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A GENERALIZED THEORY OF QUANTITATIVE 
ANALYSIS OF MULTICOMPONENT AMPHOLYTE 
(ACID, BASE) SYSTEMS BY POTENTIOMETRIC

TITRATION

F erenc  B i l l e s 1* and A n ta l T ó t h 2
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Budapest, Budafoki и. 8. and
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A relationship is suggested for the quan tita tive  determ ination  of am pholytes 
in  m ulticom ponent systems, by  po ten tiom etric  titra tion .

F irst the  one-com ponent case is investigated assuming stepwise titra tio n . The 
resulting equation is applicable to  th e  determ ination  of ionization or to ta l protonation 
constants of am pholytes. G eneralization of th is equation to  m ulticom ponent am pholyte 
systems leads to a relation linear in  the initial concentrations.

A fu rther generalization of th e  m ethod is its application to  system s w ith tau to ­
mers. This yields a form ula very  sim ilar to the above-m entioned, b u t th e  in terpre tations 
of the constants differ from those.

For the determ ination of all ionization constants of am pholytes it  is often 
necessary to titra te  them  bo th  w ith  acids and  bases. To have a titra tio n  curve w ithout 
a breakpoint a relation is given for the conversion of the tw o d a ta  types in to  each 
other.

All relations are easily p rogram m able in BASIC or Assembler languages and so 
applicable to  processing of titra tio n  da ta  by  titra tio n  controlling com puters.

In tro d u c tio n

R ecen tly  severa l papers h a v e  d ea lt w ith  th e  shape an a ly s is  o f  p o te n tia l 
t i t r a t io n  curves, th e  d e te rm in a tio n  o f  ion iza tio n  or p ro to n a tio n  co n stan ts , 
th e  en d p o in t ap p ro x im a tio n  p ro b le m  of p o ten tio m e tric  t i t r a t io n  a n d  re la ted  
to p ic s  [1— 10].

Som e a t te m p ts  have  been  m ad e  fo r th e  q u a n tita tiv e  d e te rm in a tio n  of 
sev era l com ponen ts b y  p o te n tio m e tr ic  t i t r a t io n  [11, 12].

In  th is  p a p e r we t r y  to  d ev e lo p  a m ore general th e o ry  fo r th e  q u a n tita tiv e  
analy sis  o f m u ltico m p o n en t a m p h o ly te  system s in  am p h ip ro tic  so lu tio n s.

W e th in k  i t  w ill he h e lp fu l in  th e  ev a lu a tio n  o f c o m p u te r  con tro lled  
t i t r a t io n  d a ta  o f  m u ltico m p o n en t sy stem s.

T he follow ing res tric tio n s  c h a ra c te riz e  ou r m odel:
1. E ach  a c tiv ity  coeffic ien t is  equal to  one,

* To whom correspondence should be addressed.

1* Acta Chim. H ung. 123, 1986 
A kadém iai K iadó , Budapest



4 BILLES, TÓTH: MULTICOMPONENT AMPHOLYTE SYSTEMS

2. A ssociation a n d  c h em ica l reactions b e tw een  th e  com ponen ts ex cep t 
p ro to n  ga in  or loss are  e x c lu d e d ,

3. T he f irs t a t te m p t  ta u to m e r is m  is excluded  (in  P a r ts  2— 4).
B elow  we use u n o r th o d o x  n o ta tio n s fo r som e c o n s ta n ts  to  avoid  th e  

a c c u m u la tio n  of ind ices. A c id ic  equ ilib rium  c o n s ta n ts  (ion iza tion  c o n stan ts) 
a re  la b e lle d  b y  K ,  p ro to n a tio n  co n stan ts  b y  ß.  S ince th is  w ay  th e  n o ta tio n s  
o f  in d e x e d  ionization  c o n s ta n ts  an d  ionic p ro d u c t m a y  be  confused, fo r th e  
l a t t e r  th e  sym bol к  is a p p lie d .

O ne-com ponen t case

A m pholy tes can g a in  a n d  lose pro tons. F o r  in d ex in g  th e  form s in  p ro ­
to n ic  equ ilib ria  th e  fo llow ing  conven tion  is chosen : th e  fo rm  w ith o u t an y  
m o b ile  p ro to n s (A) is in d e x e d  b y  zero, all o th e r ones b y  th e  n u m b er o f  m obile 
p ro to n s . A m pholytes are  o f  b a s ic ity  d and  ac id ity  e. E q u ilib r ia  have  th e  fo rm

A H {Z Í+<_1) +  H + *= ; AH<~d+,) (1)

w h e re  elec tric  charges a re  in  paren theses. T h e  eq u ilib riu m  co n stan ts  are 
d e f in e d  as

K  _  [ А Н # + '- Ц ] - [ Н + ]  c ^ H
' [AH<-d+i> c,

w h e re  c( s tan d s  for [A H , d + '] a n d  H  for [H  + ]. S ince

( 2)

c, =  ■— с,_хЯ
A ,

со H ‘

П К Г

( 3 )

D e fin in g  th e  to ta l p ro to n a tio n  co n stan ts

w ith  ß 0 - 1, we have

П К гГ — 1

Ct =  c0 ß iH 1

(4)

(5)
T a k in g  in to  account th e  e le c tr ic  n e u tra lity  o f th e  so lu tio n

d+ e  L

2  P -  e)c< + H -  — = о
i =0

(6)

Acta Chim. Hung. 123, 1986



BILLES, TÓTH: MULTICOMPONENT AMPHOLYTE SYSTEMS 5

w h ere  к is th e  ion ic  p ro d u c t o f th e  a m p h ip ro tic  so lvent H X

f c = [ H + ] [ X ~ ]  (7)

le t  c* he th e  to ta l  am p h o ly te  c o n c e n tra tio n  in  th e  so lu tion . B ecause  o f  th e  
d e fin itio n  of Cji

d+e

S u b s titu tin g  E q . 5:

D iv id in g  E q . (5) b y  E q . (9):

c * =  2  cii=o

C* =

ß 'H ‘
d+e

2 ß ‘H ‘

U sing  th is  re la tio n  E q . (6) m ay be  m o d ified  to

2 ( i - e ) ß i H i
i = о

d+e +  H -------------------=  o

H

(8)

(9)

( 10)

( 11)

Since p o te n tio m e tric  t i t ra t io n s  are  ca rried  o u t using  m o stly  u n iv a le n t 
s tro n g  e lec tro ly tes H Y , W O H , e.g. in  w a te r  HC1, N aO H  as t i t r a n ts ,  th e  t i t r a n t  
co n cen tra tio n  cG is p rac tica lly  e q u a l to  th e  co n cen tra tio n  o f  th e  p ro to n s , 
o f  th e  h y d ro x id e  ions an d  of th e ir  c o u n te r  ions Y ~  an d  W + in  th e  t i t r a n t ,  
re spec tive ly .

U sing stepw ise  add ition  te c h n iq u e  in  p o ten tio m etric  t i t r a t io n ,  th e  
follow ing electric  charge  balance is fo rm ed  in  th e  t i t r a te  a fte r  th e  a d d itio n  o f 
th e  Z-th t i t r a n t  p o rtio n

2 ( i - e ) ß l H i

c* 5+i b H i  — —  +  e(D =  0 (12)

2 ß i H i  1
i= о

w here  th e  u p p e r  a n d  low er sign ap p lie s  to  t i t ra t io n  w ith  b ases a n d  acids, 
resp ec tiv e ly , cG is th e  Y ~  or th e  W + c o n c e n tra tio n  in  th e  t i t r a te  a n d  c* is th e  
sam e for th e  a m p h o ly te . These c o n c e n tra tio n s  m ay  be expressed  b y  cD an d  c*, 
re spec tive ly . L e t V  be th e  vo lum e o f  th e  t i t r a te  before th e  b eg in n in g  o f th e  
t i t r a t io n  1 = 0  a n d  v t th e  to ta l  a d d e d  t i t r a n t  volum e a f te r  th e  Z-th step . 
T h e  to ta l  t i t r a te  vo lum e

v, = V + V ,

Acta Chim. Hung. 123, 1986



6 BILLES, TÓTH: MULTICOMPONENT AMPHOLYTE SYSTEMS

A ccord ing  to  th e  law  o f  co n se rv a tio n  o f  m ass

cf V, =  с* V
e.g.

V*оIIо

a n d
cP V, =  cD v,

or

c p - c o
V,

s u b s ti tu t in g  E qs. (13) a n d  (14) in to  E q . (12) w e h a v e

d+e
2 ( i - e ) ß iH[
'= °  , V t

d+e

2  ßi H i
+ Я , -  — ] +  e °  Z l z Z -  =  0 

H ,}  V
í= i

l =  0 ,1 , 2, . . . ,  m

w here m  s ta n d s  for th e  n u m b e r o f t i t ra t io n  s te p s .

(13)

(14)

(15)

M ulticom ponent sy stem

L e t n  be th e  n u m b e r  o f com ponen ts in d e x e d  b y  j .  A pply ing  E q . (15) 
for th is  sy s tem

dt+ ei
2  — ej

c* ~ L l iq+ i,-------
2  ß i J H < y  1 H l i  y
1 = 0

/ =  0 , 1, 2, . . . ,  m

To solve th is  eq u a tio n  fo r  th e  c j  co n cen tra tio n s  w ith  ap p ro p ria te  accu racy  
beside  th e  know ledge o f th e  ß tj  co n stan ts  an d  th e  m easu rem en t o f th e  T ^and  
H[  v a lu es  th e  n u m b er o f  s tep s  (m) m u st be h ig h e r  th a n  th e  n u m b er o f  co m ­
p o n en ts  (n). L abelling  th e  coefficients o f th e  c* co n cen tra tio n s  in  E q . (16) 
b y  a,j, th e  sum  of th e  second  a n d  th ird  te rm s  b y  bt, we have

2 aß CJ =  bi 1 =  0, 1, 2 , . . ., m  (17)

2
j= 1

) ß i j H \

+ H, ± c c
V , -  V

(16)

Acta Chim. Hung. 123, 1986



BILLES, TÓTH: MULTICOMPONENT AMPHOLYTE SYSTEMS 7

or in  m a tr ix  n o ta tio n
a  c* =  b (18)

w here , be ing  m  >  re, a is a g en era l q u a d ra tic  m a tr ix  and is th e re fo re  n o t  in v e r­
tib le .

A pp ly in g  th e  m ethod  o f le a s t  sq u a re s  th e  function  to  be  m in im ized  is

F  =  2  2 * j i  cji b[
1 = 0  j =  1

D e riv a tin g  F  b y  c* co n cen tra tio n  we h a v e
n I m \ n

2  k* 2  ajl aql =  2  aql b l I  =  2’ •]= 1 \ 1=0 

E q . (20) m ay  he  sim plified  to

. n
J= о

or in  m a tr ix  fo rm ula tion

2 CJ PJq ~  lq
J- 1

P c  — g

(19)

(20)

( 21)

(22)

Since p  is a sq u a re  m a trix  th e  lin e a r  e q u a tio n  system  m ay  be so lv ed  b y  ap p ro ­
p r ia te  m ethods.

D ete rm in a tio n  of io n iza tio n  constants

E q u a tio n  (15) is app licab le  to  th e  d e te rm in a tio n  of io n iz a tio n  c o n stan ts . 
T h e  H t an d  V,  values have  to  be  m easu red  an d  th e  ß's  are th e  u n k n o w n  q u a n ­
titie s . R ew ritin g  E q . (15) we h av e

d+e

2 P i H ‘i (i — e) c* —
H ,

„□ v ' ~ v (23)

l =  0, 1, 2 , . . ., m

F o r th e  f ir s t  g lance E q . (23) is a hom ogeneous linear eq u a tio n  sy s te m . W ith  
i =  0, how ever, ß 0 =  1 an d  th is  te rm  o f  th e  sum  does n o t c o n ta in  unknow n 
q u a n titie s , so th e  tru e  fo rm  o f E q . (23) is

d + e

2 ß ‘H ‘i (i — a)c Vj_

V Д ;
- H / i c 0

V ,  -  V Vj_
V Ht

V

V
(24)

In  sh o rt fo rm
d+e

2 ß i A » в, (25)
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8 BILLES, TÓTH: MULTICOMPONENT AMPHOLYTE SYSTEMS

A p p ly ing  th e  m e th o d  o f  least squares (m  >  d  -f- e) sim ilarly  to  th e  case  
o f  m u ltico m p o n en t sy s tem s  th e  function  to  be  m in im ized  is

F =  У
1 = 0

Vi
d+e

2  ßi A u ■
\ i = l

в ,

w h ere  th e  y’s are w e ig h t fa c to rs . A reco m m en d ed  w e ig h t fac to r is

w here

é P i ■
A V

an d
a  p H , =  P H ( —  p H , . ,  

A V , =  V t —  V l- 1
D e riv a tin g  F  b y  th e  ß  ?s

d+e / m

In  s h o r t  fo rm

a+e I m  m

2  ßi \2  УI Ац A- , =  ^  yt A ; B,
i = l  U= 0  , ;=o

d+e

2
i = l
2 ß i P ‘4 =  Gq

(26)

(27)

D e te rm in in g  th e  to ta l  p ro to n a tio n  co n stan ts  th e  io n iz a tio n  constan ts  can  be  
c a lc u la ted  b y  E q . (4):

T he n u m b e rin g  of th e se  io n iza tio n  co n stan ts  is in  accordance  w ith  P a r t  2. 
fo r ac id s as usual, b u t  fo r  bases  of opposite m ean in g .

C onversion of ac id ic  an d  basic titra tio n  cu rv es in to  each o ther

I t  is som etim es ad v isa b le  to  ex ten d  th e  in v e s tig a te d  p H  range in  d ire c ­
tio n s  o f  b o th  acidic a n d  basic  t i tra tio n s . T h ere  a re  p u re  am pholy tes (ac ids, 
bases) o r  m u ltico m p o n en t sy stem s hav ing  a p H  v a lu e  in  solution n e a r p k . 
I n  th e se  cases stepw ise t i t r a t io n  is needed w ith  b o th  acid ic and  basic t i t r a n t .

S ince un ified  c a lcu la tio n s  are  m ore p ro f ita b le , conversion  of acidic d a ta  
to  basic  ones and  vice v e rsa  a re  v e ry  useful.

L e t v lb be th e  v o lu m e  o f th e  t i t r a te  a fte r  th e  Z-th step  in  basic t i t r a t io n  
an d  V la th e  sam e fo r ac id ic  one. Since th e  c* c o n c e n tra tio n  is th e  sam e, s u p ­
posin g  th e  id e n tity  o f th e  p H  values from  E q . (15) w e have

V Н , —
H ,

+  c ° |  — cjpV  =  Vila H r
к

H Г
+  caV (28)
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BILLES, TÓTH: MULTICOMPONENT AMPHOLYTE SYSTEMS 9

w here  c|p and  a re  th e  basic a n d  ac id ic  t i t r a n t  co n c e n tra tio n s , resp ec­
tiv e ly .

A sim ilar re la tio n  m ay he d e riv e d  fro m  E q . (16) fo r m u ltic o m p o n e n t 
sy stem s.

Effect o f ta u to in e rism

L e t t (. be th e  n u m b e r  of ta u to m e rs  in  th e  ionic s ta te  i o f an  a m p h o ly te .

T h e  n u m b er o f e q u ilib ria  betw een th e s e  ta u to m e rs  is ' , b u t  o n ly  í ; 1
2

are  in d ep en d en t. S ince th e  s ta te  w ith  i =  0 m eans th e  to ta l  absence  o f  m obile 
p ro to n s , t 0 =  1.

d ♦ e 
1

Fig. 1

F ig . 1. show s th e  g rap h  a rb o u r o f  th e  s ta te s  i t  is an  ex am p le . B ran ch in g  
p o in ts  are  a rb itra r ily  selected from  th e  possib le  t ' s  and  in d ex ed  b y  one. 

T au to m e tric  eq u ilib riu m  c o n s ta n ts  a re  defined  as

R is =  —  > =  1 , 2 , . . . , * , .  (29)
c,i

w here  cis is th e  c o n cen tra tio n  o f th e  s - th  ta u to m e r  belonging  to  th e  i- th  
io n iza tio n  s ta te . O f course  R n  =  1. A cco rd in g  to  E q . (29) th e  to ta l  concen ­
t r a t io n  o f  ta u to m e rs  belonging to  s ta te  i is

=  en 2  R is  (30)
s = i

Io n iz a tio n  c o n s ta n ts  fo r  the  equ ilib ria  b e tw een  th e  stressed  ta u to m e rs  are

К
i,i  H

E q . (31) is th e  an a lo g u e  of Eq. (2). S ince

sim ila rly  to  E q . (5)

_ CqH

C11

*n =  co ßi

(31)

(32)

Acta Chim. Hung. 123, 1986



10 BILLES, TÓTH: MULTICOMPONENT AMPHOLYTE SYSTEMS

w ith  t h e  m od ified  to ta l  p ro to n a tio n  co n stan t

O '  1Pi =  — ------------

Г 1 К
r=i

A p p ly in g  E q . (8) and  d en o tin g

we h a v e

Ri =  2 R‘s
s = i

d+e

=  c0 н ‘ ß \  R í

In tro d u c in g  new c o n s ta n ts  fo r th e  v ir tu a l to ta l  p ro to n a tio n

D, =  ß'i R,
E q u a t io n  (34) m ay  be exp ressed  in  a sh o rte r  fo rm

d+e

c* =  c0 2  D, Я 'i=o
S u b s t i tu t in g  th is  expression in to  E q . (32) an d  a p p ly in g  E q . (30)

„  D ,H ‘

2 d ‘h ‘
( = 0

(33)

(34)

(35)

(36)

w h ic h  is  th e  to ta l  analogue o f  E q . (10). T he D ;- c o n s ta n ts  replace th e  to ta l  
p ro to n a t io n  ones. A dop ting  th e  m eth o d  describ ed  in  P a r t  1. th e  f in a l re la tio n  
fo r  th e  co n c e n tra tio n  d e te rm in a tio n  has th e  fo rm  of

i = 0

A ll o th e r  re la tio n s of th e  fo rm er P a r ts  are v a lid  in  th e  presence of ta u to m e rs , 
to o , r e p la c in g  /3’s b y  -D’s.

V ir tu a l  to ta l  p ro to n a tio n  co n stan ts , fo r ex am p le , m ay  be c a lc u la ted  
s im ila r ly  to  E q . (24) based  on  th e  re la tio n

d+e

2 D ‘H ‘ (i — e) c*

v
к

\H ,

К
V

-H,

---------H ,H,

=F cD V i - V
V

V, — V

+  ec* (38)

Acta Chim. Hung. 123, 1986



BILLES, TÓTH: MULTICOMPONENT AMPHOLYTE SYSTEMS U

T h e ra tio  o f  tw o  v ir tu a l  to ta l  p ro to n a tio n  c o n s ta n ts  gives th e  v ir tu a l io n iza tio n  
c o n s ta n t

щ  = A-i
A

T hese co n stan ts  h av e  a h a rd ly  in te rp re ta b le  p h y s ica l m eaning, th e y  a re  defined  
n am ely  as

s = i

D iscussion an d  b ro ad e r aspects

T he o u tlin ed  th e o ry  is easily ap p licab le  in  th e  p ractice  of p o te n tio m e tr ic  
t i t ra t io n . P ro g ram m in g  in  BASIC a n d  p ra c tic a l app lications are  in  p rogress. 
R e la tio n s (16), (18), (20) an d  (22) en ab le  one  to  determ ine  th e  co n c e n tra tio n s  
in  m u ltico m p o n en t sy stem s w ith o u t ta u to m e r ism . W hen ta u to m e r ism  also 
occurs th e  m e th o d  o f d a ta  processing is id e n tic a l, since E q . (37) is a full 
analogue o f E q . (16). T h e  la s t tw o e q u a tio n s  co n ta in  to ta l  p ro to n a tio n  con­
s ta n ts . T h ey  are  d e te rm in ab le  to g e th e r  w ith  th e  ion iza tion  c o n s ta n ts  from  
E q s . (24) an d  (38), respective ly . E q s . (24)— (27) can be used fo r th o se  ca l­
cu la tions.

A ll th ese  dev e lo p ed  form ulae can  b e  easily  program m ed in  B asic  or 
A ssem bler lan g u ag es, w hich  are th e  m o st f re q u e n te d  ones for m ini- a n d  m icro ­
co m p u ters . I f  th e  t i t r a t io n  is co m p u ter c o n tro lle d  th e  d a ta  processing  can  be 
carried  o u t d ire c tly  b y  th e  contro ller.

To m ake d a ta  processing easier i t  is w orth w h ile  to  c o n v e rt th e  acidic 
t i t r a t io n  d a ta  o f a m p h o ly te s  in to  th o se  o f  th e  basic  t i tra t io n  ones o r v ice  versa  
see E q . (28).

T he u n it  va lu es  o f  a c tiv ity  coeffic ien ts  c a n n o t be m a in ta in ed  in  p rac tice . 
T his is on ly  a m ore or less accep tab le  a p p ro x im a tio n , sim ilarly  to  th e  a ssu m p ­
tio n  o f th e ir  c o n s ta n c y  d u ring  the  t i t r a t io n .  T h e re  is, how ever, a p ossib le  so lu ­
tio n  to  th e  p rob lem  o f th e  ac tiv ity  co e ffic ien ts  b y  keeping th e  ion ic  s tre n g th  
c o n s ta n t. A t a h ig h  co n cen tra tio n  o f  a n e u tr a l  com ponen t (aid co m p o n en t)  it  
becom es n ea rly  c o n s ta n t. F o r exam ple , in  aq u eo u s solutions th is  re q u ire m e n t 
is fu lfilled  b y  a h ig h e r К  Cl co n cen tra tio n . A d d in g  alw ays th e  sam e a id  com ­
p o n en t in  th e  sam e co n cen tra tio n  to  th e  t i t r a t e  in  th e  case of d e te rm in a tio n s  
o f b o th  c o n cen tra tio n s  an d  ion iza tio n  c o n s ta n ts , th e  accu racy  o f  th e  con­
c e n tra tio n  values increases.
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12 B1LLES, TÓTH: MULTICOMPONENT AMPHOLYTE SYSTEMS

V ir tu a l  to ta l  p ro to n a tio n  co n stan ts  in c lu d e  b o th  tau to m eric  eq u ilib r iu m  
c o n s ta n ts  an d  ion iza tio n  ones. T he in d e p e n d e n t d e te rm in a tio n  o f  th e  /9,- 
c o n s ta n ts  allows th e  d e te rm in a tio n  of th e  K't v a lu es  [see E qs (33) a n d  (35)]. 
I f  th e r e  ex ists  a p H  v a lu e  w here  th e  form s o f  th e  i- th  ion iza tion  s ta te  b u ild  
th e  b u lk  o f all possible fo rm s o f th e  co m p o u n d  in  question , th e  te m p e ra tu re  
d e p e n d e n c e  of th e  sp e c tra  serves fo r d is tin g u ish in g  th e  spectra  o f  th e  in d i­
v id u a l  species.

A p p ly in g  an  on-line m in i- or m ic ro co m p u te r  for th e  con tro l a n d  d a ta  
a c q u is i t io n  in  th e  t i t r a t io n  p rocess th e  accu racy  o f  th e  m easurem ents in c reases . 
N a m e ly , b y  rep ro d u c tio n  a n d  d a ta  a c c u m u la tio n  signal-to-noise ra t io  a n d  
d ig i ta l  re so lu tio n  im prove.

E r ro r s  m ay  be d e te rm in e d  b y  re c a lc u la tin g  th e  t i tra tio n  d a ta  fro m  th e  
r e s u l ts  a n d  b y  d e te rm in in g  th e  m ean  sq u are  d e v ia tio n  of m easu red  a n d  c a l­
c u la te d  va lues.

T h e  p H  range o f p o te n tio m e tr ic  m e a su re m e n ts  is lim ited  b y  e lec tro d es 
a n d  t i t r a n t s .  N orm ally  th e  m easu rem en ts  in  w 'ater are  carried  ou t b e tw een  p H  
1 a n d  13. I t  is possible t h a t  p K a values b e y o n d  th is  region are u n k n o w n . In  
th is  ca se  E q . (9), is o n ly  an  ap p ro x im a tio n  a n d  becom es b e tte r  a n d  b e t te r  
d e p a r t in g  from  th e  p H  e q u a l to  th e  p K a in  q u es tio n .

S ince  p ro to n a tio n  e q u ilib ria  [E q . (1)] a re  te m p e ra tu re  d e p e n d e n t all 
th e  re la t io n s  derived  here  h o ld  ex ac tly  on ly  u n d e r  iso therm ic c ircu m stan ces . 
T e m p e ra tu re  dependency  o f p K a values is o f  th e  m ag n itu d e  o f 10 ~2— 10 ~3 
p K a u n its /K e lv in  [13].

L is t  o f  applied symbols

A: c o n s ta n t  in  ap p lica tio n  o f  th e  m eth o d  o f le a s t  squares
В : c o n s ta n t  in  ap p lica tio n  o f  th e  m eth o d  o f le a s t  squares
D :  v i r tu a l  to ta l  p ro to n a tio n  c o n s ta n t
F : fu n c tio n  to  be m in im ized
G: c o n s ta n t  in  ap p lica tio n  o f  th e  m eth o d  o f le a s t squares
H : p r o to n  co n cen tra tio n
К : a c id ic  equ ilib rium  c o n s ta n t  o f p ro to n a tio n  io n iza tio n  co n stan t
K ’: ac id ic  equ ilib rium  c o n s ta n t for p ro to n ic  eq u ilib riu m  betw een ta u to m e rs  
P :  c o n s ta n t  in  ap p lica tio n  o f th e  m eth o d  o f le a s t  squares
R :  ta u to m e r ic  eq u ilib riu m  c o n s ta n t
V:  t i t r a n t  vo lum e, w ith o u t low  in d ex : th a t  b efo re  th e  beginning o f  t i t r a t io n
a: c o n s ta n t  in  ap p lica tio n  o f  th e  m eth o d  o f le a s t  squares
b: c o n s ta n t  in  ap p lica tio n  o f  th e  m eth o d  o f le a s t squares
c: c o n c e n tra tio n s  exclud ing  t h a t  o f p ro to n s
c’: t o t a l  am p h o ly te  c o n c e n tra tio n  in  th e  t i t r a t e ,  w ith o u t low in d e x : t h a t

b e fo re  th e  beg inn ing  o f t i t r a t io n
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cP: c o n c e n tra tio n  o f  th e  reag en t in  th e  t i t r a n t  
d: b a s ic ity  o f  th e  am p h o ly te
e: ac id ity  o f th e  am p h o ly te
g: c o n s ta n t in  ap p lica tio n  o f th e  m e th o d  o f le a s t squares
i: n u m b er o f  m obile p ro to n s  in  th e  ion or m olecule in  question
j :  serial n u m b e r  o f th e  com ponen t in  q u estio n
к : ion  p ro d u c t
l : serial n u m b e r  o f ad d ed  t i t r a n t  po rtio n s
m: to ta l  n u m b e r  o f ad d ed  t i t r a n t  p o rtions
n: n u m b e r o f  co m p o n en ts
p :  c o n s ta n t in  a p p lica tio n  of th e  m eth o d  o f  le a s t squares
s: serial n u m b e r o f  th e  ta u to m e r in  q u estio n  low  in d ex
t: n u m b er o f  ta u to m e rs
v 1: to ta l  vo lu m e o f a d d ed  t i t r a n t  a f te r  ad d in g  th e  1 -th  p o rtion
ß : to ta l  p ro to n a tio n  c o n s tan t
ß to ta l  p ro to n a tio n  c o n s ta n t fo r p ro to n ic  equ ilib ria  betw een  in d iv id u a l 

ta u to m e rs  
y:  w eigh t fac to r
x:  v ir tu a l io n iza tio n  c o n s ta n t
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H eterocyclic compounds w ith  th e  new  triazaindenoindene skeleton (10, 12—16) 
have been synthesized by the reactions of pyrim ido[2 ,l-a]phthalazinone (1), o r its 
derivatives substitu ted  in the benzene ring (2, 3), w ith acetic or propionic anhydride. 
The structures were elucidated by  p repara tive  and spectroscopic ( IR , XH-NM R, 
13C-NMR and X -ray  diffraction) m ethods. T he hypothesis suggested as th e  reaction 
m echanism  of th e  form ation of th is skeleton is based on the high reac tiv ity  o f the 
zw itter-ionic starting  compound to  undergo addition  reactions.

T he iso la ted  m ain  p ro d u c t fro m  th e  re a c tio n  of p y rim id o [2 ,l-a ]p h th a la -  
zinone (1) w ith  ace tic  an h y d rid e  w as a co m p o u n d  of u n know n  s tru c tu re ;  its  
m o lecu la r fo rm u la  w as show n to  be C15H 15N 30 3 b y  e lem en tary  an a ly s is  and 
m ass sp e c tro m e try  [1]. In  th is  p a p e r  th e  e luc ida tion  of th e  s tru c tu re  o f  th is  
p ro d u c t is d iscu ssed ; fu rth e r , b y  considering  o th e r m odels, th e  scope o f  th e  
re a c tio n  is s tu d ie d . T he m odels se lec ted  (2, 3) are  derivatives o f 1 s u b s ti tu te d  
in  th e  benzene  rin g , w hich allow  a s tu d y  o f  th e  effect o f e le c tro n -d o n a tin g  or 
e lec tro n -w ith d raw in g  groups on th e  r e a c tiv i ty  o f th e  zw itte r-ion ic  py rim id o - 
p y rid a z in iu m -o la te  p a r t  o f th e  m olecule.

T h e  9 ,1 0 -d im eth o x y  d e riv a tiv e  (2) w as p repared  b y  cy c liza tio n  of
4 -(3 -h y d ro x y p ro p y lam in o )-6 ,7 -d im e th o x y -l(2 II)-p h th a laz in o n e  [2] (F ig . 1); 
th e  8 -n itro  com p o u n d  (3) w as sy n th esized  b y  th e  reaction  sequence  7 — 8 —>• 
—>• 9a  —I- 3 (F ig . 2), w hich is a w ell p ro v e d  m ethod  for th e  p re p a ra t io n  of 
s im ila r d e riv a tiv e s  from  3 -b ro m o p ro p y l-3 -n itro p h th a lim id e  [3, 4 ] . (Two iso­
m ers, 9a  =  8 -N 0 2 an d  9b =  5 -N 0 2, cou ld  be  form ed from  th e  a sy m m etric  
n itro p h th a lim id e  8. T he p ro d u c t iso la ted  h a d  s tru c tu re  9a, as i t  w ill be  re p o rte d  
[5] in  a n e x t p a p e r  o f th is  series. T he p ra c tic a lly  exclusive r e a c tiv i ty  w ith  
nucleoph iles o f  th e  im ide bond  in  а -p o sitio n  o f 3 -n itro p h th a lim id e  is in  accord

* P a rt X : A cta Chim. H ung., 117, 371 (1984).
** To whom correspondence should be addressed.
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16 KÖRMENDY et al.: AMINOPHTHALAZINONE DERIVATIVES, XI

w ith  th e  alcoholysis o f  3 -n itro p h th a lic  a n h y d rid e  w hich  yields th e  a -e s te r  as 
th e  m a in  p ro d u c t [6].)

T h e  p y rim id in e  rin g  o f com pounds 1— 3 is re a d ily  cleaved b y  p o ta ss iu m  
h y d ro x id e  so lu tio n  to  give com pounds 4— 6 (cf. F ig . 1). These d e riv a tiv e s  
w ere re q u ire d  because  in  th e  reac tio n  of 1 w ith  ace tic  anhydride  ring  fission  
to  a s lig h t e x te n t w as observed  (see F ig . 6 ; 17 [1]), th u s  th e  cleavage o f  th e  
p y rim id in e  r in g  could  also be ex p ec ted  d u rin g  th e  aceto lysis o f 2 an d  3.

T h e  m o lecu la r m ass o f 10 form ed in  th e  re a c tio n  o f 1 w ith  acetic  a n h y ­
d ride  (F ig . 3) increases b y  84.07 =  C4H 40 2, as co m p ared  w ith  th e  s ta r t in g  
co m p o u n d ; th is  co rresponds to  th e  in co rp o ra tio n  o f  tw o  acety l groups a n d  th e

K 0 H / H 20

Q
0

1-3  Í - 6

a , Q3

1 H H H u

2 H MeO MeO 5
3 no2 H H 6

Fig. 1

1. 2 eq. КОН /MeOH

2. 1 eq. HCI

3. N2Ht

Fig. 2
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loss o f  tw o  h y drogen  a tom s. A cco rd in g  to  m ass sp e c tro m e try  th e  p rim ary  
p rin c ip a l f ra g m e n ta tio n  is th e  loss o f  k e ten e , w hich in d ic a te s  th e  presence 
o f  a  re a d ily  de tach ab le  ace ty l g ro u p . C om pound 10 rem ain s u n ch an g ed  in  
bo iling  e th an o l, b u t  re flux ing  in  sod iu m  hydro g en  carb o n a te  so lu tio n  rem oves 
one ac e ty l g roup  from  th e  m olecu le  (10 —► 11). W ith  ace tic  a n h y d rid e  in  
p y rid in e  th e  orig inal com pound  is reco v ered  (11 —*■ 10). T here  is no  u n sa tu ra -

NaHC03

^11 ^  11 N30 (MeC0]20 ^1S^1SN3®3

+H20
-MeCOOH c ,3h ,3N3 o2

1 -H20 10
(MeC0),0

11

Py
Fig. 3

t io n  in  com p o u n d  10, w hich sh o u ld  u n d erg o  h ydrogena tion  in  th e  presence 
o f  P d/C  o r P t 0 2 ca ta ly s t a t  ro o m  te m p e ra tu re  and  u n d e r a tm o sp h e ric  p res­
su re . T he in fra red  sp ec tru m  reco rd ed  in  K B r pellets (T able I) h as  no b and  
a t t r ib u ta b le  to  an  N H  g roup ; th e  th re e  carbony l b an d s a t  1758, 1724 and  
1702 c m -1 are  due to  th e  d iacy lam id e  an d  th e  am ide c a rb o n y l g ro u p s in  th e  
fiv e -m em b ered  ring . In  th e  d e a c e ty la te d  p ro d u c t (11) th e  signal d u e  to  am ide- 
N H  ap p ears  a t  3200 c m -1 , an d  th e  am id e  I  hand  c h a ra c te r is tic  o f th e  five- 
m em b ered  rin g  is found a t  1695 c m -1 .

N o u n equ ivoca l conclusion fo r  th e  s tru c tu re  of 10 could  be  d raw n  from  
th e  re su lts  o f th e  p rep a ra tiv e , 1H - an d  13C-NM R, or IR  sp e c tra l  s tu d ies; 
th e re fo re , d e te rm in a tio n  o f  s tru c tu re  w as com plem ented  b y  X - ra y  d iffrac tio n  
m easu rem en ts , w hich show ed co m p o u n d  10 to  have tr ia z a in d e n o in d en e  ske­
le to n .

Table I

Important bands in the IR  spectra o f the triazaindenoindene 
derivatives 10—16 (in K Br), cm-1

Com­
pound v-NH

vCO
diacylamide,
isoindolinone

A m ide I t/OCH, k(C—0—CH,) pNO,

10 1758, 1724,
1702

и 3200 1695
(five-membered

ring)
12 1742, 1733,

1707
13 1748, 1708 2835 1210
14 1746, 1711 2840 1210
15 1757, 1713 1538, 1372
16 1748, 1710 1540, 1379

2 Acta Cliim. Hung. 123, 1986
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D iscussion o f th e  crysta l s tru c tu re  o f com pound  10

A  persp ec tiv e  v iew  o f th e  m olecular s tru c tu re  o f  10 is given in  F ig . 4, 
c o m p u te d  from  th e  f in a l f ra c tio n a l coo rd in a tes , w h ich  are  given w ith  th e ir  
e .s .d .’s in  T ab les I I  an d  I I I .  T h e  m ajo rity  o f  th e  a to m ic  d istances (Table IV) 
a n d  b o n d  angles (T able V) does n o t ex h ib it s ig n if ic a n t dev ia tions from  th e  
e x p e c te d  va lues. T he f iv e -m em b ered  h e te ro -rin g  В  o f  th e  isoindolinone m o ie ty  
is n o t  p e rfe c tly  p la n a r  ( th e  m ean  d ev ia tion  o f  th e  le a s t-sq u a re s  p lane o f th e  
f iv e  r in g  a to m s is 2.4 pm ) a n d  0 (1 ) is ou t o f  th e  p lan e  b y  11.8 pm . N ev er­
th e le ss  i ts  b e s t p lane  m ak es o n ly  a d ihed ra l angle o f  2.7(1)° w ith  th a t  o f th e  
p h e n y l A  ring . D esp ite  th e  v ic in a l oxo group  se p a ra te d  b y  a m ultip le  bo n d  
[136.4(2) p m ], N (6a) a t  th e  B /C  r in g  ju n c tio n  re ta in s  some p y ra m id a lity  
(2n =  0.36 rad ) [7]. I n  acco rdance  w ith  th e  d im in ish ed  p y ram id a lity  of 
N (6a), r in g  C possessing ch a ir  con fo rm ation  is p seudo-c is  anella ted  to  rin g  В  
as show n  b y  th e  sam e signs o f  th e  endocyclic to rs io n  angles a t  th e  ju n c tio n  
[6.1(2)° fo r ring  В  a n d  48 .1(2)° for rin g  C] a n d  th e  n e a r  to  zero value of one 
o f th e m . N (3a) is o rie n te d  pseudoaxially  to  rin g  B ,  w hereas C(6) occupies 
equatorial positio n  (see th e  co rrespond ing  to rs io n  ang les in  T ab le  V I). R ings C

Fig. 4. A perspective view of th e  molecular geometry of com pound 10 w ith atomic and ring 
labelling. The bare num bers are for carbon atom s, unless ind icated  otherwise. The H  atom s

are shown b u t not labelled
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Table II

Fractional coordinates (105 for the x-coordinates o f the hetero atoms and 101 for the other 
coordinates) o f  10 and equivalent isotropic thermal parameters ( 1 0 pm 2) fo r the non-hydrogen

atoms

Atom Ф у  lb *IC B(cq)

0 ( 1 ) 10555.5(8) 6383(1) 1658(1) 4.79(4)
0(2) 63169(9) 2717(1) 62(1) 5.81(5)
0(3) 60874(9) 5500(1) 3032(l) 5.13(5)
N(3) 68357(9) 4302(1) 1582(1) 3.65(4)
N(3a) 77272(8) 4872(1) 2170(1) 3.25(4)
N(6a) 93201(8) 4796(1) 1615(1) 3.59(4)
C(l) 7983(1) 3320(2) 431(1) 4.08(6)
0 ( 2 ) 6950(1) 3342(1) 575(1) 4.08(6)
0(4) 8045(1) 3947(2) 3300(1) 3.97(6)
0(5) 9069(1) 4244(2) 3797(1) 4.36(6)
0 ( 6 ) 9685(1) 3962(2) 2745(1) 4.29(6)
0(7) 9751(1) 6011(1) 1254(1) 3.59(5)
(■(7a) 9062(1) 6747(1) 307(1) 3.51(5)
0 ( 8 ) 9167(1) 7976(2) — 400(1) 4.56(6)
0 (9 ) 8399(1) 8428(2) — 1237(1) 5.30(7)
0 (1 0 ) 7563(1) 7669(2) — 1362(1) 5.29(7)
0 ( 1 1 ) 7465(1) 6439(2) — 653(1) 4.44(6)
G (lla ) 8220(1) 5999(1) 205(1) 3.37(5)
G (llh) 8329(1) 4713(1) 1090(1) 3.31(5)
0 ( 1 2 ) 6025(1) 4693(1) 2123(1) 3.98(5)
0(13) 5101(1) 4069(2) 1567(2) 5.95(8)

B eч =  4/3* trace (B*G) where G is the direct m etric tensor

Table III

Fractional coordinates (103) for the hydrogen atoms o f 10 with isotropic 
temperature factor B j (10 ~ * pm 2)

Atom x/a ylb м/с R

H(8) 977(1) 850(2) -3 1 (1 ) 5.7(4)
11(9) 843(1) 931(2) 172(1) 6.3(4)
11(10) 705(1) 800(2) — 194(1) 7.0(4)
Щ 11) 807(1) 332(1) -5 1 (1 ) 5.4(3)
11(12) 829(1) 252(2) 88(1) 5.7(4)
11(41) 797(1) 291(1) 309(1) 5-0(3)
11(42) 764(1) 416(1) 395(1) 4.8(3)
11(51) 925(1) 360(2) 454(1) 6.3(4)
11(52) 914(1) 524(1) 408(1) 5.1(4)
11(61) 969(1) 293(1) 249(1) 4.9(3)
11(62) 1033(1) 426(1) 297(1) 5.1(4)
11(111) 688(1) 587(1) -7 4 (1 ) 5.1(3)
11(131) 464(1) 442(2) 2 0 2 (2 ) 10.1(6)
11(132) 497(1) 425(2) 68(1) 9.8(6)
11(133) 512(1) 308(2) 164(2) 9.5(6)
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Table IV

Bond lengths (pm ) fo r  10. E.s.d.'s are in  parentheses

O (l)  —C(7) 122.0(2)
0 (2 ) —C(2) 120.4(2)
0 (3 ) —C(12) 120.7(2)
N(3) —N(3a) 144.1(2)
N(3) -C (2 ) 140.7(2)
N(3) — C(12) 139.2(2)
N (3a) C(4) 148.8(2)
N (3a)—C (llb ) 150.3(2)
N (6a)—C(6) 145.6(2)
N (6a)—C(7) 136.4(2)
N (6a)—C (llb ) 145.1(2)
C (l) -C (2) 149.5(2)

C(l) - C ( l l b ) 152.6(3)
0(4) - 0 ( 5 ) 151.0(2)
0(5) - 0 ( 6 ) 150.8(2)
0(7) —C(7a) 147.5(2)
C(7a) — 0(8) 138.3(3)
C(7a) —C (lla ) 137.8(2)
0(8) - 0 ( 9 ) 138.0(3)
0(9) - 0 ( 1 0 ) 137.6(3)
0(10) — 0(11) 138.4(3)
0(11) — C (lla ) 137.5(2)
C (lla ) — C (llb ) 151.1(2)
0(12) 0(13) 148.9(2)

