, s tr ip  b (R j 0.5) could  n o t  be  iso la ted  in  pu re  
fo rm . H ow ever, w h en  a m ix tu re  o f  A  a n d  В  w as ru n  p a ra lle l to  a m ix tu re  of 
a u th e n tic  dioscin a n d  gracillin  as w ell as a com m on so lu tio n  o f th ese  tw o  m ix ­
tu re s  on  Silicagel-G  th in - la y e r  w ith  so lv e n t system  I ,  m o reo v er b o th  on W h a t­
m a n  1 p a p e r w ith  th e  ascending te c h n iq u e  and  cellulose pow der th in - la y e r  
w ith  b e n z e n e -b u ta n o l—w a te r  1 0 :4  : 5 (so lv en t sy s tem V I) [11] a n d b u ta n o l—5%  
ace tic  acid  10 : 4 (so lv en t system  V I I  [12], resp ec tiv e ly  B) show ed a b e h av io u r 
id e n tic a l w ith  g racillin .

O n th e  basis o f  th e se  ex p e rim en ts , com ponen t A  is id en tified  w ith  d io ­
scin , e a rlie r iso la ted  fro m  Dioscoreae o n ly . C om ponent В  is p re su m ab ly  id e n ti­
ca l w ith  gracillin , a g a in  only  iso la te d  so fa r  from  Dioscoreae.

Iso la tio n  and  id en tif ic a tio n  o f  com ponen ts E , F  a n d  1 are in  progress.

E x p erim en ta l

A ll m elting points are uncorrected and  were determ ined in  a B oetius apparatus. The 
infrared spectra were obtained w ith a Zeiss U R  —10 instrum ent in  K B r pellets.

Thin-layer chrom atography was done w ith  Silicagel G prepared according to  S tah l 
by R eanal Fine Chemical F actory, B udapest. W oelm  silicagel (ac tiv ity  I) and W oelm  alum i­
nium  ov id  1 (neutral, a c tiv ity  II) were used  as the adsorbents for colum n chrom atography

Extraction and fractionation

Fresh, unripe berries (25 kg) of Solanum  introsum  were m inced in  m ethanol, and stirred 
w ith  100 1 of m ethanol and then 3 X  75 1 o f  80%  aqueous m ethanol for 1 hr. each, at room  
tem perature. The com bined extract was concentrated  to give 1200 g o f a dark greenish-brown  
syrup y product, whose chrom atogram  on silicagel thin-layer w ith  so lvent system  I, after 
d etectio n  w ith  antim ony trichloride, is show n in F ig. 1, strip a.

The 1200 g syrupy product was ex tracted  w ith  4 1 o f abs, m ethanol four tim es at boiling  
tem perature for 1 Ьг. each. The combined ex tra ct gave on concentration in  vacuum  630 g of 
a dark, th ick  residue. This product had a chrom atogram  com posed o f w ell-separated spots. 
T he chrom atogram  obtained w ith  solvent system  I and various detecting agents is shown in 
F ig. 1, strip b, while respective R t  values and other data of the chrom atogram s are listed  in  
T ab le  I.

T he 630 g product w as hom ogenized w ith  2 1 o f H 20  and extracted  successively w ith  
petroleum  ether, ether and chloroform. T he aqueous phase was then  extracted  w ith  9 1 of 
ch loroform -ethanol (3 : 1), 6 1 o f ethyl a ceta te  and 8 1 o f butanol saturated w ith water. The 
progress o f the extraction w as checked b y  thin-layer chrom atography. Chromatograms of  
the concentrated fractions are shown in strips e, f  and g  in Fig. 1.

Accordingly, com ponent A  was fu lly  accum ulated in the chloroform -ethanol solution. 
This fra ction  gave on evaporation  300 g o f  a dark syrupy product.

Isolation o f  com ponent A

T he syrupy product containing A  w as d iluted w ith solvent system  I and applied to a 
co lu m n o f  5 cm  diameter and prepared from  2 kg o f silicagel and elu ted  w ith  the same solvent 
m ixture. Fractions of 15 m l were collected; th e  results are sum m arized in  Table II.

Acta Ckim. Acad. Sei. H ung. 62, 1969



288 BITE, SHABANA: SOLANUM GLYCOSIDES, III

Table I

Hj values, colours and colour intensities o f the spots in the chromatograms shown 
in  strips b, c and d  in Fig. 1

Substance */

Colour with

Colour
intensity*Dragendorff

[13] SbCl3 AlO, [14]

A 0.55 red violet-red — + +  +
dióséin 0.54 red violet-red — —

В 0.50 red violet-red — ( + )
gracillin 0.50 red violet-red — —

C 0.46 red violet-red — ( + )
D 0.42 red violet-red — ( + )
1 0.38 — yellow yellow + +
E 0.32 red violet-red — + + +
F 0.25 red violet-red — + +
2 0.22 — yellow yellow +
G 0.19 red violet-red — ( + )
H 0.14 red violet-red — ( + )
3 0.13 — yellow yellow ( + )
J 0.10 red violet-red — ( + )
К 0.07 red violet-red — ( + )

* (+ )  just observable

Table II

Chromatography on silicagel o f  the residue o f  the extract obtained 
with chloroform-ethanol 3 : 1

Fraction
Residue

Components
weight (g) appearance

(according to TLC)

1—  80 35.5 dark green 
resin

—

81— 310 90.0 dark green 
syrup

.4 + (B )+ (C )+ (D ) - f (£ )

311—430 20.3 dark brown 
syrup

(1C ) + ( D ) + E + F

431— 750 60.8 dark brown 
^ syrup

(E)+(F)
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The residue obtained from the com bined fractions 81 —310 (90 g) was extracted  w ith  
5 X  300 m l of petroleum  ether b y  stirring under reflux; and the 72 g dark green, insoluble  
part was again chrom atographed on alum inium  oxide.

The 72 g product was hom ogenized w ith  som e alum inium  oxide and solvent system  I ,  
and applied to a colum n o f 5.5 cm  diam eter, m ade o f 1.5 kg alum inium  oxide in  so lv en t  
system  I. Again 15 m l fractions were taken (120 m l/hr), and the separation process was checked  
b y  thin-layer chrom atography. The results are summarized in Table II I .

Table III

Chromatography on alum inium  oxide o f  the crude product contain ing component A

Fraction
weight (g)

Residue

appearance

Components 
(according to TLC)

1—  n o 12.3 dark green resin —

111—  200 5.0 brownish-green powder (partially hydrolyzed products)

201—  280 10.2 dark green powder A

281—  380 6.5 brownish-green powder A  +  (B )

381— 1060 9.6 greenish-brown powder A  +  (B ) +  (C) +  (D)

E vaporation in vacuum  of the com bined 201 — 280 fractions gave 10.2 g o f a p rodu ct, 
which was dissolved in abs. ethanol and precipitated w ith abs. ether several tim es, follow ed  
b y  repeated recrystallizations from abs. ethanol. The crystalline product was colourless nee­
dles, insoluble in water: it  was dried over phosphorus pentoxide a t 110 —120 °C and 1.5 m m  
for 5 hrs; m.p. 298 — 302 °C (decom position), [ajo* — 109.0° (c 0.373, E tO H ). I f  the product 
was recrystallized from  60% ethanol and dried at room tem peratur, it  m elted at 275 — 277 °C, 
while after drying as above, it  had m .p. 278 — 280 °C. The corresponding data in the literature  
for dioscin [15] are: m .p. 2 7 5 -2 7 7  °C ;[a]lD3- U 5 °  (c 0.373, E tO H ).
C45H 720 16 (869.15). Calcd. C 62.16; H  8.35. Found C 61.47; H  8.46% .

A cetylation  of A

100 m g of A ,  previously dried over phosphorus pentoxide, w as heated w ith  3 m l o f  
acetic anhydride in dry pyridine at 140 °C for 3 hrs. The solution w as evaporated in vacuum  
and the residue dissolved in benzene. A fter washing and drying, the benzene solution w as  
treated w ith  activated  charcoal at boiling tem perature, filtered, and the solvent was th en  
evaporated. The colourless crystalline residue was chrom atographed on silicagel th in -layer  
w ith  solvent system  II; it  gave one spot on ly , w ith  R j  0.70. (W hen the acetylation  was accom ­
plished at room tem perature or at 100 °C, tw o spots were detected on the chrom atogram  each  
tim e.)

The crude A-peracetate is a colourless crystalline product, m .p. 135 °C, after chrom atog­
raphy through a sm all silicagel colum n w ith  benzene, it  was m elted a t 138 — 142 °C, and re­
m ained unchanged on subsequent chrom atography; [<z ] d° — 71.5° (c 1, CHC13). According  
to  the infrared spectrum , the substance did not contain free OH group. (D ata  given in  the  
literature for the acetylated  dioscin consisting o f 2 spots are: m .p 143 —145 °C; [a]'D° — 72°  
(c 0.389, CHC13.)
C61H 880 24 (1205.36). Calcd. C 60.76; H 7.36; CH3CO 28.38. Found C 61.01; H 7.25; CH3CO 
28.10% .

Total hydrolysis o f component A

0.5 g o f A  was refluxed w ith 40 m l o f 31V HC1 in 50% aqueous ethanol for 5 hrs, th e  
m ixture was diluted w ith  water, the alcohol evaporated, and the residue le t  to stand in a re­
frigerator to  deposit the aglycone.

Acta Chim. Acad. Sei. Hung. 62, 1969



290 BITE, SHABANA: SOLANUM GLYCOSIDES, III

E xam ination  o f the aglycone

The precipitate w as filtered  off, washed w ith  water and dried at 100 °C to obtain  
225 m g of a product, m .p. 192 — 196 °C. After chrom atography on a sm all A120 3 column and 
crystallization  from acetone i t  m elted at 198 — 200 °C and gave one spot (R j  0.31) on silicagel 
th in-layer w ith  solvent system  III  and SbCl3. M ixed m .p. w ith authentic  diosgenin showed  
no depression. The th in-layer chromatographic behaviour, infrared spectroscopic analysis 
and CH analysis data were in  agreem ent w ith those o f diosgenin.

On the basis o f  the am ount o f the crude aglycone formed (225 m g), the m olecular weight 
o f  A  was calculated to be 885; the calculated m olecular w eight o f  dioscin is 869.15.

The m .p., thin-layer chrom atographic behaviour and infrared spectrum  of the acetate  
o f th e  aglycone were identical w ith  those o f authentic diosgenin acetate.

E xam ination  o f  the sugar m oiety o f  A

The combined m other liquor and washings o f the crude aglycone w as stirred w ith 10 g 
o f  Am berlite IR —4B resin for 10 m in, then the m ixture was filtered , and the resin washed.

The resulted solution  w as subjected to paper chrom atographic analysis. Comparative 
experim ents were carried o u t w ith  authentic m onosaccharides, both  w ith  parallel solutions 
and in m ixture, on W hatm an 1 paper at 24 °C, w ith  the ascending technique, and w ith solvent 
system s IV and V, using aniline phthalate for detection . The final results o f  these experim ents 
are summarized in  Table IV.

Table IV

Qualitative examination o f  the sugars obtained by hydrolysis o f  A , on Whatman 1 paper

Substance

R/

BuOH : QH ftN  : HgO 
6 : 4 : 3 ,  ascending, 18 hrs

BuOH : EtOH : H20  
8 : 1 : 2 ,  ascending, 20 hrs

H y dro lyzate  o f  A 0.61 0.81 0.27 0.59

D-glucose 0.61 0.27
L-rham nose 0.81 0.59

The quantitative determ ination of glucose and rhamnose was accom plished as follows:
4  m g o f A  was heated at 100 °C w ith 0.5 m l o f 3iV HC1 in E t0 H -H 20  (1 : 1) in a sealed tube for
5 hrs; the m ixture was th en  cooled and allowed to  stand in a refrigerator. The tube was opened  
and the aglycone rem oved b y  centrifugation. An aliquot part o f the acidic solution correspond­
ing  to  100 jig  o f A  w as applied to W hatm an 1 paper and the chrom atogram  was developed  
w ith  solvent system  IV. The am ount of m onosaccharides was determ ined by the procedure 
o f  F i s c h e r  and D ö r f e l ; th e  results are shown in  Table V.

Table V

Q u a n tita tiv e  d e te r m in a t io n  o f  D -glucose a n d  l .- rh a m n o s e  i n  th e  h y d r o ly z a te  o f  A

D -g lu c o se L - r h a m n o s e M o la r r a t i o

M S X 1 0 - 8  m o le M S X 10 ” 8 m o le  1 d -g lu c o s e L - r h a m n o s e

17.5 9.7 30.2 18.4 l 1.8

16.5 9.2 32.0 19.5 l 2.1

After the to ta l hydrolysis o f A , rem oval o f  the aglycone precipitate and neutralization  
w ith  an anion exchange resin, the am ount of reducing sugars, expressed as glucose, was de­
term ined in an aliquot portion o f the solution. The result was 566 m g glucose per 1 g o f  A ;  the  
respective  value calculated  for dioscin is 621 m g.
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Periodate oxidation of A

30 mg of A  in  5 m l o f O.liV acetic  acid in ethanol was oxidized w ith  2.5 m l o f 0 .251V K I04 
in  5C% aq. e tla n o l according to K u h n  [9]. The residue obtained on evaporation was chrom a- 
tograp lcd  on W hatm an 1 paper w ith  solvent system s IY and Y , and the spots were detected  
w ith  aniline phthalate. Only one sp ot, corresponding to  glucose, w as observed.

Partial hydrolysis o f A (isolation  of A ,)

500 mg o f A  w as refluxed in 40 m l o f I N  H 2S 0 4 in d ioxan-w ater (1 : 3) for 2 hrs. The 
m ixture was cooled and neutralized w ith  N a H C 0 3, the precipitate separated, washed w ith  
w ater and dissolved in  chloroform -m ethanol (1 : 1). The solution w as filtered, concentrated  
in vacuum  and the residue chrom atographed on silicagel w ith so lvent system  I. On spraying  
with antim ony trichloride three spots were noticed w ith R j  values 0.97, 0.77 and 0.53. In a 
parallel experim ent w ith  authentic diosgenin, trillin and dioscin the respective R j  values  
0.98, 0.77 and 0.54 were obtained.

According to  thin-layer chrom atographic exam inations, the m axim um  am ount o f the  
product with R j  0.77 ( A, )  was achieved b y  refluxing for 2 hrs.

The dry crude product was refluxed  tw ice w ith  30 ml o f cyclohexane-acetone (9 : 1) 
for a few m inutes, and the filtrate w as concentrated in vacuum  to  y ield  80 m g o f a colourless 
powder consisting m o stly  o f diosgenin. The undissolved part was dissolved in a 5 m l portion  
o f  solvent system  I, and passed through a colum n of 2.5 cm diam eter, m ade of 30 g alum inium  
oxide in the same so lvent. Elution w as done w ith solvent system  I and fractions of 5 m l vo l­
um e were collected. The results are sum m arized in Table VI.

Table VI

Chromatography on A l20 3 column o f  the crude 
product obtained in  the partia l hydrolysis o f  A

Fraction
Residue, Components

mg according to TLC

1—  5 23 diosgenin -j- (A  x)

6— 18 132 A
19—40 82 A t +  A

The residue from  fractions 19—40 w as subjected to a second chrom atographic separation  
procedure just in th e  sam e way, and fin a lly  165 m g of crude A 1 was obtained. I t  was tw ice  
recrystallized from m ethanol to obtain colourless needles, m .p. 261 — 263 °C (decom position), 
[а]|,6 —105.3° (c 0.5, dioxan). Reported data for trillin [16]: m.p. 260 — 262 °C; [a]j} —103.4° 
(dioxan). The elem entary analysis data (С, H ) were also consistent w ith the com position o f  
trillin .

Hydrolysis o f Aj

5 m g of A x w as heated with 0.5 m l o f 11V HC1 in 50% aqueous ethanol in a sealed tube  
at 100 °C for 2 hrs. B y  m eans of the previous m ethods only diosgenin and glucose could be 
detected in the hydrolyzate.

E xam ination of component В

Combined fractions 281 — 380 o f Table III  were concentrated in  vacuum  and the residue 
(6.5 g) crystallized from  E tO H  to give 1.4 g o f pure A . A ll attem pts to  isolate pure В  from the  
m other liquor failed. The A  -j- В  m ixture behaved indistinguishably from  a m ixture o f authen­
tic  dioscin and gracillin both  in parallel exam inations and in com m on solutions when chrom a­
tographed on silicagel thin-layer w ith  so lven t system  I, m oreover on W hatm an 1 paper and  
cellulose powder th in-layer w ith solvent system s V I and V II.

*
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SYNTHESIS OF PROTEIN MODEL COMPOUNDS 
BY SIDE GROUP MODIFICATION OF POLYAMINO ACID

DERIVATIVES, II
T H E  PR E PA R A T IO N  OF POLY-l-GLUTAMIC ACID D E R IV A T IV E S CONTAINING  

SIM U LTANEO USLY V A R IO U S FUNC TIO NAL G RO UPS

A. KÓTAi, Gy . Szókán , I .  F eren cz  and M. A lmás

(In stitu te  o f  Organic Chem istry, L . Eötvös U niversity, B udapest)

R eceived Septem ber 27, 1968

The synthesis o f m odified polyglutam ic acid derivatives sim ultaneously contain­
ing various functional (dialkylam ino, carboxyl, hydroxyl, im idazolyl, m ercapto and 
ester) groups has been attem pted . In the preparation o f these com pounds, poly-y- 
-m ethyl-l.-glutam ate (I), used as the starting material, w as transform ed either b y  differ­
ent m odifying reagents applied in subsequent steps, or b y  m ixed m odifying reagents. 
I t  has been observed that, using the m ixed reagents for the m odification, the average  
com position and degree of polym erization of the product depend not only on the com ­
position of the m ixed reagent, b u t also on the other reaction  conditions (especially  the  
temperature). I t  has been further established that in the preparation of polyam ino acid 
derivatives sim ultaneously containing various functional groups, the character of the  
products is fundam entally  influenced — in addition to the principal characteristics 
already discussed in the previous publication [2] — also b y  the w ay o f working up the  
reaction m ixture.

P olyam ino  acids as p ro te in  m odel com pounds h a d  b een  rev iew ed b y  
K a t c h a l s k i  et al. [1]. In  th e  f ir s t  p a p e r  of th is  series [2] a  new  p o ssib ility  fo r 
th e  ra th e r  sim ple syn thesis  o f a n ove l ty p e  of p ro te in  m odel com pounds 
m ade b y  side g roup  m od ifica tion  o f  po lyam ino  acid d e riv a tiv e s  was suggested .

T hese m odel com pounds a re  s im ila r to  p ro te in s  in  th e  re sp ec t t h a t  th e y  
h av e  p ro te in  fu n c tio n a l groups a tta c h e d  to  a p o ly p ep tid e  b ack b o n e . H ow ever, 
th e y  are d iffe ren t from  p ro te in s  in  reg a rd  of th e ir  fu n d a m e n ta l m onom eric  
s tru c tu ra l u n its , b e ing  u su a lly  n o t  n a tiv e  am ino acids b u t  m odified  d e riv a ­
tives o f th em .

A lthough  th e  p re p a ra tio n  of m odified  po lyam ino  acids h a d  been  rep o rted  
severa l tim es [3— 10], a sy s te m a tic  in v es tig a tio n  o f side group  m odify ing  
reactions o f po lyam ino  acid  d e riv a tiv e s  com m enced on ly  recen tly  [2]. To 
fin d  o u t th e  scope an d  lim ita tio n  o f th is  m ethod , in  o u r p rev ious co m m u n i­
ca tio n  [2 ] 't h e  re a c tio n  o f po ly -y -m eth y l-L -g lu tam ate  (I) w ith  d iffe ren t d i­
am ines was exam ined  an d  described . I t  h as  been  show n th a t  th e  average  com po­
s itio n  an d  average degree of p o ly m eriza tio n  of th e  p re p a re d  basic  d e riv a tiv es  
o f poly-L -glutam ic ac id  g rea tly  d ep en d  b o th  on th e  ch a rac te ris tic s  o f  th e  
s ta r tin g  m ateria ls  an d  on th e  re a c tio n  conditions, especia lly  on th e  te m p e ra ­
tu re  and  d u ra tio n  o f th e  reac tio n .

The aim  of th e  p re sen t p a p e r  w as to  in v es tig a te  how  po lyam ino  acid 
de riv a tiv es , s im u ltan eo u sly  co n ta in in g  tw o  or m ore d iffe ren t k in d s o f fu n c tio n ­
al groups, could be  p rep ared .
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T here  are tw o  w ays fo r  th e  p re p a ra tio n  o f  m odified  po ly am in o  acid d e riv ­
a tiv e s  con ta in ing  sev e ra l k in d s  o f p ro te in  fu n c tio n a l g ro u p s: 1) T he s ta r tin g  
p o ly am in o  acid d e r iv a tiv e  is tre a te d  w ith  a m ixed  m od ify ing  reag en t, th e  
co m p o n en ts  o f w hich  re a c t  w ith  th e  po lym er. E v e n  i f  a re a g e n t consisting  only  
o f  tw o  com ponents is u sed , a g rea t n u m b er o f d iffe ren t com pounds m ay be 
sy n th es ised  b y  v a ry in g  th e  ra tio  o f th e  com ponen ts an d  som e o th e r  ch a ra c te r­
is tic s  of th e  reac tio n , as i t  w ill be show n below . 2) T he in d iv id u a l functional 
g ro u p s  are  a tta c h e d  s tep w ise  to  th e  s ta r tin g  po lym er. In  th is  case, th e  s ta r tin g  
p o ly m e r is tra n sfo rm e d  o n ly  p a r tia lly  w ith  th e  f irs t  m o d ify ing  reag en t; th is  
p ro d u c t  is th e n  fu r th e r  m od ified  w ith  a second reag en t, an d  so on. This m ethod  
is m o re  c ircu m stan tia l th a n  th e  f irs t one, b u t  p rov ides m ore o p p o rtu n ity  fo r 
s t ru c tu ra l  v a ria tio n s , since th e  com positions o f th e  sy n th es ised  m ateria ls  a re  
in d e p e n d e n t of th e  re la tiv e  reac tiv itie s  o f th e  d iffe ren t m o d ify ing  reagen ts. 
As a m a tte r  o f course, th e  tw o  m ethods can  also be co n v en ien tly  com bined, 
acco rd in g  to  special needs.

To te s t th e  a p p lic a b ility  o f th e  m ixed  reag en ts , a p a r t  o f th e  experim ents 
d esc rib ed  in  th e  p rev io u s p u b lica tio n  [2] h as  been  re p e a te d  using  aqueous 
in s te a d  of an h y d ro u s  am ines as m odify ing  reag en ts . In  th is  w ay  th e  es te r 
g ro u p s of th e  s ta r t in g  p o ly -y -m eth y l-L -g lu tam ate  (I) h a v e  b een  p a r t ly  am ino- 
ly zed  an d  p a r tly  h y d ro ly z e d . T ak in g  in to  acco u n t th a t  a few  p e r cen t o f g lu ­
ta m y l  residues h a d  a lre a d y  b een  p re sen t in  th e  s ta r tin g  p o ly m er [2], th e  reac ­
t io n  could be fo rm u la te d  as follow s:

--NHCHCO — -INHCHCO - OH H- -NHCHCO — -NHCHCO -
1

CH2
1

CH2 Г H,N (CHj) , N R , 1 1
CH2

1
CH2

1 1 H , 0 1 1
CH2 CH2 CH2 CH2

СООСНз COOH CO NH COOH
— -1 Л L_ J m 1 1—. —1

I CH21
CH2

n r 2
П"-k

I l a - b
(a : R =  C H j; b :R = C 2H5)

T he ch a rac te ris tic s  o f th e  reac tions ca rried  o u t u n d e r  v a rio u s  experim en­
ta l  conditions an d  w ith  th e  help  of d iffe ren tly  com posed reag en ts , and  th e  
ch a rac te ris tic  d a ta  o f th e  p rep a red  am p h o te ric  po lyam ino  ac id  deriva tives are  
su m m arized  in  T ab le  I.

To ensure an  ea sy  su rv e y  o f th e  re su lts , th e  sam e p o ly g lu ta m a te  sam ples 
—  o r a t  least s im ila r ones —  w ere used  as th e  s ta r tin g  m a te ria ls . T he com pounds 
lis te d  in  T able I  a re  a rra n g e d  accord ing  to  th e  increasing  te m p e ra tu re  of th e  
p re p a ra tio n  reac tio n s , a n d  w ith in  th is , in  th e  o rd er o f increasin g  w a te r co n ten t 
o f  th e  m odifying re a g e n t. Sam ples, p rep a red  w ith  id e n tic a lly  com posed
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Table I

D ata o f  the prepared amphoteric derivatives o f  poly-L-glutamic acid (II a—b) and the conditions
o f their preparation*

Characteristics of the 
prepared materials

W ater con­
ten t of the 

reagent
Characteristics of the reaction

No. Name® indicating 
composition

П>РЬ

dl/g
weight

%
mole

% Temp,c °C Time, hours

Conver­
sion of 
ester 

groups,
%

*lQuotd

la poly-DM AG25MG7lGlu4 1.10 0 0 20 240 26 1.06
lb poly-DM AG92MG4GIu4 — 0 0 20 2352 90 —
lc poly-DMAG96Glu4 1.13 0 0 20 6450 100 1.09
2a poly-DMAG44MG52GIu4 1.03 20 52 20 240 46 0.99
2b poly-DMAG9 5Glu5 0.92 20 52 20 2352 100 0.89
3a poly-DM AG64MG28Glus 0.86 40 74 20 240 71 0.83
3b poly-DMAG88GIu42 0.81 40 74 20 2800 100 0.78
4 poly-DM AG93Glu7 0.69 10 32 60 100 100 0.66
5 poly-DM AG83GIu17 0.54 40 74 60 100 100 0.52
6 poly-DM AG87Glu13 0.33 10 32 42; 98e 2; 72e 100 0.32
7 poly-D  MAG84Glu’6 0.21 20 52 42; 98е 2; 72e 100 0.20
8 poly-DM AG71GIu29 0.17 40 74 42; 98е 2; 1 2 e 100 0.16

9 poly-DEAG 81Glu19 0.43 20 62 75; 97; 2; 100 0.34
10

11
poly-DEA G 80±lGlu 20±‘ 

poly-DEA G 77Glu23

f 0.33 
[+ 0 .0 3  

0.34

20

20

62

62

75; 97« 

7 5 ; 160ft

1; 70« 

1; 5"

100

100

J" 0.24 
1 + 0 .0 2  

0.27
12 poly-DEA G 75Glu25 0.30 30 74 75; 97« 1; 70« 

l ;  9'
100 0.24

13 poly-DEA G 69Glu31 0.12 30 74 75; 160‘ 100 0.10

a Nam es are constructed according to  Gill  III  [15]; DMAG stands for N -(d im ethyl- 
am inoethyl)-L-glutam inyl, DEAG for N-(diethylam inoethyl)-L-gIutam inyI and MG 
for " -met hyl-I,-glutamyl residues 

Ь c =  0.5%, in dichloroacetic acid
c The temperature o f the heating bath  is given  in the Table

~ ~ ~  (product)
(j ~ _  — ------------------- (c =  0.5% , in dichloroacetic acid)

,Ш> % f-< PMG)
e H eating at 42 °C for 2 hrs, then at 98 °C for 72 hrs
f  H eating at 75 °C for 2 hrs, then at 97 °C for 70 hrs
g  H eating at 75 °C for 1 hr, then at 97 °C for 70 hrs
h H eating at 75 °C for 1 hr, then at 160 °C for 5 hrs
i  H eating at 75 °C for 1 hr, then at 160 °C for 9 hrs

* The characteristics o f the starting polym ers used for the preparation of samples N os

1-8  were poly-MG96Glu4 w ith -ILSE_ — l.()4 dl/g; and for samples No. 9 and 11-13, poly-MG96-
c

Glu4 w ith  =  1.26 dl/g. The data of six  different samples were averaged as No. 10. They  
c

were prepared from different starting polym ers, characterized as poly-MG96Glu4 w ith —sp values
c

from 1.29 to 1.44 dl/g.
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re a g e n ts  a t  th e  sam e te m p e ra tu re  b u t  w ith  d iffe ren t re a c tio n  tim es, are  lis te d  
u n d e r  th e  sam e n u m b e r  h u t  w ith  d iffe ren t le tte rs .

F ro m  th e  d a ta  o f  T ab le  I  th e  fo llow ing  can  be  seen :
1) B y in creasin g  th e  te m p e ra tu re  o f  th e  reac tio n  —  b u t  using  th e  sam e 

re a g e n t —  th e  v isc o s ity  o f  th e  p ro d u c ts  d ecreased , as i t  h a d  a lread y  been  o b ­
se rv ed  [2], and  a t  th e  sam e tim e  th e  a m o u n t o f acid ic g roups increased  (see, 
e.g., th e  com position  o f  sam ples 3b, 5 a n d  8). T hus, th e  a lte ra tio n  o f th e  te m ­
p e ra tu re  has an  in flu en ce  on th e  re la tiv e  ra te s  o f h y d ro ly s is  and  am inolysis 
o f th e  e ste r g roups; th e  increase of te m p e ra tu re  fav o u rs  hyd ro lysis .

2) B y  in creasin g  th e  w a te r c o n te n t o f  th e  re a g e n t, n o t only th e  a m o u n t 
o f acid ic groups in c rea sed  —  w hich w as especia lly  s ig n if ican t a t  h igher te m p e r­
a tu re s  —  b u t also th e  v iscosity  of th e  p rep a red  p ro d u c ts  decreased (com ­
p a re , e.g., th e  v iscosities o f sam ples lc ,  2b an d  3b or 6, 7 a n d  8).

T he decrease o f  v iscosities is cau sed  ra th e r  b y  th e  sp littin g  of p e p tid e  
ch a in s  th a n  b y  co n fo rm a tio n a l changes o r v a ria tio n s  in  th e  s ta te  of so lv a tio n , 
d e p e n d e n t on th e  com positions of th e  m odified  po lym ers. T his has been p ro v ed  
b y  d e m o n s tra tin g  —  p a ra lle l to  th e  decrease  of v iscosities — th e  ap p earan ce  
o f  increasing  a m o u n ts  o f  n in h y d rin -p o sitiv e  am ino te rm in a ls*  in  th e  m a te ria ls  
p re p a re d  a t  h ig h er te m p e ra tu re s  w ith  re a g e n ts  o f h ig h e r w a te r  co n ten t.

T he presence o f  w a te r  in  th e  m ix ed  re a g e n t gives th u s  rise —  beside th e  
h y d ro ly sis  o f th e  e s te r  g roups —  to  p a r t ia l  h y d ro lysis  o f th e  p o lypep tide  cha ins. 
T h e  increase of th e  w a te r  co n ten t of th e  re a g e n t enhances th e  ra te  of conversion  
o f  e s te r  groups to o , as i t  can  be seen b y  co m p arin g  th e  d a ta  of sam ples l a ,  2a 
a n d  3a. This effect is p ro d u ced  in p a r t  b y  th e  observed  b e t te r  solubilities, b u t  
th e  w a te r-ca ta ly zed  acce le ra tio n  o f th e  am in o ly tic  re a c tio n  can n o t be e x ­
c lu d ed  either.

3) In  th e  course  o f  th e  p re p a ra tio n  o f  sam ple N o. 10, th e  re p ro d u c ib ility  
b o th  o f th e  p re p a ra tiv e  m ethods ( th e  p re p a ra tio n  o f th e  s ta rtin g  p o ly m er 
inc luded ) and  o f th e  an a ly tica l p ro ced u res  has been  checked. Six sam ples 
w ere p rep ared  u n d e r  id en tica l co n d itions; th e  com positions an d  the  v iscosities 
o f  a ll o f th em  w ere w ith in  th e  lim its o f e rro r , given in  T ab le  I .

Sum m ariz ing  th e  resu lts  o b ta in ed  b y  th e  use o f m ixed  reagents fo r th e  
side group  m o d ifica tio n  o f po lyam ino ac id  d e riv a tiv es , i t  can  be concluded t h a t  
v a rio u s  fu n c tio n a l g ro u p s m ay  be s im u ltan eo u sly  a tta c h e d  to  th e  p o ly p ep tid e  
c h a in  b y  m eans o f  re a g e n t m ix tu res. I t  seem s p ro b a b le , how ever, th a t  th e  
com positions o f th e  p re p a re d  p ro d u c ts  a re  n o t  exclusively  de te rm ined  b y  th e  
m o la r  ra tio s an d  b y  t h e —still on o th e r re a c tio n  co n d itions d e p e n d e n t—re la tiv e  
re a c tiv itie s  of th e  co m p o n en ts  of th e  m ix ed  reag en ts , b u t  also b y  th e  succes­
s iv e ly  changing s t ru c tu ra l  p roperties o f th e  po lyam ino  acid  d e riva tives, t r a n s -

* No ninhydrin-positive amino term inals could be found in the samples o f low  v isco ­
sit ie s  prepared w ith  anhydrous reagents.
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fo rm ed  g rad u a lly  d u ring  th e  reac tio n s . I f  o n ly  a m ixed  re a g e n t o f tw o co m p o ­
n e n ts  is ap p lied , th e  fina l s tru c tu re  o f th e  p ro d u c t is de te rm in ed  b y  a t  le a s t 
fo u r co n cu rren t reac tio n s: n am ely , besides th e  side g roup  m odifying p rin c ip a l 
a c tio n  o f b o th  com ponen ts, ch a in  sp littin g  as a side effect in  b o th  cases h as  
also to  b e  considered . T herefore, a p ro d u c t w ith  e x a c tly  p rescribed  ch a ra c te ris tic s  
(average  com position  an d  average  degree o f p o lym eriza tion ) can  a t  p re se n t o n ly  
be p re p a re d  w ith  m ixed reag en ts  on th e  basis o f in fo rm ativ e  p re lim in a ry  
ex p e rim en ta tio n s .

E x p e rim e n ts  fo r th e  p re p a ra tio n  of am p h o te ric  po ly g lu tam ic  acid  d e r iv ­
a tiv es , co n ta in in g  h y d ro x y l g roups as w ell, h av e  also b een  s ta r te d . E th a n o l-  
am ine  h as  been  em ployed  as th e  m odify ing  re a g e n t fo r bu ild in g  in  h y d ro x y l 
groups. T he p re p a ra tio n  o f a -p o ly -L -g lu tam ic-y -(2 -hydroxye thy l)-am ide  (IV; 
l an d  m — 0), claim ed to  co n ta in  an  ap p rec iab le  a m o u n t of w eak ly  b as ic  
oxazoline rings [11], was rep o rted  b y  L u pu  et al. [4]. H ow ever, in  ou r p re lim i­
n a ry  ex p erim en ts  —  to  be p u b lish ed  elsew here —  th e  presence o f su ch  b a ­
sic g roups in  th e  p ro d u c ts , p re p a re d  accord ing  to  th e  now  described  e x ­
p e rim e n ta l cond itions, could on ly  be d e tec ted  in  neglig ib le am o u n ts  o r n o t  
a t  all.

In  o rd e r to  p rep are  am p h o te ric  p o ly g lu tam ic  acid  de riv a tiv es  (IV) 
co n ta in in g  h y d ro x y l groups, a t  f ir s t  p o ly -y -m ethy l-L -g lu tam ate  sam p les , 
m odified  p rev io u sly  w ith  2 -d im e th y la m in o e th y la m in e -w a te r  m ix tu res  (III), 
w ere t r e a te d  w ith  anhydrous e th an o lam in e . L a te r  p o ly -y -m eth y l-L -g lu tam ate
(1) w as d ire c tly  tre a te d  w ith  a m ix tu re  o f 2 -d im eth y lam in o e th y lam in e  a n d  
e th an o lam in e  (see fo rm ula  on th e  n e x t page).

T h e  ch a rac te ris tic s  of th ese  reac tio n s an d  th e  d a ta  of th e  p rep a red  m a ­
te ria ls  a re  sum m arized  in  T ab le  I I .

C om paring  th e  d a ta  of T ab le  I I  w ith  th o se  o f th e  p re p a ra tio n  of th e  b a s ic
[2] an d  am p h o te ric  (Table I) d e riv a tiv e s  o f p o ly g lu tam ic  acid , i t  can  b e  seen  
th a t  th e  periods req u ired  for th e  to ta l  conversion  o f th e  e s te r groups are  no w  
co n sid e rab ly  sh o rte r . This can  be ex p la in ed  b o th  b y  d iffe ren t so lubilities a n d  b y  
th e  in creased  sp eed  o f am inolysis, c a ta ly zed  b y  h y d ro x y l groups [12].

T he ex am in a tio n  of th e  d a ta  of T ab le  I I  also reveals th a t  in  th e  p re p a ra ­
tio n  of p o ly g lu tam ic  acid d e riv a tiv e s  c o n ta in in g  v a rious fu n c tio n a l g ro u p s , 
th e  re la tio n sh ip  b e tw een  th e  com position  of th e  p ro d u c t an d  th e  reac tio n  c o n ­
d itions is less d is tin c t th a n  fo r th e  com pounds d iscussed  earlier. E.g., in  sp ite  
o f th e  use o f p u re  an d  an h y d ro u s e th an o lam in e  fo r th e  p re p a ra tio n  o f s a m ­
ples No. 1 an d  2, th e  am o u n t of th e  basic  DM AG as well as th e  g lu tam y l re s ­
idues a p p a re n tly  increased . S im ilarly , i t  is d ifficu lt to  u n d e rs ta n d , on  th e  
basis o f th e  fo rm er connections, th e  d ifferences ex is tin g  b e tw een  th e  co m p o ­
sitions o f sam ples N o. 4 and  5. T hese irreg u la ritie s  d raw  a tte n tio n  to  th e  f a c t  
th a t  if  m odified  po lyam ino  acid d e riv a tiv e s  -— co n ta in in g  various fu n c tio n a l 
g roups an d  being  polym olecular in  c h a ra c te r  —  are  p rep a red , th e ir  com po-

6 A c ta  C h im . A ca d . S e i. H u n g . 62 , 1969
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T able II
D ata o f amphoteric derivatives o f poly-i.-glutam ic acid (IV) containing hydroxyl groups 

and the characteristics o f  their preparation

Characteristics of the Characteristics of the
prepared materials reaction

Conver-

No.
Name® indicating com­

position Starting polymer Modifying reagent
Temp,6

°C
Time,
hours

sion of 
ester 

groups,
%

l poly-H G 7DMAG78MG5GIu10 j 20 120 72

2 poly-H G 12DMAG78Glu10 poly-DM AG74MG18Glu8 > ethanolam ine 20 240 100

3 poly-H G 14DMAG75GIuu 1 97 5 100

4 poly-HG41DMAG47MG9Glu3 ethanolamine + 20 72 91

5 poly-H G 51DMAG41G lu5 poly-MG96Glu4 2-dim ethyl-
amino- 20 312 100

6 poly-H G 45DMAG42MG6 ethylam ine
Glu7 1 : 1  (v/v) 97 5. 95

a  N am es are co n stru c ted  according to  G il l  III. [15]; HG s ta n d s  fo r N -(2 -hydroxyethy l)- 
-L-glutam inyl, DMAG for N -(2-d im ethy lam inoethy l)-L -g lu tam inyl, MG fo r y -m ethy l- 
-L-glutam yl residues

b T he tem pera tu re  o f th e  heating h a th  is given in th e  T ab le

sitio n s are  also deeply  in fluenced  b y  in e v ita b le  m olecu lar fra c tio n a tio n s , o ccu r­
rin g  d u rin g  th e  iso la tio n  and  p u r if ic a tio n  of th e  p ro d u c ts .

T he possib ility  o f  ex tend ing  th e  scope of th e  sy n th es is  of p ro te in  m odel 
com pounds b y  side g roup  m od ifica tion  o f po lyam ino ac id  d e riv a tiv es  h as  also 
b e e n  exam ined . In  p re lim in a ry  e x p e rim e n ts  some p o ly am in o  acid  d e riv a tiv es  
(V, VI) h ave been p re p a re d , co n ta in in g  im idazoly l a n d /o r m ercap to  g roups in 
a d d itio n  to  th e  h y d ro x y l, basic and  ac id ic  groups, d iscussed  prev iously .

M odified po lyam ino  acid d e r iv a tiv e s  con ta in ing  also im idazo ly l g roups 
(V) h av e  been  p rep a red  w ith  the  a id  o f  m ixed reag en ts  inc lud ing  h is tam in e . 
B y  tran sfo rm in g  p o ly -y -m eth y l-L -g lu tam ate  (I) w ith  a re a g e n t m ix tu re  co n ­
s is tin g  of h is tam in e , e th an o lam in e  a n d  2 -d im eth y lam in o e th y lam in e , th e  follow ­
in g  ty p es  o f m odified po lyam ino  a c id  d e riv a tiv e s  can be  p re p a re d :

H -- NHCHCO -
I

CH2
I

CH2

CONH
I

CH2
I

c h 2

N ------C
H II

HC CH
\  /

NH

1
CH2 CH2

CH2
1 CH2

CO NH1

1
CONH

CH2 O.H2

CH2 CH21
OH

к
CH3NCH3

NH CH CO
I

CH2
I

CH2
I

COOH

OH
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F o r th e  sy n th es is  o f  m odified  p o lyam ino  ac id  d e riv a tiv es  co n ta in in g  also 
m e rc a p to  groups (V I), m ix ed  reagen ts co n ta in in g  /1 -m ercap toethy lam ine h av e  
b e e n  used. The p resen ce  o f free m ercap to  g roups in  th e se  p ro d u c ts  could, 
h o w ev e r, only be d e m o n s tra te d  a fte r  t r e a tm e n t  w ith  m e rc ap to e th an o l [13], 
d e sp ite  th e  applied  h y d ro g e n  or n itro g en  a tm o sp h ere , in  w hich  th e se  reactions 
h a d  alw ays been c a rr ie d  o u t. T herefo re, i t  is p ro b ab le  t h a t  m ercap to  groups 
u n d e rw e n t conversion  in to  d isu lph ide g roups d u rin g  th e  p re p a ra tio n  or iso la­
tio n  o f  the  p ro d u c ts . L eav in g  th is  la s t m en tio n ed  process p rov isionally  o u t 
o f  considera tion , th e  gen era l fo rm ula  fo r th e  com pounds, p rep ared  w ith  
m ix e d  reagen ts c o n ta in in g  also m ercap to e th y lam in e , can  be w r itte n  as follows:

H -- N U fU rn

CH21 CH21
CH21 CH2

CO NH CONH

CH2 CH21
CH21 CH21
SH R

L —1j

NHCHCO -  
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II
HC,
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H

- c —
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Two d iffe ren t p ro d u c ts  could be iso la ted  from  th e  sam e reac tio n  m ix tu re  
in  th e  p re p a ra tio n  o f  a d e riv a tiv e  c o n ta in in g  m ercap to  as w ell as im idazoly l 
g ro u p s  (Vic). T his is fu r th e r  evidence to  su p p o rt ou r fo rm er conclusion th a t  
d u rin g  th e  p re p a ra tio n  o f  po lyam ino  acid d e riv a tiv e s , c o n ta in in g  s im u ltaneously  
v a r io u s  fu n c tiona l g ro u p s , th e  c h a ra c te r  o f th e  iso la ted  p ro d u c t is fu n d am en ­
ta l ly  influenced b y  th e  w ay  of w ork ing  up  th e  reac tio n  m ix tu re .

To ch arac te rize  m ore  p recisely  th e  p re p a ra tio n  of th e  la s t m en tioned  
po ly am in o  acid d e r iv a tiv e s  and  to  explore th e ir  b iochem ical p ro p erties , fu r th e r  
ex p e rim en ta l w ork  is necessary .

E xperim en ta l

Preparation of amphoteric polyglutam ic acid derivatives (II)

R e a c t io n  o f  p o ly - y -m e th y l -T ,- g lu ta m a te  w ith  2 - d im e th y la m in o e th y la m in e - w a te r  m ix tu r e s
Poly-y-methyl-L-glutamate (4.0 g) was stirred with mixtures (60 ml) of 2-dimethyl- 

aminoethylamine and water. The compositions of the mixed reagents, the temperatures and 
the periods of the reactions were summarized in Table I. The light yellowish viscous solutions
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were diluted w ith  an am ount (35-72 ml) o f anhydrous ethanol, depending on the water con­
te n t o f the reagent, then ether (300 ml) was added. From the separated, usually  greasy m aterials 
the solvents were decanted and the residues treated  w ith several portions (50 m l each) o f  ether 
till th ey  becam e powder-like. The number o f these treatm ents (3 -5 ) depended on the water 
content o f the reagent. In  th is stage the isolated  materials (4 .1 -4 .9  g) were contam inated  
w ith  dim ethylam inoethylam ine (1-2% ), which was determined b y  chrom atography. These 
im purities were rem oved b y  dissolving the m aterials in anhydrous ethanol (10-15  m l) and 
precipitating them  w ith  ether (100 ml). This la st procedure was repeated 3 to 5 tim es until 
the m aterials contained less than 0.3% o f uncom bined dim ethylam inoethylam ine. The sam ples 
were analyzed and their purity checked b y  the m ethods described in  detail in the previous 
publication [2] o f this series.

Reaction o f  poly-y-m ethyl-i,-glutam ate w ith 2-diethylaminoethylam ine-water m ixtures

The reactions were carried out according to the preceding description except th at the  
m ixed reagent contained 2-diethylam inoethylam ine instead o f 2-dim ethylam inoethylam ine. 
D etailed data of the com positions o f the reagents, and the tem peratures and durations o f the 
reactions are sum m arized in Table I.

Preparation o f am photeric polyglutam ic acid derivatives containing hydroxyl groups (IV)

Reaction o f amphoteric polyglu tam ic acid derivatives, containing ester groups, w ith ethanolamine

A partially m odified polyglutam ic acid derivative (2.5 g), characterized as poly-DM AG 74- 
MG18Glu8 was stirred w ith  anhydrous ethanolam ine (25 ml) at tem peratures and for periods 
given  in  Table II. The nearly clear solution was then rapidly concentrated in vacuum  and 
the viscous residue d issolved in anhydrous ethanol (10 ml) and treated w ith  ether (30 -50  ml). 
The solvents were decanted from  the precipitated m aterial, and this procedure w as repeated  
three tim es; finally , the solid m aterial was filtered off and washed w ith  ether. The isolated  
ligh t yellowish amorphous powder (2 .1 -2 .6  g) contained less than  0.5%  of unchanged etha- 
polam ine, as determ ined b y  paper chrom atography [2]. Titrim etric m ethods [2] and m ethoxyl 
determ inations were used to  calculate the com positions of the prepared products (Table II).

Reaction o f  poly-y-m ethyl-b-glulam ate with mixtures o f  ethanolamine 
and 2-dimethylaminoethylamine

Poly-y-m ethyl-L -glutam ate (I)* (3.0 g) was stirred in N 2 atm osphere w ith  a m ixture of 
ethanolam ine (25 ml) and 2-dim ethylam inoethylam ine (25 ml) at tem peratures and for periods 
given  in Table II. Then the reaction m ixture was rapidly concentrated in  Vacuum and the  
residue diluted w ith anhydrous ethanol (20 m l) and treated w ith ether (80 m l). After decanting  
the solvents, this procedure was repeated three tim es; the residue was then treated tw o or 
three tim es w ith  anhydrous ether, filtered off, and dried. The isolated white powder (3 .1 -3 .4  g) 
contained an im purity o f about 1% unchanged reagent, determ ined b y  paper chrom atography  
[2]. The com position o f th e  products (Table II ) was calculated as above.

Preparation o f am photeric polyglutam ic acid derivatives, containing im idazoly], hydroxyl
and dim ethylam ino groups (V)

Reaction o f  poly-y-m ethyl-b-glutam ate w ith the mixture o f  histam ine, ethanolamine 
and 2-dimethylaminoethylamine

Poly-y-m ethyl-L-glutam ate (I)* (1.0 g) was shaken w ith a m ixture o f histam ine (3.0 g), 
ethanolam ine (3.0 g) and 2-dim ethylam inoethylam ine (12.0 ml) a t room  tem perature for 10 
days. The extrem ely v iscous reaction m ixture was diluted w ith anhydrous ethanol (40 ml),

* The com position o f  the starting polym er was po!y-MG96Glu4, and its %p/c value was 
1.26 dl/g.
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and th en  ligroin (60 m l; b .p . 60 -8 0  °C) was added. After decanting the solvents from the  
precipitated  material, the residue was repeatedly treated w ith a m ixture o f ethanol (20 m l) 
and ligroin (30 ml); the am orphous solid was then filtered o ff and dried. The nearly colourless 
product (1.15 g) contained som e o f the starting m aterials as shown by paper chromatography. 
Therefore, it was treated three tim es successively w ith m ixtures o f ethanol (5 ml) and ether  
(10 m l). The material (0.95 g) recovered after this purification contained, according to chroma­
tographic analysis, no im purities. In the prepared m ethoxyl-free, m odified polyglutam ic acid 
derivatives the am ount of basic groups was determ ined by titrim etric m ethods [2]. The am ount 
o f  im idazolyl groups was calcu lated  from the absorption (m easured at 211 m /i) o f the solution  
containing histam ine, produced b y  hydrolyzing an aliquot o f the product w ith  61V HCI. Iden­
tica lly  treated, differently com posed solutions, prepared from the com pounds formed in the  
hydrolysis, were used for com parison. According to the referred analytical m ethods, the prob­
able com position of the prepared material* was:
P oly -IG 8HG15DMAG73GIu4 (Мюо** =  19422)

Base (total) H istam ine OCH3
Found 4.16 m eq./g; 0.39 m m ole/g; 0%
Calcd. 4.18 m eq./g; 0.41 m m ole/g; 0% .

Preparation of polyglutam ic acid derivatives containing sulphur (VI)

R eaction o f  poly-y-m ethyl-b-glutam ate with a m ixture o f  ß-mercaptoethylamine and aqueous
N aO H  solutions

P oly-y-m ethyl-L -glutam ate (I)*** (2.1 g) was shaken at room tem perature in H 2 atm os­
phere for 6 hrs with a m ixture o f jS- m ercaptoethylam ine (1.0 g), and 0.51V N aO H  solution (25 m l). 
T he undissolved m aterial (0 .6  g) w as then filtered o ff (still in  H 2 atm osphere) and the solution  
acid ified  w ith 6 N  HCI (5.0 m l). The precipitated m aterial was centrifuged and washed first 
w ith  0.1 N  HCI (3 X 25 m l), then  w ith  water (3 x  25 m l) in  the centrifuge tube, and dried. 
T he probable com position**** o f the white amorphous powder (0.4 g) was calculated from m eth- 
o x y l and sulphur determ inations:
P oly-T G 9MG13Glu78 (M100 =  13714). Found S 2.04; OCH3 3.00; N  11.3. Calcd. S 2.10; OCH3 
2.94; N  11.1%.

Reaction o f amphoteric polyglu tam ic acid derivatives, containing ester groups with
ß-mercaptoethylamine

A partially m odified polyglutam ic acid derivative (1.0 g) characterized as pol у  - D M A G71* 
MGlsGlu8 was shaken in H 2 atm osphere at 60 °C for 25 hrs w ith ß -m  rcaptosthylam i.ie (0.5 g) 
dissolved  in ethanol (35 m l). The undissolved m aterial (0.26 g) was centrifuged off and the so­
lu tio n  evaporated to  dryness. The residue, dissolved in  water (5 m l) was dialyzed for 3 days 
aga in st distilled water. The w h ite  m aterial (0.5 g), isolated by lyophilization did not contain  
uncom bined reagents, as sh ow n b y  paper chrom atography. The com position of the m aterial 
w as calculated from sulphur and m ethoxyl determ inations, assum ing th a t the molar ratio o f  
basic  and acidic parts rem ained unchanged. According to th is, the assum ed com position is: 
P oly-T G 7DMAG74MGl lG lu8 (Мюо =  18669). Found S 1.20; OCH3 1.86. Calcd. S 1.18; OCH3 
1.83% .

The presence o f free S H  groups could only be detected [14] in the compound after  
treatm ent w ith m ercaptoethanol [13].

* IG stands for N -[2-(/3-im idazolyl)-ethyl]-L-glutam inyl residues.
** M i00 is the average m olecular w eight o f a polym er whose degree o f polym erization  

is 100.
*** See footnote on page 301

**** TG stands for N-(2-m ercaptoethyl)-L-glutam inyl residues. For the sake of sim plic­
ity ,  the com position was calculated by assuming structural parts containing free m ercapto  
groups, though their presence could only be detected w ith  sodium p-ehlorom ercurybenzoate  
[14] after treatm ent w ith  m ercaptoethanol [13].
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Reaction o f  poly-y-m ethyl-L-glutam ate w ith a m ixture o f  ß-mercaploethylamine and histam ine

P oly-y-m ethyl-L -glutam ate (I)* (1.0 g ) w as blended w ith  a m ixture of thoroughly pow ­
dered histam ine (10 g) and /S-m ercaptoethylam ine (0.78 g), then heated in N 2 atm osphere to 
95-98  °C. The v iscous, m olten  material w as stirred at this tem perature for 74 hours, then  
cooled and diluted w ith anhydrous ethanol (15 m l). F inally  ligroin (5 m l) was added. The solvents 
were decanted from the precipitated sticky am orphous m aterial, and the residue was treated  
w ith a m ixture o f ethanol (7 m l) and ligroin (5 m l). After discharging also these so lvents, the  
remainder was treated  w ith  ethanol ( 2 x 1 5  m l) until it  transform ed into a powder. This was 
filtered off and w ashed w ith  ethanol. The com position  o f the m aterial (0.75 g) — insoluble both  
in water and in acids — w as calculated from  m eth oxy l and sulphur determ inations. The as­
sum ed com position is:
Poly-TG 19IG52MG25Glu4 (Mxoo =  19228). F ou n d  S 3.10; OCH3 4.08. Calcd. S 3.17; OCH3 4.05% .

To the first m other liquor obtained in  the course of working up the reaction m ixture, 
more ligroin (10 m l) w as added and the precip itated  m aterial w as worked up as the former. 
The probable com position of this second p rodu ct (0.3 g), according to m ethoxyl and sulphur 
determ ination, was the following:
PoIy-TG32IG48MGI6Glu4 (Mioo =  19498). F ou n d  S 5.22; OCH3 2.49. Calcd. S 5.26;OCH32.55% .

The presence o f free mercapto groups could only he detected  [14] in both com pounds 
after treatm ent w ith  m ercaptoethanol [13].

*
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IMPROVED SYNTHESES OF STEREOISOMERIC 
POLY-y-GLUTAMIC ACIDS, II

SY N T H E SE S V IA  POLY BENZYL A N D  PO LY -t-BUTYL E ST E R S  

M. H O LLÓ SI, M. R a j t á k  a n d  У .  B R U C K N E R  

( Institu te fo r  Organic Chemistry, L . Eötvös U niversity, B udapest)
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The synthesis o f  poly-y-glutam ic acid v ia  its  polybenzyl ester and poly-t-buty l 
ester is described. Two types of dipeptide active  ester sa lts, a,<x’-dibenzyl y-L-glutam yl- 
L-glutam ate p-nitrophenyl ester hydrochloride (VIII) and both the L -L  and the D -D  
stereoisom ers o f a ,a ’-di-t-butyl y-g lutam yl-glutam ate pentachlorophenyl ester hydro­
chloride (XIII) have been prepared b y  coupling su itab ly protected glutam ic acid deriv­
atives b y  the active ester method. P olyautoacylation  reaction o f the dipeptide deriv­
atives VIII and XIII, carried out in  dim ethylform am ide solution in the presence o f  
triethylam ine, resulted in poly-a-benzyl-glutam ate (XV) and poly-ot-i-buty 1-glutamate  
(XVII), respectively, in yields o f 50—60% . C atalytic hydrogenation of the polybenzyl 
ester (XV) in a m ixture o f hexam ethylphosphoric triam ide and dim ethylform am ide  
gave a polyacid containing about 15 — 20% o f the a-carboxyl groups still esterified. 
The poly-a-t-butyl-glutam ate (XVII) was transform ed into the polyacid b y  rem oving  
the t-butyl groups w ith 97% trifluoroacetic acid in nearly quantitative yield. The num ­
ber average m olecular weights of the poly-a-i-butyl-g lutam ate and the poly-y-glutam ic  
acid prepared from it were found to be 17 500 and 12 500, respectively, b y  am ino nitro­
gen analysis. The polyglutam ic acid obtained from the polybenzyl ester had very  low  
m olecular w eight (1300). Total hydrolysis o f  the high m olecular w eight poly-y-glutam ic  
acid showed it to be optically  pure (a t least 99 ± 3 % ). The optical rotations o f the  
polyacids synthesized through the polym ethyl and the poly-t-butyl esters have been  
com pared and their relations explained.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 62 (3), pp. 305—319 (1969)

In  a p rev ious com m unication  [1] tw o  of us re p o rte d  a new  sy n th esis  o f  
po ly -y -g lu tam ic  ac id  via its  p o ly m eth y l e s te r. T hough  all our in v es tig a tio n s  
carried  o u t so fa r  h av e  show n th e  sy n th e tic  p ro d u c t to  be b u ilt  u p  e n tire ly  o f  
у-linked g lu tam ic  acid  residues [1, 2], th e  ab so lu te  s tru c tu ra l p u r i ty  o f th e  
po lyacid  h as  rem ain ed  d isp u tab le  to  a c e r ta in  e x te n t, because th e  p o ssib ility  
of у —► a  tra n sp e p tid a tio n  [3] in  th e  course  o f th e  a lkaline  h y d ro lysis  o f th e  
p o ly m eth y l e s te r  could n o t be p rec luded . As th e  av a ilab le  an a ly tic a l m e th o d s 
are n o t sen sitiv e  enough to  d e tec t a s lig h t a m o u n t o f  а -linkages in  th e  p o ly m er, 
we w an ted  to  solve th e  p rob lem  b y  w o rk ing  o u t new  ro u tes  for th e  p re p a ra tio n  
o f p o ly -y -g lu tam ic  acid , w hich do n o t invo lve  a lkaline  tre a tm e n t. Tw o possi­
b ilities ap p e a re d  su itab le  fo r th is  p u rp o se , n am ely  th e  syn th esis  o f poly-<x- 
benzyl- an d  poly-oe-i-butyl-g lu tam ates w h ich  can  b e  co n v erted  in to  th e  p o ly ­
acid b y  h y d ro g en o ly tic  an d  acidoly tic  c leavage, resp ec tiv e ly , in s te a d  o f a l­
kaline  hy d ro ly sis  o f th e  e ste r groups.
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Synthesis o f dipeptide active ester salts

Since fa ir ly  good resu lts h a d  b e e n  o b ta in e d  in  po lym eriz ing  th e  ac tiv e  
e s te r  sa lts  o f a ,a ’-d im eth y l y -g lu ta m y l-g lu ta m a te  [1], we follow ed th e  sam e 
g enera l m eth o d  in  th e  synthesis o f  th e  tw o  p o lyeste rs  m en tio n ed  above. So we 
h a d  to  syn th esize , f ir s t  of all, th e  a p p ro p r ia te  ac tiv e  e s te r s a lt d e riv a tiv e s  of 
th e  a ,a ’-d ibenzy l a n d  a ,a ’-d i-i-b u ty l y -g lu tam y l-g lu tam a te s .