Table V

Bond angles (°) fo r  10. E.s.d.'s are in  parentheses

N(3a) - N ( 3 ) - 0 ( 2 ) 112.2(2)
N(3a) - N ( 3 ) -0 ( 1 2 ) 117.3(2)
0(2) - N ( 3 ) -0 ( 1 2 ) 130.3(2)
N(3) — N(3a) - 0 ( 4 ) 106.9(2)
N(3) — N (3a) - C ( l l b ) 101.3(2)
0(4) — N (3a) - C ( l l b ) 113.0(2)
0(6) — N (6a) - 0 ( 7 ) 122.8(2)
0(6) — N (6a) - C ( l l b ) 120.8(2)
0(7) — N(6a) —C (llb ) 112.8(2)
0(2) - C ( l ) - C ( l l b ) 102.1(2)
0(2) - C ( 2 ) - N (3 ) 125.2(3)
0(2) - 0 ( 2 ) —0(1) 128.0(3)
N(3) - 0 ( 2 ) - C ( l ) 106.8(2)
N(3a) - 0 ( 4 ) - 0 ( 5 ) 110.7(2)
0(4) - C ( 5 ) - 0 ( 6 ) 109.7(2)
N(6a) - C ( 6 ) - 0 ( 5 ) 108.3(2)
0(1) - 0 ( 7 ) —N(6a) 125.1(3)
0(1) - 0 ( 7 ) — C(7a) 128.1(3)
N(6a) - 0 ( 7 ) —0(7a) 106.8(2)

0(7) — C(7a) - 0 ( 8 ) 129.7(3)
0(7) C(7a) — C (lla) 108.4(2)
0(8) — 0(7a) —C (lla) 121.9(3)
C(7a) — 0(8) —0(9) 117.6(3)
0(8) - 0 ( 9 ) -0 (1 0 ) 120.7(3)
0(9) - 0 ( 1 0 ) - C ( l l ) 121.2(3)
0(10) - C ( l l ) —C (lla) 118.4(3)
C(7a) —C (lla ) —0(11) 120.0(3)
C(7a) —C (lla ) —C (llb) 109.4(2)
0(11) —C (lla ) - C ( l l b ) 130.5(3)
N(3a) —C (llb ) — N(6a) 109.0(2)
N(3a) —C (llb ) 0(1) 103.9(2)
N(3a) — C (llb ) —C (lla) 110.8(2)
N(6a) —C (llb ) - C ( l ) 117.5(2)
N(6a) - C ( l l b ) - C ( l l a ) 102.2(2)
0(1) - C ( l l b ) - C ( l l a ) 113.5(2)
0(3) - 0 ( 1 2 ) -N (3 ) 119.8(3)
0(3) -C (1 2 ) -0 (1 3 ) 121.9(3)
N(3) - 0 ( 1 2 ) -0 ( 1 3 ) 118.3(3)

an d  D  a re  fu sed  b y  a c is -ju n c tio n  along a s lig h tly  polarized [150.3(2) p m ] 
C (sp3)— N (s p 3) single bond . N (3a) has p ro n o u n ced  p y ra m id a lity  (An =  1.15 
rad ) w h ile  N (3), due to  th e  tw o  neighb o u rin g  oxo  groups each b o u n d  w ith  
a m u lt ip le  b o n d  in  th e  ra n g e  139— 141 p m , e x h ib its  an  sp 2 h y b r id  s ta te  
(An — 0 .0 8  ra d ) . N(3) is h o u n d  equatorially to  r in g  C, w hereas C (l) assum es 
axial  p o s i t io n  to  i t  (Table V I), rin g  D  has enve lope  con fo rm ation  w ith  C ( l lb )  
on th e  f la p .  T he correspond ing  p uckering  p a ra m e te rs  [8]: Q =  35.9(2) p m , 
cp =  147 .0 (3 )°  an d  a sy m m e try  fac to r  [9] f C s =  1.9 pm  ind ica tin g  a  m irro r  
p lan e  b is e c tin g  C ( llb ) . One o f  th e  th ree  C = 0  d is tan ces  a t  C(7) is so m e w h a t 
lo n g er t h a n  th e  o thers (122.0 v s . 120.6 pm ) w h ich  m ay  p resu m ab ly  b e  a t t r i ­
b u te d  to  th e  neighbouring  C(8) p ro to n .
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Table VI

Relevant torsion angles (°) fo r  10 E.s.d.'s are in parentheses

R IN G  C

C (llb )  —N(6a) C(6) - C(5) -5 2 .2 (3 )
N (6 a )-C (6 ) -C (5 )-C (4 ) 54.4(2)
C(f>) — C(5) — C(4) -N (3a) -5 9 .5 (2 )
C(5) C(4) — N(3a)— C(I lb ) 56.5(2)
C (4)-N (3a) C (llb ) —N(6a) — 47.8(2)
N(3a) —C (llb ) N (6 a )-C (6 ) 48.1(2)

R IN G  D
C (l)—C(2)—N(3)—N(3a) — 3.0(2)
C(2) N(3)—N(3a)—C (llb ) 24.6(2)
N(3) N(3a) —C (llb ) —C (l) -3 5 .7 (2 )
N (3c)—C (llb )—C (l)—C(2) 34.4(2)
C(1 lb ) — C (l)— C(2) — N(3) -1 9 .7 (2 )

N (3 a ) -  C(1 lb ) -  N(6a) -  C(7) -111 .2 (2 )
N (3a)— C(1 lb ) -  C(11 a )—C(7a) 112.8(2)
C (6 )-N (6 a )-C (7 )-C (7 a ) — 165.4(3)
C(6) N(6a)—C (llb )—C (lla ) 165.4(3)
C(6)—N(6a)—C(7)—0(1) 14.7(3)
C (l)—C (llb )—N(3a)—C(4) 78.2(2)
C ( l) -C ( l lb )  -N (6 a )-C (6 ) -6 9 .7 (3 )
N (3 )-N (3 a) C (4)-C (5) 167.1(3)
N(3)—N(3a)—C (llb )—N(6a) -161 .7 (2 )
C (1 2 ) -N (3 ) -N (3 a ) -C ( l lb ) -159 .3 (3 )
C(12) —N(3)—C(2)—C (l) -178 .5 (3 )

T he indent) [За,4 -a]indene fu n d a m e n ta l skeleton c o n ta in in g  no  n itro g en , 
a n  analogue o f  com pound  10, is n o t k n o w n ; in  th e  lite ra tu re  th re e  o th e r  v a r ia n ts  
a re  m en tio n ed , v iz . th e  lin ear [1 ,2 -a], [2 ,1-a] ty p es condensed  a t  th e  five- 
m em b ered  r in g s , a n d  a ty p e  con d en sed  in  th e  [7,1-cd] w ay. S im ila r  r in g  anel- 
la tio n s  are  to  be  fo u n d  in  a sp id o sp erm id in e  alkaloids.

T riaza in d en o in d en e  com pounds a re  fo rm ed  also from  m o d els  2 an d  3 
(F ig . 5). T he conversion  1 —> 10 can  b e  considered  as co m p le ted  a f te r  boiling 
fo r  3 hours (y ie ld : 71 to  77% ). A  s u b s ta n tia l  fo rm ation  o f t a r  cou ld  n o t be 
sup p ressed  b y  th e  ad d itio n  o f sod ium  a c e ta te . As a b y -p ro d u c t a  sm all am o u n t 
(9% ) o f 17 w as iso la ted  [!]• T he fo rm a tio n  o f th e  d im eth o x y  d e r iv a tiv e  (13) 
is s ig n ifican tly  slow er; a t  leas t 10 h o u rs  o f  boiling are n eed ed  fo r com plete  
conversion  an d  also  th e  y ield  is low er (5 9 % ). I f  the  reac tio n  is in te r ru p te d  
b efo re  com ple tion , u n changed  2 can  b e  iso la ted  from  th e  d a rk  b ro w n  m o th er 
liq u o r , c o n ta in in g  th e  ta r ry  b y -p ro d u c ts .

No a c y la te d  p ro d u c t o f ty p e  17 in d ic a tin g  ring  fission  o f  co m p o u n d  5 
w as d e tec ted . R eac tio n s  w hich p ro ceed  a t  tw o  different ra te s  w ere  fo u n d  in  
th e  conversion  3 —>■ 15 (Fig. 6), w h ich  ca n  be achieved w ith  re m a rk a b ly  h igh 
y ie ld  (81— 9 1 % ). A b o u t h a lf  o f co m p o u n d  3 is converted  w ith in  2 h o u rs  in to  
th e  en d -p ro d u c t b y  th e  m ore ra p id  re a c tio n  A ,  while th e  zw itte r- io n ic  18
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Q, 0 10-16

R e ac t  ion Boiling . P roduc t Yield , R! R2 Q, q 2 a 3h %

1 - 0 3 10 70 .8-
-77.1

H MeCO H H H

10 -f- c 10 min. 11 514 H H H H H

1 4- b 3 12 59.2 Me E1C0 H H H

2 4 a 10 13 59.1 H MeCO H M eO MeO

2 4- b 10 К £9.6 Me E1CO H MeO MeO

3 4- a 10 15 80 6
H MeCO no2 H H

18 4- a 10 15 90.9

3 4- b 10 16 53.9 Me EtCO no2 H H

Fig. 5. Synthesis of triazaindenoindene derivatives (R eagent: a  =  acetic anhydride, b =  p ro ­
pionic anhydride, c =  10% N aH C 0 3 solution)

Table VII

111 and  13C chemical shifts o f compound 10

»H d I!c й

H —5 (a, e) ~  1.9 (m) C—5 25.3
H - l (syn ) 2.68 (d)* C—(R n  CH3) 26.0
H —1 ( anti) 3.70 (d)* C - l 36.4 **
H —4 (a) ~  3.00 (m) G—4 36.8
H —4 (e) 3.75 (m) C - 6 53.1
H - 6 (a ) ~  3.00 (m) C - l l b 78.8
H - 6 (e) 4.55 (m) C—8 131.5
H - 8 7.85 (rn) G—9 124.9
H —9 1 ~  7.55 (m) C—10 134.7
H —10 f C - l l 122.3
H - l l 7.35 (m) C—7a 131.1
H —(R, . CH3) 2.68 (■) C—11a 148.6

C - 2  167.451

ГC - 7  167.50J
C—(R „  C = 0 )  173.6

* Based on DNOE tests  
** Assignments interchangeable
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fo rm ed  in  th e  s id e -reac tio n  В  gives, w ith  acetic  an h y d rid e , co m p o u n d  15 a t 
a m uch  slower ra te . D e riv a tiv es  12, 14 an d  16 co n ta in in g  a m e th y l group a t 
position  1 are  fo rm ed  in  analogous processes w ith  p rop ion ic  an h y d rid e .

The signals d u e  to  th e  equatorial a n d  axial  hyd rogens o f th e  m ethylene 
g roup  v icinal to  th e  n itro g en  o f th e  six -m em bered  rin g  C a re  w ell separa ted  
(T able V II) in  th e  JH - N M R  sp ec tra  a t  250 M Hz o f th e  triaza in d en o in d en e  
d e riv a tiv es  10 an d  12. T he chem ical sh ifts  an d  sp in -sp in  co u p ling  constan ts  
a re  in  accord w ith  th e  ch a ir co n fo rm atio n , s tab ilized  a t  ro o m  te m p e ra tu re , 
o f  th e  six -m em bered  ring . T he d iaste reo to p ic  gem inal p ro to n s  in  ring  D  of 
com pound  10 fo rm  an  A X  sp in  system  w ith  a coupling  c o n s ta n t o f  21.3 Hz. 
T h e  assignm ent o f th e  signals is based  on D N O E  ex p e rim en ts  in  th e  course 
o f  w hich, w hen  th e  d o u b le t a t  3.7 ppm  is ir ra d ia te d , th e  signals o f th e  two 
axia l  hydrogens in  th e  N — CH2 group o f rin g  C becom e m ore  in ten siv e . This 
observ a tio n  su p p o rts  th e  “ a n ii” position  to  th e  benzene rin g  A ,  o f th e  hydrogen 
w ith  chem ical sh ift 3.7 p pm . The ste ric  position  o f  th e  m e th y l g roup  R j in

Side r e a c t io n s

(MeCO)jO 

boiling for
3 h

A ( fa s t )

j~3~j + (MeCOljO
(slow) boiling for  

10 h

В (fos t)

boiling for 
2h

N02 0 e

Ш ,
,N

Me-CO '

18 (46%)

Fig. 6
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Table VIII

41 and 13C chemical shifts o f compound 12

m Ó 18C д

H —5 (a, e) — 1.85 (m) c - (R i,R 2,CH,) 8.3***
H - l 3.66 (q)* C—5 24.0
H -  (R„,CH3) (syn) 0.85 (d)* c - (R i ,c h „) 30.3
H  —4 (a) — 3.00 (m) C - l 35.5]

!*♦
H —4 (e) 3.80 (m) C—4 37.6J
H —6 (a) — 3.00 (m) C - 6 51.4
H - 6  (e) 4.55 (m) C - l l b 81.4
H —8 7.90 (m) C—8 130.0
H —9 ) — 7.55 (m) C—9 124.4
H - 1 0 f C -1 0 131.3
H - l l 7.20 (m) C - l l 121.4
H -  (Rj,CH3) 1.25 (t) С—7a 132.4
H — (Rj.CtL) — 3.00 (q) C—11a 143.6

C—2 170.7
C—7 166.9

c - W ъ II о 173.7

* B ased on DNOE tests 
** Assignments interchangeable 
*** Overlapping signals

c o m p o u n d  12 referred  to  th e  a x ia l  hyd rogens o f rin g  C w as also d e te rm in ed  b y  
m ean s o f  D N O E  experim en ts (T ab le  V III ) . I r ra d ia tio n  o f  th e  m e th y n e  q u a r te t  
a t  3 .66  p p m  in tensifies th e  s ig n a ls  o f  th e  tw o axial  h y d ro g en s o f th e  N — C H 2- 
g ro u p : th is  supp o rts  th e  “ sy n ”  p o s itio n  re la tive  to  th e  a ro m a tic  rin g  A ,  o f th e  
m e th y l  g ro u p , as expected  fo r  s te r ic  reasons.

I n  su m , i t  m ay he s ta te d  t h a t  th e  fo rm ation  o f tr ia za in d en o in d en e  d e r iv a ­
tiv e s  is  p ro m o te d  b y  th e  e lec tro n -w ith d raw in g  s u b s titu e n t (N 0 2) o f  th e  benzene 
rin g , w h e re a s  th e  e le c tro n -d o n a tin g  su b s titu e n t (MeO) h as  a s ligh t h in d erin g  
effec t. I n  th e  la tte r  case d im in ish e d  re a c tiv ity  is show n b y  th e  fa c t t h a t  th e  
u n c h a n g e d  m ethoxy  co m p o u n d  2 is d e tec tab le  in  th e  re a c tio n  m ix tu re  even  
a f te r  re f lu x in g  for 10 hours. T h e  increase  of re a c tio n  t im e  in  th e  conversion  
3 — 15  is  due  to  th e  s id e -reac tio n  lead ing  to  th e  fo rm a tio n  o f su b s ta n tia l 
a m o u n ts  o f  18, w hich has low  re a c t iv i ty .

I n  th e  know ledge o f  th e  s t ru c tu re  of th e  te tra c y c le  i t  is obvious th a t  n o t  
o n ly  a c y la t io n  reactions o ccu r, b u t  th e  an h ydride , b y  m ean s o f  its  loose h y ­
d ro g en  in  a-position , is b o u n d  b y  l l b - 7 ’ add itio n  to  th e  C ( l lb )  a to m  o f th e  
z w itte r- io n ic  in itia l com pounds (1— 3). (Rowe e t al. [10, 11] described  s im ila r 
1 ,5 -a d d itio n  reactions in  th e  case  o f  several zw itter-ioD ic p h th a lazo n e  d e r iv a ­
tiv e s .)  A t  p resen t, concern ing  th is  ra th e r  com plicate 1 reac tio n  m echan ism  
(F ig . 7) o n e  m ay  suggest t h a t  a d d itio n  m ust be th e  in i .a l  s tep  o f th e  process, 
since t h e  non-zw itter-ion ic  6 -m e th y lp y rim id o p h th a la z o n e  reac ts  in  a  d iffe ren t 
w a y : t r e a tm e n t  w ith  acetic  a n h y d r id e  resu lts  in  C ( l l b ) = N ( l )  —*■ C(3) =  C(4)
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(MeC0)2 0

Addition an d  
ta u to m e r iz a t io n

18

very  slow

(MeCO)2 0 

-MeCOOH

1 0 ,1 3  ,15

Fig. 7

iso m eriza tio n  [1]. A d d itio n  is follow ed b y  th e  fission  of th e  p h th a la z in e  ring 
an d  th e  fo rm a tio n  o f  th e  azaindenone rin g s . In  th e  conversion a n  im p o rta n t 
role m a y  be  p lay ed  b y  th e  in tra m o le c u la r  an h y d rid e  groups ( th e  in tra m o le c ­
u la r  acy la tio n  o f N(6) b y  th e  a n h y d rid e  a tta c h e d  to  th e  C ( l lb )  a to m  m ay 
also ta k e  p lace th ro u g h  th e  s tra in less b rid g e d  rin g  system ), h o w e v e r, consider­
ing  th e  g re a t excess o f ace tic  an h y d rid e  p re se n t, p a rtic ip a tio n  o f  th e  ex te rn a l 
a n h y d rid e  g roups c a n n o t be  excluded.

T h is s ta te m e n t is based  on  th e  fo rm a tio n  o f th e  ace ty l d e r iv a tiv e  18 
ap p ea rin g  in  th e  re a c tio n  3 —► 15. T h is process is n o t h indered  b y  th is  in te r­
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m e d ia te  o f  reduced r e a c t iv i ty ,  b u t the  overall r a t e  is s ign ifican tly  a ffec ted . 
U n d o u b te d ly , one cause o f  th e  d eactiva ting  e ffec t is  s te ric  h indrance (a d d itio n  
b e in g  im peded), b u t a c e ty la t io n  of the  p y rim id in e  N H  group m ay  also be 
a r e ta rd in g  factor, since th e  tran sacy la tio n  re a c tio n  leading to  th e  f in a l 
p r o d u c t  m ay  no t be a r a p id  process in th e  g iv en  m ed ium .

Experim ental

M .p.’s were measured w ith  a Boetius apparatus. T he IR  spectra were recorded in  K B r 
pelle ts  w ith  a Zeiss Specord 75 spectrophotom eter. The 1H -N M R  spectra a t 250 MHz and 
th e  13C-NM R spectra a t 62.9 M H z w ere recorded w ith a B ru k e r WM-250 spectrometer.

7 -H ydroxy-9 ,10-d im ethoxy-l,2,3,4-tetrahydropyrim ido [2 ,1-a] 
phthaluzin-5-ium  bromide (2 . H B r)

A m ixture of azeotropic hydrobrom ic acid (15 m L) a n d  4-(3-hydroxypropylamino)6,7- 
d im ethoxy-l(2H )-phthalazinone [2] (2.79; 0.01 mol) was boiled  for 10 min. The m ix ture , 
w hich crystallized to  a mass w hile still hot, was allowed to  cool, suspended in ethanol, and 
filte red  off. Yield: 3.18 g (93% ) o f colourless needles (from  w ater) , m.p. 251 — 253 °C.

C13H 16BrN30 3 (342.2). Calcd. B r 23.4. Found B r 23 .2% .
I R  (K B r): i>OH 3380, rN H ©  3300-2600, rC = N  1580, r C - O - C  1221 c m - 1.

9 ,1 0 -D im e th o x y -l,2 ,3 ,4 -te trah y d ro p y rim id o [2 ,l-o ]p h th a Iaz in -5 -iu m -7 -o la te  (2 )

T he product, which sep a ra ted  from a hot aqueous so lu tion  of 2. H Br w ith am m onium  
h y d rox ide , crystallized as colourless needles from a d ilu te  h o t solution of water. M.p. (w ith  
sub lim ation ) 253—256 °C.

C i3H 15N30 3 (261.3). Calcd. C H 30  23.8; N 16.1. F ound  CH30  23.5; N 16.2%.
I R  (K B r): vNH 3500— 2500, rC = N , rCO 1568, 1515, vC—O - C  1214 c m - '.

2-(3-A m m onium propyl)-6,7-dim ethoxy-2H -phthalazin-l-one-4-olate (5 )

Compound 2 (0.522 g; 2 m m ol) was dissolved in  h o t 10%  K O H  (10 mL). A fter boiling 
for 1 h , th e  cooled solution w as ad ju s te d  to pH 7—8, to  g ive 0.43 g (77.1%) of the product, 
w hich w as sparely soluble in  h o t w a te r. For purification th e  crude product was dissolved in 
h o t, d ilu te  K O H  solution and re -p rec ip ita ted , after filtra tion , a t  pH  7—8 to obtain a colourless 
pow der, m .p . 271—273 °C (w ith  decomposition).

C ,3H 17N30 4 (279.3). Calcd. N  15.0. Found N 15.1% .
IR  (K B r): г-NH© 3250 -2 2 5 0 , am ide I, i>C=N 1613, 1564, r C - O - C  1218 cm “ 1.

3-Brom opropyl-3-nitrophthalim ide (8 )

To a suspension in ch loroform  (30 mL) of 3 -n itroph thalic  anhydride (19.3 g; 0.1 mol) 
p laced in to  a flask equipped w ith  a reflux condenser and  a dropping funnel, a solution of 
3-am inopropanol (7.1 g; 0.1 mol) in  chloroform (20 mL) was added . After refluxing for a short 
tim e, th e  solvent was evaporated  a n d  the residue was fused in  an  open flask for 1 h  in a b a th  
o f 160 —180 °C. The fused m ass w as dissolved in hot benzene (150 mL) and phosphorus t r i ­
b rom ide (6.4 mL) was added dropw ise; the mixture was th e n  boiled, w ith frequent shaking, 
u n til th e  evolution of hydrogen b rom ide  had ceased (about 30 m in). Decomposition by  pouring 
on to  ice w as followed by ev ap o ra tio n  of the benzene. T he residual yellow suspension was 
filte red . Recrystallization from  m eth an o l gave light yellow cry s ta ls  (26 g; 83%), m .p. I l l — 
112 °C.

Cu H 9BrN20 4 (313.1). Calcd. B r  25.5. Found Br 25.3% .
IR  (K B r): rCO 1771, 1710, rN O , 1553, 1364 c m - 1.
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4-(3-H ydroxypropylam iiio)-8-nitro-l(2H )-phthalazinone (9 a )

The bromo compound 8 (31.3 g; 0.1 mol) was refluxed for 30 min in  a so lu tion  of potas­
sium hydroxide (13.4 g) in m ethanol (500 mL). A fter cooling in ice-w ater, th e  solution was 
slightly acidified w ith cone, hydrochloric acid, then  15 mL of 99% hydrazine hydrate  was 
added and the m ixture was refluxed for fu rther 60 min. This m ixture was d ilu ted  w ith water 
and the m ethanol evaporated; th e  resulting suspension was neutralized w ith  hydrochloric 
acid, and the crystals which separated  were filtered off to  yield 11.39 (43.1% ) of tb e  product. 
Yellow crystals from a m ixture of dim ethylform am ide and ethanol, m .p. 211 — 212 °C.

Cu H 12N40 4 (264.3). Calcd. N 21.2. Found N 21.1%.
IR  (K B r): i-OH, vNH 3320, amide I 1655, vNCL 1537, 1335, vC—О 995 c m '1.

8-N ilro -l,2,3,4-letrahydropyrimido [2 ,1-u] phtha!azin-5-iuni-7-olate (3 )

Compound 9a (5.28 g; 0.02 mol) was dissolved in 48% hydrobrom ic acid (20 mL) and 
th e  m ixture was refluxed for 15 min. The residue of evaporation u nder reduced  pressure 
was taken  up in ho t w ater and m ade alkaline w ith cone, am m onium  hydrox ide. The base 
separated  in the form of a yellow powder (4.81 g; 97.8%). I t  was insoluble in  com m on solvents, 
b u t could be recrystallized from  a large am oun t of dim ethylsulfoxide. M .p. above 360 °C.

Cu H 10N4O3 (246.2). Calcd. N 22.8. Found  N 22.8%.
IR  (K B r): vNH 3 3 0 0 -2 1 0 0 , i>C=N, i>CO 1578, 1553, vNO, 1528, 1362 c m - 1.

2-(3-A m m onium propyI)-2H -5-nitro-phthalazin-l-one-4-olate (6 )

Compound 3 (0.492 g; 2 mmol) was dissolved in 10% potassium  hydroxide solution 
(10 mL). A fter boiling for 30 m in, the solution was cooled and ad justed  to  p H  7—8. The 
p roduct which separated (0.47 g; 89% ) crystallized from w ater as ochre-yellow  elongated 
p lates; m .p. 257—260 °C (evolution of gas).

C „H ,jN40 4 (264.3). Calcd. N 21.2. Found N 21.4%.
IR  (K B r): vNHf! 3300—2200, i-CO, v C = N  1567, rN 0 2 1525, 1378 cm -* .

Triazaindenoindene derivatives
3 -Acetyl-5,6-dihydro-177,477,777-3,3a ,6a-triazaindeno[3a,4-a]indene-2(377),7-dione (10)

Pyrim idophthalazinone (1) (11.85 g; 0.05 mol) in boiling acetic anhyd ride  (80 mL) 
gave a rapidly  coloured solution. A fter refluxing for 3 h, the dark  brow n solu tion  was eva­
porated  under reduced pressure and the crystalline residue suspended in w ate r. A fter standing 
for 30 min, th is suspension w as evaporated  to  dryness in vacuum. In  order to  rem ove the bulk 
of the ta r ry  by-products, the dry  residue was suspended in a 7 : 3 m ixture of w a te r and m etha­
nol, and poured onto a glass filter where it  was thoroughly washed w ith  aqueous methanol. 
R ecrystallization from ethanol in the presence of activated  carbon gave well developed colum­
nar crystals (10.1 11.0 g; 70.8—77.1% ), m .p. 208—209 °C; it crystallized and  m elted again
a t 2 1 2 -2 1 2 .5  °C.

C,6H 15N30 3 (285.11, as determ ined by m ass spectrom etry [1]). F o r d a ta  o f elemental 
analysis, see [1].

IR  (K B r): cf. Table I.
>H- and 1:iC-NMR, cf. Table V II.

5 ,6-Dihydro-177,477,777-3,3a,6a-triazaindeno [3a,4-a]indene-2(377),7-dione (11)

In  20 m L of а 10% aqueous sodium hydrogen carbonate solution, th e  finely  powdered 
acetyl derivative 10 (1.14 g; 4 mmol) was refluxed, w ith stirring. W ithin  a few m inutes a solu­
tion form ed, w ith the evolution of carbon dioxide. Rapid cooling p rec ip ita ted  a hydrate 
(m .p. 102 105 °C), which lost w ater over P,Os in vacuum  a t 78 °C to  give a colourless powder
(0.50 g; 51.4%), m.p. 173 — 174 °C. The p roduct could be recrystallized from  w ater.

C,3H ISN30„ (243.3). Calcd. C 64.2; H  5.4; N 17.3. Found C 64.3; H  5.5; N  17.4%.
IR  (KBr):" cf. Table I.
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l-M cthyI-3-p rop ionyI-5 ,6-d ihyd ro-lli,4 /i,7H -3 ,3a ,6a-lriaza in deno[3a ,4-a]  
indene-2(3H ),7-d ione (1 2 )

A  m ixture  of propionic an h y d rid e  (30 mL) and 4.74 g (0.02 mol) of 1 was refluxed fo r 
3 h  to  give a dark brown solution . T h is  was evaporated to  d ryness under reduced pressure 
(b a th  tem pera tu re  80 °C), and  th e  solid residue was suspended in  a 1 : 1 m ixture of w ater 
an d  e th an o l, and filtered off. R ecrysta lliza tion  from ethanol in  th e  presence of decolourizing 
ca rb o n  gave 3.71 g (59.2%) of a colourless compound. Needles sep a ra ted  first from the solution, 
w hich  d is in tegrated  on standing to  a salt-like powder, m .p. 201 — 202 °C.

C17H 19N30 3 (313.4). Calcd. C 65.1; H  6.1; N 13.4. F o u n d  C 65.0; H  6.1; N  13.5% ,
IR  (K B r): cf. Table I.
1H - and 13C-NMR: cf. T ab le  V II I .

3- A cetyl-9 ,10-d im ethoxy-5 ,6-d ihydro-lH ,41f,7f/-3 ,3a , 6a-triazaindeno[3a,4-a] 
in d en e-2 (3 //).7 -d ion e  (1 3 )

A  solution of 2 (2.61 g; 0.01 m ol) in  acetic anhydride (20 m L) was refluxed for 10 h  
and  th e n  evaporated under reduced  p ressu re. The solid residue w as suspended in w ater, allowed 
to  s ta n d  fo r a short time, and  th e n  filte red  off. The brow nish crude product was ex tracted  
w ith  chloroform  (the small a m o u n t o f undissolved substance w as unchanged 2), and th e  
e x tra c t w as treated  in hot ethanolic  so lu tion  with active carbon. Colourless plates from ethanol: 
or from  chloroform-petroleum e th e r  m ix tu re  (2.04 g; 59.1% ); m .p . 245—247 °C.

Ci7H 19N30 5 (345.4). Calcd. C 51.1; H  5.5.; N 12.2. F o u n d  C 51.1; H  5.4; N  12.4% .
IR  (K B r): cf. Table I.

l-M elhyl-3-prop ionyl-9 ,10-d im cthoxy-5 ,6-d ihydro-li/,47 /,7 /f-3 ,3a .6a-tr iaza indeno  
[ 3a .4 -o  ] indene-2(3 //),7 -d ione (1 4 )

In  th e  way described for th e  p reparation  of 13, com pound 2 (2.61 g; 0.01 mol) gave, 
w ith  prop ion ic  anhydride (20 m L ), 1.85 g (49.6%) of com pound 14. Colourless crystals from  
e th an o l; m .p . 2 1 7 -220  °C.

Ci9H 23N30 5 (373.4). Calcd. C 61.1; H  6.2; N 11.3. F o u n d  C 61.0; H  6.1; N 11.4% . 
I R  (K B r): cf. Table I.

3 -A cetyI-8-nitro-5 ,6-dihydro-li/,4 /7 ,77/-3 ,3a ,6a-triazam dcno[3a,4-u] 
in d en e-2 (3 //),7 -d ion e  (1 5 )

(a) Compound 3 (2.46 g; 0.01 m ol) was refluxed in  acetic  anhydride (100 mL) for 2 h  
to  o b ta in  a  solution. After fu r th e r  boiling (10 h altogether), th e  dark  brown solution was 
e v ap o ra ted  under reduced pressure. T he  solid residue was suspended in  water, filtered off, 
and  w ashed  w ith ethanol. The d ichlorom ethane extract from  th e  crude product was recrystal­
lized fro m  glacial acetic acid in  th e  presence of activated carbon  to  give colourless crystals 
(2.66 g ; 80.6% ); m.p. 2 7 0 -2 7 2  °C.

(b) Compound 18 (288 m g; 1 mm ol), isolated during th e  reaction  of 3 w ith acetic 
an h y d rid e , was further refluxed in  acetic  anhydride to convert i t  in to  compound 15 in  the 
course o f a slow reaction (10 h). Y ie ld : 300 mg (90.9%); m .p. 270— 272 °C.

Ci6H 14N40 6 (330.3). Calcd. C 54.5; H  4.3; N 17.0. F ou n d  C 54.6; H 4.4; N 17.1%.
I R  (K B r): cf. Table I.

l-A cety l-8-n itro-l,2 ,3 ,4 -te lrah ydropyiiiiiido[2 ,l-a ]p htlia laz iii-5 -iu in -7-o late  (18)

I f  th e  3-1-15 reaction in  ace tic  anhydride was in te rru p te d  im m ediately after the 
fo rm atio n  o f a  solution (refluxing fo r ab o u t 2 h), a yellow p rec ip ita te  separated on cooling 
(1.32 g; 45.8%), which was insoluble in  dichloromethane (in  c o n tra s t w ith compound 15). 
Yellow  needles from a m ixture of g lacial acetic acid and e thano l; m .p. above 360 °C. 

C13H 12N40 4 (288.3). Calcd. N  19.4. Found N 19.6%.
IR  (K B r): amide I  1673, v N 0 2 1537, 1387 cm -1.
H ydrolysis of 18 in 20% hydroch lo ric  acid gave back  com pound 3; prolonged boiling 

in  acetic  anhydride resulted in  th e  te tracyc lic  compound 15 (see there).
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1-Met hyl-3-propionyl-8-nitro-5,6-dihydro-171,4 N ,7 /1 -3 ,3a,6a-triazaindeno [3a,4-oj 
in d en e-2 (3 //),7 -d ion e  (1 6 )

Proceeding in  a sim ilar way as in th e  synthesis of compound 15, th e  reaction 3 16
(2.46 g o f 3; 50 m L  of propionic anhydride, boiling for 10 h) gave 1.93 g (53.9% ) of a product, 
which was crystallized in  th e  presence of active carbon from ethanol to  o b ta in  colourless, salt­
like crystals, m .p. 226—228 °C.

C,7H ,8N40 5 (358.4). Calcd. C 57.0; H  5.1; N 15.6. Found C 57.0; I I  5.1; 15.7%.
IR  (K B r): cf. Table I.

Crystal and molecular structure of 10

Crystal data. Cj5H 15N 30 3, M — 285.11. Monoclinic, o =  1421.6(3), 6 =  934.4(2), c =  
=  1043.9(1) pm, ß  — 96.95(1)°, V  =  1.3765(8) n m 3 (by least-squares refinem ent) on diffractom­
eter angles for 25 au tom atically  centred reflections (A =  71.073 pm ) space group P2j/n, 
Z =  4, D c =  1.337 M g .m -3, F(000) =  600, fi =  0.092 m m “ 1.

D ata  collection, struc tu re  determ ination and refinem ent were carried ou t w ith a CAD-4 
diffractom eter and a PD P-11/34 m inicom puter, co/20 scan in the range 1.5 0 30° with
scan w idth  0.5 +  0.4 ta n  0 using graphite m onochrom ated Mo—K a rad iation . Three standard 
reflections were m onitored every hour and showed no significant decay of intensities. 2986 
unique observations were recorded of which, after da ta  correction for Lorenz and polarization 
effects (Lp) b u t no t for absorption, 2121 w ith F 2 >  1.5 a (F 2) were used for the  structure 
analysis and refinem ent. The structure  was solved by MULTAN [12]. The full m atrix  least- 
-squares refinem ent minim ized A’ic(zlF)2. Final R  =  0.043, R w — 0 .055 ,1?tot =  0.057, S =  2.71, 
u> =  [cr2(F )  -(- 0.25 (p  • F )2] -1 where p  =  0.01. The hydrogen positions were generated from 
assumed geometries and  were refined in th e  final stage of the least-squares procedure in the 
isotropic mode. P rogram  system  applied: Enraf-N onius S tructure  D eterm ination  Package 
w ith local m odifications adapted  to  PDP-11/34 m inicom puter. Atomic sca ttering  factors were 
taken  from  standard  tables [13]. Lists of struc tu re  factors and anisotropic tem pera tu re  param ­
eters are available from  th e  authors on request.

•

E lem ental analyses were m ade in the M icroanalytical L aboratory  of th e  D epartm ent 
(H ead: Dr. H . M edzihradszky); the mass spectrum  of compound 10 was recorded by Dr. J . 
Tam ás (C entral R esearch In s titu te  of Chem istry, H ungarian  Academy of Sciences, Budapest). 
All this assistance is gratefully  acknowledged.
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The ionization constants (pK a) of some new p-am inohippuric acid (PAH) 
derivatives, especially of some Schiff bases, derivatives of PA H , have been determined 
using the spectrom etric (1JV-VIS) method. The corresponding p K a values were cal­
culated either directly  from the electronic spectra or by a com puter F E L IX  C256 
using a FO RTR A N  program  to separate the overlapping ionization constants.

In tro d u c tio n

p -A m in o h ip p u ric  ac id  (PA H ) and  i ts  d e riv a tiv e s  s till p re se n t a p h a rm a ­
cological in te re s t [1, 2]. T herefo re, in o u r la b o ra to ry  som e new  derivatives 
w ere syn thesized , a im ing  a t  a p o te n tia te d  pharm aco log ical a c tio n  [3— 5]. 
T here  w ere also sy n th es ized  som e o th e r s tru c tu re s , d e riv a tiv e s  o f  P A H , hav ing  
in  v iew  p ro p erties  o th e r  th a n  those  m en tio n ed  above. In  th is  sense, th e  Schiff 
bases o f P A H  p re se n t above  all a lic ry s ta l s tru c tu re  [6— 8]:

rhO >_ch=n’0 r̂' < ^ C H  =  N ^ 0 - CONH -CH.COOR

Schiff bases 
(L ic rysta l s tru c tu re )

S ch iff bases o f  P A H  
(N ew  sy n th esized  s tru c tu re s )

Besides th e  know n  lic ry s ta l p ro p ertie s , th e  ex istence  o f such  new  s tru c ­
tu re s  of Schiff bases, P A H  d eriv a tiv es , do n o t offend th e  kn o w n  correlation  
b e tw een  a p o te n tia te d  p h a rm aco d y n am ic  effect a t  phase  tra n s itio n s  o f licrys- 
ta ls  [9].

F rom  th is  p o in t o f view , th e  d e te rm in a tio n  of th e  io n iza tio n  co n stan ts  
o f th e  Schiff b ases, d e riv a tiv e s  o f P A H , p re sen ted  in  th is  p a p e r, can  give 
im p o r ta n t in d ica tio n s  reg a rd in g  th e  b eh av io r o f th ese  com pounds in  b io­
chem ical system s.

* To whom correspondence should be addressed.
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T h e  UV-YIS sp e c tro m e tric  m e th o d  used , th o u g h  is m ore tim e-consum ing  
th a n  th e  p o ten tio m etric  or c o n d u c to m e tric  m eth o d s, has th e  a d v a n ta g e  of 
h ig h  acc u ra cy . In  ad d itio n , th e  low  so lub ility  in  w a te r  o f th e  com pounds 
s tu d ie d , req u ired  th e  sp e c tro m e tr ic  m e th o d , w hich can  give in  th e  sam e tim e  
im p o r ta n t  biochem ical in fo rm a tio n .

I n  o rd e r to  clear u p  so m e in te rp re ta tio n a l p ro b lem s, i t  w as n ecessary  
to  d e te rm in e  th e  io n iza tio n  c o n s ta n ts  o f som e o th e r  com pounds h av in g  
s im p le r  s tru c tu re s  b u t w h ich  a re  p re se n t in  th e  new  s tru c tu re s  s tu d ied .
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Experim ental

T he substances studied, Schiff bases PA H , were synthesized and purified in  our labo­
ra to ry  using  PA H  and the corresponding aldehydes either FL U K A  or M ERCK.

T he experim ental procedure applied  to  determine the ionization constants was generally 
th a t  in d ica ted  by Albert and Serjean t [10].

F o r  all the compounds s tud ied , stock solutions (100 cm 3) in  bidistilled w ater were 
p rep ared , w ith  concentrations betw een  10-4 —10~5 m ol/dm 3, w hich were d ilu ted  (1 : 10) 
w ith  0.1 N  HC1; 0.1 N  N aO H ; C2H 5O H  and w ater, respectively.

T he  electronic spectra of these  solutions were recorded on a Carl Zeiss spectrophotom ­
eter m odel SPECORD UV V IS, using silica cells of 2 or 1 or 0.1 cm length, jacketed  cell holders 
connected  to  a therm ostatically contro lled  ba th , a t  a tem perature  of 20 ±  0.1 °C and , as 
references, th e  same solvents were used (1 : 10) diluted w ith bidistilled w ater. F rom  these 
spec tra  th e  convenient “ analy tical”  w avelength (Aanai) and th e  optim al concentrations were 
selected fo r th e  determ ination of th e  ionization constants.

T he  absorbance values, corresponding to different p H ’s, necessary for calculating the 
ion iza tion  constants, were ob tained  a t  th e  previously selected analytical w avelength from 
th e  ab so rp tio n  spectra recorded fo r a series of solutions p repared  from  th e  stock solution 
d ilu ted  (1 : 10) w ith different 0.1 M  buffer solutions, viz. chloroacetic acid, formic acid, acetic 
acid, phosphoric acid, trishydroxym ethylam inom ethane (“T ris” ) and sodium carbonate, 
respectively . W hen the differences betw een th e  absorbance values a t Aana| were g reat for two 
solu tions hav ing  close pH  values, tw o buffer solutions were m ixed, obtaining in term ediate 
pH  va lues , b u t maintaining th e  ionic stren g th  of all th e  solutions a t a constan t value (0.09 M ).

T he p H  values were m easured w ith  a pH -M eter 28 R adiom eter (K openhagen). The glass 
and calom el electrodes as well as th e  s tan d ard  solutions came from  the same supplier.

R e su lts  a n d  D iscussion

F ro m  th e  UV sp ec tra  o f  th e  com pounds s tu d ied  in  acid ic , basic, aqueous 
a n d  e th a n o lic  m edium , as Aanai a d e q u a te  for th e  S ch iff bases o f P A H  an d  
th e ir  e s te rs , th e  value o f 263.1  n m  was selected  an d  th e  io n iza tio n  o f  an  
e x is tin g  h y d ro x y  group as s u b s t i tu e n t  was follow ed a t  312.5 nm .

A s exam ples, are g iven  th e  U V  sp ec tra  of p -[(/> -hydroxybenzy lidene)- 
a m in o ]h ip p u ric  acid in  d iffe re n t m ed ia  searching fo r Aanai (Fig- 1) an d  Hie UV 
s p e c tra  o f  p -(b en zy lid en eam in o )h ip p u ric  acid a t  d iffe ren t p H  values (F ig . 2).

T h e  ion iza tion  c o n s ta n ts  (p K a) w-ere ca lcu la ted  in  th e  u su a l w ay , u sing  
th e  m e a su re d  p H  values an d  th e  reg is te red  abso rbances ( A t) a t  Aanai- A  ty p ic a l 
e x a m p le  o f  th e  calcu la tions is g iven  for p -[(ja -m ethoxybenz ilidene)am ino]- 
h ip p u r ic  ac id , m ethy l e s te r (T ab le  I).
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nm
200 250 300 350

Fig. 1. The UV spectra of p-[(p-hydroxybenzylidene)am ino]hippuric acid in d ifferen t solvents. 
The aqueous stock solution (5 X 10“4 M )  diluted (1 : 10) in: a  — 0.1 N  HC1; b  — E thanol;

c -  0.1 N  N aOH ; d — W ater

<£>CH =  N -@-C0NH-CHjC00H

250 300 nm

Fig. 2. The UV spectra o f p-[(p-benzylidcne)am ino]hippuric acid a t d ifferen t pH  values. 
The aqueous stock solution ( 5 x l 0 ~ 4 M )  d iluted (1 : 10) in 0.1 M  buffers
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Table I

Determination o f the ionization constant (pK a) o f p-\(p-methoxybenzylidene)amino]hippuric acid
methyl ester from  spectrometric data

Concentration 
Cell length 
Temperature 
Analytical w avelength  
Absorbance in  HC1 0.1 N  
Absorbance in  N aO H  0.1 N

5 x l 0 - 5 M  
1 cm 
20 °C 
263.1 nm  
( d Hci) =  0.357 
(^ N a O l- i)  — 1.080

i pH f
A bso r­
bances

Ai
Ai—ASCi ^NaOH—+ , -^NaOH—A i 

°” A i— ^HCl

PKa =  
I I  + V I

1 I I I I I IV V V I V II

1 2.25 0.420 0.390 0.063 +  0.790 3.04
2 2.30 0.430 0.380 0.073 +  0.710 3.01
3 2.37 0.446 0.364 0.085 + 0 .630 3.00
4 2.55 0.478 0.332 0.121 + 0 .440 2.99
5 2.65 0.501 0.309 0.144 +  0.330 2.98
6 2.92 0.545 0.265 0.188 +  0.150 3.06
7 3.14 0.604 0.206 0.247 — 0.078 3.06
8 3.25 0.625 0.185 0.268 0.160 3.08
9 3.30 0.647 0.163 0.290 — 0.250 3.05

10 3.45 0.673 0.137 0.316 — 0.360 3.08

pK a =  3.03 ±  0.05

F o r  som e of th e  su b s ta n c e s , th e  p K a v a lu e s  ca lcu la ted , p resen ted  a 
te n d e n c y  o f a co n tin u o u s in c rea se  for th e  in c rea s in g  p H  values, th e n  th e  
e x is te n c e  o f  tw o o v e rlap p in g  io n iza tio n  c o n s ta n ts  w as supposed . In  such  cases, 
fo r  th e  p lo t o f the  a b so rb a n c e  (a t  Aanai) versus p H , e ith e r  a ju m p  of th e  va lu es

Fig. 3. V ariation of the abso rbance  (at Aana| =  263.1 nm ) as a function of pH . Substance: 
p- [ (p -benzy  lid one) amino Jhippuric acid  Concentration: 5 Х Ю ~ 5 Л /; cells: 1 cm; tem perature:

20 °C
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Fig. 4. V ariation  of the absorbance (at Aana| =  263.1 nm) as a function of p H . Substances: 
a. p-[(p-m ethoxybenzylidene)am ino]hippuric acid, b. p-[(p-m ethoxybenzylidene)am ino]hippu- 

ric acid m ethyl ester. Concentration: 5 x l 0 -5 M ; cells: 1 cm; tem p era tu re : 20 °C

o f A t, like  in  F ig . 3, o r a v a r ia tio n  in  s te p s  like in Fig. 4a, w as o b ta in e d , in stead  
o f a co n tin u o u s cu rve  w hich  is o b ta in e d  in  case of only one p K a v a lu e , like 
in  F ig . 4b.

T h e  sep ara tio n  o f  tw o  o v erlap p in g  co n stan ts , w hich co rre sp o n d  to  two 
io n iz in g  g roups in  th e  m olecule, im p lies , f irs tly , th e  c a lcu la tio n  o f  th e  ab-

Table II

Calculation by computer F E L IX  C256 o f the ionization constants from  speclromclric data in  the case 
o f p-[(p-hydroxybenzylidene)amino]hippuric acid 

Concentration : 5 x 1 0 ~s M
Cell length : 1 cm
Ionic strength  : 0.09
A nalytical wavelength : 263.1 nm
Absorbance in HC1 0.1 N  : 0.445
Absorbance in  NaOH 0.1 IV: 1.080 

STEP I (Computer Program)
(The convergence check is no t reproduced here) The result by computer given is: ем  =  15384 
STEP I I  (Computer Program)

pH A e X У pK , p K ,

1.85 .493 9860.0 — .16316E-04 — .52155E-02 2.501
2.15 .505 1 0 1 0 0 .0 — .52298E-05 .25525E-02 2.681
2.45 .567 11340.0 — .29938E-05 Л0974Е-02 2.547
2.70 .602 12040.0 — .13076E-05 — .54768E-02 2.587
2.95 .695 13900.0 — .81749E-06 — .16971E-03 3.990
3.68 .875 17500.0 — .91562E-07 .84602E-04 3.939
4.05 .963 19260.0 — .35168E-07 Л1583Е-03 3.894
4.75 1 .0 2 0 20400.0 — .30306E-08 .58325E-04 4.227
5.28 1.040 20800.0 — .40970E-09 .27878E-04 4.553

AVERAGE VALUES: 2.579 4.121
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A b s o r b a n c e  in HCl (Aq)
A b s o r b a n c e  in NaOH (Ад)
Cell le n g th  (d)
Ionic  s t r e n g t h  ( I )
pH v a lu es  in increas ing order (pHj) and  th e  
co r r e s p o n d in g  absorbances va lues  (A-,) 
a t th e  a n a ly t i c a l  wave length  (Äanai)
Number of determinations  (N) 

i = 1, N

I
The N v a lu es  of Aj a r e  s e p a r a t e d  into tw o  g r o u p s .  The 
f irs t Q v a l u e s  a r e  r e f e r r e d  to the s tronger  ion  iz ing  
g roup  and  th e  o th e r  N -Q v a lu es  to th e  w e ak e r  g r o u p .

Q = Proposed number

£a- A . / cd E -, — A j /cd

From t h e  e q u a t i o n  * 
oC

1Q -PH

r J°! * к

E,-t
pH

K, K,

10‘2pH + к, 10'pH + K, K2 
K, K2

к 'Ь  +ea 10'2pH . K, 10'pH*K, K2

for i=1; Q by the least  squares is calculated 
Em(1 ) - (Initially «*=1 I /1=0 ).

From the equation s 
t ÍXQ

.
1 o

I É r t e

О
til X» X

1

"  К, 10'2рИ*К, 10 рН*К, к 2 J

— СМ (21 *
K2 Г Ед-Е; , £ с

10‘2рН
10'рН |_ 10'2рН »K, Ю'рН+К, K2J

for i = Q  + t , N  b y  t h e  l e a s t  

Em1 2 I • ( I n i t i a l l y  J -« »  i
s q u a r e s  i s  c a l c u l a t e d  

\ Г - 0 ) .

e M(1) ^ e M(2|
b MAV =  2

I
, 0-2pH £;-Ec * K2 = -  10 pH

E |_Emav

K| £í -£a Ei-EA J
By the least  squares are  calculated
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Fig. 5. D eterm ination of the overlapping ionizaton constants from spectropho tom etric  data 
in case of substances having an acidic as well a basic group, the ion ization  process being:

diprotonatcd  species m onopro tonated  species 4 1 n o np ro tona ted  species
A ;  STEP I: D eterm ination  of the m olar ab so rp tiv ity  of the m onopro tonated  species 
B ;  STEP I I :  D eterm ination  of the therm odynam ic ionization constants

so rbance  an d  th e  m o lar a b so rp tiv ity  o f  th e  m o n o p ro to n a ted  species (eM). 
B o th  th e  ca lcu la tio n  o f eM an d  th e  sep a ra tio n  of th e  tw o  p K a v a lu es  was 
p erfo rm ed  on a  co m p u te r  F E L IX  C 256 using a F O R T R A N  p ro g ra m . The 
schem e o f th e  p ro g ra m  is given in  F ig . 5.

T he se p a ra tio n  o f tw o o v e rlap p in g  ion iza tion  co n stan ts , p K x an d  pK 2 is 
exem plified  fo r p -[(p -h y d ro x y b en zy lid en e )am in o ]h ip p u ric  a c id  in  T ab le  I I .

In  o rd er to  in te rp re t th e  re su lts  o b ta in e d  for our new  sy n th e s iz e d  com­
p o u n d s, in  T ab le  I I I  a re  p re sen ted  th e  ion iza tion  co n stan ts  o f  som e sim pler 
s tru c tu re s , w h ich  co n ta in  th e  m ain  g ro u p s  o f th e  new m o ie ty  s tu d ie d . These 
va lu es  are l i te ra tu re  d a ta  for th e  f i r s t  th re e  com pounds ( I I I / l — 3) a n d  values
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Table II I

Characterization by UV spectral data and  ionization constants o f  some basic compounds for interpreting

No. C om pound
Molar cone. 

[mol/dm3]

So lven t:
I . H 20
I I .  C ,H sO H
I I I .  HC1
IV. N aO H

pH

Maximal m olar 
calculated a t  th e  

emax (^) 
[(cm m ol)-1

L IT E R A T U R E  DATA

1 Aminobenzene

2 Benzoic acid

3 p-Am inobenzoic acid — — — —

E X P E R IM E N T A L L Y  O B TA IN ED ]

4 Benzoic acid methyl ester I 9.60

Q -СООСНз

1.25X10-3 I I 7.68 _

I I I
IV

1.05
13.09

—

5 p-(Aminobenzoic)acid ethyl ester I
4.50X10-5 I I — —

H2N ^  C0° C2H5
I I I
IV

1.05
12.95 —

6 H ippuric  acid I 4.45

CONH- CH2-C00H

5.00x10-5 I I I 8.30 _
I I I
IV

1.05
12.75

18800(203)

7 p-A m inohippuric acid 5.00X10- 5 I 4.45

н^ ™ ч н г- с ° он

I I 5.10 19400(207)
I I I
IV

1.45
11.55 —

8 p-A m inohippuric acid m ethyl ester I 4.25

H ^ C O ^ - C . - C O O C ,

I I _ _
l .o o x io -3 I I I

IV
1.05

12.75
—
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the experimental results

absorptivities 
w avelength indi-

Molar Ionization  constants
absorptivities

^anal
pK , p K , p K ,

Notes
dm 3]; [nm] [mu]

— — — 4.6 — — Literature [10]

4.16 [10]
— — — 4.198 — — [11]

2.40 4.80 [10]

10100(232)
11200(230)

10100(232)
not stable

Ähüx

800(275)
936(274)
768(281)
800(275)

— — —

11600(227)
16200(288)

—
263.1 2.76±0.08 Calculated

13800(230)
12800(232)
14100(230)
13300(233)

960(265)
263.1 3.61 ±0.07 — — pK a =  3.59 

[ и ]

18200(214)
19400(214)
13000(226)
18000(214)

17640(273) 
19800(283) 
12000(265) 
18800(272)

263.1 2.88 4.49 By com puter 
obtained

450(212)
880(215)
360(225)
420(215)

390(278)
980(282)

525(277)

263.1 2.87 ± 0 .07 — — Calculated
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Table IV
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Characterization by UV spectral data and ionization constants obtained fo r  the compounds studied,

No. C om pound
R*

Solvent:
Molar cone. ?•

[rrroVdnr»] JbCA OH
IV . N aO H

pH

M axim al m olar 
calculated a t  the  

cated
[(cm m ol)-1
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© -

ylideneamino)benzene

— H

I
и

5.00 X 10 _1 I I I  
IV
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8.00
1.45

12.80
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23000(242)
15700(252)
16500(245)

2 p-(Benzylideneamino)benzoic acid

C H _ cooh

5 0 0 x 1 0 -=  I
II
I I I
IV
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12.95
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15600(231)

3 p-(B enz

O b

ylideneamino)hippuric acid

— conh- ch2cooh

I
5 .00X 10-= I I

I I I
IV

1.00
12.82

17200(215)
25600(217)
15400(232)

h ippuric  acid I 4.55 17600(201)
5 .00X 10- = II 6.35 14400(205)

ch3o ^  j - conh- ch2cooh
I I I
IV

1.08
12.75

12000(202)

5 p -  [(p-Methoxybenzylidene)amino] I 5.65 16400(217)
h ippuric  acid methyl ester 5 .0 0 x 1 0 - = II 7.15 16000(207)

II I 1.10 15540(203)
CH3 ° - < ^ ^ ) -  j —conh- ch2cooch3 IV 13.00

6 p - [(p-Hydroxybenzylidene)amino ] I 4.62 19600(217)
h ippuric acid 5 .00X 10- = II 6.25 —

H° ^  j -CONH-CH2COOH
III
IV

0.90
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19600(223)
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h ippuric acid m ethyl ester 1.70X 10- = II 4.45 33530(224)

ho- o j V  — conh- ch, cooch.
I I I
IV
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*14558(242)

8 p -  [(p-Hydroxy-m-methoxybenzylidene)- 
amino ]hippuric acid

— CONH-CHjCOOH

5 .0 0 x 1 0 -  =
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R

absorptivitics 
w avelength indi- 
®max (^) 
dm 3J; [(nm)]

^anal

[nm]

Ionization constants

p K , p K , pK ,
Notes

3200(283) _
3600(286) — 277.7 4.55± 0.03  — p K a value calcu-
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3200(283) — values near to

4.5

18800(255) 15200(266) 263.1 1.97 4.47 B y computer
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14000(250) 2800(278)
21960(257)
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18200(265) —

11600(215)
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15200(283)
17000(281)
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12800(285)
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7.40±0.07

B y com puter 
obtained 

Calculated
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24550(287)
10440(284)
14500(285) 25000(333)

263.1
344.8

2.89± 0.15 7.69±0.03 B oth  calculated 

’"In itial values

— — 263.1 2.21 3.56 B y com puter
obtained 

7.22 ±0.02 Calculated344.8
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d e te rm in e d  b y  us for th e  o th e rs , in  th e  sam e e x p e rim e n ta l conditions as for 
th e  S ch iff b ases  stu d ied  (Table IV ).

T h e  io n iza tio n  co n stan ts  o f  am inobenzene ( I I I / l )  p K a =  4.60 and  benzoic 
acid  ( I I I /2 )  p K a =  4.198 are v e ry  close, due to  th e  in d u c tiv e  an d  m esom eric 
effects, w h ic h  h av e  th e  sam e signs in  am inobenzene a n d  opposite  signs in  
benzoic a c id .

A s in  th e  ex p erim en ta l co n d itio n s  given, fo r th e  e s te r  o f benzoic ac id  
(III /4 )  no  p K a v alue  can  be d e te rm in e d , th e  h y d ro ly s is  does n o t tak e  p lace; 
th e  r e la t iv e ly  sm all p K a v alue  (2.76) o b ta in ed  for th e  e s te r  ( I II /5 )  is a t tr ib u te d  
to  th e  N H 2 g roup  a tta c h e d  to  th e  su b s titu te d  rin g  o f  th e  esterified  benzoic 
acid. T h e  p K a (2.87) is in  ag reem en t w ith  th is  v a lu e  fo r  p -am in o h ip p u ric  ac id  
m e th y l e s te r  ( I I I /8 ) , w hich is th e  basic  “ rin g ”  o f th e  azom eth in ic  com pounds 
stu d ied .

p -A m in o b en zo ic  acid ( I I I /3 )  h as  tw o io n iz a tio n  co n stan ts  (2.40 a n d  
4.80) [11] a n d  th ese  are  close to  th e  values (2.88 a n d  4 .49) found  for p -am in o - 
h ip p u ric  a c id  (II I /7 ) . In  th e  a ss ig n m en t of th e  p K a v a lu es  determ ined  to  th e  
acidic a n d  basic  group , re sp ec tiv e ly , we have to  ta k e  in to  accoun t th e  zw it- 
te rio n ic  c h a ra c te r  of these  com pounds.

I t  is  w ell know n th a t  zw itte rio n s  are defined  as m olecules w hich h av e  
an  ac id ic  p K a num erica lly  low er th a n  th e  basic p K a, in  so fa r as it  has acid ic 
an d  b as ic  g ro u p s s tro n g  enough to  neu tra lize  each  o th e r  [12].

T h e  te s t  app lied  to  th e  com pounds s tu d ied  co n firm  th e ir  zw itterion ic  
c h a ra c te r , n a m e ly :

—  one o f  th e  p K a values is m ark ed ly  d iffe ren t fro m  th a t  o f th e  co r­
re sp o n d in g  e s te r;

—  th e re  is a sh ift to  sh o rte r  w aveleng ths in  th e  lo n g  —  wave a b so rp tio n  
b an d  on  a d d in g  alkali.

W ith  th e  tw o  io n iza tion  c o n s ta n ts  o f P A H , p K x a n d  p K 2 nam ed  “ m a c ro ­
scopic” , u s in g  A d am ’s eq u a tio n s  [13] and  B ry so n ’s re la tio n  [14], th e  “ m icro-
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scop ic”  co n stan ts  рКд, p K ß , p K c , p K D an d  p K z  resp ec tiv e ly  w ere  ca lcu lated . 
T h e  supposed  io n iza tio n  process a n d  th e  calcu lated  c o n s ta n ts  a re  g iven  be­
low .

In  o rder to  e lu c id a te  som e a sp ec ts  o f  th e  resu lts o b ta in e d  fo r  th e  sy n th e ­
sized  Schiff bases (T able IV ), tw o  sim p ler substances: p -(b en zy lid en e)am in o - 
benzene  (IV/1) an d  p -[(benzy lid en e)am in o ]b en zo ic  acid  (IV /2) w ere  studied .

In  aqueous so lu tions, especia lly  in  acidic m edium , th e  — C H = N —  bond 
is b ro k en , th e  re a c tio n  being  kn o w n  a n d  s tu d ied  in  the  l i te ra tu re  [15, 16].

< ^ y - CH = N- © >  + H20 — . -  < g V c H O + NH2- C ! >

( I V / 1 )

C ^ ch=n^ coo- n2o ~  < ^ ) - cho + NH2-^^>-COOH

( I V / 2 )

F o r th e  f irs t  com pound  (IV /1) one p K a was o b ta ined  (4 ,55), co rrespond­
ing  to  th e  re su ltin g  am inobenzene a n d  fo r th e  second co m p o u n d  (IV /2) two 
p K a values (4.47 an d  1.97) w ere o b ta in e d  corresponding to  th e  zw itterion ic  
p -am in o b en zo ic  acid . A ll these  v a lu es  are  in  agreem ent w ith  th o se  ob ta ined  
fo r  th e  p u re  s ta te s  ( I I I / l )  an d  ( I I I /3 ) , respective ly . The a ld eh y d ic  p a r t  resu lting  
in  th e  reac tions m en tio n ed  above (even  fo r su b s titu ted  a ld eh y d es) does no t 
d is tu rb  th e  ab so rp tio n  a t  l anai-

T he Schiff bases s tu d ied  in  id e n tic a l hydrolysis co n d itio n s , p re se n t the 
sam e sp littin g  reac tio n  o f  th e  azo m eth in ic  bond . For th e  m o lecu la r  fragm en t 
co rresp o n d in g  to  th e  zw itte rio n ic  P A H  th e re  are tw o p K a’s o b ta in e d  (IV/3, 
IV /4) an d  only one for th e  m o lecu lar p a r t  corresponding to  th e  m e th y l ester 
o f  P A H  (IV/5) (p rov ided  th a t  th e  e s te r  b o n d  does no t sp lit in  th e  g iv en  experi­
m e n ta l conditions).

In  th e  case o f th e  com pounds co n ta in in g  in  th e  a ld eh y d ic  r in g  a p-hy- 
d ro x y lic  su b s titu e n t (IV /6; IV/8) th e re  are  th ree  ion ization  c o n s ta n ts  o b ta in ed : 
tw o  correspond ing  to  zw itte rio n ic  P A H  an d  th e  th ird  to  th e  h y d ro x y  group 
o f th e  aldehyd ic  frag m en t. The d e te rm in a tio n  of the  la t te r  c o n s ta n t  w as m ade 
a t  a n o th e r  Aana). F o r th e  co rrespond ing  e s te r  (IV/7) the  b lock ing  o f  th e  carboxy  
g ro u p  causes th e  ex istence  o f tw o io n iza tio n  constan ts  (2.89 a n d  7.69), w hich 
can  be id en tified  an d  a t tr ib u te d  to  th e  N H , group from  th e  P A H  fragm en t 
an d  to  th e  O H  g roup , re spec tive ly .

T h e  position  an d  th e  n a tu re  o f  th e  su b stitu en ts  from  th e  aldehydic  
fra g m e n t in fluence th e  values of th e  io n iza tio n  co nstan ts , as c a n  b e  observed 
fo r th e  com pounds p resen ted  (IV /4— IV /8).

Acta Chim. Hung. 123, 1986



44 DRUGÄRIN, BÁLINT: DETERMINATION OF THE IONIZATION CONSTANTS

R EFER EN C ES

[1] G oodm an, L. G., Gilman, A .: B azele farmacologice ale te rapeu tic ii, E d. Medicalä, Bucu-
re s ti 1960

[2] D reichlinger, 0 .: Sinteza u n o r substance cu acpune asu p ra  m etabolism ului rinichiului,
T ezä  de doctorat, T im isoara 1967

[3] D ru g ärin , C., Boldea, A .: D ie Pharm azie , 31, 3 (1976)
[4] D rugärin , C., Boldea, A .: D ie P harm azie , 32, 3 (1976)
[5] D rugärin , C., Boldea, A .: D ie Pharm azie , 32, 2 (1977)
[6] D em us, D.: Textures of L iqu id  C rystals. VEB D eutscher V erlag fü r Grundstoffindustrie,

Leipzig 1980
[7] D rugärin , C., Ge^ia, P .: D ie P harm azie , 36, 4 (1981)
[8] D rugärin , C., Ge^ia, P . : D ie P harm azie , 36, 4 (1981)
[9] M eier, G., Sackmann, E ., G rabm aier, J . G.: A pplications of L iquid Crystals. Springer

V erlag, Berlin, H eidelberg, N ew  Y ork 1975
[10] A lb e rt, A., Serjeant, E . P .: T h e  D eterm ination of Ion iza tio n  Constants. Chapman and

H all 1971
[11] S e rjean t, E. P., Dempsey, B .: Ion iza tion  Constants for O rganic Acids in  Aqueous Solution.

IU PA C  Chemical D a ta  Series, 23, Pergamon Press 1979
[12] B jerru m , J .: Z. phys. C hem ., 104, 147 (1923)
[13] A dam s, J .:  J . Am. Chem. Soc., 38, 1503 (1916)
[14] B ryson , A., Davies, A. G., S e rje an t, E. P.: J. Am. Chem. Soc., 85, 1933 (1963)
[15] M artin e t, P., Simonét, J . ,  T en d il, J . :  C. R. Acad. Sei. Paris , 268, Serie C (1969)
[16] N agy , P .: Magy. Kém. F o ly ó ira t, 78, 213 (1972)

Acta Chim. Hung. 123, 1986



A c ta  C h i m i c a  H u n g a r i c a  12 3  ( 1 — 2 ) ,  p p .  4 5  —  54 ( 1 9 8 6 )

THE CHROMOPHORE SERVING AS HASIS FOR 
THE DETERMINATION OF ARSENIC WITH 

SILVER DIETHYLDITHIOCARBAMATE
A nna C s i k k e l - S z o l n o k i 1, E te lk a  C s á k i - T o m b á c z 2, S án d o r V e r e s 1 a n d

K á lm á n  B u r g e r 1*

f 1József A ttila University, Department o f Inorganic and Analytical Chemistry, 6720 Szeged, 
Dóm tér 7., 2Department o f Colloid Chemistry, 6720 Szeged, Aradi vértanúk tere 1.)

Received N ovem ber 1, 1985 
A ccepted for publication December 12, 1985

I t  was shown by  p repara tive  model experim ents and colloid chem ical investi­
gations th a t  the ligh t absorption , serving as basis for the determ ination  of arsenic 
w ith  silver d iethy ld ith iocarbam ate, does n o t arise from  silver colloid, b u t from  a poly­
nuclear d ith iocarbam ate complex w ith silver (O) and arsenic(III) cen tral a tom s, forming 
in pyridine a m olecular solution.

V. V asak  an d  V. Sedivec w ere th e  f i r s t  to  use th e  so lu tion  o f  s ilv e r  d ie th y l­
d ith io c a rb a m a te  (A gD D TC) in  p y rid in e  fo r th e  sp e c tro p h o to m e tric  d e te rm i­
n a tio n  o f tra c e  q u a n titie s  o f  arsen ic  [1]. O ur m ethod  re c e n tly  d ev e lo p ed  is 
a lso  based  on th e  use o f  th is  re a g e n t [2]. A rsine (A sH 3), p ro d u c e d  b y  the  
re d u c tio n  o f arsenic co m p o u n d s w ith  sod ium  te tra h y d ro b o ra te  in  h y d ro ch lo ric  
a c id  m ed ium , is ab so rb ed  in  A gD D TC  so lu tio n  in  p y rid in e , a n d  th e  lig h t 
a b so rp tio n  o f th e  red  so lu tio n  fo rm ed  is d e te rm in ed  a t  540 nm .

D a ta  in  th e  l i te ra tu re  concern ing  th e  chem ical com position  o f  th e  chro- 
m o p h o re  serv ing  as basis  o f  th e  d e te rm in a tio n  are  incom plete  o r in c o n s is te n t.
G .W . Pow ers e t  al. [3 ], th e n  W . F resen iu s  an d  W . S chne ider [4 ] , f in a lly  
J .  S te in k e  [5] m en tio n  th e  fo rm a tio n  o f a red  com plex, b u t w ith o u t reference 
to  s tru c tu re  or co m position . H . B ode an d  K . H ach m an n  [6] a t t r ib u te  the  
ap p ea ran ce  o f th e  red  co lour to  th e  fo rm a tio n  o f colloidal s ilver:

A sH 3 +  6 A gD D TC  — 6 Ag +  3 H D D T C  +  A s(D D T C )3 (1)

T h is eq u a tio n  is c ited  also in  tw o  m on o g rap h s [7, 8]. L. D u b o is  e t  al. [9] 
m e n tio n  th e  s im u ltan eo u s  fo rm a tio n  o f m e ta llic  silver and  a co m p lex  com ­
p o u n d , b u t  assign th e  co lour to  th e  com plex , an d  n o t to  silver. T h e  tw o  a b so rp ­
t io n  m ax im a o f th e  red  so lu tio n , alw ays p re se n t in  th e  visib le s p e c tra l  range, 
a re  exp la ined  b y  S. S an d h u  a n d  P . N elson [10] w ith  th e  fo llow ing  com plex 
fo rm in g  reac tio n , h o w ever, w ith o u t an  in d ic a tio n  o f th e  co m p o sitio n  o f th e  
com plex :

A sH 3 -f- A gD D TC  —► A gD D T C -arsen ic  com plex -f-
-f- A gD D T C -hydrogen  com plex (2)

* To whom correspondence should be addressed.
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T h e  aim  of our w o rk  w a s  to  clear inconsis ten c ies  in  connection  w ith  th e  
ch e m ic a l com position o f  th e  re d  chrom ophore u se d  as basis of arsenic d e te r ­
m in a tio n , and  to  in te r p r e t  chem ical processes p roceed ing  during  a rsen ic  
d e te rm in a tio n .

Experim ental
Instrum ents and reagents

U nicam  SP 800B u ltrav io le t spectrophotom eter, Pye U nicam  SP 1000 infrared spectro­
p h o to m ete r, MOM 3180 an a ly tica l ultracentrifuge (w ith Schlieren optics). Reagents of an a ly ti­
cal g rade  were used for th e  m easurem ents.

Preparation o f AgDDTC

9.0 g of sodium d ie thy ld ith iocarbam ate (NaDDTC) is dissolved in 400 cm3 distilled 
w ate r. T he solution is filtered if  necessary, then, while stirring , adm ixed to  a solution of 6.8 g 
silver n itra te  in 400 cm3 w ater. T he  yellow precipitate form ed is filtered, after settling and 
d ecan ta tio n , on a separatory funne l in vacuum, washed w ith  distilled w ater, and dried in  a 
vacu u m  desiccator.

Preparation o f A s(D D TC ) 3

1.97 g As(III) oxide is dissolved in 100 cm3 0.5 m sodium  hydroxide, the hydrogen ion 
concen tra tion  of the solution is ad ju s ted  w ith 0.1 m hydrochloric acid to about pH  3 and the 
so lu tion  of 10.81 g NaDDTC in  200 cm3 distilled w ater is added under continuous stirring. 
T he p rec ip ita te  formed is filte red , w ashed and dried as described in th e  preparation of AgDDTC.

R esu lts  and D iscussion

E xam ination  o f  ultraviolet and visible absorption spectra

T h e  red  solu tion  fo rm e d  in  the  reac tio n  o f  A s H 3 w ith  A gD D TC h as 
a b s o rp tio n  m axim a a t  410  a n d  540 nm  (Fig. 1). T h e  chrom ophore is fo rm ed  in

Fig. 1. L igh t absorption curves o f th e  red chromophore, p repared  in solutions of (1) 5; (2) 10; 
(3) 20; (4) 30; (5) 40; (6) 50 pg  As/5 cm 3 content, (d =  5 m m , reference solution: 0.5% AgDDTC

in pyridine)
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alka line  m ed ium , e.g. in  p y rid in e  or in  ch loroform  c o n ta in in g  also organic 
b ases (1-ephedrine or b rucine) [11]. T he lo ca tio n  of th e  f irs t  ab so rp tio n  m ax i­
m u m  does n o t d ep en d  on th e  so lv en t, w hile th e  second ap p ea rs  in  chloroform  
a t  a  sh o rte r w av e len g th  th a n  in  p y rid ine . T he f irs t a b so rp tio n  bands o f  th e  
ch rom ophores fo rm ed  in  th e  d e te rm in a tio n  o f b o th  A s ( I I I ,  У) an d  S b (I I I ,  Y)

Л (nm)

Fig. 2.  Light absorption  curves of chrom ophores corresponding to  a concentration of 20 fig 
As/5 cm3, in pyridine containing AgDDTC solutions of different As : Ag m olar ratios; (1) 1 : 1, 
1 : 3, 1 : 6; (2) 1 : 12; (3) 1 : 50; (4) 1 : 100; (5) 1 : 300; (6) 1 : 500. (d =  10 mm, pyridine 

reference solution containing the respective quantities of AgDDTC)

a p p e a r a t 410 n m , w hile th e  n a tu re  o f ions co n sid e rab ly  affec ts th e  location  
o f  th e  second a b so rp tio n  m ax im u m  (As 540 n m , Sb 500 nm ).

U sing d a ta  p u b lish ed  in  th e  l i te ra tu re  [6], th e  effect o f th e  ra tio  of 
arsen ic  h y d rid e  a n d  A gD D TC  on ch ro m o p h o re  fo rm a tio n  w as in v es tig a ted  
(F ig . 2). I t  w as fo u n d  th a t  a t  th e  1 : 6 A sH 3/A gD D TC  m o la r ra tio  g iven  in  
E q . (1) th e re  is no  lig h t ab so rp tio n  y e t  in  th e  w av e len g th  region from  330 
to  650 nm . A t a f if ty fo ld  excess o f A gD D TC an  a b so rp tio n  m ax im u m  appears 
a t  330 nm , w h ich  is sh ifted  to w ard s  longer w av e len g th s  b y  a fu r th e r  AgDDTC 
excess. The second  m ax im u m  (540 nm ) to o , ap p ears  o n ly  a t  a 1 : 50 m olar 
ra tio  of A s l l3 : A gD D T C , an d  reaches its  m ax im u m  v a lu e  a t  an  ab o u t th re e ­
h u n d red fo ld  A gD D T C  excess. O ur a n a ly tic a l m easu rem en ts  w ere carried  ou t 
a t  several h u n d re d - or th o u san d fo ld  A gD D TC excess [2].

F o r th e  id e n tif ic a tio n  o f th e  ab so rp tio n  m ax im a  a t  410 a n d  540 n m  th e  
sp ec tra  o f A gD D T C , of A s(D D T C )3 p rep a red  b y  us a n d  o f th e  decom position  
p ro d u c ts  of N aD D T C  (d ie th y lam in e  an d  ca rb o n  d isu lfide) w ere recorded . 
N one of th e  m a x im a  o f th e  ch rom ophore  could  be assigned  to  th e  substances 
g iven  above.
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Effect o f  reaction conditions on the chromophore

I t  w as in v estig a ted  how  th e  m ag n itu d e  an d  th e  lo ca tio n  o f th e  tw o 
c h a ra c te r is t ic  abso rp tion  p e a k s  a re  in flu en ced  b y  te m p e ra tu re  (from  — 20 °C 
to  100 °C ), various e lec tro ly tes (K C l, LiCl, HC1, p y rid in iu m  su lfa te ), oxidizing 
a g e n ts  (oxygen , iodine, ch lo rin e) a n d  reducing  ag en ts  (h y d raz in e  su lfa te , 
h y d ro x y la m in e  sulfate). T he m a x im u m  a t  540 n m  decreases w hile t h a t  a t  
410 n m  increases w ith  in c rea s in g  te m p e ra tu re  (F ig . 3). T h e  m ax im u m  a t

Fig. 3. A bsorp tion  curves of the chrom ophore, prepared in  solutions containing 20 /ig As/5 cm3; 
(1) m easured  im m ediately; (2) after 15 m inutes, (3) 1 hour, (4) 2 hours of heating on a w ater 

b a th  a t  100 °C. (d =  10 m m , reference solution: 0.5%  AgDDTC in  pyridine)

Л (nm)

Fig. 4. A bsorp tion  curves of silver (0) sol in pyridine-solution (1) 120, (2) 121, (3) 122, (4) 123 
hours a f te r  preparation. (5 cm5 0 .5%  pyridine-containing AgDDTC solution reacted  w ith 
6.19 X lO -5  mol hydroxylam ine.) (d — 2 mm , reference solution: 0.5%  AgDDTC in  pyridine)
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540 n m  d isap p ears  b y  th e  ac tio n  of h y d ro x y la m in c , and  red  s ilv e r collo id  is 
fo rm ed . T he o th e r  above said  in v e s tig a tio n s  o f  so lu tions co n ta in in g  th e  chro- 
m o p h o re  show ed th a t  in  th e  red  so lu tions ex p o sed  to  various effects th e  q u a n ­
t i ty  o f  th e  com pound  giving a m ax im u m  a t  540 n m  decreases, w h ile  t h a t  of 
th e  co m p o u n d  giving rise to  th e  m ax im u m  a t  410 n m  scarcely ch an g es. W hen  
using  h ig h er h y d ro g en  q u a n titie s  th a n  g iven  in  th e  an a ly tica l p ro ced u re , 
th e  a b so rp tio n  m ax im u m  a t  410 nm  o f th e  re d  so lu tion  form ed co n sid e rab ly  
in creases  a t  id en tica l arsen ic  c o n ten t, w h ile  th a t  a t  540 nm  does n o t  change.

I n  th e  d e te rm in a tio n  o f a n tim o n y  u n d e r  iden tica l e x p e rim e n ta l con­
d itio n s a s im ila r b eh av io u r w as found .

T hese  in v es tig a tio n s  in d ica te  th a t  th e  a b so rp tio n  m ax im um  a t  540 nm  
is c h a ra c te r is tic  of th e  given ch rom ophore  u sed  fo r analy tica l p u rp o ses .

Colloid chemical investigations

Colloid chem ical investig a tio n s w ere ca rr ied  ou t to  clear w h e th e r  th e  
red  ch ro m o p h o re  p rep ared  b y  th e  a n a ly tic a l process form s a co llo idal or 
m o lecu la r so lu tion .

F ir s t  a silver sol was p rep ared  in  p y rid in e -co n ta in in g  so lu tio n  b y  th e  
re d u c tio n  o f  A gD D TC  w ith  h y d ro x y lam in e  su lfa te . F o r th is  p u rp o se , 5 cm 3 
o f a 0 .5 %  p y rid in ic  A gD D TC ( 9 .7 x l 0 ~ 5 m ol) so lu tion  was re d u c e d  w ith  
6 . 1 9 x l 0 -5 m ol h y d ro x y lam in e  su lfa te . T h e  abso rp tio n  m a x im u m  o f  th is  
silver sol, red  in  tra n sm itte d  lig h t an d  g rey ish  g reen  in  inc iden t l ig h t, a p p ea red  
a t  390 n m  (F ig . 4), in  c o n tra s t to  th e  b a n d s  o f  th e  solu tion  c o n ta in in g  th e  
red  ch ro m o p h o re  p rep a red  accord ing  to  th e  an a ly tica l p re sc rip tio n , w hich 
a p p e a r  a t  410 an d  540 nm .

T h e  tu rb id itie s  o f th e  tw o k inds o f  so lu tio n  w ere com pared  o n  a Spekol 
p h o to m e te r , f i t te d  w ith  a tu rb id ity  h ead p iece . T he tu rb id ity  o f  th e  s ilver sol 
p re p a re d  as described  above w as fo u n d  to  be  8 9 %  (A =  543 n m , d  =  1 cm , 
500-fold am p lifica tio n ). T he red  ch ro m o p h o re  p repared  acco rd in g  to  th e  
a n a ly tic a l p re sc rip tio n  does n o t show  tu rb id i ty .

H . B ode and  K . H ach m an n  [6] u ltra c e n tr ifu g e d  th e  red  ch ro m o p h o re  
fo r 5 h o u rs  a t  a speed of 50 000 rp m  (120 000 g) a t  0 °C. T hey  p re su m e d  th e  
d ev e lo p m en t o f  sol (colloidal) s ta te  fro m  th e  co n cen tra tion  d is tr ib u tio n  
o b ta in e d .

O n cen trifug ing  th e  p y rid ine  so lu tio n  o f  th e  red  chrom ophore p rep a red  
b y  th e  a n a ly tic a l p rocedure  (9.34 X 1 0 _8 m ol As/5 cm 3 0 .5%  A gD D TC  so lu tion) 
a g a in s t p y rid in e  in  a tw o-sec to r eq u ilib riu m  cell a t  a speed o f 40 000 rp m  
( ~  120 000 g) a t  20 °C, a p a tte rn  c h a ra c te r is tic  o f  regular e q u ilib riu m  con­
c e n tra tio n  d is tr ib u tio n  could be observed . T h e  equilib rium  of se d im e n ta tio n  
an d  d iffusion  m a te ria l flow s w as e s tab lish ed  in  ab o u t 3 hou rs. T h e  0 .5 %  
A gD D T C  re a g e n t show ed a com pletely  an a logous p ic tu re .
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O n th e  o th e r h a n d , silver sol p rep a red  w ith  h yd roxy lam ine  re d u c in g  
a g e n t re v e a le d  a fu n d a m e n ta lly  d ifferen t b e h a v io u r . Centrifuging as d esc rib ed  
ab o v e , th e  m a jo r p a r t  o f th e  re d  su bstance  s e t t le d  in  a b rie f tim e an d  su ffe red  
ir re v e rs ib le  changes.

T h e  m o lar m ass o f th e  red  ch ro m o p h o re  p re p a re d  accord ing  to  th e  
a n a ly tic a l p resc rip tio n  c a n n o t be d e te rm in ed  w ith  th e  u ltra c e n tr ifu g in g  
m e th o d , because  a h ig h  (a b o u t 300-fold) excess o f  AgDDTC is n eed ed  fo r 
th e  d ev e lo p m e n t o f  th e  ch rom ophore . T he e q u ilib riu m  co n cen tra tio n  d is t r i ­
b u tio n  described  ab o v e  is ch a ra c te ris tic  o f  A gD D T C  p resen t in  large excess. 
C en trifu g in g  th e  red  ch ro m o p h o re  and  th e  A gD D T C  ab so rben t so lu tio n s 
a g a in s t one  a n o th e r, p a t te rn s  com pletely  m ask in g  one ano ther are  o b ta in e d , 
in d ic a tin g  th e  estab lish in g  o f  an  id en tica l eq u ilib riu m  co n cen tra tio n  d is t r i ­
b u tio n .

A cco rd in g  to  th e  above sa id , th e  p y rid in e -co n ta in in g  solu tion  o f  th e  re d  
ch ro m o p h o re  fo rm ed  d u rin g  arsen ic  d e te rm in a tio n  is n o t a colloidal so lu tio n .

E xp erim en ts  fo r  the prepara tion  o f  the m odel o f  the red chromophore

A cco rd in g  to  o u r a ssu m p tio n , silver(O), fo rm e d  in  th e  arsine re d u c tio n  
o f  A gD D T C , p lays an  im p o r ta n t  p a r t  in  th e  fo rm a tio n  of th e  red  ch ro m o ­
p h o re . T h erefo re , e x p e rim e n ts  w ere ca rried  o u t , in  w hich A sH 3, u se d  as 
re d u c e n t in  th e  d e te rm in a tio n  of arsenic, w as rep laced  by  o th e r red u c in g  
a g e n ts .

I t  becam e ev id e n t d u rin g  these  in v e s tig a tio n s  th a t  th e  p resen ce  o f 
silver(O) an d  A gD D TC is n o t  su ffic ien t fo r th e  fo rm a tio n  of th e  red  c h ro m o ­
p h o re , o b ta in e d  in  a rsen ic  d e te rm in a tio n . T h e re fo re , in  our fu rth e r e x p e rim e n ts  
s e p a ra te ly  p rep a red  A s(D D T C )3 com plex w as also  dissolved in  th e  p y rid in e - 
c o n ta in in g  so lu tion  o f  A gD D T C . T he re d u c tio n  o f  silver(I) was ca rr ied  o u t 
in  th is  so lu tio n . In  th e  f ir s t  series o f e x p e rim e n ts  hyd roxy lam ine , th e n  h y ­
d ro g en  w as used  as red u c in g  agen t.