Synthesis o f  a , o f -dibenzyl y-glutamyl-glutamate p-nitrophenyl ester hydro­
chloride (V III)*. I n  th e  course o f th e  sy n th es is  o f  th e  d ip ep tid e  d ibenzy l e s te r  
d e r iv a tiv e , te m p o ra ry  p ro tec tio n  o f  th e  am ino  g roup  of th e  a c y la tin g  co m p o ­
n e n t m u s t be accom plished  b y  a g ro u p  w hich can  be  selec tive ly  rem oved  from  
th e  d ip ep tid e  d e r iv a tiv e  w ith o u t c leavage  of th e  a -b en zy l este rs . I n  th e  f ir s t  
ex p erim en ts  an  a t te m p t  was m ad e  to  use  t-b u ty lo x y ca rb o n y l g roup  [4, 5] fo r 
th is  purpose . W e succeeded in  o b ta in in g  a c ry s ta llin e  d icyclo h ex y lam m o n iu m  
s a lt  (III) b y  a c y la tin g  a-benzyl g lu ta m a te  (II) [6] w ith  th e  p -n itro p h e n y l e s te r 
o f a -b en zy l N -t-b u ty lo x y c a rb o n y l-g lu tam ate  (I) in  th e  presence of d icyclohexy l- 
am ine . T he ac tiv e  e s te r  I  was p re p a re d  from  a-b en zy l N -i-b u ty lo x y carb o u y l- 
g lu ta m a te  [7] a n d  p -n itro p h en o l b y  th e  d icyclohexy l-carbod iim ide  m e th o d  
[8].

B O C -G lu -O B Z L  H -G lu -O B Z L  D rH . BOC 
I +  I '
1— ONP •— <-OH

G lu -O B Z L

-OH.DCHA

III

I t  m ay  seem  unu su a l to  u se  a seco n d a ry  in s te a d  of a te r t ia ry  base  in  a 
p e p tid e  bo n d  fo rm in g  reac tion , b u t  —  as ou r ex p erim en ts  h a v e  show n —  th e  
N H  group o f d icyclohexy lam ine , w ith  th e  tw o  b u lk y  cyclohexy l g roups a t ­
ta c h e d  to  i t ,  does n o t  s ig n ifican tly  co m p e te  w ith  th e  p r im a ry  am ino  g roup  o f th e  
e s te r  com ponen t in  th e  acy la tio n  reac tion .**

T hough th e  d icyc lohexy lam m onium  s a lt  I I I  was o b ta in ed  in  a n a ly t i ­
ca lly  pu re  s ta te  a f te r  rep ea ted  c ry s ta lliz a tio n s , th e  free d ip ep tid e  acid  l ib e ra te d  
fro m  it  b y  c itric  ac id  could n o t be  c ry s ta llized . T herefo re , we gave u p  th is  w ay  
o f syn thesis  a n d  looked  for o th e r  possib ilities.

W eygand  an d  H unger [10] h a v e  re p o rte d  th e  ap p lica tio n  o f th e  p -  
m eth o x y -b en zy lo x y carb o n y l g roup  —  in tro d u c e d  in to  th e  m ethod ics o f p e p tid e  
ch em is try  b y  McK ay  and  A lbertson  [4] —  as a usefu l am ino  p ro te c tin g  
g roup  in  th e  sy n th eses  of N -p ro tec ted  b en zy l e s te r d e riv a tiv es  o f a series o f 
y -g lu tam y l o ligopep tides. One o f th e  com pounds described  b y  W eygand  an d

* For abbreviations, see Reference [22] o f  our previous article [1].
** An analogous reaction, the acylation  of dicyclohexylam m onium  salts o f am ino acids 

w ith  carbobenzoxy-peptide pentachlorophenyl esters, was reported recently b y  K a po o r  and  
D a v is  [9].
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H u n g e r , n am ely  ос,a ’-d ibenzyl N -p -m eth o x y -b en zy lo x y carb o n y l-y -g lu tam y l- 
g lu ta m a te  (VI) p ro m ised  to  be an  a p p ro p r ia te  in te rm e d ia te  also for ou r p u r ­
poses. W e p rep a red , how ever, th e  a b o v e  d ip e p tid e  d e r iv a tiv e  (VI) in  a m o d i­
fied  w ay  b y  a c y la tin g  a-benzyl g lu ta m a te  (II) w ith  a -b en zy l N -p -m ethoxy- 
b e n z y lo x y ca rb o n y l-g lu tam a te  p -n itro p h e n y l e s te r  (V) o b ta in ed  from  th e  
p ro te c te d  a -benzy l e s te r  (IV) [10] a n d  p -n itro p h e n o l b y  th e  u su a l d icyclohexyl- 
carbod iim ide  p ro ced u re  [8]. B o th  th e  y ie ld  o f  o u r sy n th es is  an d  th e  p u r i ty  of 
th e  p ro d u c t w ere b e t t e r  th a n  tho se  describ ed  ea rlie r [10].

pMZ— Glu —OBZL HONP pMZ—Glu — OBZL
L OH DCCI

IV

LONP

pMZ-Glu —OBZL H —Glu — OBZL gbN pMZ--Glu-OBZL
I +  I ----- -------- * 1I—ONP L-OH

II
-*2

-OH

VI

T h e co ndensa tion  o f  th e  d ipep tide  ac id  V I w ith  p -n itro p h e n o l b y  m eans o f 
d icyclohexy l-carbod iim ide  gave th e  c ry s ta llin e  p ro te c te d  d ip ep tid e  ac tive  e s te r 
V II, w hose p ro te c tin g  group was rem o v ed  b y  m ild  acidolysis w ith  triflu o ro - 
ace tic  acid  in  th e  p resen ce  of anisole [10]. T he tr if lu o ro a c e ta te  o b ta in ed  in  th is  
w ay  could  be tra n s fo rm e d  in to  th e  d ip e p tid e  p -n itro p h e n y l e s te r hyd ro ch lo rid e  
V III b y  sa tu ra tin g  a so lu tio n  of th e  fo rm er in  te tra h y d ro fu ra n  w ith  d ry  h y d ro ­
gen chloride (cf. [10]).

HONP pMZ' -Glu-OBZL 1.TFA , HCI.H- -Glu-OBZL
DCCI L ONP 2- HCI L _

г 2
VH YJIl

T he a ,a ’-d ib en zy l y -g lu tam y l-g lu tam a te  p -n itro p h e n y l ester h y d ro ­
chloride (VIII) w as o b ta in e d , a fte r re c ry s ta lliz a tio n  from  acetone—eth er, as a 
sh a rp -m eltin g , b o th  an a ly tica lly  a n d  c h ro m a to g rap h ica lly  p u re  su b stan ce , 
w hich p roved  to  b e  a n  ap p ro p ria te  s ta r t in g  m a te r ia l fo r th e  p o ly m eriza tio n  
reaction .

Synthesis o f  a , a ’-di-t-butyl y-glutamyl-glutamate pentachlorophenyl ester 
hydrochloride (X III). I n  th e  syn thesis o f th e  ac tiv e  e s te r  s a lt d e riv a tiv e  o f th e  
d ip ep tid e  di-X-butyl e s te r  (X III), th e  ca rb o b en zo x y  g roup  prom ised  to  he  th e  
m o st ad v an tag eo u s am in o  p ro tec tin g  g ro u p , since its  h y d ro g en o ly tic  cleavage
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does n o t  invo lve an y  d am ag e  to  th e  t-b u ty l esters, w hich  are  v e ry  sen s itiv e  
to  ac id  tre a tm e n t. I t  h a d  to  be considered , how ever, t h a t  th e  p -n itro p h e n y l 
e s te r  is reducib le  b y  c a ta ly tic  h y d ro g e n a tio n , th u s  i t  m u s t n o t  he  ap p lied  as 
th e  ac tiv e  e s te r d e riv a tiv e  in  th is  case. T h e  p re p a ra tio n  o f th e  d ip e p tid e  ac tiv e  
e s te r  s a l t  follow ed th e  g enera l ro u te  u sed  in  th e  syn theses o f b o th  th e  m e th y l 
[1] a n d  th e  benzy l e s te r  d e riv a tiv e s  as sum m arized  below .

Z - G l u - O B u l  H —Glu—OBu* e i 3 N

L opcp  +  L OH T H F

IX X

Glu-OBu*
I_______ OH

HOPCP^
DCCI

Z" -Glu—OBid H ypd HCl.H +  Glu-OBu*
■OPCP -OPCP

XII XIII

T h e tw o  g lu tam ic  ac id  d e riv a tiv e s  IX  an d  X w ere p re p a re d  in  th e  fo llow ­
in g  w ay . y-M ethyl N -ca rb o b en zo x y -g lu tam a te  [11] w as co n v e rted  in to  th e  
a - i-b u ty l  e s te r b o th  b y  tra n se s te r if ic a tio n  w ith  t-b u ty l a c e ta te  acco rd ing  to  
T a s c h n e r  et al. [12], a n d  b y  p ro to n -c a ta ly ze d  ad d itio n  o f iso b u ty len e  [13]. 
S e lec tiv e  hydro lysis o f th e  y -m eth y l e s te r  group w ith  sod ium  h y d ro x id e  so lu ­
t io n  affo rd ed  th e  a - t-b u ty l N -ca rb o b en zo x y -g lu tam ate  w hich  w as iso la ted  in  
th e  fo rm  o f its  d icyc lohexy lam m onium  s a lt  [12, 14]. T he p ro te c te d  sem i-este r 
l ib e ra te d  from  th is  sa lt w as described  b y  T a s c h n e r  [12] as a slow ly c ry s ta lliz ­
in g  oil. W e o b ta in ed  i t ,  a f te r  re c ry s ta lliz a tio n  from  a m ix tu re  o f e th e r -p e tro l­
eu m  e th e r , in  an a ly tica lly  p u re , c ry s ta llin e  s ta te . I t  w as a t te m p te d  to  c o n v e rt 
th e  p ro te c te d  sem i-ester in to  d iffe ren t ac tiv e  esters (p -n itro p h e n y l e s te r, N - 
h y d ro x y p h th a lim id e  e s te r), b u t  i t  w as o n ly  th e  p e n tach lo ro p h en y l e s te r  (IX), 
d esc rib ed  also b y  K o v á c s  et al. [15], t h a t  could he o b ta in e d  as a c ry s ta llin e  
su b s ta n c e .*  C ata ly tic  h y d ro g e n a tio n  o f  a -t-b u ty l N -ca rb o b en zo x y -g lu tam a te  
gave  th e  free sem i-ester X. W e d id  n o t succeed  in  crysta lliz in g  th is  su b s ta n c e , 
th e  so lid  m icrocrysta lline  pow der h a d , n evertheless, a fa ir ly  sh a rp  m eltin g  
p o in t  an d  p roved  to  be  p u re  b y  b o th  e lem en ta l analysis an d  th in - la y e r  ch ro ­
m a to g ra p h y . C oupling o f th e  p ro te c te d  ac tiv e  e ste r IX  an d  a - t-b u ty l g lu ta ­
m a te  (X) w as achieved  —  a fte r  a series o f unsuccessfu l ex p erim en ts  —  in  
te t r a h y d ro fu ra n  b y  ap p ly in g  tr ie th y la m in e  as a base . Since a - t-b u ty l g lu ta ­
m a te  (X) is insoluble in  te tra h y d ro fu ra n , th e  heterogeneous re a c tio n  req u ired  
v e ry  in ten s iv e  s tirrin g  to  go to  com ple tion . T he c ry sta llin e  d ip ep tid e  d e r iv a tiv e  
X I w as con v erted  in to  th e  co rrespond ing  y ’-p en tach lo ro p h en y l e s te r (XII) b y

* It is to be noted that K o v á cs  et a l. [15] described the p-nitrophenyl ester, too, as a
low-melting crystallline substance, but without giving any details on the preparation of either
of the two active esters.
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the  d icyclohexy l-carbod iim ide  m eth o d  [8]. T he la s t  s tep  in  th e  p re p a ra tio n  o f  th e  
d ip ep tid e  ac tiv e  e s te r  s a lt (XIII) was th e  rem o v a l o f th e  carbobenzoxy  g ro u p  
from  th e  p ro te c te d  d ip ep tid e  ac tive  e ste r X II. T his w as effected  b y  c a ta ly tic  
h y d ro g en a tio n  in  th e  presence o f h y d ro g en  ch lo ride  u sed  in  a sligh t excess 
above th e  sto ich io m etric  q u a n tity . B o th  th e  l— l a n d  th e  d - d an tip o d es 
o f th e  p e n tach lo ro p h en y l e s te r h y d ro ch lo rid e  o f a ,a ’-di-Z-butyl y -g lu tam y l- 
g lu ta m a te  (XIII) w ere p rep ared . These sa lts  w ere re p e a te d ly  rec ry sta llized  
from  e th a n o l-e th y la c e ta te —e th e r m ix tu re  to  o b ta in  ch ro m ato g rap h ica lly  p u re  
substances w ith  sh a rp  m elting  po in ts an d  e lem en ta l analyses in  good ag ree ­
m en t w ith  th e  c a lcu la ted  values. T hey  se rved  as a p p ro p ria te  s ta r tin g  m ate ria ls  
fo r th e  syn th esis  of th e  tw o  an tipodes o f p o ly -a -t-b u ty l g lu ta m a te .

Preparation of the polyesters (P olym erization)

T he p o ly m eriza tio n  of th e  d ip ep tid e  ac tiv e  e s te r  sa lts  (VIII and  X III) 
w as ach ieved  b y  d e p ro to n a tin g  th e  am ino g roup  w ith  a  te r t ia r y  base. T he free  
d ip ep tid e  ac tiv e  este rs  (XIV an d  XVI) u n d e rw e n t a  p o ly a u to a c y la tio n  re a c ­
tio n  resu ltin g  in  th e  co rrespond ing  po lyesters (XV an d  XVII):

HCI.H 
p

Q -B Z l, Y=NP; Vili XIV XV

Q=Bu>, Y=PCP; XIII XVI XVII

The reac tions w ere carried  o u t in  a s im ila r w ay  as in  th e  case of th e  p re p ­
a ra tio n  of po ly -a -m eth 'y l-g lu tam ate  [1]. D im e th y lfo rm am id e  p roved  to  b e  a 
b e tte r  so lv en t th a n  d im e th y l sulfoxide fo r b o th  s ta r t in g  d ip ep tid e  d e riv a tiv e s . 
T he co n cen tra tio n s o f th e  la t te r  w ere a b o u t 0 .5— 1.0 m m ole/m l. The p o ly m eri­
za tio n  was m ade a t  ro o m  te m p e ra tu re  b y  s tir r in g  th e  so lu tions in  th e  presence 
o f 2.0— 2.2 eq u iv a len ts  o f tr ie th y lam in e  fo r sev e ra l h o u rs , an d  th e n  allow ing 
th e  reac tio n  m ix tu re s  to  s ta n d  for a day . T hough  th e  I R  b a n d  a t  1780 c m -1 , 
ch a rac te ris tic  fo r th e  ac tiv e  e ste r group [1], could  n o t  be  d e tec ted  in  th e  sp ec ­
t ru m  of th e  re a c tio n  m ix tu re  h a lf  an  h o u r  a f te r  th e  a d d itio n  of th e  b ase , th e  
po ly m eriza tio n  re a c tio n  d id  possib ly  n o t  end  in  su ch  a sh o r t  tim e , since th e  
v iscosity  o f th e  so lu tions was s till in  increase (cf. [1]).

T he iso la tio n  p ro ced u re  w as som ew hat d iffe ren t in  th e  case of th e  tw o  
po lyesters. T he polybenzyl ester, being  v e ry  scarce ly  so lub le  in  every  com m on 
organic so lv en t, w as iso la ted  b y  d ilu tin g  th e  viscous re a c tio n  m ix tu re  w ith  
h o t m eth an o l an d  w ash ing  th e  p re c ip ita te d  su b s ta n c e  w ith  th e  sam e so lv en t. 
T he po ly este r w as o b ta in ed  as an  am orphous w h ite  p o w d er in  a y ield  of 5 1 % . 
T he poly-t-butyl ester is, in  tu rn , fa irly  soluble in  b o th  e th e r  an d  w ater, so th e

-G lu -O Q Ef3 N H- ■Glu-OQ Ef3N H- •G lu-OQ
1L _ (-Et3N.HCI ) n 1__ (-El3N.HOY) ' -OH(OY)
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c ru d e  p ro d u c t p re c ip ita te d  from  th e  re a c tio n  m ix tu re  b y  th e  ad d itio n  o f  
e th e r  w as w ashed  w ith  w a te r  (to  e lim in a te  tr ie th y la m m o n iu m  chloride) an d  
e th e r  (to  rem ove th e  la s t traces  o f p en tach lo ro p h en o l). T h e  y ie ld  o f po ly-a-i- 
b u ty l-g lu ta m a te  was be tw een  55 a n d  6 0 % .

T h e  n u m b er average  m o lecu lar w e ig h ts  of th e  d iffe ren t sam ples o f poly- 
a - t-b u ty l-g lu ta m a te  w ere ca lcu la ted  fro m  th e ir  am ino n itro g en  co n ten ts  
d e te rm in e d  b y  th e  m odified  v a n  S l y k e  m eth o d  [16]. T he am ino  n itro g en  a n a ­
lysis  o f  th e  po lybenzy l e s te r  could n o t  be  perfo rm ed , because  th is  su b stan ce  
fa iled  to  dissolve in  th e  so lven ts ap p licab le  in  th e  a n a ly tic a l p ro ced u re .

T h e  reac tio n  cond itions an d  y ie ld s o f  th e  p o ly m eriza tio n  ex p erim en ts , 
to g e th e r  w ith  th e  m olecu lar w eights o f  th e  po lym ers are  su m m arized  in  T ab le  I .

Table I

Reaction conditions o f  the preparation and molecular weights o f  esters o f  p oly-у -glutamic acid

Structure of the polyester

No. Esterifying
group Confign.

Solvent Yield, % Amino N, %
Number average 
molecular weight

l BZL L DM FA 51 — —

2 L DMSO 55 0.09 15 500

3 B u( L DMFA 57 0.08 17 500

4 D DM FA 60 0.15 9 500

As i t  c a n  be seen from  th e  d a ta  lis ted  in  T ab le  I , th e  m o lecu la r w eights o f th e  
p o ly -t-b u ty l-g lu ta m a te  sam ples a re  a b o u t tw o  or th ree  tim es h ig h e r th a n  th o se  
o f  th e  co rrespond ing  p o ly m e th y l e s te rs  [1]. This m a y 'p ro b a b ly  be  acco u n ted  
fo r  b y  th e  re la tiv e ly  h igh  so lu b ility  o f th e  p o ly -i-b u ty l e s te r  allow ing th e  p o ly ­
m e riz a tio n  reac tio n  to  p roceed  to  a h ig h e r  degree th a n  in  th e  case of th e  less 
so lub le  po lym ers. T he p ra c tic a l in so lu b ility  o f th e  po ly b en zy l e s te r  m ad e  th e  
d e te rm in a tio n  of its  m olecu lar w eig h t, u n fo rtu n a te ly , im possib le . H ow ever, 
since th e  m olecular w eigh t o f th e  p o ly ac id  p rep ared  from  th e  p o ly b en zy l e s te r 
is r a th e r  low  (see below ), th a t  of th e  p o ly e s te r  canno t be v e ry  h ig h , e ith e r.

Conversion o f th e  po lyesters  in to  th e  polyacid

T he benzy l groups o f poly-ot-benzyl-glutamate w ere rem o v ed  b y  c a ta ly tic  
h y d ro g e n a tio n . B ecause o f th e  p ra c tic a l in so lu b ility  of th is  su b stan ce  in  m ost 
o f  th e  com m on organic so lven ts, th is  p re p a ra tiv e  ta s k  was fa ir ly  d ifficu lt to  
p e rfo rm . I t  was on ly  h e x am e th y lp h o sp h o ric  triam id e  th a t  p ro v ed  to  be an  
a p p ro p r ia te  so lven t fo r th is  purpose . T h e  po ly este r could  be d isso lved  in  th is  
so lv e n t on w arm ing , an d  did  n o t p re c ip ita te  even a fte r  d ilu tio n  o f th e  so lu tio n
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w ith  d im e th y lfo rm am id e . So th e  h y d ro g e n a tio n  w as carried  o u t in  a m ix tu re  
o f th ese  tw o  so lven ts. A fte r  th e  u p ta k e  o f  h y d ro g en  h a d  sto p p ed , th e  c a ta ly s t  
was rem o v ed , an d  th e  d im eth y lfo rm am id e  w as e v a p o ra te d  u n d e r red u ced  
p ressu re . T h e  rem ain in g  co n cen tra ted  so lu tio n  o f  th e  h y d ro g en a ted  p o ly es te r  
in  h e x am e th y lp h o sp h o ric  triam id e  w as d ilu ted  w ith  w a te r , an d  —  a f te r  th e  
ad d itio n  o f  fresh , p reh y d ro g en a ted  c a ta ly s t  —  th e  h y d ro g en a tio n  w as c o n tin ­
ued . A n a d d itio n a l s lig h t am oun t o f  h y d ro g e n  w as s till absorbed . A fte r  th e  
e v a p o ra tio n  o f w a te r, th e  polyacid  w as p re c ip ita te d  b y  add ing  e th e r  to  th e  
rem ain in g  co n c e n tra ted  so lu tion . T he c ru d e  p ro d u c t co n ta in ed  a consid erab le  
am o u n t o f h ex am eth y lp h o sp h o ric  tr ia m id e  th a t  m ad e  i t  r a th e r  hyg ro sco p ic . 
T herefo re , i t  w as d isso lved  again in  w a te r  a n d  d ia ly zed . T he d ia ly za te  w as 
c o n c e n tra ted , and  th e  po lyacid  was f in a lly  p re c ip ita te d  from  th e  c o n cen tra ted  
w a te r so lu tio n  b y  e th an o l and e th e r.

T he p o ly -y -g lu tam ic  acid o b ta in e d  in  th is  w ay  s till co n ta in ed  b en zy l 
residues th e  a m o u n t o f w hich  was d e te rm in e d  b y  m easu rin g  th e  UV a b so rp tio n  
o f th e  su b stan ce . (W hen  calcu la ting  th e  ben zy l c o n te n t, th e  m olar e x tin c tio n  
coeffic ien t o f  th e  b en zy l groups was ta k e n  as id e n tic a l w ith  th a t  o f to lu en e .) 
A ccord ing  to  th e  spectro scop ic  m easu rem en ts , a b o u t 15— 20%  of th e  c a rb o x y l 
groups rem ain ed  este rified . The fa ilu re  o f  p o ly -a -b en zy l-g lu tam a te  to  u n d e rg o  
com plete  change in to  po ly -y -g lu tam ic  ac id  is in  accordance  w ith  ea rlie r e x ­
p e rim en ts  [17] on p o ly -y -b en zy l-g lu tam ate , w hose b en zy l groups could  n o t  b e  
rem oved  q u a n tita tiv e ly  b y  ca ta ly tic  h y d ro g e n a tio n , e ith e r.

T he conversion  o f  poly-x-t-butyl-glutamate in to  th e  free po lyacid  w as e ffec t­
ed b y  acidolysis w ith  triflu o ro ace tic  a c id  [18]. As K ovács et al. [15] re p o rte d  
in  connec tion  w ith  th e  p re p a ra tio n  o f p o ly -g lu tam y l-a lan y l-g lu tam ic  acid fro m  
th e  co rrespond ing  y -f-b u ty l ester, th e y  h a d  fo u n d  t h a t  th e  o p tim al co n d itions 
fo r th e  c leavage o f th e  t-b u ty l g roups consisted  in  a t re a tm e n t w ith  90 %  t r i ­
flu o ro ace tic  acid  a t  ro o m  te m p e ra tu re  fo r  50 m in u te s . A ccording to  o u r e x p e ri­
m en ts , com plete  rem o v a l o f th e  t-b u ty l g roups fro m  p o ly -a -t-b u ty l-g lu tam a te  
req u ires  so m ew h at m ore  energetic  re a c tio n  co n d itio n s. W e reac ted  th e  p o ly ­
este r w ith  97%  triflu o ro ace tic  acid fo r  a t  leas t 90 m in u tes  a t  room  te m p e ra ­
tu re  an d  fo r  a d d itio n a l 24 hours a t  0 °C , or we re p e a te d  th e  tr if lu o ro a c e tic  
acid tre a tm e n t .  M ilder cleavage a ffo rd ed  po lyacids con ta in in g  m ore or less 
t-b u ty l g roups d e te rm in ed  b y  th e  u s u a l m e th o x y l analysis. T he p o ly -y -g lu ta - 
m ic ac id  w as iso la ted  b y  d ilu ting  th e  tr if lu o ro a c e tic  ac id  so lu tion  w ith  e th e r , 
and  w ash ing  th e  p re c ip ita te d  su b stan ce  w ith  sev era l po rtio n s of a large a m o u n t 
of th e  sam e so lven t. To elim inate  th e  la s t  traces  o f inc luded  e th e r, th e  po ly ac id  
was f in a lly  dissolved in  w a te r an d  freeze-d ried . T he conversion was a lm o st 
q u a n tita tiv e .

Molecular weights o f  the polyacids. T he  n u m b e r average  m olecular w eigh ts 
of th e  d iffe ren t po ly -y -g lum atic  acid  sam ples w ere d e te rm in ed  b y  th e  m odified  
van  Slyke  m eth o d  [16, 19] and  a re  su m m arized  in  T able I I .  T he p o ly ac id

Acta Chim. Acad. Sei. Hnng. 62, 1969



312 HOLLÓSI et «1.: STEREOISOMERIC POLY-y-GLUTAMIC ACIDS, II

p re p a re d  from  p o ly -a -b en zy l-g lu tam a te  h a d  v e ry  low  m olecu lar w e ig h t, ow ing 
p ro b a b ly  to  th e  low  so lub ility  o f th e  p o ly es te r; p re c ip ita tio n  o f  th e  la t te r  
d u r in g  th e  p o ly m eriza tio n  reac tio n  m ig h t h a v e  caused chain  p ro p a g a tio n  to  
b re a k  off to o  ea rly . In  c o n tra s t to  th is , th e  m olecu lar w eigh t o f th e  poly-y- 
g lu ta m ic  acid  o b ta in e d  from  th e  p o ly - i-b u ty l e s te r was even h ig h e r th a n  th a t  
o f  th e  po lyac id  m ad e  via  th e  p o ly m e th y l e s te r  [1]. Since th e  acc u ra cy  of th e  
am in o  n itro g en  an a ly sis  decreases w ith  in c reasin g  m olecular w e igh t, th e  h igh  
v a lu e s  p re se n te d  in  T ab les I  an d  I I  m a y  b e  ra th e r  erroneous. I t  m a y , how ever, 
b e  s ta te d  w ith  c e r ta in ty  th a t  th e  m o lecu la r w eigh t o f th e  p o ly ac id  sy n th es ized  
via  th e  p o ly -i-b u ty l e s te r  is a b o u t 10 000, i.e. th e  h ig h es t of all sy n th e tic  poly-y- 
g lu ta m ic  acids o b ta in e d  b y  us so fa r  [1, 2].

Table II

Reaction conditions o f  the preparation and molecular weights o f poly-y-glulam ic acids

No.®

Structure of the starting 
polyester Reaction conditions of 

preparation Yield, % Amino-N % Number average 
molecular weight

Esterifying group Confign.

l BZL L
H2/Pd

HMPAft— DM FA  
H 20

52 1.08 1 300

3 L 95 0.12 12 500
Bu' 97% TFA

4 D 98 0.20 7 000

a) Numbers refer to  those in Table I; b) hexam ethylphosphoric triamide.

Structure and optical purity. T he  re su lts  o f  e lem en ta l analysis o f th e  po ly- 
y -g lu tam ic  acid  (m ad e  via  th e  p o ly - i-b u ty l ester) are  in  fa irly  good ag reem en t 
w ith  th e  values ca lc u la ted  for a p o ly ac id  c o n ta in in g  h a lf  a m ole o f w a te r  p e r 
g lu ta m y l residues (cf '. [1, 2]). As to  th e  s t ru c tu ra l  hom ogeneity  o f th e  p o ly ac id , 
i t  is to  be k e p t in  m in d  th a t  th e  sy n th es is  o f th e  p o ly -t-b u ty l e s te r  h as  p ro ceed ­
e d  in  a s tr ic tly  u n eq u iv o ca l ro u te , th e re fo re  th e  p o ssib ility  fo r acc id en ta l fo r­
m a tio n  o f « -g lu tam y l residues in  th e  p o ly ac id  m ig h t on ly  h a v e  a risen  from  
a c id -ca ta ly zed  tra n s p e p tid a tio n  d u rin g  th e  ac ido ly tic  e lim in a tio n  o f th e  t- 
b u ty l  g roups. H o w ev er, K o v á c s  et al. [15] m ade v e ry  accu ra te  in v es tig a tio n s  
o n  th e  p o ss ib ility  o f  th is  so rt of iso m erisa tio n  d u rin g  th e  tr if lu o ro a c e tic  acid  
t r e a tm e n t  o f m odel p ep tides co n ta in in g  i-b u ty l esters o f «- or y -g lu tam y l 
re s id u es, an d  con c lu d ed  th a t  no tra n s p e p tid a tio n  occurred  u n d e r th e se  cond i­
tio n s . T heir re su lts  a re  in  accordance  w ith  earlie r view s [20] concern ing  th e  
re s is ta n c e  to  tra n s p e p tid a tio n  of th e  i-b u ty l esters of g lu tam y l a n d  a sp a rty l 
re s id u es . As no  у —> a  tra n sp e p tid a tio n  could  be observed  even  a f te r  th e  a l­
k a lin e  h y d ro lysis  o f  p o ly -a -m eth y l g lu ta m a te  [1], i t  was th o u g h t to  be  ju s ti-
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fied  n o t  to  reckon  w ith  th is  iso m eriza tio n  a t  all, an d  to  ta k e  th e  s t ru c tu ra l  
h o m o g en e ity  of po ly-y-g lu tam ic acid  fo r  g ran ted .

T h e  o p tica l p u r i ty  of the  p o ly ac id  was te s te d  b y  to ta l  hyd ro lysis  in  th e  
sam e m a n n e r  as describ ed  in  a p rev io u s  p a p e r  [1]. A ccord ing  to  th e  re su lts  o f 
th is  e x p e rim en t, th e  e rro r  of w hich a m o u n ts  to  a b o u t + 3 % ,  th e  p o ly ac id  
p ro v ed  to  be  o p tica lly  p u re . Though th e  o p tica l ro ta tio n s  of th e  acid  h y d ro ly -  
za tes o f  th e  po lyacids derived  from  th e  p o ly -a -m eth y l- an d  th e  p o ly -a -i-b u ty l- 
g lu ta m a te s , re sp ec tiv e ly , were e x a c tly  id en tica l, th e  specific ro ta tio n s  (a t  
th e  so d iu m  D line) o f  th e  tw o su b s ta n c e s  d iffered  in  a non-neglig ib le e x te n t:  
th e  p o ly ac id  p re p a re d  from  the p o ly - i-b u ty l e s te r gave a v a lu e  of [a ]0 — 36.9° 
(for th e  L -an tipode), w hile the  p o ly a c id  m ade from  th e  p o ly m e th y l e s te r  
gave o n ly  [<х]д—24° to  —27° (m easu red  on d iffe ren t sam ples of th e  L -an ti­
pode). A t f irs t  s ig h t one m ay th in k  t h a t  —  since b o th  po lyacids are o p tica lly  
p u re  —  th e  d ifference in  specific r o ta t io n  can  be  a t tr ib u te d  to  th e  occu rrence  
of a -g lu ta m y l residues in  th e  p o lyac id  sy n th esized  via  th e  p o ly m e th y l e s te r . 
H ow ever, an  а -linked  L-glutam ic ac id  resid u e  h as  m uch  h igher n eg a tiv e  r o t a ­
tio n  ( —79°, ca lcu la ted  as th e  d ifference b e tw een  th e  m olecu lar ro ta tio n s  o f th e  
a - tr ip e p tid e  an d  a -d ip ep tid e  of L -g lu tam ic  acid  [21]) th a n  th e  co rrespond ing  
у -linked  residue  ( —22° [22]), th e re fo re  th e  presence  o f a -g lu tam y l residues 
in  th e  po ly ac id  sh o u ld  h av e  caused th e  ro ta tio n  to  sh if t in  th e  d irec tio n  ju s t  
oppo site  to  th a t  observed . The d iffe rence  in  th e  ro ta tio n s  of th e  tw o  po ly -y - 
g lu tam ic  acids can  be  in te rp re ted  on th e  basis o f th e  ra th e r  g rea t d ifference in  
th e ir  m o lecu la r w eigh ts. The even sm a lle r  va lue  of th e  specific ro ta tio n  o f  th e  
low  m o lecu la r w eig h t po lyacid  o b ta in e d  from  th e  p o lybenzy l e s te r is also in  
a g reem en t w ith  th is  reasoning. A n a ly s is  of th e  o p tica l ro ta to ry  d ispersions 
o f у -lin k ed  oligo- a n d  polypeptides o f  g lu tam ic  acid  (cf. [22], an d  som e o th e r  
d a ta  to  b e  p u b lish ed  in  detail la te r)  seem  also to  s u b s ta n tia te  th ese  c o n c lu ­
sions. I t  can , th e re fo re , he s ta ted  t h a t  th e  po ly -y -g lu tam ic  acids sy n th es ized  
b y  th e  tw o  m eth o d s (via  th e  p o ly m e th y l an d  th e  p o ly -t-b u ty l esters) d iffe r 
on ly  in  th e ir  m o lecu la r weights an d  n o t  in  o p tica l p u r i ty  o r s tru c tu ra l h o m o ­
g en e ity . T hus th e  scruples abou t th e  a d eq u acy  of th e  fo rm er sy n th eses  [1] 
to  y ie ld  po ly  g lu tam ic  acids w ith p u re  у -linked s tru c tu re s  m ay  be  re je c te d . 
T he new  syn th esis  via  po ly -a -t-bu ty l g lu ta m a te  h a s , nevertheless, to  b e  r e ­
g a rd ed  as th e  b e s t one, because of th e  h ig h e r m o lecu lar w eight o f th e  p o ly ac id  
o b ta in e d  b y  it. T he  polybenzyl e s te r  p ro v ed  in  a ll respects  to  be th e  le a s t 
su itab le  in te rm e d ia te  fo r the  syn th esis  o f po ly -y -g lu tam ic  acid.

Note added in  proof. Fractionation experim ents on Sephadex G-50 colum n have shown the po- 
ly  y-glutam ic acids to  contain  a considerable am ount o f cyclopeptide im purities. A ccordingly  
the h igh  m olecular w eights calculated from  amino-lN analysis should be erroneous. I t  is 
very  probable th a t the h igh value of th e  sp ecific  rotation  o f  the polyacid m ay also be 
caused b y  the cyclopeptide content o f th e  sam ple. E xperim ents are in progress and will 
be published later.
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E x p erim en ta l

All m .p .’s a re  u n c o rre c te d  and  were ta k e n  on  a  T o tto li a p p a ra tu s  (W . B iichi, F la w i l /  
Schw eiz). The op tica l ro ta t io n s  were m easu red  w ith  a  v isua l p o larim éter (S ch m id t-H aen sc  h )  
u s in g  a  sodium  lam p . B efore  m icroanalysis, th e  sam ples w ere d ried  in  a v acu u m  d e s ic c a to r  
o v e r phosp h o ru s p e n to x id e  fo r  8 —10 h rs a t  a  te m p e ra tu re  (50—100 °C) a d ju s te d  to  th e  m .p . 
o f  th e  sub stan ce  to  be a n a ly ze d . T hin -layer ch ro m a to g ra m s were m ade on silica gel (K ieselgel-G  
n a c h  S tah l, M erck) u s in g  th e  follow ing so lven t m ix tu re s :

a) e th y l a c e ta te -p y r id in e -a c e tic  a c id -w a te r  (60 : 20 : 6 : 11),
b) n -b u ty l a lco h o l-a c e tic  a c id -w a te r  ( 4 : 1 :  1),
c) n -b u ty l a lc o h o l-p y rid in e -a ce tic  a c id -w a te r  (30 : 20 : 6 : 24).

a-B enzyl N-f-butyloxycarbonyl-L-glutaniatc p-nitrophenyl ester (I)

A cold so lu tion  o f  a -b en zy l N -t-b u ty lo x y carb o n y l-L -g lu tam a te  (1.60 g; 4.8 m m oles) 
[7] a n d  p -n itro p h en o l (0 .66  g ; 4.8 m m oles) in  e th y l a c e ta te  (8 m l) was m ixed  w ith  d icyc lohexyl- 
carb o d iim id e  (0.98 g; 4 .8  m m oles). The re a c tio n  m ix tu re  w as s tirred  fo r 2 h rs  u n d e r  cooling 
a n d  th e n  le t to  s ta n d  fo r  a  d a y  a t  room  te m p e ra tu re . A fte r cooling fo r severa l ho u rs , th e  
m ix tu re  w as filte red  a n d  th e  d icyclohexylurea  (1.00 g ; 94% ) w ashed w ith  e th y l a c e ta te  (4 m l); 
th e  e th y l  ace ta te  so lu tio n  w as w ashed w ith  8%  N a H C 0 3 so lu tion  ( 2 x 5  m l) a n d  w a te r  (5 m l). 
T h e  d ried  (M gS 04) so lu tio n  w as ev ap o ra ted  u n d e r  red u ced  pressure . T he rem ain in g  oil c ry s ta l­
lized  (2.05 g; 94% ); m .p . 90 — 94 °C. This c ru d e  p ro d u c t  was recry sta llized  fro m  e th y l a ce ta te -  
e th e r  (1 : 1) (2 ml) to  y ie ld  1.28 g (58% ) of p u re  I, m .p . 100 —102 °C, [a]!)0 —15° (c =  1, m e th a ­
nol).

C23H 26N 20 8 (485.5). C alcd. C 60.25; H  5.71; N  6.11. F o u n d  C 59.87; H 6.04; N  5 .9 3 % .

D icyclohexylam m onium  sa lt o f a ,a ’-dibenzyl N-i-butyloxycarbonyl-y-L-glutam yl-L-glutam ate
(H I)

A  solution  of a -b en z y l L -g lu tam ate  (II) (0.88 g; 3.7 m m oles) [6], a -b en zy l N -t-b u ty lo x y - 
carb o n y l-L -g lu tam ate  p -n itro p h e n y l ester (I) (1 .70  g ; 3.7 m m oles), an d  d icyclohexy l-carbo- 
d iim id e  (0.67 g; 3.7 m m oles) in  d im ethy lfo rm am ide  (18 m l) w as s tirred  fo r 3 h rs  an d  th en  le t  
to  s ta n d  for a  day . T he so lv e n t w as rem oved  u n d e r  red u ced  pressure , an d  th e  rem ain in g  oil 
ta k e n  u p  in  anh y d ro u s e th e r  (30 ml). The d icy c lo h ex y lam m o n iu m  sa lt o f th e  d ip ep tid e  de riv ­
a tiv e  soon  crystallized . A fte r  s tan d in g  fo r 24 h rs , th e  c ry s ta ls  w ere f ilte red  off an d  w ashed 
th o ro u g h ly  w ith  several p o rtio n s  o f an h y d ro u s e th e r  (50 m l) to  ob ta in  2.43 g (89% ) of III, 
m .p . 116 —119 °C. R e c ry s ta lliz a tio n  of th e  p ro d u c t fro m  aqueous alcohol d id  n o t ra ise  th e  
m .p . s ign ifican tly  (117 — 119 °C); [а]в° —19.6° (c =  3, m ethano l).

C41H 59N 30 4 (737.9). Calcd. C 66.73; H  8.06; N  5.70. F o u n d  C 66.65; H  8.10, N  6 .0 7 % .

a,a’-D ibenzyl N-i-butyloxycarbonyl-f-L-glutam yl-L-glutam ate

T h e  above d icyc lohexy lam m onium  sa lt (III) (1.1 g; 1.5 m m oles) w as suspended  in e th y l 
a c e ta te  (25 m l) and  w a te r  (15 m l). C itric acid  w as a d d e  l ( to  a d ju s t to  p H  3), an d  th e  m ix tu re  w as 
sh a k e n  u n til th e  sa lt d isso lved . A fter th e  se p a ra tio n  o f th e  phases, th e  aqueous lay e r w as 
e x tra c te d  w ith  tw o 15-m l p o rtio n s  o f e th y l a c e ta te , a n d  th e  com bined e th y l a c e ta te  so lu tions 
w ere  d ried  and  e v ap o ra te d  u n d e r  reduced p ressu re . A  yellow  oil (0.85 g; 100% ) was o b ta in ed  
w h ic h  fa iled  to  c ry sta llize .

a-Benzyl N -(p-m ethoxybenzyloxycarbonyl)-L-glutam ate p-nitrophenyl ester (У)

p-N itro p h en o l (1 .53 g ; 11 m moles) an d  d icyclohexy l-carbod iim ide  (2.26 g; 11 m m oles) 
w ere ad d ed  to  a cold so lu tio n  o f а -benzyl N -(p -m eth o x y b en zy lo x y carb o n y l)-L -g lu tam ate  (IV) 
(4.01 g; 10 m m oles) [10] in  e th y l ace ta te  (9 m l). T h e  resu ltin g  so lu tion  w as s tir red  fo r 1 h r. 
a t  0 °C a n d  for 2 h rs a t  ro o m  tem p era tu re . N e x t d a y  th e  d icyclohexylurea  (2.04 g; 92% ) w as 
f i lte re d  o ff and  w ashed w ith  a  sm all am o u n t o f  e th y l  a ce ta te . The e th y l a c e ta te  so lu tion  w as 
d ilu te d  w ith  th e  sam e so lv e n t to  ab o u t 40 m l, w ash ed  w ith  8%  N a H C 0 3 so lu tio n  (3 X 10 m l) 
a n d  w a te r  (2 X 10 m l), d ried  over M gS04, a n d  f in a lly  ev ap o ra te d  i n  va c u o . T he rem ain in g  
oil w as ru b b ed  w ith  e th e r  (40 m l) u n til i t  tra n s fo rm e d  in to  a  pow der. I t  w as th e n  crysta llized
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from eth y l alcohol (16 m l) to  y ield 3.7 g (71% ) o f the p-nitrophenyl ester o f a-benzyl N -(p- 
m etboxybenzyloxycarbonyl)-L -glutam ate. The m .p. o f th is product (77 — 79 °C) raised, after  
tw o recrystallizations from alcohol, to 83 — 84 °C; [a]i° — 16.0° (e =  5, ethyl acetate).

C27H 26N 20 9 (522.5). Calcd. C 62.10; H 5.00; N  5.40. Found C 61.75; H  5.25; N  5.50% .

a ,a’-D ibenzyl N -(p-m ethoxybenzyIoxycarbony l)-7-L -g lu tam yl-L -g lu tam ate  (V I)

T riethylam ine (2.74 ml; 19.5 m m oles) and a-benzyl N-(p-m ethoxybenzyloxycarbonyl)-L - 
glutam ate p-nitrophenyl ester (V) (10.20 g; 19.5 m m oles) were added to a suspension o f  a- 
benzyl L-glutam ate (II) (4.62 g; l9 .5  m m oles) [6] in dim ethylform am ide (32 m l), and the reac­
tion  m ixture was stirred at room tem perature for 2 hrs. During this tim e m ost o f the sem i-ester  
w ent into solution. N ex t day the solution was filtered from  the undissolved crystals and ev a p ­
orated at about 1 torr (bath  temperature 40 °C). The o ily  residue was taken up in eth y l ace­
tate  (180 m l), and the solution was washed w ith two 50-m l portions of ice-cold 0.5JV H 2S 0 4. 
After drying (M gS04), the solvent was evaporated under reduced pressure, and the rem aining  
crystalline substance was suspended in ether (140 m l), filtered, and washed thoroughly w ith  
several portions o f warm ether. The resulting crude product (9 g; m .p. 135 —140 °C) was re­
crystallized from ethyl acetate (150 ml) to y ield  8.44 g (70% ) o f the pure a, a ’-dibenzyl N -(p- 
m ethoxybenzyloxycarbonyl)-"/-L-glutam yI-i,-glutam ate, m .p. 143 — 146 °C; | a ]\j' —5.1°
(c =  2.5, acetic acid). The physical constants o f the sam e substance described form erly [10] 
are: m .p. 133 —135 °C; [a]i>3 —5.15° (c =  2.5, acetic acid).

C33H 36N 2Oi0 (620.6). Calcd. N  4.52. Found N  4.65% .

а , a ’-D ibenzyl N -(/f-n iethox\ benz\ loxyc ar bony] )-''-L-g]utainyl-I.-glut a mate p-nitrophenyl ester
(V II)

The protected dipeptide dibenzyl ester described above (VI) (6.61 g; 10.6 m m oles) w as 
dissolved in a m ixture of tetrahydrofuran (12 m l) and dim ethylform am ide (4 m l), and to  th is 
solution p-nitrophenol (1.63 g; 11.7 m m oles) and dicyclohexyl-carbodiim ide (2.41 g; 11.7 
m m oles) were added under stirring and cooling. Stirring was continued for 1 hr. a t 0 °C and  
for 2 hrs at room tem perature. The reaction m ixture was allowed to stand for a day. The 
precipitated dicyclohexylurea was then filtered o ff and washed thoroughly w ith  tetrahydro­
furan (8 — 10 m l). The solvent was distilled off under reduced pressure, and the rem aining oil 
was dissolved in ethyl acetate (80 ml). The ethyl acetate solution was washed w ith  3% K 2C 0 3 
solution (2 X  25 m l) and water (25 m l), dried over anhydrous M gS04, and then evaporated in  
vacuo. The o ily  residue was rubbed under frequently changed portions of ether until it  so lid i­
fied . This solid substance was finally  boiled out w ith three 40-m l portions of ether; it  weighed
б. 33 g (80% ) and m elted  at 103 —106 °C. R ecrystallization  of the crude product first from  
aqueous m ethanol (50% ) and then from aqueous ethanol (50% ) raised the m .p. only sligh tly , 
and yielded 4.84 g (61% ) of the pure substance; m .p. 104 — 106.5 °C; [а]]? —16.3° (c =  2, 
dim ethylform am ide).

CS9H 3SN 80 j2 (741.8). Calcd. C 63.15; H 5.30; N  5.65. Found C 63.50; H  5.50; N  5.50% .

a , a ’ - Dibenzyl ' ' - L - glut a my l-I.-glut a m ate p-nitrophenyl ester hydrochloride (V U I)

The protected d ipeptide nitrophenyl ester VII (1.81 g; 2.44 mmoles) was dissolved in  
ice-cold trifluoroacetic acid  (3.3 m l) to which anisole (0 .6  m l) was added. The solution w'as kept 
for 90 m in at 0 °C, and then trifluoroacetic acid was distilled off under reduced pressure (a t a 
tem perature o f m ax. 30 °C). The residue was taken up in  tetrahydrofuran (7 m l), and the so lu ­
tion saturated w ith  dry hydrogen chloride under cooling. The active ester hydrochloride was 
precipitated by anhydrous ether (about 100 m l), filtered, washed several tim es w ith ether, and  
fina lly  dried. This product weighed 1.31 g (87% ) and m elted at 9 0 —92 °C w ith sintering from  
82 °C. R ecrystallization from a small am ount o f acetone-ether gave 0.9 g (60% ) o f the a n a ly ti­
cally  pure a ,a ’-dibenzyl y-L-glutam yl-L-glutam ate p-n itrophenyl ester hydrochloride, m .p. 93 — 
96 °C [a]n6 —11.7° (e =  3, dim ethylform am ide), R /.(b) 0.39.

C30H 32N 3O9Cl (614.0), Calcd. C 58.70; H  5.30; Cl 5.77. Found C 58.85; H  5.85; Cl 5.67% .

7* Acta Chim. Acad. Sei. Hung. 62, 1969



316 HOLLÓSI et al.: STEREOISOMERIC POLY-y-GLUTAMIC ACIDS, II

a-í-B u ty l N -carbobenzoxy-L -g lu tam ate

A suspension o f th e  dicyclohexylam m onium  salt o f a-t-butyl N-carbobenzoxy-L-gluta- 
m ate (42 g; 81 m m oles) [12,14] in ether (160 m l) was cooled in ice and shaken, under contin­
uous cooling, w ith the sam e volum e of ice-cold IN  H 2S 0 4 until all the solid dissolved. A fter  
th e  separation of the phases, the aqueous layer w as extracted w ith two 80-m l portions of  
ether, the com bined ether solutions were w ashed w ith  water (80 ml), dried over M gS04 and  
evaporated under reduced pressure. The rem aining oil (25.5 g; 94% ) crystallized in a few  days, 
m .p. 82 — 83.5 °C. No rise in the m.p. was observed after recrystallization of the solid substance  
from  a m ixture of ether and petroleum ether; [a]n5 —27.3° (c =  3, m ethanol).

C .,H 23NO e (337.4). Calcd. C 60.52; H  6.87. Found C 60.81; H  7.07% .
The n-antipode  o f th is substance m elted at 82 — 83.5 °C; [a]}> -j-27.2° (c =  3, m ethanol).

a-I-Butyl N-carbobenzoxy-L-glutam ate pentachlorophenyl ester (IX )

A solution o f a -i-b u ty l N-carbobenzoxy-L-glutam ate (3.37 g; 10 m m oles), pentachloro- 
phenol (2.67 g; 10 m m oles), and dicyclohexyl-carbodiim ide (2.06 g; 10 m moles) in e th y l acetate  
(15 m l) was stirred for 2 hrs and then let to stand for a day at room  temperature. The precipi­
ta ted  solid (containing, besides dicyclohexylurea, also the bulk of the active ester) was filtered  
o ff  b y  suction and w ashed thoroughly w ith  several portions o f chloroform (about 40 m l). 
The insoluble d icyclohexylurea weighed 2.0 g (90% ). The com bined ethyl acetate and chloro­
form  solutions were w ashed w ith  8% N aH C 03 solution  (2 x 10 m l) and water (10 m l), dried over 
M g S 0 4, and evaporated under reduced pressure to obtain 5.67 (97% ) of the crystalline penta­
chlorophenyl ester, m .p . 121 —123 °C. R ecrystallization  from ethyl acetate (7 m l) gave an 
analytica lly  pure product (4.75 g; 81% ), m .p. 123 — 125 °C (lit. [15] m.p. 122 —123 °C); [a]f>s 
— 18.2° (c =  3, dim ethylform am ide).

The D-antipode  o f th e  above active ester w as prepared by the same m ethod; m .p . 122 —- 
124 °C; [a]i>° + 1 8 .3 °  (c =  3, dim ethylform am ide).

a-i-B utyl L -g lu tam a te  (X )

Palladium  (10% ) on charcoal catalyst (0.5 g) was suspended in a solution of a-i-butyi 
N -carbobenzoxy-L -glutam ate (12 g; 35.6 m m oles) in  m ethanol (200 ml), and the suspension was 
shaken in a stream o f hydrogen until no m ore carbon dioxide could be detected in the leaving  
gas (3 — 4 hrs). After the rem oval of the ca ta lyst by filtration , the solution was evaporated to  
dryness under reduced pressure. The rem aining gel-like substance was dried thoroughly for 
several days in a vacuum  desiccator over cc. H 2S 0 4. T l.e solid a-t-butyl glutam ate c  >uld not he 
crystallized . The y ield  w as 7 g (96% ), m .p. 147 — 148 °C; [a]t>° -j-13.0° (c =  1, waLer); R F(a) 
0.28.

C 9 R j , N 0 4 (203.2). Calcd. C 53.18; H 8.43; N  6.89. Found C 53.12; H 9.10; N  7.31% . 
a-t-B utyl D - g l u t a m a t e  w a s  p r e p a r e d  in  t h e  s a m e  w a y ;  m . p .  146 —147 °C; [a]f>° —12.3° 

(c — 2 .2, w a t e r ) ;  R p ( a )  0.28.

a ,a ’-D i- t-b u ty l N -carbobenzoxy-y-L -g lu tam yl-L -g lu tam ate  (X I)

A suspension o f a-t-butyl L-glutamate (X ) (3.75 g; 18.5 mmoles) in tetrahydrofuran  
(60 m l) was m ixed w ith  triethylam ine (2.60 ml; 18.5 m m oles) and a-t-butyl N-carbobenzoxy-L- 
glutam ate pentachlorophenyl ester (IX) (9.85 g; 16.8 m m oles), and the reaction m ixture was 
stirred at room tem perature until the sem i-ester dissolved alm ost com pletely (about 4 hrs). 
The solution was allow ed to  stand overnight, filtered  from the unchanged sem i-ester, and evap­
orated under reduced pressure. The rem aining oil was dissolved in ethyl acetate (80 m l) and 
w ashed twice w ith ice-cold  IN  H 2S 0 4 (30 m l) and cold water (2 X  50 ml). The ethyl acetate  
solution  was dried over N a 2S 0 4, evaporated under reduced pressure, and the oily residue was 
triturated w ith two portions of warm petroleum  ether until it  becam e a powder. This was fil­
tered o ff (5.5 g; 63% ) and crystallized from a m ixture o f ether and petroleum  ether. The sub­
stance obtained (4.1 g; 47% ) had m.p. 69 — 71 °C. Two recrystallizations from ethyl a ceta te -  
petroleum  ether raised the m .p. to 72 — 74 °C; [a ]I,5 —25.2° (c =  3, dim ethylform am ide).

C26H38N 20 9 (522.6). Calcd. C 59.73; H  7.33; N  5.36. Found C 59.82; H 7.72; N  5.30% .
The d - d  stereoisomer was prepared in  the sam e way; m.p. 71 —73 °C; [a]n5 + 2 5 .0 °  

(c =  3, dim ethylform am ide).
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a ,a ’-D i-í-butyl N-carbobenzoxy-7 -L-glutamyl-L-gIutamate pentachlorophenyl ester (X II)

a ,a ’-Di-t-butyl N-carbobenzoxy-a-L-glutam yl-L-glutam ate (X I) (3.6 g; 6.9 mmoles) 
was dissolved in eth y l acetate (30 m l), and , after the addition o f pentachlorophenol (2.0 g; 
7.6 m m oles) and dicyclohexyl-carbodiim ide (1.56 g; 7.8 m m oles) a t 0 °C, the reaction m ixture 
w as stirred for 30 m in under cooling, and then  for 2 hrs at room tem perature. It was allowed 
to  stand overnight. A cetic  acid (1 ml) w as then added, and the solution was stirred for 1 hr. 
The precipitated d icyclohexylurea (1.6 g; 94% ) was filtered off. The filtrate was diluted w ith  
ethyl acetate (40 m l) and washed w ith  w ater (30 ml), 8% N a H C 0 3 solution (3 X  30 ml), and 
again w ith  water (30 m l). The solution w as dried (N a2S 0 4) and evaporated under reduced 
pressure. The oily residue solidified on standing. I t  was crystallized from  a m ixture of ether and 
petroleum  ether. The resulting crystalline product (4.20 g; 79% ) m elted at 62 — 64 °C. R ecrystal­
lization from the sam e solvent raised the m .p . to 63 — 65 °C; [oí]d0 — 19.5° (c — 3, dim ethyl- 
form am ide).

Ca,H 37N 2O9CI5(770.9). Calcd. C 49.85; H 4.84; C123.00. Found C 50.05; H 5.03; C122.94%.
The D-D antipode  o f  this com pound w as prepared in the sam e m anner, m .p. 64 —65 °C; 

[<x]L5 -)-19.70 (c =  3, dim ethylform am ide).

a ,a ’-D i-(-buty l y -L -g lu tam y l-L -g lu tam a te  pen tach lorophenyl este r hydrochloride  (X III)

The protected dipeptide derivative X II (3.85 g; 5 m m oles) was hydrogenated in m ethan­
ol (65 m l) containing hydrogen chloride (0.22 g; 6 m m oles), in the presence o f palladium (10% )- 
on-charcoal catalyst (0 .5  g). The hydrogenation was carried out b y  passing hydrogen gas 
through the solution u n til no more carbon dioxide could be detected  in  the leaving gas. The 
cata lyst was then filtered  off, and the so lution  evaporated under reduced pressure. The residue 
was triturated w ith several portions of ether (100 ml). The resulting solid (2.5 g; 74%) was 
crystallized from a m ixture of m ethanol, e th y l acetate, and ether to give 2.3 g (68% ) o f the  
pure substance, m .p. 150— 152 °C; [a]i>5 — 14.9° (c =  3, dim ethylform am ide); R f ( b )  0.69.

C24H ,2N 20 ,C le (673.3). Calcd. C 42.78; H 4.75; N 4 .1 6 ; Cl (to ta l) 31.59; Cl (ionic) 5.27. 
Found C 43.10; H  5.20; N  4.33; Cl (to ta l) 31.65; Cl (ionic) 5.19% .

The corresponding d - d stereoisomer was prepared sim ilarly; m .p. 149 —151 °C; [a ]o  
+  15.2° (c =  3, dim ethylform am ide); R ^ (b) 0.67.

Poly-a-benzyl-L-glutam ate (XV )
(N o. 1 in Table I)

a ,a ’-D ibenzyl y -L -g lu tam yl-L -g lu tam ate p-nitrophenyl ester hydrochloride (VIII) (2.4 g; 
3.9 m m oles) w as d issolved  in dim ethylform am ide (3.9 ml) under m ild warm ing. Triethylam ine  
(1.2 ml; 8.6 m m oles) w as added, and the reaction m ixture was stirred at room temperature. 
Triethylam m onium  chloride separated soon, and the solution becam e more and more viscous. 
In about 8 hrs the reaction  m ixture turned into an unstirrable gel; it  was then set aside for a 
day. The viscous so lution  w as diluted w ith  hot m ethanol (50 m l), and the separated gum m y 
substance was rubbed to give a powder. I t  was filtered off, washed thoroughly with several 
portions of hot m ethanol (150 ml), and fin a lly  dried in a vacuum  desiccator over cc. H 2S 0 4.The 
poly-a-benzyl-g lu tam ate (0.87 g; 51% ) w as obtained in the form of an amorphous powder.

(C12H13N 0 3)n (219 .2)n. Calcd. C 65.75; H 5.98; N  6.38. Found C 65.00; H 6.65; N 6.13% .

P o ly -f-L -g lu tam ic  acid

(from  the polyb en zyl ester; No. 1 in  Table II)

Poly-a-benzyl-L-glutam ate (820 m g; 3.74 meq.) was dissolved, under mild warming, in 
hexam ethylphosphoric triam ide (10 m l) and the resulting solution was d iluted w ith dim ethyl­
form am ide (25 ml). This solutionw as added to a prehydrogenated suspension ofpalladium (10% )- 
on-charcoal catalyst (0 .4  g) in dim ethylform am ide (25 m l), and the m ixture was hydrogenated  
in a closed system  u n til no more hydrogen was absorbed (4 — 5 hrs; uptake of hydrogen about 
60 m l). After rem oving the catalyst b y  filtration , the solution was evaporated under reduced  
pressure (0.5 torr; bath  tem perature m ax. 45 °C). The residue was dissolved in  water (30 ml), 
and hydrogenation w as continued in the presence of fresh prehydrogenated catalyst (0.2 g). 
Som e more hydrogen (6 — 8 ml) was absorbed. The catalyst was rem oved by filtration , and the 
solution evaporated in vacuo. The residue was triturated w ith  several portions of anhydrous
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ether, and  the resulting hygroscopic pow der was dissolved in water (2 m l). The polyacid was 
p recip itated  by the addition o f  ethanol (100 m l) and filtered off. This procedure was repeated 
tw o  tim es more, and the product w as fina lly  dried in a vacuum  desiccator over P 2Oä.T he poly- 
y-g lu ta m ic  acid was obtained as a sligh tly  hygroscopic, amorphous powder w hich weighed 
250 m g (52% ); [a]b3 - 2 1 .0 °  (c =  2, 0 .5 N  HC1).