P e rfo rm in g  th e  re d u c tio n  w ith  h y d ro x y la m in e , in  solutions c o n ta in in g  
h y d ro x y la m in e  an d  A s(D D T C )3 eq u iv a len t to  20— 1000 /ig of arsen ic  n o  red  
c h ro m o p h o re  w as fo rm ed . H ow ever, th e  co lou r ch an g ed  from  yellow  to  re d , 
a n d  a f te r  tw o  day s re d  s ilver sol ap p eared , fro m  w hich  m etallic  s ilv e r p re ­
c ip ita te d  in  a few  d ay s . H y d ro x y lam in e  p ro v ed  to  be a too  v igorous re d u c in g  
ag en t.

I n  o u r red u c tio n  ex p e rim en ts  w ith  h y d ro g e n  produced  b y  sod ium  te t r a -  
h y d ro b o ra te  in  th e  p resence  of A s(D D T C )3, e q u iv a le n t to  20—20 000 ^ g  
a rsen ic  ( 2 .6 7 x l0 -7 to  2 .6 7 x l 0 -4 mol) d isso lved  in  5 cm 3 0.5% A gD D T C  in  
p y r id in e , th e  red u c tio n  re su lte d  in  th e  a p p e a ra n c e  o f  th e  red  ch ro m o p h o re . 
S p e c tra  reco rd ed  fo r so lu tio n s of d iffe ren t A s(D D T C )3 co n cen tra tio n  a re  
show n in  F ig . 5 b y  th e  series o f  curves d raw n  in  fu ll.
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Fig. 5. I. A bsorption curves of red chrom ophore p repared  according to the analy tica l prescrip­
tion  in  pyridine containing solutions, a t  d ifferent degrees of hydrogenation: R eduction  with: 
(1) 10; (2) 8; (3) 6; (4) 4; (5) 2 cm3 of 10% N aB H 4 solution. (2.67 X lO -7 mol (20 fig) As/5 cm3 
0.5%  AgDDTC solution containing pyridine, d =  10 m m , {reference solution: pyrid ine-contain­

ing 0.5%  AgDDTC).
I I . A bsorption curves of red chrom ophore form ed in the hydrogenation of As(DDTC)3 

and AgDDTC, in solutions containing d ifferent quantities of As(DDTC)3: (a) 7.70 X lO -6; 
(b) 1.54 X lO '5; (c) 2.30 X lO “5; (d) 2.69 X 10-»; (e) 3.40 x  10~5; (f) 5.50 X 10"1 mol of As(DDTC)3 
in 5 cm 3 of 0.5%  AgDDTC in pyridine, (d =  10 m m , 0.5%  pyridine-containing AgDDTC 

reference solution, hydrogen evolved from  20 cm3 of 10% N aB H 4)

F o r com parison  th e  red  ch ro m o p h o re  w as p repared  also acco rd ing  to  
th e  p resc rip tio n s o f  th e  an a ly tica l p ro ced u re  [2] in  so lu tions o f  id en tica l 
a rsen ic  co n te n t, chang ing  th e  e x te n t o f  h y d ro g en a tio n . (F ig . 5, series of 
cu rves d raw n  in d o tte d  lines.) T he course o f  th e  tw o series o f  cu rv es  w as of 
id e n tic a l ch a rac te r.

In v e s tig a tio n  o f th e  ch ro m o p h o re , p rep a red  h y  h y d ro g e n a tio n  w ith  
sod ium  te tra h y d ro b o ra te  in  a so lu tio n  c o n ta in in g  A s(D D T C )3 p ro v ed  th a t  
A s(D D T C )3 th e  c e n tra l a to m  of w hich  is A s (I I I ) , is n o t re d u c e d  b y  h y d ro ­
g en a tio n  to  arsine .

N e x t, th e  u ltra c e n tr ifu g a l b e h a v io u r  o f  th e  solu tions c o n ta in in g  red  
ch rom ophore , p re p a re d  in  th e  tw o d iffe ren t w ays, was s tud ied . F o r  com parison  
so lu tio n s o f id en tica l abso rbance  a t  th e  lo ca tio n  of th e  a b so rp tio n  m ax im um  
(540 nm ) w ere u ltracen tr ifu g cd .

So lu tions c o n ta in in g  red  ch ro m o p h o re , p rep ared  accord ing  to  th e  a n a ly t­
ica l p resc rip tio n  b y  red u c tio n  w ith  A sH 3, w ere cen trifuged  in  a c ap illa ry  cell 
w ith  a  s u p e rn a ta n t lay e r o f p y rid in e . A tr ip le  peak  ap p eared  on  th e  p ic tu re  
(F ig . 6/b). Since o u r red  so lu tion  c o n ta in s  besides th e  red  ch ro m o p h o re  a 
la rge  excess A gD D TC , w hen cen trifu g ed  ag a in s t py rid ine  as so lv en t, th e  
re s u lta n t  o f th e  c o n cen tra tio n  g rad ien ts  o f  th e  red  chrom ophore a n d  A gD D TC 
is o b ta in e d . T herefo re , we in v e s tig a te d  w h a t k inds of g ra d ie n t cu rv es  are
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d ev e lo p ed , i f  th e  so lu tio n  c o n ta in in g  red  ch ro m o p h o re , th e  py rid ine  so lu tio n  
o f A gD D T C  an d  p y rid in e  are  cen trifu g ed  in  th e  possib le  v a ria tio n s ag a in s t one 
a n o th e r . F ig u re  6 show s th e  g ra d ie n t curves o f  sam p les  p rep ared  accord ing  to  
th e  a n a ly tic a l  p re sc rip tio n  ( 9 .3 4 x l0 -8 m ol As/5 c m 3 0 .5%  A gDDTC), d e v e ­
loped  a t  a speed  o f 30 000 rp m  in  a cap illa ry  cell a t  20 °C, 4 m inutes a f te r  th e  
p o u rin g  o n  o f  th e  reference  so lu tio n . T he red  so lu tio n  g ives against th e  A gD D TC  
a b so rb e n t a  p eak  o f  n e g a tiv e  position  (F ig . 6 /a), th e  AgDDTC a b so rb e n t 
a g a in s t p y rid in e  a p e a k  o f  po sitiv e  position  (F ig . 6/c). T he red  so lu tion  gives 
ag a in s t p y rid in e  th e  r e s u lta n t  o f  th e  tw o fo rm er, th e  ch a rac te ris tic  tr ip le  
peak  (F ig . 6 /b). The cause  o f  th e  p eak  of n e g a tiv e  positio n  is th a t  th e  red  
c h ro m o p h o re  has a n eg a tiv e  re fra c tiv ity -c o n c e n tra tio n  (dre/dc <  0).

Fig. 6. G rad ien t curves of red chrom ophore-containing solution, p repared according to  an a ly ti­
cal p rescrip tion , after 4 m inutes o f centrifuging. (30000 rp m ; 20 °C, capillary cell) a) red 
chrom ophore (9.34 X lO -8 mol (7 /Lig) As/5 cm3 0.5% AgDDTC solution containing pyridine), 
against py rid ine  containing 0.5%  AgDDTC reference solution, b ) red chromophore in  pyrid ine 

solution, against pyridine, c) 0 .5%  AgDDTC solution in  pyrid ine, against pyridine
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Fig. ". G radient curves of solutions containing red chromophore prepared  from As(DDTC)3 
and AgDDTC by hydrogenation, a fter 4 m inutes of centrifuging (30 000 rp m ; 20 °C, capillary 
cell). H ydrogenation w ith 20 cm3 of 10%  N aB H 4 solution, a) solution contain ing  red chromo- 
phore (1.64 X lO -5 mol As(DDTC)3/5 cm 3 0.5%  AgDDTC containing pyrid ine), against non- 
hydrogenated reference solution of the sam e composition, b) solution con tain ing  red chromo- 

phore, against pyridine, c) reference solution used in a), against pyrid ine

T h e g ra d ie n t cu rve  series o f  red  chrom ophore so lu tio n s, p re p a re d  from  
A s(D D T C )3 and  A gD D TC b y  h y d ro g e n a tio n  (1.64 X 10~5 m o lA s(D D T C )3/5 cm3 
0 .5 %  A gD D TC ), d e te rm in ed  u n d e r  id en tica l conditions as ab o v e , is shown 
in  F igs 7/a, b , c. A  com parison  o f F igs 6 an d  7 clearly  show s t h a t  re d  chrom o­
ph o re  so lu tions p re p a re d  b y  th e  tw o  d iffe ren t m ethods b e h a v e  in  th e  same 
w ay  d u rin g  cen trifug ing .

S ed im en ta tio n  ra te  c o n s ta n ts  could  n o t be d e te rm in ed  b ecau se  of the 
h ig h  diffusion ra te  o f th e  su b stan ces.

Solu tions p rep a red  in  th e  tw o  w ays, b u t  of id en tica l ab so rb a n c e  a t  540 
n m , b eh av ed  sim ila rly  u n d e r th e  effect o f changes in  te m p e ra tu re , e lec tro ly tes, 
ox id iz ing  an d  red u c in g  agen ts.
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Conclusions

I t  becom es ev id en t f ro m  all these  ex p erim en ts  t h a t  a chrom ophore of 
id e n tic a l  b eh av io u r w ith  th e  r e d  chrom ophore fo rm ed  d u r in g  th e  d e te rm in a tio n  
o f  a rse n ic  w ith  silver d ie th y ld ith io c a rb a m a te  could  b e  p re p a re d  b y  th e  re d u c ­
tio n  w ith  hydrogen  o f th e  A s(III)(D D T C )3-co n ta in in g  so lu tio n  o f  A g(I)D D TC 
in  p y r id in e . The u ltrav io le t a n d  v isib le  spectra  o f th e  so lu tio n s p rep ared  in  th e  
tw o  d if fe re n t ways are id e n tic a l,  chem ical effects a n d  u ltracen tr ifu g in g  p ro ­
d u ce  th e  sam e changes in  b o th  ty p e s  o f system s. A cco rd in g  to  colloid chem ical 
in v e s tig a tio n s  n e ith e r o f th e  so lu tio n s  is to  be co n sid e red  colloidal.

I t  w as shown th a t  th e  s ilv e r  co n ten t of A gD D T C  can  he reduced  w ith  
h y d ro g e n  to  m etallic silver. H o w e v e r, silvcr(O) fo rm ed  in  th e  reac tio n  rem ains 
in  m o le c u la r  so lu tion  in  th e  p resen ce  of an  e q u iv a le n t q u a n ti ty  of A s(III)  
(D D T C )3 an d  a high excess o f  A gD D T C . The ab sen ce  o f  a n y  o f th e  la t te r  tw o  
c o m p o u n d s  (as well as a  lo w e r th a n  300-fold A gD D T C  excess) resu lts  in  th e  
p re c ip ita t io n  of silver(O) in  th e  fo rm  of m etallic silv er.

A ll th is  ind ica ted  th a t  th e  re d  chrom ophore fo rm e d  in  th e  d e te rm in a tio n  
o f a rse n ic  w ith  AgDDTC is a p o ly n u c le a r  d ith io c a rb a m a te  com plex , con ta in ing  
silver(O ) a n d  arsen ic (III) as c e n tr a l  atom s. The e x tre m e  co n d itions of ch rom o­
p h o re  fo rm a tio n  (high A gD D T C  a n d  high reduc ing  a g e n t (hydrogen) excess, 
f u r th e r  th e  apolar so lven t) m a d e  i t  im possible to  d e te rm in e  th e  com position  
o f  th e  co m p lex  b y  e q u ilib riu m  analysis .

S im ila r  conclusions w e re  d raw n  concerning th e  ch rom ophore  form ed 
d u r in g  an tim o n y  d e te rm in a tio n .
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R eactions of ort/fo-amino-substituted arom atic carboxylic acid JV-methyl- 
hydrazides l a ,  l c  w ith  acetaldehyde and simple ketones gave condensed triazepinones 4, 
whereas the JV -unsubstituted hydrazides lb  furnished hydrazones 3. The role o f IV-sub- 
stitu tion  is discussed and  the difference betw een th e  aliphatic and arom atic series is 
pointed out.

T he re a rra n g em e n t o f o rt/io -an iinobenzoyl-iV -m ethylhydrazones o f ^-di- 
ca rb o n y l com pounds w as in v es tig a ted  p rev io u sly  an d  th e  ex istence  o f a ring- 
ch a in  equ ilib rium  in  so lu tio n  w as observed  b y  N M R  spec tro sco p y  [1]. T he aim  
o f th e  p resen t w ork  w as to  s tu d y  th is  rin g  c losure w ith  sim ple m onocarbony l 
com pounds an d  to  u tiliz e  i t  in  th e  syn th esis  o f  new  heterocycles.

In  rin g -ch a in  ta u to m e rism  th e  fo rm a tio n  o f  th e  cyclic p ro d u c ts  in itia ted  
b y  nucleophilic  a t ta c k  u p o n  th e  sp 2 carb o n  a to m  can  be reg a rd ed , according 
to  B aldw in  [2], as an  endo-trigonal process w h ich  is fav o u red  in  case o f six- 
a n d  seven-m em bered  rin g s. T he ring -cha in  ta u to m e rism  o f 2 -and  3-am ino- 
a lip lia tic -h y d razo n es h as  been  s tu d ied  an d  th e  fo rm a tio n  o f hexahydro-1 ,2 ,4 - 
tr ia z in e  an d  im id azo lid in e  rings and /o r a r in g -ch a in  eq u ilib riu m  o f th e  h y d ra ­
zones w ere d e m o n s tra te d  [3— 6]. In te re s tin g ly , from  3-am inoalkyl-lV -alkyl- 
liyd razones seven -m em bered  rings could n o t be  o b ta in e d  [6].

A rom atic  am ino- a n d  h e te ro a ro m atic  r in g  N H -groups m a y  also p a rti-  
c ip ia te  in  th e  rin g -c h a in  ta u to m e rism  [7— 9]. A n th ran ilic  acid  h y d razo n es are 
k n o w n  as “ open  c h a in ”  p ro d u c ts  [10— 11], b u t  th e  /3 -n itrogen -substitu ted  
h y d raz id es  re a c te d  w ith  ca rb o n y l com pounds to  affo rd  3 -a m in o -l,2 ,3 ,4 -te tra - 
hyd roqu in azo lin -4 -o n es [12— 14].

T he f irs t ex am p le  o f  th e  fo rm atio n  o f  a  seven -m em bered  rin g  from  an 
o rt/io -am in o -su b stitu ted  a ro m a tic  h y d raz id e  w as th e  reac tio n  o f  an th ran ilic

* Presented a t  th e  A nnual Meeting of the W orking Committee for Heterocyclic Chem­
istry  of the H ungarian A cadem y of Sciences, B alatonfiired, 1984.

** To whom correspondence should be addressed.
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ac id  iV,iV’-d im eth y lh y d raz id e  w ith  ca rbony l com pounds [15]. As th e  fo rm a tio n  
o f  a  S c h iff  base on th e  ortho-am in o  groups w as ru led  o u t, th e  o n ly  possible 
d ire c tio n  o f  th is  reac tio n  w as r in g  closure.

I n  th e  p resen t case th e  sam e reac tio n  s ta r tin g  w ith  a n th ra n ilic  acid 
iV -m eth y lh y d raz id e  l a  is n o t  u n am b ig u o u s , because i t  m ay  p roceed  e ith e r  on 
th e  h y d ra z id e  /3-nitrogen ex c lu s iv e ly  (leading to  th e  h y d razo n e  3), or w ith  
p a r t ic ip a t io n  of th e  ortho-am ino  g ro u p  (ring  closure to  4).

T h e  reac tio n  p ro d u c ts  o f  th e  o rt/w -am in o -su b stitu ted  a ro m a tic  carb o x y lic  
ac id  h y d ra z id e s  l a — c w ith  c a rb o n y l com pounds are  show n in  Schem e 1.

A n th ra n ilic  acid an d  5 -am in o -l-p h en y l-4 -p y razo leca rb o x y lic  ac id  N -m e-  
th y lh y d ra z id e s  l a ,  l c  gave e ith e r  cyclic  p ro d u c ts  4 (w ith  ace ta ld eh y d e , ace tone  
a n d  cyc lohexanone), or liy d razo n es  3 (w ith  benza ld eh y d e), or a rin g -ch a in  
e q u ilib r iu m  m ix tu re  of 3g ^  4 g  (w ith  acetophenone). P y razo leca rb o x y lic  acid 
iV -u n su b s titu te d  hyd raz id e  l b  g av e  th e  hy d razo n es 3, s im ila rly  to  th e  co r­
re sp o n d in g  an th ran ilic  h y d ra z id e  d e riv a tiv e s  [10, 11].

T h e  s tru c tu re s  o f th e  cyclic  p ro d u c ts  4 w ere p ro v ed  b y  th e  N M R  and  
UV sp e c tra . In  th e  case o f th e  a ce ta ld eh y d e  an d  ac to n e  d e riv a tiv e s  (4a, 4b, 
4c, 4d) th e  1H -N M R  sp ec tra  show ed  m eth y l signals a t  6 — 1.22, 1.26, 1.33 
a n d  1 .40  p p m , respective ly , co rresp o n d in g  to  th e  s p 3 C— C H 3, in  c o n tra s t  to  
th e  h y d ra z o n e  3e w here th e  N = C — (C H 3)2 m e th y l signals ap p ea red  a t  6 =  1.9 
a n d  2 .0  p p m . In  ad d itio n , in  th e  r in g  closed p ro d u c ts  4 th e re  w ere tw o  d if­
fe re n t N H  signals, fu r th e r  in  4 a  a n d  4c th e  p h en y l p ro to n  in  ortho position  
to  th e  c a rb o n y l group a p p e a re d  a t  <5 =  7.61 an d  7.74 p p m , re sp ec tiv e ly , 
s e p a ra te ly  from  th e  m u ltip le t (6 .58— 6.8 ppm ) o f th e  o th e r a ro m a tic  p ro to n s , 
th u s  in d ic a tin g  th e  fixed  p o s itio n  o f  th e  ca rb o n y l g roup . T h e  sam e ty p e  of 
cyclic  s t ru c tu re  was estab lish ed  fo r 4f, a pyrazo le  analogue, b y  its  13C-N M R 
sp e c tru m ; th e  sh ift o f th e  sp iro  ca rb o n  (<5 =  73.3 ppm ) ev idenced  th e  ring  
fo rm a tio n .

T h e re  was a s ign ifican t d iffe rence  in  th e  UV sp ec tra  o f  th e  h y d razo n es  3 
a n d  th e  cyclic  p roduc ts 4. T he c h a ra c te r is tic  n  —► л*  b a n d  o f th e  h y d razo n es  [11] 
w as m iss in g  from  th e  sp ec tra  o f  p ro d u c ts  4.

H y d ra z o n e s  3b and  3c co u ld  be  h y d ro g en a ted  over Pd/C  to  th e  co r­
re sp o n d in g  IV-methyl-lV’-b en zy lh y d raz id es , while th e  condensed  tria zep i- 
n o n es 4  rem ain ed  un affec ted  b y  th e  sam e p rocedure . No rin g  c leavage o f  th e  
l a t te r  o ccu rred  e ither in  p o la r so lv en ts  or a t  h igher te m p e ra tu re .

T h e  cyclization  seem s to  be  fav o u red  in  th e  in te ra c tio n s  o f ortho-am ino- 
s u b s t i tu te d  a rom atic  ca rb o x y lic  ac id  IV -m ethylhydrazides l a ,  l c  a n d  m ono­
c a rb o n y l com pounds, in  c o n tra s t  w ith  th e  IV -unsubstitu ted  h y d raz id es  lb ,  
also w ith  th e  corresponding a lip h a tic  analogues, w here h y d razo n e  fo rm a tio n  [4] 
or a  r in g -c h a in  equilib rium  [5, 6] w as observed  (in th e  la t te r  case even  w ith  
th e  IV -m cthyl su b s titu te d  h y d ra z id e  d erivatives). T he d ifference can  be ex ­
p la in e d  b y  th e  reaction  m ech an ism  (Schem e 1) and  b y  th e  re la tiv e  s ta b il i ty  of
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Table I

Physical and spectral data for  3 and  4

Yield, IR/KBrAt R R’ R” °c % vC=0 cm-1vCH, vNH

3a Pyrazole H H CH3 102-105 ' 60 1614 _ 3481
3416
3310
3231

3b P h CH3 H P h 1 3 1 - 133d 69 1615 — 3470
3360

3c Pyrazole CH3 H P h 136-137“ 97 1600 — 3400
3300

3d Pyrazole H H Ph 2 48-249“ 69 1630 — 3390
3 2 3 0 -

— 3280b

3e Pyrazole H CH3 CH3 2 02-203“ 66 1620 — 3470
3290
3185

3f Pyrazole H cyclohexyl 2 24 -226“ 97 1620 2940 3470
2930 3340
2850

3g P h CH3 CH3 P h  I
132 — 134b 86 1600

3340

3260
4g Ph CH3 CH3 P h  J
3h Pyrazole CH3 CH3 P h 135—137b 86 1595 — 3427

3312

3i Pyrazole H CH3 Ph 173-174“ 80 1622 — 3460
3377
3333
3167

4a P h CH3 H CH3 157-159“ 68 1600— — 3370
— 1615b 3315

3240

4b Pyrazole CH3 H CH3 2 15-217“ 76 1593 — 3314
3260

4c P h CH3 CH3 CH3 128-130“ 64 1600 _ 3300
3280

4d Pyrazole CH3 CH3 CH3 177-179“ 75 1580 ___ 3370
3230

4e p h CH3 cyclohexyl 132 —134b 82 1615 2910 3275
2830 3240

4f Pyrazole CH3 cyclohexyl 2 01 -202“ 97 1615 2920 3280
2850 3230

Solvent of recrystallization: “E tO H , bE t0 H /H ,0 , “benzene, dbenzene/petroleum ether, 
'ace tone , Chromatographed over silica, eluent EtOAc/MeOH 9 : 1
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»H—NMR UV/ethanol

Ar R R ’ R ” N H % a i*  nm e

g) 8.1 s1 9.7 b 3.48 m 2.03 d 5.78 b 245 21 021
7 .3 -7 .5 5  m 268 18 223

g) 6.1—6.3 m 3.2 s 7.1 s 6.56—7.0 m 4.26 b 216 30 851
6 .5 6 - 7.0 m 289 21 530

g) 7.75 s1 3.24 s 8.43 s 7 .2 5 -7 .7  m 5.83 b 233 26 510
7 .2 5 - 7.7 m 309 23 699

h) 8.19 s1 11.4 b 8.19 8 7 .3 2 -7 .7  m 6.58 b 227 24 759
7 .3 2 - 7.7 m 306 36 086

h) 8.16 s1 9.15 b 1.9 s 2.0 s 6.05 b 242 22 282
7 .2 6 - 7.52 m 267 20 506

h) 8.12 s1 10.0 b 1.4—1.7 m 2.22—2.5 m 6.49 b 243 22 840
7 .2 8 - 7.52 in 265 sh 17 159

g1) 6.5—7.3 m 3.37 s 2.25 s 6.5—7.3 m 9.8 b

g1) 6.5—7.3 m 3.37 s 1.65 s 6.5—7.3 m 4.2 b 240 15 556
7.75 dd 4.5 b 321 2 860

g) 7.63 s1 3.31 s 2.42 s 7 .38 -7 .52  m 5.98 b 242 29 539
7 .3 8 - 7.52 in 7.9—8.0 m 313 4 934

b) 8.3 s1 10.3 b 2.4 s 7 .4 -7 .8 7  m 6.77 b 234 19 841
7 .4 -7 .8 7 299 20 160

h) 6.58—6.8 m 3.1 s 4.43 m 1.22 s 6.15 b 219 20 958
7 .0 5 - 7.25 m 5.9 b 328 2 581
7.61 dd

h) 7.65 s' 3.05 s 4.4 m 1.26 d 5.8 d 240 19 451
7 .3 5 - 7.5 m 6.8 b

h) 6 .5 8 - 6.8 m 3.26 s 1.33 8 1.33 s 3.8 b 218 21 592
6.9—7.3 m 
7.74 dd

4.31 b 319 2 216

h) 7.9 s' 3.15 s 1.40 s 1.40 s 4.3 b 240 20 456
7.42 s 4.8 b

g) 6.6—6.8 m 3.26 s 1.6 b 3.83 b 218 20 948
6.9—7.4 m 
7.76 dd

4.26 b 319 2 158

g) 7.75 s‘ 3.15 s 1 .2 -1 .9  m 4.2 b 240 18 901

j)
7.4 s
143.4 39.1 73.3

4.7 b

138.5 k) 38.0
99.7 32.0

143.1 25.3
130.1
128.4
124.4

22.5

Solvent for NMR: g) CDC13, h) DMSO-de 'ra tio  of tautom ers 1 : 1 i) pyrazole ring-H, j) 
13C-NMR data, k) pyrazole ring-C shift
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th e  p ro d u c ts .  D ehydra tion  o f  t h e  ca rb ino lhydrazine  2 m a y  p roceed  v ia  th e  2a 
in te rm e d ia te ,  when d e p ro to n a tio n  o f  th e  /З-hydrazino  n itro g e n  leads to  h y d ra - 
zone 3 ( ro u te  A). This s tep  m a y  be  delayed in  th e  p resen ce  o f  a m ore basic  
/З-h y d ra z in o  n itrogen  (R = M e ) . T h e n  in tram o lecu la r n u c leo p h ilic  a t ta c k  o f th e
o -am in o  g ro u p  can in itia te  th e  r in g  closure (route B ). N o “ o p en  c h a in ”  p ro d u c t 
w as o b se rv e d  in  reac tio n  m ix tu re s  o f 4a—f ,  b ecau se  th e  a ro m a tic  am ino 
c h a ra c te r  o f  th e  o-amino g ro u p  can  fac ilita te  its  d e p ro to n a tio n  d u ring  ring  
fo rm a tio n . T he 2-amino a lip h a tic  analogues undergo  su ch  a  d e p ro to n a tio n  less 
re a d ily , re su ltin g  in rin g -ch a in  e q u ilib riu m  [5, 6]. T h e  la c k  o f su b s titu tio n  on 
th e  h y d ra z id e  m oeity  ( R = H )  in  th e  series of 2 -am ino  a lip h a tic  carboxylic  
ac ids d o es n o t  always h in d e r t h e  r in g  fo rm ation , b u t  in  th e se  ex cep tio n a l cases 
i t  is th e  m o re  nucleophilic 2 -a m in o  g roup  w hich p a r tic ip a te s  in  th e  f ir s t  a t ta c k  
d u r in g  th e  reaction  to  g ive a  ca rb ino lam ine  in te rm e d ia te  on th e  2-am ino 
g ro u p . T h is  in te rm ed ia te  can  g iv e  rise  to  th e  fo rm a tio n  o f  fiv e-m em b ered  rings 
b y  th e  nucleoph ilic  a tta c k  o f  t h e  a-hy d raz in o  n itro g en  a to m  [4].

T h e  possib ility  of c o n ju g a tio n  betw een th e  azo m e th in e  an d  aro m atic  
rin g  e le c tro n s  con tribu tes to  t h e  destab iliza tio n  of th e  h e te ro  rin g  in  4, th e re ­
fore  th e  hyd razones 3b a n d  3 c  d eriv ed  from  b e n za ld eh y d e  do n o t undergo  
c y c liz a tio n . As a resu lt o f d if fe re n t  effects (ring c lo su re , possib ility  o f con­
ju g a t io n ,  s te ric  h indrance), t h e  acetophenone d e r iv a tiv e s  ex is t in  an  eq u i­
lib r iu m  m ix tu re  3g i= ^4g . T h e  r a t io  o f th e  3gT=^4g ta u to m e rs  in  chloroform  
so lu tio n  changes after d isso lu tio n  o f  th e  sam ples. T h e  q u a n t i ty  o f 3g increases 
in  t im e  in d ic a tin g  th a t  4g p re d o m in a te s  in the  solid s ta te .  T h e  1 : 1 equ ilib rium  
ra t io  is  a t ta in e d  in  8 h ou rs a t  ro o m  tem p era tu re .

A ll m .p .’s are uncorrected. IR  sp ec tra  were measured using a P erk in  E lm er 577 spectrom ­
eter. 1H -N M R  spectra were o b ta in ed  a t  60 MHz on a Jeol 60 H L  spectrom eter, using TMS 
as in te rn a l standard . 13C-NMR sp e c tra  were recorded on a V arian  XL-100 spectrom eter 
(25.16 M H z).

Experim ental

R eaction  of orl/io-am ino-substitutcd aromatic carboxylic acid hydrazides X with
carbonyl compounds

T h e  hydrazides 1 were p repared  b y  know n methods [16 — 18]. T he hydrazides 1 (3 mmol) 
were allow ed to  react with the ca rbony l compounds in  the presence of TsO H  (0.01 g) under 
th e  follow ing conditions:

3.3 m m ol of acetaldehyde in  e th an o l (10 mL) a t 0 °C;
3.3 m m ol of acetophenone in  benzene (15 mL) under reflux  conditions; w ater was 

rem oved b y  azeotropic distillation;
1.5 m L  of benzaldehyde a t  ro o m  tem perature;
1.5 m L  of cyclohexanone a t  ro o m  tem perature;
10 m L  of acetone, w ith reflux .
T h e  crystals which p rec ip ita ted  were filtered off, w ashed w ith  the  reaction solvent 

( 3 x 2  m L ) or w ith petroleum e th e r ( 3 x 5  m L) and recrystallized. M elting points, yields and 
spectra l d a ta  are shown in T able I.

*

T he  au thors wish to th an k  Miss R . Andersen for technical assistance.
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BOOK REVIEWS

C. E n g e lm an n , G. K ra ft, J .  P au lw els , C. V andercastee le : M odern  M ethods 
fo r  the D eterm ination o f  N o n -M eta ls  in  N on-F errous M eta ls

W alter de G ruyter. Berlin/N ew  Y ork 1985. 410 pages

The book presents recent analytical m ethods suitable for the qu an tita tiv e  analysis of 
ligh t non-m etallic elements occurring in trace  quan tities in non-ferrous m etals of wide-spread 
industria l use. The non-metallic elem ents investigated , O, N, C, B, S and P , are th e  metal 
im purities m ost often met. Non-ferrous m etals investigated are: Al, Cu, T i, Zr, Cr, Ag, Zn, 
Cd, T a, N b, Mo, W , Ni, Na, Be, V, Y, Sn and  the ir more im portan t alloys.

Of th e  9 chapters of the book the firs t th ree  deal w ith general theoretical and practical 
problem s of analysis, while further chapters describe in detail concrete analy tical processes.

The authors discuss first the effects o f th e  presence and concentration of non-m etallic 
elem ents on the more im portan t technological properties (c.g. corrosion resistance, hardness, 
duc tility , m echanical strength , conductib ility , castab ility , utilizability in nuclear technology) 
of non-ferrous m etals of industrial im portance. In  th e  m ajor p art of the cases discussed the 
non-m etals are “ im purities”  of harm ful character, b u t in certain cases they  can he considered 
as useful “ additives” .

The nex t chapter deals w ith nuclear analy tical methods, thought of p rom inent im por­
tance  in  th e  field investigated, w ith therm al and fas t neutron activation  analysis (NAA), 
charged particle activation  analysis (CPAA), and  photon activation analysis (PhAA). The 
ratios of this chap ter reflect the in ten tion  of th e  authors to  offer directly  usable practical 
inform ation for research and industrial analysis. The concise presentation  of th e  theoretical 
basis of th e  processes is followed by the detailed description of the procedures, of the problems 
of calibration  and measuring technique, and  of the applicable methods o f evaluation  and 
calculation.

In  conform ity w ith practical purposes aim ed a t, and in accordance w ith  wide experi­
m en ta l experiences of the authors, testified  by  num erous references, a separate  chap ter deals 
w ith  problem s of sample preparation, considered as th e  main source of error. In  th is chapter 
problem s of surface analysis and the elim ination of possible inconsistencies of surface and bulk 
analysis are also discussed.

F u rth e r chapters comprise m ethods of analysis of the selected non-m etals, organized 
according to  analytical methods and the more im portan t m atrices (pure m etals and alloys). 
The p rim ary  com m itm ent of the authors to  nuclear analysis is reflected by th e  fac t th a t  all the 
o ther m ethods are discussed under the title  “ chemical m ethods” ; beginning w ith  titr im etry  
th is includes also emission and absorption optical spectroscopic m ethods and  mass spectro­
m etry . Technical description of m easurem ents, prescriptions of methods requiring  chemical 
separation  are given, w ith the exactness of a handbook, bo th  for “ chem ical”  and nuclear 
m ethods (NAA, CPAA, PhAA), discussed separately . Problems of calibration  standards and 
error analysis are dealt w ith in detail corresponding to their im portance. All th e  chapters are 
closed by  the com parative evaluation of th e  m ethods discussed. W here possible, th is is based 
on th e  results of intercom parisons organized for tests  of reference m aterials circulated  by CBR 
(C om m unity B ureau of References), while less a tten tion  is given to analysis resu lts of other, 
e.g. N BS, reference materials.

The excellently organized book covers a  large m aterial, and gives very  useful practical 
inform ation  to  research and industrial chem ists of the given field. I t  should be emphasized 
th a t  am ong th e  numerous tabulated  and separately  listed da ta  there is scarcely any clerical 
error or m isprint.

Department o f Applied Chemistry,
Technical U niversity, Budapest

L ajos Gy. Nagy
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I .  H a rg it ta i :  The S tructure o f  Volatile S u lp h u r  Compounds

Akadémiai K iadó, B udapest, 1985, 316 pages

T his w ork  can be regarded as a special chapter of s tru c tu ra l inorganic chem istry w ritten  
w ith th e  pu rpose  to  compile accurate S —X , S = X , etc. d istances formed by sulphur atom s 
w ith X  =  H , В , C, O, Cl, etc. in  different valence sta tes, coordinations and environm ents 
described in  te rm  of atom ic distances, bond angles and in ternal ro tations. The au thor who has 
been ac tive ly  involved in  the structu re  analysis of num erous volatile  sulphur compounds since 
1967 b y  th e  use o f the electron diffraction technique, now as an  expert of the field guides th e  
reader th ro u g h  these structures w ith g rea t skill. He is equally  a t  home in the application of 
m icrowave spectroscopy, the second pow erful technique of m olecular studies in the gaseous 
state. H e does n o t miss to  point out convincingly th a t  th e  m ajo rity  of the volatile molecules 
being b u ilt u p  only by a few atom s perm it very accurate m easurem ents of atom ic distances; 
e.g. such a  sim ple molecules as SC12 enabled scientists to  observe difference betw een the  S—Cl 
distance assum ed in  the ground sta te  (201.525 pm ) and th e  excited vibrational sta te  (201.538 
pm). T he a u th o r  convinces the reader ab o u t the advantages of combining electrondiffraction 
and m icrow ave inform ation in the determ ination  of such structu res where there is strong 
correlation am ong the param eters (e.g. sulphones. p. 169).

I n  o rder to  elucidate the stru c tu ra l relationships — w henever it  is possible — he tries 
to  p resen t correlations established betw een the geometrical param eters of the molecules and 
various physica l constants, e.g. electronegativities or spectroscopic d a ta , and to  use the resu lts 
of q u an tu m  chem istry  (semiempirical and  ab initio calculations), as well. Of course, it  is 
adm itted  th a t  due to  their excellent descriptiveless, two simple qualita tive models have been 
m ostly u sed  th roughou t this work: Gillespie’s Y SE PR  theorem  and B artell’s atom -atom  
non-bonded in teractions.

A fte r a  concise and w ell-w ritten in troduction  (10 pages) th e  compounds of know n 
structu res a re  discussed in  five chapters accom panied by  a  rich  bibliography (pp. 275 — 293) 
reporting  m ore th a n  800 publications.

C h ap te r 1 (pp. 11—39) reports the  structures w ith  one-coordinated sulphur, s ta rting  
w ith th e  m ost frequently  observed C =  S double bonds form ed w ith  C—sp2 and C—sp atom s.

In  C h ap te r 2 (pp. 40—136) H arg itta i presents a g rea t v a rie ty  of volatile struc tu res 
w ith tw o-coord inated  sulphur atom . S ta rting  w ith sym m etrical sulphides, he deals w ith sa tu ra t­
ed and a ro m atic  rings incorporating S atom (s) up to  the s tructu res w ith  = S =  and — bond 
systems.

In  th e  sh o rt C hapter 3 (pp. 137—162) molecules w ith  three-coordinated sulphur are 
described. A  dozen of vapour-phase sulphoxides (including selenium  analogues), th ree sim ple 
thionyl com pounds and a few (seven) cyclic sulphites (and selenites) are discussed here.

C h ap te r 4 (pp. 163—264) offers again a rich collection of structure determ inations 
together w ith  manifold empirical and theoretical investigations. Of the reported molecules 
w ith four-coord inated  sulphur, sulphones are perhaps th e  m ost im portant. Here the au th o r 
also sum m arizes his studies on the correlation betw een analogous sulphones, sulphoxides. 
sulphides an d  re la ted  systems.

Since th e re  are only a few volatile compounds w ith  five- and six-coordinated su lphur 
(the m a jo rity  o f them  can be and have already been studied only in  crystalline sta te  by X -ray  
d iffraction) th e ir  structures (altogether five including SeFe) are reported  together in C hapter 
5 (pp. 265 — 274).

Som e rem arks: I t  is misleading if  differences in bond lengths, bond angles, etc. sm aller 
th an  th e ir  e rro rs are discussed, as can be seen, e.g., in Fig. 66, w here such a small differences as
1.6 pm  is regarded  as significant versus о  =  2.0 pm  for th e  tw o distances compared. No agree­
m ent o r d isagreem ent between atom ic distances, bond angles and  in ternal rotations observed 
by sim ilar o r d ifferent techniques can be established w ithou t scrutinizing their errors (e.g. 
3 a  te s t, e tc .). C onsequently ,it is ra th e r em barrassing to  notice th a t  the standard  deviations 
(or o ther e rro r param eters) of num erous atom ic distances, etc. are missing (cf. Tables 4, 7, 17, 
30, 51, 64, 80, etc.).

Q uestion: were they  ju s t deliberately om itted as in th e  case of structure c in Table 51, o r 
were th e y  n o t disclosed in the original sources? Even in th e  la t te r  case a t  least their m agnitudes 
ought to  h ave  been estim ated.

F o r th e  sam e reason, the conclusion th a t  the r (O . . . O) distances m easured in  crystalline 
sta te  by  X -ray s  are shorter (presum ably due to  interm olecular in teractions?) th a n  the constan t 
value o f 248.4 pm , determ ined in volatile sulphones by MW spectroscopy, is no t convincing. 
A part from  th e  fac t th a t  the reliability  o f the structu ral param eters of 36 random ly selected 
X -ray analyses (Table 77) cannot be estim ated  w ithout th e ir e.s.d’s, H arg itta i’s sta tem en t is
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querried im m ediately by its own example cited from  Sands (p. 219), where the S =  0  d istances 
are corrected against therm al motions resulting in  r ( 0  . . . O) =  249.2 p m ! Sim ilarly , if  the 
m ean S =  0  distance of the crystal structures listed in  Table 77 (143.6 (10) pm ) is increased by 
th e  therm al correction given by Sands on a cautious 50%  probability level (A — 1.1 pm ), 
then  — using the m ean 0  =  S = 0  angle of 118.5 (13)° (practically  uninfluenced by  th e  therm al 
correction) — the corresponding r(0  . . . O) distance of 248.7 pm  also hardly differs from  the 
m ean of the MW and  r (0  . . . O) distances listed in  T able 76. Further, the sum  of th e  uncor­
rected mean of the 35 r ( 0  . . . O) and its mean e.s.d. is also 248.6 pm. U nfortunately , th e  accu­
racy  of the random ly selected X -ray da ta  (m ost o f them  have been transp lan ted  w ithou t any 
revision from an earlier w ork of H arg itta i: Sulphone Molecular Structures, Lecture N otes in 
Chem istry, Springer Verlag, Berlin, 1978) is questionable since 25 of the 36 stru c tu res  were 
determ ined more th a n  10 years ago mainly on th e  basis o f film technique. Accordingly, if the 
au tho r w ants to  discuss such a question as in term olecular effects on the basis o f “ <  2 pm ” 
difference and if th is question has real significance a t  all, th en  he m ust be very  precise using 
a few dozen of new and  accurate sulphone structu res selected w ith high criteria (e.g. R  •< 0.05 
for no less th a n  2500 observed reflections, etc.), from  th e  Cambridge C rystallographic D ata 
Base which increases annually  by approxim ately 5000 new  crystal structures; am ong them  
there are hundreds of organosulphur compounds (since Jan u a ry  1980 598 novel su lphone and 
sulphoxide structures have been reported by th e  end of 1985).

This altogether w ell-w ritten hook is a good com pillation of the simple s tructu res contain­
ing S atom (s) and useful correlations between th e ir  param eters. In  addition to  th e  workers 
of the field, spectroscopists (IR ,U V ,etc .), some of th e  quan tum  chemists and o thers m ay  also 
use i t  well.

A lajos K álmán
Central Research Institute fo r  
Chemistry, Hungarian Academy 
o f  Sciences, Budapest

M etal Ions in  B iological System s. Vol. 19. A ntib io tics and T heir Complexes

Ed. H. Sigel, Marcel Dekker, New Y ork and  Basel, 1985, X XV I +  429 pp.

Ionophores are substances of m oderate m olecular weights and are produced by  various 
microorganism . T hey prom ote the translocation of m eta l cations from one side of a lipid 
bilayer m em brane to  th e  o ther. Some ionophores function  as carriers and others as pore- for­
mers or ion channels. Several of these com pounds, also term ed antibiotics, are used against a 
varie ty  of bacterial infections. The present volum e is devoted to these biologically im portan t 
com pounds, to  th e  m ore thorough understanding of th e ir  coordination chem istry and  action, 
and to  stim ulate fu r th e r researches.

The volum e opens a  historical account of th e  discovery of ionophores by  В. C. P ressm an. 
In  the following chap te r R. B. M artin describes the properties of tetracyclines and  daunorubicin ; 
the ir structures, and proton- and m etal-binding abilities (75 references).

In  chapter 1 th e  au thor, J .  H ajdú, writes on th e  “ In teraction  of metal ions w ith  strep to- 
nigrin and biological properties of the complexes” . S treptonigrin  is one of th e  m ost effective 
agents for the tre a tm en t of hum an cancers. The au th o r deals w ith the structu ral and  chemical 
properties of strep ton igrin  and its m etal com plexes, and  w ith the biological ac tiv ity  and 
an titum or action o f streptonigrin . I t  appears from  th e  results shown in the ch ap te r, th a t  an 
approach based on understanding  the chem istry involved in  the mechanism o f action  of the 
drug should be a prom ising route to im prove its chem otherapeutic properties (56 references).

“ Bleomycin an tib io tics; m etal complexes an d  th e ir biological action”  is th e  title  of 
chapter 4. The au thors (Y. Sugiura, T. T ak ita  and  H . Umezawa) write on th e  s tru c tu ra l and 
synthetic aspects of bleom ycin, on its m etal com plexes, on the redox cycle of th e  iron-blcom y- 
cin complex, on th e  in teraction  of DNA of its com plexes. They also discuss th e  m olecular 
mechanism of bleom ycin action (65 references).

C hapter 5 au thored  by  K . R. K. E asw aran is en titled : “ Interaction betw een valinom y- 
cin and m etal ions.”  Among the neu tral ionophores valinom ycin has emerged as an  ex tra­
ordinary molecule due to  its  high specificity for K + over N a+. The m onograph deals w ith  the 
structure  and conform ation of free valinomycin and  its  m etal ion complexes, and  w ith  th e  role 
of valinomycin- m etal ion complexes in transm em brane ion transport (81 references).

A separate chap te r is devoted to  beauvericin and  th e  other enniatins (L. K . Steinrauf). 
These compounds have provided an interesting opp o rtu n ity  to  explore some of th e  aspects of
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th e  m em b ran e  transport behaviour o f free carriers. T he au th o r discusses their ion-binding 
p ropertie s , th e  mechanism of th e ir tran sp o rt across th e  m em brane, and deals briefly  w ith  the 
analogs o f enniatins (54 references).

C h ap te r 7 authored by J .  F . H in ton  and R. E . K oeppe is on the “ Complexing properties 
of g ram ic id in s” . Their ion-com plexing and tran sp o rt p roperties are discussed, and  m uch is 
rep o rted  on  th e  ion selectivity of gram icidin channels (122 references).

“ N actin s : their complexes and  biological p roperties”  w ritten  by Y. N aw ata, K . Ando 
and Y . I i ta k a  is the title of chap te r 8. Here again em phasize is laid  on their molecular s tru c tu re  
and com plexes (including also te rn a ry  complexes). A brief subchapter is devoted to  th e ir 
biological p roperties (49 references).

G. R . P a in te r and В. C. P ressm an are the au tho rs  of chap ter 9: “ Cation com plexes of 
the m o n o v a len t and polyvalent carboxylic ionophores: lasalocid (X-537A), m onensin, A23187 
(calcim ycin), and  related antib io tics.”  The subchapters have  th e  following titles: S tru c tu re  of 
ionophore-cation  inclusion com plexes; Techniques for m easuring equilibrium ionophore — ion 
affin ities ; Carboxylic ionophoric — m ediated ion tra n sp o rt; Biological test system s; Confor­
m ationa l aspects of ion capture and m em brane tran sp o rt; Biological application of ionophore 
(130 references).

“ Complexes of D-cycloserine and related  am ino acids w ith antibiotic p roperties” 
(p. O’B rien ) is the title  of chap te r 10. The au thor w rites on the ir metal ion coordination p rop ­
erties, m ode of action, and organic chem istry (51 references).

I n  ch ap te r 11 J .  B. Neilands and  J . R. V alenta deal w ith  “ Iron-containing an tib io tics” . 
They d iscuss th e  mechanisms of antibiosis related to  iron , th e  prospects for chem otherapeutic 
in te rv en tio n , th e  iron(II)- and iron(III)-com plexes of a  v a rie ty  of antibioties and  finally  
m iscellaneous compounds including among others pulcherrim in, mycelianamide, hadacidin , 
lipoxam ycin , actinonin and th iohydroxam ic acids (70 references).

T he  volum e closes w ith a consideration of factors governing the selective cation  — iono­
phore in te rac tio n s  (H. Gresh and A. Pullm an). The au th o r p resen t an approach how to  com pute 
on a f irm e r basis, the main com ponents of the association and  their interplay for a certain  
nu m b er o f representative ionophore-ligand complexes.

F ir s t th ey  outline the m ethodology, then  write on th e  selective binding of alkali cations 
by  valinom ycin , and th a t of K +, N a + and K H | by  nonactin . They deal also w ith th e  selective 
b inding of Mg2+ and Ca2+ by ionophore A23187, w ith  th e  struc tu ra l properties of some iono­
phores, th e  energy profiles for single and double occupancy by N a+ of the gram icidin A 
channel (131 references).

V olum e 19 of this excellent series of books on th e  role of m etal ions in biological system  
is a  source o f novel inform ations, and  can be highly recom m ended to  biochemists, biologists, 
b iophysic ists  and  also to  chem ists in terested  in life processes.

E ndre  K őrös
In s titu te  o f  Inorganic and 
A n a ly tica l Chemistry,
L . Eötvös U niversity o f Budapest,
B udapest

Chromatography, the state o f  the art. Volumes I — I I

E d ite d  b y  H . Kalász and L. S. E ttre , A kadém iai K iadó , B udapest, 1985, 903 pages
ISB N  963 05 4081 9

T h is tw o-volum ed work, published as Vol. 27 of th e  series “ Symposia Biologica H un- 
garica” , con ta ins the papers presen ted  a t the C hrom atography Conference held in B udapest, 
Ju n e  1 — 3, 1983.

T he book consists of 62 papers discussing the developm ent and applications o f various 
ch rom atog raph ic  techniques.

T he  w ork includes 9 chapters dealing w ith “T heoretical Aspects” , “ S ta tionary  Phases 
for C hrom atography” , “ C hrom atography of Amines and  Amino Acids” , “ S eparation  of 
P ep tides an d  P roteins” , “ Separation of Drugs and M etabolites” , “Thin-layer C hrom atography” , 
“ Gas C hrom atography” , “ Calculation and O ptim ization M ethods” , as well as a chap ter en titled  
“V arious T opics” .

S evera l studies in  the volum e deal w ith the m ost recen t theoretical considerations and  
the d ev e lopm en t of various chrom atographic techniques. M any papers are concerned w ith  th e  
separa tion  and  determ ination of substances having biological activ ity ; other articles rep o rt
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on the  new est results of the investigation of am ines, nucleotides, amino acids, peptides, 
proteins, steroids, various drugs, the ir m etabolites, etc.

A lthough heterogeneous from the  po in t of view of the chrom atographer, th e  book well 
illu stra tes how widely chrom atographic techniques have found use in studies o f different 
substances of biological interest.

The book gives an overview of the developm ent and applications of d ifferen t chrom a­
tographic techniques. I t  should be m entioned, how ever, th a t the tim e of tw o years which 
elapsed betw een the conference and the publication  seems to be too long in  such a rapidly 
developing field as chrom atographic techniques.

The editors did a rem arkable job  in  th e  arrangem ent of the book and  in correcting the 
papers of different quality. The book is well redacted , the printing is well legible. The figures 
usefully illustrate  the topics discussed. The list of contributors and the sub ject index  given at 
th e  end of Vol. 2 are of great assistance in finding contributions to various topics.

This book should be welcomed no t only by  chrom atographers, b u t also by  chemists, 
biochem ists and physicians working in different fields of biology and medical research.

Department o f Chemical 
Technology, Technical
University, Budapest László Szepesy

D . N . K u rsan o v , Z. N. P a rn es , M. I .  K a lin k in  an d  N. M. Loim : Io n ic  H ydrogena­
tion and Related Reactions

H arw ood Academic Publishers, Chur, London, Paris, New York, 1985. xv  -f- 252 pages

This book is the firs t volume of th e  Soviet Scientific Reviews Supplem ent Series: 
Chem istry, edited by M. E . Yol’pin. The in ten tion  o f the new series is to  p resen t m onographs 
of Soviet Scientists covering those areas of chem istry  in which their con tribu tions have been 
particu larly  significant.

Ionic hydrogenation is based on the ab ility  of many organic com pounds to  undergo 
pro tonation  w ith the form ation of carbocations w hich easily abstrac t a hydride ion from 
different compounds. As a result hydrogenation  of the double bond takes place. The most 
frequently  used com bination of proton and hydride donors is the CF3COOH -f- H S iE t3 couple.

The book trea ts th is subject in 8 chapters. F our of these are devoted to  th e  hydrogena­
tion  of different types of unsatu ra ted  organic com pounds (unsaturated hydrocarbons, hetero­
cyclic com pounds, compounds w ith a C =  0  bond and compounds containing o th e r types of 
m ultip le bonds). One chapter is concerned w ith  th e  mechanism of the reaction. The last three 
chapters contain inform ation on some m odified applications of the general principle outlined 
above: ionic dehydrogenation and d isproportionation , ionic hydroalkylation and  alkylation, 
and ca ta ly tic  ionic hydrogenation. The A ppendix gives detailed descriptions of 27 individual 
applications of ionic hydrogenation for th e  p repara tion  of organic com pounds. A bout 450 
references lead the reader to  the original scientific literature.

The m ost im portan t feature of the book is th a t  it  directs a tten tion  to  th is som ewhat 
unusual ty p e  of reduction. N ot much had been know n in this field before th e  au tho rs  started  
th e ir system atic and broad investigation of ionic hydrogenation. Now it  can  be seen th a t  this 
is a convenient p reparative m ethod in  organic chem istry, w ith a very d istinctive selectivity 
for in ternal olefinic double bonds w ith  th ree  substituen ts — a group of substra tes  usually 
difficult to  hydrogenate by more conventional means.

In  some cases the boundaries betw een ca ta ly tic  hydrogenation and ionic hydrogenation 
seem to be diffuse, as can be clearly seen from  th e  chapter on catalytic ionic hydrogenation. 
The reader even m ay have the im pression th a t  the  authors prefer ionic m echanism s also in 
such cases where such explanations m ay be ra th e r disputable. Nevertheless, th e  unusual view 
of th e  au tho rs on several of these exam ples is stim ulative and certainly will in itia te  new 
research.

U nfortunately , the book does no t contain  au tho r or subject indexes, w hich im pairs 
its use as a handbook. Nevertheless, it is a very  useful addition to the organic chem ist’s book­
shelf since — as far as known to the reference — it  is the only book available on th is special 
type  of hydrogenation.

László Markó
Veszprém University o f Chemical 
Engineering , Department o f Organic 
Chemistry, Veszprém
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Proceedings o f the A dvances in Liquid C hrom atography 
Szeged, H ungary, Septem ber 10-14, 1984

Edited by
H. Kalász and L. S. E ttre

In English. 1986. X II +  612 pages. 17 x 25 cm
H ardcover approx. $59.00
ISBN 963 05 4341 9
Symposia Biologica H ungarica 31

Authors from  C anada, Czechoslovakia, Egypt, the German 
Dem ocratic Republic, Hungary, Poland, R om ania, Sweden, the 
USA and the U SSR  subm itted their results m ainly in the field o f 
applied colum n chrom atography. Especially the synthesis and 
characteristics o f  sta tionary  phases, chrom atographic  separation 
o f  drugs, m etabolites, biologically active and  endogenous com­
pounds were the targets o f the investigations. A t the same time in­
sight into the general an d  theoretical aspects o f  chrom atography, as 
com puter assisted d a ta  evaluation, displacem ent chrom atography, 
electrochemical de tection , etc., are also given in  the book.

A total o f 54 papers has been divided in to  5 chapters: “ General 
topics” , “ S tationary  phases for chrom atography and their in­
teractions” , “ D rugs, metabolites, biologically active com pounds 
and endogenous substances” , “ Separation o f  am ino acids, poly­
peptides and nucleotides” and “ Separation o f  substances o f various 
classes” yield 7, 12, 23, 8 and 4 papers, respectively.

This book gives up-to-date  papers on the separation  o f several 
special and very im p o rtan t substance-groups, in-depth  studies on 
the chrom atography o f  amino acids, peptides, drugs, metabolites, 
nucleotides, in teresting  papers on stationary  phases. The volume 
may count on  the in terest of chemists and  biochem ists working in 
theoretical and p rac tica l fields alike.

A kadém iai Kiadó, B udapest



Chromatography. The State of the Art 
Vols 1-2
Proceedings of the Budapest Chromatography
Conference
June 1-3,1983
Budapest, Hungary
Sym posia Biologica H ungarica Yol. 27 
E dited  by
H . Kalász and L. S. Eure
In  English. 1985. 902 pages. 315 figures. 127 tab les.
17X25 cm. H ardcover $75.00/DM 225,—/£52.50 
ISB N  963 05 4081 9

T h e volum e c o n ta in ts  th e  papers p re s e n te d  a t  th e  d iffe ren t sessions o f th e  
B u d a p e s t C h ro m a to g rap h y  Conference, w h ich  w as held in  B u d a p e s t, H u n g a ry , 
th ro u g h  J u n e  1 -3 , 1983.
T h e  book  includes a lto g e th e r  9 c h a p te rs  d ea lin g  w ith  “ T h eo re tica l A sp ec ts” , 
“ S ta tio n a ry  P hases fo r C h ro m a to g ra p h y ” , “ C h ro m ato g rap h y  o f A m ines and  
A m ino A cids” , “ S e p a ra tio n  o f P e p tid e s  a n d  P ro te in s” , “ S e p a ra tio n  o f  D rugs 
an d  M etabo lites” , “ T h in -lay e r C h ro m a to g ra p h y ” , “ Gas C h ro m a to g ra p h y ” , 
“ C alcu la tion  an d  O p tim iza tio n  M eth o d s” , as w ell as “ V arious T o p ic s” .
T h e  p ap ers  in  th e  bo o k  p resen t th e  m o s t re c e n t th eo re tica l co n sid e ra tio n s, 
p ra c tic a l app ro ach es a n d  re su lts  as w ell as th e  tre n d s  of th e  la te s t  d ev e lo p m en t. 
S evera l p ap ers  deal w ith  fields c losely  co n n ec ted  to  b io logy o r m ed ic in e  (as 
th e  fa te , ac tion , analy sis  of d rugs a n d  m e tab o lite s , iso la tio n  o f  b io logically  
ac tiv e  n a tu ra l p ro d u c ts ) , som e o th e r  a r tic le s  d e ta il such v e ry  im p o r ta n t  th e o ­
re tic a l o r p ra c tic a l fie ld s  as H PL C  o f n u c le o tid e s , am ines, am ino  ac id s , pep tid es , 
p ro te in s , s te ro ids, e tc ., forced-flow  th in - la y e r  ch ro m a to g rap h y , ion -exchange 
th in - la y e r  c h ro m a to g ra p h y , cap illa ry  l iq u id  ch ro m a to g rap h y , s h o r t  a n d  effec­
tiv e  co lum ns, e tc . T hese fie lds m a y  be  v e ry  in te re s tin g  to  re a d e rs  w ho  are  in ­
vo lv ed  e ith e r  in  c h ro m a to g ra p h y  or in  se p a ra tio n  dealing w ith  a n y  su b stan ces 
w ith  a bio logical a c tiv ity .
Since th e  a u th o rs  o f  th e  papers a re  e i th e r  specialists of c h ro m a to g ra p h y  or 
th e  users o f th e  se p a ra tio n  m eth o d s in  th e ir  ev ery -d ay  w ork , th e  p a p e rs  p u b ­
lished  in  th e  book  a re  u p -to -d a te , a n d  th e  figures an d  tab le s  h e lp  th e  u n d e r­
s ta n d in g  of th e  w ritte n  te x t .
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RECENT PROGRESS 
IN POLYAMINE RESEARCH
E d ited  b y
L . Selmeci, M . E. Brosnan and  N . Seiler

In  E nglish . 1985. X II  +  634 pages, 156 figures. 92 tables.
17X 15 cm . Hardcover $65.00/DM 164,—/£45.50 
IS B N  963 05 4243 9

T h is  v o lu m e  provides an  o v e rv ie w  of cu rren t re se a rc h  effo rts  in  th e  ex c itin g  a n d  
ra p id ly  ex p an d in g  fie ld  o f  p o ly am in es. A tte n tio n  is focussed on aspects  c o n ­
s id e re d  m o st u p -to -d a te  w ith in  th e  scope o f th is  su b je c t. T he book d iscusses 
th e  g e n e ra l and  p o s ttra n s la t io n a l  reg u la tion  o f  o rn ith in e  decarboxy lase  a n d  
re la te d  enzym es, th e  re g u la tio n  o f  polyam ine levels a n d  co n tro l func tions o f  th e  
p o ly a m in e s , th e  enzym es a n d  in h ib ito rs  of p o ly a m in e  b iosyn thesis  an d  c a ta b ­
o lism , th e  roles of th e  p o ly a m in e s  in  cellu lar d iffe re n tia tio n  an d  tissue re g e n e r­
a t io n , th e  significance o f  th e  p o lyam ines in  cancerogenesis  an d  clinical o n co l­
ogy , th e  m etabo lism  o f th e  p o ly am in es in  b a c te r ia , th e  roles of p o lyam ines in  
p la n t  physio logy , m ac ro m o lecu la r  polyam ine d e r iv a tiv e s  and  m ethods o f p o ly ­
a m in e  research .
T h is  v o lu m e  will be o f in te r e s t  to  b iochem ists, m o lecu la r biologists, m o lecu la r 
g e n e tic is ts , cellular p h y sio lo g is ts , p la n t p h y sio log ists , pharm aco log ists , m ic ro ­
b io lo g is ts  an d  oncologists.
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In English. Forthcoming 1986. 192 pages. 
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Euroanalysis is a triennial conference o f  the Federation of E uropean Chemical 
Societies (FECS), produced by the W orking Party on Analytical C hem istry of 
FECS.
This volume contains a collection o f  invited lectures presented at Euroanalysis V, 
Cracow, Poland, 26-31 August, 1984. The Plenary Lectures dealt w ith the  modern 
m ethods of au tom atic analysis, including electroanalytical techniques, environ­
m ental problem s, chemical analysis o f  extraterrestrial materials and the current 
status and fu ture trends in the application  o f  com puter systems in the laboratory . 
The problems o f trace analysis, qualitative analysis o f organic m aterials, continuous 
analysis of process streams, speciation in organic surface analysis and  the lectures 
devoted to environm ental problems — the topics of the seven K eynote L ec tu res— 
indicate that the attention of analytical chemists seems to have been focused on 
those m odern m ethods o f analysis, w hich were developed from  the m odern  tech­
niques and m athem atics.
This volume gives an overview o f th e  present state o f European analytical chem­
istry and will be o f  great interest to  scientists seeking to obtain an  insight into 
the most im portan t techniques and the ir application in analytical chem istry.
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THE PHARMACOLOGY OF BENZOPYRONE 
DERIVATIVES AND RELATED COMPOUNDS
by

M. Gábor

In English. 1985. appr. 228 pages, 10 figures, 4 tables 
17 X  25 cm. Hardcover appr. $25.00 
ISBN 963 05 4124 6

Research into benzopyrone derivatives has enjoyed a renaissance during the 
past twenty years. It has become an increasingly more difficult task to follow 
the chemical and pharmacological monographs dealing with this subject, not 
to mention the countless publications in various journals.This new book,there­
fore, fills a gap, as it discusses the pharmacological effects not only of the 
benzo-y-pyrones, but also of benzo-a-pyrone and related benzofuran derivatives.

The monograph consists of three parts:
I. Pharmacokinetics of benzopyrone derivatives and related compounds.

II. Effects of benzopyrone derivatives on various enzyme activities.
III. Pharmacology of benzopyrone derivatives and related compounds.

The monograph is not only an indispensable source-book for those dealing with 
this topic, but also serves as a guide to research in the future.

Its presentation of the most up-to-date research being carried out throughout 
the world, together with its compilation of nearly 800 literature references, make 
this long-needed work of great value for the physician, the chemist, the pharma­
cist and the clinical pharmacologist.
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Text
The tex t of the  paper should be  concise. The description of new com pounds (in th e  

E xperim ental) m ust include the com plete analytical da ta . Special a tten tio n  m ust he paid 
to  stru c tu ra l form ulas given within th e  tex t. Complicated (non-linear) form ulas should be 
draw n on separate sheets of paper and  th e ir position in th e  tex t should be clearly m arked. 
The num bering of form ulas and equations (in parentheses on the righ t-hand  side) is only 
needed if they  are referred to in the te x t .  U nits should conform to th e  In te rna tiona l System  
of U nits (SI). In  nom enclature the rules o f th e  I.U .P.A .C . are accepted as standard . Symbols 
for physical quantities are printed in ita lic  type and should, therefore, he underlined in  th e  
m anuscrip t.

R eferences
References should be num bered in order of appearance in the te x t (where the reference 

num ber appears in brackets) and listed a t  th e  end of th e  paper. The reference list, too, should 
by ty p ed  double-spaced. Journal titles are to be abbreviated  as defined by  the  Chemical 
A bstrac ts Service Source Index.

E xam ples:
[1] Brossi, A., L indlar, H ., W alter, M., Schneider, O.: Helv. Chim. A cta, 41, 119 (1958)
[2] P a rr , R . G.: Q uantum  Theory o f M olecular E lectronic S tructure, B enjam in, New Y ork

1964
[3] W arshel, A.: in M odern Theoretical Chem istry, Vol. 7, P a rt A (Ed. G. A. Segal), P lenum

Press, New Y ork 1977

Tables
E ach  table should be given a R om an  num ber and a brief inform ative title . S truc tu ra l 

form ulas should no t he used in colum n headings or in th e  body of tables.

Figures
Figures should be num bered consecutively w ith Arabic num erals. Their approxim ate 

place should be indicated  in the tex t on th e  m argin. All figures m ust be identified on the back 
by  th e  au thor’s nam e and  the figure num ber in pencil. S tandard  sym bols (such as circles, 
triangles, squares) are to be used on line-draw ings to  denote the points determ ined experi­
m entally . Line-drawings m ust no t con ta in  struc tu ra l form ulas and com m ents. Spectra or 
re levan t segments thereof, chrom atogram s, and X -ray  diffraction pa tte rn s will be reproduced 
only if concise num erical summaries are  inadequate  to replace them . D rawings and graphs 
should be prepared in  black ink on good-quality  w hite or tracing paper. Photographs should 
be subm itted  on glossy paper as h igh-contrast copies. X erox or similar copies are no t su itable 
for reproduction, b u t m ay  be used for duplicate  copies.

R edraw n illustrations will be sen t to  th e  au thors for checking. No corrections of figures 
will, therefore, be accepted in the proofs.

Submission of m anuscript
A fter having com pleted the corrections suggested by the referees and  editors, th e  final 

m anuscrip t should be subm itted  in dup lica te , in a form  ready for publication . I f  the corrected 
m anuscrip t is no t re tu rned  to the ed ito rs within six weeks, the in tended publication of the 
paper will be regarded as w ithdraw n by  th e  authors.

Page charge will no t be assessed for th e  publication, however, au thors from overseas 
countries m ust con tribu te  to the postage of correspondence by sending, together w ith  the 
m anuscrip t, in ternational postal coupons to  the value of U.S. $ 10.—

Proofs and reprints
A set of proofs will be sent to th e  subm itting  author. The proofs m ust be re tu rned  

w ith in  48 hours of receipt. Late re tu rn  m ay cause a delay in the publication  of th e  paper. 
100 rep rin ts will be supplied to the au tho rs  free of charge.
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REACTIONS OF 5-HYDROXY-6-OXOSTEROIDS, VI*
ACID-CATALYZED ISO M ERIZA TIO N  O F SOME 5a-H YD ROX Y-6-OX O STEROIDS

W ojciech  J .  S z c z e p e k

(Department o f Chemistry, U niversity o f  Warsaw, 02093 Warszawa, Pasteura 1, Poland)

Received Ju ly  17, 1985 
A ccepted for publication  December 18, 1985

I t  has been found th a t  a m ix ture  of K H S 0 4— CF3COOH is a good reagent for 
the  conversion of some 5a-hydroxy-6-oxosteroids into 5/S-hydroxy-6-oxosteroids. The 
same reaction was also accom plished w ith  ZnCl2— CF3COOH, TsO H . H 20  —CF3COOH 
and B F 3.E t20  — CF3COOH m ixtures. These reagents can be used in  th e  case of halo- 
genated and C-7 substitu ted  steroids, w hen the known basic isom erization cannot be 
applied. A change in the isom erization m echanism  catalyzed by acid and base is proposed.

T h e ex p ec ted  ap p lica tio n  o f K H S 0 4— (C F 3C 0)20 —C F3C O O H  m ix tu re , 
analogous to  K H S 0 4— Ac20 —A cO H  [2], in  th e  W estp h a len -ty p e  re a rra n g e ­
m e n ts  req u ired  in fo rm atio n  a b o u t th e  a c tio n  o f s tro n g  acid m ed iu m  ( K H S 0 4— 
C FjC O O H ) on some 5<x-hydroxy-6-oxo- a n d  5 /?-hydroxy-6-oxostero ids. The 
s ta r t in g  com pounds 1, l a ,  2, 4 , 5, 6, 7 a n d  8 fo r th e  isom eriza tions w ere read ily  
p re p a re d  b y  know n m eth o d s (see E x p e rim e n ta l) . O nly con v ersio n  o f 3/?-ace- 
toxy-7cc-b rom o-5-hydroxy-5a-cho lestan -6 -one (2) to  th e  7/S-bromo ep im er 3 
w as essen tia l. R ow land  re p o r te d  [3] t h a t  a tte m p te d  ep im eriza tio n  o f 2 w ith  
h y d ro g en  b rom ide  in  ace tic  ac id  (ap p lied  b y  Cookson [4] fo r 5ce-acetoxy-7a- 
b ro m o k e to n e) failed , h u t  t r e a tm e n t  w ith  excess lith iu m  b ro m id e  in  D M F  a t 
75 i  2 °C fo r 24 h re su lted  in  th e  fo rm a tio n  o f 3/?-acetoxy-7/?-brom o-5-hyd- 
roxy-5a-c lio lestan -6 -one (3) in  5 2%  y ie ld . A low er yield (32% ) o f th is  Iß -  
b ro m o -h y d ro x y k e to n e  w as re p o rte d  b y  H a n n a  [5] for ep im eriza tio n  a t  C-7 
w ith  L i2C 0 3 in  boiling D M F  (8 m in). O th e r  7 « -b ro m o -5 a-h y d ro x y k eto n es were 
ep im erized  w ith  L iB r—D M F  d u rin g  an  ex ten d ed  period  a t  ro o m  te m p e ra ­
tu re  [3, 5, 6] or u n d er co n d itio n s  o f p rec ise  con tro l o f te m p e ra tu re  [3].

W ith  reg a rd  to  th e  serious d ifficu lties  in  ap p lica tion  o f  th e se  m ethods 
o f ep im eriza tio n , a sim plified  p ro ced u re  w as w an ted . Since i t  w as p rev iously  
n o te d  [7] th a t  th e  7 /3 -b rom o-hydroxyketone  3 was form ed in  11%  yield 
u n d e r  d eh y d ro b ro m in a tio n  co n d itio n s , a t te m p ts  w ith  D M F — H 20  o r D M A — 
H 20  w ere ca rried  ou t. T h e  desired  7 /3-brom o-hydroxyketone 3 w as o b ta in ed  
from  7 a-b ro m o -h y d ro x y k e to n e  in  7 5 %  y ie ld  b y  h ea tin g  u n d e r  re f lu x  in 
D M A — H 20  (9 : 1) m ix tu re , or in  6 2 %  y ield  b y  h ea tin g  u n d e r  re f lu x  in 
D M F — II20  (9 : 1) m ix tu re .

* P a rt V: See Ref. [1].

1* Acta Chim. H ung. 123 , 1986 
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T re a tm e n t o f th e  5 a -h y d ro x y k e to n e  1 w ith  a n h y d ro u s  K H S 0 4 in  tr i-  
f lu o ro a c e tic  acid (TFA ) a t  ro o m  te m p e ra tu re  fo r  a few  days re su lted  in  th e  
fo rm a tio n  o f less p o la r p ro d u c ts  in  ad d itio n  to  th e  m a in  com pound , 5/?-hydroxy- 
k e to n e  l a .  C h ro m a to g rap h y  o f th e  crude p ro d u c t  (iso la ted  a fte r  14 days) 
a ffo rd e d  th e  know n [8] 5 /5 -hydroxyketone l a  in  6 7 %  yield . U nder th e  sam e 
c o n d itio n s  th e  5 /? -hydroxyketone  l a  gave less p o la r  p ro d u c ts  an d  72%  o f th e  
re c o v e re d  s ta r tin g  c o m p o u n d . S im ilar t r e a tm e n t  o f  th e  h y d ro x y k e to n e  5 
(17 d ay s)  gave th e  isom eric  5 /3 -hydroxyketone 5a  (5 2 % ). T he ch lo roke tone  4 
(17 d a y s)  y ielded  m a in ly  th e  p ro d u c t of iso m eriza tio n  (5 /3-hydroxyketone 4a, 
4 0 % ) acco m p an ied  b y  th e  less p o la r d ich lo ro k e to n e  4b (16% ). T h e  l a t te r  
a rose  f ro m  5oc-hydroxyketone 4  an d /o r 5 /3 -hydroxyketone  4a an d  HC1 (fo rm ed

1 R1 = p-C 8 H17l H; R 2  — 0 A c j R3 — H 1a R2 = OAc j R3  = H
2 R1 = P-CeH,7, Hj R2 = 0 A c ; R3 =a.-Br 2a R2  = 0 Ac ) R3  = <J. - Br
3 Ri = (3-CeH,7 , Hi 33 NJ II О > О II ТА го 3 a R2  = OAc j R3  = ß - В г
u R! = P - c8 h 17, Hi R2  = d  j R3=--H Aa r 2  = ci i R3 =H

5 R! = 0 j Rj = OAc i R3  = H 5 a R2  = OAc ii R3 = H
5b R1 = 0 j R2  = OCOCF3  } R3  =H

8 R, = P -C BHI7, Hi R2 =0H; R3  = H 8 a R2  = OH j R3  = H

9 R1 = P-C 8 H17, H 1 R2 =0C0CF3  i r 3 =h

6 6a

Ц ) И 17

4 b

Fig. 1
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e ith e r in  e lim in a tio n  or in  su b s titu tio n  re a c tio n  a t  C-3) v ia  su b s ti tu tio n  a t  
C-7 [9].

In  th e  case of th e  h y d ro x y -b ro m o k e to n e s  2 a n d  3 b e tte r  re su lts  w ere 
o b ta in ed  w hen  com m ercial a n h y d ro u s  (w ith o u t a d d itio n a l drying) K I I S 0 4 
w as used. S ta r tin g  from  2 (a f te r  14 days) th e  k n o w n  [8] 5/3-hydroxy-brom o- 
keto n e  2a (22% ) w as o b ta in e d  to g e th e r w ith  th e  u n ch an g ed  su b s tra te  (6 8 % ), 
w hile 5 a -h y d ro x y -b ro m o k e to n e  3 (a fte r 5 d ay s) affo rd ed  5/5-hydroxy-brom o- 
keto n e  3a (3 3 % ). U n ex p ec ted ly , th e  co n fig u ra tio n  o f th e  b rom ine s u b s titu e n ts  
a t  C-7 re m a in e d  un ch an g ed  in  th e  5 /S -hydroxyketones 2a an d  3a a n d  in  th e  
recovered  su b s tra te s  2 an d  3, respective ly .

T he p resence  of considerab le  q u a n ti ty  o f  w a te r  in  th e  reac tio n  m ix tu re  
caused h y d ro ly s is  of an  a c e ta te  group w ith  th e  fo rm a tio n  of th e  tr if lu o ro - 
ace ta te  d e r iv a tiv e . F o r ex am p le , tre a tm e n t o f  th e  5 a -h y d ro x y k e to n e  5 w ith  
K H S 0 4 in  T F A — H 20  (8 : 2) m ix tu re  gave  m a in ly  th e  tr if lu o ro a c e ta te  5b 
(20 days, 3 6 % ), in  ad d itio n  to  th e  su b s tra te  a n d  5/S-hydroxyketone 5a. T he 
use of 10%  o f w a te r  re su lte d  on ly  in  a d ecrease  o f  th e  y ield  of tr if lu o ro a c e ­
ta te  5b.

A m a rk e d  difference in  th e  reac tio n  course  w as observed on ly  in  th e  
case of th e  h y d ro x y -d ik e to n e  6 and  h y d ro x y -e n o n e  7. T he fo rm er fu rn ish ed  
th e  know n [10] endione 6a n e a r ly  q u a n tita tiv e ly . T h e  la t te r  gave a  com plex  
m ix tu re  o f p ro d u c ts  w hich  w as n o t fu r th e r  in v e s tig a te d . Also th e  re a c tio n  
o f  th e  d ih y d ro x y k e to n e  8 d iffe red  from  th o se  described  above, lead ing  to  th e  
fo rm atio n  o f  th e  3 /? -trifluo roace ta te  9.

All 5/3-hydroxy p ro d u c ts  w ere re a d ily  id e n tif ie d  on th e  basis o f th e ir  
1I1-NM R d a ta  (see T able I) . T hus, th e  19-H  signals o f th e  5/?-hydroxy p ro d ­
u c ts  ap p e a re d  a t  h igher f ie ld , th a n  th o se  o f  th e  co rresponding  5 a -h y d ro x y  
com pounds. F u rth e rm o re , th e  h a lf-b an d w id th s  o f th e  За-H  signals o f  th e  
5/3-hydroxy com pounds w ere  com patib le  w ith  th e ir  eq u a to ria l n a tu re . C on­
f ig u ra tio n a l assignm ents o f th e  tr if lu o ro a c e ta te s  5b an d  9 w ere b ased  on  th e  
co m p ara tiv e  1H -N M R  an a ly ses  (Table I ) . I n  b o th  cases th e  7 a -H  signal 
ap p eared  as a tr ip le t  a t  low  fie ld  (<5 ca. 2.8) in d ic a tin g  a 5a-hydroxy-6 -oxo  
s tru c tu re . T h e  m ag n itu d es o f  h a lf-b a n d w id th s  o f  th e  3-H  signals p ro v ed  
re te n tio n  o f  co n fig u ra tio n  a t  C-3.

W e h a v e  recen tly  sh o w n  [9] th a t  th e  5 /9 -hydroxyketone l a  w as fo rm ed  
as a b y -p ro d u c t w hen th e  5oe-hydroxyketone 1 w as tre a te d  w ith  an h y d ro u s  
ZnCl2 in  bo iling  acetic  acid . S ince K H S 0 4 a n d  ZnCl2, as well as p - T s 0 H .H 20  
an d  B F 3.E t 20  ca ta ly zed  th e  sam e reac tio n  (fo rm a tio n  of 2 ,4-dien-6-one from  
3 /?-acetoxy-5a-liyd roxy-6 -ketone  [9]), th e  conclusion  w as d raw n th a t  ZnCl2— 
T F A , p - T s O I l . I I20 —T F A  a n d  B F 3.E t 20 —T F A  m ix tu re s  w ould be also good 
reagen ts fo r th e  iso m eriza tion  reaction . T h ere fo re  fu r th e r  q u a lita tiv e  (con­
tro lled  on ly  b y  TLC) reac tio n s  w ith  K 11S 04, ZnCl2, / j-T s0 I I . H 20  or B F 3. E t 20  
in  tr if lu o ro ace tic  acid w ere perfo rm ed  u s in g  th e  5 a -h y d ro x y -b ro m o k e to n e  3.
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Table I

1H-NMR data fo r  5a-hydroxy-6-oxo- and 5ß-hydroxy-6-oxosteroids

C om pound 18-H 19-H OAc 5-OH 3a-H O thers L it.

l 0.66 0.82 2.00 3.73 5.00“ 2.76 (t, J  =  11.8,7a-H) —

0.66 0.75 2.06 3.92 5.06b _
l a 0.67 0.70 1.96 3.76 4.90 m

0.64 0.72 1.94 3.75 4.90 121]

2 0.68 0.83 2.00 3.47 5.09“ 4.15 (d, J  =  3.8,7jS-H) _
0.70 0.83 2.01 3.25 5.12 4.20 (7/S-H) [3]

0.70 0.81 2.05 3.64 5.04b 3.06 (dd, J  =  16 and 3.8,4a-H),
2a 4.40 (d, J  =  3.5,7/5-H) —

0.70 0.77 1.98 3.56 4.92 2.95 (4a-H), 4.35 (7/S-H) [ 8 ]

3 0.68 0.79 2.00 3.71 5.01“ 5.14 (d, J  =  9.1,7a-H) _
0.70 0.80 2.00 3.93 5.03 5.20 (7a-H) [3]

3a 0.70 0.74 2.04 3.92 5.05b 4.62 (d, J  =  9.7,7a-H) —

4 0.63 0.82 — — 4.17“ 2.67 (t, J  =  12,7a-H) —

4a 0.65 0.77 — — 4.58b 2.56 (dd, J  =  14.8 and 4.9,4a-H) —

5 0.85 0.84 2.00 3.85 4.98“ 2.87 (t, J  =  11.5,7a-H) —

5a 0.86 0.78 2.04 3.84 5.12b —

5 b 0.86 0.86 — 3.24 5.24“ 2.87 (t, J  =  12,7a-H) —

8 0.66 0.80 — — 3.96* 2.72 (t, J  =  12,7a-H) —

8a 0.65 0.74 _ 4.42 4.04° 4.32 (d, J  =  9.9,3/?-OH) —

0.66 0.74 — 4.42 4.05 4.34 (3/1-OH) [13]

9 0.65 0.83 — - 5.24“ 2.73 (t, J  =  12.1,7a-H) —

a b road  multiplet (u>/2 =  20 — 26 Hz) 
b narrow  multiplet (w/2 =  7,5 —10 Hz)
c doublet of multiplets ( J  =  9.9 Hz), after D20  exchange: narrow m ultiplet.

F o r  c o m p ariso n  b rom oketones 3 an d  3a w ere d issolved in  n e a t T F A  a n d  k e p t 
u n d e r  th e  sam e cond itions. I n  a ll cases th e  isom eriza tion  reac tio n s  le ad in g  
to  a n  e q u ilib riu m  m ix tu re  o f  3 an d  3a w ere observed  an d  TLC show ed  th a t  
th e  re a c t io n  ra te s  w ith  th e  d iffe ren t c a ta ly s ts  decreased  as follow s:

B F 3.E t20  > p - T s 0 H . H 20  > K H S 0 4 >  ZnCl2 §s> CF3CO O H

A p a r t  f ro m  isom erization  re a c tio n , th e  fo rm a tio n  of less po lar p ro d u c ts  w as 
fo u n d . E x te n s io n  o f th e  re a c tio n  tim e  in d ic a te d  th a t  fo rm a tio n  o f th e se  
p ro d u c ts  fro m  th e  5 a -h y d ro x y k e to n e  3 is fa s te r  th a n  from  th e  isom eric  5/?- 
h y d ro x y k e to n e  3a.
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G H I

Fig. 2

T h e ca ta ly sts  s tu d ie d  m ay  he usefu l in  iso m eriza tio n  re a c tio n s  o f o ther 
re a c tiv e  te r tia ry  a -h y d ro x y k e to n e s , w here ap p lica tio n  o f  th e  know n  basic 
[11, 1] or acidic [12] co n d itio n s is im possib le.*  T he su ita b le  c a ta ly s t  m ay  be 
easily  selected  on th e  basis  o f T L C -con tro lled  experim en ts.**  T h is reaction  
is th e  sh o rte s t a n d  p ro b a b ly  th e  on ly  w ay  fo r th e  p re p a ra tio n  o f 5/5-hydroxy- 
7/?-brom oketones, s ince  ep im eriza tion  o f 5 /? -hydroxy-7a-b rom o-6-ketone  a t 
C-7 does no t occur [3].

T h e  ste reochem ica l course o f eq u ilib ra tio n  (see F ig . 2) o f  th e  5a-hydroxy- 
6-oxo A  and  5/1-hydroxy-6-oxo stero ids F , p rop o sed  in  o u r w o rk , is d ifferen t 
from  th a t  described in  th e  l i te ra tu re  [11]. I n  th e  p re sen t p a p e r  i t  is p o s tu la ted  
t h a t  isom erization  p ro ceed s u n d e r b o th  acid ic an d  basic co n d itio n s  p rac tica lly

* In  the light of o u r earlier experim ents concerned w ith arom atization  processes [9], 
p -T s0 H .H 20 , and first o f all CF3S 0 3H in boiling acetic acid cannot be used in  case of the 
described 5a-hydroxyketones. The application of basic conditions for halogenated hydroxy- 
ketones is similarly im practicable.

** The presence of residual TFA  on the TLC plates results in a b e tte r  separation of the 
spots o f the isomeric hydroxyketones (e.g. 5a-hydroxyketone 1 and 5/S-hydroxyketone la  
have the  same Rf values in  TLC in the absence of TFA).
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v ia  t h e  5a-hydro x y -4 a-o x o -A -h o m o -B -n o r in te rm e d ia te  D . T hus, in  acidic 
m e d iu m  th e  p a th w ay  A  В  C(z£ D) z: E  F ,  a n d  u n d e r basic  cond i­
tio n s  t h e  sim ilar ro u te  A  G H ( ^ t  D) i t  I  F  is rea lized . T he solvolysis
p ro d u c t  o f  5-hydroxy-3 /?-tosy loxy-5 /?-cholestan-6-one ( th e  3/3-tosyloxy co u n ­
t e r p a r t  o f  l a )  [13] and  p ro d u c ts  o f  th e  W e stp h a le n -ty p e  re a rra n g em e n t of 
3 /S -acetoxy-5-hydroxy-5 /S -cholestan-6-one ( la )  [14], w h ich  all h av e  th e  co r­
re s p o n d in g  A -hom o-B -nor s t ru c tu re ,  s trong ly  su p p o r t th e  presence o f  th e  
n o n -iso la b le  in te rm ed ia te  D  u n d e r  equ ilib rium  co n d itio n s.