Poly-a-t-butyl-L-glutaniate (XVII)

(а) Triethylamine (5.78 m l; 41.5 m m oles) was added to a solution o f a ,a ’-di-t-butyl y-l.- 
glutam yl-L-glutam ate pentachlorophenyl ester hydrochloride (X III) (14.0 g; 20.75 mmoles) 
in  dim ethylform am ide (38 m l), and the reaction m ixture was stirred at room temperature. 
T riethylam m onium  hydrochloride precipitated soon, and the reaction m ixture became too 
v isco u s to  be stirred. More dim ethylform am ide (10 ml) was then added, and stirring was con­
tin u ed  for 8 hrs. After standing for a day at room  temperature, about one h a lf o f the dim ethyl­
form am ide was distilled o ff under reduced pressure (1 torr, at 45 °C), and th e  residual gel-like 
so lu tion  was diluted w ith ether (200 m l). The precipitated solid was filtered off and washed 
th orou gh ly  w ith ether (6 X  30 m l) and w ater (5 X  30 ml). I t  was fina lly  dried in a vacuum  desic­
cator over P 20 6.The polyester (4.41 g; 57% ; No. 3 in  Table I) was obtained as an amorphous 
w h ite  powder; [a]i? —43.7° (c =  1.2, dim ethylform am ide).

(C9H j5N 0 3)n (185.2)„. Calcd. C 58.32; H 8 .1 7 ;  N  7.57. Found C 58.49; H  8.24; N  7.42; 
Cl 0 .92% .

(б) The dipeptide active  ester sa lt(X III)  (2.20 g; 3.20 m m oles) w as dissolved in dim ethyl 
su lfox id e  (3.2 ml) under m ild warm ing, and to this lukewarm solution triethylam ine (1.0 ml; 
7.1 m m oles) was added. T riethylam m onium  chloride precipitated im m ediately, and the fairly 
viscou s reaction mixture w as stirred at room  temperature for 8 hrs. After standing for a day, 
ether (100 ml) was added to  the reaction m ixture. The precipitated m aterial was rubbed to 
ob ta in  a powder which was separated b y  centrifugation. The solid substance was washed with 
ether (3 X  30 ml), water (3 X  30 m l) and again w ith  ether (3 X  30 m l) in the centrifuge, and f i­
n a lly  dried in a vacuum desiccator over cc. H 2S 0 4. The amorphous w hite polyester (No. 2 in 
T able I) weighed 0.67 g (55% ); [a]t>° —43.4° (c =  1.2, dim ethylform am ide).

Poly-a-t-butyl-D -glutam ate (XVII)

T h e  D-D stereoisom er o f  th e  d ip ep tid e  ac tiv e  este r sa lt (X III) (1.80 g; 2.67 m m oles) 
w as po ly m erized  in d im e th y lfo rm am id e  (4.2 m l) in  th e  presence o f tr ie th y la m in e  (0.82 ml; 
5.9 m m oles) by  th e  sam e p ro c ed u re  as described  above fo r th e  l- l  a n tip o d e  (m eth o d  a). 
T h e  y ie ld  o f  th e  resu lting  D -po lyester (N o. 4 in  T ab le  I) was a b o u t th e  sam e (0.59 g; 60% ); 
[®]d2 + 4 6 .5 °  (c =  1.2, d im e th y lfo rm am id e).

(C 9H 15N 0 3)n (185.2)n. Calcd. C 58.32; H  8.17. Found C 58.64; H  8.43; Cl 2.14% .

Poly-y-L -glutam ic acid

(from th e  poly-t-butyl ester; No. 3 in Table II)

Poly-a-i-hutyl-L-glutam ate (2.00 g; 10.8 meq.) was dissolved in ice-cold trifluoroacetic  
acid  (97% ; 40 ml) and kept for 5 min. a t 0 °C. The solution was then  allow ed to warm up to  
room  tem perature, and after 100 m in evaporated under reduced pressure. A  second portion of 
tr iflu oroacetic  acid (100 m l) w as added to the residue, and, after standing a t room  temperature  
for 10 m in, the solution was evaporated and then diluted w ith anhydrous ether (160 ml) and 
k ep t in  a refrigerator for several hours. The precipitated polyacid was filtered o ff and washed 
w ith  ether (3 x 5 0  ml). I t  w as then  dissolved in  water (20 ml) and freeze-dried. The polyacid  
dried over P 20 5 in a vacuum  desiccator weighed 1.30 g (95% ); [a]f>3 — 36.9 (c =  2, 0.51V HC1).

(C5H ,N 0 3 • l/2 H 20 ) n(138.1)„. Calcd. C 43.47; H  5.83; N  10.15. Found C 43.80; Я  5. 90; 
N  10.31% .

Poly-y-D -g lu tam ic acid

(N o. 4 in  Table II)

Poly-a-t-butyl-D-glutam ate (300 mg; 1.6 m eq.) was treated w ith  trifluoroacetic acid (6.6 
m l) for 30 m in at 0 °C, then  for 90 m in at room  temperature, and fin a lly  for 24 hrs at 0 °C 
again. T he product was iso lated  in the sam e manner as described above. The y ield of the D- 
polyacid  w as 205 mg (98% ); [a]f)3 + 3 6 .0 °  (c =  2, 0.51V HC1).
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Determ ination of the optical purity

The optical purity  o f the poly-y-L-glutam ic acid prepared from  the corresponding poly-i- 
bu ty l ester (No. 3 in Table II) was determ ined by the procedure described in our previous  
paper [1]. — The concentration of the polyacid solution  before  hydrolysis was 1.285 m g/m l. 
The glutam ic acid conten t o f the hydrolyzate, determined b y  th e  K je l d a h l  m ethod, was 1.36 
±  0.05 mg/ml. Accordingly, the value o f 93 ±  3% was o b ta in ed  for the polyglutam ic acid  
content o f the sam ple. The observed rotation  o f the hyd rolyzate  m easured at 286 nm  in  a 10.0 
m m  polariméter tube at 30 °C was -f-0.0742° ±  0.001°, corresponding to [a]|j|t +  545° ±  15°. 
The optical purity o f  poly-y-glutam ic acid was calculated to be 99 ±  3% , by com paring the  
specific rotation o f the hydrolyzate w ith  th a t o f a standard glutam ic acid solution described in  
our previous paper [1 ].

*
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R u f f  for obtaining th e  spectra- Technical assistance b y  Mrs. G. N é m e t h  is greatly appre­
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BOOK REVIEW S -  BUCHBESPRECHUNGEN -  Р Е Ц Е Н З И И  К Н И Г

A ddition Polymers: Formation and Characterization. E d . D erek  A. Sm ith . 
B u tte rw o rth , L o n d o n , 1968, pp . 492

Derek A. Sm ith’s book is based on his course of lectures, offered for m any years at the  
N ational College o f Rubber Technology (Northern P olytechnic, London). The structure o f the  
book differs, therefore, in  m any respects from th a t o f books treating similar subjects and em ­
phasizes the pedagogical aspects of the m utual connection betw een polym er chem istry, polym er  
technology and polym er physics, clearly showing the un ity  o f science and technology. B ased  
on the fundam entals o f organic and physical chem istry, the first three chapters o f the book  
survey the kinetic law s and characteristic m echanism s of polym erization processes w ith radical 
and ionic mechanism s. The fourth chapter deals w ith the principles o f  the industrial-techno­
logical design of polym erization processes, thus com pleting the discussion of the preparation  
of polymers. The n ext chapters of the book are concerned w ith  m ethods for the determ ination  
of the molecular w eight, fractionation o f polym ers, and w ith  m ethods for the study of m icro­
structure and crystallin ity . The last two chapters deal w ith problem s of polym er degradation, 
im portant from the v iew point o f practical application, and w ith  factors and laws determ ining  
the physical properties o f  solid polym ers.

As indicated b y  th is short survey o f its chapters, the book gives an exhaustive descrip­
tion o f polymeric p lastics, including recent scientific results. A great m erit o f the book is the  
concise and lucid m anner o f discussion. An extensive list o f references is given at the end o f  
each chapter for those interested  in original papers treating ind ividual problems. The review er  
finds it  regrettable th a t other reactions leading to the form ation of polym ers, i.e. polyconden­
sation, polym erization o f cyclic monomers and reactions involv in g  polyaddition are n ot in ­
cluded in this book. Our knowledge about these reactions w ould also be furthered by a book  
treating its subject w ith  similar clarity. Am ong all plastics produced world-wide, polym eri­
zation plastics are characterized by the m ost dynam ic growth ind ex , so th a t the subject orien­
tation  of the book to  th is field  is understandable.

Although the book is intended prim arily for advanced un iversity  students, it  w ill render 
valuable services to those engaged in research or industrial technology and wishing to deepen  
their knowledge in th is field.

G y . H a r d y

Progress in  Drug Research, Vol. 12. E d . E . Ju c k e r . B irk h äu se r V erlag, B asel 
an d  S tu ttg a r t ,  1968, pp . 479

The latest volum e of this internationally well-known series, indispensable today in the  
library of every m edicinal chem ist and pharm acologist, gives sum m aries, as was the custom  in  
earlier volum es, on som e of the up-to-date problems of m edicinal chem istry in m onographic  
form, written by know n specialists o f the field. According to the character of this field of science, 
the pharmacological approach has been stressed in some chapters and the chem ical one in  
others, generally to such depth that the pharm acological knowledge of the chem ist doing  
m edicinal syntheses and the chemical background of the pharm acologist are enough to  
understand the subject and to use it in their practical work.

Acta Chim. Acad. Sei. Hung. 62, 1969
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The first chapter (b y  C. J .  Cavalljto) deals w ith  the contribution o f m edicinal chem istry  
to  m edicine from 1935 on. The n ext chapter is concerned w ith the increasingly urgent problem  
o f  pharm acological control o f  reproduction in  wom en (reviewed by M. J .  K . H a r p e r ). After 
a discussion of the necessity  for population lim itation , the reproductive stages am enable to  
pharm acological control are enum erated and discussed.

The third chapter o f th e  book (by M. T a u s k ) is devoted to the practical results o f  tw enty  
years o f  research in endocrinology. As the author says: “The boundaries o f  endocrinology . . . 
are fading. Most o f the now  known horm ones were discovered in the course o f this century, 
and th e y  became the rewarding objects o f  investigations for those scientists who know w hat 
regu lates their secretion, how  th ey  are transported, and by what m echanism  th ey  act and are 
in activa ted . B ut horm ones also becam e drugs and thus were subjected to  the rules o f operation  
o f th e  pharm aceutical ind ustry  and of those w ho study the effects and uses o f drugs irrespec­
t iv e  o f  their endocrine ancestry” . In this chapter the results obtained b y  the use o f cortisone 
and related  drugs, anabolic steroids, oestrogens, progesterone, com pounds having progesta­
tional effects, gonadotropins and the recently synthesized  ACTH are considered. In the sub­
sequ en t part o f the chapter even  the problem  o f  diabetes and pancreas and the use of thyroid  
are touched.

In  contrast w ith  the above m ethod o f treatm ent, the author o f the n ext chapter, W . 
M o l l , dealing w ith the therapy of rheum atism , has emphasized the m edicinal attitude. After 
a discussion of the general basic principles o f  rheum atology, he is concerned w ith  the therapy  
o f rheum atism , including psychosom atic, ph ysical, disinfectant and im m unosuppressing  
therapy. Following th is, he com es to the anti-inflam m atory, antipyretic and analgetic drugs, 
p a rtly  known for ages (e.g ., salicylates), partly  synthesized recently (e.g., corticosteroids). 
The la st part o f the review  is o f  interest in the first place to physicians intending to cure rheu­
m atism . On the whole, th is is the character o f th e  whole review.

“ The great progress m ade in the last decade in the electrophysiology o f the heart as well 
as in  th e  pathophysiology and pharm acotherapy o f the heart rhythm  disturbances necessitates 
from  tim e to time a critical evaluation  of the drugs effective in cardiac arrhythm ias. A lthough  
th e  num erous monographs dealing w ith  cardiac arrhythm ias usually contain valuable data on 
antiarrhythm ic com pounds, so far relatively few  attem p ts have been m ade to give a system atic  
survey  o f  the available antiarrhythm ic com pounds.” This is w hy the next chapter on anti­
arrhythm ic compounds has its  great im portance. One of the Hungarian co-workers, professor 
L. Sz e k e r e s  is well known for h is contribution to  the developm ent of our national pharm aco­
logical traditions of a great past. In this sm all m onograph, after a classification of the anti­
arrhythm ic agents, the authors discuss their m ost significant structure-activ ity  relationships, 
w hich are followed by a detailed  analysis o f  antiarrhythm ic compounds from the pharm acologi­
cal aspect, dealing am ong others w ith  antim alarials, local anesthetics, antihistam inics, minor 
and m ajor tranquillizers, antiepileptics, antidepressive agents, spasm olytic and coronary 
vasod ila tor drugs, and drugs stim ulating and depressing the adrenergic system , digitalis, etc. 
A  v ery  useful part o f th is chapter is devoted to  the clinical application o f antiarrhythm ic  
com pounds.

In  the last two chapters o f the book som e special problems of chem otherapy and up-to- 
d a te  results in the field  o f sulfonam ide research are considered. The subject discussed by L. 
G. Ga r r o d  is the chem otherapy of enterobacterial infections. He first describes the types o f 
in fection s, then older drugs (sulphonam ides, benzylpenicillin , streptom ycin, neom ycin, chlor­
am phen icol, tetracyclines, p o ly  m yxins), and th e  newer ones (am picillin, hetacillin , carbeni- 
c illin , cephaloridine and cep haloth in , gentam icin, trim ethoprim ). He touches upon the problem  
o f  drug resistance, and fin ish es his review discussing the treatm ent of infections in different 
b o d ily  sites.

The thorough and in terestin g  review b y  Th. St r u ll er  in the last chapter is devoted to  
th e  m echanism  of action and half-life o f sulfonam ides and their classification on the basis of 
their half-lifes. A very instru ctive  part o f the com pilation gives a chronological review of the  
m ore im portant sulfonam ides. M ore than half o f  th is chapter is concerned w ith some un­
so lved  problem s in su lfonam ide research.

Owing to the great im portance of these com pounds, the review is very  valuable and 
m akes interesting reading even  for those who are concerned in their practical work w ith another 
field  o f  m edicinal chem istry.

The usefulness o f  the book edited at the custom ary high level is further increased by  
th e  bibliographies at the end o f  the chapters.

G y . D e á k
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Р Е З Ю М Е

Термолиз цианокомплексов, II.
Термическое разложение некоторых цианометаллатных кислот

Б .  М О Х А И

Изучалось термическое разложение следующих цианометаллатных кислот. 
H 4[Fe(CN)6], H3[Fe(CN)6], H2[Fe(CN)sNO] и H3[CO(CN)e], Отдельным ступеням разло­
жения приписывались хорошо определенные реакции. Помимо температур разложения 
и уменьшений в весе, определялись изменения энтальпии, сопровождающие процесс 
разложения. На основе полученных значений А Н  можно было непосредственно сравни­
вать термическую стабильность соединений. Температура разложения, термичность и 
теплота реакции находятся в тесной зависимости с электронным строением центрального 
атома.

Термолиз цианокомплексов, III

Термическое разложение цианометаллатов аммония 

Б .  М О Х А И

О реакциях термического разложения гексациано-феррата (II), гексациано-фер- 
Рата (III), пентациано-кобальта (III) аммония судили по изменению в весах и по составу 
газовых продуктов разложения. Помимо температур разложения определялись такж е 
и теплоты разложения, которые сравнивались с величинами, полученными для соответ­
ствующих кислот. Энергия, необходимая для отщепления NH,CN, превышает почти в 
четыре раза энергию отщепления HCN. Протекание соответствующих реакций по одно- 
или много-ступенчатому механизму, а такж е термичность и порядок отдельных ступеней 
объяснялись в согласии со структурно-химическими свойствами.

Применение комплексообразователей в ионообменной хроматографии, IV

Хроматографическое разделение ароматических кислот на ионообменной колонке 
с помощью ионов никеля(П), образующих комплексы

й .  и н ц е д и  и  л. глос
Был разработан метод хроматографического разделения ароматических кислот. 

В качестве элюента использовался 50%-ый спиртовый раствор хлористого лития и хло­
ристого никеля(И). Объемы элюента, полученные экспериментально, сравнивались с 
данными, полученными на основе расчетов равновесий. Определение разделенных аро­
матических кислот производилось непосредственно спектрофотометрическим методом.

Исследования в области твердофазной радиационной полимеризации, XXV

Влияние добавок на твердофазную полимеризацию цетилвинилового эфира

Д Ь . Х А Р Д И , к. Н И Т Р А И  и Ф . Ч Е Р

Изучалась кинетика твердофазной полимеризации двухкомпонентных систем: 
цетилвиниловый эфир и бензохинон, а такж е цетилвиниловый эфир и диметилоксалат. 
Было установлено, что вышеупомянутые добавки для составов, меньших эвтектических, 
замедляют полимеризацию в небольшой мере, а  для составов, больших эвтектических, 
степень их влияния не изменяется. Таким образом, их влияние обусловливается лишь 
физическими факторами. Твердофазная полимеризация цетилвинилового эфира проте­
кает по катионному механизму, что хорошо подтверждается, помимо вышесказанным, и 
возможностью проведения твердофазной полимеризации под действием йодных паров.



Определение истинного состава смеси уксусная кислота-четы ре ххлористый 
углерод из диэлектрических свойств смеси, на основе модели тернарной

смеси А—Ао—В
й. лиси

На основе модели тернарной смеси А—А2— В и путем исследования диэлектрических 
свойств определялись истинные составы номинально бинарной смеси уксусная кислота- 
четыреххлористый углерод. Измерялись плотность и диэлектрическая постоянная смеси 
в зависимости от номинального состава, измерялась зависимость коэффициента прелом­
ления в видимом свете от частоты, откуда и из ИК-спектра уксусной кислоты в жидкой 
фазе определялся коэффициент преломления смеси, относимый к бесконечной длине волны 
света, в зависимости от номинального состава. Д ля расчета диэлектрической постоянной, 
молекулы мономера и димера уксусной кислоты моделировались идеальными диполями, 
находящимися в пространстве эллипсоидной формы с полуосями а, b и с. Согласно нашим 
исследованиям, перманентный дипольный момент молекулы димера уксусной кислоты 
изменяется с разбавлением. Согласно нашим расчетам кажущаяся константа равновесия 
реакции димеризации уксусной кислоты при 20° С, выраженная в молярных долях, опи­
сывается следующим уравнением:

lg К =  1,8261 +  2,4549 хв ,

где х в — номинальная молярная доля четыреххлористого углерода.

Гликозиды видов Solanum, 111
Диосцин

П . Б И Т Е  и  М. М. Ш А Б А Н А

Из свежих недозрелых ягод Solanum introsum, изолировался диосцин, который 
согласно литературным данным, был изолирован до сих пор лишь из видов Dioscorea.

Идентичность продукта с диосцином была доказана на основе температуры плав­
ления, оптического вращения, ИК-спектра, тонкослойной хроматографии, ацетилиро­
вания, качественной идентификации и количественного определения аглюкона и сахар­
ных компонентов, периодатного окисления и идентичности с триллином, полученным 
при частичном гидролизе продукта. С помощью ацетилирования диосцина при 140° С 
удалось получить непосредственно единообразный перацетат.

Присутствие грациллина в ягодах подтверждалось тонкослойной хроматографией

Получение модельных соединений белков путем модифицирования боковых 
цепей производных полиаминовых кислот, II

Получение производных полиглутаминовой кислоты, содержащих различные функцио­
нальные группы

А. К О Т А И , Д Ь . С О К А Н , И . Ф Е Р Е Н Ц  и М. АЛМ АШ

Проводились попытки синтеза модифицированных производных полиглутаминовой 
кислоты, содержащих одновременно различные функциональные группы (диалкил- 
аминовые, карбоксильные, гидроксильные, имидазолильные, меркаптановые и эфирные 
группы). Исходным веществом синтеза был у-метиловый эфир а-поли-Ь-глутаминовой 
кислоты (1). Последний превращался в желаемые производные с помощью различных 
модифицирующих реагентов, использованных либо последовательно, либо одновременно, 
в смеси. Было замечено, что при использовании смеси реагентов не только ее состав, но 
и другие условия реакции (в основном, температура) оказывают значительное влияние 
на средний состав образующихся продуктов и молекулярный вес полимера. Также было 
установлено, что при получении производных, содержащих одновременно несколько 
функциональных групп, оказывает и обработка реакционной смеси значительное влия­
ние на качество образующегося продукта, кроме факторов, обсужденных подробно в 
предыдущем сообщении [2].



Синтез стереоизомерных у-полиглутаминовых кислот, II
М. Х О Л Л О Ш И , М. К А Й Т А Р  и В. Б Р У К Н Е Р

Описывается синтез у-полиглутаминовой кислоты через полибензиловый и поли- 
треш.-бутиловый эфиры. Получение L— L, а также D—D-стереоизомеров гидрохлори­
стого а, а'-дибензил-у'-п-нитрофенилового эфира у— L-глутамил-L-глутаминовой (VIII) 
и гидрохлористого ос, а'-ди-тре/л.-бутил-у-пентахлорфенилового эфира у-глутамил- глу­
таминовой кислоты (XIII) — двух типов солей дипептидных активных эфиров, необ­
ходимых в качестве исходных материалов для реакции полимеризации, производилось 
из защищенных соответствующим способом производных глутаминовой кислоты путем 
присоединения методом активного эфира. Реакция полиавтоацилирования, протекающая 
в диметилформамидном растворе дипептидных производных V III и X III в присутствии 
триэтиламина, приводит к образованию а-бензилового эфира у-полиглутаминовой кислоты 
(XVIII) и a-mpem .-бутилового эфира у-полиглутаминовой кислоты (XX), соответственно. 
После каталитического гидрирования полибензиливого эфира (XVIII), в смеси триа- 
мида гексаметил-фосфорной кислоты с диметилформамидом, удалось изолировать такую 
поликислоту, в которой 15—20% карбоксильных групп остались этерефицированными. 
Отщепление т рет  .-бутиловых групп от mpem.-бутилового эфира у-полиглутаминовой 
кислоты производилось с помощью 97%-ой трифторуксусной кислоты; поликислота 
может быть изолирована с почти количественным выходом. На основе анализа на азот 
аминогруппы, средний численный молекулярный вес mpem.-бутилового эфира у-поли­
глутаминовой кислоты и полученной из него у-полиглутаминовой кислоты, равен 17 500 
и 12 500, соответственно, у-полиглутаминовая кислота, полученная из полибензилового 
эфира, имела очень низкий молекулярный вес (1300).

Оптическая чистота высокомолекулярной полиглутаминовой кислоты, полученная 
путем полного гидролиза, равна 99 ±  3%. На основе сравнения оптического враще­
ния у- п о л и гл у там и н о в ы х кислот, синтезированных через полиметиловый и поли-т рет .- 
бутиловый эфиры, были сделаны заключения о структурных особенностях этих соеди­
нений.
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INVESTIGATION OF LiF—CaF2 BASED LGMINOPHORS 
ACTIVATED WITH MANGANESE

I .  K Á SA , É .  B u ZÁGH-Ge RE and I .  TÖRÖK

( Institu te  fo r  A pp lied  Chemistry o f  the Technical U n iversity, Budapest, Institu te  fo r  General and  
A naly tica l Chemistry o f  the Technical U niversity, B udapest and Clinic fo r  Radiology o f  the M edical

University, B udapest)

Received October 18, 1968

The effect of manganese(II) fluoride activator on LiF—CaF2 luminophors can be 
summarized as follows:

1 wt% of the activator markedly increases the height of the peak at 190—195°C, 
while it gradually suppresses the one at 280°C.

The presence of manganese(II)fIuoride in amounts higher than 1 wt% causes a 
peak at about 252—255°C, which is characteristic of pure CaF2 : Mn. This peak becomes 
predominating as the activator concentration increases. This makes possible to prepare 
a luminophor by increasing the concentration of the activator, for which only one peak 
appears on the heating curve at about 255°C.

It holds for every sample that the sensitivity is increased by orders of magnitude 
by manganese(II)fluoride activator, and also that the heating curves are the same irre­
spective of whether excitation was made by X-ray or ß -тау.

As for the fading, the samples with 0.1—1% activator content behave most 
favourably, since the total light intensity decreases only very little after a fast reduction 
during the first 4—6 hours after excitation. With samples containing 2.5—5% activator 
the reduction of total intensity is greater also in later periods. Consequently the samples 
with 0.2—1% activator content are most suited to practical applications.

The energy dependence of every sample corresponds to that expected on the basis 
of the average atomic number.

A further advantage of these luminophors from the point of view of dosimetric 
application is, that since they contain 6Li isotope, they can also be used in thermal 
neutron dosimetry.

The  ap p lica tio n  of so lid -body  d o sim etric  m ethods has gained  im p o rtan ce  
in  th e  la s t years. A t p re se n t th e  so called  th e rm o lu m in escen t dosim eters are  
m o st w idely  used. V arious th e rm o lu m in escen t lum in o p h o rs , w hich are used  
as dosim eters, are  com m ercia lly  ava ilab le  a lo n g  w ith  th e  n ecessa ry  in s tru m e n ts  
fo r es tim atio n .

T he ap p lica tio n  o f th e rm o lu m in escen t dosim eters is especially  fa v o u r­
ab le  in  m edical p rac tice  w here , in  th e  “ in  v iv o ”  dosim etric  m ethods w h ich  
a re  com ing in to  p rom inence , v e ry  sm all, w ide-range do sim ete rs  are necessary  
w h ich  behave sim ila rly  to  th e  tissues o f th e  h u m an  b o d y  from  th e  p o in t o f  
v iew  o f energy dependence. T h erm o lu m in escen t lu m in o p h o rs  m eet these  r e ­
q u irem en ts  qu ite  w ell, an d , besides, h av e  h ig h  m echanical s tre n g th , and  a g re a t 
re s is tan ce  to w ard s th e  changes in  chem ical an d  o th e r cond itio n s.

In  p rac tica l d o s im etry  C aS 0 4 : M n, C aF2 : Mn an d  lith iu m  fluoride are  
used  m ost freq u en tly . All th ese  lu m in o p h o rs  have ad v a n ta g e s  and  d isa d v a n ­
ta g e s  [1 — 5]. T he a d v a n ta g e  o f L iF  as th e rm o lu m in escen t lum inophor is i ts
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sm all average a to m ic  n u m b er (8.2), a n d  consequen tly  sm all energy d e p e n d ­
ence, an d  also th e  fa c t th a t  due to  th e  reac tion  "Li (n ,a )3He it can  also be 
u sed  in  th e rm al n e u tro n  dosim etry . T h e  d raw back  o f th is  lum in o p h o r is  i ts  
re la tiv e ly  sm all se n s itiv ity . Several a t te m p ts  have been  m ad e  to  increase  th e  
s e n s itiv ity  of L iF . T h e  au th o rs  of th e  p re se n t paper h a v e  earlier e s tab lish ed  
th a t  th e  sen s itiv ity  o f  L iF  can be in c rea sed  by  ad d in g  C aF2 to  i t  [6]. T his 
effect o f CaF2 has b een  s tu d ied  in  d e ta il an d  th e  ap p lic a tio n  of th is  ty p e  of 
th e rm o lu m in escen t lu m in o p h o r in d o s im e try  repo rted  b y  J uznic and  K obal [7]

In  th e  p resen t p a p e r  th e  a u th o rs  dea l w ith  th e  in v es tig a tio n  an d  a p p li­
ca tio n  in  d osim etry  o f  L iF  — CaF2 b ased  lum inophors a c tiv a te d  w ith  m a n g a ­
nese. T he com position  o f  th e  basic m a te r ia l  is near to  t h a t  o f  th e  e u tec tic , an d  
th e  average  a tom ic  n u m b e r of th e  L iF  — C aF2 m ix tu re  is 13.75. I ts  g rea t a d ­
v a n ta g e  over lu m in o p h o rs  w hich do n o t co n ta in  a c tiv a to r  is its  m uch h ig h er 
sen s itiv ity .

The phase e q u ilib riu m  of th e  L iF  — C aF2 b in ary  sy s tem  has been in v e s ti­
g a te d  am ong o th ers  b y  R oake [8] a n d  D eadmore and  Machin [9]. D iffe ren t 
va lu es  are  given for th e  com position  o f  th e  eu tec tic  b y  d iffe re n t research  w o rk ­
ers. A ccording to  R oake  L iF  form s an  eu tec tic  w ith  19.5 m ole%  C aF2 w hich  
m elts  a t  769°C, w hile accord ing  to  D eadmore  and Machin  th e  eu tec tic  co n ­
ta in s  23 m ole%  C aF2 an d  m elts a t  760°C.

Experim ental

Lithium fluoride was prepared from analytical grade lithium compound by precipita­
tion with hydrogen fluoride solution following purification by fractionated precipitation. Cal­
cium fluoride was prepared similarly to lithium fluoride.

Manganese(II)fluoride was prepared from analytical grade manganese(II) carbonate 
by means of hydrogen fluoride solution.

The properties of the pure components and of activated and non-activated mixtures 
with a composition near to the eutectic were studied by thermal methods with a derivatograph.

Thermoanalytical measurements were made with a P a u l ik — P a u l ik — E r d e y  MOM 
derivatograph [10], at a heating rate of 10°C/min, in oxygen-free argon atmosphere, in plati­
num crucible, using 600 mg samples. The thermogravimetric (TG) and differential thermal ana­
lytical (DTA) curves of the basic materials are presented in Fig. 1, while those of non-activated 
and Mn-activated LiF—CaF2 mixtures in Fig. 2.

Lithium fluoride is of constant weight up to about 300°C, then it exhibits a weight loss 
of 1.1% up to 1000°C. The melting point is indicated on the DTA curve by an endothermic 
peak at 860°C.

The total weight loss of calcium fluoride is 1.5% up to 1000°C, 0.3% being moisture 
leaving between 60 and 300°C, while 1.2% leaves between 450 and 700°C, in connection with 
the contraction of the substance. There appears no peak on the DTA curve, since the melting 
point is beyond the studied temperature interval.

Manganese(II) fluoride is of constant weight up to 200°C, then exhibits a weight loss 
of 1.5% up to 400°C and of 3.5% up to its melting point, 925°C.

The value of the melting point agrees with literary data (929.5°C) within the limits of 
accuracy of differential thermal analysis. During melting a faster weight loss starts and a further 
3.2% reduction in weight occurs up to 1000°C. The probable reason for this is that manganese(II) 
fluoride becomes more volatile above the melting point.

Non-activated LiF—CaF2 mixture undergoes a weight loss of 1.1% from 300°C to 1000°C.
The reduction in weight of activated mixtures increases with the amount of activator 

from 1.1% to 1.5%. This is in concordance with the higher volatility of manganese(II) fluoride.

A c ta  C him . A cad. Se i. H u n g . 62 , 1969
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°C

F ig . 1. Thermogravimetric (TG) and differential thermal analytical (DTA) curves of the
starting materials

The melting of the eutectic is indicated by the endothermic peak at 780—790°C, for 
both the activated and non-activated mixtures.

The prepared luminophors were ignited at 1000°C. At this temperature both the LiF— 
CaF2 eutectic and MnF2 melt.

During the preparation of the luminophors 75 mole% LiF and 25 mole% CaF2 were 
weighed and then activated with varying amounts of manganese(II) fluoride. The activated 
products were ignited at 1000°C, in platinum crucible in oxygen-free argon atmosphere. The 
samples contained the following amounts of manganese(II) fluoride:

Sample 1 0.0 wt% MiiF2
Sample 2 0.2 wt% MiiF“
Sample 3 1.0 wt% MnF^
Sample 4 2.5 wt% MiiF;
Sample 5 5.0 wt% MnF"

Ignited samples were crushed and the sieve fraction of smaller than 0.2 mm grain size taken. 
The sieved luminophors were treated with acid, washed by decantation and dried.

For the purpose of taking the heating curve the luminophors were placed into a 20 mm 
diameter plate made of aluminium foil and excited with X-ray in one case and with ß -тау from 
Tl-204 isotope (Emax =  0.764 MeV) in the other.

The heating curve was taken by a d. c. valve voltmeter equipped with an electron mul­
tiplier detector (EMI 6097 S), at a heating rate of 30°C/min.

1* Acta  C h im . A c a d . S e i. H u n g . 62, 1969
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°C

F ig .  2 . Thermogravimetric (TG) and differential thermal analytical (DTA) curves of L iF- CaF2. 
mixtures containing various amounts of activator. Curve 1: 0% MnF2; Curve 2: 0.2% MnF2; 

Curve 3: 1.0% MnF2; Curve 4: 2.5% MnF2; Curve 5: 5.0% MnF2

In other dosimetric measurements 50 mg of the samples were weighed in 6 mm dia­
meter steel plates and excited by normal X-ray of varying average energy, and with y-ray 
from Co60 isotope (Eűcerage =  1.25 MeV). Since thermoluminescent dosimeters can only be 
used for comparative measurements, standardization was made with a Siemens universal 
dosimeter.

The dosimeters were evaluated by a Vakutronik VA-M-30 type thermoluminescent dosi­
meter evaluator.

D iscussion

The h ea ting  cu rv es o f  sam ples co n ta in in g  d iffe ren t a m o u n ts  of a c tiv a to r  
a re  p resen ted  in  F igs 3 — 7.

The f irs t cu rves in  a ll five  figures w ere ta k e n  as fo llow s: th e  sam ple w as 
e x c ite d  b y  X -ra y  a n d  h e a tin g  s ta r te d  10 m inu tes a f te r  ir ra d ia tio n . W ith  th e  
second  curves e x c ita tio n  w as accom plished  w ith  ß - r a y  a n d  hea tin g  s ta r te d  
10 m in u tes  a fte r ir ra d ia t io n . In  th e  case of th e  th ird  cu rv es  th e  sam ples w ere
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ex c ited  w ith  X -ra y  an d  h ea tin g  s ta r te d  a f te r  24 h o u rs’ s ta n d in g  a t  room  te m ­
p e ra tu re .

In  T ab le  I  th e  te m p e ra tu re s  b e long ing  to  the  m a x im a  o f th e  h e a tin g  
cu rv es  are  sum m arized .

Table I

M axim a o f  the heating curves

Number
of

sample

Tmax (°C)

Excitation with X-ray, 
measurement 10 minutes 

after irradiation

Excitation with ß -ra y ,  
measurement 10 minutes 

after irradiation

Excitation with X-r*y, 
measurement 24 hours 

after irradiation)

l. 6i 180 289 60 197 282 136 181 286
2. 52 198 — 49 197 — 130 192 —

3. 52 199 — 47 202 — 128 202 —

4. — 194 252 — 185 253 — 192 257
5. — 192 254 — 191 252 — (200) 255

T h e follow ing s ta te m e n ts  can  be m ade on th e  basis o f th e  cu rves and  d a ta  in  
T ab le  I .

T he curves o f  th e  n o n -a c tiv a te d  sam ple  have th re e  d is tin c t m ax im a . 
On curves a )  an d  b )  in  Fig. 3 th e re  is also a m ax im um  a t  a b o u t 130°C, w hich , 
how ever, p a r t ly  overlaps w ith  th e  p eak  a t  180°C. A fter 24 h o u rs ’ s tan d in g  th e  
m ax im u m  a t  a b o u t 60°C d isap p ears  a n d  th e  one a t 130°C becom es sep a ra te . 
T he re la tiv e  h e ig h t o f th e  p eak  a t  280°C rem ark ab ly  increases. T he reason  fo r 
th is  is p ro b ab ly  th a t  th e  e lectrons b e ing  in  th e  lower tra p s  a re  lib e ra ted  a n d  
th e y  p a r t ly  recom bine , an d  a sm aller p a r t  is trap p ed  in  low er levels.

The in tro d u c tio n  of m anganese  as a c tiv a to r  m odifies th e  s itu a tio n  in  an  
e x te n t  depend ing  on its  co n cen tra tio n .

T he analysis o f  th e  curves in  F ig . 4 show s th a t  0.2 w t%  m anganese r e ­
m a rk a b ly  increases th e  “ m ain  p e a k ”  a t  195 — 200°C, w hile th e  o th e r p eak s 
becom e re la tiv e ly  sm aller. W ith  h e a tin g  s ta r tin g  10 m in u te s  a f te r  ir ra d ia tio n  
th e  p e a k  a t  280°C c an n o t be m easu red , y e t some sign o f  a p eak  is o b se rv ­
able a t  th is  te m p e ra tu re  on th e  cu rv e  o b ta in ed  24 h ours a f te r  ir ra d ia tio n . 
T his m eans th a t  t r a p s  are still p re se n t b u t  th e ir  re la tiv e  a m o u n t is sm aller.

F ig . 5 show s th e  h ea tin g  curves o f  lum inophors c o n ta in in g  1 w t%  m an- 
g an ese(II) fluo ride  a c tiv a to r . T he sam ple  behaves sim ilarly  to  th e  fo rm er one 
w ith  th e  d ifference t h a t  th e  p eak  a t  a b o u t 280°C is p ra c tic a lly  lacking.

F ig . 6, in  w hich  th e  curves o b ta in e d  fo r sam ples co n ta in in g  2.5 wt°/0 
m an g an ese (II)  fluo ride  are p resen ted , show s a su b s ta n tia l change of th e  lum i- 
n o p h o r as com pared  to  th e  p rev ious ones. T he sm all p eak  a t  50 — 60°C h as  
d isap p eared  w hile one a t  252 — 255°C ap p ea rs  th e  re la tiv e  h e ig h t of w hich is
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Temperature,°C

Temperature,°C

F ig . 3. Heating curves o f  Sam ple 1. a) E xcitation  w ith  X -ray, m easurem ent after 10 m inutes; 
b)  E xcitation w ith ' l l ’01 ,8-ray, measurement after 10 m inutes; c) E x c ita tio n  w ith X -ray, m eas­

urement after 24 hours

sim ila r to  th a t  o f th e  p e a k  a t  190 —195°C on th e  curve ta k e n  10 m inu tes a f te r  
irrad ia tio n . A fte r s ta n d in g  for 24 hours th e  h e igh t o f  th e  p eak  a t  th e  low er 
te m p e ra tu re  becom es re m a rk a b ly  sm alle r as com pared  to  th a t  a t ab o u t 252 — 
255°C (Fig. 6, cu rv e  c)).

Fig. 7 show s th e  h ea tin g  curves o f  sam ples c o n ta in in g  5 w t%  m anga- 
n e se (II)  fluoride. T h e  h e ig h t of th e  p e a k  a t  ab o u t 190 — 195°C re m a rk a b ly  
decreases even 10 m in u te s  a fte r ir ra d ia tio n , while i t  does n o t  ap p ear se p a ra te ly

A c ta  Chim . A cad . S e i. H u n g .  6 2 , 1969
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Temperature,°C

Temperature,°C

Fig. 4. H eating curves of Sam ple 2. a)  E x c ita tio n  w ith  X -ray, m easurem ent after 10 m inutes; 
b) E x c ita tio n  w ith  Tl204 /9-ray, m easurem ent after  10 m inutes; c) E xcitation  w ith X -ray, m eas­

urem ent after  24 hours

24 h ours a f te r  irrad ia tio n , a lthough  i t  is  s till p resen t. The p eak  a t  252 — 255°C 
is p red o m in a tin g .

A ccord ing  to  our experience w ith  m a n g a n e se -ac tiv a te d  L iF —C aF2 b ased  
lu m in o p h o rs  o f n early  eu tec tic  co m p o sitio n  th e  peak  belonging  to  th e  h ig h er 
te m p e ra tu re  becom es p red o m in a tin g  as th e  a c tiv a to r  co n ten t increases.

F ig . 8 shows th e  decrease of th e  a m o u n t of th e rm o lu m in escen t lig h t as 
fu n c tio n  o f  th e  tim e  of s to rin g  a t  room  te m p e ra tu re . The average  of th e  values

A cta  C him . A ca d . S e i. H u n g . 62 , 1969
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Fig. 5. H eating curves o f  Sam ple 3. a)  E xcitation  w ith  X -ray, m easurem ent after 10 m inutes; 
b) E xcitation  w ith T l204 ß -тау, m easurem ent after 10 m inutes; c)  E xcita tion  w ith  X -ray, m eas­

urem ent after 24 hours

m easu red  w ith in  som e m inu tes a fte r  ir ra d ia tio n  w as ta k e n  as 100% . T o ta l 
lig h t w as m easured  e v e ry  hour in  th e  f ir s t  six  hou rs, th e n  o n ly  every  24 h o u rs .

The m easured  v a lu es  are in  good ag reem en t w ith  th e  conclusions d ra w n  
from  th e  h ea ting  cu rv es.

W ith  Sam ples 2 a n d  3 th e  decrease is rem ark ab le  d u rin g  th e  in itia l 4 — 5 
h o u rs  (24 — 34% ). I n  th is  case th e  e lec trons leave  th e  tra p s  o f sm all en e rg y  
d e p th  re la tiv e ly  q u ic k ly . L a te r  th e  cu rve  descends sm o o th ly  an d  o n ly  v e ry

A c ta  Chim . A cad . S e i. H u n g . 6 2 , 1969
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Temperoture,0C

Temperature,°C

F ig. 6. H eating curves o f  Sam ple 4 . a )  E xcitation  w ith  X -ray , m easurem ent after 10 minutes;: 
b) E xcita tion  w ith  T l204 /?-ray, m easurem ent after 10 m inutes; c) E xcitation  w ith  X -ray, m eas­

urem ent after 24 hours

slow ly. T his m eans t h a t  th e  p ro b a b ility  o f  th e  e lectrons being  in  th e  t r a p  b e ­
long ing  to  th e  p e a k  a t  200°C to  leave is v e ry  sm all a t  room  te m p e ra tu re .

W ith  S am ple 4 th e  decrease is m u ch  g rea te r. This is also in  ag reem en t 
w ith  th e  d a ta  o f th e  h ea tin g  curve (F ig . 6 cu rv e  c)). In  th is  case, how ever, 
i t  is s trik in g  th a t  th e  p ro b ab ility  of e lec trons being  in  th e  t r a p  correspond ing  
to  th e  p eak  a t  190—200°C to  leave is m u ch  h ig h er th a n  for th e  p rev ious tw o

A cta  Chim . A cad . S e i. H u n g . 62, 1969■
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Temperature,°C

Temperature,°C

Temperature,°C

F ig. 7. H eating curves o f  Sample 5. a)  E xcita tion  w ith X -ray, m easurem ent after 10 m inutes; 
b)  E xcitation  w ith  T l204 /?-ray, measurement after 10 m inutes; c) E xcitation  w ith X -ray , m eas­

urem ent after 24 hours

sam ples. C o n seq u en tly  th e  abso lu te  va lu e  o f th e  fad in g  is g rea te s t fo r th is  
sam ple.

The fad in g  o f  Sam ple 5 agrees w ith  th a t  ex p ec ted  on th e  basis o f th e  
h e a tin g  curve.

T he en erg y  dependence of a c tiv a te d  sam ples is show n in F ig . 9. T he 
se n s itiv ity  o f lu m in o p h o rs  increases w ith  decreasing  energy  of p h o to n s . I f  th e  
sen s itiv ity  for th e  y -rad ia tio n  from  Co60 is ta k e n  as u n ity , th e n  th e  se n s itiv ity  
increases a b o u t f iv e  tim es on ir ra d ia tio n  w ith  30 K eV  X -ray .

A c ta  C him . A ca d . S e i. H u n g . 62 , 1969



KÁSA et ni.: IN VESTIGA TIO N  OF LiF — C aF2 333

Ю 20 30 60 50 60 70
Storage time (hour)

Ю 20 30 60 50 60 70
Storage time (hour)

F ig. 8. Decrease of to ta l ligh t in tensity  o f  activated  lum inophors as function  of tim e elapsed  
after irradiation, a) activator content: 0.2%  M nF 2; b) activator content: 1.0% M nF,; c) a c tiv ­

ator content: 2.5% M nF2; d )  activator content: 5.0%  M nF,
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CORRELATION BETWEEN MASS SPECTRA AND 
MOLECULAR STRUCTURE OF SOME ORGANOSILICON 

COMPOUNDS WITH TWO SILICON ATOMS
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The m ass spectra of hexam ethyldisilane, hexam ethyldisilylm ethylene, hexa- 
m ethyldisiloxane, hexam ethyldisilazane and N -m ethyl-hexam ethyld isilazane have  
been studied and the fragm entation processes o f these com pounds are discussed. The 
chem ical form ulas o f the significant ions present in the m ass spectra and the m ain frag­
m entation  m odes were determ ined b y  comparing the com puted and observed ratios 
o f  isotopic species, using 180  labelling, further by observing the m etastable peaks. Corre­
lations betw een the molecular structure and the m ass spectra, i.e. the types and quan­
titie s o f the significant ions, the fragm entation m odes, the relative stabilities o f  the  
m olecular ions and especially the relative abundance of ions containing the Si— X — Si 
skeleton have been studied.

Am ong the great number of rearrangem ent reactions observed, several cases o f  
molecular skeleton rearrangements were found. One typ e  o f the fission  processes o f  the  
Si— X — Si skeleton is supposed to be heterolytic, including charge shift.

The origin and decom position of the double-charged ions is shown in a fragm enta­
tion schem e. The relative quantity o f the double-charged ions allows conclusions con­
cerning the charge distribution w ithin the ions.

I. Introduction

As a ru le, in  th e  m ass sp ec tra  of organosilicon co m pounds th e re  are sev ­
era l re a rra n g em e n t ion  peaks (cf. [1] — [7]). T his is su p p o rte d  b y  earlier re ­
su lts  o b ta in ed  in  a s tu d y  [8 ] of th e  fra g m e n ta tio n  p a t te rn  o f te tra m e th y ls i-  
lane , fo r  th e  m ass sp ec tru m  o f th is  com pound  in d ica tes  th e  presence o f th e  
S iH +, SÍH 3", SiC H T, SiC FU  an d  SiC2H 7h ions, w hich  are  fo rm ed  from  te tr a -  
m e thy lsilane  b y  H -a to m  re a rran g em en t d u rin g  un im o lecu la r decom position . 
O bviously , in  such  cases th e  co rre la tio n  betw een  m ass sp ec tru m  an d  m olecu lar 
s tru c tu re  is ra th e r  com plex. T herefo re, th e  occurrence of n u m ero u s re a rra n g e ­
m en t processes ju s tif ie s  d e ta iled  s tud ies on th e  co rre la tio n  betw een  m ass 
sp ec tra  an d  m olecu lar s tru c tu re , w hich are  req u ired  fo r successful m ass spectro - 
m etric  stud ies o f  th e  m olecular s tru c tu re  in  th e  case of u n k n o w n  m em bers in  
a g iven  group o f com pounds.

As an  ex ten sio n  of earlier s tud ies on te tra m e th y ls ila n e , th e  follow ing 
m olecules, each  c o n ta in in g  tw o  silicon a to m s, have  been  su b jec ted  to  m ass 
sp ec tro m etrie  analysis .

A cta  C h im  .4 c a d . Sei. H ung . 62, 1969
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Compound Structure Mol.
wt. Symbol

H exam ethyldisilane (CH3)3S i-S i(C H 3)3 146 I

H exam ethyldisilylm ethylene (CH3)3Si— C H ,— Si(CH3)3 160 и

Hexam ethyldisilazane (CH3)3Si— N H — Si(CH3)3 161 h i

H exam ethyldisiloxane (CH3)3Si— 0 —Si(CH3)3 162 IV

N-m ethylhexam ethyldi?ilazane (CH3)3S i-N (C H 3)-S i(C H 3)3 175 V

T he results o f  th is  s tu d y  yield  fu n d a m e n ta l in fo rm a tio n  on th e  s ta b ili ty  
o f  th e se  molecules u n d e r  e lec tron  im p a c t, as well as on th e  re la tiv e  s tre n g th  
o f  th e  various silicon bo n d s.

F rom  th e  v ie w p o in t o f silicon ch em istry , th is  is especia lly  in te re s tin g  
b ecau se  these co m p o u n d s can be reg a rd ed  as th e  f irs t m em bers o f a hom ologous 
p o ly m e r series im p o r ta n t  b o th  p ra c tic a lly  an d  th eo re tica lly . I t  can  be assum ed 
t h a t  these  studies p ro v id e  in fo rm atio n  a b o u t th e  n a tu re  o f  m uch  la rger m ole­
cu les , too.

In  th is  p ap er, th e  p o ly -isc top ic  sp ec tra  o f th e  lis te d  com pounds an d  
m ono-iso top ic  sp e c tra  ca lcu la ted  from  exp erim en ta l d a ta  are  rep o rted . T he 
em p irica l form ulas a ssigned  to  th e  m ore im p o r ta n t ion  frag m en t peaks will 
be  g iven  toge ther w ith  th e  decom position  p a th w ay s deduced  from  th e  observed  
m e ta s ta b le  peaks. T h e  p re sen t s tu d y  is a im ed  a t  th e  e lu c id a tio n  of co rre la tions 
b e tw een  decom position  p a th w ay s  an d  m olecu lar s tru c tu re . T he m ain  ty p es  of 
re a rran g em en t re a c tio n s  will he su m m arized  an d  th e  co rre la tio n  betw een  th e  
a b u n d an ce  of d o u b ly -ch a rg ed  ions, th e  s ta b ility  of m o lecu la r skeleton , and  
th e  s tru c tu re  of th e  m olecules w ill he  in te rp re te d .

II. Experimental

H exam ethyldisilazane, N -m ethylhexam ethyldisilazane, hexam ethyldisiloxane have  
been prepared by well know n m ethods.

180-labelled hexam ethyldisiloxane has been prepared using water containing 25% of 
h ea v y  oxygen. H exam ethyldisily lm ethylene and hexam ethyldisilane were synthesized in the 
In stitu te  of Organic C hem istry, Academ y of Sciences o f the U. S. S. R.* The latter was used 
after purification w ith a preparative gas chrom atograph. Gas chrom atographic analyses have 
show n that compounds I — IV are uniform and do not contain im purities. As shown by mass 
spectra, in compounds III and V the trim ethylchlorosilane contam ination was not more than  
1 0 - 2% . In compound V about 0.3% of com pound III, and traces o f com pound IV were present. 
Spectra were corrected accordingly.

Mass spectra have been recorded w ith an MH-1303 type instrum ent at an ion accelerat­
ing  voltage of 2 kV. T he ion source and ionization chamber were operated at 200°C, the tem ­
perature of the all-m etal in let system  was 100°C. A tungsten filam ent served as the cathode of

* We wish to express our thanks to Dr. P. G ö m ö r i , L. E ö t v ö s  U niversity, D ept, of 
General and Inorganic Chem istry, for the preparation of 180-hexam ethyld isiloxane, and to 
Dr. О. M. N ’e f i o d o v , In stitu te  o f Org. Chem. Academ y of Sciences, U. S. S. R ., for the pre­
paration and gift o f  hexam ethyldisily lm ethylene and hexam ethyldisilane.

A cta  Chim. A cad. S e i. H u n g . 6 2 , 1969



TAMÁS et «1.: ORGANOSILICON COMPOUNDS 337

the ion source, w ith a constant em ission current of 1.5 mA. A source slit o f 0.1 mm was used  
and the slit of the ion collector was se t as required during operation.

W ith a 0.2 m m  collector slit already suitable for qu antitative  m easurem ents, the reso ­
lution of the instrum ent (M/JM)5% was about 650.This is nearly three tim es better than the orig­
inal resolution and has been ach ieved  b y  fine positioning of the ion source cathode. For th is  
purpose the cathode holder has been m odified in such a manner th a t it  perm itted extrem ely  
precise and reproducible positioning. A further m odification involved an increase of the m axi­
mum voltage applied to the repeller electrode in the ion source to 14 V from the original 9 V, 
w ith respect to the ion ization  cham ber. B oth  m odifications helped the detection of m etastable  
peaks and the determ ination of the corresponding mass num bers, thus perm itting the stu dy  of  
m etastable transitions.

III. Experimental results

T he mass sp e c tra  of th e  su b stan ces s tu d ie d  are  lis ted  in  Table I , as r e ­
co rded  a t  a nom inal io n iza tio n  energy  of 50 eV. T he a b u n d an ce  (in tensities) 
of ions correspond ing  to  v a rio u s  m/e (m ass to  charge) ra tio s  are expressed in  
p er cen ts  of the io n -c u rre n t o f th e  m ost in ten siv e  p eak  (reference peak) w ith in  
th e  spec trum . In  th e  case o f com pound  I th e  reference p e a k  is a t m/e =  73, 
in  th e  case of th e  o th e r  co m pounds th is  is a t  a m ass to  ch a rg e  ra tio  of M -15, 
w here M is the  m ass n u m b e r o f th e  m olecule. All ion  p eak s m ore  in tensive  th a n
0 .2%  are  listed ; d o u b le  charge  p eak s are lis ted  if  m ore in te n s iv e  th a n  0 .01% .

In  the  case o f  all su b stan ces , th e  re la tiv e  in te n s itie s  w ere, w ith in  ^ 2 % ,  
in d ep en d en t of th e  v a p o r  p ressu re  of the  sam ple  in  th e  ion iza tio n  cham ber.

N o mass sp e c tra l d a ta  fo r com pounds I an d  V w ere fo u n d  in  th e  l i te ra ­
tu re . F o r the o th e r th re e  co m p o u n d s, 70 eV sp ec tra  h av e  been  rep o rted : b y  
F r i t z  et al. [4] fo r co m p o u n d  II (p rac tica lly  th e  w hole sp ec tru m ), by  D i b e l e r  

et al. [9] for com pound  IV (a few  in ten s iv e  ion peaks), and  b y  S h a r k e y  et al. [1] 
for com pounds III a n d  IV (p a r ts  o f spectra).

F o r purposes o f  co m p ariso n , sp ec tra  a t  70 eV have also been recorded  
(no t lis ted  in th is  p a p e r) . A p a r t  from  d o u b ly -charged  io n  peak s, peak in te n ­
sities in  th e  70 eV sp e c tra  d id  n o t  d iffer g rea tly  from  th ese  in  th e  50 eV sp ec tra . 
T he ion  peak in te n s itie s  o f th e  70 eV sp ec tra  reco rded  b y  us agree w ith in  
2 — 5 %  w ith  th e  co rresp o n d in g  p eak  in ten sities  m en tio n ed  in  th e  lite ra tu re . 
E x cep tio n s  were fo u n d  in  th e  follow ing cases.

a)  The m olecule-ion  in te n s i ty  a t  70 eV re fe rring  to  II w as found to  be 
m uch  h igher (0 .09%  in s te a d  o f  0 .03% ) th a n  th e  re p o rte d  v a lu e  [4].

b) The region be tw een  m ass num bers 99 an d  117 in  th e  spectrum  III 
does n o t  even q u a lita tiv e ly  agree w ith  th a t  fo u n d  in  th e  l i te ra tu re  [1]. H ow ­
ever, ag reem ent w ith in  th e  s ta te d  lim its  is  found  if  each one o f  S h a r k e y ’s m/e 
values assigned in  th is  sec tion  to  th e  given in te n s ity  values is reduced  by  one 
u n it.

A  num ber o f m e ta s ta b le  peak s were observed  in  th e  m ass spectra . In  
o rder to  estab lish  th e  ion  p eak  in te n s i ty  values, in  som e cases th e  base lin e ­
m odify ing  effect o f m e ta s ta b le  p eak s h ad  to  be ta k e n  in to  consideration .
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Table I

m/e I. III. IV. V.

177 — — — 1.12
176 — — — — 2.51
175 — — — — 13.64(M)
174 — — — — 0.27
163 — — — — 0.85
162 — _ 0.39 0.02(M) 7.93
161 — 2.29(M) — 17.50
160 — 0.13(M) — — 100.00
150 — _ — 0.77 —

149 — — 0.79 7.85 —

148 0.76 0.80 7.70 15.70 —

147 1.71 7.80 16.10 100.00 _
146 9.9ЦМ) 16.70 100.00 — 0.23
145 100.00 — — 0.49
144 — — — 3.02
134 — — — 0.27 —

133 1.59 — 0.38 2.07 —

132 3.30 0.23 3.93 1.04 0.35
131 21.30 1.66 6.64 — 0.80
130 0.29 1.46 44.24 — 2.12
129 0.99 9.43 0.43 — —

119 — — - 0.42 0.62
118 — — 0.25 — 1.25
117 0.25 1.36 0.43 1.13 8.30
116 0.39 0.26 2.53 0.26 1.26
115 2.19 1.57 0.86 0.76 0.90
114 — — 2.13 — 1.18
113 0.34 1.07 3.30 0.37 0.54
105 — — — 0.90 —
104 — — 0.35 — 0.27
103 0.34 0.67 0.31 1,20 1.48
102 — 0.30 1.74 0.47 1.26
101 0.70 2.10 1.34 0.58 1.84
100 — 0.3 8.77 — 5.83

99 1.05 1.44 0.46 — 0.88
89 — — 0.25 0.39
88 — — 0.36 0.20 4.15
87 0.37 0.54 0.60 1.20 9.12

Л eta Chim . Acad. S e i. H u n g . 62 . 1969



m/e

86

85

84

83

81

80.5

80

75

74
73.5

73

72.5

72

71

70

69

67

66.5

66
65.5

65

64.5

61

60

59

58.5

58

57.5

57

56

55

53

52.5

52

51.5

51

47

46
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Table I (cont.)

I. и. III. IV V.

0.21 0.42 2.78 _ 95.90
1.06 2.70 1.04 — 1.08
0.21 0.20 — — 0.24
0.52 0.71 — — —

0.20 — — 0.02

— — — 0.02

— — — — 0.12
3.60 1.60 0.66 1.28 1.92
8.39 3.87 3.31 1.24 4.44

— 0.02 0.04 0.55
100.00 42.67 11.32 14.35 50.20

— 0.02 — 7.41
2.44 1.16 2.02 0.85 3.64
1.18 0.98 0.84 0.47 0.75
0.51 0.32 1.32 — 1.09

— 0.65 — — —

— — — 0.67 —

— — 0.76 1.20 —

— 0.44 1.56 8.33 —

— 0.85 10.21 — —

— 5.42 — — 0.14

— — — — 0.89

— 0.27 0.24 0.36 1.14
0.34 0.56 1.06 0.47 2.51
4.16 7.28 5.53 5.96 32.07

— — 0.74 0.02 0.05
2.14 0.92 0.97 0.66 1.54

— 0.05 2.73 — —

1.07 1.10 0.53 0.43 121.00
0.22 0.19 0.30 — 0.84
1.01 0.76 0.26 0.23 0.48
0.36 0.21 — 0.24 —

— — 0.27 0,33 —

— — 0.48 2.67 —

— 0.14 3.85 0.04 —

— 1.00 — — —

0.54 0.42 0.32 0.64 0.60
1.09 0.86 1.21 0.46 1.03
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Table I (cont.)

m/e L П. Ш . IV. V.

45 16.94 13,52 7.75 6.14 16.22

44 2.69 2.61 1.53 1.79 1.81

43 7.33 3.23 2.12 1.53 3.95

42 0.42 0.21 — — 0.46

31 1.25 1.76 0.87 0.46 2.73

29 1.55 1.04 0.47 0.43 0.96

28 2.37 1.16 1.41 1.99 1.47

M etastable p eak s , as know n, (cf. [2] or [10]) are  u tiliz ed  in  determ in ing  
th e  origin of m ass sp e c tra , i.e. in  th e  e lu c id a tio n  o f th e  fo rm a tio n  and  th e  de­
com position  sequence o f  th e  ionic species.

F or th is p u rp o se , eq u a tio n

* m lm* = -----
m 0

can  be used, w h ich  co rre la tes  th e  m ass n u m b e r o f th e  m e ta s ta b le  peak  (m*) 
w ith  those of th e  d ecay in g  ion (m 0) a n d  th e  ion (ш д) fo rm ed  [11].