I t  is  n o tew o rth y  th a t  th e  a t te m p te d  iso m eriza tio n  o f 5se-acetoxy- an d  
5oe-m ethoxy derivatives o f th e  5 a -h y d ro x y k e to n e  1 fa iled , p ro v in g  th a t  th e  
p re se n c e  o f  free 5-hydroxy l g ro u p  is necessary  for th e  conversion  of 5 a-h y d ro x y - 
6 -k e to n e  in to  5 /?-hydroxy-6-ketone.

E xp erim en ta l

I R  spectra  were taken  on a U R -20 spectrophotom eter using K B r pellets or CHC13 
solutions. Specific rotations were m easured  on a Perkin-E lm er 241 polarim éter in CHC13 
solutions a t  25 °C, concentrations are expressed in mg per m L. 4 I-N M R  spectra were recorded 
on a Jeo l INM -4H-100 apparatus (100 M H z) in CDC13 solutions w ith  TMS as in ternal standard . 
The chem ical shifts are given in  ppm  on  th e  <5 scale. M.p.’s were determ ined on a K ofler appa­
ra tu s  o f B oetius type, and are uncorrec ted . For column chrom atography Kieselgel (70 — 230 
m esh, M erck) was used.

S yn theses of 3/S-acetoxy-5-hydroxy-5a-cholestan-6-one (1) [15], 3/?-acetoxy-7a-bromo-
5- hydroxy-5a-cholestan-6-one (2) [15], 3/?-acetoxy-5-hydroxy-5a-androstane-6,17-dione (5)
[16], 3/3-acetoxy-5-hydroxy-5a-cholest-7-en-6-one (7) [7] and 3/S,5-dihydroxy-5a-cholestan-6- 
one (8) [15] were reported earlier from  th is  laboratory. 3/S-Acetoxy-5-hydroxy-5/5-cholestan-
6- one ( l a )  w as obtained by a m odified procedure [1] of M azur and Nussim [11]; th e  p roduct 
was id en tic a l w ith an authentic sam ple [9]. 3/?-Chloro-5-hydroxy-5a-cholestan-6-one (4) was 
p repared  from  3/S-chloro-5-cholestene v ia  epoxidation and subsequent oxidation of the m ixture 
of epox ides w ith  C r03—H20  [17] in  acetone. The product had  m .p. 180—183 °C (Me2CO) 
(lit. m .p . 182—183 °C [18]). 5-H ydroxy-5a-cholestane-3,6-dione (6) was obtained by  the 
know n m e th o d  [19]; it had m .p. 230— 233 °C (Me2CO); <5(Py-d5): 0.65 (18-H), 1.03 (19-H), 
2.72 a n d  3.10 (A B q, J =  15.6, 4-H 2), 2.99 (t, J  =  12.1, 7a-H ) (lit. m .p. 2 3 2 -2 3 4  °C [19]).

M odified procedure of the preparation o f 3/j-acetoxy-7/?-brom o-5-hydroxy-5a-cholestan-
6-one (3)

(a) A  solution of the 7a-brom oketone 2 (19.624 g) in  DM A—H 20  (9 : 1) m ixture (200 
m L) w as refluxed  for 2 h. The solvent w as evaporated under reduced pressure and the residue 
ex trac ted  w ith  benzene and washed w ith  w ater. The organic layer was dried and evaporated 
to  d ryness. T he crude product was recrystallized  twice from Me2CO — MeOH (1 : 9) to  afford 
th e  p u re  7/9-bromoketone 3 (9.722 g). C hrom atography of th e  residue gave 2.387 g (12% ) 
of recovered  starting  compound 2 a n d  5.02 g of 7/?-bromoketone 3 (to tal yield: 14.742 g; 
75% ). T he  7/5-bromoketone 3 obtained in  th is w ay was identical in  all respects w ith an au then tic  
sam ple [7].

(b ) A  solution of the 7a-brom oketone 2 (12.485 g) in  D M F—H 20  (9 : 1) m ixture (250 
m L) w as re fluxed  for 2 h. Isolation of p roducts, as above, and  chrom atography gave 1.254 g 
(10% ) o f  unchanged compound 2 and  7.777 g (62%) of the 7/S-bromoketone 3. The fractions 
of m ore p o la r  products were no t investiga ted .

Isom eriza tion  reactions of the hydroxyketones 1, la ,  2, 3, 4 , 5, 6 and 7 w ith K H S 0 4
in  trifluoroacetic acid

General procedure: To a solution o f th e  substrate in trifluoroacetic acid (TFA) powdered 
po tassium  hydrogen sulfate was added  and  th e  m ixture was allowed to  stand  a t  room  tem ­
pera tu re  fo r a definite time. I t  was th e n  evaporated a t 35 °C under reduced pressure, diluted
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Table II

Substrate
(g)

TFA
(mL)

KHS04
(g)

Time
(days)

Products 
(g. %)

1 (5.01) 40 10* 14 la  (3.357, 67%)
la  (5.046) 40 10» 14 l a  (3.633, 72%)

2 (3.641) 29 3.6b 14 2 (2.486, 68%), 2a (0.794, 22%)
3 (2.59) 20 i b 5 3 (0.17, 7% ), 3a (0.849, 33%)
4 (0.919) 20 2» 17 4b (0.15, 16%), 4a (0.368, 40%)
5 (4.934) 50 5» 17 5a (2.573, 52%)
6 (5.311) 53 5.3» 45 h 6a (4.167, 82%)
7 (2.02) 20 2* 48 h a  c o m p le x  m ix tu re  o f  p ro d u c ts  w h ic h  w a s  n o t  

s e p a ra te d

“ freshly prepared anhydrous K H S 0 4 
b commercial anhydrous K H S 0 4

w ith w ater and ether, and extracted  w ith  benzene. The organic layer was washed successively 
w ith w ate r, aqueous potassium  carbonate  and w ater, and dried over anhydrous N a2S 04. 
A fter evaporation  of th e  solvent the  crude p roduc t was chrom atographed on silica gel and/or 
crystallized to  give the corresponding pure com pounds. The results are sum m arized in  Table II.

The isolated products had th e  following d a ta : 3/?-acetocy-5-hydroxy-5/?-cholestan-6-one 
( la )  -  m .p. 1 4 1 -1 4 3  °C (Me2CO), rmax: 3447, 1276, 1703, 1275, 1171 c m " 1 (lit. m .p. 1 4 2 -  
143 °C [8]); 3/?-acetocy-7a-bromo-5-hydroxy-5/?-cholestan-6-one (2a) — m .p. 138— 140 °C 
(Me2CO-hexane), rmax: 3465, 1718, 1287, 1054 cm -1  (lit. m .p. 137—139 °C [8]); 3/?-acetoxy- 
7/?-bromo-5-hydroxy-5i0-cholestan-6-one (За) — m .p. 153 — 156 °C (E t20-hexane), [a]p  + 47 .2° 
(c =  10.8), vmax: 3476, 1728, 1285, 1191, 1059, 731 cm “ 1 (found: C 64.51; H  8.80; calcd. for 
C„9H470 4B r: C 64.55: H  8.78% ); 3/?,7a-dichloro-5a-cholestan-6-one (4b) — m .p. 116—118 °C 
(M eOH), [a]D + 25 .8° (c =  11.6), vmax: 1730, 759 and 745 (C -C leq) cm “ 1 (found: C 71.15; 
H  9.71; calcd. for C27H440C12: C 71.19; If  9 .74% ); 3/?-chloro-5-hydroxy-5/?-cholestan-6-one 
(4a) — m .p. 1 7 0 -1 7 3  °C (Me2CO), [a]D - 5 .9 °  (c =  10.9), rmax: 3438, 1714, 702 (G — Clajc) 
cm -1 (found: C 74.11; H  10.40; calcd. for C27H 450 2C1: C 74.19; If 10.38% ); 3/?-acetoxy-5- 
hydroxy-5/?-androstane-6,17-dione (5a) — m .p. 194— 197 °C (Me2CO), [a]p> + 3 0 .8 °  (c =  11.4), 
Ртах* 3446, 1737, 1278, 1173 cm -1 (found: C 69.51; H  8.30; calcd. for C2,H 30O5: C 69.59; H 
8.34% ); 4-cholesten-3,6-dione (6a) — m.p. 121— 122 °C (M eXO-hexane), r max: 1699, 1612, 
1226 c m - 1, Ő: 0.72 (18-H), 1.17 (19-H), 6.17 (4-H) (lit. m .p. 1 2 2 -1 2 3  °C, <5: 0.78 (18-H), 
1.20 (19-H), 6.05 (4-H) [10]).

Reactions of 5a-hydroxyketone 5 w itlif К II SO, in TFA—H ,0  m ixtures

(a) To a solution of the hydroxyketone 5 (2.681 g) in T FA — H ,0  (8 : 2) m ix tu re  (55 mL) 
pow dered K H S 04 (5.5 g) was added and the  reaction  m ixture was left stand a t  room  tem pera­
ture for 20 days. Chrom atography of th e  crude p roduct (isolated as above) afforded 1.094 g 
(36% ) of 5-hydroxy-3/?-trifluoroacetoxy-5oc-androstane-6,17-dione (5b), m .p. 223 — 226 °C 
(benzene-hexane), [a]D —4.2° (c =  11.8), vmax: 3486, 1789, 1728, 1229, 1174 cm -1 (found: 
60.48; H6.59; calcd. for C21H 270 5F 3: C 60.57; H  6.54% ). The more polar fractions contained 
the s ta rting  compound 5 and 5/1-hydroxyketone 5a, whose quantities were n o t determ ined.

(b) To a solution of the hydroxyketone 5 (2.024 g) in T F A — H20  (9 : 1) m ix tu re  (40 mL) 
pow dered K H S 04 (4 g) was added and the reaction  m ixture was stored a t room  tem perature  
for 20 days. The crude product (isolated as above) showed the presence of th e  trifluoroacetate 
5b (sm aller quan tity  th an  in the preceding experim ent), substrate 5, the  5/i-hydroxyketone 5a 
and o th er by-products. I t  was n o t fu rth er investigated.

Reaction of the dihydroxyketone 8 with K H S 04 in TFA

To a solution of the dihydroxyketone 8 (5.614 g) in  TFA  (56 m L) pow dered anhydrous 
K H S 0 4 (freshly prepared, 5.6. g) was added and th e  reaction m ixture was k e p t a t  room  tem ­
pera tu re  for 44 h. C hrom atography of th e  crude p roduc t (isolated as above) gave 1.95 g (28%)
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of 5-hydroxy-3/3-trifIuoroacetoxy-5cc-cholestan-6-one (9), m .p . 182—184 °C (hexaue), [a]o  
- 4 4 °  (c =  10.7), vmax: 3467, 1787, 1715, 1227, 1179, 940, 865, 781, 735 cm "1 (found: C 67.73; 
H  8.75; calcd. for C29H 45 0 4F 3: C 67.68; H  8.81%). The residue after crystallization of com­
pound 9 and  th e  rem aining fractions were hydrolyzed in  th e  usual manner. C hrom atography 
of th e  m ix tu re  of the obtained alcohols afforded 0.898 g (16% ) of 3/S,5-dihydroxy-5/?-cholestan- 
6-one (8a), m .p. 102 —104 °C (hexane), »m : 3523, 3428, 1709, 1165, 1097 cm -1 (lit. m .p. 
62 °C [20], m .p. 100—101.5 °C [13]). The more polar fractions contained substrate 8, whose 
q u a n tity  w as n o t determ ined.
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I t  w as found th a t K H S 0 4 — (CF3CO)20  m ixture is the best reagen t for the 
W estphalen-type rearrangem ent of 5a-hydroxy-6-oxosteroids. The reactions can be 
effected in  te trahydrofuran  or in some cases in  trifluoroacetic acid as solvents, a t  room 
tem perature . I t  seems th a t th is reagent will also be useful in other rearrangem ents 
of th e  sam e type.

R eac tio n s  o f 6 /9 -substitu ted  3 /9 -acetoxy-5a-hydroxystero ids w ith  H 2S 0 4— 
A c20  [1] or K H S 0 4—Ac20  [2] (excep t 6/9-N3 [3], 6/9-metliyl [4], 6/9-1 [1] and  
6/9-H [5]) g ive good yields o f tb e  co rresp o n d in g  W estp h a len -ty p e  p ro d u c ts . 
I n  c o n tra s t to  th e se  resu lts , i t  was fo u n d  th a t  6-oxosteroids w ith o u t a  2/9- 
o r 4 /9 -su b stitu en t give only  ca. 10%  y ie ld  o f  th e  rearran g ed  p ro d u c t [2, 6], 
or no such  p ro d u c t a t  all [7], w hereas in tro d u c tio n  of a 2/9- or 4 /9 -su b stitu en t 
gives rise  to  h ig h e r  th e  y ields o f  re a rra n g e d  com pound  [2, 7, 8].

P rev io u s re su lts  of th e  W e s tp h a le n -ty p e  rea rran g em en t o f 3/9-acetoxy-
5-hydroxy-5a-cho lestan -6 -one (1) w ith  K H S 0 4—АсзО u n d e r v a ry in g  con­
d itions [9] h a v e  show n th a t  th e  use o f p o ta ss iu m  hydrogen  su lfa te -triflu o ro - 
acetic  a n h y d rid e  in  te tra h y d ro fu ra n  ( K H S 0 4—T F A A /T H F ) o r p o ta ss iu m  
hydrogen  su lfa te -tr if lu o ro ace tic  a n h y d rid e  in  triflu o ro ace tic  ac id  ( K H S 0 4— 
—T F A A /T F A ) is m ost effective in  in c re a s in g  th e  yield of th e  re a rra n g ed  
p roduc ts.

R eac tio n  o f th e  h y d ro x y k e to n e  1 w ith  K H S 0 4—T F A A  in  T H F  a t 
room  te m p e ra tu re  gave th e  k n o w n  [2, 10] re a rra n g ed  ace to x y k e to n e  l a  (62% ). 
I t  was a d d itio n a lly  iden tified  b y  h y d ro ly sis  a n d  su bsequen t o x id a tio n  (C r0 3— 
H 20  in  ace tone) to  th e  know n  h y d ro x y k e to n e  l b  [11] and  d ik e to n e  l c  [12]. 
I n  th e  sam e m an n e r, s ta r tin g  from  th e  h y d ro x y b ro m o k e to n e  2, th e  oily, 
u n s tab le  b ro m o k e to n e  2a (25% ) w as o b ta in e d . The low chem ical sh if t of 
th e  5/9-m ethyl signal in  th e  1H -N M R  sp e c tru m  o f th e  b rom oketone  2a  (d 1.80) 
re la tiv e  to  t h a t  o f ketone l a  (d 1.34) s u p p o r ts  re ten tio n  of th e  c o n fig u ra ­
tio n  of th e  b ro m in e  su b s titu e n t a t  C-7 a n d  also proves th e  co n fo rm a tio ­
n a l m o b ility  o f  rin g  В of W e s tp h a le n -ty p e  com pounds, as i t  h as  b een  ea r­
lier co n firm ed  [13]. R ea rran g em en t o f  th e  h y d ro x y k e to n e  3, h a v in g  th e

* P a rt V I: See preceding paper in this Jo u rn a l.

A c t a  C h i m i c a  H u n g á r i á i  1 2 3  ( 3 —4 ) ,  p p .  7 7  — 8 2  ( 1 9 8 6 )
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p o la r  17-oxo  group, p ro ceed ed  analogously  to  g ive th e  ace to x y k e to n e  3a  
(5 5 % ). H y d ro ly s is  o f th is  c o m p o u n d  gave h y d ro x y k e to n e  3b w hich , a f te r  
o x id a tio n , affo rded  th e  k n o w n  [14] tr ik e to n e  3c. F u r th e r  reac tio n  o f th e  
h y d ro x y k e to n e  4, also c o n ta in in g  a p o la r 17/3-acetoxy group, y ie lded  a  m ix ­
tu r e  o f  p ro d u c ts . T he m a in  co m p o n en t o f th is  m ix tu re  w as th e  re a rra n g e d  
d ia c e to x y k e to n e  4a, w hile th e  m in o r one w as th e  sim ple d e h y d ra tio n  p ro d ­
u c t , t h e  d iacetoxy-enone 5. A lth o u g h  th e  la t t e r  w as n o t o b ta in ed  in  th e  
p u re  s ta te ,  its  presence in  th e  p o st-reac tio n  m ix tu re  was su ffic ien tly  e v i­
d e n c e d  b y  th e  1H -N M R  sp e c tru m . T h e  p resence  o f  signals due to  19-H , 3oc-H 
a n d  4 -H  a t  ő 1.03, 5.30 an d  6 .06 , re spec tive ly , s tro n g ly  in d ica ted  a ЗД-ace to x y - 
-4 -en -6 -o x o  s tru c tu re  fo r th is  com pound  [2]. T h e  s tru c tu re  of th e  d ia c e t­
o x y k e to n e  4 a  was con firm ed  b y  chem ical tra n s fo rm a tio n s . A lkaline h y d ro ­
lysis  o f  4 a  furn ished  th e  d ih y d ro x y k e to n e  4b, w hich on o x id a tio n  w ith  
C r 0 3— H 20  in  acetone a ffo rd ed  th e  tr ik e to n e  3c described  above.

A  d iffe ren t reac tio n  course  w as observed  in  th e  case of th e  h y d ro x y -  
en o n e  8 . W h en  tre a te d  w ith  K T IS 0 4—T F A A  in  T F IF  for 28 h  it  gave th e  o ily  
k e to n e  9 (28% ) as th e  m a jo r  p ro d u c t, b u t a f te r  46 h  afforded  k e to n e  10 a n d

KHSOi, -TFAA

1 R, = P-C8H17, H , R2 = H

2 R, = (3-С8Н„, H í R2 = Br

3 R, = 0 , R2 = H

4 R, =  /3-ОАс, H, R2 =H

1 Q

1 Ь
1 c 

2 a  

3 a  

3 b

3 c

4 Q 

4 b  

1 d

R3 = (3-0Ac , H 

R3 = (3-0H, H 

R3 = 0

R3 = p-OAc, H 

R3 = p-OAc, H 

R3 = p-OH, H 
0R3

R3 = P-OAc H 

R, = R3 = P -Он, H 
Ri = p - C 9H17 H,  r2= h 

R3 -  0 9 a  /lOot-epoxy 

OAc

5

Fig. 1
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th e  oily  ketone  11 as th e  m ain  p ro d u c ts . T h e  positions o f  th e  doub le  bonds 
in  th e se  co m pounds w ere d ed u ced  from  th e ir  I R  an d  ^ - N M R  spectra . 
1H -N M R  sp ec tra  o f  com pounds 9, 10 an d  11 show ed, re sp ec tiv e ly , th e  following 
signals: s tro n g ly  desh ielded  signal of 9 a -H  (d 2.79) as fo r ecd y ste ro id s  and  
Zf7-6-oxosteroids [15, 16], AB q u a r te t  o f  th e  C-7 m eth y len e  g roup  as for 
Zj8(14)-6-0x 0s terOid s [17], and  desh ie lded  d o u b le t o f th e  C-21 m e th y l group 
(6 0.97) as fo r b ack b o n e -rea rran g ed  p ro d u c ts  [18, 19]. T he assignm en ts of 
signals of th e  5ß-M e  an d  14/?-Me g roups ag ree well w ith  th e  d a ta  rep o rted  
b y  K irk  e t al. [18] fo r b a ck b o n e -rea rran g ed  stero ids.

The re a c tio n  o f  th e  h y d ro x y d ik e to n e  6 also d iffered  from  th o se  described 
above . T re a tm e n t o f th is  com pound  w ith  K H S 0 4—T F A A  in  T H F  a t  6 —10 °C 
gave  a m ix tu re  o f  th e  rea rran g ed  d ik e to n e  l c  a n d  enedione 7. O w ing to  d iffi­
cu lties in  se p a ra tio n  o f th is  m ix tu re , i t  w as t r e a te d  w ith  M C PB A  in  e therea l 
so lu tio n  a t  ro o m  te m p e ra tu re . T h e  re a c tio n  w as s to p p ed  w hen  epox idation  
o f  a contro l sam p le  o f th e  ened ione  7 s ta r te d  (th e  sam e re su lt w as o b ta ined  
w h en  ep o x id a tio n  o f  a con tro l sam ple  o f th e  d ike tone  l c  w as com plete). 
S ep ara tio n  of th e  p ro d u c ts  gave 4-cho lesten -3 ,6 -d ione  (7) as th e  m a jo r p ro d u c t 
a n d  th e  know n [20] a -ep o x y d ik e to n e  I d  as th e  m ino r one (6% ).

A p p lica tion  o f  trif lu o ro ace tic  acid  (T FA ) as th e  so lv en t in  th e  re a r­
ran g em en ts  of h y d ro x y k e to n es  1 an d  2 re su lte d  in  no change o f  th e  reac tio n  
course as co m p ared  w ith  th e  co n sid e rab ly  slow er reac tio n  o f h y d ro x y k e to n es  
o f  th is  ty p e  w ith  K H S 0 4—-TFA  [21]. T h e  co rrespond ing  re a rra n g e d  p roduc ts 
l a  an d  2a w ere iso la ted  in  56%  a n d  5 0%  y ie ld , resp ec tiv e ly . H ow ever, t r e a t ­
m e n t of th e  h y d ro x y k e to n e  4 w ith  K H S 0 4—T F A A  in  T F A  affo rd ed  only  th e  
rea rran g ed  d ia c e ta te  4a, w hich  was n o t  c o n ta m in a te d  b y  th e  p ro d u c t of 
sim ple 1 ,2 -d eh y d ra tio n , d iace toxy-enone  5.

Fig. 2
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In  o rd e r to  shed lig h t on  th e  course of th e  re a rra n g e m e n t re a c tio n  of 
5 a -h y d ro x y -7 -en -6 -o x o ste ro id s , th e  ex perim en t w ith  h y d ro x y -en o n e  8 m u s t 
b e  re in v e s tig a te d ; fu r th e r  th e  b eh av io u r o f th e  17/3-acetoxy a n d  17-oxo 
c o u n te rp a r ts  of enone 8 w ill b e  s tu d ie d  in  re sp ec t o f th e  back b o n e  p ro d u c t 
fo rm a tio n .

E xp erim en ta l

F o r general experim ental d irections, see Ref. [21].
Syntheses of 3/S-acetoxy-5-hydroxy-5a-cholestan-6-one (1) [22], 3/5-acetoxy-5-hydroxy- 

5a-androstane-6,17-dione (3) [23], 3/?,17/?-diacetoxy-5-hydroxy-Sa-androstan-6-one (4) [23] 
and  3/S-acetoxy-5-hydroxy-5<x-cholest-7-en-6-one (8) [16] were previously reported  from  th is 
lab o ra to ry . 3/?-Acetoxy-7/S-bromo-5-hydroxy-5a-cholestan-6-one (2) was obtained by  a m odi­
fied m ethod  of epimerization a t C-7 [21]. 5-Hydroxy-5a-cholestane-3,6-dione (6) was p repared  
according to  Suga et al. [24].

R eactions of 5a-hydroxyketones w ith  potassium hydrogen sulfate (K H S 0 4) and 
trifluoroacetic anhydride (TFA A ) in  letrahydrofuran (T H F ) or trifluoroacetic acid

(TFA)

General procedure: To a so lu tion  of th e  starting com pound in  T H F  or TFA  pow dered 
anhydrous K H S 0 4 and TFAA were added. The m ixture was stirred  and allowed to  stand  a t 
room  tem p era tu re  for the specified tim e (TLC control). I t  was then  evaporated a t  40 °C 
(45 °C for T FA ) under reduced pressure. T he residue was tre a ted  w ith w ater and e ther and 
shaken  u n til th e  complete dissolution of K H S 0 4, then  ex tracted  w ith  benzene. Usual work-up 
and  ch rom atography  on silica gel gave th e  corresponding pure  products. D etailed d a ta  are 
sum m arized in  the Table I.

T he isolated products had th e  following data : 3/J-acetoxy-5-methyl-19-nor-5/?-cholest- 
-9(10)-en-6-one (la ), m.p. 9 4 -9 5 .5  °C (M eO H -M e2CO); )>max: 1745, 1713, 1261, 1245 cm “ 1; 
<5: 0.76 (18-H ), 1.34 (5/?-Me), 2.05 (OAc), 5.18 (m, w/2 =  10 H z, За-H) (lit. m .p. 94—96 °C; 
<5: 0.74 (18-H ), 1.36 (5/S-Me), 2.04 (OAc), 5.10 (3a-H) [2]);

3/?-acetoxy-7/?-bromo-5-methyl-19-nor-5/3-cholest-9(10)-en-6-one (2a), an oil; [a] о 
+  20.9° (c =  11.2); гтах: 1722, 1257 cm “ 1; <5: 0.84 (18-H), 1.80 (5/3-Me), 2.06 (OAc), 4.20 
(d, J  ~  2 H z, 7a-H), 5.16 (m, w/2 =  12 H z, 3a-H) (no elem ental analysis was m ade because 
of th e  fa s t decomposition of this com pound);

Table I

Compound
(g)

K H S 0 4
(g)

TFAA
(mL)

S olvent
(m L)

Time
(h)

Yield of products 
(g. %)

2 (5.007) 10 50 T H F , 20 66 la  (2.983, 62% )
3 (2.046) 4.2 33 T H F , 40 24 2a (0.5, 25%)
4 (5-114) 10 30 T H F , 20 54 3a (2.673, 55%)
6 (0-72) 0.4 3.5 T H F , 7 43 4a and 5 (0.589, 85%)“
Ь (4.393) 8.8 15 T H F , 60 24 crude (3.105)b
8 6 - 1 0  °C 7 (2.7, 64%), Id  (0.266, 6% )
8 (2-5) 1 5 T H F , 30 28 8a (0.679, 28%)
, (1.463) 3 9 T H F , 10 45.5 8b (0.164, 12%), 8c (0.344, 24%)
3 (5.007) 10 20 T FA , 20 43 la  (2.694, 56%)
4 (6.055) 12 24 T FA , 24 48 3a (2.9, 50%)

(0.785) 0.4 4 T FA , 8 43 4a (0.4, 53%)

“ The ratio  of 4a to 5, determ ined from  integration of the 4-H signal in 5 and the 17a-H 
signal in  th e  m ixture, was ca. 85 : 15.

b A solution of the crude product (3.105 g) in 100 mL of e ther was trea ted  w ith an excess of 
MCPBA a t room  tem perature. After th e  complete epoxidation of lc ,  the isolated crude product 
was chrom atographed on silica gel to give th e  corresponding compounds 7 and Id.
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3ß-acetoxy-5-methyl-19-nor-5/?-androst-9(10)-en-6,17-dione (За), m .p. 168—170 °C 
(Me2CO); [a]D + 6 7 .0 °  (c =  12.1); vmax: 1742, 1718, 1244 cm ’ 1; <5: 0.97 (18-H), 1.38 (5/S-Me), 
2.06 (OAc), 5.13 (m, w/2 =  9 Hz, За-H ) (found: C 73.20; H  8.23; calcd. for C21H 280 4: C 73.23; 
H 8.19%);

3/?,17/S-diacetoxy-5-methyl-19-nor-5/?-androst-9(10)-en-6-one (4a), m .p. 118 -122 °C 
(ethcr-hexane); [a]o —18.2° (c =  18.2); J>max: 1740, 1715, 1254, 933 cm -1 ; ö: 0.90 (18-H), 
1.37 (5/S-Me), 2.06 (2xO A c), 4.61 (t , J  =  7.4 Hz, 17a-H), 5.12 (m, w/2 =  9 H z, За-H ) (found: 
C 71.16; H 8.32; calcd. for C23H 320 6: C 71.11; H  8.30%);

3/S,17/?-diacetoxy-4-androsten-6-one (5), isolated as an im pure fraction  (contam inated 
w ith com pound 4a) showed the following signals corresponding to  this com pound, <5: 0.83 
(18-H), 1.03 (19-H), 5.30 (m, 3a-H ), 6.06 (broad s, 4-H);

4-cholesten-3,6-dione (7) was identical w ith  an authen tic  sam ple [21];
9,10-epoxy-5-methyl-19-nor-5/?,9a,10a-cholestane-3,6-dione (Id ) was identical w ith an 

authentic  sam ple [9];
3/?-acetoxy-5-methyl-19-nor-5/?-cholesta-l(10),7-dien-6-one (9), an oil; [a]o  +155.7° 

(c =  10.8); vmax: 1722, 1665, 1648, 1250 c m '1; Ő: 0.64 (18-H), 1.40 (5/S-Me), 2.02 (OAc), 2.79 
(dd, J  =  11 and 6.1 Hz, 9a-H , 4.95 (m , u>/2 =  14 Hz, 3a-H), 5.48 (t, J  =  3.9 H z, 1-H), 5.65 
(broad s, 7-H) (found: C 78.87; H  10.14; calcd. for C29H440 3: C 79.04; H  10.06% );

3j0-acetoxy-5-methyl-19-nor-5/?-cholesta-8(14),9(10)-dien-6-one (10), m .p . 115 —117 °C 
(MeOH); [a]D + 3 6 .5 °  (c =  12.5); vmax: 1737, 1721, 1263 cm “ 1; ö : 0.89 (18-H), 1.40 (5/S-Me), 
2.05 (OAc), 2.99 and 3.31 (ABq, J  =  19.1, 7-H2), 5.15 (m, u>/2 =  10 Hz, За-H ) (found: C 79.01; 
H  9.97; calcd. for C29H440 3: C 79.04; H  10.06%);

3/J-acetoxy-5,"l4-dimethyl-18,19-di-nor-5/?,14/S-cholesta-9(10),13(17)-dien-6-one (11), an 
oil; [a]D - 4 1 .2 °  (c =  12.4); vmax: 1730, 1260 cm “ 1; <5: 0.97 (d, J  =  6.6 H z,21-H 3),1.05 (14^-Me), 
1.25 (5/?-Me), 2.05 (OAc), 5.19 (m , u>/2 =  9 Hz, За-H) (found: C 78.88; H  10.11; calcd. for 
C,9H440 3: C 79.04; H  10.06%).

Hydrolysis of the rearranged acetoxy compounds

A solution of the appropriate ace ta te  ( la  or 3a or 4a) in m ethanol-T H F  m ix ture  (9 : 1) 
was trea ted  w ith an excess of 20%  aqueous N aO H  solution a t room tem pera tu re , until the 
su b s tra te  had  disappeared (TLC control). A fter addition of a sa tu ra ted  aqueous solution of 
sodium bicarbonate, the product was ex trac ted  twice w ith ether and then  tw ice w ith  benzene. 
Usual work-up and rem oval of solvent under reduced pressure gave th e  corresponding alcohol 
in nearly q u an tita tiv e  yield. The iso lated  products had the following d a ta : 3/S-hydroxy-5- 
methyl-19-nor-5/?-cholest-9(10)-en-6-one (lb ), m .p. 100—101.5 °C (hexane); i>max: 3611, 3455, 
1710, 1657 cm “ 1: <5: 0.77 (18-H), 1.43 (5£-Ме), 4.19 (m, w/2 =  9.5 Hz, За-H) (lit. m .p. 7 0 -7 2  °C 
(M eOH— Me2CO— H20 ); Ő: 0.75 (18-H), 1.45 (5,6-Me) [11]);

3/?-hydroxy-5-methyl-19-nor-5/?-androst-9(10)-en-6,17-dione (3b), m .p. 213 — 217 °C 
(CHC13— MeOH); [a]D + 70 .7° (c =  11.8); rmax: 3450, 1737, 1705 cm “ 1; <5: 0.98 (18-H), 1.47 
(5/J-Me), 4.19 (m, u>/2 =  9 Hz, За-H ) (found: C 75.54; H 8.59; calcd. for C,9H ,c0 3: C 75.46; 
H  8.67%);

3/?,17/?-dihydroxy-5-methyl-19-nor-5/i-androst-9(10)-en-6-one (4b), m .p. 157.5—160 °C 
(TH F-benzcne); [a]D - 1 .6 °  (c =  6.2, P y ); vmax: 3330 (broad), 1715, 1053, 1023 cm “ 1; <5(Py): 
0.97 (18-H), 1.67 (5/?-Me), 3.78 (t, J  =  7.4 Hz, 17a-H), 4.30 (m, w/2 =  10 H z, 3a-H ) (found: 
C 75.02; H 9.25; calcd. for C19H280 3: C 74.96; H  9.27%).

Oxidation of the rearranged alcohols

A solution of alcohol lb  in  acetone-ether (10 : 1) was trea ted  w ith  an  excess of 43% 
aqueous C r0 3 solution a t room tem peratu re  un til the starting  com pound had  disappeared 
(TLC). A fter addition of w ater, the p roduct was extracted twice w ith  e th e r and then  twice 
w ith benzene. The crude ketone was chrom atographed on silica gel to  give a nearly  quantita tive 
yield of 5/S-methyl-19-nor-5/S-cholest-9(10)-en-3,6-dione (lc), m .p. 100—102 °C (MeOH); 
j-max: 1716 cm “ 1; Ő: 0.89 (18-H), 1.27 (5/S-Me) (lit. m .p. 1 0 2 -1 0 3  °C; <5: 0.81 (18-H), 1.22 
(5ß-Me) [12]).

A solution of the alcohol 3b or 4b in acetone-TH F (8 : 2) was oxidized as above. The 
crude product was extracted  four tim es w ith chloroform and then  chrom atographed on silica 
gel to  give 5-m cthyI-19-nor-5/?-androst-9( 10)-en-3,6, i 7-t riono (3c) in nearly  q u an tita tiv e  yield 
m.p. 166—170 °C (Me2CO-ether); rdss: 1740, 1719 (inflexion) cm -1 ; 6: 0.99 (18-H), 1.24 
(5/?-Me) (lit. m .p. 1 7 5 -1 7 7  °C [14]; m .p . 1 7 5 -1 7 6  °C; v „Sx 4: 1740, 1718 c m “ 1 [25]).
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Translation diffusion D, sedim entation S*, intrinsic viscosity [r/] and  flow 
birefringence, the properties of sam ples and factions of new comb-like polym ers of 
the alkoxyphenyl-acryloyl oxybenzoate series and two samples of alkoxyphenylm etha- 
cryloyl oxybenzoates, have been investigated.

The following dependences relating  molecular mass M  to  [rj], D  and  S* were 
obtained for poly (mo t hy Ip henyl-p-acryloyloxy benzoate): [rj] =  0.26 X 10 _ 3 M 0-40,
D =  3 .4 X 1 0 -9 M -°  46 and S* =  4 .4 X 1 0 -12 M ° '64. The equilibrium  rig id ity  o f the 
molecules of th is polym er was determ ined: the K uhn segm ent was determ ined from 
diffusion da ta  A p  — 80 20 Á and  viscom etric da ta  A„ — (65 ±  15) Ä and th e  hydro-
dynam ic diam eter of the molecules was also determ ined: dp  =  (45 ±  5) Á and  dv  =  
=  (35 ± 5 )  Á.

The values of optical anisotropy of the segm ent of th e  m acrom olecules inves­
tiga ted  depend on th e  length  of th e  side-chain group, fall in the range of (500 — 850) X 
X  1 0 - 31 m :l and reflect a high in tram olecular orientational order determ ined by  the 
in teraction  between mesogenic side groups.

In tro d u c tio n

T he p ro p erties  o f m esom orph ic  po lym ers in  b u lk  an d  in  so lu tio n s are 
w idely  s tu d ie d  b y  v a rious p h y sica l m eth o d s [1]. Special in v e s tig a tio n s  h av e  
show n [1, 2 ] th a t  th e  s tu d y  o f  p o lym ers on th e  m olecu lar leve l is o f  con­
s id erab le  im p o rtan ce  fo r th e  u n d e rs ta n d in g  o f  th e  n a tu re  o f  g e n e ra tio n  of 
p o ly m er m esom orphism .

T h e  p re sen t p ap e r deals w ith  th e  in v es tig a tio n  o f  m o lecu la r p ro p e rtie s  
o f  a n u m b e r o f new  com b-like po ly m ers  w ith  m esogenic g roups in  side chains 
in  d ilu te  so lu tions. T hese po lym ers h av e  th e  follow ing s tru c tu ra l  fo rm u lae :

* To whom correspondence should be addressed.
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~  CH2 - C  ~
I
r 2

PAB

I

MPAB

E PAB

PPAB

ВРАВ

MPMB

m p m e b '

E xperim en ta l

The polym ers were ob tained  b y  free-radical polym erization from  phenyl and p-alkoxy- 
phenyl esters of para-acryloyloxybenzoic acid [3]. I t  has been shown [3, 4] th a t  these polym ers 
form  anisotropic structures e ither during the cooling of th e ir m elts or when the concentration 
of th e ir  solutions increases. Sam ple 2 was fractionated  in to  7 fractions by  fractional precipi­
ta tio n  from  a chloroform solution w ith  hexane. All th e  sam ples and fractions of polym er 2 
were investigated  in one solvent (tetrachloroethane) by  flow birefringence (FB), viscom etry, 
sed im entation  and transla tional diffusion. The intrinsic viscosities [?;] of samples and fractions 
were determ ined in a capillary viscom eter w ith the flow tim e of the solvent =  51.2 s a t 21 °C 
(Tables I  and  II). The tran sla tional diffusion coefficients o f samples and fractions were m easured 
w ith  a polarizing diffusom eter a t  24 °C according to  a  previously described m ethod [5]. The 
refractive index increm ent m easured from  the areas under th e  diffusion curves An/A c — 0.093-3  
m 3/kg. T he flo tation  of non-fractionated  samples and th a t  of fractions of polym er 2 in  te tra ­
chloroethane was investigated and  th e  buoyancy factor was found to be (1 —  v q ) =  —0.322 
according to  pycnom etric m easurem ents a t 24 °C. F lo ta tion  coefficients S* were m easured 
w ith  a 3170 MOM centrifuge (H ungary) w ith a polarizing interferom etric a ttachm en t [5]. 
The experim ents were carried o u t in  a cell w ith the form ation  of an artificial boundary  a t 
a  ro ta tio n a l speed of 60 000 rev /m in  (for unfranctionated  samples a t  a ro tational speed of 
40 000 rev/m in). Solution concentration  c was Q - 0.2 X 10 “  3 kg /m 3. The dependences of
log x on t (x  is the coordinate o f th e  peak top along rad ia l direction and t is the experim ent 
tim e) are approxim ated b y  stra ig h t lines (Fig. 1). The values of floration  coefficients S* and 
m olecular masses M  of sam ples and fractions are given in  Table I and II.

FB  was measured by  a visual m ethod [6] in a m etal dynam ooptim eter w ith an inner 
ro to r (ro to r height was 3 X 10- 2 m and  the gap betw een th e  ro to r and the sta to r A R  was 
2 .9 X 1 0 -4  m). All solutions were molecularly disperse, as is confirmed by  the type  of the 
dependence of FB  on shear stress g ■ (rj — rj0) for polym er solutions a t different concentrations 
(Figs 2, 3). The values of r] and  rja are the viscosities o f th e  solution investigated and of the 
solvent, respectively, a t 21 °C.
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Fig. 1. Dependence of A  In x  on t for the fraction of polymer 2 in te trach loroethane

Table I

Optical and hydrodynamic characteristics o f macromolecules o f alkoxy-phenylacryloyl-oxybenzoates
in tetrachloroethane

N W x lO > S * x  1 0 13 D x lO 11 MxIO-' 4 4  io . a x—a 2X 1031 Ax. X 1031

l PAB 0.55 —  2.4 1.33 15.5 —  42 —  510
2 МРЛВ 0.14 1.6 3.6 3.9 —  42 —  600 —  21
3 EPAB 0.49 2.6 1.4 15.9 -50 .54 - 6 0 0 - 6 5 0
4 PPAB 0.65 —  1.9 1.49 14.9 - 6 5  70 —  780—850
5 ВРАВ 0.70 2.4 1.49 16.5 60 70 730 850
6 MPMB 0.13 — 1.7 3.5 4.2 -  40 —  480
7 MPMEB 0.11 1.6 3.25 4.2 —  10 —  120

poly(butyl acrylate)
(toluene) 30 0.82 10 1.1

(for comparison)

Table I I

Characteristics o f fractions o f  poly(methylphenyl-n-acryloyloxybenzoate) in  tetrachloroethane

N [17] x 1 0 1 D  x 10n S*  x  1013 M SDx  1 0 - '1 Л хЮ 1« L x lO 10 -^o/^OO
theor. Щ  x io » «1—«аХ 

1031

I» 0.13 3 .6 - 1 .2 5 2.66 3.06 2 2 2 0.822 3.72 40 484
II 0.134 3 .3 - 1 . 0 2.32 2.65 195 0.814 3.26 — 41 -4 9 6
III 0.11 3 .6 - 0 .8 5 1.83 2.50 154 0.800 3.12
IV 0.10 5 .0 -0.65 0.98 2.73 82 0.771 3.54 33 -3 9 0
V 0.07 7 .7 - 0 .3 5 0.36 2.67 30 0.750 3.56 - 2 5 -  300
VI 0.064 7 .7 - 0 . 3 0.32 2.49 27 0.750 3.32

4 0 ■4 as
2.68±0.14 3.42 0.22

VII 0.05 9 .5 — 0.25* 2.56** 23 0.750 —

*M Dj] A 0 =  2 .6 8 X 1 0 -16 J /K  kmoH/3; ** A 0 =  A J A mtf№0rt (A„)av.
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Fig. 2. D ependence of the value of A n  on  shear stress g (rj — r/n) fo r solutions of the polymers 
inves tiga ted  in tetrach loroethane. Num bers on the curve are polym er num bers is

Table I

Fig. 3. D ependence of the value of A n  on shear stress g (rj — r/n) for the polymers 6 (line 1)
and  7 (line 2) in tetrachloroethane

D iscussion

H y d ro d y n a m ic  p ro p e rtie s . T ab le  I  lists th e  e x p e rim e n ta l resu lts  fo r 
u n f ra c tio n a te d  sam ples, a n d  T a b le  I I  gives tho se  fo r fra c tio n s  of sam ple 2. 
A n a ly s is  o f  h yd rodynam ic  p ro p e r tie s  of th e  po lym ers u n d e r  in v es tig a tio n  w as 
c a rr ie d  o u t  tak in g  frac tio n s o f  p o ly m er 2 as exam ple .
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Fig. 4. Dependences of log [rj] (lines I  and  Г ), log D  (lines 2 and 2’) and log S* (lines 3 and 3’) 
on log M  for a model of the non-draining G aussian coil (lines 1, 2 and 3) and a m odel o f a short 

thick cylinder (broken lings 1’, 2’ and 3’)

T h e p lo ts  in  Fig. 4 show  th e  dependences of log [tj], log  D  a n d  log  S* 
on log M  fo r po lym er 2. T he e x p e rim e n ta l p o in ts  fall close to  s tra ig h t  lines 1, 
2 an d  3 described  b y  th e  eq u a tio n s

s II •d ■ M a =  9 .7 x 1 0 - 5  M °-5

Q*IICl ■ M ~ b =  4 .7 x l O - 9 M 0-5

s*  =  k s ■ M 1- ” =  6 .5 X 1 0 - 18 M °-5

T h e  m olecu lar m asses o f p o ly m er 2 given in  T ab le  I I  co rresp o n d  to  
re la tiv e ly  sh o r t leng ths (L ) o f m olecules since th e  m olecular m ass o f th e  m ono­
m er u n i t  o f  po lym er M 0 =  298 k g /k m o l, th e  degrees o f p o ly m e riz a tio n  of 
f ra c tio n s , z,  ran g e  from  90 to  8 , w h ich  corresponds to  th e  v a lu es  L  <[ 200 Á. 
I f  i t  is ta k e n  in to  accoun t th a t  th e  le n g th  of m olecules o f p o ly m er 2 is sm all 
a n d  th e  po ly m ers  in v estig a ted  e x h ib it a com b-like s tru c tu re  (L/d <[ 13, w here 
d  is th e  g eom etrica l d iam e te r o f th e  m olecule), i t  follow s fro m  E q . (1) th a t  
in tra m o le c u la r  hyd ro d y n am ic  in te ra c tio n  is s trong  a t  low  coiling o f  th e  m ain  
cha in . Q u a n tita tiv e  ev a lu a tio n s  o f m olecu lar ch a rac te ris tic s  o f  p o ly m er 2 
acco rd in g  to  th e  d a ta  of m easu rem en ts  o f  [tj], D, S*  an d  M  w ere ca rr ied  ou t 
in  acco rd an ce  w ith  low L  an d  th e  com b-like s tru c tu re  o f m olecules on  th e  
hasis o f  h y d ro d y n am ic  th eo ries  fo r th e  m odel of a w eak ly  b en d in g  rod like 
sp h e ro cy lin d e r [7, 8 ]. These th e o rie s  ta k e  in to  accoun t th e  p e r tu rb a tio n  of 
th e  l iq u id  flow  n ea r th e  ends o f  th e  m odel. F igure 5 show s th e  ex p e rim en ta l 
d ep en d en ce  o f  on ln  L  (open  circles) and  of [Ъл rj0 L D ) j K T  on  ln  L
filled  circles (к is B o ltzm an n ’s c o n s ta n t)  and  th e  co rrespond ing  th e o re tic a l
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cu rv es 1, 2, 5, 8 a n d  3, 4 , 6 , 7 an d  th e  follow ing v a lu es  f A  an d  d: A  =  60 Á, 
=  40 Á (curve 1), A v =  80 Á, dv =  30 Á  (cu rv e  2), A D =  60 Á, d D =  50 Á 

(cu rve  3), A D =  100 Á , d D =  40 Á (curve 4), A v =  80 Á, dv =  20 Á (curve 5), 
A d =  100 Á, d D =  20 Á  (cu rve  6).

I t  has been p re v io u s ly  observed  [9] th a t  th e  v a lu es  o f th e  K u h n  segm ent 
A  o b ta in e d  from  th e  re su lts  o f  m easu rem en ts o f  tra n s la tio n a l fric tion  coeffi­
c ien ts  an d  v isco m e try  fo r  po lym ers w ith  v a rio u s  chem ical s tru c tu re s  re p re ­
se n te d  b y  w orm like coils do n o t  coincide. T he sam e d isc rep an cy  is observed  n  
th is  w ork  for p o ly m er 2 th e  m olecules of w h ich  are  rep re sen ted  b y  w eak ly  
b en d in g  th ic k  cy lin d ers . T h is d iscrepancy  [9] b e tw een  th e  values o f A D an d  
A  is due  to  th e  in co n s is te n c y  betw een  th e  th eo rie s  o f  tra n s la tio n a l fric tion  
an d  in tr in s ic  v isco s ity  o f  th e  w orm like m odel an d , hence, o f th e  w orm like 
sph ero cy lin d er. A n o th e r  m an ifesta tio n s of th is  in co n sis ten cy  [10] is th e  d if­
fe rence  betw een  th e  a v e rag e  exp erim en ta l v a lu e  o f  h y d ro d y n am ic  c o n s tan t 
A 0 =  3 .4 X 10~ le J /K  m o ll/s o b ta in ed  for com m on  flex ib le-chain  po lym ers 
an d  th e  lim itin g  th e o re tic a l v a lue  A ^  =  3.7 X l 0 - 16 J /K  m oll/3 a t  L  —*- OO . 
A ccord ing  to  th e  d a ta  o f  m easu rem en ts  of i f f ,  [?;] an d  D  fo r frac tions of p o ly ­
m er 2, th e  ca lcu la ted  v a lu es  of A 0 are A 0 =  rj0 D([r]] ■ M )’/’. T  100-1 ^3 
(T able  I I ) .  T he va lu e  o f  A 0 average over frac tio n s  (M0)av is 2 .6 8 x l 0 ~16 J /K  
m oW 3. No sy s tem a tic  ch an g e  in  A 0 is observed  w ith  th e  change in  th e  m ole­
c u la r  m ass o f th e  fra c tio n s . T h is value is m uch  low'er th a n  th e  average experi­
m e n ta l v a lue  of A 0 —  3 .4 X 1 0 ~ le J /K  m o l1' 4 fo r flex ib le -ch ain  po lym ers.

F o r frac tions o f  p o ly m e r 2 a t  th e  values o f  A  =  80 Á  an d  d — 40 Á th e  
ra tio s  A g / A ^  re la tin g  A 0 to  th e  lim itin g  va lu e  w ere ca lcu la ted  accord ing  
to  k n o w n  theo ries [7, 8 ] (T able  I I ) . T he v a lu e  o f  A m fo r th e  p o lym er u n d e r 
in v e s tig a tio n  o b ta in ed  fro m  th e  exp erim en ta l v a lu es  o f  A 0 an d  th e  ca lcu la ted  
ra tio s  A g / A ^  w ith  su b se q u e n t averag ing  over fra c tio n s  is (3.4 ^  0.17) X 1016 
J /K  k m o ll/3 an d  co incides w ith  th e  average  e x p e rim e n ta l va lue  of J 0 fo r 
flex ib le -ch ain  po lym ers. M oreover, th e  ra tio s  ( A ^  exp ./(M oo th e o r)2 and  A J A D) 
a re  0.8. F o r frac tio n  7 o f  p o ly m er 2 th e  value o f A 0 w as n o t  de te rm in ed  because 
th e  m easu rem en ts  o f  S*  w ere  ab sen t. T h is va lu e  w as, fro m  th e  average lim itin g  
v a lu e , (A'Jjav =  3 . 4 x l 0 ~ 16 J /K  m ol1/3 (colum n 8 in  T ab le  I I )  and  th e  value 
o f  A g / A ^  =  0.75 fo r f ra c tio n  7 (colum n 3 in  T ab le  I I ) .  I n  th is  case th e  v alue  
o f  A 0 w as A 0 =  2.55 X 1 0 ~ 16 J /K  k m o ll/3 an d  M Dr] =  2400 K g/km ol. I t  is 
n o te w o rth y  th a t  th e  h y d ro d y n a m ic  d iam ete rs  o f m olecules of po lym er 2 
o b ta in e d  from  th e  d a ta  o f m easu rem en ts o f  tra n s la t io n a l  fric tion , d^ =  
=  (46 i  5) Á and  v isco m e tric  d a ta  d  =  (35 5) Á  a re  h igh . B o th  values
g re a tly  exceed th e  le n g th  o f  a com pletely  ex te n d e d  side g roup  of po lym er 2 , 
l ^  17 Á, ju s t  as th e  v a lu e  o f th e  d iam ete r o f m olecules o f po lym er 2 o b ta in ed  
fro m  th e  m easu rem en ts  o f  p o lym er d en sity  dg =  15 A. H ow ever, as can  be 
seen from  curves 5 a n d  6 in  F ig . 5, h y d ro d y n am ic  d a ta  c a n n o t be rep resen ted  
on th e  basis o f a w o rm lik e  m odel w ith  a d ia m e te r  d  < / 20 A. Sim ilar values
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of d iam e te rs  o f cy linder-shaped  m acrom olecules w ere g iven  in  [3 ] b ased  on 
X -ra y  a n d  G PC m easu rem en ts. H ere  th e  h y d ro d y n am ic  m o lecu la r vo lum e 
exceeded  th a t  m easured  in  th e  g lassy  b u lk  b y  X -ray s . These h ig h  v a lu es  of 
th e  h y d ro d y n am ic  d iam ete r o f m acrom olecules are p ro b a b ly  due  to  a s tro n g  
in te ra c tio n  b e tw een  side chain  ra d ic a ls  con ta in in g  m esogenic g roups.

In ( I- 10s )

Fig. 5. E xperim ental dependences of M 2 [rj] and Зл r f  D L /kT  on ln L  and the  corresponding 
theoretical curves 1, 2, 5 (7) and 3, 4, 6 (6) a t the following values of A  and d: A r. =  60 Á, 
d4 =  40 Á (curve 1), A„ =  80 Á, dv  =  30 Á (curve 2), A D=  60 Á, dD =  50 Á (curve 3), 
A d =  100 Á, d[) =  40 Á (curve 4), A y  =  80 Ä, drj=  20 Á (curve 5), A q =  100 Á dD =  20 Á

(curve 6)

A t th is  h igh  value o f h y d ro d y n a m ic  d iam ete r o f m olecules d  ^  (30—40) Á, 
th e  degrees o f  a sy m m etry  o f m olecules p  =  L jd  for th e  frac tio n s  in v e s tig a te d  
a re  sm all: th e y  range from  (7— 5.5) to  (1—0.7). In  th is  ran g e  o f  p  th e  d ep en d ­
ences o f  [rj] an d  D  on M  fo r ro d lik e  pa rtic le s  expressed  in  th e  fo rm  o f th e  
M ark— K u h n  equa tions a re  ch a ra c te riz e d  b y  th e  va lu es  o f e x p o n e n ts  a and  
b low er th a n  0.5 [5]. T his m ak es i t  possible to  consider E q s (1) a p p ro x im a tin g  
th e  d ependences of [tj], D  a n d  S*  on M  (F ig . 4, s tra ig h t lines 1, 2 an d  3) 
on ly  as th e  f ir s t  ap p ro x im a tio n . S tra ig h t lines 1’, 2’ an d  3’ (b ro k en  lines in  
F ig . 4 p lo tte d  b y  th e  lea s t-sq u a re s  m ethod) w ith  slopes less th a n  0.5 rep re sen t 
th e  m ain  fea tu re s  of h y d ro d y n a m ic  p ro p ertie s  o f m olecules m ore closely  and  
a re  in  q u a n tita tiv e ly  b e tte r  a g reem en t w ith  th e  ex p e rim en ta l p o in ts .

T he equa tions

( 2 )

[tj] =  0 . 2 6 x l 0 - 3 M °-4 

D  =  3.4 х Ю - 3 М - ° - 4в 

S*  = 4 . 4  X 10 ~12 M °-54
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a re  th e  q u a lita tiv e  a n d  q u a n ti ta t iv e  re fin e m e n ts  o f  E q s  (1). T he v alue  of 
th e  in v a r ia n t  rj0 -KDK*/3/100 l/3 T  =  2.6 X 1 0 -16 J /K  k m o ll/3 is in  ag reem en t 
w ith  t h a t  o f ( A 0)av =  2 .7  X  Ю16 km ol1/3 is in  a g reem en t w ith  th a t  o f (A 0)av =  
=  2.7  X 1016 J /K  k m o l1/ 3 fo u n d  for th e  frac tio n s  in v es tig a ted .

Optical properties

F low  b irefringence  (F B ) observed  fo r po ly m ers  lis ted  in  T ables I  and  I I  
a n d  ch arac te rized  b y  th e  v a lu e  o f th e  sh ea r o p tica l coeffic ien t [n]/[i?] is 
n e g a tiv e  in  sign. T h is m ean s th a t  th e  side g roups o f th ese  po lym ers ex h ib it 
h ig h  p o sitiv e  op tica l a n iso tro p y  in  a system  o f th e ir  ow n axes and  th e  op tica l 
p o la r iz a b ility  of th e  m o n o m er u n it  is h ig h er in  th e  d irec tio n  perp en d icu la r 
to  th e  ax is  of th e  g re a te s t  le n g th  of th e  m olecule. T h is ex p erim en ta l fa c t con­
f irm s  th e  com b-like s tru c tu re  of these  p o lym ers, a n d  i t  su p p o rts  th e  aperiodic 
h e lica l m odel p roposed  fo r th ese  po lym ers in  [3], to o .

T h e  values o f sh e a r o p tica l coefficients o f po ly m ers  1-—5 in  T ab le  I  are 
r e la tiv e ly  h igh, an d  co m p ariso n  of po lym ers w ith  th e  sam e m olecular m ass 
show s t h a t  [n]/[??] in creases  w ith  th e  m odule w ith  increasing  len g th  of side 
g ro u p s.

I t  shou ld  be n o te d  t h a t  since F B  was m easu red  in  a so lv en t w hose re frac ­
tiv e  in d e x  ns is n o t e q u a l to  t h a t  o f th e  p o ly m ers  in v e s tig a te d  nk (refractive  
in d e x  in c rem en t o f th e  p o ly m er-so lv en t sy stem  A n/A c  ^  0.093 X 10 -  3 m 3/kg), 
th e  fo rm  effect, m a in ly  th e  m icroform  effect [5], p rov ides a ce rta in  c o n tr i­
b u tio n  to  th e  F B  v a lu e  b ecau se  th e  r ig id ity  o f  th e  m olecules u n d e r in v es tig a ­
tio n  is re la tiv e ly  h igh  (A  =  70 ^  10 Á). T he e v a lu a tio n  o f c o n tr ib u tio n  of th e  
fo rm  a n iso tro p y  (a lw ays positive) show s th a t  th e  v a lu e  of th e  shear o p tica l 
co e ffic ien t [re]/[^] co rresp o n d in g  to  th e  in tr in s ic  a n iso tro p y  o f th ese  m olecules 
m a y  be  15— 20%  h ig h e r th a n  those  lis ted  in  T ab le  I .

A  c e r ta in  decrease in  th e  v alue  o f  [re]/[rj] o b serv ed  for frac tio n s  of p o ly ­
m er 2 (T able  I I )  w ith  decreasing  m olecular m ass m a y  be due  to  th e  non- 
G au ssian  ty p e  of th e  m olecules in v es tig a ted  a t  low  M ,  as h as  a lread y  been 
m e n tio n e d  in  th e  d iscussion  o f  th e ir  h y d ro d y n a m ic  p ro p e rtie s . F o r unfrac- 
t io n a te d  sam ples an d  fo r  frac tio n s  o f p o lym er 2 (from  th e  h ig h est v a lue  of 
[re]/[ry] th e  differences b e tw een  th e  p o la rizab ilitie s  o f th e  s ta tis tic a l segm ent 
ot1 —  a 2 p ro p o rtio n a l to  th e  o p tica l an iso tro p y  o f th e  en tire  m olecule y 1 —  y2 
w ere d e te rm in ed  acco rd in g  to  th e  K u h n  e q u a tio n  [11]

x i
45 K T ns 

4 л(п* +  2)3
(3)

T h e  d a ta  lis ted  in  T ab le  I  and  th e ir  co m p ariso n  w ith  th e  differences 
b e tw een  th e  p o la rizab ilities  o f com b-like m acrom olecu les w ith o u t m esogenic 
g roups [12] in d ica te  t h a t  th e  in tro d u c tio n  of g ro u p s  fav o u rin g  th e  fo rm atio n
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of th e  liq u id -c ry sta llin e  s tru c tu re  in  low  m olecular w eight liq u id s  (double 
benzene rings) in to  th e  side chain  ra d ic a l leads to  a considerab le  in c rease  in 
th e  o p tica l a n iso tro p y  o f th e  e n tire  m olecule .

The o p tica l a n iso tro p y  o f  p o ly (b u ty l ac ry la te ) (PB A ) [12] w hose side 
ch a in  is o f th e  sam e len g th  as th a t  o f th e  po lym ers in v es tig a ted  b u t  does no t 
co n ta in  th e  m esogenic g roup , is b y  a fa c to r  o f  40— 45 low er th a n  t h a t  o f  p o ly ­
m ers 1— 5. T h is phenom enon  h as  been  o bserved  in  a series or com b-like  po lym er 
m olecules b ased  in  m e th ac ry lic  chains [1]. H ow ever, in  th is  case th is  p h en o ­
m enon is n o t so p ronounced  as, fo r ex am p le , fo r po lym ers o f  th e  ty p e  of 
p h en y lm eth y lac ry lic  esters  o f  ce ty l- or nony loxybenzo ic  acids [1, 2 ] th e  m ole­
cules of w hich  a lso  co n ta in  m esogenic side g roups h u t  o f g re a te r  le n g th .

I f  i t  is assum ed  th a t  th e  e q u ilib riu m  rig id ities o f p o ly m ers  lis ted  in 
T ab le  I  a re  close to  t h a t  o f  p o ly m er 2, i t  becom es clear th a t  th e se  po lym ers 
are  ch a rac te rized  n o t o n ly  b y  h igh  v a lu es  o f  a x —  aE b u t  also b y  re la tiv e ly  
h ig h  an iso trop ies o f th e  m onom er u n it  A x  =  (oq —  o ^ /S  =  (21 ±  3) 1 0 ~ 31 m 3 
(S  is th e  n u m b e r of m onom er u n its  in  a segm ent). This is also c h a ra c te r is tic  
o f  m acrom olecules co n ta in in g  s tro n g ly  in te ra c tin g  side g roups [1]. T h e  d a ta  
in  T ab le  I  an d  F ig . 3 in d ic a te  th a t  on passin g  from  po lym er 6 to  p o ly m er 7 
(com parison  w as carried  o u t in  th e  sam e so lven t) th e  shear o p tic a l coeffic ien t 
(an d , co rrespond ing ly , th e  o p tica l a n iso tro p y ) decreases severa l tim e s . H ence, 
th e  c o n tr ib u tio n  p ro v id ed  b y  th e  a n iso tro p y  of side g roup  to  th e  op tica l 
an iso tro p y  o f th e  m olecule as a w hole decreases a lth o u g h  th e  le n g th  o f th is  
g roup  increases as a re su lt o f th e  in tro d u c tio n  of th e  a lip h a tic  g ro u p  — C2H 4— . 
T h is decrease is due to  a h ig h er freedom  o f th e  m esogenic g ro u p , w h ich  leads 
to  a decrease in  th e  o p tica l a n iso tro p y  o f  th e  m olecule. S im ilar e x p e rim e n ta l 
fac ts  h av e  been  observed  in  th e  in v e s tig a tio n  of a n u m b er o f flex ib le -ch a in  
po lym ers c o n ta in in g  o p tica lly  an iso tro p ic  side groups.

F o r p o ly m er 7 in  T ab le  I  th is  increase  in  th e  d is tan ce  b e tw e e n  the  
m esogenic g roup  an d  th e  m a in  ch a in  an d  th e  increase in  its  freed o m  o f  ro ta tio n  
a re  accom pan ied  b y  a decrease in  th e  in te ra c tio n  betw een  th e  m esogenic 
frag m en ts  an d  th e  d isap p earan ce  o f h igh  in tram o lecu la r o r ie n ta tio n a l order.

In  conclusion , i t  m ay  be sa id  th a t  th e  h y d ro d y n am ic  a n d  o p tic a l ch a r­
ac te ris tic s  o f  th e  m acrom olecules in v e s tig a te d  show  th a t  sh o rt c h a in  m olecules 
co n ta in in g  m esogenic g roups also e x h ib it o rien ta tio n a l in tra m o le c u la r  order 
as a re su lt o f s tro n g  in te ra c tio n  b e tw een  th e  side groups. T his o rd e r is re flec ted  
in  th e  re la tiv e ly  h igh eq u ilib riu m  r ig id ity  o f  th e  m ain  ch a in s , h ig h  hydro- 
dynam ic  d iam ete rs  o f th e  m olecules an d  h ig h  op tica l a n iso tro p y  o f  th e  segm ent 
an d  th e  m olecule as a w hole.
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Nb(V) and  Ta(V) react w ith  barb itu ric  acid in aqueous m edia form ing pink and 
reddish coloured soluble complexes having m axim um  absorbance a t  534 nm  and 494 
nm , respectively. The m etal to  ligand ratio  has been found to  be 1 : 2 for the Nb(V) 
complex and 1 : 1 for the Ta(V) complex. The reaction has been used for spectrophoto- 
m etric and po ten tiom etric  determ ination  of these metals.

N iobium  a n d  ta n ta lu m  h av e  been  de te rm ined  in  aq u eo u s  m edia by 
g rav im etric , sp e c tro p h o to m e tric  an d  po larog raph ic  m e th o d s  u sin g  various 
reag en ts  [1— 4]. T h ere  is, how ever, no reference in  th e  l i te r a tu r e  regard ing  
p o ten tio m e tric  e s tim a tio n  o f th ese  m eta ls  to g e th e r in  aq u eo u s m ed ia  though  
a  few analyses o f  N b(V ) an d  Ta(V ) in  p u re  so lu tions in  n o n -aq u eo u s  m edia 
are  rep o rted  [5— 7]. E s tim a tio n  o f n iob ium  and  ta n ta lu m  in  m ix tu re  by  
in s tru m e n ta l m e th o d s  is o f in te re s t  since th e  tw o m eta ls  show  close resem ­
b lance  in  th e ir  p ro p e rtie s . In  th e  p re sen t com m u n ica tio n  b a rb itu r ic  acid 
(2 ,4 ,6 -trih y d ro x y  p y rim id in e ) has been  used  for sp e c tro p h o to m e tr ic  and  also 
p o te n tio m e tric  d e te rm in a tio n  o f Nb(V) an d  Ta(V) to g e th e r  in  aq u eo u s m edia. 
B a rb itu ric  acid  g ives a p in k  an d  red d ish  colour w ith  N b(V ) a n d  Ta(V) w ith  
m ax im u m  ab so rb an ce  a t  534 n m  an d  494 nm , re sp ec tiv e ly . E s tim a tio n  of 
th ese  m eta ls  b y  p o te n tio m e tr ic  m eth o d  w as also possible since th e re  is a sharp  
change in  p o te n tia l  a t  th e  equ ivalence  p o in t w hich co rresp o n d s to  1 : 2 and 
1 : 1 (m eta l : lig an d ) ra tio  fo r Nb(V) an d  Ta(Y) com plexes, respectively . 
S p ec tro p h o to m e tric  s tu d ies  also in d ica ted  th e  sam e m e ta l to  ligand  ratio .

Acta Chimica Hungarica 123 (3 -4 ) ,  pp . 93 911 (1986)

E xperim en ta l

pH  and po ten tia l m easurem ents were carried ou t on a Toshniw al CL 43 pH-m cter 
having a combined glass-calomel electrode. A bsorption m easurem ents were carried out on 
a Beckman DB spectrophotom eter using quartz  cells of one cm p a th  length.

Preparation o f  solutions

Solutions o f pure N b20 5 and T a20 6 (F luka) were prepared by fusing them  separately 
w ith potassium  hydrogen sulfate and ex tracting  the m elt w ith 10% aqueous solution of oxalic 
acid [8]. Nb(V) and  Ta(V) were estim ated in the ir respective solutions by  precipitating with

* To whom correspondence should be addressed.
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ta n n ic  ac id  and finally weighing as pen tox ides [1]. These solutions were used as stock solutions 
and  d ilu te d  to  the required con cen tra tio n  during operation.

0.04 M  solution of b a rb itu ric  acid  was prepared by  dissolving its  calculated am ount 
in  d o u b ly  distilled w ater and fu r th e r  d ilu ted  whenever require.

R e su lts  and  D iscussion

Spectrophotometric determination

N b(V ) and  Ta(V) so lu tio n s  give p ink  an d  re d d ish  co lour im m ed ia te ly  
on m ix in g  w ith  b a rb itu ric  a c id  so lu tion  a t p H  4.5 a n d  6 h av in g  m ax im u m  
a b s o rb a n c e  a t  534 nm  a n d  494  n m , respectively . T h e  re a g e n t so lu tion  d id  n o t 
show  a n y  absorbance in  th e se  reg io n s.

T h e  system s w ere fo u n d  to  obey  B eer’s law  w ith in  th e  range o f 5 to  
68 p p m  o f  Nb(V) and  5 to  130 p p m  o f Ta(V). S to ic h io m e try  o f b o th  com plexes 
h as  b e e n  determ ined  b y  J o b ’s m e th o d  of co n tin u o u s v a r ia tio n  [9] an d  m ole 
ra t io  m e th o d  [10]. F o r th e  n io b iu m  com plex th e  m e ta l  to  ligand  ra tio  w as 
fo u n d  to  b e  1 : 2 w hereas fo r th e  ta n ta lu m  com plex  i t  w as 1 : 1 .

Interference by foreign ions

N b (V ) can be e s tim a te d  in  th e  presence o f  M g2+, A l3+, B i3+, C r3+, 
F e 3 + , C o 3+, V 5+, T a 5 + , W 6 + a n d  U 6+ b u t Cu2+, P b 2+ ,T i2+ an d  Z r4+ in te rfe re .

T a(V ) can be e s tim a ted  b y  th is  m ethod  in  th e  p resence  o f Mg2+, A l3 + , 
V 3 + , N b 5+, Mo6+, and  U e+, b u t  Cu2+, P b 2+, T i2+, C o3+, F e 3+, and  Z r4 + 
in te r fe re .

S p ec tro p h o to m e tric  d e te rm in a tio n  of Nb(V) a n d  Ta(V ) can  be done 
d ire c tly . Som e resu lts o f sp e c tro p h o to m e tric  e s tim a tio n s  are  g iven  in  T ab les I  
an d  I I .

Potentiometrie determination

B o th  d irec t and rev e rse  t i t r a t io n s  were ca rried  o u t. 1 X  1 0 -2 , 5 X 1 0 ~ 3 
an d  2 .5  X  1 0 ~ 3 M  solutions o f  N b(V ) and  Ta(V) w ere u se d  in  d irec t t i tra tio n s  
an d  l x l O - 3 , 5 x l 0 -4  an d  2 .5  X  1 0 ~ 4 А/ solu tions in  th e  reverse  ti tra tio n s . 
In  th e  d ire c t  titra tio n  th e  m e ta l  so lu tion  was ad d e d  fro m  a m ic ro -b u re tte  
to  th e  l ig a n d  solution in  th e  ce ll a n d  vice versa  in  rev e rse  t i t ra t io n . L igand  
so lu tio n s  o f  sim ilar c o n c e n tra tio n s  w ere used. C o n cen tra tio n  o f th e  so lu tion  
in  th e  b u r e t t e  was k ep t 10 t im e s  h ig h e r th a n  th a t  o f  th e  so lu tio n  in  th e  cell 
d u rin g  t i t r a t io n .  A sharp  c h an g e  in  p o ten tia l w as o b se rv ed  a t  equivalence 
p o in t. T h e  end -po in t was o b ta in e d  b y  p lo ttin g  A E / A V  a g a in s t vo lum e added  
an d  i t  co rresp o n d ed  to  1 : 2 a n d  1 : 1 m etal to  lig an d  ra tio s  fo r th e  Nb(Y) 
and  T a(V ) com plex, re sp ec tiv e ly .

W h ile  t i tra tin g  th e  m ix tu re  o f Nb(V) and  T a(V ), th e  t i t r a t io n  curve  
show ed  tw o  d istinc t in flec tio n s a n d  tw o peaks w ere o b ta in e d  w hen A E / A V
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w as p lo tte d  a g a in s t, th e  vo lum e ad d ed . T h is in d ica tes  th a t  th e  p resen ce  of 
one m e ta l does n o t in te rfe re  w ith  th e  d e te rm in a tio n  o f th e  o th e r  b y  th is  
m ethod .

R esu lts  o f  som e p o ten tio m e tric  e s tim a tio n s  are  given in  T ab les I I I  and  
IV  an d  also rep re sen ted  g raph ica lly  in  F igs 1, 2 , 3a and  3b.

Table I

Spectrophotometric estimation o f Nb(V) and Ta(V) in pure solutions

No.
Nb(V)
present

(fig)

Nb(V)
found
(f»g)

Error
(%)

Та( V) 
present 

(Mg)

Ta(V)
found
(Mg)

E rro r
(%)

i. 25.34 35.24 0.24 50.68 50.91 0.42
2. 55.75 55.60 0.27 60.34 60.26 0.13
3. 64.70 64.82 0.12 126.70 126.21 0.36

Table II

Spectrophotometric estimation o f  Nb(V) and in mixture

No.
Nb(V)

present
0*g)

Nb(V)
found
(Mg)

Error
(%)

T«(V)
present

(Mg)

Ta(V)
found
(Mg)

E rro r
(% )

l . 28.28 28.30 0.23 26.98 27.90 0.29
2. 52.50 52.55 0.10 54.82 54.91 0.17
3. 59.18 59.26 0.14 108.42 108.66 0.22

Table III

Potentiometric estimation o f Nb(V) and  Ta(V) in pure solutions

D irect T itration D irect T itration

No.

Nb(V) solution vs. bar­
b itu ric  acid solution in cell

Ta(V) solution vs. b a r ­
b ituric acid solution in  cell

Nb(V)
present

<Mg)

Nb(V)
found
(Mg)

Error
(%)

Nb(V)
present

(Mg)

Nb(V)
dound

(Mg)

E rro r
<%)

l . 23.25 23.19 0.26 90.50 90.68 0.19
2. 11.63 11.61 0.17 45.75 45.16 0.20
3. 5.81 5.79 0.34 22.63 22.58 0.22

Table IV

Potentiometric estimation o f  Nb(V) and Ta(V) in mixture

Estim ation  of Nb(V) Estim ation of Ta(V)

No. Nb(V)
present

(Mg)

Nb(V)
found
(Mg)

Error
(%)

Та
present

0 *g)

Ta(V)
found
(Mg)

E rro r
(%)

l. 23.25 23.19 0.26 90.50 90.67 0.21
2. 11.63 11.60 0.26 45.25 45.17 0.18
3. 5.81 5.80 0.17 22.63 22.57 0.27
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Fig. 1. D irec t titra tion  of Nb(V) w ith  barbituric acid ; (1) titra tio n  of l .O x lO -2 M  soln. of 
N b(V) w ith  50 ml of l.O x 10-3  M  soln. of barbituric  acid, (2) titra tion  of 5.0X 10~3 M  soln. 
of N b(V ) w ith  50 ml of 5.0X 10-4  M  soln. of barbituric  acid, (3) titra tion  of 2.5X 10~3 M  soln. 

of Nb(V) w ith  50 ml of 2 .5X 10-4  M  soln. of barbituric acid

Volume added (m l]  —*- 
I Soln. of Ta (v) ]

Fig. 2 .D irec t titra tio n  of Ta(V) w ith  barbituric  acid; (1) titra tio n  of l x  10_г M  soln. of Ta(V) 
soln. w ith  50 ml of l x l 0 -3  M  soln. of barbituric acid, (2) titra tio n  of 5 х 1 0 _3 M  soln. of 
Ta(Y) soln. w ith  of 50 ml of 5 x  10-4  M  soln. of barb itu ric  acid, (3) titra tio n  of 2.5X 10-3  M  

soln. of Ta(V) soln. w ith  50 ml of 2 .5X 10-4  M  soln. of barbituric acid
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Fig. 3a. T itration  of a m ix ture  of 1 X 10-2 M  Nb(V) and 0.01 M  Ta(Y) soln. w ith  1 X 10-3 M
soln of barb itu ric  acid

I Mixture of Nb (vl and To (v ) soln. ]

F ig. 3b. D irect titra tio n  of a m ixture of Nb(V) and  Ta(V) w ith barb itu ric  acid ; (1) Nb(V) soln. 
w ith  ligand soln., (2) Ta(V) soln. w ith ligand soln.

Interference by foreign ions

Nb(V) can  be  e s tim a ted  p o te n tio m e tric a lly  using  b a rb i tu r ic  acid in 
th e  presence o f M g2 + , Co2+, P b 2+, F e 3+, Mo° + , N 0 3 ,C 1 - , o x a la ta  b u t  Cd2+, 
Z r4 + , V 5+, W G+, H O 3- , I - , B r~  an d  c itra te  in terfere .

Ta(V) can be  e s tim a te d  in  th e  p resence  o f Mg2+, Co2+, F e 3 + , Y 5 + , Mo0+, 
N O ^ , C l- , o x a la te  an d  c itra te  b u t  P b 2+, Cd2+, Z r4 + , W e + , B r - , I “ and 
B O 3-  in te rfe re .
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The relationship has been stud ied  betw een the ra te  of hydrolysis of 1-aryloxy- 
silatranes — and concentrations of N aO H  in aqueous solution as well as in  m edia of dif­
feren t polarity . The results allowed to  hypothesize the possibility of opera ting  of the 
Sjvj-l-Si mechanism of the reaction  parallel to  th a t  of Sn-2-Sí .

Investigation of the relationship  betw een the ra te  constant, k, and  w ater con­
cen tra tion  in aqueous m ethanol supported  the valid ity  of the hypothesis.

The percentage contribu tion  of the hydrolysis reaction occurring according to 
th e  SN-1-Si mechanism to th e  overall process has been found to range betw een 0 and 
60 depending on the conditions.

T h e h ith e r to  rep o rted  s tu d ie s  on th e  m echanism  of so lvo lysis , in  p a r tic ­
u la r  h y d ro ly s is , of silicon an d  o rganosilicon  com pounds have  led  to  conclusion  
th a t  th e  reac tio n s  proceed v ia  th e  SN-2-Si m echan ism  [1, 2].

V o ro n k o v  an d  associa tes h a v e  re p o rte d  [3— 5] re su lts  show in g  th a t  as 
fa r  as th e  m echan ism  o f th e  h y d ro ly s is  is considered , th e  co m p o u n d s  can  be 
d iv id ed  in to  tw o g roups: 1 -a lk y ls ila tran es  w ith  R  =  C H 3, C2H 5, n-C 3H 7, 
iso-C3H 7 w here th e  c o n s ta n t p ca lc u la ted  from  th e  H a m m e tt’s e q u a tio n , is 
g =  + 4 .7 6  [3] and  1 -a lk o x y sila tran es  (R  =  C H 30 ,  C2H 50 ,  n-C 3H 70 ,  iso- 
C3H 70 ,  tert-C4H 90 ,  n-C4H 90 ,  iso-C4H 90 ,  sec-C4H 90 ) , w here th e  c o n s ta n t  is g =  
=  + 2 ,6 0  [3]. In  a n o th e r p a p e r  [4], th e  a u th o rs  classify  th e  c o m p o u n d s  using 
th e  som e crite rio n  in to  tw o  g ro u p s , one em bracing  a lk o x y s ila tra n e s , and  
th e  o th e r  a ry lo x y sila tran es . F o r th e  g roup  of a lk o x y s ila tra n e s  (w ith  
R  =  OC2H 5, n-C3H 70 ,  i-C 3H 70 ,  t-C4H 90 ,  t-C4H 9CH20 ) , th e  H a m m e tt ’s con­
s ta n t  w as g = — 1.26. W hereas fo r 1-a ry lo x y sila tran es  (w ith  R  =  C6H 50 , 
2-C H 3C6H 40 ,  3-C H 3C6H 40 ,  4 -C H 3CeH 40 ,  4-C H 30 C r,H40 ,  4-ClC6H 40  and  
C6H 5C H 20 ) ,  th e  c o n s ta n t w as g =  — 0.23.

I n  th e  g roup  of co m pounds w ith  p o sitive  g values, th e  r a te  d e te rm in in g  
s te p  o f  th e  reac tio n  w as th e  nucleo p h ilic  a t ta c k  o f th e  w a te r  m olecu le  or of

+ P a r t IV .: Lukasiak, J .,  Sam et, A., Lipniewicz, I., Nadolski, A.: S tudies on 1-aryloxy- 
silatranes. P a rt IV. Analysis of relationships betw een the minimal inh ib ito ry  concentration 
and properties of 1-aryloxysilatranes, Farm acja  Polska, 41, 283 (1985).
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th e  h y d ra te d  O H ~  io n , w h ils t in  th e  group w ith  n e g a tiv e  о values th e re  w as 
th e  a t ta c k  of th e  h y d ro x o n iu m  ion.

D esp ite  th e  fa ilu re  o f  de tec tin g  sililen ium  io n  am ong th e  h y d ro lysis  
p ro d u c ts  o f th e  co m p o u n d s  [6— 11], Boe [12] su g g ested  th a t  th e  m echan ism  
o f so lvo lysis o f co m p o u n d s co n ta in in g  th e  Si— OC b o n d  can  be b o th  Sn -2-Sí 
a n d  SN-1-Si.

T h e  sililenium  ions h a v e  y e t been o b se rv ed  e ith e r  in  th e  gas ph ase  or 
u n d e r  cond itions o f m ass  sp ec tro m e try  [9, 13]. I n  [14— 16], m ass sp ec tra  
a llow ed  to  id en tify  a f ra g m e n t w ith  m/e =  174, a ssigned  to  [N (CH 2CH20 ) 3S i]+.

T h e  resu lts  o f o u r  in v es tig a tio n s  a re  co n cern ed  w ith  th e  k inetics of 
h y d ro ly s is  o f 1-a ry lo x y s ila tra n es  of th e  g en era l fo rm u la  R n— C6H 5 —  
— О— Si(O C H 2CH2)3N , w ith  R  =  H , B r, I , Cl, C H 3, C2H 5, N 0 2, O C H 3 an d  
n —  1, 2, 3 an d  w ere p u b lish e d  in  [17]. T he c a lc u la te d  H a m m e tt’s c o n s ta n t 
o f  th e  com pounds w as 0 .31. T h e  close to  zero  v a lu e  o f  th e  c o n s tan t d id  n o t  
a llow  to  de te rm ine  th e  ty p e  o f  th e  reac tio n  m e c h a n ism  (as fo r |g| <  1 even  
th e  sig n  o f  th e  c o n s ta n t does n o t  p rov ide a so u n d  b as is  to  classify  th e  re a c tio n  
m ech an ism ) [18].

E xperim en ta l

The preparation  of th e  com pounds, their iden tification  and  the determ ination of the 
ra te  constan ts were described in  th e  previous reports [16, 17, 19]. The structure of th e  new 
com pounds l-(2-phenylphenoxy)silatrane, l-(4 -phenylphenoxy)silatrane and l-(2-carbon- 
am idophenoxy)silatrane w as based on the results of e lem ental analyses and the IR  spectra 
listed in  T able I.

T he relationship was determ ined  between the ra te  constan t of hydrolysis and the 
concen tra tion  of NaOH for 1-aryloxysilatranes of the general form ula:

0 - S i  (0CH2 CH2 ) 3  N

where R  =  H , Br, CH3, OCH3, Cl, CeH 6 and CONH2 w ith  n =  1 and 2. The concentration 
of th e  sila tranes in  the solutions was about 10-4  M , w hereas th a t  of N aO H  was varied w ithin 
0.01 — 0.06 M . For selected com pounds, also the relationship betw een the ra te  constant and 
w ater concentration  was studied.

R esults

E q u a tio n s  of lin e a r  reg ression  o f th e  re la tio n sh ip s  w ere co m p u ted  b y  
th e  le a s t-sq u a re s  m e th o d . In  a ll equa tions th e  reg ressio n  coefficients w ere 
h ig h e r  th a n  0.99.