In  order to  im p ro v e  th e  d e tec tio n  o f th ese  low  in te n s i ty  m e ta s ta b le  peaks 
a n d  to  e lucidate th e  tra n s itio n s  assignab le  to  th e m , severa l p a ra m e te rs  have  
b een  varied . T hus, th e  v a p o r pressu re  o f th e  sam ple su b stan ce  in  th e  ion iza tion  
ch am b er was in c rea sed  tw o- an d  fou r-fo ld  w ith  re sp ec t to  th e  u su a l v a lu e ; 
a  co m p ara tiv e ly  w ide a n d  variab le  co llec to r slit w as used  d u rin g  th e  m easu re­
m e n ts  and  th e  io n iz a tio n  vo ltage  w as v a ried , too . T he p o te n tia l  o f  th e  repeller 
e lec trode  was also v a r ie d  in  a w ide in te rv a l. In  ce rta in  cases th e  ion-optics 
(repeller, a ttra c to r , focusing  voltages) an d  th e  io n iza tio n  en e rg y  w ere ad ju s ted  
accord ing  to  th e  m a x im u m  in te n s ity  m e ta s ta b le  peaks. B y  th is  tech n iq u e , th e  
in te n s i ty  of m e ta s ta b le  peaks could  be  ra ised  3 to  6 tim es w ith  resp ec t to  th e  
in te n s ity  m easured  w ith  ion optics a d ju s te d  to  th e  f ir s t  m a x im u m  of th e  re ­
pe lle r p o ten tia l (for H g + ions) an d  th e  in te n s ity  re la tiv e  to  th e  no rm al peaks 
cou ld  be raised  b y  one o rd er of m ag n itu d e . M etastab le  p e a k  in ten s itie s  w ith  
v a ry in g  sam ple p re ssu re  were alw ays m easu red  w ith  re sp e c t to  no rm al ion  
p e a k  in tensities u n eq u iv o ca lly  due to  m onom olecu lar d eco m position  of th e  
m olecule. O nly th o se  m e ta s tab le  p eak s were ta k e n  in to  consid era tio n  for 
w h ich  th is  in te n s ity  w as found  to  be in d e p e n d e n t of th e  sam p le  p ressure . T hus, 
th e  m etastab le  p eak s  w hich  ap p ea red  a t  h ig h er sam ple p ressu res  a t  m*/e — 
=  91.5 in  th e  sp e c tru m  of III, an d  a t  m  * /e =  26.5 in  th e  sp e c tru m  of IV w ere 
fo u n d  to  be due to  seco n d ary  processes, th e re fo re , these  w ere n o t  included  in 
T ab le  II .

(1)

A cta  Chim . A cad . S e i.  H u n g . 6 2 , 1969
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Table I I

(M =  146)
II.

(M =  160)
in.

(M =  161)
IV.

(M =  162)
V.

(M =  175)

m*/e m*/e

127.0 

117.5

111.0 

100.9

97.0

81.0 

79.1

71.5

68.0

52.8

46.3

40.7

36.5

31.9

27.7

26.9

16.3

131

146

115

131

101

131

129

101

72 

101 

115 

131 

146

58

73 

Г 72 

ll2 9

59

- 2

-1 5

- 2

-1 6

- 2

- 2 8

- 2 8

- 1 6

- 2

- 2 8

- 4 2

- 5 8

— 73 ^

- 1 5

-2 8

- 2 8

- 7 0

- 2 8

129

131

113

115

99

103

101

85

70

73

73

73

73

43 

45

44 

59 

31

131.4

114.8

100.9

99.0

97.0

94.4 

82.2

79.1 

50.0$

49.8

46.3

40.9 

40.0$

36.8

34.5

31.9 

27.7

26.9

16.3

m*/e

160

145

131

129

101

145

129

129

65

145

115

85

65

145

101

58 

73

Г 72 

tl29

59

-1 5  

- 1 6  

- 1 6  

-1 6  

- 2  

— 28 

- 2 6  

-2 8  

-1 6  

- 6 0  

-4 2  

- 2 6  

-2 8  

-7 2  

-4 2  

-1 5  

-2 8  

-2 8  

-7 0  

-2 8

145

129

115

113

99

117

103

101

57

85

73

59

51

73

59

43 

45

44 

59 

31

132.4

115.7

101.9

98.4 

80.0

76.9 

58.8$

51.9

50.6 

50.5$

45.9 

40.5$

40.5

31.9

28.6

27.7

26.9

16.3

m*/e

161

146

132

130

130

130

73 

100 

146

65.5 

116

65.5 

86

58

74 

73 

72

129

59

-1 5

- 1 6

-1 6

- 1 7

- 2 8

- 3 0

-1 5

-2 8

- 6 0

16

43

-2 8

-2 7

-1 5

-2 8

-2 8

-2 8

- 7 0

-2 8

146

130

116

113

102

100

65.5

72 

86

57.5

73

51.5 

59

43 

46 

45

44 

59 

31

116.7

102.9

101.0

97.5

96.3

84.2 

81.0 

59.3$

57.8 

51.0$

45.5 

41.0$ 

40.0

36.2

33.8

31.9

29.4 

27.7

26.9

16.3

■*/«

147 ■ 

133 ■ 

131 

131 

147 - 

131 

131 

73.5 

131 

66 ■ 

117 ■ 

66 

87 - 

147 

103 •

58

75 ■ 

73 - 

72 ■

59

-16

-16

-16

-18

-28

-26

-28

-15

-44

-16

-44

-28

-28

-74

-44

-15

-28

-28

-28

-28

131

117

115

113

119

105

103

66

87

58 

73 

52

59 

73 

59

43 

47 

45

44 

31

146.3

129.6

95.1 

81.6 

65.7$

62.5 

57.4$

53.3

46.2

40.5

39.6

33.3

32.4 

31.9

27.7

16.3

175

160

144

130

80

160

72.5

100

160

86

85

160

160

58 

73

59

160 

144 

> 117

103

72.5 

100

64.5 

73 

86 

59 

58 

73 

72 

43 

45 

31

£
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T he in ten s itie s  o f  m etastab le  p eak s  w ere s trong ly  d ep en d en t on th e  elec­
t r o n  energy  used  fo r  ion iza tion . T he m o s t in ten siv e  m e ta s ta b le  peaks w ere 
o b ta in e d  in  th e  25 — 35 eV region, w ith  th e  excep tion  of doub le-charge  m eta- 
s ta b le  peaks th e  in te n s i ty  of w hich w as th e  h ighest b e tw een  50 and  60 eV. 
T hese  ex p e rim en ta l re su lts  are in  good a g re e m e n t w ith  th e  assum p tio n s a b o u t 
m e ta s ta b le  ions [10] in  th e  q u as ieq u ilib riu m  th e o ry  of m ass sp ec tra .

T he v a r ia tio n  o f  th e  slit w id th  a n d  th e  increased  reso lu tio n  (cf'. above), 
p e rm itte d  th e  d e te rm in a tio n  of th e  m ass to  charge ra tio  w ith  an  accu racy  of 
4-0 .1  —0.2 u n its , as a ru le . This has s ig n if ic a n tly  reduced  th e  n u m b e r of m, m 0 
m ass n u m b er p a irs  co n sis ten t w ith  a g iv en  m eta s tab le  p eak  on th e  basis o f  
E q . ( l ) .

T he m*/e v a lu es  o f m etastab le  p e a k s  d e tec ted  and  s tu d ie d  are  collected 
in  T ab le  I I ,  to g e th e r  w ith  the  d isso c ia tio n  processes selected  b y  m eans o f 
E q . (1). D issocia tion  processes are w r it te n  in  th e  form  m je  m’-) m je .  M etastab le  
p eak s m ark ed  b y  + in  T able I I  co rre sp o n d  to  th e  d issocia tion  of doub ly - 
c h a rg ed  ions. M e ta s tab le  peaks w hich  p ro v e d  to  be connected  w ith  th e  t r a n ­
s itio n  o f heav ie r iso to p es are no t in c lu d e d  in  th is  T able.

O ften , m ore th a n  one tra n s itio n  p ro cess  could be assigned to  a given m e- 
ta s ta b le  p eak  on th e  basis  of E q . (1). T h e  ac tu a l d issocia tion  process could  
o n ly  be d e te rm in ed  b y  fu rth e r  s tu d ies. T h e  id e n tific a tio n  o f m e ta s ta b le  peaks 
co rrespond ing  to  th e  tran s itio n  o f d o u b ly -ch a rg ed  ions w as possible on th e  
b as is  o f  th e ir  d ep en d en ce  on th e  io n iz a tio n  energy  s tu d ied  in  a w ide ran g e , 
ev en  in  cases w hen  i t  overlapped  w ith  a m e ta s ta b le  peak  co rrespond ing  to  th e  
tra n s it io n  of a single charged  ion, i.e. w h en  th e y  appeared  a t  p ra c tic a lly  th e  
sam e m*/e v alue  in  th e  spectrum . As a n  exam ple  th e  peak  a t  m*/e =  40.5 in 
th e  sp ec tru m  of co m p o u n d  II m ay be m e n tio n e d . In th e  case o f m ore in ten s iv e  
m e ta s ta b le  peaks th e  id en tifica tio n  o f  th e  tru e  tran s itio n  process was assisted  
b y  th e  m e ta s ta b le  p e a k  th a t  co rresponded  to  th e  tra n s itio n  o f heav ie r iso to p e  
ions. F o r exam ple , on th e  basis of E q . (1), b o th  th e  73 ~28 45 an d  th e  117 57
tra n s i t io n  can be assigned  to  th e  m e ta s ta b le  peak  a t  27.7 in  th e  sp ec tru m  
o f  com p o u n d  II. H o w ev er, only th e  f i r s t  a lte rn a tiv e  is accep tab le  because th e  
second  iso top ic  p e a k  o f th e  m e ta s ta b le  p e a k  a t 27.7 has been found  a t  m ass 
n u m b e r  29.4 in  ag re e m e n t w ith  th e  f i r s t  t r a n s it io n  (473/75 =  29.4),w hile no peak  
is o b serv ed  a t  592/119 =  29.2 co rrespond ing  to  th e  second possible tra n s itio n . T he 
in te n s i ty  of m e ta s ta b le  isotope peak s o b ta in e d  in  th e  sp ec tru m  o f com pound 
IV as a resu lt o f 180  labelling  helped  to  e lu c id a te  th e  tra n s it io n  process in  a 
s im ila r w ay.

In  th e  case o f  com pounds I, II a n d  III, tw o tra n s itio n s  co rresponded , 
on  th e  basis of E q . (1), w ith  th e  m e ta s ta b le  peak  a t  m ass n u m b e r 26.9 an d  
since n e ith e r  o f th e m  could be ex c lu d ed , b o th  w ere lis ted  in  T ab le  I I .  P a th w a y  
72 ~ 28, 44 seem s to  be m ore like ly  b ecau se  th is  tra n s itio n  is observed  w ith  
b o th  com pound  IV a n d  te tra m e th y ls ila n e  [8].

A c ta  C him . A ca d . S e i. H u n g . 62 , 1969



TAMÁS c t al.: ORGANOSILICON COMPOUNDS 343

All m e ta s ta b le  p eak s an d  th e  correspond ing  tra n s itio n s  re p o rte d  in  th e  
l i te ra tu re  have  been  o b serv ed  in  th e  p resen t s tu d y , th u s  th e se , to o , are  inc luded  
in  T ab le  I I .  F o r co m p o u n d  I I  these  are  th e  m e ta s ta b le  p eak s a t  m ass to  charge 
ra tio  79.1, 49.8, 40 .9 , 36.8, 27.7 an d  16.3 [3] an d  th e  m e ta s tab le  p eak  a t  
m*je =  115.7 [12] fo r hex am eth y ld is ilazan e .

IV. In te rp re ta tio n  of th e  experim en tal resu lts

On th e  basis o f th e  know n poly-iso topic sp ec tra  an d  m e ta s tab le  tra n s i­
tio n s we a tte m p te d  th e  d e te rm in a tio n  of th e  chem ical com position  (em pirical 
fo rm ula) of th e  ion ic  species co rrespond ing  to  th e  m o st in ten s iv e  ion  peaks 
in  th e  in d iv id u a l sp e c tra , th e  e lu c ida tion  o f th e  m a in  tra n s it io n  processes, 
inc lu d in g  th e  d e te rm in a tio n  o f th e  chem ical com position  o f n e u tra l frag m en ts  
p roduced  by  d issocia tion .

In  th e  d e te rm in a tio n  o f em pirica l form ulas co rrespond ing  to  re la tiv e ly  
h igh  in te n s ity  p eak s po ly -iso top ic  sp ec tra , i.e. th e  m easu red  iso tope  ra tio s , 
w ere used because th e  n a tu ra l  ab u n d an ce  of th e  h e a v y  S i-iso topes is s ig n ifican t. 
In fo rm a tio n  g a th e red  from  th e  s tu d y  o f m e ta s tab le  peaks w ere la rge ly  used  
for con tro l purposes.

In  th e  case o f com pounds I  a n d  II , th e  d e te rm in a tio n  of th e  em pirica l 
fo rm u la  co rrespond ing  to  a p eak  a t  a given m ass n u m b e r is eq u iv a len t to  a n ­
sw ering th e  questio n  w h e th e r th e  ion ic  species co n ta in s  one or tw o silicon a to m s. 
T h is question  could be answ ered  on th e  basis of iso to p e  ra tio s  in  poly-iso topic 
sp ec tra  for th e  m ore in te n s iv e  peaks, w ith  th e  ex cep tion  o f  th e  p eak  a t  m/e =  85 
since a t  m ass n u m b e r 86 an  in d e p e n d e n t (non-iso topic) p eak  is also observed . 
T he em pirical fo rm ulas o f  ions, a t  le a s t of those  responsib le  fo r a sig n ifican t 
p a r t  o f th e  p eak  in te n s i ty , have  been  d e te rm in ed  on th e  basis o f m e ta s ta b le  
tra n s itio n s , b o th  in  th e  case o f com pounds I  an d  II.

In  th e  sp ec tra  o f com pound  IV , on ly  th e  questio n  w h e th e r or n o t th e  in ­
d iv id u a l ionic species co n ta in ed  oxygen  could on ly  be answ ered  b y  180 -lab e l-  
ling . Once th e  p rob lem  o f oxygen  c o n te n t se ttled , th e  q u estio n  o f em pirica l 
fo rm ulas was red u ced  e ssen tia lly  to  d e te rm in in g  th e  n u m b e r o f silicon a to m s. 
In  th e  case o f in ten s iv e  p eak s , th is  w as possible on th e  basis o f th e  po ly -iso top ic  
sp ec tra  an d  m e ta s ta b le  tra n s itio n s . T he n itrogen  c o n te n t fo r ion  peaks in  
sp ec tra  o f com pounds I I I  an d  V could  n o t be s tu d ied  on th e  basis o f iso tope  
ra tio s , only  b y  u tiliz in g  m e ta s ta b le  tra n s itio n s . The em p irica l fo rm ulas deduced  
in  th e  above m an n er a n d  from  iso tope  ra tio s , w ere checked  using  th e  genera lly  
observed  phenom enon  th a t  th e  m ore im p o r ta n t fra g m e n t peaks o f com pounds 
c o n ta in in g  a n itro g en  a to m  ap p ea r, as a ru le , a t even  m ass n u m b ers  [2].

T he m ain  ty p e s  o f ions d e tec ted  in  th is  w ay are lis te d  in  T ab le  I I I .  E m p i­
rica l fo rm ulas are g iven  in  a generalized  form . X  s tan d s  fo r m o ie ties:—, CH2, N H , 
O, N C H 3 w hich lin k  th e  tw o  Si a to m s. in d ica tes  th e  presence an d  “ —”
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Table III

m/e formulae I. П. Ш. IV. V.

M (Si2C„H18X ) + + + + + +
M —15 (Si2C5H 16X ) + + + + + +
M —29 (Si2C4H 13X ) + - +  r +  r +  r -
M —30/2 (Si2C4H 12X ) + + — + + + +
M - 3 1 (Si2C4H u X ) + *f + + + +
M —43 (Si2C3H u X ) + - f r +Г — +  Г -
M—45 (Si2C3H 9X ) + + + + + +
M —46/2 (Si2C3H8X )+  + - + + + +
M —47 (Si,C3H ,X ) + + + + + -■
M —57 (Si2C2H 9X ) + — +  r +  r +  r —
M —58/2 (Si2C,H8X )+  + — +  r + r +  r *f r

M —59 (Si2C,H7X ) + - f r "fr +Г +  r +  r

M - 6 1 (Si2C2H5X ) + - f + + + -
M —75 (SiC3H 7X )+ — + + + +
M —87 (SiC,H7X ) + +  r + +  r - fr -
M -1 0 1 (SiCH5X ) + +  r +  r +Г +  r -

M —115 (SiH 3X ) + +  Г +  r +  r +  r -
113 (Si2C4H 9) + + + +Г +  r -

73 (SiC3H 9)+ + + + + +
59 (SiC2H 7) + -fr +  r +  r + Г - f r

45 (SiCH5)+ +  r +  r +  r + r +  r

31 (SiH 3) + +  Г +  r +Г + r - f r

29 (SiH ) + +  r +  r +  r - f r - f  r

28 (S i)+ + + + + -f-

th e  absence of a c e r ta in  ty p e  ion . No m a rk  is g iven in  am biguous cases. Ions to  
w h ich  a rearranged  s tru c tu re  has to  be a t t r ib u te d  on th e  basis o f th e ir  em pirical 
fo rm u la s , are m ark ed  w ith  an  r. T h e  em p irica l fo rm u la  fo r th e  p eak  a t  m ass 
n u m b e r  117 in  th e  sp e c tru m  o f com p o u n d  V w as p roved  to  be Si2C4H 13+ on 
th e  basis of m e ta s ta b le  tra n s itio n s . S im ilarly , th e  em pirica l fo rm u la  for th e  
p e a k  a t  m ass n u m b e r 103 has been found  to  be Si2C3H 14+ . T hese fo rm ulas are 
n o t  lis ted  in T able I I I .  S im ilarly  to  ions a t  m ass n u m b er 113 in  th e  sp ec tra  of 
co m pounds III an d  IV, th ese  ions can  on ly  be form ed b y  re a rra n g em e n t o f th e  
sk e le to n  of th e  p a re n t  m olecule (с/, la te r) .

F rom  th e  ion  p e a k s  in  th e  low  m ass n u m b e r region o f  th e  sp ec tra  only 
th o s e  ions e x h ib itin g  th e  h ig h est in te n s itie s  are  lis ted  in  T ab le  I I I .  In  th e  
T a b le , ions w ith  m ass n u m b e r 59, 45 an d  31 (in th e  case o f  com pound  I), an d  
th o se  w ith  m ass n u m b e r  73, 59 an d  45 (in th e  case o f com pound  II) are lis ted
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M----- >  лГ- -S i (CH ,' ) i 73 г  и
-► Si(CH j)3* -  >  SiCHs

45

S i2C4H ,4 blCitl;> SiC2H7f C‘H< >  S iH 3*
113 59

SiC2H6+
58

CH,

31

*- SiC H ,+ 
43

F ig. 1. Partial decom position schem e o f hexam ethyldisilane

r---------- > S i 2C ,H i3 0 ' ------------------------^ S i ^ . j H a O *  ---------- 5 í ° -

! 133

м — - * - i r ^ V S i 2c sH,so
-S i (C H 3) 20 - >  Si(CH3)3* C;— > SiCHs*

147 73 45

I
II

( M ~ )
I
j - C H ,

I
SijCsHisO**

147
I — CH ,

Si2C4H120**~ CH,>  Si2c 3H8o*  
132 116

-C ,H , SijCjHnO'
119

CH'-
- C , H , ,

-» -S i2C3H,<y Si(CH3)HO —
131

-C ,H ,
“>■ Si2C2HaO++ 

104

H , o

115

Si2C4H9
113

75 47

— C ,H , — Si2C2H90  
105

C ,H , Si2C2H70  
103

-SiCH, n *  6 0  f  • г* TT + “ -CjHí C'TT t---------------- > -S iC 3h 70 ------>S iC 2H7 -------- >  S1H 3
87 59 31

Fig. 2. P artia l decom position schem e of hexam ethyldisiloxane. - - - - -  assum ed pathw ays;
M + + not observed in  the spectra

twice. For example, in the case of compound II (X =  CH2) SiC2H7 is the same 
as SiCH5X, etc.

A consistent decomposition scheme including the more important ionic 
species can be given for each substance on the basis of transitions deduced 
from the metastable peaks, using properly determined empirical formulas.
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Table TV

Type of reaction
e = 1

Neutral fragments

I. II. I m. IV. V.

M M— 15 CH3 CH3 CH3 — CH3 CH3

M - 1 5  — M -  31 CH4 CH4 CH4 CH4 CH4 CH4

— M -  43 с 2и 4 C2H4 — C2H 4 C2H 4
— M -  75 SiC,H8 SiC2H8 — SiC,H8 SiC2H8

— 73 SiC2H 6 SiC3Hs — SiC2HcO SiC3H9N SiC2H cX

M —29 — M -  45 — CH4 CH4 CH4 — CH4

M - 3 1  — M -  57 — C,H2 — C2H 2 — C„H.,

— M -  59 - C2H , C2H 4 C2H 4 — C2H 4

— 113 — CH4 N H 3 H 20 — H 2X
M 45 — 73 Si SiCH2 SiNH SiO — S ix

M —5 9 — 59 — SiCH2 — SiO — S ix

M—75 — 59 — C2H2 HCN CO — c x

M —8 7 — M —115 C2H 4 C.II, C2H4 C2H 4 — C2H 4

7 3 — 45 C2H4 C2H4 C2H4 C2H4 C2H4 C,H4

5 9 — 31 C2H 4 C2H4 c 2H, C2H4 C2H 4 C2H 4

5 8 — 43 CH3 CH3 CH3 CH3 CH3 CH3

e =  2

M - 1 5 — M -  30 — CH3 CH3 CH3 CH3

M - 3 0 — M -  46 — CH4 CH4 CH4 CH4 CH4
— M— 58 — C2H4 C2H 4 C2H4 — C2H 4

In Figs 1 and 2, the decomposition schemes of compounds I and IV, re­
spectively, are presented.

Table IV contains those among the principal dissociation processes which 
are found in the mass spectra of at least two compounds. In this Table, the 
empirical formulas of neutral fragments removed in the process are also listed. 
This is also given as a general formula, X  standing for an atom or radical that 
links the two Si atoms. In most cases, the composition of neutral fragments 
has been deduced from the mass numbers of metastable transitions. In some 
instances, we have used the empirical ion formulas determined with the aid 
of isotopes.

In the bottom of the Table IV the metastable transitions found for doubly- 
charged ions are summarized.

After the empirical formulas for the higher intensity ion peaks had been 
determined the approximate calculation of the so-called mono-isotopic spectra 
was performed in order to determine the ratio of the abundance of individual 
ionic species. These are spectra which would be observed if the atoms of chem-
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ical elements which form the compound would consist of only a single isotope 
(preferably of those with the highest natural abundance, i.e. 28Si, 12C, 160 , 14N, 
*H, in the cases under consideration). Exact calculations require that the empi­
rical formtdas of all ionic species be accurately known. Therefore, in the case 
of peaks for which we could not determine the empirical formula by the above 
method, we used the average isotope ratio of all compositions consistent with 
a given mass number. In the recalculation of the poly-isotopic spectra, this 
approximation results in an average error of i2 %  in the peaks of mono-iso- 
topic spectra, but never exceeds i5 % , because this approximation had to be 
used only in the case of low intensity peaks.

The isotope ratio data used in the calculations have been taken from 
reference [2] for Si and from [13] for C, H, N and 0 . Table Y contains the data 
for mono-isotopic spectra obtained by the above approximate calculations. 
Within one spectrum, the abundance of ions corresponding to the individual 
m/e values are given as % of the number of all ions. Data referring to doubly- 
charged ions are marked with x, while the -f- sign marks those for which aver­
age isotope ratios were used in the calculations. In the calculation of the 
amount of doubly-charged ions we have utilized the fact that in a poly- 
isotopic spectrum either the main peak corresponding to a given ionic species, 
or the first isotope peak appears always at a half mass number.

V. Conclusions

In Tables I I—Y constructed in the way described, the empirical formulas 
and relative abundances of the more important ionic species are shown. In 
most cases the decomposition pathways caused by electron bombardment are 
also presented, as deduced from the observed metastable transitions. The 
Tables indicate that, with some exceptions, all high intensity ions in the spectra 
of these compounds belong to the same type. A number of rearrangement 
peaks are observed in all spectra (on the basis of the empirical formulas). 
The decomposition and formation pathways for compounds II, III and IV 
are very similar. At the same time, as shown by Table V, the amount of the 
individual ion-types varies strongly and numerous specific transitions are en­
countered, especially in the fragmentation of compounds I and V.

On the basis of the proposed decomposition pathways, molecular ions 
with an odd number of electrons are transformed (mainly by the loss of methyl 
radicals) into ions with an even number of electrons in the first fragmentation 
step while as a result of further fission, ions with an even number of electrons 
will be formed and neutral species with an even number of electrons will be 
expelled.

Data in Table Y show that the relative abundance of molecular ions 
varies between very low and medium values, significant differences being ob-
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175

162

161

160

147

146

145

144

133
132

131

130

129

119

117

116

115

114

113

105

104

103

102
101
100

99

89

88
87

86
85

83

80

75

74

73.

73
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T able  V

L II. m. IV. V.

— — — — 4.10

— — — 0.01 —

— — 1.09 _ —

— 0.07 — — 29.7

— - — 65.4 —

5.94 — 46.9 — —
— 51.1 — — —

— - — — 0.89

— — — 0.99 —
— — 0.26 — _

12.6 0.47 - 4.54 0 .1 4 +

— — 20.5 — 0.62

0.58 4.76 0.20 + — -
— — — 0.22 —
— 0.63 — 0.67 2.34

— — 1.08 0.30

1.27 0.70 1.18 + 0.47 0.20 +

— — 0.77 — 0.31

0.19 0.54 1.52 0.24 0.15 +

— — — 0.52 —

— — 0.11 + — -

0.14 0.25 ■ — 0.70 0.36

— — 0.54 0.25 + 0.22 +

0.36 0.98 0 .1 3 + 0.36 0.31 +

— — 3.87 — 1.59

0.61 0.71 0 .2 0 + — 0 .2 4 +

— — — 0.11 —

— — — — 0.17 +

0.16 + 0 .2 0 + 0.13 + 0.70 + 0.15 +

— — 1.13 — 25.6

0.58 1.23 0 .4 6 + — 0.29 +

0.28 + 0.33 + — — -

— — — — o.oi x
— — — 0.47 —
— — 0.99 — —
— — — 0.01 X —

53.6 19.5 l0 .0 3 x 8.42 12.9

[4.67
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Table V (cont.)

m/e I. II. Ш. IV. V.

12.S — 0.004 x _ — 1.09X

72 1.27 X 0 .5 0 + 0 .8 2 + 0 .4 9 + 0 .9 6 +

71 0 .6 3 + 0 .4 3 + 0.31 + 0.28 + 0 .1 8 +

70 0.28 + 0 .1 2 + 0 .5 8 + — 0 .2 9 +

69 — 0 .3 0 + - - —
66 — — — 2.69 X —

65.5 — — 2.37 x — —

65 — 1.38 X — — —

64.5 — — — — 0.12 X

61 — — — 0.10 —

60 — — 0.27 — —

59 2.08 3.25 2.28 3.45 8.38

58.5 — — 0.12 x — 0.005 X

58 1.11 0.38 0.23 fo .09X  
10.21

0.37

57.5 — — 0.68 X — —

57 0 .5 6 + 0.33 +  

0.08 x
0.21 + 0.25 + 0.30 +

56 — — 0.12 + — 0.21 +

55 0.53 0.33 0 .1 0 + 0 .1 3 + 0.12 +

53 0.19 — — — —

52 ■ — — — 0.84 x —

51.5 — — 0.88 x — —

51 — 0.25 x — — —

47 — — — 0.25 —

46 — — 0.29 — —

45 8.71 5.95 3.16 3.46 4.16

44 1.16 1.07 0 .5 8 + 0.97 + 0 .4 0 +

43 3.84 1.45 0.88 0.89 1.01

42 0.22 — — — 0 .1 2 +

31 0.62 0.76 0.34 0.26 0.70

29 0.74 0.44 0.17 0.19 0.22

28 1.23 0.52 0.58 1.14 0.37

served in the case of compounds under consideration. The sequence in this 
respect is I >  V >  III >■ II >  IV. Since the data in Table V are in % of the 
total abundance of ions present, this sequence can be regarded as the stability 
order of the molecular ío d s . In every case, the loss of a methyl radical from the
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molecular ion leads to the formation of M—15 ions which generate very in­
tense peaks in the spectra. Their relative abundance increases in a sequence 
opposite to that observed for molecular ions (c f Table У).

Interesting further conclusions can be drawn from the ratio of the 
amounts of ionic species containing and not containing the Si—X — Si moiety. 
This ratio can be regarded as a measure of the resistance to electron bombard­
ment of the structure involved. The approximate calculation of this ratio was 
based on the mono-isotopic spectra. In addition to the fragments, containing 
one Si-atom, also those ions were regarded as decomposed whose empirical 
formula could be interpreted only on the basis of skeleton rearrangements, i.e. 
the ions with mass numbers 117 and 103 in the spectrum of compound V and 
that with 113 in the spectrum of III and IV. The ionic species with ambiguous 
empirical formulas have been taken into account twice, i.e. as ions contain­
ing both one and two Si atoms. Consequently, two limiting per cent figures 
were obtained for every substance. According to the above method of calcu­
lation, the Si—X —Si moiety remains intact in the following fractions of the 
total amount of ions

I II III IV V
22-25%  6 1 -6 3 %  81-84%  78 -79%  39-45%

As shown by these figures, the random deviation due to peaks associated 
with inaccurate empirical formulas does not invalidate the sequence deduced 
from the ratios obtained for the individual compounds. The order of decreasing 
stability of the Si — X  — Si skeleton is the following: III IV >  II > V  > 1 .  
Thus, the Si—NH—Si structure proved to be the most resistant towards elec­
tron bombardment, while the relative frequency of the Si — Si bond rupture 
is very high in compound I.

It is very interesting to compare this order of skeleton stability with the 
decomposition pathways found for the individual compounds. For the decom­
position of the Si—Si skeleton a number of pathways were found which in­
volve the fission of only one bond. Such are the reactions (cf. Fig. 1) leading 
to the formation of the trimethylsilyl ion (m/e =  73), occurring in nearly all 
the possible combinations in the case of this compound. In other compounds, 
decomposition without skeleton rearrangement is much less frequent, as indi­
cated by abundance ratio of the ions with mass number 73.

The stability of the Si — NCH3—Si skeleton is much lower than that of 
the Si—NH—Si moiety, i.e. the substitution of an N-hydrogen by a methyl 
group greatly reduces the stability of the original structure. This can be attrib­
uted to an enhanced possibility of rearrangement reactions, as a result of 
substitution (cf. Table II).
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Ions formed via skeletal rearrangements are present in greatest abundance 
in the spectrum of compound У. According to metastable peaks at т*/е =  95.1 
and 81.6, such ions are formed in the following dissociation process:

and

[Si2C4H11NCH3] +
144

[Si2C3H9NCH3]
130

-HCN 
------- > [Si2C4H 13] +

117

[Si2C3Hn ] + 
103

In the case of hexamethyldisilazane (III) skeletal rearrangement is 
also observed (m*/e =  98.4)

[Si2C4Hu NH] + [Si2C4H9] +
130 113

A similar process can be detected in the case of compound IV (m*/e 
97.5)

[Si2C4Hn O]+ [Si2C4H9] +
131 113

On the basis of analogies, it can he assumed that the following transition 
in the case of compound II, involves a skeletal rearrangement (m*/e =  99.0)

[Si2C4HnCH2] + [Si2c4H9] +
129 113

Similar expulsion reactions were recently observed by Gillis and Occo- 
lowitz [14] in the case of organic sulfur compounds.

For practical purposes, only those processes are regarded as rearrange­
ment processes in mass spectrometry in which the ions detected in the spectrum 
contain new bonds between atoms. However, if also the dissociation processes 
in which, instead of the ion formed, it is the expelled neutral particle that 
contains new bonds (i.e. one not present in the parent structure) are regarded 
as rearrangements then the empirical formulas indicate that the majority of 
reactions involving the destruction of the skeleton belong into the class of 
rearrangement processes. Among the reactions in which the skeleton is de­
stroyed, the most important series of this category is the following.

For compound II:

[Si2(CH3)5CH2] + - Si(CĤ  [SiC4H9]+ [Si(CH3)2H ]+
145 85 59
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For compound III:

[Si2(CH3)5NH] + - Si(CH°bH*> [SiC3HsN ]+ [Si(CH3)2H ]+
146 86 59

and for compound IV, where instead of the M—15 ion the M — 31 one is de­
composed in a similar way:

[Si2C4H n O ]+ _ - SiCH‘ ,  [SiC3H70 ] + [Si(CH3)2H] +
131 87 59

In the case of compound V, there are two possible transitions resulting 
in very intensive ion peaks.

[Si2(CH3)5NCH3]+ - 5l(CHAH> [SiC3H8N ]+ ^  [Si(CH3)2H] +
160 86 59

■ -8;(си3ьн^ [SiCjH10N ]+ - HC” [Si(CH3)3] +
100 73

In  the spectra of compounds III, IV and V, among the ions resulting from de­
composition without rearrangement of the Si—X —Si skeleton, only small 
amounts of ions are present which carry the atom or atom group that linked 
the two silicon atoms in the parent molecule (cf. Tables III and V). In other 
words, if the skeleton is disrupted without rearrangement, this is usually not 
the fragment that carries the charge.

Since, in compounds III, IV and V the linking atom bonded to Si is 
strongly electronegative, the Si—X bond is strongly ionic. In these compounds, 
the original electron distribution along the Si—X bond is inhomogeneous. Pre­
sumably, this is further enhanced by the positive charge generated on one of 
the Si atoms as a result of the ionization of the molecule. Thus, in the case of 
the M—15 ion of compound IV, the following situation may be expected

СНз

>  О ------Si-------С.Нз

\ J
СНз СНз

Arrows indicate the expected shift of electron density on the cr, and p„—dn 
levels.

It follows from the above structure that disruption of the skeleton with­
out rearrangement occurs heterolytically which means that it is very likely
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that the oxygen-free fragment will be the one carrying the charge, thus in the  
reaction the following fragments

CH3

CH3 -Si© +  | 0 - S i - C H 3
I I

CH3 CH3

will be formed. This process is responsible also for the phenomenon that the 
spectrum mainly contains fragments with an even number of electrons.

Among ions with one Si atom, ionic species with hetero-atoms are gen­
erally present in small amounts. Such ions are also found among those formed 
by H-rearrangement, presumably containing Si — H bonds. Thus, e.g. the

I
[SiH3]+, [SiCH3H2]+, [Si(CH3)2H] +

31 45 59

series leading to intensive peaks in the spectrum of tetramethylsilane [8] as 
well as in spectra of the compounds under consideration occurs also in the 
spectrum of compounds III and IV as a series complete with NH and О but iu  
relatively low abundance (cf. Tables III and V):

a n d

[SiH4N]+, [SiCH6N ]+, [SiC2H8N] +
46 60 74

[SiH30]+ , [SiCH50 ]+ , [SiC2H70 ] +
47 61 . "75

S h a r k e y  et al. have detected [ 1 ]  the latter series, i.e. the ions correspond­
ing to the oxygen variant of this type of rearrangement, in the mass spectra 
of trimethylsilyl ethers. As shown by Tables II and IV, the similarity of series 
with and without a hetero-atom is maintained also with respect to pathways 
of formation:

[Si(CH3)2H ]+ - C-HV [SiH3]+, and 
59 31

[SiC2HRN ]+ _ Z ^
74

[SiC2H ,0]+ j ä  
75

[SiHjN]+, and 
46

[SiH30 ] + .
47

On the basis of empirical formulas, H-rearrangement ions can also be 
observed in the upper section of the spectra (cf. Table III). In these ions, the
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Si — X —Si skeleton is presumably intact. The lowest amount of this ionic 
species is present in the case of compound V. The neutral particle expelled 
during the formation of this species also has a rearranged structure (cf. Table
IV).

On the basis of empirical formulas, the neutral species removed as a 
result of decomposition with rearrangement, can be assumed to be stable prod­
ucts, e.g. trimethylsilane, dimethylsilane, methylsilane, methane, ethylene, 
acetylene, ammonia, hydrogen cyanide, carbon monoxide and water.

In the spectra of compounds I I —V doubly-charged ions are present in 
significant amounts. The most probable pathway of their formation and de­
composition is the following. Doubly-charged molecular ions formed as a result 
of electron bombardment are stabilized by the successive loss of two methyl 
groups. Further decomposition involves the loss of CH4 or C2H4. Thus, the 
fragmentation pattern of these species involves the loss of one methyl radical 
more than that of molecular ions (cf. Table II) with a single positive charge.

The appearance of multi-charged ions in substantial abundance in the 
mass spectra of hexamethyldisiloxane and octamethyltrisiloxane has been 
first observed and interpreted [9] by D i b e l e r  et al. In accordance with their 
observation that in the spectrum of tetramethylsilane there are only single 
charged positive ions, while those of hexamethyldisiloxane and octamethyl­
trisiloxane contain at most doubly and triply charged ions, respectively, the 
authors assume that in multi-charged ions one Si atom carries only one charge 
and releases one methyl radical. In the mass spectra of linear and cyclic silicon- 
methylene compounds, A u l i n g e r  has found a substantial amount of multiply 
charged ions and attributed their formation to the mechanism postulated by 
D i b e l e r  [15]. The present study provides further data concerning this theory, 
since no ions with more than two charges have been found in the spectra of 
the compounds which contained two silicon atoms. On the other hand, the 
abundance of doubly-charged ions increases in the order I <  V <  II <  IV <  
<  HI as shown by the mass spectra. This sequence is identical with the stabi­
lity order of the Si — X — Si skeleton. This supports the assumption that the 
presence of two silicon atoms in these compounds is a necessary condition for 
the formation of doubly-charged ions. At the same time, in the spectra of 
compound I, no doubly-charged ions have been detected even at the highest 
instrument sensitivity and high ionizing-electron energies (70—90 eV). Thus 
D i b e l e r ’ s interpretation may be extended by the statement that multiply 
charged species can occur only with skeletons containing isolated silicon atoms.

Since in the case of compounds III, IV and V, the interaction between 
the two Si atoms and the linking X moiety is presumably of the рл—dK type 
it is probable that this stabilizes the isolated positive charge because the elec­
tron defect can be compensated by the electrons of the coupling atom or atom 
group. This effect in compound II can only be due to hyperconjugation.
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No doubly-charged ions can be formed from compound I. This is in agree­
ment with the above considerations, since there is no linking atom in this 
compound functioning as an electron donor. Also the fact is to he taken into 
account that among the compounds in question the lowest effective nuclear 
charge (the sum of electronegativities being equal to 3.8) is associated with the 
Si — Si bond so that the assumption of a certain degree of charge and energy 
delocalization seems justified.
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DIPHENYL PICRYL HYDRAZIL IN MO-LCAO 
APPROXIMATION

M.-M. H e g y h á t i

(Central Research Institu te  fo r  Physics, B udapest)

Received O ctober 11, 1968

The unpaired electron density distribution in D P P H  as a function of a range of 
values o f the Coulomb integral а н  for th e  central nitrogen atom s has been evaluated b y  
H ückel-type m olecular orbital (MO) calculations without and w ith  overlap and M cLach- 
lan-type approxim ate unrestricted SCF LCAO MO calculations w ithout and w ith over­
lap. I t  was assumed th at the N 0 2 groups o f th e  picryl ring are not involved in the form a­
tion of the conjugated pi-electron system  and that the D P P H  molecule is form ed b y  a 
five  step “ system atic perturbation” o f the triphenylethyl “ basic skeleton” . The MO 
calculations w ith  input parameters w hose values lie in a reasonable range (адг =  0 .3 —  
— 0.5) will give for the ratio of unpaired electron spin densities on the hydrazine n itro­
gen atom s 0 .76— 0.86 a good agreem ent w ith  the measured ratio (0.77— 0.84) [1, 2] 
only if  the McL a chlan ’s spin densities are taken to be proportional to the m easured  
values, since the splittings depend rather critically on the signs of the unpaired spin  
densities.

1. Introduction

The a,a-diphenyl-ß-picrylhydrazil (DPPH, see Fig. 1), is one of the stable 
free radicals most frequently observed by paramagnetic resonance (PMR) 
technique.

The first MO calculation for DPPH was reported by B e r s o h n  [3] in 
1958. The YB approach was used by B r o w n  et al. [4] in 1960 with the special 
aim to account for the negative spin densities, too.

The MO and YB methods, though fundamentally different in viewpoint, 
lead to essentially the same molecular wave function [5, 6]. However to see 
whether the results are truly the same, both types of calculation should be 
carried through step by step. For molecules sized like DPPH this seems to be 
impossible owing to the large number of independent canonical structures [7] 
and the difficulties involved in the treatment of the unpaired electron on the 
bonding or antibonding molecular orbitals [8] in the VB approach. Additional 
difficulties are presented in the VB method by the uncertainty of the resonance 
structures to be taken into account, since already the results of the earliest 
DPPH measurements [9] made W h e l a n d  [10] to question the existence of 
contributions from resonance structures of the type illustrated in Fig. 2, con­
sidering that the average distances of the unpaired electron from the two nitro­
gen atoms of the hydrazyl grouping were found to be equal and considerably
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sh o r te r  th a n  w ould  h a v e  been ex p ec ted  i f  th is  rad ica l receives im p o r ta n t co n ­
tr ib u tio n s  of th is  ty p e .

T he p resen t c o m p u ta tio n s  w ere p e rfo rm ed  using  H iickePs LCAO-MO 
m e th o d . In  o rder to  acco u n t for th e  n e g a tiv e  spin  densities, a m od ifica tion  o f 
th e  u n re s tr ic te d  SCF tre a tm e n t suggested  b y  M c L a c h l a n  [11] for th e  e s ti­
m a tio n  o f th e  pi e le c tro n  densities w as ap p lied . T he follow ing ca lcu la tion  p ro ­
cedures were u sed : H iick e l-ty p e  ca lcu la tio n  w ith o u t an d  w ith  overlap  a n d  
McLACHLAN-type t r e a tm e n t  w ith o u t a n d  w ith  overlap . T h e  re la tio n sh ip s

F ig . 1. Schem atic representation  of the m olecular structure of D P P H  free radical (the dot re­
presents the odd electron)

F ig . 2. Two resonant structures to D P P H  free radical

b etw een  th e  p a ra m e te rs  of th e  d iffe ren t p rocedures are discussed and  th e  c a l­
c u la te d  values a re  com pared  w ith  th e  re p o rte d  ex p erim en ta l d a ta  on sp in  
densities.

2. Methods of calculation

a) Hiickel-type calculation without overlap 

In this case

Si j  =  (e,- /  Ej )  =  dij (the unit matrix) (1)

i.e. the basic АО-s are supposed to be orthonormal, thus the overlap integrals 
may be entirely neglected.
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In the case of conjugated molecules with heteroatoms the parameters 
a, and ßij are written, as suggested by [12] in the form

ax =  ®cc 4" a-xßcc and (2)
ßcx =  bcxßcc (X =  heteroatom).

The value of xcc for the carbon 2p  orbital in unsubstituted benzene is 
taken as a reference point and the deviation of the Coulomb integral of the 
heteroatom from acc is expressed in units of the resonance integral ßcc charac­
terizing a pair of carbon atoms in unsubstituted benzene. The resonance integ­
ral between a heteroatom and an adjacent carbon atom is also measured in 
units of ßcc-

b) Hiickel-type calculation with overlap

In this case

S,y =h 0, i =f= j  (i and j  are nearest neighbours) (3)

The basic АО-s are assumed to be overlapping. It was shown [13] that in cal­
culations with heteromolecules both the charges Рц and the atom-atom (or 
mutual) polarizabilities тт,-у are sensitive to the values of S//, no reliable results 
are to be expected unless the overlap integrals are included right from the 
beginning. This can be done provided that the basis functions are understood 
to be orthogonalized atomic orbitals ф,- constructed from the atomic orbitals 
Ej according to the criteria

У  j Ф, — £/ I2 — minimum, (Ф, | Фу) =  ő,y. (4)
i

The solution of Eq. (4) is the so-called symmetric orthogonalization proposed 
by L ö w d in  [14], where the orthogonalized orbital Ф, is the following linear 
combination of the АО-s Ej

& Í — e i --- —  У ,  Ej  S j i  +  — e j  S j k  S k i —H • ■ • (̂ )
 ̂ j  Ф1 о jk

Thus, each Ф,- contains one main term arising from the corresponding e,- and a 
small amount of the others in order to ensure the orthogonality.

c) McLachlan-type calculation without overlap

M cL achlan  [11] developed a SCF MO th e o ry  of e lec tro n  sp in  d is tr ib u ­
tio n  w h ich  y ields th e  observed  n eg a tiv e  sp in  densities. T he SC w av e  fu n c tio n  
has th e  fo rm  proposed b y  P ople  a n d  N e s b e t  [15], as

w = . . .  fWnVőW (6 )
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in which electrons of a and ß spin occupy independent sets of orbitals. The 
spin density q is then given by

e =  IVol2 +  ^ { l  Vj\2 — \V j\2-> (7)
j =1

or, using the LCAO semi-empirical method of P a r i s e r  and P a r r  [16] and in­
troducing further neglections which, however, do not cause significant errors, 
as it was shown by M c L a c h l a n  [11], one may write for the spin density a t  

atom i

e/ =  Q , - A J £ * iyQy, (8)
j

where A is an adjustable parameter. (я;,у is the mutual polarizability and C,y 
are the coefficients).

M c L a c h l a n  further has shown that we can obtain the spin densities 
Qi directly from (7) if  we determine the coefficients in the МО-s rp0 and y> j-s  

from a Hiickel matrix and those in the МО-s xp'j from a modified Hiickel matrix 
with the off-diagonal elements ßrs unchanged but substituting for the diagonal 
elements ocr — 2AC0r2 ßcc-

d) McLachlan-type calculation with overlap

Considering the fact that for heteromolecules the overlap effects must be 
taken into account right from the beginning, the idea has arisen to work with 
atomic orbitals of the type (5) for the calculation of spin densities by M c L a c h - 

lam ’s method described in c, since the transformation of the atomic orbitals 
Si into the orthogonalized Löwdin atomic orbitals (LAO) Ф,- takes account of 
the overlap.

3. Outline of the calculations on DPPH

ESR measurements show that the unpaired electron left on the /1-nitro­
gen of the DPPH molecule upon the removal of the hydrogen is delocalized 
through the aromatic rings and also through the picryl ring [4]. It follows 
that the DPPH free radical can be treated by the MO method as a conjugated 
pi-electron system with the bond between a-N and /?-N behaving as a quasi­
double bond. In the calculations the hydrazine bond length was taken to be 
<~1.31 Á, the length of the single bond C — N to be 1.43 A. Both N19 and N20 
are assumed to involve sp2 hybrid orbitals. Such bonds must necessarily lie 
nearly in a plane perpendicular to the conjugated pi-electron orbitals so that 
the molecule should be as a whole (except the N 02 groups) also planar.

Acta Chim. Acad. Sei. H ung. 62, 1969



HEGYHÁTI: DIPHENYL PICRYL HYDRAZIL 361

It is assumed that in DPPH the N 0 2 groups of the picryl ring are not 
involved in the formation of the conjugated pi-electron system. Though, it 
follows that the N 02 groups cannot be regarded as direct centres for pi-elec­
trons, the electrostatic effect of the nitro groups inductively still remains.

Since the nitro group removes electrons from and so increases the elec­
tron affinity of the carbon atom to which it is attached, this inductive effect 
can he expressed by the change of the Coulomb integral a, it can be estimated 
by making use of the auxiliary inductive parameter (AIP) introduced by 
W h ela n d  and P auling  [12], as

aCn =  öaNl, where ocCn =  Xc +  «Сп ßcc

n =  13, 15, 17 and (9)

l =  21, 22, 23 (Fig. 1),

Assuming the nitrogen of the N 0 2 group to contribute two electrons to the 
system, as/ *=« Задг. If the pi-electrons of the substituent do not take part in 
the delocalization, the values of d has to be taken as one third of the 1/3 char­
acterizing the conjugated system, that is about 1/10 [17]. For the carbon 
atoms adjacent to N19 and N20 we take 6 =  1/3.

To obtain consistent results it seems, however, insufficient to calculate 
with even the most carefully chosen optimum possible parameter values, the 
present calculations were performed therefore systematically, with the aim 
to evaluate individually the effect of each of the assumed parameters on the 
same basic skeleton. As seen above, the DPPH molecule can be approximated 
in the Hiickel-type MO approach to a system of C2y symmetry with 20 atomic 
centres, each with a pi-electron, thus the corresponding “unperturbed” basic 
skeleton is the triphenylethylene (TPE) molecule of the same symmetry. As 
compared with DPPH the TPE molecule represents the case with aN =  0, 
bN =  1, AIP =  0 and Sij =  0.25. The sequence of “perturbations” leading 
from TPE to DPPH is the following.

1. Introduction of the inductive effect of the N 0 2 groups (6 =  1/10) 
giving rise to diphenyl-picryl-ethylene (DPPE).

2. Introduction of aN at the atoms 19 and 20 giving rise to triphenyl- 
hydrazine TPH (1).

3. The simultaneous introduction of AIP (d =  1/3) with aN at the atoms 
6, 12 and 18 leading to TPH (2).

4. The simultaneous introduction of perturbations 1 and 2 lead to 
DPPH (1).

5. Finally, the simultaneous introduction of the perturbations 1, 2 and 3 
leads to DPPH (2).
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It has to be noted that in the cases 2/a and 2/b (Hiickel-type calculation 
without and with overlap) the value of the Coulomb integral ocN =  ocq +  aN ßcc 
for nitrogen was taken, as suggested by L a f o r g u e  [18], by using P a u l i n g ’s 

scale for electronegativities: aN — %N — %c =  3.0—2.5. In order to take account 
of the dependence of ßtj  on bond length, the values of ßtj were estimated 
from the overlap integrals, as proposed by W h e l a n d  for the carbon-carbon 
bonds [19]:

M r)
Sj/r)

Scc( r =  1.397 Á) '
( 10)

The overlap integrals can be evaluated as shown in [20]. In the evaluation of 
the parameters no attempt has been made to work with values of b/j computed 
to two decimal accuracy. According to the estimations of the bond length it 
was taken to be uniformly bCN =  bNN =  0.80. The values of AIP correspond­
ing to N 02 for the carbon atoms 13, 15 and 17 were obtained by considering 
that aN — 0.5, a# ^  1.5 and 8 =  1/10, thus aCn ^  0.10 — 0.20. In the five 
steps perturbation sequence the lower limit of this value has been taken, since

T a b l e  I

Param eters o f  the systematic perturbation o f  T P E

Values of Ь j TPE DPPE TPH(l) TPH(2) DPPH(l) DPPH(2)

1 9 0 .0 0 .0 0 . 5 0 . 5 0 . 5 0 . 5

i n c r e m e n t s 20 0 .0 0 .0 0 . 5 0 . 5 0 . 5 0 . 5

in  (X/ 6 0 .0 0 .0 0 .0 0 .1 0 .0 0 .1

(in ß c c ^ 1 8 0 .0 0 .0 0 .0 0 .1 0 .0 0 .1

1 3 0 .0 0 .1 0 .0 0 .0 0.1 0 .1

ß i j 1 9 — 2 0 1.0 1 .0 0 .8 0 .8 0.8 0 .8

6— 2 0 1.0 1 .0 0 .8 0 .8 0 .8 0 .8

( in  ß c c ) 1 8 — 1 9 1.0 1 .0 0.8 0 .8 0 .8 0 .8

acco rd in g  to  th e  SCF calcu la tions aN =  0.5 is an  u p p e r lim it [21]. F o r th e  
c a rb o n  atom s 6 , 12 a n d  18 one gets w ith  aN =  0.5 and  8 =  1/3, acn 0.10—20, 
ag a in  th e  lower lim it h a s  been  taken . A fte r  h av in g  p e rfo rm ed  th e  co m p u ta tio n s 
w ith  th e se  values (T able  I ) ,  th e  in fluence o f  th e  so-called а -effect on DPPH (2) 
w as in v es tig a ted  b y  v a ry in g  th e  values o f  ocN  while th e  va lu es  of ß  an d  AIP 
w ere le ft unchanged . I n  th e  McLACHLAN-type ca lcu la tio n s th e  value o f 2 w as 
also v a ried  to  see i ts  e ffec t on the  sp in  d en sity .
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4 . Results and  discussion

In the tables and discussion the symbols , qfc and are the charges
and spin densities obtained from the calculations 2/a and 2/b, respectively, 
while the spin densities obtained from the M c L a c h l a n  calculations 2/c and 
2/d without and with overlap are denoted by Q^’M and 6k’M.

In Tables II and III are summarized the values of energy, charge, and 
spin density, as obtained for the “ systematical perturbation” of the TPE 
skeleton.

T able II

Energy levels o f system atically perturbed T P E  

(parameters are listed in  Table I)

к TPE DPPE TPH (l) TPH(2) DPPH(l) DPPH(2)

1 2.35829 2.36408 2.29084 2.32172 2.29739 2.32796
2 2.08397 2.12063 2.06800 2.09150 2.10423 2.12728

3 2.00000 2.00000 2.00000 2.01751 2.00000 2.01751
4 1.57184 1.58065 1.60235 1.60545 1.61086 1.61422
5 1.19935 1.22684 1.19190 1.21983 1.21707 1.24481

6 1.00000 1.05125 1.00000 1.03349 1.05125 1.05125

7 1.00000 1.00000 1.00000 1.00000 1.00000 1.03349

Xk 8 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
( i n  ß ) 9 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000

10 0.43173 0.45526 0.62427 0.63892 0.64810 0.66179
11 -0 .4 3 1 7 3 — 0.40875 — 0.17303 -0 .1 7 2 0 8 —0.15809 -0 .1 5 6 8 3
12 -0 .0 0 0 0 0 —0.95125 — 1.00000 -0 .9 6 6 8 8 — 0.95125 -0 .9 5 1 2 5

13 -1 .0 0 0 0 0 — 1.00000 — 1.00000 -1 .0 0 0 0 0 — 1.00000 —0.96688

14 -1 .0 0 0 0 0 -1 .0 0 0 0 0 — 1.00000 -1 .0 0 0 0 0 — 1.00000 -1 .0 0 0 0 0

15 -1 .0 0 0 0 0 — 1.00000 — 1.00000 -1 .0 0 0 0 0 — 1.00000 — 1.00000'

16 -1 .1 9 9 3 5 — 1.17355 — 1.11291 -1 .0 8 1 0 3 — 1.07965 -1 .0 4 7 1 1
17 -1 .5 7 1 8 4 — 1.56332 — 1.31826 -1 .2 9 6 6 2 — 1.31314 -1 .2 9 1 4 9
18 -2 .0 0 0 0 0 — 2.00000 - 2 .0 0 0 0 0 -1 .9 8 4 1 2 -2 .0 0 0 0 0 -1 .9 8 0 1 3

19 -2 .0 8 3 9 7 —2.04783 — 2.04340 -2 .0 2 3 7 7 — 2.00041 -1 .9 8 4 1 2
20 -2 .3 5 8 2 9 — 2.35400 — 2.12974 -2 .1 0 3 9 1 -2 .1 2 6 3 6 -2 .1 0 0 5 1

Let us first consider the energies (Table II). The schematic representa­
tion of the MO’s of these systems (Fig. 4 and Table II) shows that the fourfold 
degeneracy of TPE (к =  6, 7, 8 and 9) is eventually removed in DPPH (2) 
by the introduction of the N 0 2 groups (к  =  6) and the AIP parameters (fe =  7). 
The AIP parameters remove also the characteristic values of 2ß (к =  3). The 
orbital energy of the unpaired electron (к =  11) gradually decreases to attain
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Fig. 3. System atic  perturbation o f  the ’’basic skeleton”  T PE

SfloK0\ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 10 17 18 19 20
l + 4- .4- 4- 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 +
2 4 + 4- - f 4 4 4 4 4 4 4 4 4
3 4- 4- - f 4- 4 4 О О О О О О О О
4 - —- - - 4 - - ——- 4 - - - - - 4 4 4~
5 4- - — - 4 4 4 - - - 4 4 - 4 4- 4 — — — 4
6 О О О О ОО О О О О О О 4 4 о - — О О О
7 - + 4- 4 - —4 - - - 4 4 О О о О О О О О
8 - - О 4- 4 О О О О О О О О О о о о О О О
9 О О О О О о 4 4 о - - О О О о о о о о О
10 4- - - - 4 4 4 - - - 4 4 4 - - — 4 4 - -
11 ——4- - - 4 - - 4 - - 4 4 4 - 4 4 — - 4
12 О о О О О О О О О о О О - 4 о - 4 О о О
1» 4- 4- - 4- 4 - — - 4 - - 4 О О о О О о о О
1 1 4- — О 4 — О 4 - О4 - О О О о о О о о о
15 — 4- о - 4 о 4 - О 4 — О О О о о О о о о
16 4- 4- — 4 4 - 4 4 - 4 4 - 4 4 - 4 4 - 4 4
17 4- 4- - 4 4 - 4 4 - 4 4 - - - 4 - — 4 — 4-
18 - 4- — + - 4 4 - 4 - 4 — О О О О О О О О
19 4 — 4- - 4 - 4 - 4 — 4 - 4 - 4 - 4 — 4 4
20 4 — 4- — 4 — 4 - 4 — 4 - — 4 - 4 - 4 — 4

F ig. 4. Schem atic representation  of molecular orbitals o f T P E , D P P E , T PH  and D P P H
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its smallest (that is the most stable) value in DPPH. Also the other orbitals 
are getting stabilized (к =  1, 2, 4, 5 and 10) on going towards DPPH (2). 
For the better understanding of symmetry relations, the molecular orbitals 
are shown for benzene too (Fig. 5).

It is apparent from Table III that in the TPE skeleton the spin den­
sity at carbon 19 is not the same as that at carbon 20. In the introduction of 
the N 02 groups (DPPE), the charge distribution changes according to the ori-

Чдо
мо\ 1 2 3 4 5 6

1 +  "h 4" H---- 1---- h
2 - 4 - 0 -------- О
3 4 - --------------4 - 4 -
4 ------------1----------- +

5 4 -  -  О  4 -  -  О
6 -  4 -  -  4 -  -  4-

Fig. 5. Schem atic representation of МО-s o f benzene

entation effect of the N 02 substituents. On the introduction of the N-s (TPH), 
both the charge and the spin density at the atoms 19 and 20 attain the orders 
of magnitude characteristic of DPPH.

The results of the calculations are given in such detail because the data 
seem to suggest a possible direct relationship between the calculated spin 
densities and the measured coupling constants. It seems that the uncertain­
ties, referred to by R. J. W a l t e r  [22] as being “so great that one cannot be 
certain that the larger coupling constant associated with nitrogen 19 really 
means that the unpaired electron density in the 2pz orbital at atom 19 is great­
er than that at 20” , are not so great after all. The uncertainty of [22] seems 
to be due to the unsuitable inclusion of the N 02 groups. Reproducing the cal­
culation with the artificial parameter used in [22] the system was found to be 
overstabilized since 16 from the 26 МО-s are bonding and only 10 antibonding.

The variations of spin densities in DPPH with the values of aN and A 
are listed in Table IV. The trend of the variations is well apparent. Any further 
analysis, however, would seem purely speculative in lack of sufficiently accu­
rate experimental data.

Summarizing, it can be said that results in fair agreement with the meas­
ured values are obtained by the DPPH calculations performed with the follow­
ing assumptions:

a) In DPPH free radical the pi-electronic structure is affected by the 
T\02 substituents primarily through the inductive effect, but they do not 
enter into conjugation with the pi-electron system.

b) Both of the central nitrogens in DPPH are in the sp2 hybrid state.
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Table II I

Charges and sp in  densites o f  systematically perturbed T P E

(parameters are listed in  Table I)

к TPE DPPE TPH 1) TPH(2) D PPH (l) DPPH(L)

1 1.0000 0.9964 0.9804 0.9685 0.9776 0.9658
2 1.0000 1.0001 0.9998 1.0005 0.9998 1.0005
3 1.0000 0.9967 0.9789 0.9705 0.9762 0.9678
6 1.0000 1.0006 0.9934 1.0263 0.9936 1.0264

13 1.0000 1.0453 0.9870 0.9758 1.0318 1.0203

q k 14 1.0000 0.9606 0.9994 1.0001 0.9600 0.9607
15 1.0000 1.0452 0.9838 0.9758 1.0288 1.0215
18 1.0000 0.9695 0.9879 1.0199 0.9566 0.9887

19 1.0000 1.0092 1.1330 1.1308 1.1415 1.1393
20 1.0000 0.9837 1.0568 1.0519 1.0404 1.0358

1 0.0491 0.0502 0.0448 0.0455 0.0458 0.0463
2 0.0028 0.0025 0.0004 0.0004 0.0003 0.0003
3 0.0597 0.0598 0.0462 0.0469 0.0469 0.0475
6 0.0220 0.0200 0.0031 0.0031 0.0026 0.0026

13 0.0724 0.0697 0.0499 0.0507 0.0485 0.0498
14 0.0041 0.0056 0.0004 0.0004 0.0009 0.0009
15 0.0881 0.0869 0.0514 0.0522 0.0505 0.0518
18 0.0325 0.0438 0.0034 0.0034 0.0074 0.0075

19 0.2120 0.1959 0.2978 0.2946 0.2847 0.2808
20 0.1436 0.1523 0.2677 0.2646 0.2754 0.2721

1 0.0491 0.0504 0.0482 0.0489 0.0494 0.0499
2 0.0028 0.0025 0.0004 0.0004 0.0004 0.0004
3 0.0597 0.0601 0.0498 0.0505 0.0507 0.0513
6 0.0220 0.0204 0.0041 0.0040 0.0035 0.0034

13 0.0724 0.0687 0.0541 0.0549 0.0516 0.0528

Q'k 14 0.0041 0.0055 0.0005 0.0005 0.0010 0.0010
15 0.0881 0.0854 0.0559 0.0567 0.0539 0.0552
18 0.0325 0.0427 0.0045 0.0044 0.0089 0.0088
19 0.2120 0.1987 0.2794 0.2762 0.2684 0.2646
20 0.1436 0.1523 0.2486 0.2456 0.2566 0.2535

c)  Qk is not directly proportional to the measured splitting constant 
owing to the negative spin densities. However, the spin densities q\!’M or 
obtained b y  the M c L a c h l a n  method can be directly related to the measured 
values. According to [23] the nitrogen splitting A N seems to be proportional 
to the calculated unpaired electron density on the nitrogen and the theoretical
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Table IV

Variations o f  M cL a c h l a n ’s sp in  densities в^ ,м  and o f D P P H  with адг and A

0,3 ay =  0,4 ay =  0,5

\  я
h \ 1.00 1.10 1.20 1.00 1.10 1.20 1.00 1.10 1.20

1 0.0532 0.0538 0.0544 0.0536 0.0543 0.0549 0.0541 0.0547 0.0552

2 - 0 .0 1 8 4 - 0 .0 2 0 3 -0 .0 2 2 3 - 0 .0 1 8 9 -0 .0 2 0 9 —0.0229 -0 .0 1 9 5 - 0 .0 2 1 6 - 0 .0 2 3 6

3 0.0563 0.0567 0.0571 0.0541 0.0543 0.0544 0.0520 0.0520 0.0519

6 - 0 .0 1 2 6 -0 .0 1 4 8 - 0 .0 1 7 2 - 0 .0 1 7 9 - 0 .0 2 0 6 - 0 .0 2 3 4 -0 .0 2 2 9 -0 .0 2 6 0 - 0 .0 2 9 2
вн ,м  13 0.0689 0.0705 0.0721 0.0665 0.0681 0.0696 0.0642 0.0657 0.0673

14 -0 .0 2 0 2 - 0 .0 2 2 4 - 0 .0 2 4 6 -0 .0 2 0 1 - 0 .0 2 2 2 - 0 .0 2 4 4 - 0 .0 1 9 9 - 0 .0 2 2 0 0.0241

15 0.0753 0.0759 0.0786 0.0695 0.0709 0.0723 0.0644 0.0656 0.0668
18 —0.0040 -0 .0 0 6 1 -0 .0 0 8 2 - 0 .0 1 0 6 — 0.0129 - 0 .0 1 5 3 - 0 .0 1 6 2 - 0 .0 1 8 8 - 0 .0 2 1 3

19 0.3428 0.3509 0.3591 0.3519 0.3605 0.3693 0.3589 0.3680 0.3775

20 0.2617 0.2643 0.2672 0.2852 0.2890 0.2932 0.3079 0.3130 0.3185

20
19

0.76 0.75 0.74 0.81 0.80 0.79 0.86 0.85 0.84

1 0.0561 0.0568 0.0576 0.0582 0.0590 0.0598 0.0605 0.0613 0.0622
2 - 0 .0 1 9 0 - 0 .0 2 1 0 -0 .0 2 3 1 —0.0199 — 0.0220 -0 .0 2 4 1 - 0 .0 2 0 8 -0 .0 2 3 0 - 0 .0 2 5 2
3 0.0605 0.0611 0.0616 0.0599 0.0603 0.0607 0.0596 0.0599 0.0602

6 -0 .0 1 1 0 - 0 .0 1 3 2 -0 .0 1 5 5 - 0 .0 1 6 5 -0 .0 1 9 1 -0 .0 2 1 8 - 0 .0 2 1 8 -0 .0 2 4 8 - 0 .0 2 7 8

13 0.0714 0.0730 0.0747 0.0703 0.0719 0.0736 0.0693 0.0709 0.0726

и - 0 .0 2 1 4 -0 .0 2 3 7 - 0 .0 2 5 9 - 0 .0 2 1 6 - 0 .0 2 3 9 -0 .0 2 6 1 - 0 .0 2 1 8 - 0 .0 2 4 0 - 0 .0 2 6 2

15 0.0792 0.0809 0.0826 0.0748 0.0764 0.0779 0.0704 0.0718 0.0731

18 - 0 .0 0 3 0 -0 .0 0 5 1 -0 .0 0 7 2 -0 .0 0 9 5 - 0 .0 1 1 8 -0 .0 1 4 1 -0 .0 1 5 3 -0 .0 1 7 8 - 0 .0 2 0 3

19 0.3298 0.3374 0.3452 0.3325 0.3405 0.3486 0.3328 0.3411 0.3497
20 0.2469 0.2491 0.2615 0.2652 0.2684 0.2719 0.2825 0.2869 0.2915

20
19

0.75 0.74 0.73 0.80 0.79 0.78 0.85 0.84 0.83
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Table V

Computed, and measured unpaired electron densities Qk on two central N  atoms o f  D P P H  free radical

к

B e r s o h n

[3]
B row n

0-1 
et al.

A n d e r s o n
[4b]

W a l t e r * [22] 
“ sy s te -  “ o p ti-  
m a tic ”  m u m ”

DPPH** E x p erim en ta l values

ek

1 ^ Íi ^

eк e"
„ Н .М
ek , p i( in  gauss)

[2]
(in  gauss)

19 0.1518 0.300 0.464 0.432 0.191 0.277 0.352 9.35 +  0,20 9 .9 0 + 0 .2 0

20 0.1416 0.266 0.464 0.109 0.147 0.259 0.285 7 .8 5 + 0 .2 0 7.63 +  0.20

20
19

0.93 0.89 1.00 0.25 0.77 0.94 0.81 0.84 0.77

( q h  =  H iicKEL-type calc., n H 'M  —  McLACHLAN-type calcu la tion )
* Including the N 0 2 groups of the picryl ring.

** This paper (McL a ch la n ’s A =  1.00, Coulomb parameter a.N =  0 .4, resonance param eter  
ßcN  =  ° -80* AIP values a 13 15; 17 =  0.10, a6, 12, 18 =  0.10).

estimates of the contributions to the splitting from spin densities on adjacent 
atoms indicate that they should be small. Then the M c C o n n e l l  relation 
A n =  QQk’M or A n =  к == 19, 20, see [24]) gives for the proportionality
factor Q =  26 — 28 (see Table V and [26]). As far as we know, the measured 
splittings of the ring-protons has not been specified so far, even the first partial 
resolution of the proton hyperfine splittings reported by D e g u c h i  [25] has 
not been included in the Atlas of Electron Spin Resonance Spectra edited by 
В. H. J. B i e l s k i  and J. M . G e b i c k i  in 1967.

The calculations were performed on the ICT 1905 computer of the Cen­
tral Research Institute for Physics with the use of a Fortran IV program. The 
listing of the Fortran program was made available by the courtesy of Professor 
R. J. M y e r s  (D. H. L e v y , Ph. D. T h e s i s , UCRL 11864, January 1965). The 
original program written for IBM 7094 computer was rewritten and slightly 
modified for ICT 1905 computer.

*

Thanks are due to  Drs. I. K ósa-Som ogyi and M. G é c s -E rő  for suggesting th e  
problem  and for their helpfu l interest. A uthor is greatly ind eb ted  to  Dr. J . L a d ik  for  
reading the m anuscript.
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THE CRYSTAL STRUCTURE OF 
POTASSIUM THIOSULPHATE 1/3 HYDRATE

L. C s o r d á s

( Institu te o f E xperim ental P hysics, L . Eötvös University, B udapest)  

R eceived O ctober 24, 1968

The structure of potassium  th iosu lphate  1/3 hydrate, K ,S ,0 3- 1/3 H20  was deter­
mined. The crystals are m onoclinic, space group P  2,/c. The u n it cell parameters are

a =  9.389 ±  0.005 Á 6 =  6.006 +  0 .006/1
c =  30.98 +  0.01 1  ß =  98° 22' +  3', Z =  12

The (010) projection of the structure w as determ ined by direct m ethods, the y j  coordi­
nates o f the atom s were determ ined w ith  th e  aid of the system  o f linear structure factor 
equations and of the generalized projection o f  the electron density. The three dim ension­
al refinem ent was carried out by the Cr u ic k sh a n k  (o0 —  o c )  synthesis from 2500 
independent reflections. Anisotropic tem perature factor was calculated . The final R  
factor was 0.13 and 0.15 including the unobserved reflections too . The bond distances 
and bond angles o f the S20 3 tetrahedra are in good agreem ent w ith  the m ean values 
found in other known thiosulphate structures. The H20  m olecules form  a screw line  
around the screw axes.

Introduction

Although crystal structures of several thiosulphates have been published 
(Taylor  and B eevers , 1952; Sándor  and Csordás, 1961; N ar d elli, Fava 
and Gir a ld i, 1962; N ardelli and F a v a , 1962) [1—4], in these crystals the 
asymmetric unit of the unit cell contains only one S20 3 group. In the Institute 
of Experimental Physics the structure analysis of K2S20 3T/3 H20  was per­
formed. The volume of the unit cell for this crystal is larger than for any of 
the others, and the asymmetric unit contains three S20 3 groups.

Experim ental procedure and crystal data

The single crystals of K2S20 3T/3 H20  were grown by the slow evapora­
tion of the aqueous solution in a thermostat set at 70°C. The material was 
purified by repeated crystallization. The single crystals were colourless, a 
little elongated prisms.

The density of the crystals was determined by flotation in a mixture of 
bromoform and ethylene bromide at 24°C. The measured density is 2.262 
A  0.002 gem ~3.

The unit cell dimensions and space group were obtained from Laue, 
oscillation and Weissenberg photographs (with Cu Ka radiation).

4 Acta Chim. Acad. Sei. H ung. 62, 1969
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Crystal data [5]:
K2S20 3-l/3 H20 , M  =  196.32
a =  9.389 ±  0.005 Á 
b =  6.006 ±  0.006 Ä 
c =  30.98 ±  0.01 Á 
ß =  98° 22' ±  У  
V  =  1728 ±  1 Á3 
Z =  12
Dm =  2.262 ±  0.002 gem ~3 
Dx =  2.263 gem _3 
fi =  275 cm 
F  (000) =  1168

Space group P2x/c — Cfft (uniquelly determined from systematic absences).
The intensity data were obtained photometrically and by visual estima­

tion from 3 — 3 levels around [100] and [010] axes, from integrated and usual 
equi-inclination Weissenberg photographs with multiple-film method. From 
these photographs 2500 independent reflections were determined with 1560 
non-zero intensities. The limits of the intensities for the non-ohserved reflec­
tions were estimated in the usual form.

The set of the relative intensities was corrected for Lorentz and polari­
zation factor and converted to absolute values by the statistical method of 
Wilson. The isotropic temperature factor was found В  =  1.86 Á -2.

Structure analysis

First the P(u, w), P(v, w) Patterson projections and the two Harker 
sections [(u, 0, iv) and (и, 1/2, te)] were calculated. The first section showed 4 
great peaks and the second section showed 6 great peaks together with many 
lower maxima. From these patterns we could not find the positions of the S20 3 
groups and the potassium atoms.

The structure analysis was solved by the direct phase determination. 
As the crystal has a centre of symmetry, we had to find only the signs of the 
structure factors. The Harker—Kasper inequalities were not useful for the 
sign determination, as the average value of the absolute values of the unitary 
structure factors was very small. Next the signs of the structure factors of the 
(2Л, 0, 21) type were derived using the formula Е г given by H a u p t m a n  and 
K a r l e  for the space group P2x/c [6]. In this way four signs could be determined 
with the probability, greater than 0.9. In our space group three signs can be 
specified arbitrarily, which are linearly independent. Investigating the triple 
products of the normalized structure factors for the statistical equation of 
S a y r e  and Z a c h a r i a s e n  [7, 8], three large structure factors [(2,1, 4), (1, 0,
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10), (1, 2, 5) ] most often appearing in the triple products were assigned by' 
positive signs. With the aid of these seven known signs the statistical equations 
gave two new signs. In this calculation and in the following one only those 
signs were accepted for which the probability was greater than 0.98. At this 
stage the signs of 12 other structure factors were specified with letters. Writing 
these into the table of the triple products, first we got signs in letter form, the 
meaning of which could be fixed step by step later from the relations found 
among them. As the meaning of each letter was determined, we knew alto­
gether 55 signs. Further the investigation of this statistical equation was carried 
out on the computer type Ural-2, first for 350 structure factors of unknown 
sign. The computer printed the new signs, their probability, the number of 
the positive and negative relations found, transferred the data of these reflec­
tions into the set of the known reflections and striked them out from the un­
known one. In this way 132 new signs were determined. Later from 150 other 
structure factors we got 28 further new signs, so finally we had altogether 215 
known signs. From these 93 signs belonged to the (010) projection and 46 signs 
to the (100) projection. Knowing the final calculated structure factors, it 
seemed, that only 4 signs were incorrect among the 215 ones.

Using the signs determined and the absolute values of the observed struc­
ture factors, we calculated the (010) Fourier projection of the electron density. 
After a few attempts we could build up from this projection an approximate 
model of the structure in two dimensions. It was refined first by calculating 
the structure factors, the projection of the electron density and of the ( F 0 — F c) 
synthesis and later by the differential synthesis in six cycles. In this stage 
the value of the reliability index was 0.18 for all (h0/) reflections.

The determination of the third (yj) coordinates of the atoms was not 
successful from the (100) projection of the electron density. The 46 known signs 
were very few for the good resolution, though each sign was correct. This prob­
lem was solved with two methods:

a) The system of the linear structure factor equations [9, 10]. In the 
space group P 2Jc the structure factor has the form

N '  4
F(hkl) =  4 • y f j  cos 2 n(hxj -(- Izj) • cos 2 л к у ,

p x
к -\-1 =  2n

and
N l i

F(hkl) =  — 4 • y f j  sin 2 n(hxj -j- hj) ■ sin 2 nkyj
P

к -f-1 =  2n -)- 1.

If we know two coordinates of the atoms (xj, zj) and if we hold к =  const., 
then we can write a system of linear equations for cos 2л kyj and for sin 2л  kyj. 
The constants of the equations are the observed structure factors. If we don’t

4* Acta Chim. Acad. Sei. Hung. 62, 1969
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know their signs, we choose the unobserved reflections (puting F  =  0) except 
one, the sign of which can be specified arbitrarily. If we know the signs of some 
of the structure factors (for instance from the direct method), then we can 
write those into the equations. As the observed structure factors have errors 
from the measurements, we used not only 22 equations for the 22 unknown 
coordinates, but 48 equations and the system of this linear equations was 
solved by the least square method.

b)  The generalized projection of the electron density. As it is well known, 
the (010) projection of the electron density can be calculated from the F(h0l) 
structure factors. If we put F(hKl) as amplitudes into the Fourier series (where 
К  is a const., in our case К  =  1), we get the generalized projection of the elec­
tron density. The original maxima appear here weightened by cos 2лK yj. 
So from the conventional and from the generalized projections we can obtain 
the third coordinates (yf) of the atoms.

Comparing the results of these two methods, we could find the approxi­
mate coordinates, i.e. the whole three-dimensional model.

Table I
F in a l  a to m ic  coordinates a n d  th e ir  sta n d a rd  devia tions

x /a y lb z /c

S i 0 .8 3 3 7 (8) 0 .1 7 7 0 (9 ) 0 .0 0 9 4 (2 )

s . 0 .2 6 2 5 (9) 0 .9 6 7 8 (9 ) 0 .1 2 0 2 (2 )

S 3 0 .6 7 9 6 (8) 0 .7 4 4 2 (1 1 ) 0 .1 6 8 6 (2 )

S4 0 .7 1 8 5 CO 0 .3 2 5 6 (9 ) 0 .0 5 0 7 (2 )

S5 0 .2 6 0 2 (7) 0 .6 3 7 7 (9 ) 0 .1 2 6 1 (2 )

S 6 0 .8 4 0 5 (7) 0 .9 0 6 6 (1 0 ) 0 .2 0 4 9 (2 )

O i 0 .5 7 0 0 (37) 0 .2 7 0 7 (3 9 ) 0 .0 4 4 3 (8 )

0 , 0 .7 3 4 1 (36) 0 .5 6 3 0 (4 9 ) 0 .0 4 5 3 (7 )

0 3 0 .7 8 5 2 (3 0 ) 0 .2 7 2 6 (3 7 ) 0 .0 9 4 8 (7 )

0 4 0 .1 2 4 7 (23) 0 .5 5 4 2 (3 6 ) 0 .1 0 5 8 (6 )

0 5 0 .2 8 0 9 (21) 0 .5 7 7 6 (3 0 ) 0 .1 7 3 0 (1 0 )

0 „ 0 .3 6 9 9 (27) 0 .5 4 9 5 (2 5 ) 0 .1 0 4 6 (6 )

0 , 0 .8 7 5 3 (2 4 ) 0 .7 9 2 8 (4 9 ) 0 .2 4 6 8 (9 )

0 8 0 .9 6 2 5 (25) 0 .8 9 2 3 (3 5 ) 0 .1 8 0 8 (6 )

0 „ 0 .7 9 2 8 (1 7 ) 0 .1 4 2 2 (3 1 ) 0 .2 1 0 2 (5 )

0 .5 5 6 9 (7) 0 .2 4 8 8 (9 ) 0 .1 5 2 4 (2 )

K 2 0 .9 1 1 4 (7) 0 .8 6 0 5 (9 ) 0 .0 9 3 9 (2 )

K 3 0 .2 4 9 5 (7) 0 .9 2 0 3 (9 ) 0 .2 2 7 4 (2 )

K 4 0 .4 9 5 0 (7 ) 0 .8 0 7 9 (9 ) 0 .0 5 2 7 (2 )

K 5 0 .1 9 3 0 (8) 0 .3 1 8 1 (8 ) 0 .0 3 6 5 (2 )

K 0 0 .9 9 0 4 (7) 0 .3 9 1 6 (9 ) 0 .1 7 3 1 (2 )

H 20 0 .4 5 9 0 (2 1 ) 0 .3 0 8 2 (3 4 ) 0 .2 3 5 8 (5 )
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R efinem ent o f the structure

I n  th e  th ree -d im en sio n a l m odel th e  (Xj, zj) coord inates o f  th e  a tom s w ere 
m o re  a c cu ra te  th a n  y }, th e re fo re  f irs t  o n ly  th e  3 7  coo rd inates w ere re fin ed  b y  
th e  th ree -d im en sio n a l d iffe ren tia l syn th esis  in  th ree  cycles. A fte r  th is  th e  re fin e ­
m e n t o f  th e  w hole s tru c tu re  w as p erfo rm ed  in  th ree  steps. F ir s t  th e  xj,  y j ,  Zj 
co o rd in a te s  w ere re fin ed  b y  th e  Cruickshanic  (p 0 — gc) sy n th es is  [1 1 ] in ­
d e p e n d e n tly  (i.e. fro m  th e  d iagonal o f th e  m a trix ) in  fo u r cycles, th e re a f te r  
th e  ca lcu la tio n  o f  th e  re fin em en t from  th e  fu ll m atrices o f  th e  coord inates 
w as m ad e  again  in  fo u r cycles. F in a lly  an iso tro p ic  te m p e ra tu re  fac to rs  were 
ca lcu la ted . The f in a l re lia b ility  in d ex  w as R  =  0.13 for th e  o b se rv ed  reflec tions 
o n ly  a n d  R '  =  0.15 in c lu d in g  th e  u n o b se rv ed  reflections to o . T h e  f in a l a tom ic  
c o o rd in a te s  an d  th e ir  s ta n d a rd  d ev ia tio n s [12] are  rep o rted  in  T ab le  I .  T ab le  I I

Table I I

A nisotropic thermal parameters

bn 2̂2 bs . io< bn bn 2̂3

s x 36.80 50.89
C*

- 1 .3 5 20.34 12.31 - 3 .5 8
s . 14.30 15.70 —2.20 35.49 4.57 - 4 .7 9

S3 11.05 2.00 - 0.57 178.2 - 4 .0 4 2.60
s 4 2.95 21.60 - 2.45 33.35 5.85 - 3 .0 6

S5 10.03 73.62 - 4.75 - 3 3 .0 5 6.32 - 2 .3 0

Se — 6.00 28.66 - 5.22 131.7 1.52 — 1.29

Or 19.29 147.8 1.79 - 6 .0 4 - 4 .9 9 9.01
0 2 76.29 70.90 0.19 — 231.6 7.02 24.53

0 3 16.58 186.5 — 1.44 179.6 20.45 —22.10
o 4 - 2 0 .2 3 66.14 2.74 —20.74 11.27 - 1 0 .7 3
o 5 - 6 1 .5 4 - 3 5 .5 3 0.72 316.2 11.48 3.47

0 G - 5 .7 7 64.19 0.0 — 175.4 - 3 1 .9 3 - 9 .7 7
0 7 13.32 95.64 5.17 40.61 6.21 - 3 0 .9 7
Os - 4 6 .6 1 — 81.04 0.0 381.4 36.09 52.30
0 9 — 43.50 - 6 0 .6 3 - 1 .0 0 279.0 — 1.43 5.13

K t - 5 .0 2 14.37 0.10 139.7 — 12.19 7.59
K 2 10.63 75.79 - 2 .6 4 91.96 — 10.20 6.80
K 3 10.70 67.46 —2.15 102.9 — 1.23 2.54

K 4 - 5 .6 1 65.83 1.22 173.8 14.19 1.11
K 5 46.31 46.71 - 1 .5 2 124.9 6.53 4.07
K 6 14.96 67.93 - 0 .7 5 86.45 — 20.30 12.17
H ,0 - 6 .3 7 115.9 4.32 - 1 0 1 .2 8.87 - 1 6 .2 6
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shows the anisotropic thermal parameters, which are the differences compared 
to the isotropic value, as they were calculated from the structure factors cor­
rected by the isotropic temperature factor. The b’s were used in the expression:

exp[ — (iijjh2 622^2 +  Ь33Г- +  b12hk bl3hl -f- b23kl)].

Discussion of the structure

The structure is shown in projection along the b axis in Fig. 1. The di­
mensions of the three S20 3 groups are reported in Table III. The mean values 
of the bond distances and bond angles with their mean errors [13] are:

Si S2: 1.998 ±  0.01 Á
S i-O : 2.820 ±  0 .0 2  Á
S2 - 0 : 1.450 ±  0.02 Á
O -O : 2.378 ±  0.03 Á
S i - S 2- 0 : 108.8 ±  1 .0 °
O —S2—0: 110.1 ±  1.3°

e
C /2

F ig. 1. The arrangem ent o f atom s in  the half o f  the unit cell v iew ed  along [010]. The y j  coordi­
nates are indicated in  Á units. The fu ll lines show the inner bonds of the S 20 3 tetrahedra
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As T ab le  IY  show s, o u r re su lts  are in  a good ag reem en t w ith  th e  m ean  values 
found  in  th e  o th e r th io su lp h a te s  o f know n s tru c tu re s . T h e  d ev ia tio n s  from  th e  
reg u la r te tra h e d ro n  a re  less th a n  in  th e  earlie r in v e s tig a tio n s , so th e y  do n o t 
seem  to  be sig n ifican t.

T h e  n ea re s t n e ig h b o u rs  a ro u n d  th e  К  a to m s do n o t fo rm  a n y  reg u la r 
a rra n g e m en t. T he d is tan ces  b e tw een  th e  К  a to m s a n d  th e ir  n e a re s t neighbours

Tabic III

The bond distances and the bond angles in the three S20 3 groups

(S.O,), (S20 3)2 ( Ш

S t— S2 2.001 Á 2.001 Ä 1.992 Á

S i - O , 2.790 2.775 2.775

S i - 0 2 2.808 2.835 2.806

Si 0 3 2.898 2.848 2.848

S2 Ot 1.419 1.459 1.409

S2—0 2 1.446 1.461 1.425

s 2- o 3 1.452 1.500 1.481

0 ,  — 0 , 2.325 2.386 2.308

Oi 0 3 2.334 2.456 2.369

0 , —0 3 2.368 2.458 2.393

Sj—S2 —o , 107.0° 105.6° 108.1°

S j— S2—0 2 107.8 108.0 109.3

Si s 2 0 3 114.8 109.0 109.3

Ot—S2—0 2 106.7° 109.6° 109.1°

Oj—S2—0 3 109.1 112.1 109.2

0 2—S2-~ 0 3 111.1 112.3 111.7

Table IV

Distances and angles in  the S 20 3 group o f the known thiosulphate structures

Na2S20 3 • 5HzO Na2S20 3 MgS2Os • 6H,0 BaS20 3 • H20 K2S20 3 • 1/3H20

Si S2 1.97 Á 2.01 Á 2.02 A 1.96 A 2.00 A

S , - 0 2.78 2.84 2.85 2.75 2.82

S2- 0 1.48 1.47 1.48 1.51 1.45

оc

2.45 2.41 2.44 2.34 2.38

St S2 0 104° 108.4° 108.5° 110.1° 108.8°

0 - S 2- 0 - 1 1 5 110.6 111.0 108.6 110.1
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a re  as follows (w hen th e  co o rd in a tes  are  n o t in d ica ted  th e  a to m  is a t  x,  y ,  z)
K 4—S3: 3.20 Á
K 4—S2 (x, у  -j- 1, z): 3.27 Á
K i— S3 ( x , y  +  1, 2): 3.26 Á
K 4— 0 3: 2.99 Á
K 4—0 6: 2.79 Á
K 4- 0 9 ( x , y  +  1, 2): 2.71 Á
K 4 — H 20 :  2.89 Á
K 2—S3: 3.47 Á
K 2—S4 (x, у - f  1, 2): 3.23 Á
K 2- S 2 (x — 1 , y ,  2): 3.34 Ä
K 2- 0 2: 2.74 Á
K 2- O g: 2.67 Á
K „— 0 3 ( x , y  +  1, 2): 2.75 Á
K 2- 0 4 ( x -  l , y , z ) :  2.71 Á
K 3- S 2: 3.35 Á
K 3—S3 (1 — x,  1/2 +  y ,  1/2 — 2): 3.74 Á
K 3- 0 5: 2.70 Á
K 3- 0 7 (1 -  * , 1/2 +  y ,  1/2 -  2): 2.70 Á
K 3— 0 9 (1 -  *, 1/2 +  y ,  1/2 -  2): 2.63 A 
K 3- 0 8 (x -  l , y , z ) :  2.87 A
K 3 — H 20  (x, у  +  1, 2): 3.04 A
K 3- H 20  (1 -  1/2 +  y ,  1/2 -  2): 2.89 A
K 4 — S2: 3.37 A
K 4 —S3: 3.77 A
K 4 —0 2: 2.72 A
K 4—0 6: 2.63 A
K 4- O x ( x , y +  1, 2): 2.89 A
K 5—S2 (x, у  +  1, 2): 3.33 A
K 5 —S 4 (x — 1, y ,  2): 3.46 A
K5 — S1 (1 — y,z)-.  3.29 A
K 5— 0 4: 2.73 A
K 5 — 0 6: 2.85 A
K 6- S 3: 3.59 A
K e — 0 9 (x, у  -(- 1, 2): 2.76 A
K 6 —0 4 ( x -  l , y , z ) :  2.77 A
K 6— 0 5 (x — 1, y ,  2): 2.95 A
K 6—0 8: 3.03 A
K e — 0 8 (x, у  +  1, 2): 3.02 A

T he m ean e rro rs in  th e  d is tan ces  betw een  th e  К  — S a re : ^  0.01 A, be­
tw een  th e  K —O: ^ 0.02 A.
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Table V
Observed and calculated structure factors (j IO)

The signs o f the observed structure factors were determ ined by the direct m ethod. U nobserved  
reflections are ind icated  by an asterisk

10 • F j 10 • Fc 10 • F0 10 • Fc 10 • F0 10 ■ Fc

l 0 0 l 37 — 850 -  862 15 226 — 313
2 — — 88 38 — 655 -  609 16 * 170 201
4 300 -  402 17 468 576
6 200 145 0 2 1 18 537 — 717
8 400 -  453 0 1870 -1 6 6 7 19 -  695 -  908

10 600 -  719 1 +  1680 1657 20 278 —  346
12 552 -  475 2 —  1060 -  912 21 —  658 — 701
14 1760 — 1793 3 * 60 55 22 490 520
16 545 -  643 4 845 — 674 23 471 509
18 +  1880 1884 5 +  1420 1417 24 465 — 438
20 535 525 6 680 -  603 25 +  828 910
22 +  1050 1068 7 +  775 683 26 * 150 186
24 +  1260 1259 8 550 593 27 341 266
26 593 -  596 9 484 -  407 28 665 653
28 — 944 - 1 0 7 2 10 1950 1738 29 227 -  251
30 * 160 165 11 565 — 541 30 -  640 -  557
32 * 160 -  291 12 653 -  685 31 * 160 259
34 +  780 891 13 214 215 32 * 150 133
36 — 1190 - 1 3 3 9 14 * 90 38 33 * 140 155
38 — 975 901 15 435 -  553 34 822 810

16 455 521 35 * 120 53
0 1 l 17 — 988 - 1 2 6 4 36 550 663

1 400 -  275 18 * 110 31
2 580 386 19 — 555 -  755 0 4 l
3 302 -  198 20 — 1060 -1 1 7 6 0 — 565 -  591
4 500 -  364 21 396 — 494 1 189 162
5 600 508 22 —  388 — 408 2 268 225
6 — 840 -  798 23 395 421 3 - 1 4 5 0 — 1315
7 880 — 857 24 — 400 -  363 4 443 — 443
8 —  1540 - 1 5 7 2 25 * 140 196 5 - 1 3 6 0 — 1279
9 +  1740 1743 26 * 140 301 6 338 252

10 471 -  516 27 * 150 -  113 7 468 — 534
11 * 100 — 199 28 * 150 232 8 342 368
12 * 80 178 29 — 518 — 491 9 366 -  323
13 +  707 757 30 * 170 174 10 876 — 937
14 635 -  630 31 * 160 42 11 627 672
15 850 852 32 * 170 -  227 12 420 421
16 412 -  442 33 — 1060 -1 1 6 3 13 * 130 -  75
17 425 -  426 34 * 150 329 14 * 130 — 85
18 735 727 35 340 392 15 955 1099
19 * 110 179 36 * 130 38 16 * 140 — 188
20 * 110 190 37 394 390 17 +  888 1054
21 * 120 17 18 * 140 194
22 420 -  540 0 3 l 19 +  1300 1374
23 405 -  416 1 * 90 38 20 * 150 299
24 354 352 2 +  1590 1507 21 * 150 — 51
25 242 159 3 405 -  316 22 — 547 — 696
26 268 396 4 314 220 23 242 — 472
27 * 140 -  180 5 * 90 — 163 24 292 — 371
28 — 1080 -1 1 5 1 6 * 90 — 54 25 * 160 — 85
29 820 -  671 7 590 469 26 740 804
30 — 925 - 1 0 2 2 8 — 860 — 886 27 328 410
31 * 170 128 9 — 556 — 538 28 * 160 189
32 * 160 -  19 10 1540 1428 29 * 150 — 114
33 500 437 11 — 1420 — 1296 30 540 -  510
34 565 -  616 12 * 110 -  69 31 * 120 286
35 392 540 13 — 755 -  899 32 * 120 105
36 * 140 -  5 14 * 110 32 33 * 110 9



1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
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22
23
24
2 Г,
26
27
28
29
30

о
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

• F'

1264
106
165

1111
990
143
535
456
508

99
1087
616
289
621
223
352
102
104
627
750

1599
990
127
227
390
562

31
297
123

1531
1549

640
627
496

50
253

81
166
766
443
573
188
678
565
810
135

84
191
667
882
750
751

1502
593

1210
190

4

CSORDÁS: CRYSTAL STRUCTURE OF POTASSIUM THIOSULPHATE

10 • F„ 10 • Fc

0 5 1
* 140 77 1
* 140 253 2
* 140 16 3
* 140 199 4

422 -  361 5
+  1020 883 6

1050 954 7
* 140 124 8

242 — 292 9
348 329 10

+  532 496 11
* 160 296 12
* 160 91 13
* 150 — 119 14

435 411 15
765 — 853 16
920 979
415 443

* 160 — 78 - 3 8
650 664 - 3 6
390 — 406 - 3 4
528 — 423 - 3 2
276 149 - 3 0

* 150 66 - 2 8
* 150 197 - 2 6
* 140 193 - 2 4
* 130 160 - 2 2
* 120 123 - 2 0

355 — 366 - 1 8
+  1030 987 - 1 6

- 1 4
0 6 l - 1 2
* 150 — 276 - 1 0
* 150 39 -  8

+  1520 1431 -  6
* 150 245 -  4

242 407 -  2
294 479 0
680 — 634 2
292 — 242 4
445 377 6
848 818 8

* 160 — 6 10
326 185 12
664 — 737 14

1120 — 966 16
* 170 — 117 18

710 — 621 20
760 669 22

* 150 184 24
* 150 — 204 26
* 150 101 28

544 374 30
242 236 32
495 477 34
565 — 453 36

* 110 253 38

io- F„ 10 • F'

0 7 l 
* 150 142 - 3 8
* 150 131 — 37
* 150 2 - 3 6
* 150 8 - 3 5
* 150 -  218 — 34

— 1020 — 942 - 3 3
* 140 56 — 32
* 140 — 60 — 31
* 140 — 85 — 30
* 130 — 144 - 2 9

822 675 - 2 8
* 120 -  213 — 27
* 120 -  50 - 2 6
♦ n o — 124 - 2 5

566 — 470 - 2 4
* 90 — 115 - 2 3

1 0  l
- 2 2
- 2 1

— 1090 - 1 0 8 7 - 2 0
* 290 — 156 - 1 9

660 878 — 18
624 627 - 1 7

* 300 -  333 - 1 6
1300 1404 - 1 5
2060 - 1 9 5 0 - 1 4

540 -  679 - 1 3
- 1 3 0 0 — 1151 - 1 2

1310 — 1408 - 1 1
+  970 943 - 1 0
- 1 0 3 0 - 1 1 2 3 — 9
- 1 0 5 0 — 1195 — 8

655 786 -  7
+  4300 4300 — 6

465 — 445 — 5
1210 - 1 1 7 2 — 4

* 170 160 — 3
610 — 604 — 2

— 300 — 1
631 -  446 0

* 150 50 1
1630 1513 2
445 559 3
408 424 4

+  960 1067 5
333 — 268 6
885 841 7

- 2 1 1 0 - 2 2 2 5 8
* 240 158 9

M 610 1586 10
+  1580 1656 11

* 250 240 12
* 300 -  51 13

+  1900 1919 14
+  575 -  644 15
* 300 52 16

925 -  890 17
820 — 828 18
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10 • F„ 10 ■ Fe

19 598 — 543 0
20 590 — 518 1
21 870 931 2
22 1080 1110 3
23 626 -  655 4 1
24 1100 - 1 0 8 0 5
25 720 733 6
26 172 36 7
27 1140 - 1 0 9 6 8
28 705 -  666 9
29 * 180 -  150 10
30 — 1400 - 1 3 5 9 11
31 840 756 12
32 * 200 -  137 13
33 641 588 14
34 480 310 15
35 401 402 16
36 420 402 17
37 595 681 18

19
1 2 l 20

—37 380 -  158 21
— 36 351 250 22
- 3 5 445 -  562 23
—34 * 100 -  107 24
— 33 352 -  340 25
- 3 2 372 -  391 26
— 31 * n o — 8 27
- 3 0 642 — 700 28
- 2 9 * n o 253 29
- 2 8 * n o 55 30
— 27 +  2020 2229 31
— 26 389 417 32
— 25 * 100 — 196 33
- 2 4 381 456 34
- 2 3 205 170 35
- 2 2 154 193 36
— 21 465 566
- 2 0 856 1201
— 19 * 80 -  49 - 3 6
— 18 770 1031 - 3 5
— 17 234 294 - 3 4
- 1 6 825 -  912 - 3 3
- 1 5 466 -  505 - 3 2
- 1 4 701 785 - 3 1
— 13 410 — 547 - 3 0
- 1 2 * 60 — 34 - 2 9
— 11 862 — 807 - 2 8
— 10 1230 - 1 1 4 9 - 2 7
-  9 1450 1269 - 2 6
— 8 1270 - 1 0 5 1 - 2 5
-  7 210 — 208 - 2 4
— 6 148 -  129 - 2 3
-  5 +  2040 2063 - 2 2
— 4 845 — 778 - 2 1
— 3 1090 943 - 2 0
-  2 1610 1240 - 1 9
—  1 1230 — 1008 - 1 8

10 • Fe 10 • F0 10 ■ Fc

1158 - 1 7 798 800
830 — 16 * 80 -  14

— 1709 - 1 5 * 80 180
937 — 14 * 80 -  98

11 - 1 3 213 — 281
296 - 1 2 310 -  343

1168 - 1 1 430 517
229 — 10 314 -  263

— 410 — 9 266 — 270
— 455 — 8 +  1580 1409
- 1 0 5 3 — 7 286 -  282
— 607 — 6 312 — 357
— 145 — 5 107 123

1690 — 4 911 — 698
— 480 — 3 471 356
-  409 — 2 770 -  580

573 — 1 1040 698
— 76 0 1040 789

96 1 1020 -  773
-  602 2 1040 -  974

-  357 3 * 60 -  65
-  713 4 296 303
— 346 5 * 60 83
-  533 6 350 302
— 537 7 288 291

425 8 * 70 -  42
— 364 9 -1 9 0 0 - 1 5 7 5

652 10 203 — 178
— 706 11 -1 6 5 0 — 1443
— 430 12 607 565

15 13 455 -  470
468 14 930 -  965

— 259 15 120 -  156
— 445 16 334 471

633 17 278 -  362
1044 18 571 653

-  256 19 * 90 -  136
20 1460 - 1 4 2 5
21 140 178

542 22 141 225
1864 23 775 795

— 224 24 306 308
750 25 304 -  340
108 26 535 614

-  134 27 202 — 167
501 28 510 -  546

55 29 * 120 117
236 30 * n o 177
594 31 * n o -  170

22 32 292 340
266 33 900 - 1 1 5 0

— 298 34 250 -  405
— 680 35 972 - 1 1 2 0

91 36 636 621
— 748
— 1466 1 4 l

315 - 3 3 413 486
889 - 3 2 386 -  565

10 • F0

1260
1050
2060
1170

* 50
372

1440
214
494
390

1080
536
138

+  1650
576
482
546

* 130
* 130

705
475
742
352
580
701
630
422
836
585
264

* 170
493
246
451
565
725
270

1 3 ,
335

+  1810
* 90

715
*  100
* 110

455
*  110
*  120

656
* 110
*  110
* 110

706
*  100

729
1510
202
860
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■F.

‘ 100
411

1290
' 110

448
351
725

‘ 120
238
304

' ПО
! 110

489
445
541
880
238
157
404

' 90
680

1 90
; 90

268
1310

248
1080

925
133

: 80
545

1720
344
489
302
247
497

1010
326

1200
90
90

1080
828

90
620
311
171
705
173
188
595
592
535
650
200
355
120

. Acad.

CSORDÁS: CRYSTAL STRUCTURE OF POTASSIUM THIOSULPHATE

10 • Fe 10 • F,

-  4 27 * 110
424 28 * 110

- 1 6 0 4 29 1210
-  86 30 424
-  362 31 348

476 32 576
— 722
— 156 1 5 l
-  208 - 2 9 * 100

265 - 2 8 * 110
— 62 - 2 7 * 120

46 - 2 6 585
— 523 - 2 5 461
-  688 - 2 4 185

788 - 2 3 249
917 - 2 2 * 140
299 - 2 1 * 140

-  139 - 2 0 256
375 - 1 9 440

— 128 - 1 8 * 150
-  756 - 1 7 415

148 - 1 6 760
85 - 1 5 591

— 144 - 1 4 242
-1 0 1 1 - 1 3 188
-  383 - 1 2 488
- 1 0 1 0 - 1 1 550

836 - 1 0 * 100
— 204 — 9 421

148 — 8 140
-  462 — 7 383
- 1 4 6 3 -  6 625

309 -  5 440
442 — 4 * 100

-  155 — 3 220
194 — 2 170

— 387 — 1 * 100
— 879 0 * 100

207 1 440
1080 2 * 100

-  28 3 382
-  106 4 441
— 974 5 626
-  909 6 384
— 254 7 385

618 8 835
-  300 9 545

129 10 448
653 11 189
181 12 244
137 13 910

-  476 14 460
588 15 * 110

-  505 16 455
622 17 204

-  176 18 262
338 19 256
181 20 * 110

10 • Fc 10 • F0 10 • Fc

l i 21 645 -  550
12 22 * 110 186

— 1277 23 540 487
— 510 24 1039 — 1014

394 25 717 — 742
663 26 625 592

27 * 90 201
28 565 751

-  67 29 658 523
-  218
-  109 1 6 l

712
757 - 2 5 895 1031

— 327 — 24 833 -  851
-  291 - 2 3 738 838
— 123 — 22 874 -  857

105 — 21 261 -  362
-  343 — 20 * 120 176
— 284 - 1 9 178 -  183

99 - 1 8 461 -  500
447 - 1 7 * 130 63

-  811 - 1 6 556 — 450
-  699 - 1 5 256 -  223
-  223 - 1 4 * 140 -  128
-  122 - 1 3 206 -  126

456 - 1 2 661 578
439 — 11 * 140 -  293

27 - 1 0 * 140 — 224
-  476 — 9 * 140 20
-  217 — 8 954 817

397 — 7 650 556
— 664 -  6 * 150 6
-  353 — 5 * 150 -  61
-  115 — 4 508 -  472

216 — 3 * 150 75
-  180 — 2 535 495

71 — 1 958 904
— 7 0 169 163
— 449 1 207 103

0 2 206 — 141
— 484 3 460 — 462
-  523 4 205 90

683 5 205 -  169
-  405 6 526 529

439 7 * 140 n o
890 8 * 140 — 52
563 9 536 504
466 10 * 140 — 20
128 11 * 140 -  162

— 305 12 * 150 112
843 13 518 -  401

-  430 14 444 431
124 15 193 330

-  343 16 589 — 598
393 17 461 385

— 275 18 * 130 200
— 241 19 520 — 448

164 20 512 210
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10 • F0 10 • Fc

21 190 — 302 -  2
22 684 709 0
23 119 7 2
24 651 686 4

6
1 7 г 8

16 921 855 10
- 1 5 * 90 — 231 12
- 1 4 * 100 — 133 14
- 1 3 * 110 140 16
- 1 2 * 110 — I l l 18
- 1 1 * 110 — 10 20
- 1 0 906 630 22
-  9 * 120 -  89 24

— 8 * 120 143 26
- 7 * 120 142 28

6 222 293 30
-  5 229 — 326 32
-  4 * 130 17 34
-  3 * 130 37 36
-  2 * 130 316 38
-  1 * 130 — 37

0 472 526
1 462 447 - 3 8
2 * 130 -  166 - 3 7
3 * 130 133 - 3 6
4 397 -  386 - 3 5
5 222 — 196 - 3 4
6 * 120 15 —33
7 379 — 317 — 32
8 * 120 -  146 - 3 1
9 * 120 102 - 3 0

10 * 110 107 - 2 9
11 * 110 141 - 2 8
12 273 100 - 2 7
13 * 100 — 132 - 2 6
14 290 169 - 2 5
15 206 109 - 2 4

- 2 3
2 0 l - 2 2

-  38 1130 1087 - 2 1
- 3 6 * 290 -  203 - 2 0
— 34 * 290 — 342 - 1 9
- 3 2 * 300 — 9 - 1 8
- 3 0 605 -  661 - 1 7
- 2 8 +  1200 1388 - 1 6
- 2 6 - 1 3 9 0 - 1 3 5 9 - 1 5
- 2 4 — 1980 - 1 9 5 0 — 14
- 2 2 675 — 623 - 1 3
- 2 0 605 718 — 12
- 1 8 -  815 — 821 — 11
- 1 6 - 1 0 1 0 - 1 0 3 9 - 1 0
- 1 4 362 — 453 -  9
- 1 2 862 849 — 8
- 1 0 706 934 — 7
— 8 890 892 — 6
-  6 498 576 — 5
-  4 * 170 -  203 -  4

10 ■ Fe io • F0 10 • Fc

— 475 — 3 845 636
—  1546 — 2 332 313

45 — 1 241 -  186
— 770 0 1210 -  979

340 1 1170 1110
- 3 2 9 4 2 990 -  637
— 507 3 1530 1284

2801 4 2680 2532
176 5 220 -  155
745 6 1860 1789

— 62 7 * 100 199
1176 8 256 217

483 9 1620 - 1 4 6 3
— 379 10 551 666

9 11 590 559
— 70 12 1050 1200
— 323 13 652 -  729
-  239 14 338 -  371

809 15 158 323
897 16 546 752

— 117 17 356 -  518
18 * 120 -  263
19 179 ' — 292

— 990 20 1010 - 1 1 1 5
741 21 1040 1094

1044 22 815 807
- 1 5 9 9 23 * 150 171
— 504 24 606 676

292 25 355 421
— 216 26 * 160 -  142
— 97 27 * 160 -  201
— 5 28 * 160 234
-  101 29 * 170 -  164
— 253 30 410 314
— 401 31 * 180 302
—  232 32 870 — 696
-  682 33 * 160 108
—  943 34 * 160 -  264

412 35 * 140 -  169
— 1077 36 * 130 220

485 37 663 680
—  555

650 2 2 l
1703 —37 655 959

—  280 - 3 6 * 160 69
439 - 3 5 626 -  717

-  82 —34 * 170 -  181
1250 —33 535 -  536

— 755 - 3 2 * 190 -  5
182 - 3 1 * 190 140

-  655 - 3 0 656 523
774 - 2 9 * 170 -  185

- 1 1 5 2 - 2 8 730 647
640 - 2 7 +  1180 1169

— 70 - 2 6 625 -  684
— 447 - 2 5 1110 - 1 0 9 6
- 1 1 8 2 - 2 4 784 825
- 2 0 2 5 - 2 3 * 150 -  8

10 • F 0

596
- 1 6 6 0

* 160
970
515

- 3 1 9 0
418

+  2760
* 260

681
* 280

+  1060
496
476

* 280
* 300
* 320
* 320

+  730
+  714

* 230

2 1 l
1060

885
+  1010
- 1 6 4 0

446
* 180
* 180
* 180
* 160
* 160

247
480
274
655

1160
428

1180
400
645
716

+  1820
333
435

* 90
1320

663
183
702
725

1090
642

* 60
545

-1 2 6 0
2230

A c ta  C h im . A ca d . Se i. H u n g . 62, 1969



22
21
20
19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0
1
2
3
4
5
()
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

■ Fe

422
613
810
837
897
295
334
248
749
485
607
205
814

52

78
213

14
70

700
799
501
923
462
152

7
150
325
711
428
678
443

10
25

1323
69

723
574
795

53
463

1033
75
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78

762
870
104
183

1019
762

57
839
650
225
843
247

CSORDÁS: CRYSTAL STRUCTURE OF POTASSIUM THIOSULPHATE

10 ■ F, 10 • Fc 10 • F„ 10 • Fe 10 • F%

794 656 2 3 l 21 398
* 140 67 - 3 6 690 843 22 530
* 140 -  273 —35 670 683 23 680

740 -  642 —34 908 924 24 748
270 250 - 3 3 * 160 -  158 25 750
120 7 - 3 2 582 603 26 * 190
288 281 - 3 1 * 180 -  105 27 * 180
622 779 - 3 0 803 -  709 28 * 190
329 -  215 - 2 9 +  1260 1121 29 630
662 -  745 - 2 8 248 218 30 511
758 835 - 2 7 472 485 31 405
165 -  200 - 2 6 1050 1142 32 * 150
871 914 - 2 5 236 280 33 827

* 120 106 - 2 4 * 170 50 34 * 140
1590 1308 - 2 3 * 150 -  152

252 249 - 2 2 483 -  496 2 4 l

246 263 - 2 1 * 150 58 - 3 3 * 120
+  1670 1391 - 2 0 * 150 176 — 32 * 140

821 588 - 1 9 481 -  470 - 3 1 * 150
744 469 - 1 8 469 507 - 3 0 * 160
685 -  388 - 1 7 487 -  608 - 2 9 690
680 -  638 - 1 6 758 -  780 — 28 692

1130 -  849 - 1 5 * 120 136 - 2 7 655
1140 889 — 14 435 -  460 —26 826
1220 1161 - 1 3 +  1510 1468 - 2 5 454

+  1540 1334 — 12 163 -  218 — 24 * 180
390 -  237 - 1 1 +  1440 1303 —23 * 160
444 -  369 — 10 251 -  278 - 2 2 * 160
550 678 — 9 372 383 - 2 1 382

+  1510 1169 — 8 * 90 73 — 20 585
444 500 — 7 421 498 - 1 9 308
550 — 630 -  6 355 500 - 1 8 626
326 330 -  5 +  1460 1618 - 1 7 217
877 — 846 — 4 302 335 - 1 6 * 150
258 321 — 3 302 313 - 1 5 * 150
465 571 — 2 1020 907 — 14 1210
397 -  509 -  1 820 691 — 13 * 140
258 -  279 0 345 337 — 12 710
288 — 461 1 — 1800 -1 5 7 1 — 11 609
705 909 2 349 329 - 1 0 776
675 — 894 3 554 639 -  9 * 130
300 412 4 * 80 9 — 8 585

* 140 5 5 311 301 — 7 1300
319 — 281 6 465 540 — 6 * 130
275 -  242 7 * 90 183 — 5 510

* 160 199 8 445 625 —  4 * 120
* 160 7 9 350 240 —  3 883

+  1230 1208 10 1700 — 1548 —  2 990
731 — 640 11 477 653 —  1 * 120

* 170 280 12 * 110 -  170 0 168
464 380 13 469 611 1 985
304 -  362 14 412 532 2 832
731 700 15 244 -  222 3 * 130

* 180 -  161 16 522 670 4 940
* 180 — 249 17 * 130 138 5 751
* 170 — 133 18 670 -  777 6 * 130

626 — 628 19 274 307 7 965
* 140 95 20 * 150 133 8 246

Chim. Acad. Sei. H ung. 62, 1969



CSORDÁS: CRYSTAL STRUCTURE OF POTASSIUM THIOSULPHATE 385

10 F. 10 Fe 10 F. 10 Fc 10 F0 10 Fe

9 * 130 149 3 392 318 6 1094 810
10 * 130 — 182 4 350 — 324 7 * 180 166
11 * 140 — 105 5 759 655 8 * 170 79
12 1065 — 917 6 — 990 — 843 9 * 170 — 41
13 611 743 7 488 — 372 10 * 180 129
14 392 401 8 630 — 639 11 * 180 — 164
15 686 — 660 9 * 170 — 77 12 * 180 232
16 ♦ 150 — 188 10 * 170 — 120 13 * 170 — 141
17 * 170 — 227 11 610 — 585 14 606 663
18 * 170 244 12 427 291 15 * 160 138
19 1060 — 985 13 * 170 212 16 300 — 245
20 * 170 191 14 738 — 670 17 410 — 346
21 * 180 — 123 15 670 — 671 18 387 335
22 * 180 _ 27 16 * 180 282 19 * 140 — 139
23 480 — 350 17 * 180 34 20 * 130 11
24 * 170 — 267 18 555 498 21 918 742
25 461 — 344 19 625 663 22 398 341
26 * 170 47 20 415 — 444 23 680 531
27 715 _ 631 21 * 170 71

2 7 l28 * 150 42 22 * 160 182
29 376 285 23 430 390 - 1 6 554 370
30 354 — 232 24 * 150 149 - 1 5 * 100 — 132
31 520 471 25 * 150 — 204 — 14 500 311
32 359 257 26 551 — 573 - 1 3 * 130 — 49

5 l
27 * 120 113 - 1 2 415 456

2 28 690 — 739 — 11 * 130 — 152
- 2 9 273 — 143

2 6 l
- 1 0 610 545

— 28 490 412 -  9 864 626
- 2 7 258 — 476 — 24 585 — 496 -  8 497 — 501
—26 * 150 — 170 - 2 3 321 — 208 — 7 * 150 146
—25 415 — 242 - 2 2 245 — 168 -  6 512 — 490
- 2 4 254 316 —21 251 — 356 — 5 * 150 — 100
— 23 * 170 115 - 2 0 465 — 396 -  4 * 150 113
— 22 655 651 - 1 9 568 466 -  3 485 — 344
—21 521 341 — 18 * 160 — 23 — 2 560 — 596
- 2 0 * 180 35 - 1 7 * 160 — 88 -  1 * 150 12
- 1 9 * 180 225 - 1 6 382 — 270 0 * 150 97
— 18 466 — 546 - 1 5 545 — 418 1 * 150 — 23
— 17 * 180 26 - 1 4 640 — 502 2 477 372
- 1 6 670 — 756 — 13 * 180 68 3 * 150 21
— 15 * 170 — 206 — 12 * 180 262 4 * 150 91
— 14 471 — 370 - 1 1 700 612 5 * 150 — 121
— 13 305 — 226 — 10 550 354 6 1000 823
— 12 * 170 — 165 — 9 * 180 76 7 * 140 — 211
— 11 263 — 314 — 8 455 — 319 8 1063 893
— 10 * 150 130 — 7 565 — 357 9 332 292
— 9 1260 ■ — 1214 -  6 * 180 — 47 10 * 140 57
— 8 * 150 22 — 5 419 — 479 11 286 — 201
— 7 1190 — 932 — 4 333 361 12 270 — 181
— 6 351 261 — 3 575 399 13 387 311
— 5 392 227 — 2 811 — 682 14 655 670
— 4 * 150 115 — 1 938 767
-  3 * 150 — 190 0 254 — 286 3 0 1
— 2 1040 913 1 254 — 191 - 3 8 725 842
— 1 555 461 2 254 — 252 - 3 6 768 — 601

0 * 150 83 3 254 — 159 - 3 4 — 1540 — 1499
1 279 252 4 318 170 - 3 2 562 — 467
2 555 — 617 5 663 502 - 3 0 + 1130 1087

Acta C him . A c a d . S e i. H u n g . 62, 1969
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CSORDÁS: CRYSTAL STRUCTURE OF POTASSIUM THIOSULPHATE

10 • F 0 10 • Fc

* 300 -  366 - 1 5
736 — 683 - 1 4

* 300 350 - 1 3
1550 1388 - 1 2

-1 1 8 0 - 1 3 6 1 - 1 1
* 290 93 - 1 0

415 673 — 9
-1 5 9 0 - 1 6 7 4 — 8

1280 1329 — 7
-  995 -  832 -  6

930 — 944 -  5
1700 1820 — 4

-  975 — 924 -  3
-2 7 3 0 — 2778 — 2
— 1240 - 1 1 9 9 — 1
+  830 549 0
— 2940 - 2 8 9 0 1

* 240 370 2
596 -  512 3
747 643 4
986 994 5
441 -  470 6
475 425 7

1310 1279 8
-2 0 5 0 - 2 1 5 9 9

* 260 -  373 10
* 280 -  193 11
* 300 — 413 12
* 300 401 13

- 1 1 2 0 — 11 2 1 14
* 300 -  135 15

920 881 16
+  2240 2230 17

18
3 1 l 19

865 -  683 20
* 150 154 21

213 — 233 22
* 160 — 424 23

- 1 3 2 0 — 1313 24
396 568 25

- 1 3 4 0 - 1 3 9 2 26
803 829 27

* 180 — 330 28
* 160 — 304 29

637 537 30
214 363 31
955 938 32
475 342 33
209 224 34

-1 2 3 0 — 1078 35
* 130 — 281 36
* 130 59

567 519
913 -  745 - 3 7
508 -  292 - 3 6
605 547 - 3 5

1060 — 807 - 3 4

Chim. Acad. Sei. Hung. 62, 1969

10 • F „ 10 ■ F c 10 ■ F „

139 — 118 —  33 * 160
1280 - 1 1 9 0 —  32 630

131 -  264 - 3 1 * 160
564 -  565 - 3 0 * 160
770 -  647 - 2 9 -  901

1330 - 1 4 4 3 - 2 8 * 150
362 374 - 2 7 580

1165 - 1 1 1 4 - 2 6 * 150
1380 1322 —  25 * 140
1750 1637 - 2 4 610

—  1610 - 1 4 3 2 - 2 3 520
569 370 —  22 682

*  70 -  59 - 2 1 *  120
150 198 - 2 0 *  120

—  1720 -1 6 3 8 —  19 935
1010 — 804 —  18 1081

396 367 —  17 232
1160 1064 - 1 6 450
1070 917 —  15 756

559 -  513 —  14 *  90
* 80 -  30 - 1 3 761

1160 1084 —  12 *  80
641 -  743 —  11 * 80
120 80 — 10 505

* 90 121 -  9 486
388 -  377 — 8 1060

*  90 39 — 7 516
435 484 — 6 224

*  100 179 — 5 622
1040 1199 — 4 615

356 -  350 -  3 426
165 -  283 — 2 603
700 —  879 —  1 426

*  130 50 0 1260
500 -  581 1 485

*  140 257 2 382
*  150 161 3 *  70

950 -1 0 2 1 4 *  70
*  150 337 5 739

641 -  582 6 *  80
*  160 -  167 7 705

735 649 8 480
1090 1247 9 700

+  1270 1299 10 229
390 -  546 11 420

*  180 50 12 * 100
* 170 360 13 522

510 492 14 328
* 150 17 15 757

826 808 16 258
286 -  245 17 458
746 590 18 545

19 882
3 2 l 20 425

446 496 21 236
794 -  749 22 * 140

* 140 -  226 23 584
675 653 24 * 150



CSORDÁS: CRYSTAL STRUCTURE OF POTASSIUM THIOSULPHATE 387

j 10 • F„ 10 • Fc 10 • F 0 10 ■ Fe 10 ■ F0 10 • Fc

25 258 534 - 3 2 572 -  575 26 * 180 356
26 740 706 - 3 1 840 754 27 790 722
27 460 -  351 - 3 0 980 916 28 +  1150 958
28 * 160 109 - 2 9 329 — 442 29 - 1 1 5 0 916
29 * 160 250 - 2 8 735 — 596 30 * 160 -  321
30 855 -  648 - 2 7 +  1260 1302 31 * 160 — 157
31 * 150 — 393 - 2 6 * 150 133 32 * 150 -  92
32 * 140 255 - 2 5 * 150 19 33 * 140 104
33 * 120 32 — 24 * 150 101 34 * 120 217
34 540 — 604 - 2 3 — 1410 -1 2 2 5 35 70 63
35 717 -  656 - 2 2 * 140 -  26

- 2 1 422 330 4 2 l
4 0 l - 2 0 635 -  586 - 3 6 * 120 105

- 3 8 +  485 -  641 - 1 9 * 130 5 — 35 730 990
- 3 6 * 270 230 - 1 8 1200 -1 2 8 7 - 3 4 440 — 467
- 3 4 +  1070 927 - 1 7 523 379 - 3 3 266 421
- 3 2 * 300 -  124 - 1 6 522 460 — 32 270 240
- 3 0 * 300 — 536 - 1 5 247 -  201 - 3 1 366 —  391
- 2 8 810 -  667 - 1 4 252 290 - 3 0 * 160 103
- 2 6 * 280 339 - 1 3 660 -  525 - 2 9 365 -  460
- 2 4 * 280 -  119 - 1 2 755 -  802 — 28 635 — 622
— 22 1760 1801 - 1 1 * 90 -  109 - 2 7 * 150 — 206
- 2 0 * 260 -  277 - 1 0 1100 — 1104 - 2 6 670 678
- 1 8 +  1390 1398 -  9 1380 1430 - 2 5 673 643
- 1 6 +  2470 2558 -  8 630 -  521 - 2 4 * 140 179
- 1 4 642 -  636 -  7 196 185 - 2 3 - 1 4 9 0 - 1 6 9 6
- 1 2 - 1 2 8 0 - 1 3 9 2 -  6 840 -  769 - 2 2 825 -  716
- 1 0 -  986 -  998 -  5 * 80 -  81 - 2 1 297 -  414
— 8 970 - 1 1 2 7 — 4 460 408 - 2 0 984 — 1056
-  6 346 — 351 -  3 265 -  255 - 1 9 663 — 815
— 4 - 1 2 3 0 — 990 -  2 262 261 - 1 8 * 120 183
— 2 * 250 — 338 -  1 118 88 - 1 7 364 357

0 +  2110 2011 0 1030 — 882 - 1 6 437 — 518
2 * 250 -  264 1 459 -  361 - 1 5 1069 1088
4 714 742 2 191 -  199 - 1 4 227 — 395
6 +  1030 972 3 338 208 — 13 221 -  355
8 * 270 — 432 4 1160 1098 - 1 2 433 566

10 -2 4 0 0 — 2219 5 1120 — 988 — 11 299 312
12 -  815 — 709 6 716 —  588 - 1 0 * 90 42
14 * 290 — 45 7 794 -  722 -  9 * 90 — 52
16 717 -  730 8 137 202 -  8 469 411
18 - 1 1 5 0 1269 9 615 651 — 7 522 -  602
20 - 2 2 2 0 - 2 3 5 5 10 439 400 - 6 576 783
22 * 290 372 11 885 - 916 -  5 442 — 581
24 +  835 967 12 — 1670 -1 7 4 4 — 4 226 240
26 * 300 119 13 635 584 -  3 176 -  210
28 - 1 5 6 0 - 1 5 3 5 14 925 -1 0 2 9 -  2 358 — 410
30 810 — 910 15 * 130 -  217 -  1 1380 — 1466
32 * 270 473 16 656 669 0 * 80 61
34 * 220 -  226 17 424 403 1 625 -  617

18 531 493 2 516 -  621
4 1 l 19 * 150 -  6 3 * 80 -  207

- 3 8 385 454 20 * 150 -  327 4 * 80 197
- 3 7 296 413 21 350 — 405 5 285 310
- 3 6 202 372 22 * 150 -  97 6 * 90 — 98
- 3 5 710 593 23 * 160 — 210 7 423 482
— 34 * 160 -  2 24 * 160 274 8 477 649
- 3 3 344 -  452 25 * 160 -  301 9 * 100 225

^  Acta Chim. Acad. Set. Hung. 62, 1969
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■ к
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661
276
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534
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CSORDÁS: CRYSTAL STRUCTURE O F POTASSIUM  TH IO SU LPH A T E

10 • Fe 10 • F„ 10 • Fe

66 24 * 300 108 14
— 561 26 * 300 — 368 15

66 28 +  1580 1638 16
301 30 485 628 17
242 32 611 — 831 18
123 19
874 5 1 / 20

-  904 - 3 7 654 730 21
— 160 - 3 6 418 590 22

888 - 3 5 * 140 -  156 23
— 777 - 3 4 +  920 865 24
— 536 - 3 3 885 -  863 25

704 - 3 2 538 449 26
301 - 3 1 * 180 219 27
238 - 3 0 * 170 119 28

-  194 - 2 9 * 180 136 29
76 - 2 8 - 1 0 3 0 -  969 30

283 - 2 7 730 566 31
635 - 2 6 232 444 32
636 - 2 5 * 160 7

-  201 - 2 4 +  1260 1208
63 - 2 3 * 150 — 219 - 3 6
72 - 2 2 660 — 704 - 3 5

-  805 - 2 1 410 445 - 3 4
662 - 2 0 * 140 -  68 - 3 3

- 1 9 560 445 - 3 2
- 1 8 * 130 — 83 - 3 1

-  104 - 1 7 821 -  569 - 3 0
448 - 1 6 1070 -  912 - 2 9
134 - 1 5 654 561 - 2 8
538 - 1 4 453 555 - 2 7
414 - 1 3 161 -  272 - 2 6

1279 - 1 2 * 110 -  225 - 2 5
1979 - 1 1 348 387 — 24

-  159 - 1 0 1330 - 1 1 7 8 - 2 3
- 1 1 5 5 -  9 250 327 - 2 2

160 -  8 332 231 - 2 1
939 -  7 160 — 202 - 2 0

— 329 -  6 762 684 - 1 9
56 -  5 +  1190 1025 - 1 8

-  256 -  4 440 -  281 - 1 7
2169 -  3 * 100 103 - 1 6

— 873 -  2 863 864 - 1 5
1238 -  1 610 418 - 1 4

-  267 0 1570 1302 - 1 3
— 445 1 1100 - 1 0 5 0 - 1 2
— 436 2 - 2 1 2 0 - 1 9 3 5 - 1 1
— 247 3 * 110 34 — 10

1508 4 818 — 745 -  9
843 5 * 110 -  119 — 8
934 6 * 110 — 24 — 7

— 697 7 * 110 122 -  6
91 8 675 — 771 -  5

509 9 * 110 61 — 4
— 447 10 731 -  742 — 3
—2158 11 803 -  891 -  2
— 954 12 855 -  954 -  1

418 13 296 343 0

Sei. H u n g . 6 2 , 1969



CSORDÁS: CRYSTAL STRUCTURE OF POTASSIUM THIOSULPHATE 389

10 F. 10 ■ F. 10 F. 10 • Fc 10 F. 10 ■F.

1 * 100 310 14 * 270 — 317 11 * 140 5
2 622 — 716 16 * 270 428 12 * 150 — 24
3 546 — 670 18 +  1300 1441 13 747 — 613
4 * 100 198 20 * 290 409 14 583 — 578
5 324 — 475 22 1140 - 1 2 6 2 15 894 785
6 ♦ 100 — 102 24 + 880 916 16 * 150 — 75
7 * 110 — 197 26 902 — 878 17 640 — 588
8 358 — 539 28 670 693 18 822 — 835
9 517 730 30 * 250 460 19 * 160 317

10 855 — 632
1 l

20 * 160 161
11 667 — 477 6 21 * 180 174
12 666 800 - 3 6 +  1110 1015 22 * 180 224
13 350 427 — 35 496 -  572 23 * 170 — 113
14 * 130 118 - 3 4 +  1300 1206 24 * 170 — 341
15 430 — 410 - 3 3 * 150 — 62 25 * 160 226
16 * 130 94 - 3 2 907 696 26 717 — 553
17 * 140 — 133 — 31 * 160 — 180 27 * 160 — 257
18 673 856 — 30 554 428 28 * 140 99
19 580 635 - 2 9 * 180 — 183 29 722 520
20 * 150 201 - 2 8 * 170 298 30 +  1120 888
21 810 — 761 - 2 7 800 -  893

2 l22 * 160 129 - 2 6 705 -  643 6
23 1620 — 1503 - 2 5 213 308 - 3 4 * n o 7
24 350 453 - 2 4 369 335 - 3 3 560 512
25 * 160 — 242 — 23 * 160 -  155 - 3 2 * 140 262
26 496 — 666 — 22 960 — 835 - 3 1 * 150 — 45
27 * 160 — 20 - 2 1 * 150 267 - 3 0 ♦ 150 — 19
28 1000 — 900 - 2 0 955 -  670 - 2 9 * 160 194
29 298 410 - 1 9 660 646 — 28 * 160 — 76
30 398 565 - 1 8 1150 781 - 2 7 * 160 239
31 538 426 - 1 7 * 140 —  174 - 2 6 * 160 — 246

0 l
- 1 6 * 140 178 - 2 5 * 160 — 255

6 - 1 5 +  1410 1391 - 2 4 * 150 — 8
- 3 6 368 512 — 14 940 761 —23 1000 1300
- 3 4 * 290 115 — 13 ♦ 130 26 - 2 2 * 150 — 32
—32 1400 — 1321 — 12 +  1530 1479 - 2 1 * 150 231
—30 * 300 588 — 11 492 -  413 - 2 0 440 349
- 2 8 4-1500 1461 — 10 +  1600 1505 - 1 9 307 429
- 2 6 800 — 689 — 9 462 — 501 - 1 8 610 — 516
- 2 4 * 300 133 — 8 372 -  172 - 1 7 430 — 508
— 22 * 290 — 225 — 7 ♦ 110 — 244 - 1 6 * 130 2
— 20 * 290 461 — 6 1120 - 1 0 5 2 - 1 5 840 964
- 1 8 — 924 — 978 -  5 * 110 7 — 14 * 120 272
- 1 6 ♦ 280 384 -  4 445 319 - 1 3 * 120 269
- 1 4 * 280 — 71 — 3 163 166 - 1 2 * 120 189
- 1 2 * 260 — 82 — 2 890 — 753 - 1 1 381 — 438
- 1 0 * 251 211 -  1 * n o 69 - 1 0 * 120 217
— 8 541 — 392 0 580 — 395 -  9 * 120 — 35
-  6 +  1960 1877 1 * n o -  85 — 8 826 — 964
— 4 +  1690 1750 2 745 — 802 -  7 971 — 1076
-  2 * 250 226 3 720 801 -  6 * 120 — 51

0 * 250 — 82 4 * 120 176 -  5 363 424
2 * 250 105 5 706 656 — 4 * 120 — 185
4 460 317 6 * 130 16 -  3 * 120 189
6 + 863 843 7 * 130 241 -  2 628 — 806
8 2270 —2140 8 835 782 -  1 * 120 90

10 * 260 50 9 * 130 -  147 0 620 — 575
12 1020 912 10 * 140 189 1 518 635

A cta  C him . A ca d . S e i. H u n g . 62 , 19695*
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CSORDÁS: CRYSTAL STRUCTURE OF POTASSIUM THIOSULPHATE

10 • F, 10 • Fc 10 • F0 10 * Fc 10 • F,

370 334 22 1050 932 18 * 180
203 171 24 456 470 19 * 180
264 — 375 26 440 611 20 924
338 — 381 28 * 270 104 21 * 180

* 120 — 37
7 1 l

22 970
546 636 23 866
529 597 - 3 4 610 — 789 24 1490

* 120 7 - 3 3 590 516 25 * 130
* 130 0 - 3 2 * 140 146 26 * 120

530 — 394 - 3 1 * 150 — 37 27 1220
* 140 — 129 - 3 0 1170 — 801

7 2 г862 — 859 - 2 9 * 160 — 254
* 140 236 - 2 8 771 714 —33 1070

636 — 527 - 2 7 * 180 — 187 - 3 2 * 120
472 — 547 - 2 6 * 170 161 - 3 1 * 130

* 150 — 21 - 2 5 970 893 - 3 0 * 140
876 — 779 - 2 4 697 445 - 2 9 * 150

* 160 217 - 2 3 515 — 587 - 2 8 * 150
810 672 - 2 2 1040 926 - 2 7 * 160

* 160 — 14 - 2 1 * 160 — 195 - 2 6 * 160
* 170 — 332 - 2 0 +  1280 1181 - 2 5 * 160

— 920 — 722 - 1 9 * 160 — 369 - 2 4 700
340 — 347 - 1 8 338 — 324 - 2 3 660
672 609 - 1 7 477 — 438 - 2 2 * 160

* 140 19 - 1 6 675 — 708 - 2 1 * 150
908 — 638 - 1 5 336 385 - 2 0 * 150
540 590 - 1 4 817 523 - 1 9 * 150

* 100 — 49 - 1 3 210 361 - 1 8 * 150

7 0 l
- 1 2 * 150 133 - 1 7 * 150
- 1 1 309 — 405 - 1 6 618

* 260 251 - 1 0 195 — 300 - 1 5 * 140
980 — 1008 -  9 610 484 - 1 4 * 140

* 300 — 309 -  8 960 798 - 1 3 * 140
* 300 — 335 -  7 * 130 — 86 - 1 2 304
* 300 — 358 — 6 424 379 - 1 1 * 130

750 505 -  5 300 — 459 — 10 * 130
* 300 66 -  4 736 543 -  9 380

-1 4 1 0 — 1470 -  3 848 685 — 8 400
560 — 730 -  2 +  1170 1011 — 7 * 130
555 702 -  1 948 — 725 — 6 281

* 290 — 91 0 522 — 430 -  5 281
* 280 — 41 1 * 130 0 — 4 281

-  750 — 743 2 * 130 — 113 — 3 - f 1088
* 280 168 3 614 — 357 -  2 * 120

1440 1547 4 535 — 460 — 1 * 120
1280 1329 5 695 489 0 * 130
1860 — 1859 6 210 — 200 1 942
1070 951 7 334 341 2 * 130

681 574 8 751 — 550 3 * 130
1570 — 1680 9 +  1060 879 4 * 130

571 724 10 755 626 5 606
* 270 115 11 * 150 209 6 * 140
* 270 165 12 +  1480 1052 7 749
* 270 7 13 738 — 562 8 1060
* 300 200 14 * 160 187 9 * 140
* 300 452 15 635 510 10 1060

+  1260 1250 16 * 160 377 11 * 150
777 846 17 405 — 383 12 * 150

Chim, Acad. Sei. H ung. 62, 1969



CSORDÁS: CRYSTAL STRUCTURE OF POTASSIUM THIOSULPHATE 391

10 • Fa 10 • Fc 10 • F , 10 • Fc 10 ■ f q 10 • Fc

13 333 — 408 - 2 0 * 180 19 - 2 0 * 160 — 155
14 575 — 532 - 1 9 * 160 — 274 - 1 9 625 — 663
15 * 160 — 215 - 1 8 730 696 - 1 8 727 772
16 * 160 — 223 - 1 7 231 — 346 - 1 7 285 — 153
17 * 160 — 202 - 1 6 * 160 352 - 1 6 872 — 830
18 * 160 86 - 1 5 369 — 334 - 1 5 257 — 33-5
19 * 160 177 - 1 4 * 160 51 - 1 4 471 — 533
20 613 -  666 - 1 3 370 269 - 1 3 258 382
21 677 606 - 1 2 +  1270 905 - 1 2 * 150 -  21
22 * 150 26 - 1 1 — 1070 -  891 - 1 1 1085 1042
23 * 140 — 156 - 1 0 1360 - 1 2 6 0 - 1 0 * 150 296
24 * 130 170 -  9 213 269 -  9 775 658
25 * 120 123 -  8 * 150 -  6 — 8 367 511
26 481 — 430 — 7 675 — 598 — 7 * 150 57
27 717 -  571 -  6 * 150 — 266 — 6 535 521

— 5 338 331 -  5 756 — 735
8 0 / -  4 675 — 608 -  4 * 140 -  19

- 3 0 - 1 4 9 0 — 1647 -  3 1070 764 -  3 1074 993
- 2 8 — 1200 — 1406 -  2 * 150 -  114 -  2 * 140 — 155
- 2 6 -  896 -  672 -  1 * 150 -  140 -  1 239 — 308
- 2 4 * 280 -  422 0 585 660 0 1260 1062
- 2 2 * 280 — 361 1 * 150 — 144 1 * 150 67
- 2 0 - 1 0 7 0 — 878 2 +  1130 1056 2 * 150 — 85
- 1 8 915 852 3 * 150 -  188 3 * 150 — 56
- 1 6 1170 1219 4 550 565 4 945 — 746
- 1 4 * 300 333 5 * 150 — 43 5 550 — 440
- 1 2 595 -  486 6 * 160 203 6 * 150 192
- 1 0 * 300 -  90 7 * 160 23 7 664 620
— 8 * 300 -  93 8 * 160 391 8 * 150 106
-  6 — 2290 - 2 3 8 6 9 * 160 14 9 * 160 352
-  4 * 300 -  323 10 +  1160 784 10 366 -  332
-  2 * 300 67 11 590 -  565 11 * 160 124

0 394 400 12 * 160 -  310 12 356 224
2 580 -  484 13 * 180 -  4 13 496 434
4 * 300 -  143 14 946 — 717 14 342 — 308
6 * 300 375 15 * 180 199 15 361 — 173
8 686 860 16 * 180 142 16 350 -  341

10 * 300 309 17 557 545 17 450 -  356
12 854 -  794 18 * 170 -  25 18 * 150 77
14 -  985 -  973 19 * 160 -  153 19 456 498
16 +  1000 940 20 * 160 -  302 20 * 130 -  55
18 +  650 735 21 * 150 231 21 430 318
20 583 — 587 22 +  1210 1115 22 * 120 -  164
22 850 869 23 * 130 -  383 23 * 110 182
24 * 280 -  252 24 * 110 -  103

9 0 l
8 1 l 8 2 l - 3 0 579 — 605

- 3 1 * 130 -  169 - 3 1 549 590 - 2 8 1070 950
- 3 0 445 477 - 3 0 * 110 261 - 2 6 784 963
- 2 9 925 -  692 - 2 9 585 -  492 - 2 4 * 300 -  181
- 2 8 - 1 7 4 0 - 1 2 7 6 - 2 8 720 645 - 2 2 * 300 -  141
- 2 7 640 612 - 2 7 * 140 308 - 2 0 * 300 — 30
- 2 6 376 -  472 - 2 6 938 917 - 1 8 * 300 — 307
- 2 5 * 170 133 - 2 5 450 — 246 - 1 6 1680 - 1 7 0 7
- 2 4 * 180 417 - 2 4 * 150 217 - 1 4 * 300 49
- 2 3 * 170 -  62 - 2 3 614 -  785 - 1 2 1000 942
- 2 2 * 180 95 - 2 2 * 160 114 - 1 0 429 579
- 2 1 * 180 -  78 - 2 1 * 160 74 -  8 529 -  604

A c ta  C him . A cad . Sei. H ung. 62 , 1969



6
4
?.
О
2
4
6
8

10
12
14
16
18
20

29
28
27
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24
23
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16
15
1 4
13
12
11
10

9
8
7
6
5
4
3
2
1
0
1
2
3
4
5
6
7
8
9

10
11
12

Act

■ Fc

853
368

1644
806
473
473
875
240

58
1733

115
801
127
191

1492
616
512
404
315
286
687
829

292
400
223

1155
200

15
121
292
184
836
622
326
322
298

18
685
237
291
194

76
759
371
202
197

93
213
311
151
417
150
394
443

29

CSORDÁS: CRYSTAL STRUCTURE OF POTASSIUM THIOSULPHATE

10 • Fc 10 • F, 10 ■ Fe

— 401 13 * 170 -  39
-  264 14 * 160 — 179 - 2 6

35 15 * 160 — 333 - 2 4
-  419 16 * 180 -  336 - 2 2
- 1 6 8 2 17 * 150 209 - 2 0
-  753 18 604 533 - 1 8

841 19 * 130 — 236 - 1 6
1012 20 373 — 435 - 1 4

— 808 21 996 807 - 1 2
1489 - 1 0

-  451 9 2 l -  8
— 561 - 2 7 * 110 10 -  6
— 286 - 2 6 614 — 630 -  4
— 330 - 2 5 * 130 — 330 -  2

- 2 4 515 — 614 0
- 2 3 243 — 270 2

-  376 - 2 2 328 329 4
-  659 - 2 1 1310 1125 6

362 - 2 0 * 150 204 8
4 - 1 9 * 160 — 282 10

— 245 - 1 8 * 160 387 12
62 - 1 7 * 160 — 351 14

280 - 1 6 460 372 16
113 - 1 5 695 — 578

-  168 - 1 4 * 160 61
-  571 - 1 3 * 160 — 287 - 2 5

36 - 1 2 * 160 — 94 - 2 4
-  45 - 1 1 • 160 45 - 2 3
— 588 - 1 0 512 501 - 2 2
-  301 -  9 * 160 -  55 - 2 1

7 — 8 517 — 454 - 2 0
-  618 — 7 * 160 -  169 - 1 9

190 — 6 645 — 420 - 1 8
— 419 — 5 * 160 271 - 1 7
-  302 — 4 820 566 - 1 6
-  20 — 3 * 160 322 - 1 5
— 129 -  2 633 610 - 1 4

179 — 1 * 160 — 118 - 1 3
— 8 0 460 — 382 - 1 2

11 1 * 160 — 22 - 1 1
-  28 2 725 578 - 1 0
— 807 3 * 160 203 -  9

219 4 * 160 291 — 8
803 5 864 -  591 — 7

79 6 * 160 17 -  6
612 7 486 -  585 -  5

-  399 8 * 160 84 -  4
-  356 9 360 336 -  3

254 10 354 -  374 -  2
-  10 11 * 150 -  177 — 1
— 519 12 * 150 -  376 0

48 13 +  1340 1291 1
22 14 * 140 72 2
21 15 307 -  241 3

— 182 16 409 521 4
37 17 * 120 218 5
93 18 * 110 15 6

403 19 421 388 7

10 • F,
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CSORDÁS: CRYSTAL STRUCTURE OF POTASSIUM THIOSULPHATE 393

10 E> 10 • Fe 10 • F 0 10 • F„ 10 F„ 10 • Fc

8 * 160 239 11 0 -  6 * 300 373
9 * 160 185 - 2 2 580 700 — 4 412 -  275

10 * 160 -  148 - 2 0 * 280 105 -  2 * 300 143
11 * 150 16 - 1 8 1150 — 1057 0 937 852
12 * 140 -  275 - 1 6 525 331 2 * 300 91
13 595 — 404 - 1 4 * 290 94 4 583 -  625
14 630 588 - 1 2 * 300 150 6 * 290 -  115
15 * 100 — 129 - 1 0 * 300 -  182 8 * 280 -  36
16 804 — 551 — 8 712 967 10 * 280 -  371

As F ig . 1 show s, th e  H 20  m olecules are  to  be  found  n ea r th e  screw  
axis, so th e y  fo rm  a screw  line. H y d ro g en  b o n d s a re  n o t  p robab le  b e tw een  th e  
H 20  m olecules as th e  d is tan ces  are to o  la rg e  (3.19 Á ), b u t  th e y  are  possib le 
be tw een  H 20  a n d  o x ygen  a to m  (0 5, th e  d is tan ce  is  2.87 Ä) an d  betw een  H 20  
an d  su lp h u r a to m  (S3( l  — x,  1/2 -f- y ,  1/2 — z), th e  d is tan ce  is 3.43 Á). S im ilar 
hydrogen  b o n d s w ere supposed  in  th e  s tru c tu re  o f b a r iu m  th io su lp h a te  m ono- 
h y d ra te .

T he ca lcu la tio n s w ere perform ed on a c o m p u te r  ty p e  U ral-2, in  th e  U n i­
v e rs ity  C om p u tin g  C en tre . T he p ro g ram s w ere com posed  in  a m ach ine  la n ­
guage [14].

The author is very grateful to Dr. Gy . M e n c z e l  for th e  preparation of the specim ens 
and for his helpful advices, to  the coworkers o f the U n iversity  Com puting Centre for the aid  
a t the com puter, to Miss E . Z s o l d o s  for her help during the work.
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1. In  th is  p ap e r we are concerned  w ith  packed  co lum ns of un ifo rm  cross 
sec tion  a n d  f in ite  len g th , w hen m a te r ia l  t ra n s p o r t  in  th e  m obile phase is ta k e n  
in to  acco u n t in  th e  ax ia l d irection  o n ly  an d  th e  s ta tio n a ry  phase is assu m ed  
to  be  u n ifo rm ly  d is tr ib u te d  in  each c ro ss  section  of th e  co lum n (cap illa ry  co ­
lu m n s will be tre a te d  in  a subsequen t p a p e r) . F u rth e r , a t  th e  beg inning  o f  th e  
process th e  q u a n ti ty  o f th e  solute sh o u ld  be zero an d  th a t  in tro d u ced  in  th e  
tim e  in te rv a l 0 t <  oo should be f in i te .  N ow  th e  c o n tin u ity  eq u a tio n  o f  th e  
so lu te  read s

w ith  th e  n o ta tio n s :

dW  +  8 T  
dx 8 1

=  0 , ( D

W(x, t)

T(x, t)

x
t

=  th e  flu x  (i.e. th e  am ount o f  so lu te  tra n sfe rre d  b y  convection  a n d  
diffusion in  th e  mobile p h a se  in  u n it tim e), re la te d  to  th e  free cross 
section  o f colum n [g s -1,]

=  th e  am o u n t o f solute in th e  co lum n (bo th  in  th e  m obile a n d  th e  
s ta tio n a ry  phase), re la ted  to  u n i t  leng th  o f co lum n [ g e m -1],

=  th e  len g th  coord inate  [cm ] a n d  
=  th e  tim e  [s].

The in itia l cond ition  to  E q . (1) is T(x, 0) =  0, b u t as to  th e  b o u n d a ry  co n d itio n  
fo r x  =  0 we w ill consider th e  general case : W(0, t) =  lF 0(t) w ith  th e  o n ly  
re s tr ic tio n  th a t

\ W 0( t ) d t = l .  (2)
ö

T he in te g ra tio n  o f E q . (1) w ith  th e s e  cond itions an d  assum ing th e  s o rp ­
tio n  processes to  be reversib le:

lim T(x,  t) =  0 (3)'
/->oo
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y ields

\ W { x , t ) d t =  1 . (4 )
6

l .e.,  th e  am o u n t o f  so lu te  in tro d u ced  to  th e  co lum n a t  x  =  0 (see E q . (2)) 
w ill com plete ly  leav e  th e  colum n section  [0, x\  d u rin g  th e  tim e  in te rv a l [0, oo] 
ag a in .

N ow  le t us co n sid e r a partic le  o f th e  so lu te  an d  th e  tim e  $ x w hen th is  
p a r tic le  has ju s t  le f t th e  colum n section  [0, x].  T his tim e  is a ran d o m  v a riab le  
a n d  w ill be called th e  residence time (or p assag e  tim e) of th e  p a rtic le  w ith  re sp ec t 
to  x  [1, 2]. D en o tin g  th e  p ro b ab ility  d is tr ib u tio n  function  o f  b y  t)
w e h a v e  for th e  density function  o f b ecau se  o f E q . (4)

~ & { ^ t )  =  W ( x , t ) .  (5)
dt

In  th is  e q u a tio n  no  assum ption  a b o u t th e  form  of W(x, t) has y e t b een  
m a d e . P resu m in g  t h a t  th e  diffusion te rm  in  W  can  be described  b y  F i c k ’s 

law , we have
QY

W  =  u Y  — D  — — (6 )
dx

w ith  th e  n o ta tio n s :

u =  th e  m e a n  lin ear ve locity  o f  flow  [cm s _1],
D =  th e  m e a n  effective d iffu s iv ity  in  th e  m obile phase  [cm2s _1], a n d  

Y(x,  t) =  th e  a m o u n t of so lu te  in  th e  m obile phase , re la ted  to  u n i t  
le n g th  o f  colum n [ g e m -1].

(A t h ig h  c o n c e n tra tio n s  th e  velocity  и is n o t unaffec ted  b y  th e  so rp tio n  a n d  
th u s  th e  co n stan cy  o f  и does n o t ho ld  a n y  m ore  [3 ,2 ] , a p a r t  from  th e  fa c t t h a t ,  
in  th e  case o f gas ch ro m a to g rap h y , th e  p re ssu re  drop along th e  colum n, u n le ss  
neglig ib le, also causes a  v a ria tio n  o f u.) I f  now  a fin ite  co lum n o f le n g th  L  
ca n  be  ch a rac te rized  b y  th e  assu m p tio n  t h a t  a t  th e  end o f th e  colum n d iffu s io n  
m a y  be neg lec ted  ag a in s t convection  [4, 5 ]:

ЭУ

Эя
=  0 ,

x = L
(7)

w e have , in  v iew  o f E q s  (5) and  (6), fo r th e  d en sity  fu n c tio n  of

4 -  ^  *) =  Щ Ь ,  t) =  uY(L,  t ) .
dt ( 8 )
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2. In  o rd e r to  describe a fa irly  g enera l n o n -lin ea r so rp tion  k in e tic s  to  be 
d iscussed  in  th is  p a p e r we f irs t define X (x ,  t) as th e  a m o u n t o f so lu te  in  th e  
s ta tio n a ry  ph ase , re la te d  to  u n it  le n g th  o f  co lum n [g c m -1], i.e.

X  =  T  -  У  (9)

L e t us now  in tro d u c e  th e  L aplace tra n sfo rm s  o f X  an d  Y , defined  g en era lly  b y :

— g(s) =  f  e~stg(t)dt .  
b

T h e n o n -lin ea r k in e tic s  m en tioned  shou ld  he  defined  as

X =  K f Y ,  f(0) =  1 (10)
w here :

К  =  th e  equ ilib rium  c o n s ta n t (p a r ti t io n  coefficient) of so rp tio n  an d  
f (s) =  an  a rb itra ry  fu n c tio n  (w ith  th e  re s tr ic tio n  f(0) =  1), m easu rin g

th e  “ d is tan ce”  from  eq u ilib riu m . F ro m  E q . (10) th e re  im m ed ia ­
te ly  follows th a t  fo r a n y  f

lim  X (x ,t)  = K .  
(->oo Y(x ,  f) ( И )

(Cf. th e  “ lo ng -tim e  ap p ro x im a tio n ”  or “ n ear-eq u ilib riu m  a ssu m p tio n ”  o f 
G i d d i n g s  [ 6 ] ) .

E x am p les  fo r a c tu a l form s o f f.
(1) I f  eq u ilib riu m  is a priori  e s tab lish ed :

th e n
X  =  K Y

f  =  1.

(2) I f  so rp tio n  k in e tics  is lin ear:

ЭХ
81

k ( K Y — X )

th en

f  =
& +  s

w here к =  th e  so rp tio n  ra te  c o n s tan t [ s -1].

( 12)

(13)

(14)

(15)
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(3) I f  th e  s ta t io n a ry  phase is assu m ed  to  be a film  of th ick n ess  d [cm ], 
in  w h ich  diffusion o f  th e  solu te ta k e s  p lace  v e rtic a lly  to  th e  in te rface , th e n  [7]

- l
f  = A,

kd2
e 2 + ta n h  Q в  =

d'-s
" d T

(16)

w h ere  D s =  th e  d iffu s iv ity  in  th e  s ta t io n a ry  p h ase  [cm2 s -1].
3. T h e  d en sity  fu n c tio n  o f th e  residence  tim e  d is tr ib u tio n  a t  th e  end  of 

th e  co lu m n  being g iven  b y  E q . (8), th e  m ean  ц  an d  varian ce  a2 o f w ill be 
d e fin ed  as

f i  =  u I t Y ( L , t ) d t  (17)
ö

a n d

a2= u  J  (t — f i )*Y(L , t )d t .  (18)
ö

So fro m  th e  L ap lace tran sfo rm  so lu tio n  o f  E q s (1), (6) and  (7) for x  =  L,  say  
Y (s), w e have  [8 ]

d Y
f l  =  —  и

an d

a2 /г2 =  и

ds

d2 Y
ds2

(19)

( 20 )
s = 0

In  th e  follow ing tab le  th e  va lu es  o f  ц  an d  a2 are ta b u la te d  for fiE0(t) =  
=  d(t) ( i.e. W 0 =  1), d(t) being th e  D irac  d e lta  fu n c tio n  (for d e ta ils  see [9]):

ß
Generally

p
Asymptotically if L—> со

p

9 P 1 & - t ’/n\ 1 2 p [ l ---------  f '  (0 )j
ß2 [ ß

— 2(1 e-P )

w ith :
uL  R D К
D u2q ' P ~  1 +  К

9 =  1 — P ■ ( 21)

T h e  va lu es  o f f '  (0) =  [df/ds]s= can  be o b ta in e d  for th e  d iffe ren t cases of 
so rp tio n  k inetics (1), (2) an d  (3) m en tio n ed  in  Section  2 as follows (see E q s (13), 
(15) a n d  (16)):

(1) f '( 0) =  0,

(2) f '(0) = - J - .
К

(3) f'(0 ) =  -  [ -1 -  +
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R em ark . A fte r h av in g  defined  an  in te rm it te n t  m odel o f c h ro m a to g ra p h y  
w ith  co n tin u o u s flow , one has for H  [cm ], th e  “ h e ig h t eq u iv a len t to  one th e o re ­
tic a l p la te ” , acco rd ing  to  th e  a sy m p to tic  v a lu e  o f a2\9, 10]

H  =  2
D
и

up qf'(0) ( 22 )

4. C onsidering  th e  asy m p to tic  case L  —>- oo again , i t  follows on th e  basis  
of a th eo rem  a b o u t th e  “ in fin ite ly  d iv isib le  d is tr ib u tio n s”  [8] th a t  th e  s ta n d ­
ard ized  ran d o m  v ariab le  — ц)/а w ill be normally d is tr ib u te d :

lim  &  ( h n J L  ^  t
о» ( a

= --------( e~ T’
V 2 л  J

:/2 d r (23)

w ith
H L

(u q Y
(24)

This re su lt has to  be reg ard ed  as a g en era lisa tio n  of th e  th eo rem  o f V a n  d e r  
W a er d en  in  th e  classical p ap er of V a n  D eem ter  et á l.  [11].
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ANTICARCINOGENS, I
M O N O SUBSTITUTED P Y R IM ID IN E S, U R A C IL S, T H Y M IN E S A N D  CYTO SINES
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R eceived Novem ber 26, 1968

The n  electron densities in  different m onosubstituted (— F , — Cl, — Br, — I , 
— O H, — OCH3, — SH , — N H „  — CH3, — COOH) pyrim idines, uracils, thym ines and  
cytosines have been calculated b y  m eans of the sem iem pirical SCF LCAO MO m ethod.

On the basis o f the calculated charge distributions, in  som e cases correlations 
seem  to exist betw een the electronic structure and anticarcinogenic a c tiv ity  o f  the com ­
pounds. For a better establishm ent o f  these correlations, calculations o f further quan­
tum  chem ical indices are necessary.

In tro d u c tio n

To f in d  co rre la tions b e tw een  th e  m o lecu lar s tru c tu re  o f  d rugs a n d  th e ir  
pharm aco log ical a c tiv ity  is an  old am b itio n  in  p h a rm aceu tica l ch em is try  an d  
pharm aco lo g y . Som e co rre la tio n s are  know n  betw een  th e  d e ta iled  chem ical 
s tru c tu re  o f som e g roups o f  com pounds [1] a n d  th e ir  a c tiv ity , h u t  o n ly  a few  
in v es tig a tio n s  have  tr ie d  to  es tab lish  co rre la tions be tw een  ph arm aco lo g ica l 
a c tiv ity  an d  electron ic  s tru c tu re  [2, 3].

T h e  problem  o f connec tion  be tw een  m olecular s tru c tu re  an d  p h a rm a c o ­
logical a c tiv ity  is a r a th e r  com p lica ted  one. A  supposed  d ru g  has to  e n te r  th e  
cell, re ach  th e  site  o f i ts  ac tio n  w ith in  th e  cell, b in d  to  g iven  m olecules (or 
m acrom olecules) w ith in  th e  cell an d  in fluence  in  a specific w ay  th e  e lec tron ic  
s tru c tu re  o f its  recep to r. A t th e  sam e tim e  i t  should  b in d  to  o th e r  m olecules 
on ly  in  a low  am o u n t to  avo id  h igh  to x ic ity . T he a b ility  o f a m olecule to  get 
th ro u g h  th e  cell m em b ran e  an d  its  d iffusion  p ro p ertie s  depend  f irs t  o f  a ll on 
its  s te reo  s tru c tu re , b u t  th e y  are  in flu en ced  also b y  its  e lec tron ic  s tru c tu re . 
T he specific  re a c tiv ity  to w ard s  a given m olecule (or m acrom olecule) a n d  th e  
a b ility  to  in fluence  th e  e lec tron ic  s tru c tu re  o f  th e  recep to r m olecule in  a specific  
w ay  a re  functions f ir s t  o f  all o f  th e  e lec tron ic  s tru c tu re  o f  th e  d ru g  m olecule, 
b u t, o f  course, also i ts  s tereo  p ro p ertie s  p la y  a non-neglig ib le  ro le. T herefo re  
i t  is ev id e n t th a t  also in  th e  case i f  th e  stereo  s tru c tu re  o f  a m olecule is k n o w n , 
i t  c a n n o t be expec ted  in  th e  n e a r fu tu re  to  p red ic t a priori  on th e  basis o f  its  
m ore o r less well ap p ro x im a te d  e lec tron ic  s tru c tu re  w h e th e r i t  possesses a 
given pharm acological a c tiv ity  o r n o t.
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402 LADIK, BICZÓ: POSSIBLE ANTICARCINOGENS, I

There is, h o w ev er, a possib ility  to  f in d  co rre la tions betw een  e lectron ic  
s tru c tu re  and  p h a rm aco lo g ica l a c tiv ity  in  a m ore  em pirica l w ay. L et us con­
s id e r  a series of s im ila r m olecules consisting  o f N  m em bers, A subseries o f  th is  
series conta in ing  N ± m em b ers  is sy n th e tized  a n d  te s te d  for a given p h a rm aco ­
log ical a c tiv ity , w hile  th e  a c tiv ity  of th e  o th e r  iV2 m em bers o f th e  series is 
u n k n o w n  ( N  =  N x +  N 2). A m ong th e  te s te d  N x m em bers o f th e  series a sm all 
fra c tio n  consisting  o f  N la m em bers has been  fo u n d  ac tiv e , w hile th e  rem ain in g  
N u m em bers o f th e  sub series  ( N x =  N la +  N u ) w ere in a c tiv e  or h ad  a too  
h ig h  to x ic ity . O ur ta s k  is to  fin d  ou t from  subseries IV2 i ts  possib ly  sm all fra c ­
tio n  con ta in ing  N 2a m em b ers  possessing th e  desired  pharm aco log ical a c tiv ity  
(iV2 =  N 2a -f- iV2i). I f  subseries N 2 is la rg e , to  sy n th e tiz e  all th ese  m olecules 
a n d  to  te s t th e m  w o u ld  be  a ra th e r  h a rd  an d  expensive  w ork . I f  a su itab le  
co m p u te r  is a v a ilab le , i t  is m ore easy to  ca lcu la te  th e  e lec tron ic  s tru c tu re  of 
a ll th e  N  m olecules be lo n g in g  to  th e  series u n d e r co n sid era tio n . As f ir s t  s tep  
w e can  com pare th e  c a lc u la ted  charge d is tr ib u tio n s  of m olecules belonging  to  
th e  subseries o f te s te d  m olecules (Ay m em bers) w ith  th e  charge  d is trib u tio n s  
o f  th e  u n te s ted  m olecu les ( N 2 m olecules). I n  a lu ck y  case in  th is  w ay  we can 
p re d ic t a t leas t a p a r t  o f  th e  N 2a m olecules on  th e  basis o f th e  charge d is tr ib u ­
tio n s  of th e  N la a c tiv e  m olecules of th e  te s te d  subseries. In  m o st cases, how ever, 
i t  should  be ex p e c te d  t h a t  alone on th e  basis  of charge d is tr ib u tio n s  i t  will 
n o t  be possible to  m a k e  su ch  pred ic tions. T herefo re  we shall be obliged to  look 
a f te r  m ore co m p lica ted  q u a n tu m  chem ical ind ices to  be ab le to  es tab lish  a 
co rre la tion  b e tw een  th e  electron ic  s tru c tu re  o f th e  in v e s tig a te d  m olecules and  
th e  given p h arm aco lo g ica l ac tiv ity . T hese can  be som e re a c tiv ity  indices (for 
in s ta n c e  free va len ce , som e k in d  of loca liza tio n  energy , fro n tie r  e lectron  d en ­
s ity , etc.) or m ore p ro b a b ly  some com plex in d e x  co n stru c ted  in  a su itab le  w ay  
from  d ifferen t q u a n tu m  chem ical ind ices.

In  th e  p re se n t p a p e r  we should like to  re p o rt sem iem pirical SCF LCAO 
MO calcu lations d o n e  on a series of m o n o su b s titu te d  pyrim id ines, u rac ils, 
th y m in es  and  cy to s in es , re spec tive ly , w hile in  th e  su b seq u en t p ap er th e  sam e 
ty p e  of ca lcu la tions a re  described  for m o n o su b s titu te d  p u rin es , adenines an d  
guan ines, re sp ec tiv e ly . T h e  su b s titu e n ts  fo r w hich  all th ese  ca lcu la tions have  
been  perform ed w ere — F , —Cl, —B r, —J ,  — O H , — 0 —C H 3, —SH , —N H 2, 
— COOH and  —C H 3. T h ese  su b s titu e n ts  w ere s u b s titu te d  on all such positions 
o f  th e  above m e n tio n e d  4 py rim id ine  ty p e  an d  3 p u rin e  ty p e  com pounds, 
w here th e  su b s titu tio n  does n o t in te rfe re  w ith  th e  a b ility  o f th e se  substances to  
b u ild  in  D N A  a n d  to  fo rm  th e re  W atson  — C rick -ty p e  base  pairs . In  F ig . 1 we 
show  these p o sitions fo r th e  pyrim id ine  ty p e  com pounds, w hile for th e  pu rin e  
ty p e  com pounds th is  w ill be ind ica ted  in  F ig . 1 o f th e  su b seq u en t p ap e r. In  
th is  w ay we sh o u ld  o b ta in  140 com pounds. A dding  to  th is  th e  4 p y rim id in e  
ty p e  and  3 p u rin e  ty p e  u n su b s titu te d  com pounds th e  to ta l  n u m b er o f  ca lcu ­
la te d  substances w as 147.
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A m ong th e  m e n tio n e d  n early  150 com pounds a b o u t 50 are  know n to  be 
sy n th e tiz e d  and  te s te d  fo r  an tica rc in o g en ic  a c tiv ity  (1УХ ^  50) an d  a b o u t 15 
h av e  show n larger o r sm alle r a c tiv ity  (N x ^  15). Som e o f  th e m , for in s ta n c e
5 -F -U , are  used in  th e  th e ra p y  as p ro m in e n t an tica rc in o g en s. T herefore  i t  
seem ed  w orthw hile to  p e rfo rm  th e  c a lcu la tio n s  for th e  n o t  te s te d  (a t le a s t 
pub lish ed ) N z ры 100 com pounds to  f in d  som e co rre la tions w hich  can help  to

o) b) 0 7
\ II
CH C

'  6
N 1  5 C H H N 1 5 С H

H C 2 4  ]  H «- C 2 4 C H
/ ,, 3 

N  
Py

0 8  N  
H
u

0 7
II
c

H
T

d)
7
N H 2

9 10
H N 1 5 C - C - H 3 N1

C 2 4 С Л C 2
3

0 N 8 0

5 С H

4 С H  

N H  

C

F ig. 1. The numbering o f the considered pyrim id ine type bases. The arrows indicate the posi­
tions, where the substitu tions do not interfere w ith  the ability to bu ild  in  into D N A  and for 
w hich the calculations have been performed, a )  P y  =  pyrim idine, b) U  =  uracil, с) T =  th y ­
m ine and d)  C =  cytosine. I t  should be m entioned th a t pyrimidine probably cannot be bu ilt  
in  into  D N A , nevertheless calculations have been  performed also for its  derivatives. Further it  
should be remarked that b y  P y  positions 4 and  6 are equivalent and therefore the calculation  

had to  be done only once for these two positions

d isco v er th e  active co m pounds (N 2a) am o n g  th em  w ith o u t th e  necessity  to  
sy n th e tiz e  and  te s t  a ll th e  я^ЮО co m p o u n d s.

A t th e  p resen t s te p  o f th is  re sea rch  w e h av e  ca lcu la ted  on ly  th e  charge  
d is tr ib u tio n  (see below ) o f  th e  in v e s tig a te d  com pounds, b u t  in  th e  fu tu re  we 
in te n d  to  form  th e ir  d iffe ren t q u a n tu m  chem ical indices. W e hope th a t  in  th is  
w ay  i t  w ill be possible to  e s tab lish  som e u se fu l co rrelations b e tw een  th e  q u a n tu m  
chem ical indices of th e se  com pounds a n d  th e ir  an tica rc inogen ic  ac tiv ity .
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404 LADIK, BICZÓ: POSSIBLE ANTICARCINOGENS. I

M ethod

F o r th e  ca lcu la tio n  o f  th e  delocalized  n  e lectrons o f th e  m o n o su b s titu te d  
d e riv a tiv e s  of th e  m e n tio n e d  p y rim id in e  ty p e  com pounds th e  sem iem pirical 
S C F  LCAO MO m e th o d  (P a r iser—P a r r —P ople m e th o d  [4 ,5 ])  has been  
u sed . In  th is  m e th o d  th e  e igenvalue eq u a tio n

h as  to  be solved, w here
FCj =  £; Ci

Fr/ =  - I r +  ~ P r>r (L  -  Er) +  2 ps,s -  Zs) yr,s ,
j 2  s # r

F r,s =  ß r,s  ~ - ~ - P, , s y r , s -
Zl

( 1)

( 2)

(3)

H e re  I r and  E r a re  th e  va lence  s ta te  io n iza tio n  an d  e lec tro n  a ff in ity , re sp ec tiv e ­
ly , w h ich  are g iven  in  th e  p a p e r o f H inze  an d  Jaffe  [6]. Z s is th e  n u m b er o f  
n  o rb ita ls  p rov ided  b y  a to m  s. T he y r s C oulom b in teg ra ls  w ere  ap p ro x im a ted  
b y  th e  expression g iven  b y  Mataga a n d  N ishimoto [7].

-  =  -^- [ Ir  +  I , - E r - E s], (4)
a r,S 2

Уг,з =
R r,S  ~l~ ®r,s

Table I

In p u t data used for the unsubstituted compounds

X
l x

a )

Ex z*
c )

ß c .X

c 11.42 0.58 1 1.00

ЛЧ- 13.83 0.45 1 1.00

✓ N- 29.16 14.49 2 0.80

17.28 2.70 1 1.30

-c
(in m ethyl group)

l O ^ 6 г-ов6 1 0.70

- h 3
(in m ethyl group)

13.59 0.75 1 2.00

a) The I /  ionization potential and Ej electron affinity values are given in eV. W e h ave  
taken  them  from the work o f  H in ze  and J a f f e  [6].

b) Values referring to an aliphatic carbon atom  [6].
c) In ß  =  — 2.39 eV units. These values have been found previously to give a resonable  

charge distribution in  these compounds [8].
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Table II

Input data used fo r  the substituents

a) a) b) c) Л)
lx Ex Zx ßc,x ГС, X

— F 43.07 20.98 2 1.00 1.30

— Cl 28.67 15.09 2 0.75 1.69

— Br 24.60 13.72 2 0.65 1.86

— J 21.00 12.61 2 0.10 2.02

— OH 35.76 17.70 2 0.95 1.36

------ O —C— H 3 O: 35.76 17.70 4 ß  С, О: 0.95 r С, О: 1.40
C: 10.69 2.08 4 ß  О, С: 0.55 т О. С: 1.42
H 3: 13.59 5.75 4 ß C ,  Н 3: 2.00 Г С, Н 3: 1.10

— SH 25.14 16.27 2 0.60 1.32

= s 12.70 2.76 1 0.80 1.27

— n h 2 29.16 14.49 2 0.80 1.34

— c - H 3 C: 10.69 2.08 2 ß  С, С: 0.70 С, С: 1.54
H 3: 13.59 0.75 ß  С, Н 3: 2.00 С, Н 3: 1.10

— C < °  N C: 11.42 0.58 4 ß  С, С: 1.00 г С, С: 1.48
0 0 :  26.52 10.20 PC , О: 1.35 т С, О: 1.30

a) In  eV-s. D ata taken from H in ze  and J a f f e  [6].
b) The total number of n  electrons o f the substituent.
c) In  ß  =  — 2.39 eV units. These values have been determined on the basis o f param eter 

variation.
d) In  Á-s.
e) The two О atom s have been taken to be equivalent. The values

Г _ +  I / 0 \  p  E/y0  +  E / 0 \  a ßc,0^+ ß c ,/0 \  J  t c ,0 44 +  r C , / 0 \
i o — -------- 2---------- ’ ■b O = -----------2---------’ Pc -° = ----------- 2-----------  “  Гс,°  =  —  — 2

have been used,

w here  R r s is th e  d istance  betw een  a to m ic  nucle i r an d  s .  F u r th e r  th e  e lem en ts 
o f th e  ch arge-bond  order m a tr ix  P are  d efin ed  b y

Pr,s —  2 Cj  r  Cj  s  , (5)
1 = 1

w here  n* in d ica tes  th e  h ighest filled  MO.

2  Ú  2
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Table III

SC F  n  electron charge densities o f  the investigated monosubstiluted pyrim idines*

Substituent position 1. 2. 3. 4. 5. 6. 7. 8. 9.

P y 1.114 0.901 1.114 0.928 1.014 0.928 — — —

2— F 1.139 0.875 1.139 0.927 1.027 0.927 1.967 — —

2— Cl 1.127 0.892 1.127 0.928 1.021 0.928 1.978 — —
2 - Br 1.118 0.899 1.118 0.928 1.016 0.928 1.993 — —
2 - J 1.115 0.901 1.115 0.928 1.014 0.928 1.999 — —

4—-F 1.126 0.899 1.139 0.900 1.041 0.927 1.968 — -

4— Cl 1.121 0.901 1.127 0.918 1.027 0.928 1.979 — —

4— Br 1.116 0.901 1.118 0.926 1.018 0.928 1.993 — —

4 - J 1.115 0.901 1.115 0.928 1.014 0.928 1.999 — —

5 - -F 1.111 0.915 1.111 0.955 0.983 0.955 1.972 — —

5 - Cl 1.113 0.908 1.113 0.941 1.002 0.941 1.982 — —
5—Br 1.114 0.903 1.114 0.932 1.011 0.932 1.994 — —
5—J 1.114 0.901 1.114 0.929 1.014 0.929 1.999 — —
2 - OH 1.138 0.880 1.138 0.927 1.028 0.927 1.963 — —
2 - 0 —C—H3 1.137 0.885 1.138 0.926 1.026 0.925 1.950 0.923 1.091

2 - SH 1.125 0.892 1.125 0.928 1.020 0.928 1.982 — —
2 - -n h 2 1.138 0.887 1.138 0.927 1,028 0,927 1.954 - —
2 - -c-H 3 1.113 0.909 1.113 0.927 1.011 0.927 0.925 1.075 —

2 _ -« К »  a 1.077 0.944 1.077 0.924 0.984 0.924 0.563 1.753 1.753

4 - OH 1.126 0.900 1.138 0.906 1.040 0.927 1.964 — —
4 - -0 —C—H3 1.125 0.898 1.137 0.911 1,039 0.927 1.951 0.923 1.090

4 - -SH 1.120 0.900 1.125 0.918 1.026 0.928 1.983 — —

4 - -N H , 1.127 0.900 1.139 0.912 1.040 0.928 1.955 — —

4 - C - H 3 1.112 0.900 1.112 0.935 1.011 0.927 0.926 1.075 —

4 -

ко
 с

\/и

1.090 0.896 1.079 0.971 0.966 0.925 0.563 1.756 1.753

5 - о н 1.111 0.915 1.111 0.954 0.988 0.954 1.968 — —

5 - - 0 — с —н 3 1.111 0.912 1.110 0.952 0.993 0.953 1.955 0.923 1.091

5—-SH 1.113 0.907 1.113 0.940 1.002 0.940 1.985 — —

5—- г ш 2 1.111 0.915 1.111 0.954 0.994 0.954 1.961 — —

5—- с - н 3 1.114 0.898 1.114 0.924 1.020 0.924 0.926 1.080 —

5 -
- с < о н

1.118 0.866 1.118 0.877 1.054 0.877 0.569 1.760 1.760

* The numbering o f atom s in the pyrimidine ring is the same as in Fig. 1. Position 7 m eans 
th a t atom of the substituent w hich is bound to the ring carbon atom . In the oxy-m ethyl substi-

O 8
tuent the numbering is —О— C— H 3 and in the case o f the carboxyl group: — C \ q 9 H
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Table IV
SC F  л  electron charge densities o f the investigated monosubstituted uracils*

Substituent
(Position) 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11.

и 1.900 0.728 1.898 0.940 1.033 0.754 1.368 1.379 — — —

4 — F 1.899 0.727 1.901 0.898 1.090 0.758 1.382 1.381 1.965 - —

4 — Cl 1.899 0.727 1.899 0.917 1.067 0.756 1.378 1.381 1.975 — —

4 — Br 1.899 0.728 1.899 0.925 0.049 0.755 1.374 1.381 1.992 — -

4 —J 1.899 0.728 1.898 0.927 1.043 0.755 1.372 1.381 1.999 - —

5 — F 1.898 0.728 1.900 0.977 1.014 0.757 1.373 1.382 1.971 - —

5 — Cl 1.898 0.728 1.899 0.953 1.032 0.755 1.373 1.382 1.980 - —

5 —B r 1.898 0.728 1.898 0.935 1.039 0.755 1.372 1.381 1.994 - —

5 —J 1.899 0.728 1.898 0.928 1.041 0.755 1.372 1.381 1.999 — —

4 —OH 1.899 0.727 1.901 0.904 1.089 0.758 1.383 1.381 1.959 — —

4 —0 —CH3 1.899 0.727 1.901 0.910 1.084 0.758 1.380 1.381 1.947 0.931 1.082

4 —SH 1.899 0.727 1.899 0.917 1.364 0.756 1.377 1.381 1.979 - —

4 - N H , 1.899 0.726 1.901 0.912 1.091 0.758 1.384 1.382 1.946 - —

4 - C - H 3 1.899 0.728 1.900 0.934 1.035 0.756 1.370 1.380 0.936 1.064 —

4 - C < °  H 1.891 0.858 1.893 0.969 0.944 0.754 1.348 1.264 0.576 1.749 1.754

5 —OH 1.898 0.728 1.900 0.976 1.020 0.757 1.374 1.382 1.966 — —

5 —0  —C—H 3 1.898 0.728 1.900 0.970 1.025 0.756 1.374 1.384 1.953 0.923 1.092

5 —SH 1.718 0.724 1.893 0.940 1.035 0.783 1.386 1.534 1.988 - —

5 —N H 2 1.898 0.728 1.900 0.979 1.026 0.755 1.374 1.383 1.957 - —

5 - C - H 3 1.898 0.728 1.897 0.921 1.046 0.755 1.370 1.380 0.929 1.076 -

5 - C < 0  H 1.899 0.730 1.892 0.840 1.070 0.758 1.356 1.375 0.571 1.745 1.764

* For the numbering of atoms in uracil see Fig. 1, the numbering of the substituent atom s is the same as in Table IV.
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Table V

SC F  ti electron charge densities o f  the

Substituent
(Position) 1 3 4 5 6

T 1.898 0,728 1,897 0.921 1.046 0.755

4— F 1.899 0.728 1.900 0.892 1.093 0.757
4— Cl 1.899 0,728 1.899 0.911 1.071 0.756

4— Br 1.899 0.728 1.898 0.919 1.054 0.755

4— J 1.899 0.728 1.897 0.921 1.047 0.755

4— OH 1.899 0.728 1.900 0.897 1.092 0.757

4— 0 —C—H3 1.899 0.728 1.900 0.904 1.088 0.758

4 —SH 1.899 0.728 1.899 0.911 1.067 0.756

4— N H 2 1.899 0.728 1.900 0.906 1.094 0.758

4— C— H 3 1.899 0.728 1.899 0.929 1.040 0.755

4 -  C < °  H 
4 0

1.899 0.730 1.901 0.968 0.951 0.754

* For the num bering o f  atom s in thym ine see Fig. 1, the num bering of substituent atom s

n is th e  n u m b er o f  a to m s  p rov id ing  а л  e lec tron  to  th e  delocalized л  e lec tro n  
sy s tem . F o r P y  n =  nn =  6, for U n =  8 b u t  n„ =  10, fo r T  n =  10 an d  nn =  
=  12, for C n — 8 a n d  nn =  10. In  th e  case o f  th e  fou r halogens a n d  th e
— О — H , —N H 2, — S H  su b s titu e n ts  n =  1 an d  пл =  2, fo r —COOH, —О — C —
— H 3 n =  3 an d  пл =  4 , an d  fin a lly  fo r —C—H 3 n  =  nu =  2. F in a lly  th e  
ß r s resonance in te g ra ls  are tre a te d  in  th is  m e th o d  as em pirical p a ra m e te rs  
a n d  a re  ta k e n  in to  ac c o u n t only  for n e ig h b o u rin g  a to m s form ing а л  b o n d .

In  th e  course o f  th e  ca lcu la tion  a s ta r tin g  m a tr ix  P (0> was used . W ith  
th e  a id  of i t  th e  m a tr ix  F  could be fo rm ed . A fte r so lv ing  its  eigenvalue p ro ­
b lem  from  th e  e ig en v ec to rs  c, o b ta in ed  a new  m a tr ix  P ^  could be c o n s tru c te d  
w ith  th e  aid o f (5). C on tinu ing  th is  p ro ced u re  th e  self consisten t e igenvalues 
El an d  e igenvectors с,- could  be o b ta in ed . F o r c rite r iu m  o f self-consistency th e  
in e q u a lity

|i*&+1) — P $ | < 10“ 3 (for all r a n d  s) (6 )

h a s  been used, w h ere  P*7'] and  P jks+1* m ean  th e  P r s e lem en t of m a trix  P  o b ta in e d  
in  th e  k -th  an d  к -f- 1- th  ite ra tio n  s te p , resp ec tiv e ly .

To perform  th e  calcu la tions a p ro g ram  w as w r itte n  fo r th e  Gier c o m p u te r . 
T h is p rogram  uses as in p u t  d a ta  th e  va lu es  Ir, E r an d  Z r fo r each a to m  possessing  
а л  o rb ita l, th e  s ta r t in g  charge-bond o rd e r m a tr ix  P*0*, th e  geom etrical m a tr ix  
R (w hich has as e lem en ts  th e  d istances R r s) an d  th e  m a tr ix  ß , w hich h as  o n ly  
off-d iagonal e lem en ts  (th e  ßr s p a ram e te rs ). As o u tp u t  th e  SCF e ig en v a lu es  
gfCF) eigenvectors c P CF-) an d  charge-bond  o rd er m a tr ix  P<SCF) have been  p r in te d
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investigated monosubstituted thymines*

7 8 9 10 11 12 13

1.370 1.380 0.929 1.076 — — —

1.380 1.380 0.927 1.081 1.964 — -

1.376 1.380 0.928 1.079 1.974 — —

1.372 1.380 0.928 1.074 1.991 — —

1.370 1.380 0.929 1.076 1.999 — —

1.380 1.380 0.927 1.081 1.958 — —

1.378 1.380 0.931 1.077 1.946 0.935 1.078

1.375 1.380 0.929 1.077 1.979 — —

1.382 1.381 0.927 1.082 1.945 — —

1.369 1.379 0.930 1.075 0.937 1.062 —

1.345 1,375 0.936 1.058 0.578 1.750 1.754

is the same as in Table III.

o u t. In  th e  case o f n — 10 th e  n u m b e r  o f n ecessary  ite ra tio n s  to  reach  self- 
consis ten cy  was u su a lly  4 —5 w hich  h as  ta k e n  on ly  3 —4 m in u tes  for one com ­
p o u n d  on th e  G ier co m p u ter. In  so m e in s tan ces  th e  req u ired  co m p u te r tim e  
co u ld  be reduced  b y  a fac to r 3 or 4 b y  c o n stru c tin g  th e  s ta r tin g  m a tr ix  
from  th e  m a tr ix  p(SCF) of a sim ilar co m p o u n d . W ith  th is  t r ic k  in  som e lu c k y  
cases ju s t  one i te ra t io n  was n eed ed  fo r  self-consistency.

In  T ab le  I  we g ive th e  in p u t d a ta  u sed  fo r th e  u n su b s titu te d  com pounds 
(P y , U , T , C), w hile in  T ab le  I I  th e y  a re  sum m arized  for th e  su b s titu e n ts . T he 
geom etries o f th e  u n su b s titu te d  co m p o u n d s  w hich  are  n o t in c lu d ed  in  T ab le  I ,  
h av e  been  ta k e n  from  th e  paper o f  S p e n c e r  [ 9 ] .  U sing th e se  geom etries an d  
th e  b o n d  d istances be tw een  th e  su b s ti tu e n ts  an d  th e  ring  ca rb o n  a tom s g iven  
in  T ab le  I I  an d  fu r th e r  p lausible v a le n c e  angles for th e  su b s titu e n ts , th e  geo­
m e trica l m atrices R could  be c o n s tru c te d  for all th e  m o n o su b s titu ted  com ­
p o unds.

Results and discussion

In  T ab le  I I I  th e  SCF charge d en sitie s  (th e  d iagonal e lem ents of m a tr ix  
p(SC F ) are g-ven  for j-jjg in v es tig a ted  m o n o su b s titu te d  py rim id ines.

In  T ables IV , V a n d  V I th e  SC F ch arg e  densities of th e  m o n o su b s titu te d  
u rac ils , th y m in es  a n d  cytosines, re sp e c tiv e ly , are  given.

W e can  see from  th e  Tables t h a t  in  m o st cases th e  su b s titu e n ts  change 
th e  ch arg e  densities o f  th e  p a ren t m olecu les on ly  a t  th e  p lace of su b stitu tio n
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Table VI

S C F  n  electron charge densities o f  the investigated mono substituted cytosines*

Substituent
(Position) 1 2 1

3 4 5 6 7 8 9 10 11

c 1.170 0.760 1.881 0.916 1.051 0.857 1.946 1.418 — — —

4 —F 1.186 0.761 1.884 0.881 1.096 0.855 1.947 1.425 1.964 - —

4 —Cl 1.179 0.760 1.882 0.902 1.075 0.857 1.946 1.423 1.975 - -

4 —Br 1.173 0.759 1.881 0.911 1.059 0.857 1.946 1.421 1.992 - -

4 —J 1.171 0.759 1.881 0.914 1.053 0.857 1.946 1.420 1.999 — —

5 —F 1.167 0.759 1.883 0.958 1.025 0.868 1.947 1.421 1.973 — -

5 —Cl 1.169 0.759 1.882 0.936 1.042 0.862 1.947 1.421 1.982 — —

5 —Br 1.170 0.759 1.881 0.921 1.050 0.858 1.946 1.421 1.994 — -

5 —J 1.170 0.759 1.881 0.915 1.052 0.857 1.946 1.420 1.999 - -

4 —OH 1.186 0.761 1.884 0.888 1.096 0.856 1.947 1.425 1.958 — -

1 0 1 0 1 К 1.184 0.761 1.884 0.894 1.091 0.855 1.946 1.424 1.946 0.928 1.085

4 —SH 1.178 0.760 1.882 0.902 1.073 0.857 1.946 1.423 1.979 — —

4 —N H 2 1.187 0.761 1.884 0.896 1.097 0.856 1.947 1.426 1.946 —

4 —C —H 3 1.167 0.759 1.882 0.922 1.046 0.858 1.946 1.419 0.934 1.065 —

4 - C < °  H 
0

1.133 0.757 1.885 0.966 0.961 0.863 1.945 1.403 0.578 1.755 1.753

5 —OH 1.167 0.759 1.882 0.957 1.029 0.867 1.947 1.421 1.969 - —

5 —C—0 —H 3 1.166 0.760 1.882 0.952 1.035 0.868 1.947 1.420 1.956 0.926 1.089

5 —SH 1.169 0.759 1.882 0.934 1.043 0.861 1.947 1.421 1.985 —

5 - N H , 1.168 0.759 1.883 0.958 1.035 0.866 1.947 1.421 1.962 — -

5 —C —H 3 1.169 0.759 1.880 0.907 1.056 0.857 1.946 1.419 0.930 1.078 -

5 -C < jj  II 1.190 0.943 1.928 0.843 1.086 0.893 1.950 1.063 0.577 1.764 1.764

* For the numbering of atom s in cytosine see Fig. 1, the numbering of the substituent atoms is the same as in Table III.
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an d  in  i ts  im m ed ia te  n e ighbourhood  in  a g rea te r am o u n t. Som e su b s titu tio n s  
( f irs t o f all th e  —CO O H  group) cau se , how ever, la rger changes in  th e  o vera ll 
ch arg e  d is tr ib u tio n  o f th e  u n s u b s ti tu te d  m olecule.

U sing th e  charge  d is tr ib u tio n s  o f  com pounds w hich  h av e  b een  found  
e x p e rim en ta lly  to  possess an  an tica rc in o g en ic  a c tiv ity  [10] we h a v e  tr ie d  to  
f in d  co rre la tions b e tw een  th e  a n tica rc in o g en ic  a c tiv ity  an d  th e  л  e lec tro n  d is­
tr ib u tio n s  o f th ese  com pounds. T h o u g h  in  som e cases such  co rre la tio n s  seem 
to  e x is t, i t  is v e ry  p ro b ab le  th a t  to  e s ta b lish  m ore general an d  b e t te r  fo u n d ed  
co rre la tio n s betw een  th e  electron ic s tru c tu re  an d  an tica rc in o g en ic  a c tiv ity , 
th e  ca lcu la tio n  o f th e  л  electron d is t r ib u tio n  o f  these  co m pounds alone is  n o t 
su ffic ien t. U sing th e  o b ta ined  SCF e ig en v a lu es  and  eingenvecto rs som e o th e r 
q u a n tu m  chem ical indices (free v a le n c e , d iffe ren t localiza tion  energies etc .) 
or som e com bined  ind ices should be c a lc u la te d  to  be able to  f in d  m ore  c h a ra c ­
te r is tic  co rre la tions. Such ca lcu la tio n s a re  in  progress.

F in a lly  i t  shou ld  be m en tioned  t h a t  a lre a d y  on th e  basis o f  th e  л  e lec tron  
ch arg e  d is tr ib u tio n s  som e suggestions h a v e  been  m ade to  sy n th e tiz e  som e co m ­
p o u n d s  belonging  to  th e  subseries w ith  N 2 m em bers (u n te s te d  com pounds). 
A m ong  th em  so fa r  on ly  4-C1-U h ad  b e e n  sy n th e tized  a t  th e  O rgan ic  Chem ical 
I n s t i tu te  o f th e  T echn ical U n iv e rsity , B u d a p e s t. This com pound  has b een  t e s t ­
ed a t  th e  In s t i tu te  o f  O ncopatho logy , B u d a p e s t. I t  has n o t show n a n tic a rc in o ­
genic a c tiv ity . F ro m  th e  ex p erim en ts  p e rfo rm ed  i t  is n o t possib le  to  decide 
w h e th e r i t  was b u ilt  in  to  D N A  a n d  w as re a lly  in ac tiv e , o r i t  w as u n a b le  to  
b u ild  in . T herefore  th e  failure of th is  f i r s t  a t te m p t  does n o t m ean  — acco rd in g  
to  o u r op in ion  — th a t  i t  is n o t w o rth w h ile  to  con tinue th is  line o f  re sea rch .

W e should like to express our gratitude to  Dr. A. U d v a rd y  for collecting for us data  
from  the literature concerning the experim entally  found anticarcinogenic a c tiv ity  o f the com ­
pounds calculated. W e are further indebted to  Professor K. L e m p e r t , to Professor B . K e l l n e r , 
Corresponding Member o f the Hungarian A cad em y o f Sciences and to Dr. G. E l e k  for synthe- 
tizing and testing 4-CI-U. W e should like to th a n k  also to Miss A. J esze n á k  for tabu latin g  th e  
num erical results.
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BERECHNUNG DER LADUNGSVERTEILUNG  
UND DES DIPOLMOMENTES GESÄTTIGTER, 

SAUERSTOFFHALTIGER HETEROCYCLISCHER 
VERBINDUNGEN

J. N a g y , J. R é f f y  und I. K á d a s

(Anorganisch-chemisches Institu t der Technischen Universität, B udapest)  

Eingegangen am 2. Dezem ber 1968

Es wurden annähernde quantenchem ische Berechnungen für das er-Bindungs- 
system  heterocyclischer, gesättigter, sauerstoffhaltiger Verbindungen nach der M ethode 
von  D e l  R e  durchgeführt. B ei den drei- und viergliedrigen stark gespannten R ingen  
wurde es notw endig, die A ustausch-Integrale und die Coulom b-Param eter zu ändern. 
Ladungsverteilungen und Dipolm om ente der geprüften Verbindungsreihe wurden b e­
rechnet. D ie Ergebnisse stim m en m it den experim entellen W erten gut überein.

In  e iner frü h eren  A rbeit [1] h a t  sich der eine von  uns (I. K .) m it d er B e­
rech n u n g  der L ad u n g sv erte ilu n g  sau e rs to ffh a ltig e r a lip h a tisch e r V e rb in d u n ­
gen b esch ä ftig t. E s w urde u n te rsu c h t, inw iew eit die e in fache q u a n te n c h e m i­
sche M ethode von  G. D e l  R e  [2] zu r B erechnung  der L ad u n g sv e rte ilu n g  v o n  
solchen V erb in d u n g en  geeignet is t . I n  der V erb indungsre ihe  (CH 3)n—C — 
—(O C H 3)4_n, wo n  =  0, 1, 2, 3, 4 sein  k a n n , w urde  eine K o rre la tio n  zw ischen 
den  a u f  die einzelnen  A tom e b e rech n e ten  p a rtie llen  L ad u n g sv erte ilu n g en  u n d  
den  N M R -V erschiebungen  gefunden. D ie A n w en d b ark e it d ieser M ethode w u rd s  
au ch  noch  d u rch  eine D ipo lm o m en tb erech n u n g  bew iesen die im  F alle  e in er 
V erb indung  m it der vek to rie llen  A d d ieru n g  der B in d u n g sp o la ritä tsw erte  bzw . 
d er en tsp rech en d en  B in d ungsm om en te  d u rch g e fü h rt w urde . D as b e rech n e te  
D ip o lm o m en t s tim m t m it dem  experim en te llen  W ert in n e rh a lb  der F e h le r­
grenze überein .

D as Ziel d er vorliegenden  A rb e it is t  die U n te rsu ch u n g  dessen, wie die 
M ethode von  D e l  R e  zur B erechnung  d er g esp an n ten  h e terocyclischen  R inge 
an w en d b a r is t. W ir hab en  analog  w ie in  d er bere its  z itie r te n  A rb e it, B erech ­
n u n g en  fü r  die e rs ten  g esä ttig ten  cyclischen  Ä th e r: Ä th y len o x y d , T rim e th y - 
len o x y d , T e tra h y d ro fu ra n  u n d  T e tra h y d ro p y ra n  d u rch g e fü h rt. D ie D efo rm a­
tio n  is t im  F alle  d er fünf- u n d  sechsgliedrigen  cyclischen Ä th e r so gering, d aß  
diese V erb in d u n g en  den  C h arak te r eines a lip h a tisch en  Ä th e rs  h ab en . D em ­
en tsp rech en d  lie fe rt die M ethode von  D e l  R e  m it den u rsp rü n g lich en  P a ra m e ­
te rn  die rich tig en  p artie llen  L ad u n g en  u n d  das ex p erim en te ll gem essene 
D ipo lm om en t. In  den dreig liedrigen u n d  v ierg liedrigen  R ingen  ex is tie rt eine 
v iel s tä rk e re  D efo rm ation , die die Ä n d eru n g  der H y b rid isa tio n  u n d  sogar die 
A bnahm e d er Ü b erlap p u n g  zur Folge h a t.  D ie von  D e l  R e  verw en d eten  u r ­
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sp rü n g lich en  K o n s ta n te n  en tsp rech en  a b e r  im  F alle  des K ohlenstoffes der 
a lip h a tisch en  sps H y b rid isa tio n  u n d  b e im  S au ers to ff d er a llgem einsten  Ü b er­
g an g sh y b rid isa tio n  m it 18,9% -igem  »s«-C harakter [3] sowie d er vo llkom ­
m en en  Ü b erlap p u n g . D iese T a tsach e  w u rd e  im  L aufe d er B erechnungen  b e ­
rü c k s ic h tig t, u n d  so h ab en  w ir au ch  bei diesen g esp an n ten  R ingen  rich tig e  
E rg eb n isse  e rh a lten .

Berechnung der Heteroringe vom  aliphatischen Typ

D ie L ad u n g sv e rte ilu n g  u n d  d ie  B in d u n g sd ip o lm o m en te  d er M oleküle 
w u rd e n  im  Falle des T e tra h y d ro fu ran s  u n d T e tra h y d ro p y ra n s  analog  m it denen  
d e r a lip h a tisch en  V erb in d u n g en  b e re c h n e t. D u rch  die v ek to rie lle  S u m m a­
tio n  d er B in d u ngsd ipo lm om en te  e rh ie lte n  w ir das re su ltie ren d e  D ipo lm om ent 
d e r  M oleküle, w elches m it den ex p erim en te llen  W erten  g u t ü b e re in s tim m t 
(T abelle  I I ) . Zu d ieser A ddition  w aren  d ie  experim en te llen  B in d u n g sab stän d e  
u n d  B in  dungsw inkel d ieser beiden  V erb in d u n g en  n ö tig . W ir n ah m en  im  F alle  
des T e tra h y d ro fu ran s  ein regelm äßiges p lan ares  F ü n feck  u n d  beim  T e tra -  
h y d ro p y ra n  eine regelm äßige  Sesselform  an. Als B in d u n g sab stän d e  w urden  
a u f  G rund  der E lek tro n en d iffrak tio n sm essu n g en  [4] die a lip h a tisch en  A b ­
s tä n d e  als m aß g eb en d  b e tra c h te t.

Rcc — 1,54 Á 

Reo =  1,43 Á 

R CH=  1,09 Á

D as G le ichungsystem , das die C o u lo m b -P a ram e te r des T e tra h y d ro fu ran s  lie ­
fe r t ,  is t  das fo lgende (die K oh lensto ff- u n d  W assersto ff-A tom e w urden  vom  
S auersto ff-A tom  ausg eh en d  m it den  In d e x e n  1 u n d  2 bezeichnet).

'hi = = <5Ho Zh(C) <3ci

'h * = = d Ho + У н (С ) ^ c 2

'c i  = dco + 2  Z c (H ) ^ h 1 +  Ус(С) ^ c 2 +  Z c< o) » o

C2 = <5Co + 2  У с ( н )  ^ н 2 +  7 c (C ) ^ c i  +  Ус(С) ^ c 2

'o = <5o° + 2  Z o (C ) ^ c i

D ie Lösungen des G leichungssystem s sind :

öHi =  0,0666

<5h2 =  0,0525

6c i == 0,1664 

öcz =  0,1313
b0 =  0,4333
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W erte  der P o la r itä tsg ra d e  der e in ze ln en  B indungen :

Qci- hi =  + 0 ,0 4 9 9  

Qq2_j-|2 =  + 0 ,0 3 9 4  

Qci_C2 =  + 0 ,0 1 7 6  

Qcl_ 0 =  - 0 ,1 4 0 5

Die p a rtie lle  L ad u n g sv erte ilu n g  des M oleküls is t in  A bb . 1 d a rg este llt.

H 2 / Н 2 +  0,0394
) C 2------ C 2-0 ,0612

H 2 /  \  ' H 2
H \ /  \  /Н1

/ С 1 C 4 -  0,0231
H ‘ ''H 1 +  0,0499

-  0,2809

Abb. 1. L adungsverteilung im  Tetrahydrofuran

D ie B erechnung  des re su ltie ren d en  D ipo lm om en tes b e d e u te te  se lb st in  
d iesem  einfachen F a ll e in  ko m p liz ie rtes  Y ek to rsu m m ieru n g s-P ro b lem .

D ie B in d u n g sd ip o lm o m en tw erte  sind :

m c i_H1 =  0,7 ’ 10 ~3 C oulom bm eter 

m c2-H 2 =  6,85 ■ 10 ~31 Cm 

m c i_C2 — 4,32 • 10 _31 Cm 

m o - c 1 =  02,1 • 10 _31 Cm

D as b erechnete  re su ltie ren d e  D ip o lm o m en t is t 1,60 D , das ex p erim en te ll e r­
h a lten e  1,75 D.

D ie C o u lo m b -P aram eter des T e tra h y d ro p y ra n s  k ö n n e n  aus dem  fo lgen­
den  G leichungssystem  e rh a lte n  w erd en . (D ie N u m erie ru n g  is t  d er beim  T e tra ­
h y d ro fu ran  angew en d eten  analog).

d H i  =  d H o +  y H (C) 

d H a =  d H o +  У н (С )  ^ c 2 

d H 3 = =  d H 0 +  y H (C) ^ с з

dci =  dco +  2 Ус(н) ^ н 1 +  Ус(с) <̂ c2 +  Ус(О) 
d C a =  d c o  +  2 у с ( н )  ^ н 2 +  У с(С ) ^ c i  +  У с ( С )  д c 2 

de» =  dco +  2 ус(н> ^нз +  2 Ус(С) ^c2 
—  ^ o »  +  2 у o (C )  ^ c r  ■
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N a c h  S u b stitu tio n  d er K o n s ta n te n  u n d  L ösung des G le ichungssystem s gelan­
gen  w ir  zu den fo lgenden  C o u lo m b -P aram ete rn :

öHi =  0,0665 
0H2 =  0,0522 

öH3 =  0 ,0506

<5ci =  0,1663 
0C3 =  0,1306 

бсз =  0,1265
d0 =  0,4333

A us diesen  w urden d ie  B in d u n g sp o la r itä te n  b e rech n e t. D ie W e rte  sind  die fo l­
g e n d en :

_ C 3  =  + 0 ,0 1 7 8  

QC2_c» — +0,0021  
Qcl_ 0 =  - 0 ,1 4 0 5

D ie partielle  L a d u n g sv e rte ilu n g  des T e tra h y d ro p y ra n s  is t  in  A b b ildung  
2 darg este llt.

H \  / Н 3 +  0,0379
C — 0,0717

Qc1-H 1 — + 0 ,0 4 9 9 Q c1-

Qc2—H2 — + 0 ,0 3 9 2 Qc2
Q c'-H 3 = + 0 ,0 3 7 9 Qc1

H \ / H 2 +  0,l
C2 C2-0 ,0646

Н 2/ 1 1 \ H 2
H \  1 1 / Н 1

C‘+ 0,0229
H 1/  \ . ^  \ H ‘ + 0 ,<

0
— 0,2810

Abb. 2. Ladungsverteilung im  Tetrahydropyran

D as berechnete  re su ltie re n d e  D ipo lm om ent is t  1,44 D , d e r  experim en telle  
W e r t  is t  1,55 D.

Berechnung der gespannten Heteroringe, M odifizierung der Parameter von
Del Re

E s kann  an g en o m m en  w erden , d aß  die S auersto ff- u n d  K o h len sto ff­
a to m e  in  der a lip h a tisch en  B in d u n g  in  sp3 bzw . in  einem  seh r ähn lichen  H y b ­
r id z u s ta n d  vorliegen. D e r Y alenzw inkel im  Ä th y len o x y d  (60°) u n d  im  T rim e- 
th y le n o x y d  (90°) w e ich t jed o ch  s ta rk  von dem  fü r die sp 3-H y b rid isa tio n  c h a ­
rak te ris tisch en  W inkel (109° 9’) ab . Diese D efo rm atio n  des te traed e risch en  
Y alenzw inkels h a t  n a c h  d en  quan ten ch em isch en  B erech n u n g en  keine R e a litä t. 
I n  d iesen  Fällen d e fo rm ie rt sich in  e rs te r R eihe n ic h t d er V alenzw inkel, sondern  
es v e rm in d ert sich d ie  Ü b e rla p p u n g  der sp3 M olekü lo rb ita le . D . h ., ein E n erg ie ­
m in im u m  kom m t e in e rse its  d u rch  die geringere M odifiz ierung  des B in d u n g s­
w inke ls, andererseits d u rc h  die s tä rk e re  A bnahm e der Ü b e rla p p u n g  zu stan d e .
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D as A bnehm en d e r Ü b e rlap p u n g  der A to m b ah n en  bzw . die p ro p o rtio n a le  
Ä nderung  des A u s ta u sc h p a ra m e te rs  k a n n  m it dem  fo lgenden  Z usam m enhang  
b e rü ck sich tig t w erden :

e' =  e(cos 0 )  (1)

wo 0  der W inkel zw ischen zw ei M olekü lo rb ita len  is t .
Die A n n äh eru n g  an  das an d e re  P rob lem , n ä m lic h  die B estim m ung  des 

effek tiven  H y b rid zu stan d es  d e r einzelnen  A tom e, i s t  schon  viel schw ieriger. 
W ir hab en  h ie rzu  die A ngaben  v o n  P u l l m a n n  u . M ita rb . [3] b e n u tz t, die eine 
K o rre la tio n  zw ischen der so g en an n ten  B a h n e le k tro n e g a tiv itä t u n d  den k o n s ta n ­
te n  G liedern der C o u lo m b -P a ram e te r der einzelnen A to m e bzw . d er d u rch  diese

H
Abb. 3. Änderung des Coulom b-Param eters des Sauerstoffatom s als F unktion der B ahnelek­

tronegativ ität

zu s tan d eg eb rach ten  B indungen  angegeben  haben . D ie B a h n e le k tro n e g a tiv itä tc n  
h än g en  vom  Z u s ta n d  der H y b rid isa tio n  ab und  k ö n n en  au s den P ro m o tio n s­
energ ien  nach  der M ethode von  H inze  u n d  J affe [5] b e re c h n e t w erden . E s is t 
w ich tig  zu b em erk en , daß  im  G egensatz  zum  k o n s ta n te n  G lied d er Coulom b- 
P a ra m e te r  n ach  D el  R e , w elches eine fü r  das A tom  c h a ra k te ris tisch e  G röße 
is t ,  d ie B a h n e le k tro n e g a tiv itä t fü r  jed e  einzelne d u rc h  d as  be tre ffen d e  A tom  
zu stan d eg eb rach te  B indung  e in en  an d eren  W ert au fn eh m en  k a n n . D ah er 
k a n n  diese von P ullmann  g efundene  K o rre la tio n  n u r  fü r  solche A tom e gü ltig  
sein , die g leichartige B in d u n g en  e ingehen , weil so alle  B in d u n g en  derselben 
H y b rid isa tio n , d. h . dem selben »s« C h a rak te r en tsp rech en  d e r fü r  das b e tre f­
fende A tom  ch a rak te ris tisch  is t . D iese B edingung is t bei u n se ren  V erbindungen!
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fü r  S au ersto ff e rfü llt, som it k a n n  d ie PüLLMANNsche K o rre la tio n  angew endet 
w erd en . Diese K o rre la tio n  w urde  in  A b b ild u n g  3 d a rg es te llt, wo d ie  Ä nderung  
v o n  <5q, des k o n s ta n te n  Gliedes des C ou lom b-In teg ra ls  des S au ersto ffa to m s 
als F u n k tio n  der %p B a h n e le k tro n e g a tiv itä t  d a rg es te llt is t.

In  der A rb e it v o n  H inze u n d  J a ffe  [5] sind  die B a h n e le k tro n e g a tiv itä ts ­
w e rte  fü r  einige g en au  defin ie rte  H y b rid z u s tä n d e  des S auersto ffes angegeben. 
W ir  s te llten  die B a h n e lc k tro n e g a tiv itä te n  als F u n k tio n  des en tsp rech en d en  
»s« C harak te rs d ieser H y b rid z u s tä n d e  d a r  u n d  e rh ie lten  so eine G erade  (A bb. 4).

Abb. 4, Änderung der B ahnelektronegativ ität des Sauerstoffatom s als Funktion  
des »s«-Charakters der B indungen

Die B a h n e le k tro n e g a tiv itä t eines Ü b e rg an g sh y b rid zu s tan d es  zw ischen 
d e n  G ru n d h y b rid zu s tän d en  is t  aus d ieser A b b ildung  abzu lesen , w enn es m ög­
lic h  is t den »s« C h a ra k te r  der b e tre ffe n d en  H y b rid isa tio n  zu  b erech n en . F ü r  
d iesen  is t der fo lgende Z u sam m en h an g  b e k a n n t:

1 +  Я2 cos со — 0, (2)

wo со der W inkel zw ischen zwei g le ichw ertigen  B ind u n g en  eines A tom es u n d  
Я ein  fü r den »s« C h a ra k te r  k en n ze ich n en d er P a ra m e te r  is t. I n  K e n n tn is  von  Я 
e rg ib t  die G leichung (3) den »s« C h a ra k te r  der B ind u n g en :

W % )  = T Ä ^ r 100- (3)1 - f -  / А

H a n d e lt  es sich u m  zwei B in d u n g en  versch iedenen  C h arak te rs , so g ilt G leichung
(4) s ta t t  (2), in  d iesem  Falle is t  n äm lich  fü r  jed e  B in d u n g  ein  an d ere r W ert
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ch a ra k te ris tisch
1 COS CD = 0 (4)

s C h a r ( % )  =
l

■ 1 0 0 (5)
1  +  4

s C h a r ( % )  =
1

■ 1 0 0 . ( 6 )
1 + ^ 2

D iese V erhältn isse  w urden  in  A bb ild u n g  5 d arg este llt (fü r den  F a ll eines sol­
chen  X  A tom s, w elches eine B in d u n g  m it zwei A A to m en  u n d  m it zwei В 
A tom en  zu stan d eb rin g t) . E s is t  au ch  b e k a n n t, daß  die S um m e d er »s« C h a rak ­
te re  aller H y b rid o rb ita le  eines A tom s gleich 1 ist.

Abb. 5. B indungen des A tom s X  m it den Atom en A und В

B erechnung  fü r  das Ä thylenoxyd-M olekül

D ie B in d u n g sab stän d e  u n d  B indungsw inkel w urden  aus den  M ikrow ellen- 
R o ta tio n ssp ek tren  [6] seh r genau  b e s tim m t (A bb. 6). D ie g en au  b e k a n n te n  
B indungsw inkel g e s ta tte n  es, die »s« C h a rak te re  des K ohlensto ffes zu  b e rech ­
nen . A u f die K o h len sto ff-W assers to ff-B indungen  in  Ä th y len o x y d  en tfa llen  
n ach  den  B erechnungen  31 ,05%  »s« C h a ra k te r; fü r die an d e ren  beid en  B in ­
dun g en  des K o h len sto ffa to m s b le iben  18 ,9% , sofern diese als g leichw ertig  
angenom m en w erden . In  K e n n tn is  des »««-Charakters k o n n te  der ta tsä c h lic h e  
co2 B indungsw inkel b e s tim m t w erden , fü r  den  sich der W ert v o n  103° 2 5 ' ergab .

F ü r  den  S au ersto ff is t  diese B erech n u n g  a u f ex ak te  W eise n ic h t d u rc h ­
zu fü h ren , da  die B ahnw inke l der be iden  einsam en  E le k tro n e n p a a re  n ic h t b e ­
k a n n t sind , u n d  m an  so led ig lich  a u f  P ro b en  angew iesen is t . W ie m an  s ieh t,
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i s t  d e r W ert des »s«-C harak ters im  F alle  des K oh lensto ffes fü r  die einzelnen  
B in d u n g en  versch ied en , u n d  es is t d ah e r n ic h t m öglich , Öq den  k o n s tan ten  
T eil der C o u lo m b -In teg ra le  des K ohlenstoffes m it ih n e n  in  K o rre la tio n  zu 
b rin g e n , obw ohl es se h r  w ahrsch e in lich  is t , d aß  die Ä n d eru n g  des k leinen W er­
te s  0,07 das E rg eb n is  n ic h t  b ed eu ten d  beein flu ssen  w ürde .

W ir haben  L ad u n g sv e rte ilu n g - u n d  D ip o lm o m en tb erech n u n g en  fü r  das 
Ä thy lenoxyd-M olekü l m it m ehreren  Öq-W e rten  d u rc h g e fü h rt, um  zu u n te r .

10
s p V p (s )

- didiH^TT ,̂

-

tr2t r f r f^ ,

' '> te2te2te te

■sp2p2p(f 0

char°/o

Abb. 6. B indungsabstände und Bindungsw inkel im  Ä thylenoxyd

su chen , welche A n n ä h e ru n g  das beste  E rg eb n is  lie fe rt. D ie w ich tigeren  E rg e b ­
n isse  der A n n äh eru n g sb erech n u n g en  sind in  T abelle  I  zusam m engeste llt.

Die beste  A n n ä h e ru n g  fü r  den D ip o lm o m en tw ert des Ä thy len o x y d s is t  
1,85 D , d. h. d ieser W e rt s tim m t m it dem  ex p e rim en te llen  W ert gu t ü b ere in  
(T abelle I I ) . D ie L ad u n g sv e rte ilu n g  w urde  in  A b b ildung  7 dargeste llt.

Н Ч  /Н М -  0,0483
NC‘----- С > + 0,0429

H ' / \  / \H 1

о
0,2661

Abb. 7. Ladungsverteilung im  Ä thylenoxyd

Die Ü b e rla p p u n g  d er K oh len sto ff-S au ersto ff-B in d u n g  blieb w äh ren d  
d e r A nnäherungen  se lb s tv e rs tän d lich  au ch  n ic h t k o n s ta n t;  dies w urde  im  
S inne von (1) b e rü c k s ic h tig t.
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T abelle I

Zusammenfassung der wichtigeren Ergebnisse der Annäherungsberechnungen f ü r  den Fall des
Äthylenoxyd-M oleküls

A n n ä h e ru n g
»s« C h ar 

(S a u e rs to f f )

C - O - C
e f f e k t iv e r

B in d u n g s w in k e l
<5o

l . 1 1 , 5 9 7 ° 0 8 ’ 0 , 3 0 i , 6 6

2 . 1 2 , 0 9 7 ° 3 2 ’ 0 , 3 1 1 , 6 9

3 . 1 2 , 5 9 8 ° 3 ’ 0 . 3 2 1 , 7 9

4 . 1 3 , 0 9 8 ° 3 6 ’ 0 , 3 3 1 , 8 5

5 . 1 8 , 9 1 0 3 ° 2 5 ’ 0 , 4 0 2 , 4 4

B erechnung f ü r  T rim ethylenoxyd

D as V erfahren  w ar im  F alle  des T rim e th y len o x y d s  an a lo g , ab er eine 
Ä n d e ru n g  von ö°0 w ar n ic h t nötig , d a  d ie  D efo rm atio n  von  geringerem  M aße 
w ar. W enn  w ir an n eh m en , daß die W in k e l im  T rim e th y len o x y d  90° sind u n d  
die D efo rm ationen  des te tra e d e ris ch e n  V alenzw inkels n ic h t b e rü ck sich tig t 
w erd en , können  w ir m it Q =  160° re c h n e n . In  diesem  S inn  w u rd en  die A us­
ta u sc h p a ra m e te r  m o d ifiz ie rt (ecc =  0 ,940 ; eco =  0,893) u n d  die R echnung

H \  / Н 2 +  0,0408 
C2— 0,0487

H 1

H 17'
.C1

\  / Н 1
C1 + 0 ,0 3 2 5  

/  X'H 1+  0,0501

О
—  0 , 2 9 8 4

Abb. 8. Ladungsverteilung im  Trim ethylenoxyd

n ach  d er M ethode von  D e l  R e  d u rc h g e fü h rt. F ü r  das D ip o lm o m en t ergab  
sich so 1,925 D, was m it dem  ex p e rim en te llen  W ert gu t ü b e re in s tim m t (T a­
belle I I ) .  Im  Falle d er völligen Ü b e rla p p u n g  h ä tte n  w ir den W e rt 1,765 D e r­
h a lte n . D ie L ad u n g sv erte ilu n g  is t in  A b b ild u n g  8 darg este llt.

Tabelle II

Berechnete und gemessene Dipolmomente

V erbindung
Dipolmoment

her.
(D)

gern.

A thylenoxyd 1,85 1,83 [?1

T ry m ethy lenoxy d 1,925 1,92 [8J

Tetrahydrofuran 1,60 1,75 [9]

T etrahydropyran 1,44 1,55 [s>i
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V ergleich und Auswertung der Ergebnisse

E s lo h n t sich n u n , im  w eiteren  d ie  m it den  B e rech n u n g en  e rh a lten en  
L a d u n g sv e rte ilu n g en  zu  u n te rsu ch en . E s is t  bei je d e r  V erb in d u n g  d eu tlich  
zu  e rk en n en , d aß  sich  d ie  p a rtie llen  L ad u n g en  d er v o m  S au e rs to ff w e ite r e n t ­
fe rn t liegenden  K oh len sto ff- u n d  W asse rs to ffa to m e  w egen der s tä n d ig  a b ­
n eh m en d en  e lek tro n en sau g en d en  W irk u n g  des W assersto ffes schnell v e rm in ­
d e rn . (D er - I  E ffe k t w irk t  in  e rs te r R e ih e  a u f  die u n m itte lb a r  b e n a c h b a rten  
A tom e).

D ie N M R -V erschiebungen  (т -S ignale) [10] des W assersto ffs zeigen eine 
g u te  K o rre la tio n  m it d en  b erech n e ten  p a rtie llen  L ad u n g en . E in e rse its  n eh m en  
die т -S ignale in  e in er V erb in d u n g  m it w achsender E n tfe rn u n g  vom  S au e rs to ff  
zu , d a  die P ro to n en  n eg a tiv e r  w erden , an d ere rse its  f in d e n  w ir w ieder eine 
K o rre la tio n  beim  V erg leich  der p a r tie lle n  L ad u n g en  u n d  der en tsp rech en d en  
t-S ig n a le  der P ro to n e n  in  gleichen S te llungen  in  den  v ie r  V erb indungen . I n ­
te ressan te rw eise  zeigen die т -Signale d er P ro to n en  in  P o s itio n  1 zum  S a u e rs to ff  
u n d  die e n tsp rech en d en  pa rtie llen  L ad u n g sw erte  b e im  T rim e th y le n o x y d  einen  
G renzw ert. G leichzeitig  is t  auch  das D ip o lm o m en t des T rim e th y len o x y d s  d as

Tabelle III

T-Signale und partielle  Ladungen (q) der entsprechenden Wasser S to f f  atomé der ersten vier cyclischen
Ä ther

Verbindung
Hx H„ H,

r-Signal
(ppm) 4

r-Signal
(ppm) 4

T-Signal
(ppm) 4

A thylenoxyd 7,42 0,0483 — — — —

T rim etbylenoxy d 5,27 0,0501 7,27 0,0408 — -
T etrahy drofur an 6,25 0,0499 8,15 0,0394 — —
Tetrahydropyran 6,44 0,0499 8,42 0,0392 8,42 0,0379

Tabelle IV

Berechnete Bindungspolaritätsgrade

Bindung Äthylenoxyd T rimethylenoxyd
Tetrahydro­

furan T etrahy dropyran

C ' - H 1 0,0493 0,0502 0,0499 0,0499
C2- H 2 — 0,0408 0,0394 0,0392

C3- H 3 — — — 0,0379
C > -C 2 — 0,0165 0,0176 0,0178
C2- C 3 — — 0,0021

O - C 1 0,1395 0,1492 0,1405 0,1405
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g rö ß te  in  der V erb indungsserie . A u c h  diese gu te  Ü b e re in s tim m u n g  is t  e in  
B ew eis fü r  die V erläß lich k e it u n se re r  M ethode. D ie т -S ignale u n d  die e n ts p re ­
ch en d en  p a rtie llen  L adungsw erte  e n th ä l t  T abelle I I I .

Schließlich  k a n n  auch  b e o b a c h te t w erd en , d aß  die P o la r itä t  d er C— C B in ­
dun g en  in  den e inzelnen  V erb indungen  m it der D istan z  vom  S au e rs to ff  s ta rk  
a b n im m t (Tabelle IV ). D as gleiche g il t  au ch  fü r  die C—H  B in d u n g en .
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Cobalt carbonyl hydride at lo w  tem perature hydrogenates hep tcne to neptane  
and conjugated diolefins to m onoolefins, in stoichiom etric reactions. In the la tter  case, 
the se lectiv ity  exceeds 90%.

R a th e r  d e ta iled  stud ies h av e  b een  re p o rte d  concern ing  th e  reac tio n s of 
m onoolefins and  dio lefins w ith  H C o(C O ),. In  th e  case o f m onoolefins, a t te n tio n  
w as focused  on th e  fo rm atio n  o f a c y lc o b a lt te tra c a rb o n y ls  [1] a n d  aldehydes 
[2], accord ing  th e  follow ing s to ic h io m e try :

W ith  d io lefins, th e  p rin c ip a l p ro d u c ts  w ere fo u n d  to  be я -a lly lco b a lt-trica rb o - 
n y l com plexes [3]:

W e h a v e  observed  th a t  h y d ro g en a tio n  reac tio n s  also ta k e  p lace to  a co n sid er­
ab le  e x te n t in  these  reac tio n  m ix tu re s .

I n  th e  reac tions o f  n-heptene-1  a n d  HCo(CO)4 in  p e n ta n e  so lu tion  u n d e r 
a n  a tm o sp h e re  of ca rb o n  m onoxide o r n itro g e n  a t  -j-10°C an d  0°C, re sp ec tiv e ly , 
a n d  s tr iv in g  to  o b ta in  as com plete m a te r ia l  balances as possib le, th e  resu lts  
show n in  F igs 1 an d  2 w ere o b ta ined . A s can  be seen, th e  y ield  o f h e p ta n e  w as 
h ig h es t a t  re la tiv e ly  low  olefin : c o b a lt ra tio s , an d  som etim es exceeded  30 %  
b ased  o n  HCo(CO)4. T h e  p roduc ts o b ta in e d  a t  h igher h ep ten e  : HCo(CO)4 ra tio s  
also c o n ta in e d  sm all am o u n ts  o f a c y lc o b a lt te tra c a rb o n y ls , as ev idenced  b y  
th e  in fra re d  spec tra .

In  accordance  w ith  th e  genera lly  accep ted  schem e [1] fo r reac tio n s  b e ­
tw een  olefins and  HCo(CO)4, th e  s to ich io m e tric  h y d ro g en a tio n  can  be  assum ed

R C H  =  CH2 +  HCo(CO)4 cc%  R C H 2CH2COCo(CO)4 

R C H 2CH2C H O  +  Co2(CO)8.

HCo(CO)4

RCH =  CH— CH=CHj+HC..(CO)4-------- rch2 — ch CH2 +  CO

Co(CO)3
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F ig . 1

to proceed by the reaction between an alkylcobalt carbonyl and cobalt carbo­
nyl hydride before carbon monoxide insertion:

RCH =  CH, +  HCo(CO)4— > RCH2CH2Co(CO)4 HCo(c° 4  RCH0CH3 +  Co2(CO)8

RCH2CH2COCo(CO)3---->-hydroformylation prod­
ucts and acylcobalt 
tetracarbonyls
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This mechanism explains why the highest yields of heptane were ob­
served at relatively low olefin : cobalt ratios, since obviously a large concentra­
tion of HCo(CO)4 favours its reaction with the alkylcobalt carbonyl first 
formed.

Previous work [4] has shown that hydrogenation of olefins is a general 
side reaction under the conditions of oxo synthesis (150°C, 200 atm), though 
in the case of straight-chain olefins it takes place only to a relatively small 
extent. The higher selectivity in favour of hydroformylation in the catalytic 
synthesis, compared with the results obtained in this investigation, can be 
attributed to the high partial pressure of carbon monoxide prevailing under 
“oxo-conditions”, a circumstance facilitating the insertion of carbon monoxide 
into the cobalt-carbon bond.

When conjugated diolefins were reacted with HCo(CO)4 in pentane solu­
tion under carbon monoxide or nitrogen at 0°C, a highly selective and fast 
hydrogenation to the corresponding monoolefins was observed. In the case of 
butadiene and isoprene, the hydrogenated product was a mixture of isomeric 
butenes and methylbutenes (yield 94% and 83% respectively, based on 
HCo(CO)4). Cyclohexadiene-1,3 yielded cyclohexene; with cyclopentadiene as 
the model substance, the results compiled in Table I were obtained.

Table I

Cyclopentadiene: 
HCo(CO)4 ratio

HCo(CO)4 used 
for hydrogenation 

of
cyclopentadiene,

%*

Atmosphere

0.45 78 n 2
0,58 97 CO

1.17 92 N 2
1.17 104 CO

2.94 99 N 2
2.94 97 CO

11.0 90 N 2
11.0 106 CO

* Based on HCo(CO)4 introduced, and ca lcu lated  from the am ount o f cyclopentene formed. 
The am ount of HCo(CO)4 used for hydroform ylation (calculated from the amount of C6-aldehydes 
formed) was always less than 1%.

According to the infrared spectra, the products obtained from different 
diolefins under such conditions contained only small amounts of Tt-allylcobalt- 
-tricarbonyl type complexes. This rather unexpected result may be explained 
by the following sequence of reactions:
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K— CH=CH — CH =  C H , +  HCo(CO)4

R — CH2- C H  =  CH— CH2-C o(C O )4 H(j°)(('° )*— >- R — CH2— C H =C H — CHj + C o 2(CO)8
and isomers

(b) CO

Co(CO)j

A ccordingly , th e  p ro d u c t com position  is d e te rm in ed  b y  th e  re la tiv e  ra te s  
o f  reac tio n s (a) a n d  (b). A re la tive ly  la rg e  co n cen tra tio n  o f HCo(CO)4 shou ld  
ag a in  favour th e  h y d ro g en a tio n  o f th e  in te rm e d ia te  er-allylcobalt ca rb o n y l. 
I f , how ever, low  co n cen tra tio n s  o f HCo(CO )4 are  used, th e  ст-ally l com plex  
can  be tra n sfo rm e d  p rin c ip a lly  to  th e  я -ally l d eriv a tiv e . T h is m ay  ex p la in  
th e  som ew hat u n u su a l conditions [3] em p lo y ed  in  th e  p re p a ra tio n  of th e  la t te r  
com plexes.

E x p erim en ta l

Reaction of HCo(CO)4 w ith heptene-1

A solution of cobalt carbonyl hydride in pentane was prepared by the m ethod o f S t e r n ­

b e r g  et al. [ 5 ] .  This so lu tion  was cooled to — 60°C and heptene-1 was added. W hen working  
under nitrogen, the reaction  mixture was warm ed to 0°C and allowed to stand at this tem pera­
ture for 6 hrs. In the experim ents under carbon m onoxide, the reaction m ixture was warm ed to  
10°C and stirred at th is tem perature for 6 hrs. A fter th is tim e, samples were taken for infrared  
spectroscopy and gas chrom atographic analysis. The y ield of organic product was determ ined  
b y  the estim ation o f gas chromatographic peak areas, using known am ounts o f 2,3-d im ethyl- 
pentane as the reference substance.

Reaction of HCo(CO)j w ith  cyclopentadiene

The experim ental procedure was essentia lly  the same as that used for heptene-1 w ith  
th e  exception that th e  reaction time was 2 hrs. a t 0°C. The reaction started even at — 30°C as 
shown by the rapid crystallization of pure Co2(CO)s.
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NEW NITROCHALCONES, X*
CORRELATION O F T H E  CHOICE OF T H E  CO ND ENSING  AG ENT  

W ITH  T H E  STR UCTU RE OF T H E  REACTANTS

T .  S z e l l  a n d  I .  S o h á r

(D epartm ent o f A p p lied  Chemistry, A ttila  Jó zsef U niversity o f  Szeged, Szeged)  

R eceived N ovem ber 21, 1968

The choice o f condensing agent for the synthesis o f  chalcones from  substitu ted  
benzaldehydes and acetophenones is clearly related to the H am m ett su bstitu en t con­
stan ts. In general, reactants having large H am m ett’s a  constants require sodium  hydrox­
ide, those having low  values require hydrogen chloride, and the interm ediate group 
can be condensed w ith  either reagent. These generalization m ay, how ever, be offset 
b y  factors such as solub ility , side reactions, etc. The H am m ett equation has been found  
to hold  for the base-catalyzed Claisen— Schm idt condensation, serving as a guide in 
correlating the structures o f  the reactants w ith  their reactivity.

The effect o f som e side chain substituents has also been exam ined and three new  
chalcones have been synthesized.

Introduction

C halcones are of considerab le  b io logical im p o rtan ce  on acco u n t o f  th e ir  
ph a rm aco lo g ica l a c tiv ity  a n d  because th e y  are  isom eric w ith  flav an o n es w hich  
are  k n o w n  to  occupy a c e n tra l  position  in  f lav o n o id  b iosyn thesis  [1 — 3]. N itro - 
h y d ro x y ch a lco n es have p ro v ed  to  be su itab le  m odels fo r s tu d y in g  th e  fo rm a ­
tio n  o f chalcones [4] from  th e  a p p ro p ria te  ace tophenone  an d  a ld eh y d e .

ArCOCH3 +  O H C - A r ’ A r—CO—C H = C H —A r’

P re v io u s  com m unications in  th is  series a tte m p te d  to  e luc ida te  th e  co rre ­
la tio n  o f  th e  s tru c tu re  o f  th e  re a c ta n ts  w ith  th e ir  reac tiv itie s  an d  w ith  th e  
choice o f  th e  condensing a g en t. In  th e  p re se n t w ork  som e of ou r re le v a n t re ­
su lts  o f  ea rlie r  w orks h av e  b een  su m m arized , e x ten d ed  an d  fin a l conclusions 
d raw n.

Results and discussion

Substituents in  the nucleus

E x p e rim e n ts  carried  o u t in  th e  p resence  o f sodium  h y d rox ide  or sodium  
alkox ides show ed  th a t  th e  su b s ti tu e n ts  in c reased  th e  y ield  o f  chalcone fo rm a ­
tio n  in  w a te r , aqueous e th a n o l, or e th a n o l in  th e  follow ing w ay  [5, 6, 10]:

* P art IX : Sz é ll , T., S o h á r , I.: Canad. J . Chem. 47, 1254 (1969).
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(a) I n  th e  ace tophenone  co m ponen t:

2- N 0 2 >  4 -N 0 2 >  3 -N 0 2 (1)

3- O H  >  2- an d  4 -O H  (2)

6 -N 0 2-3 -0 H  >  4 -N 0 2-2 -0 H  >  5 -N 0 2-2 -0 H  >  3-O H  > 3 - N 0 2-4 -0 H  (3)

{b) I n  th e  a ldehyde co m ponen t:

4 -N 0 2 > 4-Cl > H « <  3-O H  > 4-O H  (4)

4-C N  >  H  >  1 -n ap h th a ld eh y d e  >  3 ,4 -m eth y len ed io x y  >  4 -iP r >  3,4-

-diOM e ^  3 ,4 -d iO E t > 4 -O H -3 -O M e  > 2 -  and  4-O H  (5)

H  ^  2-OMe ^  2 -O E t (6)

2,3-diO M e £  2,5-diO M e >  H  >  2,4-diOM e (7)

R esu lts  of ex p e rim en ts  ca rried  o u t in  th e  presence o f hyd rogen  ch loride 
in  e th a n o l show ed th e  follow ing o rd er o f effectiveness o f  th e  su b s titu e n ts
[5, 6, 10];

(а) I n  th e  ace tophenone  co m ponen t:

3 -N 0 2-4 -0 H  > 4 - N 0 2-2 -0 H  >  4 -N 0 2 (8)

(б) In  th e  b en za ld eh y d e  co m ponen t:

4-O H -3-O M e >  3,4-diOM e >  O H  ^  4-OMe >  4 -H  >  (9)

>  halogen  >  4 -N 0 2

4-O H  >  4 -N 0 2 (10)

4-O H  £  4-O M e £  4-O H -3-O M e >  3,4-diO M e ^  3 ,4 -d iO E t £

£ 4 -М е  > 4 - H  >  4-Cl >  4 -N O , >  2 ,4 -d iN 0 2 (11)

2,4-diO M e £  2-OMe >  H  >  2,3-diO M e ^  2,5-diOM e (12)

In  general, a d e fin ite  para lle lism  can  be  observed  betw een  th e  e ffec tiv e ­
ness o f  a su b s ti tu e n t in  increasing  th e  y ie ld  o f th e  a lk a li-ca ta ly zed  co n d en sa ­
tio n  a n d  in  increasin g  th e  electroph ilic  c h a ra c te r  (p K  EH+) and  th e  H a m m e tt  
c o n s ta n ts .*  T he o rd e r o f su b s titu e n ts  in  th e  co n d en sa tio n  carried  o u t in  th e  
p re sen ce  of h y d ro g en  ch loride is ro u g h ly  th e  reverse  to  th a t  found  in  a lk a lin e  
so lu tio n . The m ore basic  th e  a ld eh y d e , i.e. th e  m ore n eg a tiv e  th e  s u b s titu e n t 
c o n s ta n t , th e  h ig h er th e  y ield  o f chalcone fo rm a tio n . The choice of condensing

* Cf. the cr-values in Table I. W hile the m  and p -sub stituent constants are sim ply addi­
tiv e  ( e.g., in 3,4- or 3 ,5-d isubstituted com ponents), ortho constants are not. H owever, a com ­
parison such as given in Series (8) and (13) is still possible, since the sam e ortho substituent is 
present in  each com pound. In some cases ( e.g., in Series (3) and (8)) no quantitative com pari­
son is possible on the basis o f the H am m ett constants.
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agent for the synthesis of chalcones is, therefore, related to the substituent 
constants.

Reactants with large Hammett’s a constants require bases (NaOH, 
NaOMe), those having low values require the use of hydrogen chloride, and the 
intermediate group can he condensed with either reagent. In other words, 
electron withdrawing substituents favour condensation by bases, whereas 
electron releasing groups favour the use of hydrogen chloride.

T able  I

Hamm ett's a  constants o f  the substituents involved in this paper, 

taken from  J . Cl a r k  and  D . D. P e r r in ’ s review  [7]

Substituent
Apparent 

o r t h o  <3 

(in anilines)
m e t a  c f p a r a  (3

H 0.00 0.00 0.00

Me 0.10 - 0 .0 7 — 0.17

E t 0.05 —0.07 - 0 .1 5

iPr 0.03 - 0 .0 7 - 0 .1 5
CN — 0.56 0.66

(1.00)

OH - 0 .0 9 0.12 - 0 .3 7
о — - 0 .7 1 - 0 .5 2

OMe 0.00 0.12 - 0 .2 7

OEt 0.02 0.10 —0.24

Cl 0.67 0.37 0.23
Br 0.71 0.39 0.23

F 0.47 0.34 0.06

NO . 1.72 0.71 0.78

These conditions are not surprising, since base-catalyzed condensation 
involves attack at the aldehyde carbon by a carbanion, formed by removal of 
a proton from the acetophenone. The acid-catalyzed condensation involves 
protonation of the carbonyl groups, thus the importance of the basicity of the 
reactants is evident (cf. with the references given under 15 in [5]).

The differences between the yields in the latter case, however, are some­
times not so marked as found in the base-catalyzed condensation. N o y c e  [26] 
has suggested that the moderate difference between the effect of 4-OMe and 
4-N 02 substituents is due to two counterbalancing factors: a change in basicity 
of the aldehyde, and a change in the ease of bond formation between the reac­
tants. Similarly, unsubstituted bi and tricyclic condensed aromatic aldehydes 
give chalcones in similar yields, in spite of definite differences in their basicities. 
Thus, for 9-anthraldehyde, 9-phenanthraldehyde and 1-naphthaldehyde, the
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р К Кв+ values a re  —4.81 , —6.39 an d  —6.68, re sp ec tiv e ly  [11]. T he f irs t  a l­
d e h y d e , b e in g th e  m o s t basic , shou ld  be th e  b e s t for chalcone fo rm a tio n . T ho u g h  
a c tu a lly  all th e  th re e  a ldehydes re a d ily  give chalcones, th e  tre n d  lies in  
th e  d irec tion  th a t  th e  m ore basic* th e  a ld eh y d e , th e  m ore co m p le te  th e  c h a l­
co n e  fo rm atio n , b u t  th e  d ifferences are  sm all [10]. D ev ia tions from  th e  p a tte rn  
e x p o u n d e d  above a re  also k n o w n , an d  som e o f th em  h av e  b een  discussed p re ­
v io u s ly  [5]. In  th e  b a se -ca ta ly zed  co n d en sa tio n , p re c ip ita tio n  o f  th e  sodium  
s a lt  o f  th e  chalcone m a y  considerab ly  im p ro v e  th e  y ield . O n th e  o th e r h a n d , 
co n d en sa tio n  m ay  go in - th e  w rong  d irec tio n  in  th e  presence o f  hyd rogen  ch lo ­
r id e  (e.g. w ith  2 ,4 -d im eth o x y b en za ld eh y d e , c.f. [10]), re su ltin g  in  decreased  
y ie ld s .

F ig . 1. Results o f com parative experim ents using substitu ted  aldehydes and 5-nitro-2-hydroxy- 
acetophenone in the presence of N aO H -E tO H -H 20  at 30°C. (k l =  rate constant o f chalcone

form ation)

The v a lid ity  o f  th e  H a m m e tt eq u a tio n  for chalcone fo rm ation  was 
checked . As i t  can  be  seen in  F igs 1 an d  2, th e re  is a lin ea r  co rre la tio n  betw een  
th e  lo g arith m  o f th e  r a te  c o n s ta n ts  an d  H a m m e tt’s s u b s ti tu tio n  co n stan ts , as 
e x p e c te d  on th e  basis  o f  th e  H a m m e tt fu n c tio n . C oncern ing  th is  linear co rre ­
la t io n , B r o w n ’ s a + c o n s ta n ts  [12] d id  n o t g ive b e tte r  re su lts . A n in fo rm ativ e  
v a lu e  for th e  re a c tio n  c o n s ta n t (g) of th e  chalcone fo rm a tio n  w as g raph ica lly  
d e te rm in ed  from  F igs 1 an d  2, th e  m ean  va lu e  being -(-1.9. T h e  accu racy  of 
th is  value is e s tim a te d  to  be 7 .5% .

Owing to  e x p e rim e n ta l d ifficu lties, th e  H a m m e tt t r e a tm e n t  could n o t 
b e  carried  ou t in  th e  case o f th e  H C l-ca ta lyzed  co ndensa tions as y e t, how ever, 
i t  is obvious from  F ig . 3 th a t  in  th e  la t te r  case th e  re a c tio n  c o n s tan t (g) is 
n e g a tiv e , if  th e  H a m m e t re la tio n  holds fo r th e  reaction .

Increase in  th e  co n cen tra tio n  o f e ith e r  condensing  a g e n t (N aO H  or HC1) 
re su lts  in  im p ro v in g  th e  y ields o f th e  chalcones.

* B asicity  can  b e  ju d g e d  on th e  basis o f B r o w n ’s a +  c o n stan ts  [12], a n d  also on  t h a t  o f  
Av  o f phenol, m easu red  in  th e  p resence  of th e  a ld eh y d e  exam ined  in  CC14 [13].
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F ig. 2. Results o f com parative experim ents using unsubstitu ted  benzaldehyde and substitu ted  
acetophenones in the presence of N aO H -E tO H -H „0 at 30°C (fc, =  rate constant o f chalcone

form ation)

Fig. 3. The trend of correlation between the y ield  o f chalcone form ation and H am m ett’s a  con­
stan ts, starting from 3-nitro-4-hydroxyacetophenone and different benzaldehydes, using HC1 

as the condensing agent. These results are ta k en  from  a previous work o f the authors [10]

co-Substituents in the side chain o f the acetophenone*

A n co-nitro s u b s ti tu e n t does no t s ig n if ic a n tly  increase  th e  yield  o f c h a l­
cone fo rm atio n . W ith  th is  group the  c o n d e n sa tio n  can n o t be  perfo rm ed  in  th e  
presence  o f a lkali, p ro b a b ly  owing to  e n o liz a tio n ; th e  la t te r  form  has no ac tiv e  
h y d rogen  availab le  fo r th e  condensa tion , a n d  th e  trans fo rm  o f th e  enol m a y  be 
s tab ilized  b y  che la tio n  (I).

о /  ^ 0
о

* In some papers nam ed as a-substituents; cf. [14], [15].
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A ctua lly , th e  c rysta lline  sod ium  sa lt o f th e  enol fo rm  w as iso la ted  in  
th e s e  ex p erim en ts . F u rth e rm o re , th e  lack  o f con d en sa tio n  is n o t th e  conse­
q u en ce  o f d ecom position  or of s id e -reac tio n s (such  as th e  N ef reac tio n ), since 
w -n itro ace to p h en o n e  is su rp ris in g ly  s ta b le  in  alkali. T he re a c tio n  could  n o t  
b e  b ro u g h t a b o u t in  th e  presence o f  HC1 e ith e r . In  ag reem en t w ith  S o r t e r  [14] 
a n d  C a m p b e l l  [15], co -n itroacetophenone can  be  successfully  condensed  w ith  
b en za ld eh y d e  S ch iff bases u n d e r a n h y d ro u s  cond itions, e.g. in  ace tic  an h y d rid e , 
to  g ive co-nitrochalcones. H ow ever, th e  y ie ld s o f  30 — 33%  given  b y  S o r t e r , 

co u ld  be  increased  u p  to  66%  w h en  h y d ro g en  ch lo ride w as ad d e d  to  th e  re a c ­
t io n  m ix tu re  c o n ta in in g  th e  k e to n e  a n d  th e  Schiff base. S tran g e ly  en o u g h , 
ace to p h en o n e  a n d  b e n za lb u ty lam in e  do n o t condense u n d e r th e  sam e co n d i­
t io n s , an d  n e ith e r  does co-4 -d in itroacetophenone. T he la t te r  co m p o u n d  is 
decom posed  b y  ac ids. This s ta r t in g  k e to n e  w as d irec tly  o b ta in e d  b y  a new  
s y n th e tic  ro u te  in v o lv in g  th e  n i t r a t io n  o f  4 -n itro ace to p h en o n e  in  th e  side 
c h a in .

T he role o f  n itro g en  bases in  th e  p re p a ra tio n  o f co-nitrochalcone is n o t  
c lea r , b u t  th e y  seem  to  be th e  o n ly  e ffec tive  condensing  ag en ts . T hus, R u ss ia n  
a u th o rs  [16] u sed  e-am inocapron ic  ac id  to  p rep a re  2 -benzy loxy- a n d  2 -hy - 
d r  oxy-tn -n itro ch a lco n  e .

T he co-methyl g roup  has o n ly  s lig h t in flu en ce  on b ase -ca ta ly zed  cha lcone  
fo rm a tio n . In  acco rd an ce  w ith  i ts  e lec tro n  releasing  c h a ra c te r , th e  y ie ld s  a re  
so m ew h a t low er th a n  w ith  u n s u b s ti tu te d  acetophenones, a n d  in  acco rd an ce  
w ith  earlier o b se rv a tio n  [17] less yellow . 3 ’-N itro -4 ’-hydroxy-ft)-m ethy lchal- 
cone , a new  co m p o u n d , has b een  sy n th e tiz e d  in  th is  series.

S ta rtin g  fro m  2 ,4 ,6 -trih y d ro x y p ro p io p h en o n e  an d  van illin  th e  base- 
c a ta ly z ed  co n d en sa tio n  gave a p o ly m er, w hile th e  a p p ro p ria te  ace to p h en o n e  
re a c te d  no rm ally .

T he co-benzoyl group in  ace to p h en o n e  in te rfe re d  w ith  th e  sy n th es is  o f  
cha lcone  from  b en za ld eh y d e  in  th e  p resence  o f sodium  h y d ro x id e , p ro b a b ly  
ow ing  to  enol fo rm a tio n . In  ac id ic  m ed iu m , flavone  w as fo rm ed , in s te a d  o f  
chalcone, an d  b en za ld eh y d e  re m a in e d  un ch an g ed .

E x p erim en ta l*

* All m. p .’s are uncorrected. T he U V  spectra were obtained w ith  a Beckm ann D . U .  
spectrophotom eter.

Comparative experim ents (F igs 1 and 2)

The experim ental conditions o f chalcone form ation were the sam e as described prev i­
ou sly  [8]. The concentrations of the chalcones were determ ined in part b y  m easuring the chal-  
cones precipitated b y  acidification (F ig. 1), and partly  spectrophotom etrically. R ate con stan ts  
were calculated follow ing our earlier m ethod  [8]. The chalcones obtained during these m easure­
m ents were in part identical w ith those m entioned in preceding papers o f this series (5 ’,4- 
-d iN 0 2-2’-0 H -, 5’-N 0 2-2’-0H -4-C l- and 5’-N 0 2-2’-O H-chalcones) [8], (5’-N 0 2-2’-0H -4 -M e-
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-chalcone) [10]. The rest o f the chalcones did not give m .p. depression in adm ixture w ith  sa m ­
ples prepared according to the literature: chalcone, m .p. 56— 57°C [18], 4’-N 0 2-chaleone, m .p . 
148— 150°C [19], 4 ’-O H-chalcone, m.p. 172— 173°C [20], 4’-Cl-chalcone, m.p. 98— 100°C [21], 
3’-N 0 2-chalcone, m .p. 130— 131°C [22], З’-OM e-chalcone, b.p. 4 m m  180— 185°C [23], 5 ’N 0 2-  
-2’-OH-4-OM e-chalcone, m.p. 164— 165°C [24]. 5’,3 -D iN 0 2-2’-0H -ch a lcon e  melted, in  contrast  
to one o f our earlier com m unication [9], at (2 0 3 )—206— 207°C (E tO A c—AcOH).

5’-Nitro-2,hydroxy-3-m ethoxychalcone

This new chalcone was prepared in a yield of 33% in the sam e w ay as described prev iou s­
ly  [8], m.p. 128— 129°C (E tO A c—EtO H ). Calcd. N  4.7. Found N  4.6% .

5’-Nitro-2’-hydroxy-3,4-dichlorochalcone

This new chalcone was prepared in a y ield  o f 80— 83% from  the appropriate k eton e  
(1.81 g; 0.01 m ole) and aldehyde (1.75 g; 0.01 m ole) dissolved in  ethanol (40 ml). A fter the  
addition o f 20 m l o f 5 N  NaO H , the solution was kept at 60°C for 30 min. The chalcone was 
precipitated b y  acid ifying the solution w ith acetic acid and it  was recrystallized tw ice from  
ethyl acetate; m .p. 222°C.

Calcd. N  4.1 Found N  4.2% .

3’-Nitro-4’-hydroxy-co-m ethylchalcone

0.2 g o f 3-nitro-4-hydroxypropiophenone [25] was dissolved in  15 ml of 1 AT N aO H  and  
0.4 ml of benzaldehyde was added. The alkaline solution was heated  at 60°C for 3 hrs, and the  
new chalcone was precipitated by adding 5 N  HCI. Y ield: 60% . M .p.: 149—152°C. R ecry sta lli­
zation from  ethanol raised the m.p. to 154— 155°C. Calcd. N  4.9. Found N  4.8%.

Sodium salt o f co-nitroacetophenone

From  the ethanolic  solution of co-nitrochalcone the sodium  salt slowly crystallized  on  
the addition of 2 N  N aO H . The IR  spectrum  was consistent w ith  the enol-salt structure.

*
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ÜBER DEN MECHANISMUS 
DER SULFILIMIN-BILDUNG, III*

K IN E T ISC H E  U N T E R SU C H U N G
D E R  R E A K T IO N  E IN IG E R  M E T H Y L -A R Y L -SU L F ID E  MIT CH LO RAM IN-T  

(V O R L Ä U F IG E  M IT T E IL U N G )

F . R u f f  u n d  Á . K u c s m á n

(In stitu t fü r Organische Chemie der L . Eötvös U n iversitä t, B udapest) 

Eingegangen am  3 Okteber, 1969

Die von  M a n n  u n d  P o p e  e n td e c k te  R eak tio n  d e r T h io ä th e r  m it Salzen 
d e r  N -C hlor-S äuream ide, z. B. C h lo ram in -T , fü h r t  zu r B ild u n g  von  Sulfil- 
m inen  (1). E n th ä lt  das R eak tio n sm ed iu m  au c h  W asser, so w ird  au ß e r Sulfil- 
m in  au ch  m ehr oder w eniger S u lfo x y d  g e b ild e t (2):

R R 'S  +  T sN C Ü N a©  — R R 'S N T s +  Na©Cl© (1)

I I I  I I I

R R 'S  +  T sN C Ü N a©  +  H ,0  R R 'S O  +  T sN H 2 - f  Na©Cl© (2)

IV

D a die A ngaben  ü b e r  den M echan ism us der M a n n — P o P E -R eak tio n  z u ­
m e is t n u r  q u a lita tiv e r  A rt [1, 2] u n d  andererse its  die b ish e r vo rgezeig ten , 
k in e tisch en , q u a n tita tiv e n  D aten  [3, 4] m an g elh aft u n d  so m it die a u f diesen 
b e ru h en d en  Fo lgerungen  unseres E ra c h te n s  in  v ieler H in s ic h t unzu lässig  sind , 
h ab en  w ir die eingehende k inetische  U n te rsu ch u n g  d ieser R e a k tio n  in  A ngriff 
genom m en. U ber E rgebn isse  un se re r d iesbezüglichen U n te rsu c h u n g  d er R e a k ­
tio n  ein iger M ethyl-ary l-su lfide (la s  R  =  Me, R ' =  P h ; Ib : R  =  Me, R ' =  
p-C 6H 4OMe; Ic: R  =  Me, R ' =  o-C6H 4COOH; Id: R  =  Me, R ' =
=  o-CGH 4COOMe) m it C hloram in-T  w ird  u n te n s te h e n d  k u rz  b e ric h te t.

Als L ö su n gsm itte l w urde  50 V ol.% iger w äßriger A lkohol an g e w a n d t, der die 
en tsp rech en d en  P uffe r (0 ,05—0 ,I M  P h o sp h a t, 0 ,2M  B o ra t, 0 ,0 5M  S uccinat) 
e n th ie lt. Die k inetischen  M essungen w u rd en  im  p H  B ereich  7 — 9 bei -j-20,00 
+  0,02 C° d u rch g efü h rt. Die K o n z e n tra tio n  der A u sg an g ssu b stan zen  haben  
w ir von  5 • 103 bis 10~4 mol/1 v a r i ie r t .

* Teil I und II: Tetrahedron 18, 75, 79 (1962)
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(A) Es w aren  v o r  allem  zuverlässige  M ethoden  au sz u a rb e iten , die- die- 
A n a ly se  des R eak tionsgem isches zu erm öglichen h a t te n . Z u r  U n te rb rech u n g  
d e r  R eak tio n  ließ sich  die ä u ß e rs t schnelle R eak tio n  des K a lium jod ids m it 
C hloram in-T  h e ran z ieh en , w obei das m it dem  n ic h t v e rb ra u c h te n  C hloram in-T  
in  äq u iv a len te r M enge fre igese tz te  J o d  bei 353 m /i sp ek tro p h o to m e trisch  
b e s tim m t w erden k o n n te  (F eh le rg renze: ^ 1 % ) .  D ie M enge des w ährend  der 
R e a k tio n  geb ildeten  S ulfilim ins u n d  S ulfoxyds ließ sich  p o la ro g rap h isch  b e ­
s tim m en . Reide R e a k tio n sp ro d u k te  ergeben  näm lich  a n  d e r Q uecksilber- 
T ro p fe lek tro d e  ih re r  K o n z e n tra tio n  p ro p o rtio n a le  D iffusionsstu fen , die hei 
e n tsp rech en d er W ah l des p H -W erte s  v o n  e in an d er g u t g e tre n n t w erden  
k ö n n e n  (so f in d e t m a n  fü r  l i l a  bei p H  4,5 E lp =  — 600 m V , fü r  IV a bei p H  1 
E ^ 2 =  — 900 mV). D ie w äh ren d  eines Z e itin te rv a lls  u m g ese tz te  Menge von  
C hloram in-T  erw ies sich  d er g eb ilde ten  M enge des S u lfilim ins u n d  Sulfoxyds 
ä q u iv a le n t (V ersuchsfeh ler + 3 % ) ;  d e r G leichung (1) u n d  (2) even tue ll n ich t 
en tsp rech en d e  R e a k tio n e n  k ö n n en  so m it u n b e rü c k s ic h tig t b leiben .

(B) Aus b ish e r m itg e te ilte n  [3, 4 ] V ersuchsergebn issen  k o n n te  m an v e r­
m u te n , daß die geschw in d ig k e itsb estim m en d e , lan g sam ste  R eak tio n ss tu fe  aus 
d e r  B ildung von  Z w isch en p ro d u k ten  b e s te h t;  sie s e tz t  a u f  E in w irk u n g  des 
T h io ä th e rs  (»S«) a u f  das aus dem  A nion  des C hloram in-T  (»CT«) im  L aufe 
e in e r  schnellen G le ich g ew ich tsreak tio n  en ts teh en d e  p ro to n ie r te  P ro d u k t e in , 
w o ra u f  dann  eine schnelle  U m se tzu n g  d er Z w isch en p ro d u k te  zu  den E n d ­
p ro d u k te n  erfo lg t:

_  s c h n e l l

TsNCl© +  H© , T sN H C l (3)
K„

T sN H C l -f- R R 'S  1 iangS'am > Z w isch en p ro d u k te*  schne11 > E n d p ro d u k te  (4)

U nsere V ersuchsergebn isse , die an  H an d  d er U m se tzu n g  von  M ethy l- 
pheny l-su lfid  (Ia) m it C hloram in-T  bei versch iedenen  K o n zen tra tio n en  in  
en tsp rech en d en  P u ffe rlö su n g en  gew onnen  w urden , h a b e n  erw iesen, d aß  sich 
d ie R eak tion  m it d e r  aus den  R eak tio n sg le ich u n g en  a b le itb a re n  e infachen  
k in e tisch en  G leichung v =  k[CT] [S] n ic h t besch re iben  lä ß t.

Analoge V ersuche , bei w elchen D ich lo ram in-T  a n s ta t t  C hloram in-T  
e in g ese tz t w urde, h a b e n  ergeben, d aß  in  diesem  F a lle  die R eak tio n  zw ar u n ­
m e ß b a r schnell v e r lä u f t, die q u a n ti ta t iv e  Z u sam m en se tzu n g  des E n d p ro d u k te s  
jed o ch  in  beiden  F ä llen  gleich is t. D iese B eo b ach tu n g  m a c h t d a ra u f  au fm erk ­
sam , daß  bei d er M a n n — РоРЕ-R e a k tio n  die U m se tzu n g  des T h io ä th e rs  n ich t 
n u r  durch  das p ro to n ie r te  C hloram in-T -A nion b e w irk t w ird , sondern  d ab e i 
au c h  das D ich lo ram in -T  (»DT«) eine Rolle spielen k ö n n te ; le tz te res  P ro d u k t 
k a n n  näm lich n ach  G leichung (5) im  L aufe  einer lan g sam en , zu einem  Gleich-

* Nach B e n e s  [3] bestünden die Zwischenprodukte aus R R 'SC l©  und TsNH©.
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gew ich t fü h renden  R eak tio n  des p ro to n ie r te n  und  u n p ro to n ie r te n  C hloram in- 
T -A nions neben  einem  T o luo lsu lfonam id-A nion  (»TSA«) e n ts te h e n  [5]:

TsN H C l - f  TsN C l0  T sN C l, +  TsNH©  (langsam ) (5)
k — d

T sNC12 -(- R R 'S  ----- —— > Z w isch en p ro d u k te  - schne11 » E n d p ro d u k te  (6)

D a das D ich lo ram in-T  im  S in n e  d er G leichung (6) m it dem  T h io ä th e r 
seh r schnell reag ie rt, k a n n  als geschw ind igke itsbestim m ende  R eak tio n sstu fe  
d ieser R eak tio n  die v o rg esch a lte te  G le ichgew ich tsreak tion  (5) angesehen 
w erden .

A u f G rund  d er G leichungen (3)— (6) lä ß t sich fü r  eine in  P ufferlösung  
v e rlau fen d e  R eak tio n  die K o n zen tra tio n sä n d eru n g  des C hloram in-T  m it 
G leichung (7) besch re iben , wobei fü r  die K o n s ta n te n  кг u n d  fcd die G leichungen 
(7a) u n d  (7b) gelten :

=  к ,[CT] [S] +  kd[CT]2 -  fc_d[D T] [TSA ] 
d r

*1 =
[H +]

K a +  [H + ]
К

К д [ Я  + ] h,
k d  —  n d

(K a +  [H+])2

(7)

(7a)

(7b)

W ird  aus d er im  Sinne der » s te a d y  sta te«  A n n äh eru n g  k o n s tru ie r te n  
G leichung  (8) die K o n z e n tra tio n  [D T] au sg ed rü ck t und  d a n n  in  die G leichung 
(7) su b s titu ie r t, so e rh ä lt m an  G le ichung  (9):

=  k d[CT]2 -  fc_d[D T ] [TSA] -  k2[D T] [S] =  0 (8)
d r

-  g[CT] =  fci[CT] [ S ] + -  ^*,[S]_[CTr_
d r  k - d[TSA] +  k2[S]

N im m t m an  an , daß  fc_d[TSA] k 2 [S] —  was fü r die A nfangsphase  der 
R e a k tio n  sicher zu tr if f t , da  h ier d ie  K o n z e n tra tio n  des T oluo lsu lfonam ids 
noch  seh r gering is t —  so lä ß t sich G le ichung  (9) zur G leichung (10) v e re in ­
fach en , deren  b estim m tes In teg ra l (11) d a rs te llt.

_ d [C T ]= ^ [ CT] [g] +fed[CT]2 (10)
d r
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( 12)

( И )

Die G ü ltigkeit d e r  G leichung (10) bzw . der aus d ieser du rch  D ividieren  
d u rc h  [CT]2 e rh ä ltlic h e n , einer G eraden  en tsp rech en d en  G leichung (12),

renz ie rung  b e s tim m te n  d [C T ]/d r W erte  d u rch  [CT]2 d iv id ie r t u n d  die so e r ­
h a lte n e n  W erte  in  A b h än g ig k e it von  [S]/[CT] g raph isch  d a rg este llt, so e rh ä lt 
m a n  ta tsäch lich  eine G erade , deren  S te ilh e it dem  W e rt кг en tsp ric h t, w äh ren d  
ih r  S c h n ittp u n k t m it d e r O rd in a te  den  kd W ert e rg ib t. D ie so erh a lten en , a n ­
n ä h e rn d en  W erte  d e r  G esch w in d ig k e itsk o n stan ten  h ab e n  w ir a u f  G rund  d er 
G leichung (11) d u rc h  A nw endung  d er M ethode der k le in s te n  Q u ad ra te  d u rch  
m aschinelles R ech n en  v e rfe in e rt. M it den  fü r  die U m se tzu n g  des M ethyl - 
phenyl-su lfids (Ia) b e i p H  8,50 +  0,02 e rh a lten en  W e rte n  k1 =  0,038 u n d  
kd =  0,037 1/mol.sec* geben die G leichungen (10) u n d  (11) die R eak tio n sg e­
schw ind igkeit n ic h t n u r  fü r  die A nfangsperiode d er R e a k tio n  rich tig  an , 
sondern  auch n och  im  F alle  einer 70% igen  K o n v ersio n ; dies sp rich t d a fü r, 
d a ß  die bei d er A b le itu n g  der G leichungen a n g ew an d ten  V ereinfachungen  
zulässig  sind. G le ichung  (10) b ew ah rt in  einem  sehr b re ite n  (0,3— 30) B ereich 
des K o n zen tra tio n sv e rh ä ltn isses  [S]/[CT] ih re  G ü ltig k e it, so m it is t der d u rch  
die G leichungen (3)— (6) beschriebene M echanism us als bew iesen  zu b e tra c h te n .

(C) N ach u n se re n  M essungen h än g en  die im  p H  B ereich  7— 9 fü r  die 
R eak tio n  la  -f- II e rm itte lte n  K o n s ta n te n  u n d  kd im  S inne der em pirischen  
G leichungen log кг =  6 ,89— p H  u n d  log kd =  6 ,93— p H  vom  pH  W ert ab . 
B eide Z u sam m enhänge  lassen sich a u f  G ru n d  der G leichungen  (7a) u n d  (7b) 
g u t  deu ten , w enn m a n  in  B e tra c h t z ieh t, d aß  die bei den  V ersuchen o b w al­
ten d en  [H + ] W e rte  v ie l k leiner w aren  als die a u f  die D issoziation  des p ro to - 
n ie rte n  C hloram in-T -A nions sich beziehenden  K a W e rte  (vgl. [6]).

(D) G leichung (10) besch re ib t auch  gu t die R eak tio n  des T h ioäthers Ib m it 
Chloram in-T  (II); b e i p H  8,50 ^  0,02 b e trag en  die K o n s ta n te n  =  0,735 
u n d  kd =  0,036 1/mol. sec.* D aß die kd W erte  der R e a k tio n  m it C hloram in-T  
be ider T h io ä th er (Ia u n d  Ib) p ra k tisc h  ü b ere in stim m en , e n tsp r ic h t vo llkom m en

* Die Summe der K onstanten  A] und l>\! stim m t erwartungsgem äß m it der von I)Kl.i ~
E rba  und Sp in e l l i  [4] m itgeteilten  G eschw indigkeitskonstante к innerhalb der V ersuchs­
fehlergrenzen überein.
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d e r  E rw a rtu n g , w äh ren d  der v e rh ä ltn ism ä ß ig  große W e rt von  /с, im  F alle  d e r 
R eak tio n  des T h io ä th ers  Ib  e ine  Folge seiner g rößeren  N u k le o p h ilitä t ist 
(vgl. [1 ,4 ]) .

(E ) E rgebnisse  o rien tie ren d er V ersuche, die m it den  T h io ä th e rn  Ic  u n d
Id d u rch g efü h rt w u rd en , fü h rte n  z u r  E rk e n n tn is , daß  in diesen F ällen  G leichung 
(10) a u f  v =  kj^CT] [S] bzw. v =  /с^[СТ]2 vere in fach t w erden  k an n , da h ie r die 
B eziehung k l §> kd bzw . k r <$ ka b e s te h t. Bei der R e a k tio n  der T h io ä th e r Ic 
u n d  Id k an n  som it als se lek tiv  e inw irk en d es R eagens das p ro to n ie rte  Chlor- 
am in-T -A nion bzw . das im  R eak tio n sg esch eh en  e n ts te h e n d e  D ichloram in-T  
b e tra c h te t  w erden . =

(F) E inige, u n ten s teh en d  v e rze ich n e te  V ersuchsergebnisse steh en  in 
E in k la n g  m it frü h eren  B e h au p tu n g en  q u a lita tiv e r  A rt, d aß  näm lich  im  L aufe 
d e r  M a n n — P oP E -R eak tion  die b e id en  E n d p ro d u k te  (d. h . Sulfilim in und  
Sulfoxyd) n ich t n ach  einander, so n d e rn  neben  e in an d er, v erm u tlich  sogar 
aus ein  und  dem selben  Z w isch en p ro d u k t in  schnellen  R e a k tio n ssc h ritte n  
g eb ild e t w erden (vgl. [1, 3]).

Tabelle I

p H  (± 0 ,0 2 )
Sulfilimin

%
Sulfoxyd

%

0Д М  Phosphat 8,00 18 82
0,05M  Phosphat 8,05 23 77
0,05M  Phosphat 7,48 23 77
0,05M  Succinat 7,48 26 74
0,2M  Borat 7,50 31 69

D as M engenverhältn is des w ä h re n d  einer bis zu r 50— 60% igen  K o n v e r­
sion  verlau fen d en  R eak tio n  g eb ild e ten  Sulfilim ins u n d  Sulfoxyds erw ies sich 
—  in n e rh a lb  der V ersuchsfeh lerg renze  —  als k o n s ta n t. So e n th ie lt z. B . das 
E n d p ro d u k t, das im  L aufe der R e a k tio n  la  -|- II (w enn [S0] =  [CT0] =  1,17 • 
•10~3 mol/1 und  d er p H  8,05 +  0 ,02 b e tru g ) gebildet w u rd e , la u t den M eß­

ergebn issen  bis zu r 63% igen K o n v e rs io n  s te ts  23%  Sulfilim in  u n d  77%  
S u lfoxyd .

V erlief die R eak tio n  la  -j- II in  e iner gegebenen P uffe rlö sung , dan ii 
w aren  die G esch w in d ig k e itsk o n stan ten  u n ab h än g ig  von  den  A n fan g sk o n zen t­
ra tio n e n  [S0] u n d  [CT0], von d en en  ab er die Z usam m en se tzu n g  des E n d ­
p ro d u k te s  abhing. E s w urden  z. B . in  0 ,05M  P h o sp h a tp u ffe r  im  F alle  der 
A n fan g sk o n zen tra tio n  [S0] =  [CT0] =  1 0 ~3 bzw . 5 • 10~ 3 mol/1 E n d p ro d u k te  
d er Z u sam m ense tzung  23 bzw. 2 9 %  Sulfilim in  und  77 bzw . 71%  Sulfoxyd  
geb ild e t.
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D ie in  P u ffe rlö su n g en  versch iedener Z u sam m en se tzu n g  ab er gleicher 
p H -W e rte  v erlau fende  R e a k tio n  Ia -(- II ken n ze ich n en  im m er dieselben k±- 
u n d  fed-K onstanten, d o ch  is t die Z usam m en se tzu n g  d e r E n d p ro d u k te  schon 
ung leich  (s. Tabelle). A u f  G rund  d ieser B eo b ach tu n g  k a n n  m an  v e rm u ten , 
d aß  die B ildung  des S u lfo x y d s in  der schnellen  R e ak tio n ss tu fe  von  den nu k leo ­
p h ilen  P u ffe ran ionen  e in igerm aßen  k a ta ly tis c h  b esch leu n ig t w ird  (vgl. [7]). 
D iese A nnahm e s te h t  in  E in k lan g  m it dem  B efund , d aß  das E n d p ro d u k t 
e in e r in  u n g ep u ffe rte r L ösung v erlau fen d en  R eak tio n  b ed eu ten d  w eniger 
S u lfo x y d  e n th ä lt; so e n ts ta n d  z. B. im  F alle  der A n fan g sk o n zen tra tio n en  
[S 0] =  [CT0] =  IO -3 mol/1 in  A bw esenheit eines P uffers ein  E n d p ro d u k t der 
Z usam m en se tzu n g  4 0 %  Sulfilim in  u n d  60 %  Sulfoxyd.*  M it e iner in tra m o le ­
k u la re n  nuk leoph ilen  K a ta ly se  lä ß t sich auch  der V ersuchsbefund  d e u te n , d aß  
i m  L aufe  der R e a k tio n  des M ethy l-ary l-su lfids, der am  a ro m atisch en  R ing  
eine zu r CH-jS-Gruppe о-stän d ig e  C arb o x y la t- bzw . C arb o m eth o x y g ru p p e  e n t ­
h ä l t  (Ic b Z W .  И ), ein  E n d p ro d u k t g eb ilde t w ird , das so g ar 100%  bzw . 96%  
S u lfoxyd  e n th ä lt (vg l. [2, 8, 9]).

Es is t b em erk en sw ert, daß  das M engenverhältn is  Sulfilim in  : Su lfoxyd 
b e i e iner gegebenen K o n z e n tra tio n  des P u ffe rs  vom  p H -W e rt des R e a k tio n s­
gem isches p rak tisch  u n a b h ä n g ig  is t. So w erden  z. B. im  0 ,0 5M  P h o sp h a tp u ffe r  
zw ischen pH  5,7— 9,85 s te ts  23— 26% S ulfilim in  u n d  77-—74%  Sulfoxyd ge­
b ild e t. D ieser B efu n d  lä ß t  d a ra u f  sch ließen , d aß  der v o n  B enes  [3] v o rg e­
sch lagene T eilprozeß (13), la u t w elchem  die in  der R eak tio n ss tu fe  (4) e tw a  
e n ts teh en d en  Z w isch en p ro d u k te  schnell u n te r  B ild u n g  des Sulfilim ins m it 
e in a n d e r reag ieren , in  unserem  Falle n ich t g ü ltig  sein k an n .

R R 'S C l©  +  TsN H ©  - schne" > R R 'S N T s +  H©Cle  (13)

In  dem  bei unseren  V ersuchen  an g ew an d ten  p H -B ere ich  m uß  sich die K o n ­
z e n tra tio n  der T sN H ©  A nionen  um  v ie r G rö ß en o rd n u n g en  v e rän d e rn  u n d  dies 
h ä t t e  nach  G leichung (13) einen großen  E in flu ß  a u f  die re la tiv e  Menge des 
sich  b ildenden  Su lfilim ins.

A uf G rund u n se re r  V ersuchsbefunde lä ß t  sich die e tw aige  A nnahm e, d aß  
fü r  die B ildung  des e in en  bzw. an d eren  E n d p ro d u k te s  das als Z w ischenproduk t 
a u f tre te n d e  p ro to n ie r te  C hloram in-T -A nion bzw . D ich lo ram in -T  gesondert v e r­
a n tw o rtlic h  w äre, au ssch ließen . Dies b e k rä f tig t au ß e r dem  m it D ich loram in-T  
a u sg e fü h rten  V ersuch  (vgl. P u n k t (B)) au ch  ein V ergleich  d er R eak tio n en  d er 
T h io ä th e r  Ic u n d  Id. I n  beiden  F ällen  w urde  fa s t aussch ließ lich  n u r Sulfoxyd  
g eb ild e t, obw ohl die m it den T h io ä th e rn  reag ie ren d en  Z w isch en p ro d u k te

* Die Z usam m ensetzung des Endproduktes, das bei einer in  ungepufferter Lösung ver­
laufenden Reaktion en tsteh t, hängt auch von  der Zusam m ensetzung des Lösungsm ittels ah. 
So ergibt z. B. die analoge, jedoch in 99,9% igem  Alkohol verlaufende R eaktion ein E nd­
produkt, das 59% Sulfilim in  und 41% Sulfoxyd enthält.
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v e rsch ied en  sind  (vgl. m it P u n k t (E )). E s sei dazu  noch b e m e rk t, d aß  auch  im  
F a lle  des T h io ä th e rs  Ia kein  Z u sam m en h an g  zw ischen dem  V erh ä ltn is  : ka 
u n d  dem  M engenverhältn is  der g e b ild e ten  E n d p ro d u k te  b e s te h t.

D ie M itte ilung  d e r E rgebnisse  n o ch  im  G ang b efind licher U n te rsu ch u n g en  
n e b s t e iner e ingehenderen  D iskussion  w ird  s p ä te r  erfolgen.

*

W ir danken H errn Prof. Y. B r u c k n e r  für die Anregung dieser Arbeit.

L IT E R A T U R

1. K u c sm á n , Á., K a p o v it s , I., B alla , M.: T etrahedron, 18, 75 (1962)
2. K u c sm á n , Á., K a po v it s , I., T anács, В .: Tetrahedron, 18, 79 (1962)
3. B e n e §, J.: Collection Czech. Chem. Com m uns. 28, 1171 (1963)
4. D e l l ’E r b a , C., Sp in e l l i , D .: Ric. Sei., R end . Sez. A , 7, 456 (1964)
5. H ig u c h i, T., I k e d a , K ., H u ssa in , A.: J . Chem. Soc. (B ), 1967, 546
6. M o r r is , J. C., Sa la za r , J. A., W in e m a n , M. A .: J . Am . Chem. Soc. 70, 2036 (1948)
7. H ig u c h i, T., Ge n s c h , К . H .: J . Am. Chem. Soc. 88, 5486 (1966)
8. Ge n s c h , К . H ., P it m a n , I. H ., H ig u c h i, T .: J . Am . Chem. Soc. 90, 2096 (1968)
9. T a g a k i, W ., Oc h ia i, M., Oa e , S.: Tetrahedron L etters, 1968, 6131

F eren c  R u f f  

Á rp á d  K u c s m á n
B u d ap est V I I I . ,  M úzeum  k r t .  4/b

Acta Chim. Acad. Sei. Hung. 62, 1969





B O O K  R E V IE W S  —  B U C H B E S P R E C H U N G E N  —  Р Е Ц Е Н З И И  К Н И Г

Computer Programs fo r  Chemistry, Yol. 1. E d . b y  DeLos F . D eT ar. W . A. B en ­
ja m in  In c ., New Y ork, A m sterdam , 1968 pp . 208.

The in troduction of com puter techniques in to  chem ical research is causing an unparal­
leled effect on the developm ent of chemical sc ien ces. Effective use of com puters requires well- 
tested , easy-to-handle and powerful programs w hich, in m ost cases, are very expensive to 
produce. A t the present stage of com puterization when rather frequently considerable efforts 
are being m ade in m any laboratories sim ultaneously  to develop the same program, the publica­
tion o f th is research-directed open-end series is t im ely  and welcome. “ The purpose of Computer 
Program s for Chemistry” , as pointed out by the E ditor in his Preface, ‘ is to m ake available in 
convenient form a wide range of programs o f in terest to chem ists, and by providing a medium  
for publication , to encourage the discovery and application  of quantitative m athem atical m od­
els to problem s in chem istry” .

The first volum e of the series contains sev en  programs. Four of them  deal w ith analysis 
o f high resolution NMR spectra.

LAOCN3 (the third revised version of earlier LAOCOONI and II), described in Chapter 
3, can be used in two ways. (1) I t  calculates NM R  lin e positions and intensities from an assumed  
set o f chem ical shifts and coupling constants for system s containing up to seven spin —-1/2 
nuclei (“ direct calculation” ). (2) I f  the theoretical spectrum  thus calculated has a resemblance 
to the experim ental spectrum  the program can perform  an iterative /east-squares adjustm ent 
of calculated cr observed N M R lines.

N M R E N 1 and N M R E N 2 used in conjunction  w ith  NMRIT (Chapter 4) perform the 
sam e ty p e  o f calculations as does LAOCN3 but in a quite different way, and sim ilarly, from an 
arbitrary set o f  parameters provide adjusted v a lu es o f chem ical shifts and coupling constants 
that give a best f it  to an observed set of energy levels.

The programs LSG and LSK IN1 described in  Chapter 5 and Chapter 6, respectively, 
treat first-order kinetic data. LSG provides a sim ple least-squares program that m ight be m odi­
fied for use on sm all com puters, and like the m ore sophisticated LSK IN 1, accepts experim ental 
rate data and calculates the best values o f the first-order rate parameters.

PL O T L N  (Chapter 7) is a general-purpose p lotting  subroutine package which uses the  
typew riter to form low resolution plots.

Chapter 1 gives instructions for the use o f  the programs, the preparation o f correction 
and conversion decks, as well as inform ations for future authors about suggested content of 
th e  program chapters and recom m ended program m ing standards. Chapter 2 is a general in­
troduction to the programs in the volume.

E ach  program chapter contains an exp lanation  of theoretical basis and a brief descrip­
tion of the m ethod of calculation. This is follow ed b y  input instructions, illustrative exam ples, 
description o f the structure o f the program, flo w  diagram s, indexed program listing and m a­
chine requirem ents. Each program has been te sted  under specified conditions.

A s a com panion to each volum e, the P ublish er m akes available a m agnetic tape con­
taining all the programs described in the volum e.

This ready source of reliable programs w ill undoubtedly  prove invaluable to .chem ists 
who use, or who are potential users of com puters.

L .  R a d i o s
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W . G. C r e w t h e r : Sym posium  on Fibrous Proteins. B u tte rw o rth s , A u s tra lia , 
1968. pp . 432

The Symposium on Fibrous Proteins held  at the A cadem y o f  Sciences, Canberra, A u s­
tralia , from August 14— 18, 1957, was the third international conference to carry that t it le , 
th e  previous conferences havin g  been held at Leeds in  1946 and in 1954.

A  volum e has been  edited  by W. G. Cr e w t h e r  and published by Butterworths (A u s­
tralia) including the papers presented at the Sym posium . These papers have been grouped  
under the headings: R e la tio n  between Am ino A cid Composition and Conformation o f P o ly ­
peptides and Proteins; M uscle and Bacterial F lagella; Collagen and Elastin; Keratin. The to ta l  
num ber of the presented papers was as m any as 39, com prising the following subjects:
T he Structure and A c tiv ity  o f Lysozym e;
V ariants of the R ighthanded  Alpha H elix;
R efinem ent of M olecular Structures in Crystalline Fibres;
The Structure of B eta  K eratin;
V ariety  in Composition and  Structure of Silk;
Fibroins: Some N ew  T yp es of Silk from H ym enoptera;
S ta b ility  o f Alpha H elices in Proteins and Polypeptides;
N uclear Magnetic R esonance Study on the Conformation of Poly-gam m a-benzyl-L -glutam ate  

in  Mixed Solvents;
H ydrogen Bonding and Conformation of Polypeptides;
C— H  . . . 0 = C  H ydrogen Bonding in Proteins;
Stereochem ical Coding o f  a Polypeptide Chain;
B iosynthesis of F lagellin;
The Structure of B acteria l Flagella;
X -ray  Diffraction P attern  o f Param yosin;
Subunits o f Myosin b y  E nzym ic Degradation;
The Structure and D enaturation  of T opom yosin B;
Studies Designed to L ocate  the ATP Com bining Site o f M yosin;
Subunit Interactions o f M yosin;
The Interaction of A ctin  and Myosin and its M odification by Other Protein Factors; 
U ltravio let Spectroscopic Studies on the Interaction  of N ucleotides w ith Actin;
E xperim ents on the A ctio n  of D initrophenyl Am ino Acids on Muscle Proteins;
R enaturation —  A n A id  in  the Investigation  of the Collagen Structure;
The D evelopm ent o f th e  Collagen Fold: The R ole o f Polar Regions and Interchain Cross- lin kages;  
The Chemistry and B iosynthesis o f Interchain Crosslinks in  Collagen;
The Nature of Som e A ldehydes in Tropocollagen;
Therm al Transition in  Som e Invertebrate Collagens and their R elation  to Amino Acid C ontent 

and E nvironm ental Temperature;
E ffect o f Salts on the D enaturation of Collagen at Acid pH  Values;
The Interaction betw een  Acid M ucopolysaccharide-Protein Com plexes and T ropocollagen; 
Physico-Chem ical E ffects  o f Serotonin on Soluble Collagen;
Som e Structural A spects o f  E lastin Revealed b y  X -ray D iffraction and other Physical M ethods; 
E lastin  Structure and Biosynthesis;
E lectron Microscopy o f  Fibrous Keratins;
Substructure of th e  A lpha Keratin Microfibril;
Is Alpha Keratin a Coiled Coil?
R ecent Work on th e  Chem ical Structure o f  W ool Proteins;
W ool Proteins in R e la tio n  to W ool Structure;
Studies on the Chem ical Structure of the Low-sulphur Proteins from  Wool;
The Structure and A ggregation of Low-sulphur Proteins D erived from  Alpha K eratins; 
D istribution of P rotein  Fractions in A lpha K eratin Structure;
The Dietary R egulation  of the Synthesis o f  Hair Keratin;
Cys-Cys Sequences in K eratins;
Properties of Reduced W ool Fibres;
Chemical Composition o f  the Histological Components o f W ool;
The Acylation of W ool: The Side-chain Specific ity  o f A ctive Esters and Amides;
Infrared Absorption B and s of Side Chains in Polypeptides and in K eratin and Other P ro te in s;  
The Longitudinal S ta b ility  o f  K eratin Fibres;
D ifferential Therm al A nalysis of K eratin and R elated Protein Fibres;
W ool Structure M odified for Greater D urability: Some Considerations of Requirem ents.
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Complete tex t o f the presented papers, l is t  o f references and contributed item s o f dis­
cussion as well as answers b y  the authors h a v e  been recorded.

D ue to the great num ber of papers a rather com plete review of the la test achievem ents 
in  the field  of the fibrous protein research is availab le  by studying this volum e.

I . R u s z n á k

T . W .  G o o d w i n : The Metabolic Roles o f  Citrate. A cadem ic P re ss , L ondon a n d  
N ew  Y o rk , 1968. p p . 144

T he book contains papers presented before the 27th Sym posium  o f the E nglish  B io ­
chem ical Society (held in Oxford, July, 1967). T he Citric acid cycle has been chosen as the  
central subject of the Sym posium . Since Professor K r e b s  had an outstand ing role in its  d is­
covery and in the elucidation of its key p osition  in  cell respiration, this Sym posium  was organ­
ized in honour of Professor Sir Hans K r e b s  and the papers were dedicated  to him.

The following nine lectures are published in  th is book.
1. Opening re m a rk s  b y  F. D ic k e n s .
2. H . L. K o r n b e r g : “ H . A. K r e b s : A  p a th w a y  in m etabolism ” . This lecture describes 

the scien tific  carrier o f N obel prize winner Professor K r eb s  from the U n iversity  o f Freiburg 
to th e  professorship in Oxford; expresses appreciation  o f his m ost im portant scientific results 
(m etabolism  of amino acids: ornithine cycle, o x id ative  desam ination, glutam ine synthesis, 
oxidation  of di- and tricarboxylic acids in th e  “ K r e b s  cycle” , etc.).

3. The paper by P. A . S r e r e : “ Studies on purified citrate-enzym es: m etabolic inter­
pretations” deals w ith the m etabolic function  o f  som e of the purified enzym es o f the citric  
acid cycle: citratase, citrate synthase and c itra te  cleavage enzym e.

4. D . E. At k in s o n : “ Citrate and the c itra te  cycle in the regulation o f energy m etabo­
lism ” . Som e of the problems of regulation such as the hypothesis o f adenilate control, regulation  
of the form ation and consum ption of citrate, and  the energy accum ulation are discussed.

5. P . B. Ga r l a n d : “ Control o f citrate syn th esis in m itochondria.”  E xperim ents were 
carried out on liver tissues and isolated m itochondria; the regulating role o f  palm itoyl-carn itine  
oxidation  in  the citrate cycle and related m etab o lic  routes were studied.

6. J . M. L o w e n s t e in : “ Citrate and th e  conversion o f carbohydrate into fa t” . In th is  
lecture the correlations betw een carbohydrates, fa ts  and the citrate cycle are described w ith  
special atten tion  to the role o f extram itochondrial a cety l coenzym e A  and the citrate cleavage  
enzym e in  the synthesis o f  fat.

7. P . J. R a n d le  et al.: “ Citrate as a m etab o lic  regulator in m uscle and adipose tissu e.”  
In anim al tissues (m uscle o f rat-hearts and adipose tissues) citrate affects the a ctiv ity  o f tw o  
enzym es: phosphofructokinase is inhibited and acety l CoA carboxylase activated . Physio logi­
cal conditions influencing th is regulating fu n ction  o f citrate were studied.

8. M. K l in g e n b e r g  and E . P h a f f : “ M etabolic control in m itochondria by adenine  
nucleotide translocation.” The coordination o f intra- and extram itochondrial m etabolism s is 
especially well known in the hydrogen and energy transfer system s. The authors have studied  
the transfer o f adenine nucleotide across a m itochondrial membrane w ith  respect to the specific  
character, kinetics and regulation of the process.

9. J .  B. Ch a p p e l l  a n d  В . H . R o b in s o n : “ P e n e tra tio n  of th e  m ito ch o n d ria l m em b ran e  
b y  tric a rb o x y lic  acid an io n s .”  In  th e  absence o f  L -m alate , th e  m em b ran e  o f m ito ch o n d ria  is 
im p erm eab le  for tr ic a rb o x y lic  acids (c itra te , c is -a c o n ita te , isocitra te ). L -m alate  a c tiv a te s  sy s­
tem s tran s fe rrin g  th e  tric a rb o x y lic  acids an d  a -k e to g lu ta r ic  acid  by  a c tiv e  t r a n s p o r t  th ro u g h  
th e  m em b ran e . L -m alate, ow ing to  its  re g u la tin g  e ffec t on  p e rm eab ility  can  be  considered  as a 
m etab o lic  reg u la to r.

A ll o f  the lectures express appreciation to  th e  fruitful conceptions o f  Professor K r e b s . 
M ost o f the papers concentrate on one o f the cen tra l problem s of the m odern biochem istry: 
regulating m echanisms. A t the end of each section  detailed references and the discussion re­
marks and answers are given.

L. N y e s t e
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Progress in  M edicinal Chemistry, Yol. 6. E d . b y  G. P . E l l i s  and  G. B. W e s t . 

B u tte rw o rth , L o n d o n , 1969. pp. 372

Medicinal chem istry  is a subject o f increasing interest and im portance and this new  
volum e m aintains the h igh standard set by the previous five. Perhaps the first chapter dealing  
w ith the work of the B ritish  Pharm acopoeia Com m ission cannot count on general interest but 
this is not the case w ith  th e  other chapters.

The second chapter discusses the advances in our understanding of the coronary circu­
lation which is o f special im portance today because of the w idespread and serious effects o f  
coronary diseases. D iseases involving the coronary arteries are a leading cause of death  in  
industrialized countries. In  the United States alone the incidence increased from 219.5 to 274.6  
per 100,000 of the population  between 1951 and 1961. In another stu d y , up to 77 per cen t o f  
m ales under the age of 40 were found already to have arteriosclerotic changes in one or another  
of the coronary arteries. O ver the past few years several new  “ coronary vasodilator” drugs 
have been introduced in to  therapeutics, w ith varying claim s to effectiveness in treating coro­
nary insufficiency. The purpose of the review is to give an account o f the research in this field  
over the past 7 or 8 years, concentrating particularly on the m ode of action of these com pounds.

Of particular in terest to the medicinal chem ist is the third chapter in which the chem ­
istry of some m edicinally  im portant pyrim idines is review ed. The review tends to em pha­
size on ly  those com pounds in which the pyrim idine ring is the m ain constituent. Furtherm ore, 
w ith a few  exceptions, th iam ine (vitam in B t), the regular constituents in nucleic acids and  
their derivatives, nucleosides, as well as m any condensed pyrim idine system s such as purines, 
pteridines, quinazolines and pyrazolopyrim idines, are not covered in the present work. W ith  
the exception of pyrim id ine antibiotics, pyrim idines in this review  are classified on the basis 
o f special structural features and functional groups. The follow ing areas are included in the  
present review: 2,4-diam inopyrim idines, halogenated pyrim idines, sulfur-substituted pyrim id­
ines, 2-substituted 4-am ino-5-hydroxym ethyl pyrim idines, pyrim idine sulfonam ides and  
pyrim idine antibiotics. Pyrim idines of other areas will be presented in a forthcom ing volum e  
of th is series.

The mode of action  o f antibacterial drugs is discussed in Chapter 4. Rapid advances  
are being made in this field  and these are likely to have a significant effect on the developm ent 
of new  dru"s designed to  fig h t bacterial diseases.

The fifth  chapter o f the book is devoted to the biosynthesis and m etabolism  of the ca te ­
cholam ines. This chapter g ives a com prehensive and detailed description of the synthesis and  
decom position of catecholam ines. It is clearly arranged, the m ost im portant results are em ­
phasized, and in spite o f the fact that 900 references are cited, the author does not becom e lost  
in details. Besides b iochem ical data, both pharm acological and clinical aspects are taken in to  
consideration, so that the reader will obtain an overall picture o f the whole domain of problem s. 
This com pilation is indispensable for everyone working w ith  catecholam ines.

The editors are to  be congratulated on their decision to include a review dealing w ith  
the up-to-date literature o f  medicinal chem istry into the book. The explosive rate o f grow th  
of the scientific literature in  recent years m akes a heavy dem and on the tim e of those who seek  
inform ation on a particular topic. Those who are entering a new field  or are attem pting to keep  
up-to-date in several different subjects usually rely on reviews or m onographs written b y  sp ecia­
lists. The last chapter o f the book is a great help to every m edicinal chem ist — whether a p o st­
graduate student or a m ore experienced researcher —  in finding his w ay in the jungle o f  the  
dram atically growing scien tific  literature.

The articles, each o f  which is presented by a specialist in his field , are clear and inform a­
tive. A s in the earlier vo lum es, each chapter is well docum ented and the series is proving a v a l­
uable work of reference.

Gv. D e á k
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Р . H e d v i g  an d  G y. Z e n t a i : Microwave Study o f Chemical Structures and Reac­
tions. A kadém ia i K iadó , B u d a p e s t, 1969. pp . 445

T oday’s chem ical and physical laboratories can hardly be distinguished from  each other  
at first sight. Old characteristic equipm ent of a laboratory: flasks, te st  tubes are not the e x ­
clusive tools o f a chem ist any more. N aturally , real chem istry —  today  and long ago too —  
begins beyond the flask. Reactions occurring in flasks will seem reasonable and rationally re­
lated  to other phenom ena only by the help of hum an consideration.

T oday, this “ chem istry-creating” a c tiv ity  o f the human sense seem s to be easier in  
som e respects, while in certain respects it  has becom e more difficult. The “ raw m aterial” o f  
modern chem istry —  the basis for th is a c tiv ity  o f human intelligence —  is produced not b y  
test tubes and flasks only, but also b y  new  instrum ents giving new inform ation. This wider  
basis often m akes the solution o f problem s easier. Today, in m any cases, direct observation  
will provide data which in old tim es could be obtained only by long, indirect experim ental 
and intellectual work. On the other hand, these new instrum ents lay  a great charge on chem ists. 
D ata and curves obtained by the new techniques are useful in helping chem ical thinking only  
for chem ists thoroughly familiar w ith  the com plicated operating m echanism  of these in ­
strum ents and w ith the laws of nature applied when obtaining the actual inform ation. Only 
such knowledge perm its conclusions to be drawn from the “ mirror im age” referring to its “ orig­
inal” , Nature.

So it  is evident, that a great am ount o f inform ation of non-chem ical origin appears in 
chem istry now. H owever, these pieces o f inform ation require the know ledge o f the ’’code”  
in which they  are written and th is can be m astered only by considerable efforts. The book  
“ M icrowave Study of Chemical Structures and R eactions” by P. H e d v ig  and Gy. Ze n t a i is 
an introduction to this “ code” , explain ing the operating principles and operating m echanism  
o f  som e new  instrum ents and the right w ay  of their use. I t  is a very useful source for all chem ­
ists using such equipm ent and the resulting data in their everyday work. I t  is o f interest 
for physicists and engineers, too who are fam iliar w ith the “ code” . For them , the chem ical 
im portance of inform ation given by these instrum ents will be instructive.

Of course, the authors could not deal w ith all new and widely used instrum ents o f m od­
ern chem ical laboratories. In the book instrum ents operating on the basis o f  interaction of  
substance w ith  electrom agnetic field  are described. The underlying physical principles are 
those o f modern quantum  electrodynam ics. The authors restrict them selves to instrum ents 
utilizing electrom agnetic fields w ith frequencies in the ten gigahertz range. Thus the following  
sections are found in the book:

1. Microwave rotation-inversion spectroscopy
2. E lectron spin resonance
3. Nuclear m agnetic resonance
4. Quadrupole resonance
5. Dielectric spectroscopy
In all cases the authors introduce the physical laws which form the basis o f the given  

m ethod, keeping in mind the requirem ents o f experim ental research workers. The design of  
spectrom eters is discussed and their m ost im portant parts are described. A tten tion  is focussed  
on the correct application of various spectrom eters providing easily interpreted results. E xam ­
ples illustrating the problems arising from incorrect use are also given.

A great m erit o f the book is th a t it  contains not only the description o f different spectro­
m eters as inform ation-producing devices, bu t the chem ical application o f the resulting infor­
m ation is also em phasized. N am ely, several exam ples based on recent work are used to show  
the perform ance of different spectrom eters in the field  of

1. free radicals
2. investigation  of chemical structure
3. chem ical reactions.
The authors give detailed description o f the chemical results obtained b y  electron spin  

resonance (E SR ) spectrom eters. T hey describe the use of E SR  spectrom eters for the detection  
o f different free radicals, together w ith  m ethods for determ ining the concentration and structure  
o f  these radicals. A bout one quarter o f  the book deals w ith the results o f E S R  spectrom etry  
in studying different chem ical reactions. Radical reactions, chem ical exchange processes, 
photolysis and radiolysis, polym erization and catalysis are branches o f chem istry where the  
use o f E SR  spectrom eters is especially fruitful. Also the recent biochem ical E SR  investigations 
are m entioned. Results obtained in connection  w ith  studies on photosynthesis and enzym e 
reactions b y  E SR  spectrom eters are the m ost interesting exam ples given in the book.
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Another im portant to o l in the investigation  o f chem ical structures is nuclear m agnetic  
resonance (NMR) spectroscopy the main results o f  which are also discussed.

Studies on resonance absorption o f hydrogen, carbon-13, fluorine, phosphorous, boron 
atom s and on its correlation w ith  the arrangem ent of these atom s in  m olecules have given  
inform ation useful in the determ ination of m olecular structures b y  NM R  spectroscopy. These 
v ery  im portant relations are discussed and num erous exam ples o f their application and per­
form ance in stereochem istry and polym er chem istry are given.

A ll five sections o f the hook contain num erous references for readers interested in the  
details .

This book was published by Akadém iai K iadó and Iliffe B ooks L td in 1969. Akadémiai 
K iadó can be proud o f the beautiful representation and printing. I t  is a p ity  that the figures 
o f  th is finely  printed book are quite prim itive in  m ost cases, referring n ot to the artistical sense  
o f  th is work.

B .  M o h o s

Acta Chim. Acad. Sei. H ung. 62, 1969
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ACTA CH IM ICA

TOM 62 -  В Ы П . 4

РЕЗЮМЕ

Изучение фосфоров на основе LiF— CaF2, активированных марганцем
и .  к а ш а , е . ГЕРЕ-БУ ЗА Г и  и . т ё р ё к

При обсуждении роли активатора марганец(П)-фторид было установлено, что 
добавление его в количестве, доходящем до 1 весового процента, значительно увеличивает 
интенсивность пика, относящегося к  190—195°С, и постепенно уменьшает интенсивность 
пика, относящегося к 280°С.

При содержании активатора марганец(П)-фторид, превышающем 1 весовой процент, 
создается пик в области 252—255°С, характерный для СаЁ2 : Мм, который по мере увели­
чения концентрации активатора начинает доминировать. Таким образом, открывается 
возможность с увеличением концентрации активатора получить такой фосфор, для кото­
рого на кривой нагрева находится лишь один пик около 255°С.

Д ля всех образцов справедливо то заключение, что активатор марганец(П)-фторид 
увеличивает чувствительность на целый порядок, а такж е тот факт, что кривые нагрева 
полностью совпадают в том случае, когда возбуждение проводится с помощью рентгенов­
ского или ^-излучения.

С точки зрения затухания, поведение образцов, содержащих 0,2—1,0% активатора, 
наиболее благоприятное, т. к. уменьшение суммарного светоиспускания после значитель­
ного падения в течение первых 4—6 часов становится затем низким. В случае образцов с 
содержанием активатора 2,5—5% уменьшение и в последующих периодах немного более 
значительно. Поэтому, с точки зрения практического использования, наилучшими оказа­
лись образцы с содержанием активатора 0,2—1%.

Энергетическая зависимость всех образцов отвечает ожидаемой на основе среднего 
порядкого номера.

Преимущество этих световых порошков, с точки зрения дозиметрического использо­
вания, заключается также и в том, что, ввиду вхождения в их состав Li6, они могут быть 
использованы и в дозиметрии термических нейтронов.

Изучение зависимости между масс-спектрами молекул и их структурой 
в случае некоторых кремнеорганических соединений, содержащих два атома

кремния
Й. ТАМ АШ , К . У Й СА СИ , T. С Е К Е Й  и Д ь . Б У Й Т А Ш

В работе приводятся 50 эв-ные масс-спектры гексаметил-дисилана, гексаметил- 
дисилилметилена, гексаметил-дисилоксана, гексаметил-дисилазана и N-метилгексаметил- 
дисилазана, а такж е те исследования, которые проводились для изучения фрагментации, 
происходящей вследствие бомбардировки этих соединений электронами.

Определение суммарной формулы наиболее важных наблюдаемых типов ионов, а 
также основных путей фрагментации базировались на исследованиях полученных поли- 
изотопных спектров, на индикации с О18, а также на подробных исследованиях метаста- 
бильных пиков.

Изучались корреляции между типами и количеством наиболее важных ионов, на­
блюдаемых в масс-спектрах перечисленных соединений и строением молекулы и выяснен­
ными путями разложения.

Изучались зависимости между рядом стабильности молекулярных ионов и строением 
молекулы, между относительным количеством ионов, содержащих скелет двух атомов



кремния, связанных атомами или группой атомов (Si—X —Si), и строением молекулы, и 
путями разложения, соответственно.

Среди большого числа реакций перегруппировки наблюдаются такж е и реакции, 
связанные с перегруппировкой в самом молекулярном скелете. В качестве одного из типов 
разложения скелета Si—X —Si полагался гетеролитический (связанный со смещением за­
ряда) разрыв связи.

Приводится последовательная схема для образования двух зарядных ионов и их 
распада. Путем сравнения относительных количеств последних могут быть сделаны за­
ключения о распределении положительных зарядов на ионы.

О свободном радикале ДФПГ в приближении МО—ЛКАО
М. М. Х Е Д Ь Х А Т И

Получены распределения плотности неспаренного электрона в ДФПГ как  функция 
значений кулоновского интеграла aN для центральных азотных атомов методом молекуляр­
ных орбит (МО) в приближении Хюккеля и конфигурационного взаимодействия (КВ) 
типа Маклачлана в обоих случаях и с учетом перекрывания и без него. Предположено, 
что группы N 02 пикрилового кольца не участвуют в образовании сопряженной системы 
П-электронов, при этом свободный радикал ДФПГ может быть произведен из три- 
фенилэтилового основного скелета путем пятиэтапной «систематической пертурбации». 
Калькуляции МО с использованием наиболее вероятных величин параметров по литера­
турным данным (aN =  0,3—0,5) дают отношение плотностей спинов неспаренных элек­
тронов на азотных атомах гидразина 0,77—0,86) в хорошем согласии с измеренным 
значением (0,77—0,84) [1,2] только в том случае, если спиновые плотности по Макла- 
члану принимаются пропорциональными к измеренным значениям, так как  расщепления 
довольно критически зависят от знака плотностей неспаренных спинов [26].

Кристаллическое строение K.,S.203- 1/ЗН20
Л . Ч О Р Д А Ш

Определялось строение модификации тиосульфата калия, содержащего 1/3 молекулы 
кристаллической воды, K2S20 3 1/ЗН20 . Кристалл является моноклинным, с простран- 
твенной группой Р 2 /̂с. Параметры элементарной ячейки:

а =  9,389 +  0,005, b =  6,006 +  0,006, с =  30,98 +  0,01 Á ß =  98°22’ +  3’, z =  12

Проекция (010) структуры определялась прямым методом, а координаты у а т о м о в  — с 
помощью системы линейных уравнений структурных факторов и обобщенной проекции 
электронной плотности. Трехмерное уточнение проводилось с помощью синтеза типа 
Крюкшанка (о0—ос) из 2500 независимых рефлексий. Рассчитывались анизотропи- 
ческие температурные коэффиценты. Конечный фактор R =  0,13 и, принимая в учет и 
ненаблюдаемые, =0,15. Длины связей в тетраэдре S20 3 и углы связей показывают хорошее 
согласие с наблюдаемыми в известной структуре тиосульфата. Молекулы Н20  представляют 
собой линию винта вокруг оси винта.

Расчет электронной структуры потенциальных антикарциногенов — 
нуклеотидных оснований антиметаболитного типа, I

Монозамещенные пиримидины, урацилы, тимины и цитозины 
Я . Л А Д И К  И Г. Б И Ц О

я-Электронная структура различных монозамещенных (—F, —С1, —Вг, —I, —ОН, 
— ОСН3, —SH, —NH2, —СН3, —СООН) пиримидинов, урацилов, тиминов и цитозинов 
рассчитывалась с помощью полуэмпирического метода ССП ЛКАО МО.

Между плотностями заряда изученных веществ и их антикарциногенными свой­
ствами в отдельных случаях наличие корреляции кажется вероятным. Д ля  уточнения и 
обобщения корреляций необходимо определение дальнейших квантово-химических 
индексов.



Расчет распределения зарядов и дипольных моментов насыщенных, 
кислородосодержащих гетероциклических соединений

Й. НАДЬ, Й. РЕФФИ и И. КАДАШ

В качестве продолжения нашей предыдущей работы, с помощью метода Дель Ре 
проводились квантово-химические расчеты системы ó-связей в насыщенных, кислородо­
содержащих гетероциклических соединениях. В случае трех- и четырехчленных сильно 
напряженных колец стало необходимым изменение интегралов обмена и кулоновских пара­
метров. Рассчитывались распределение зарядов и дипольные моменты для членов данного 
ряда соединений. Результаты находятся в хорошем согласии с экспериментальными дан­
ными.

Стехиометрическое гидрирование олефинов с помощью кобальт-карбонил-
гидрида

Ф. УНГВАРИ и Л. МАРКО

При низких температурах кобальт-карбонил-гидрид в стехиометрической реакции 
гидрирует гептен в гептан и сопряженные диолефины в моноолефины. Селективность 
последней реакции выше 90%.

Новые нитрохалконы, X
Выбор конденсирующего агента и зависимость между строением реагентов

т. СЕЛЛ и И. ШОХАР

Соответствующий выбор конденсирующего агента при образовании халконов из 
замещенных бензальдегидов и ацетофенонов зависит от констант Гамметта для замести­
телей (Ó). В случае заместителей с высокими константами Гамметта используется гидро­
окись натрия, с низкими константами Гамметта — хлористый водород, а со средними 
значениями д —- могут быть использованы оба агента. Однако, вследствие некоторых фак­
торов (побочные реакции, условия растворимости) могут наблюдаться отклонения от 
этого общего правила. Уравнение Гамметта справедливо для реакции Клейзен-Шмидта, 
катализированной основаниями, и это одновременно может служить исходным пунктом для 
нахождения зависимости между строением реагирующих компонентов и их реакционной 
способностью.
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