T h e  m easu rem en ts  o f  th e  r a te  co n s tan t, k,  fo r e leven  1 -a ry lo x y sila tran es  
fo r v a r io u s  N aO H  c o n c e n tra tio n s  in  w a te r allow ed th e  fo llow ing lin ear reg res­
sion  e q u a tio n  to  be d e riv ed .

log  к =  a log [N aO H ] -(- b

w here  n u m erica l va lu es  o f  p a ra m e te rs  a an d  b a re  show n  in  T able I I .
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Table I

Results o f analysis

Elem ental analysis In te rp re ta tio n  o f IR  spectra [20, 21)

Compound

% C

Calcd. 
Found 
% H %  Si

Ät(NCH.) M N C .)
d(CH,)

fae(C— OSi) v(C— OSi) v(Si—OAr) ..(S iO .) d (skel)

l-(2-phenylphenoxy)-silatrane 62.95 6.16 8.18
1270 s 1110 9 1090 a 1020 m 940 m 910 m 650 m 590 961.93 6.10 8.01

l-(4-phenylphenoxy)-silatrane
62.95 6.16 8.18

1275 m 1120 s 1100 9 1020 m 940 m 900 9 640 m 580 m62.05 6.12 7.98

l-(2-carbonamidophenoxy)-
silatrane

50.32
49.85

5.84
5.62

9.04
8.99

1270 s 1120 9 1090 9 1020 m 940 m 900 s 630 m 595 ra

Table П

Numerical values *of the parameters in regression equation, 
log k =  a log [NaOH] -f- b

- S i  (ОСИ2'CH2)3 N

R я
P aram eter -------- 2-C .H , 4-Br 4-CH, 4-OCH, H 2-CONH, 4-C .H , 2 —Cl 2-CH,

2 ,6 -
- ( C H ,) , 2,6-Cl,

a
b

0.98
-0 .7 1
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Table Ш

Numerical values o f the parameters in  regression equation, 
log к  =  a log [NaOH] +  b

Compound M ETH A NO L

1-phenoxy- l-(2 ,6 -dim ethyl- l-(2-phenylphenoxy)- l-(4-phenylphe- l-(2-carbonamido-
sila tranc phenoxy)silatrane sila trane  noxy)silatrane phenoxy)silatrane

Cone, of w ate r % v/v v. a b a b a b a b a b

100 0.87 — 0.89 0.73 1.34 0.98 — 0.71 0.82 — 0.92 0.83 — 0.73
85 0.91 — 1.06 0.80 -1 .3 6 0.99 - 0 .9 2 0.89 — 0.98 0.77 — 1.02
70 0.98 — 1.16 0.90 1.48 0.96 — 1.12 0.99 — 1.03 0.72 — 1.27
50 0.97 — 1.42 1.04 1.49 1.04 — 1.32 1.07 — 1.21 0.89 — 1.38

Table IV

Numerical values o f  the parameters in  regression equation, 
log к =  a log [N aOH j - j-  b

ET H Y LE N E GLYCOL A C ETO N ITR ILE

1-Phenoxysilatrane l-(2 ,6 -dim ethyl- 1-Phenoxysilatrane 
phenoxy)-sdatrane

a b a  b a b

100 0.87 — 0.89 0.73 — 1.34 0.87 -0 .8 9
85 0.90 — 1.08 0.78 — 1.39 0.90 — 1.13
70 0.93 -1 .18 0.82 — 1.57 0.94 — 1.22
50 0.99 -1 .4 2 0.92 — 1.78 0.98 — 1.39
30 — — — — 0.97 — 1.51

For all linear regression equations the correlation coefficient r  >  0.995

A  sim ila r e q u a tio n  ho lds fo r re la tio n sh ip  b e tw een  th e  ra te  c o n s ta n t к 
an d  th e  co n c e n tra tio n  o f  N aO H  for 1 -p h en o x y sila tran e  an d  l-(2 ,6 -d im eth y l- 
p h e n o x y )s ila tra n e , l-(2 -p h e n y lp h e n o x y )s ila tra n e ,l- (4 -p h e n y lp h e n o x y )s ila tra n e  
a n d  l-(2 -ca rb o n am id o p h e n o x y )s ila tra n e  in  aq u eo u s m e th an o l. N um erica l 
v a lu es  o f  a an d  b a re  show n in  T ab le  I I I .

F o r  1 -p h en o x y sila tran e  and  l- (2 ,6 -d im e th y lp h e n o x y )s ila tran e  s im ila r 
in v e s tig a tio n s  w ere also  ca rried  o u t in  th e  w a te r  —  e th y len e  glycol an d  
w a te r  —  ace to n itrile  so lv en t system s. T he coeffic ien ts  are  show n in  T ab le  IV .

I t  w as e x p e rim en ta lly  verified  th a t  in  th e  specified  so lven t system s, th e  
re la tio n sh ip  betw een  th e  c o n cen tra tio n  o f N a O H  an d  its  a c tiv ity  expressed  
in  te rm s  o f  e lec tro ly tic  c o n d u c tiv ity , A, w as lin e a r :

log A =  A  log [N aO H ] +  B,  w h ere  A  =  0.97 —  1.05

T h is  allow s to  ig n o re  th e  in fluence o f  th e  v a r ia tio n s  in  th e  a c t iv i ty  o f  
N aO H  in  th e  so lu tions on  th e  r a te  co n stan ts  o ccu rrin g  in  regression  eq u a tio n s  
as th e  coeffic ien t a.
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I f  th e  hyd ro lysis  occurred  acco rd in g  to  th e  SN-2-Si m e ch an ism , th e  ra te  
o f  th e  re a c tio n  could be expressed  b y  e q u a tio n

v =  k 0 ■ Cs ■ CqH~

w here С он-  =  C-NaOĤ  Cs —  is th e  s ila tra n e  co n cen tra tion , a n d  n  is th e  order 
o f  re a c tio n  re la tiv e  to  N aO H . In  th e  case o f  th e  Sjm-2 m echan ism , n  =  1.

O w ing to  a la rge  excess o f  N aO H  as com pared  w ith  th e  s i la tra n e  con­
c e n tra tio n , th e  reac tio n  w as assum ed  to  be firs t-o rd er (p seu d o -firs t-o rd e r), 
hence th e  found  к  va lue , k f =  k 0 ■ Cqh—. In  logarithm ic fo rm :

log k f =  log  k 0 +  n  log C0H-

w here n co rresponds to  th e  e x p e rim e n ta lly  found a v a lu e  (T ab les  I I — IV).
D a ta  in  T ables ( I I — IY) rev ea l th a t  th e re  is no n e a t SN-2 m ech an ism  of 

th e  h y d ro ly sis , because th e  ex p e rim e n ta lly  found  order of th e  re a c tio n  re la tiv e  
to  N aO H  is b o th  frac tio n a l a n d  v a ria b le . W hen th e  s o lu tio n ’s p o la rity  
decreases, th e  v alue  o f coeffic ien t a ap p ro ach es u n ity .

T h e  a va lue  depends p r im a rily  on th e  m edium  p o la r ity , as evidenced 
b y  in sp ec tio n  of th e  a va lues fo r th e  sy s te m s: w a te r —  e th y len e  g ly co l, w a te r  — 
a c e to n itr ile  an d  w a te r —  m e th a n o l th e  d ielectric  c o n s ta n t o f  m e th a n o l is 
31.2, w h ereas  th a t  o f e th y len e  glycol a n d  aceton itrile  is 38.8 a t  20 °C.

D a ta  in  T ab le  I I  show  th a t  p a ra -s u b s titu e n ts  increase th e  a v a lu es  and 
th e  o rth o -su b stitu en ts  decrease th e  v a lu e  as com pared to  t h a t  o f  1-phenoxy- 
s ila tra n e . In  d i-su b s titu te d  co m p o u n d s th e  effect is s tro n g er t h a t  in  th e  mono- 
s u b s ti tu te d  ones, w ith  th e  ex cep tio n  o f  l - ( 2-p h en y lp h en o x y )s ila tran e  and
l-(4 -p h en y lp h en o x y )-s ila tran e  w here  th e  in fluence o f th e  p o s itio n  o f sub­
s t i tu t io n  is ju s t  reverse.

A n analy sis  o f th e  p h en o m en a  allow ed to  hypo thesize  t h a t  d u rin g  the  
h y d ro ly s is  o f  1-a ry lo x y sila tran es  tw o  p a ra lle l m echanism s a re  o p e ra tin g , Sn-2 
an d  S n-1, th e  c o n tr ib u tio n  o f  e ith e r  o f  th e m  depending on th e  co n d itio n s of 
ex p e rim e n t, in  p a r tic u la r  on th e  m ed iu m  p o la rity .

In  o rd e r to  v e rify  th e  h y p o th es is , a re la tio n sh ip  was in v e s tig a te d  betw een 
th e  w a te r  co n cen tra tio n  an d  th e  r a te  c o n s ta n t of hydro lysis, k ,  fo r  1-phenoxy- 
s ila tra n e , l - ( 2 ,6-d im e th y lp h e n o x y )s ila tra n e , l - (2-p h en y lp h en o x y )s ila tran e , 1- 
(4 -p h en y lp h en o x y )s ila tran e  an d  l- (2 -ca rb o n am id o p h en o x y )s ila tran e  in  aqueous 
m e th a n o l. T he resu lts  allow ed to  d e riv e  equ a tio n s of lin ea r reg ress io n

In к  =  ос [H 20 ] +  ß

C oefficien ts a  an d  ß  for tw o  c o n c e n tra tio n s  of N aO H  are  l is te d  in  T ab le  Y.
In v e s tig a tio n  o f th e  effect o f  N aO H  a c tiv ity  expressed  b y  i ts  electrical 

c o n d u c tiv ity , Д, in  re la tio n  to  w a te r  co n cen tra tio n  in  aq u e o u s  m ethano l
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Table V

Numerical values o f the parameters in regression equation, 
In к  =  a  [H20 ]  +  ß

NaOH
1-Phenoxysilatrane l-(2 ,6 -dimethylphenoxy)-

silatrane
l-(2 -phenylphenoxy)-

silatrane
l-(4-phenylphenoxy)-

sila trane
l-(2 -carbonamido-
phenoxy)silatrane

a ß a ß a ß a ß « ß

0.01 0.063 - 9 .5 0.071 -1 0 .2 0.062 -9 .4 5 0.066 - 9 .5 2 0.063 - 8 .9
0.05 0.050 - 7 .4 0.048 - 8 .1 0.058 -7 .6 8 0.051 - 7 .3 4 0.057 - 7 .3

Table VI

Rate constants, k l and k2 for the hydrolysis reactions occurring via SN-1 and S^-2 mechanisms, respectively

SOLVENT

M ethanol E thylene glycol A cetonitrile

l-Phenoxyeilatrane l-(2 ,6 -dimethylphenoxy)-
eilatrane

1-Phenoxysilatrane l-(2 ,6 -dimethylphenoxy)-
silatrane

1-Phenoxysilatrane

1 0 «*, 10«*, 1 0 'fc, 10«*2 10«*, 1 0 % 1 0 «*, 1 0 4 , 1 0 «*x 1 0 4 ,
% н„0 s _1 8 _ ,dmsmol~ 1 8“ 1 S'_1din3inol_1 8 -1 8 - 1dm 3m ol-1 8_1 8 - 1dm 3m ol_1 8“1 8 - 1dm 3m ol-1

1 0 0 8 . 0 1700 9.6 800 8 . 0 1700 9.6 800 8 . 0 1700
85 3.0 1 1 0 0 5.3 700 3.6 1050 3.9 690 3.6 950
70 0.4 700 1 . 1 450 1 . 8 800 2 . 8 400 1.3 500
50 _ 400 0.1 400 0.1 400 0.5 2 0 0 0.3 400
30 — — — — — — — — 0.3 250
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allow ed to  derive th e  fo llow ing eq u a tio n :

In A =  oc [H 20 ]  +  ß

C oefficient x  a m o u n te d  to  0.027 an d  w as in d e p e n d e n t o f  th e  N aO H  
co n cen tra tio n  over th e  ra n g e  0.01— 0.05 M ,  th u s  in d ic a tin g  t h a t  th e  v a ria tio n s 
in  a  values in  T ab le  У  c a n n o t be ascribed  to  v a r ia tio n  in  th e  a c t iv i ty  o f  N aO H , 
b u t  to  th e  n a tu re  o f  th e  com p o u n d  s tu d ied .

As expec ted  th e  «  va lu es  decrease w ith  increasing  N aO H  co n cen tra tio n  
(T able V), th u s  su p p o rtin g  th e  h y p o th esis .

S ta rtin g  from  th e  re la tio n sh ip  b e tw een  c o n s ta n t к  fo r  th e  process 
invo lv ing  p ara lle l reac tio n s  an d  k x co n s ta n ts  o f p a r tia l  p rocesses, one can 
w rite :

к  =  k 1 k2 • С он  ,

w here к  is th e  c o n s ta n t o f th e  hyd ro lysis  re ac tio n : k y is th e  r a te  c o n s ta n t of 
a reac tio n  follow ing th e  SN-1 m echan ism  an d  k2 is th e  r a te  c o n s ta n t o f a reac­
tio n  proceeding  acco rd in g  to  th e  SN-2 m echan ism , an d  C0H~ is co n stan t.

On th e  basis  o f th e  к  va lues ca lcu la ted  from  th e  reg ression  equation  
fo r tw o d ifferen t N aO H  co n cen tra tio n s  (Tables I I  an d  IV ) r a te  co n stan ts  
k x an d  k2 were e s tim a te d  fo r p a r tic u la r  h y d ro lysis  co n d itio n s o f  1-phenoxy- 
s ila tra n e  and  l- (2 ,6 -d im e th y lp h en o x y )s ila tran e . T he re su lts  a re  show n in 
T ab le  V I.

D a ta  in  T ab le  V I show  a decrease o f k x w ith  decreasing  p o la r ity  o f th e  
m echan ism  an d  a w eak  re la tio n sh ip  betw een  co n fo rm atio n  o f  th e  com pounds 
an d  k x fo r th e  g iven  m ed iu m  p o la rity .

O n th e  o th e r  h a n d , k2 va lues are  c learly  d ep en d en t on th e  con fo rm ation  
o f  th e  com pounds a n d  o n ly  slig h tly  on th e  m ed ium  p o la rity .

T he resu lts  su g g est th a t  th e  effect o f  o r th o -su b s titu e n ts  on  th e  ra te  
o f hydro lysis consists m a in ly  on  h am p erin g  th e  Sn-2 re a c tio n , w hereas v a ri­
a tio n s  in  th e  m ed ium  p o la r ity  a ffec t p re d o m in a n tly  th e  SN-1 reac tio n .

D epending  on co n d itio n s, th e  p ercen tag e  c o n tr ib u tio n  o f  th e  SN-1 
re a c tio n  to  th e  o v era ll p rocess has been e s tim a ted  to  ran g e  b e tw een  0 an d  60.

C onclusions

A com parison  o f th e  lin ea r regression lines b y  using  th e  p a ra lle lity  te s t 
show ed th a t  s ta tis t ic a lly  s ig n ifican t d ifferences be tw een  coeffic ien ts  a occur:

(i) for th e  In к  =  f(cH 0) cu rves fo r 0.01 an d  0.05 M  N a O H  co n cen tra ­
tio n s  in  th e  case o f  1-p h en o x y sila tran e  a t  a sign ificance lev e l a  <  0 .001, 
w hereas in  th e  case o f  l - ( 2 ,6-d im e th y lp h en o x y )s ila tran e  a t  x  <  0 .01.
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(ii) for curves d esc rib ed  b y  th e  eq u a tio n  

lo g  к  =  a log cOH-  +  b

in  t h e  case  of 1-p h e n o x y s ila tra n e  in  w ater an d  aq u eo u s m e th a n o l (1 : 1) a t  
a  =  0 .15  as well as fo r l-(2 ,6 -d im e th y lp h e n o x y )s ila tran e  a t  «  <  0.002. F o r 
1-p h e n o x y s ila tra n e  an d  l - ( 2 ,6 -d im e th y lp h en o x y )s ila tran e  in  w a te r  an d  
w a te r— eth y len e  glycol m ix tu re .

(iii) s ta tis tic a lly  s ig n if ic a n t differences w ere n o te d  a t  a  <  0.05 an d  
a  <  0 .0 2 , respectively . F o r  1 -p h en o x y sila tran e  in  w a te r  an d  w a te r— a c e to n i­
t r i le  ( 1 : 1) th e  differences w e re  n o te d  a t a  <  0.05.

T h e  differences are  ju s t i f ie d  b y  our hypo th esis  a d m ittin g  th e  occurrence 
o f p a ra l le l  SN-1-Si and  SN-2-S i m echanism s o f th e  h y d ro ly s is  o f 1 -a ry lo x y - 
s i la tra n e s .

T h e  com plex ity  o f th e  re a c tio n  is fu r th e r  su p p o rte d  b y  th e  d ev ia tio n  
fro m  l in e a r i ty  of th e  p lo ts  o f  th e  E yring  an d  A rrh en iu s  e q u a tio n s  fo r l-(2 - 
m e th y lp h e n o x y )s ila tra n e  a n d  l- (2 ,5 -d im e th y lp h e n o x y )s ila tran e  [17].
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The mixed ligand complexes of pallad ium (II), p la tinum (II), irid ium (III), 
rho d iu m (III) and platinum (IV ) w ith ph thalim ide  as prim ary and diim ines (dipyridyl 
and  o-phenanthroline) as secondary ligands have been synthesized and  characterized 
on th e  basis of elem ental analysis, electrical conductance, m agnetic m easurem ents 
and  spectral (electronic and infrared) d a ta . [M (P)a(AM)] where M =  P t( I I ) , P d(II); 
P  =  depro tonated  phthalim ide and Am =  am ines were p lanar and [P t(P )4(Am)] and 
[М (Р)а(А т )(Н гО)] were M =  Ir (III ) , R h (II I )  were of octahedral stru c tu re , various 
ligand field nephelauxetic param eters have also been evaluated.

T h e  a n titu m o r  a c tiv ity  of b is-(am ine) p la tin u m (II)  com plexes w ith  tw o 
cis an ion ic  leav in g  g roups is b y  fa r one o f  th e  m o st o u s ts ta n d in g  re su lts  in  the  
fie ld  o f  th e  b io a c tiv ity  o f m e ta l com plexes, th e  c is-p la tin , i.e. cis [P t(N H 3)2€ l2] 
acco rd ing  to  th e  re c e n t rep o rts  is th e  la rg e s t selling a n tic a n c e r  d ru g . This 
class o f  com plexe  ex h ib its  a c tiv ity , eh rlich  asc ites, carc inom a a n d  leukem eas 
[1, 2]. T h e  com plexes o f p la tin u m  m e ta l ions w ith  o -p h en an th ro lin e  and  
re la te d  bases  h av e  been  show n to  be le th a l  to  m an y  b a c te r ia  a n d  p a th o g en ic  
fungi [3]. B eside th is  th e  u t i l i ty  of p la tin u m  m e ta l com plexes as hom ogeneous 
c a ta ly s t  in  th e  reac tio n s  o f in d u s tr ia l  im p o rta n c e  is an  e s ta b lish e d  fac t. 
K eep ing  in  v iew  th e  above  fac ts  and  th e  p h arm aco log ica l [4— 8 ] a n d  in d u s tr ia l 
[9, 10] im p o rta n c e  o f  p h th a lim id e  a n d  h e terocyclic  bases [11— 15], i t  is, 
th e re fo re , o f in te re s t  to  syn thesize  such  com plexes. A c tiv ity  o f th e se  class of 
o rgan ic  co m pounds is re p o rte d  to  h av e  g en era lly  been en h an ced  w hen  th ey  
a re  a llow ed  to  fo rm  com plexes w ith  m e ta ls  [16, 17]. H ence in  th is  p a p e r  we 
re p o rt th e  p re p a ra tio n  an d  c h a ra c te r iz a tio n  o f  m ixed lig an d  com plexes of 
P t ( I I ) ,  P d ( I I ) ,  P t(IY ), I r ( I I I )  and R h ( I I I )  w ith  p h th a lim id e  as p r im a ry  and 
1,10-p h e n a n th ro lin e  an d  2 ,2-d ip y rid y l as seco n d ary  ligands.

* Correspondence to  be made a t: Vikas N agar, 134/3, University of R oorkee, Roorkee- 
247667, U . P ., India.
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E xperim en ta l

Reagents and solutions

T he platinum  m etal salts u sed  were obtained from  Johnson  M athey P roducts, London. 
P h th a lim id e  and amines used w ere o f A. R. (B. D. H .) grade. Palladium (II) chloride was 
d issolved in  dilute HC1 while th e  solutions of all o ther reagents were prepared in  distilled 
w ater.

Physical measurements

T he infrared spectra were recorded on Beckm an IR -20 spectrophotom eter using K B r 
film  techn ique . The electronic sp ec tra  (in solutions and  solid sta tes) were recorded on a Carl 
Zeiss ‘SPE C O R D ’ UV-VIS’ f i tte d  w ith  a reflectance a ttach m en t of the Rd/O. Conductance 
m easu rem en ts  were carried o u t w ith  a Systronics conductiv ity  bridge type  302, in  DM SO. 
T he cell constan t was 0.69. M agnetic studies were m ade on a P rinceton Applied R esearch 
Model 155 VSM a t room tem p era tu re . Calibration was m ade w ith a pure nickel pellet.

Preparation o f complexes 

Pallad ium (II) phthalimide

T he  solutions of pa llad ium (II) chloride in dilute HC1 and of potassium  ph thalim ide  
(p rep a red  by  mixing the solutions of alcoholic phthalim ide and  alcoholic potassium  hydroxide 
in  th e  ra tio  o f 1 : 1) in distilled w a te r were mixed in 1 : 2 ra tio  and  stirred w ith a m agnetic 
s tirre r  w 'hich gave a thick p rec ip ita te  o f light yellow colour. T hey  were filtered, washed several 
tim es w ith  distilled water and  fina lly  w ith  m ethanol and  dried  in  a  vacuum  desiccator over 
silica gel.

D iphthalimido-diimine p a llad ium (II); (diimino =  dipyridyl or o-phenanthroline)

T he  palladium (II) ph thalim ide  and  amine were m ixed in  1 : 1 ratio  and the m ix tu re  
w as th e n  refluxed in absolute alcohol for about eight hours w hich gave blackish precip ita tes. 
T hey  w ere filtered , washed several tim es w ith alcohol and  th e n  dried in a vacuum  desiccator.

Potassium  dipththalim idodichloroplatiuate(II)

P o tassium  te trach lo rop la tina te (II) was obtained b y  reducing of potassium  hexa- 
ch lo rop latinate(IV ) with sulphur oxide [19]. The solutions of K 2[PtCl4] so obtained and  
p o tass iu m  phthalim ide were m ixed in  1 : 3 ratio . The pH  of the  m ix ture  was ad justed  to  ab o u t 
7 b y  th e  add ition  of KOH. The solu tion  was evaporated on a  w ater bath . The com plex was 
dissolved in  a  1 : 1 mixture of acetone and  alcohol. A fter filtra tio n , th e  solvent was evaporated  
and  th e  solid product was collected w hich corresponded to  th e  form ula K 2[Pt(CsH40 2N )2Cl2].

D iphthalim idodiim inoplatinum (II)

T h e  alcoholic solutions of K 2[Pt(C8H40 2N2)Cl2] and  am ine were mixed in  a 1 : 1 ra tio  
and  th e  m ix tu re  was refluxed on a w a te r b a th  for about ten  hours which gave brow n coloured 
p rec ip ita te s . They were filtered, w ashed several times w ith  w ater and alcohol and th en  dried 
in  a  desiccato r over silica gel.

P latinum (IV ) phthalimide

A ll efforts to prepare th e  im ido complex w ith  K 2[PtCle] as starting  m aterial were 
unsuccessful. M etal perchlorate w as p repared  by adding required  am ount of PtCl4 (obtained 
from  K 2P tC l4[20]) and silver perch lo ra te  AgC104 in a sm all am oun t of water. On digestion 
for a b o u t a n  hour a white p rec ip ita tes  (AgCl) separated. A n aqueous solution contain ing 
Pt(C104)4 an d  th a t  of potassium  ph thalim ide  were m ixed in 1 : 6 ra tio  raising the pH  of the  
m ix tu re  to  ab o u t 8.0 with K O H  and  th e n  refluxing on a w ater b a th  for more th an  ten  hours. 
The yellow  precip itate was filtered , w ashed several tim es w ith  w ater and alcohol and  th e n  
dried in  a vacuum  desiccator over silica gel.
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Tetraphthalim idodiiniiiioplalinum (IV)

[Pt(C8H ,0 2\ ) 4(am inc)] were similarly prepared  as th e  complexes of P t(II) .

M (III) phtlialim ide ; [M rhodium (III) crisidiuin(III)]

Metal perchlorate were prepared by mixing th e  aqueous solutions of MC13 and  AgC104 
in th e  required ra tio , th e  m ixture was heated on a w ater b a th  for about an hour and  AgCl 
was rem oved by centrifugation . Small am ount o f KC1 was added to ensure th e  com plete 
precipitation of silver as silver chloride.

[M(C8H40 2N)3] were prepared by mixing th e  aqueous solutions of m etal perchlorate 
and potassium  phthalim ide in 1 : 6 ratio and then  heating  the m ixture in w ater b a th  for about 
half an hour. The yellow precip itate was filtered, w ashed w ith distilled w ater and dried in 
a vacuum  desiccator.

Triphthalimidoaquodiiminc m etal(III)]

[M(C8H40 2N)3(H 20)(am ine)] were also sim ilarly prepared.
All complexes are soluble in dim ethylsulphoxide (DMSO). The results o f chemical 

analysis, conductance and m agnetic m easurem ents are given in Table I. All complexes are 
nonelectrolytes.

R esults and  D iscussion

M agnetic and electronic spectral studies

T he p a lla d iu m (II)  and  p la tin u m (II )  com plexes were d iam ag n e tic , 
co n sis ten t w ith  th e  sq u a re  p lan a r s tru c tu re  o f  th e  d8 m eta l com plexes. The 
e lectron ic  sp e c tra  o f  p a llad iu m (II)  com plexes gave th ree  spin allow ed d — d 
b an d s  co rrespond ing  to  th e  tran s itio n s  *Alg —► 1A 2g; 1A lg —► 1B lg a n d  xA lg —► 1E g 
an d  tw o c h a rg e -tran sfe r  b an d s while p la t in u m (I I )  com plexe' gave on ly  th re e  
ch a rg e -tran sfe r b a n d s  (T able I I I ) .  T he d — d b an d s  w ere obscured  b y  th ese  
ch a rg e -tran sfe r b an d s . T he c h a rg e -tran sfe r b a n d  of low est en erg y  invo lves 
tra n s itio n s  from  th e  h ig h es t filled m e ta l o rb ita ls  to  th e  m ost s ta b le  e m p ty  
lig an d  m olecu lar o rb ita l , i.e. a2u(n*). T h e  f i r s t  cha rg e -tran sfe r tra n s it io n  

-*■ a2 u(n *) ^ A i g —*■ 1B ltl) is o rb ita lly  fo rb id d en  an d  has low  in te n s ity . 
T he second an d  th i rd  ch a rg e -tran sfe r tra n s it io n s  correspond to  a lg(<7*) —► a2g{n*) 
(^ 4 lg —► 1A 2u) an d  eg(n*) —*■ а2и(л*) (LA lg —*■ 1E U), respectively . T h e  v a lu es  of 
A x, A2 and  A 3 a re  g iven  in  Table I I I  fo r co m p ariso n  purposes. F o r  th e se  com ­
plexes w as th e  la rg e s t, in d ica tin g  th e re b y  m ore  stronger a n tib o n d in g  ch a­
ra c te r  o f d x,_y« th a n  o th e r  d o rb ita l. A 3 fo r p la tin u m (II)  com plexes is less 
th a n  for th e  co rresp o n d in g  p a llad iu m (II)  com plexes. T hus d .2 in  th e  case o f 
p la tin u m (II )  w as m ore stab le  th a n  d xy, d yz. T h is was com patib le  w ith  th e  idea 
th a t  th e  ax ia l in te ra c tio n  o f th e  so lv en t m olecules in  th e  case o f P d ( I I )  is 
g rea te r  th a n  in  th e  case o f  P t( I I ) .  The com plexes o f I r ( I I I ) ,  R h (I I I )  a n d  P t(IV ) 
are  also d iam ag n e tic  as expected . T h is is co n sis ten t w ith  an  o c ta h e d ra l a r ­
ran g em en t o f th e  d o n o r a tom s a ro u n d  th e  m e ta l ions, p ro duc ing  a stro n g e  
fie ld  [21, 2 2 ].
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Table I

Analytical data o f complexes

M% c% H% N% Conductance
s.

No.
Complexes Colour

Calc. Calc. Calc. Calc.
l-Lett

(B. M.)
in DMSO(ohm_1 

cm2m ol_1)
(Found) (Found) (Found) (Found)

l. [Pt(C8H4O2N)2(CI0H8N2)] Brown 30.32 48.52 2.48 8.70 0.00 10.20
(29.90) (48.46) (2.40) (8.62)

2. [Pt(C8H40 2N)2(CI2H8N2)] Brown 28.46 49.05 2.33 8.39 0.00 10.34
(27.95) (48.96) (2.25) (8.22)

10.263. [Pd(C8H4O2N)2(C10H8N2)] Bluish 19.13 56.31 2.88 10.10 0.00
Black (18.85) (56.25) (2.82) (10.82)

4. [Pd(C8H40 2N)2(C12H 8N2)] Bluish 17.78 56.37 2.68 9.68 +  0.12 11.20
Black (17.50) 56.30 (2.52) (9.60)

5. [Pt(C8H4O2N)4(C10H8N2)] Green 20.86 53.90 2.56 8.98 +0.46 10.00
(20.40) (53.75) (2.40) (8.84)

10.216. [Pt(C8H40 2N)4(C12H8N2)] Yellowich 19.95 54.04 2.45 8.76 +  0.32
Green (19.70) (53.92) (2.30) (8.60)

7. [Rh(C8H4O2N)3(C10H8N2)H2O] Black 14.40 57.06 3.07 9.79 0.00 10.80
(14.29) (56.90) (3.10) (9.68)

— 0.14 10.688. [Rh(C8H40 iN)3(H ,0)(C 12H8N2)] Black 13.94 58.45 2.97 9.47
(13.48) (58.20) (2.80) (9.33)

11.249. [Ir(C8H1O2N)3(H 2O)(C10H8N2)] Pale 23.90 50.75 2.74 8.70 — 0.18
Y cllow (23.72) (50.70) (2.66) (8.66)

11.1810. [Ir(C8H40 2N)8(H 20)(C12H8N2)] W hite 23.21 52.17 2.66 8.45 -0 .2 2
(23.00) (52.08) (2.56) (8.38)
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T he g ro u n d  s ta te  o f  a low  sp in  d e m e ta l ion  is xA lg. T he lig a n d  f ie ld  t r a n ­
s itio n  —► tlgßg1 gives to  tw o sp in  a llow ed  irT lg and  lT 2g a n d  tw o  sp in  fo r­
b id d e n  3T lg an d  3jT2g ex c ited  s ta te s . A cco rd ing ly  four b an d s c a n  be  expected . 
B an d s  co rrespond ing  to  ch a rg e -tran sfe r  fro m  ligand  to  m e ta l g en e ra lly  do 
n o t  a p p ea r in  v isib le  reg ion  in  th ese  sy s tem s  [23]. H ow ever, e a c h  com plex 
gave  tw o  sp in  allow ed b an d s  invo lv in g  tra n s it io n s  M lg —>- 17’lg a n d  1A 1 g —*■ 1T2g 
a n d  one v e ry  w eak  sp in  fo rb id d en  a  b a n d  due to  1A lg —*■ 3T lg. T h e  bands

Table II

Spectral properties o f the d8 complexes

Complexes ^max ®max Assignm ent

[Pd(Phth)2(dipy)]

[Pd(Phth)2(Phen)]

[P t(P h th )2(dipy)]

[P t(P h th )2(Phen)]

40000
34500
31000
28400
23100
40000
34500
31000
28400
23100
41000
39500
36000
41000
39500
36000

28500
8500

28500
8500

1850
29000

2000
1850

29000
2000

У-Л 1 £
'А ч
'A,
W g
' A ig
lA lg 
'A , g 
'A ,
'A *

'E u
'A *
' E g
'K
1A '

lA

1a ;
1A , 
'A ,  
lA

4

•6“

'A u
'E g
'B u
1A  
1A  _
'EÜ
'B lu
'А ги
'E u
'B

Table II I

Metal d-orbital energies fo r  square planar complexes

I.

^2

A3

H 8 2ux -y

A Xy

«V
dxz•dyz

O rbital energy differences (cm -1) for F2 1 0 7 0 0  cm -1

Complexes 4 4 A

[Pd(Phth),(dipy)] 25550 6700 2250
[Pd(Phth)„(Phen)J 25550 6700 2250
|P t(P h th )2(dipy)J — 12000 3250
[P t(P h th )2(Phen)] — 12000 -3 2 5 0

P h th  =  deprotonatcd phthalim idc
dipy =  dipyridyl
Phen =  o|g-phenanthroline
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Table IV

Electronic spectral data (cm -1) o f  p la tin u m (l\), ir id iu m (l\) , and rhodium(III)  complexes

s.
No. Complexes ■A - 1тга

(cm-1) 10 Dq В ß С с/в L .F .S .E .
K cals/mole

l . [P t(P h th )4(dipy)] 19000 27000 35250 31000 515.6 0.72 4000 7.76 35.42
2. [P t(P h th )4(Phen)] 19000 27000 35250 31000 515.6 0.72 4000 7.76 35.42
3. [ lr(P h th )3(dipy)H20 ] 18000 23500 29500 26250 375.0 0.57 2750 7.33 29.99
4. [Ir(P h th )3(Phen)H20 ] 18000 23500 29500 26250 375.0 0.57 2750 7.33 29.99
5. [R h(P h th )3(dipy)H20 ] 15000 19500 26250 21750 421.8 0.58 2250 5.33 24.85
6. [R h(P h th )3(Phen)H20 ] 15000 19500 26250 21750 421.8 0.58 2250 5.33 24.85

o b se rv e d , th e ir  a ss ig n m en ts , B ,  ß, C, C/B  an d  th e  v a lu e s  o f L. F . S. E . a re  
lis te d  in  T ab le  IY . T hese s p e c tra  resem ble th o se  o f  o th e r  six  co o rd in a ted  d 6 
co m p lex es [22, 24]. T he e le c tro n ic  spectra  o f th e se  d c com plexes can  be u sed  
[25] to  ev a lu a te  lig an d  f ie ld  an d  n ephe lauxe tic  p a ra m e te rs . The В  v a lu e  
o b ta in e d  in  th e  range 57— 7 2 %  of th e  free io n  v a lu e s  suggest considerab le  
o rb ita l  o v e rlap  w ith  s tro n g  co v a len cy  in th e  m e ta l- lig a n d  a bond. In  a d d itio n  
to  d — d tra n s itio n , p la tin u m (IY )  com plexes h a v e  tw o  ch arg e-tran sfe r b a n d s  
a t  39 000 an d  48 500 c m - 15 ir id iu m (III)  com plexes also  have tw o charge- 
tr a n s fe r  b a n d s  a t 37 500 a n d  45 000 cm -1 w h ereas  o n ly  one ch a rg e -tran sfe r 
b a n d  a t  45 000 c m -1 w as o b se rv ed  in  the  sp ec tra  o f  rh o d iu m (II I )  com plexes. 
T hese m a y  be assigned as l ig a n d  too  m etal c h a rg e - tra n s fe r  bands since e m p ty  
lig an d  o rb ita ls  are ex p ec ted  a t  to o  high energy to o  p a r tic ip a te  to  an y  e x te n t  
in  b o n d in g . The values o f  10 D g an d  hence th e  s ta b i l i ty  o f these com plexes 
decrease  in  th e  order P t( IV )  >  I r ( I I I )  >  R g (I I I )  w h ich  is in  ag rem ent w ith  
th e  sp ec tro ch em ica l series o f  th e  m eta l ions.

T h e  re flec tance  sp e c tra  g av e  th e  bands a t  n e a r ly  th e  sam e freq u en cy  
as w ere  o b ta in ed  in  th e ir  so lu tio n  spectra  in d ic a tin g  no dissociation  o f th e  
com plexes in  solutions.

In frared studies

T h e  general ap p ea ran ce  o f  th e  spectra o f a ll th e  com plexes w ere o f th e  
sam e ty p e  because of th e  p re sen ce  o f sam e c o n s titu e n ts  in sid e  th e  co o rd ina tion  
sp h ere  i.e . p h th a lim id e  a n d  d iim in e  (d ipyridy l o r  o -phenan th ro line) ex cep t 
th e  com plexes 7— 10 (T able I)  w h ich  gave tw o e x tr a  b a n d s  a t  around 860 an d  
650 c m -1  due to  w agging a n d  rocking m odes o f  co o rd in a ted  w a te r [26]. 
A b a n d  d u e  to  co o rd in a ted  w a te r  m olecule w as a lso  ob ta in ed  a t  a ro u n d  
3400 c m -1 .

P h th a lim id e  has tw o  im p o r ta n t  (N H  a n d  CO strec th in g ) freq u en cy  
reg ions. T hese  frequencies, h o w ev e r, can  no t m ake a s h a rp  d istinc tion  w h e th e r 
c o o rd in a tio n  is th ro u g h  im id o  n itro g e n  or ca rb o n y l o x y g e n  because an y  change 
in  th e  im id o  n itrogen  w h ich  is  d irec tly  linked  to  th e  ca rb o n y l group, a lte rs
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th e  en v iro n m en t o f  th e  m olecule a n d  hence th e  freq u en cy  o f  th e  la te r  even if  
i t  is n o t co o rd in a ted  [27]. H ow ever, on th e  basis o f Lew is acid  co n cep t, coor­
d in a tio n  th ro u g h  n eg a tiv e ly  ch arg ed  p h th a lim id e  n itro g en  is m ore  p robable  
th a n  th a t  th ro u g h  oxygen  [28]. S econdly , th e re  is s te ric  h in d ra n c e  if  the  
ligand  is co o rd in a ted  th ro u g h  oxygen . T here  is a sh ift o f c a rb o n y l s tre tch in g  
freq u en cy  from  1750 to  1700 i  10 c m -1 in  th e  sp ec tra  o f  com plexes. This 
n eg a tiv e  sh ift m a y  be  due to  m ass effect [29]. F u r th e r  th e  filled  o rb ita l of 
p h th a lim id e  n itro g e n  is m ade av a ilab le  q u asi-a ro m atic  de lo ca lisa tio n  w hich 
gives low er b o n d  o rd e r to  C = 0  an d  th u s  a low  frequency . T here  is also a sh ift 
in  th e  C-—N  s tre tc h in g  freq u en cy  from  1470 c m -1  in  free  p h th a lim id e  to  
1485— 90 c m -1 in  th e  sp ec tra  o f  com plexes, th e re b y  p ro v id es  in fo rm atio n  
ab o u t co o rd in a tio n  o f  im ido g roup  th ro u g h  n itro g en . T he absence o f  th e  sharp  
ch a rac te ris tic  p eak s in  th e  reg ion  3500 to  3300 c m -1  due to  vN_ H m eans th e  
d e p ro to n a tio n  o f  th e  p rim a ry  lig an d . T he possib ility  o f s im u ltan eo u s  coor­
d in a tio n  o f oxygen  o f C = 0  g roup  an d  th a t  o f  im ide n itro g en  to  th e  sam e or 
tw o  n e ig h b o u rin g  m e ta l ions ru led  o u t in  th e  lig h t o f s teric  h in d ra n c e  and  sm all 
sh ift (s=^50 c m -1) in  th e  ca rb o n y l s tre tc h in g  frequency . In  th e  sp ec tra  of 
d ip y rid y l an d  o -p h en an th ro lin e  com plexes tw o b an d s  o bserved  genera lly  a t 
a round  755 c m -1 a n d  905 c m -1 in  th e  sp ec tra  o f free lig an d  d u e  to  o u t of 
p lane b en d in g  (0дг—н) m odes h av e  been  suggested  m ost usefu l d iagnostic  in 
th e ir  com plexes w here these  b an d s  sh ift to w ard s  h igher side [30]. In  ou r case 
th e  fo rm er h a n d  sh ifted  to  775 c m -1  in  th e  sp ec tra  o f R h ( I I I )  an d  I r ( I I I )  
com plexes a n d  to  785— 88 c m -1 in  th e  sp ec tra  o f o th e rs . T he second band  
sh ifted  to  920 c m -1 in  th e  sp ec tra  o f  I r ( I I I )  an d  R h (I I I )  an d  to  935— 45 c m -1 
in  th e  case o f  o th e rs . A sh arp  b a n d  a t  1600— 1606 c m -1 in  th e  sp ec tra  of 
m ixed lig an d  com plexes w as assigned to  c h a ra c te ris tic  h e te rocyc lic  ring  
v ib ra tio n . T hese b a n d  confirm  th e  co o rd in a tio n  o f d iim ines th ro u g h  n itrogen . 
O th er r in g  v ib ra tio n s  in  th e  a n te  1600— 1320 c m -1  could  n o t  be d istingu ished  
because o f th e  m ix ing  or o v erlap p in g  w ith  th e  im ide v ib ra tio n s . All these 
b an d s increased  in  in te n s ity  in  th e  sp ec tra  of com plexes w hich  is also  a ch arac­
te ris tic  fe a tu re  o f d ip y rid y l an d  o -p h en an th ro lin e  com plexes [26, 30].

In  th e  fa r  i .r . reg ion  all th e  com plexes gave a b ro a d  b a n d  a t  400— 425 
c m -1 d u e  to  M— N  frequencies o f  co o rd in a ted  im ide an d  d iim ine  an d  could 
n o t be se p a ra te ly  assigned  due to  th e  overlap  o f th ese  frequenc ies . W hile 
a v e ry  w eak  b a n d  a t  a ro u n d  350 c m -1 assignable to  гм -о  w as o bserved  only 
in  th e  sp e c tra  o f  th e  com plexes 7— 10 (Table I).

Therm al analysis

T h erm o g rav im e tric  an d  D . T . curves in d ica te  th e  p resence  o f  one coor­
d in a te d  w a te r  m olecule on ly  in  th e  com plexes o f I r ( I I I )  an d  R h ( I I I ) .
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A c t a  C h im ic a  H u n g a r i c a  1 2 3  ( 3 — 4 ) , p p  1 1 5 — 122 ( 1 9 8 6 )

The complete sets of bo th  O—O cis and О—О Irans furan-2-aldehyde force 
constants were calculated based on th e  geom etry determ ined by  electron diffraction. 
The force constan t sets were scaled in first approxim ation by scaling factors of furán, 
acrolein and glyoxale. A refinem ent procedure dem onstrates th e  very  good trans­
ferability  of fu rán  scaling factors.

T em perature, solvent and phase dependent infrared spectra  and  liquid phase 
R am an spectra were measured.

T otal energy distribution  and band assignm ents are given according to  the 
calculations.

In tro d u c tio n

T h e  in fra red  an d  R a m a n  sp ec tra  o f fu ran -2 -a ld eh y d e  w ere f i r s t  s tu d ied  
b y  A llen  an d  B e rn s te in  [1]. T h ey  in te rp re te d  th e  o b serv ed  d o u b le ts  based  on 
th e ir  te m p e ra tu re  an d  so lv en t depen d en cy  b y  th e  co n fo rm a tio n a l equ ilib rium . 
T h e y  found  th e  con fo rm er w ith  h igher d ipole m o m en t ( 0 — 0  cis)  m ore stab le  
in  liq u id  an d  solid  s ta te s . T h ey  d id  n o t g ive, how ever, th e  assig n m en t fo r all 
b a n d  p a irs  because  th e  in te n s ity  changes o f th e  w eak  o v erlap p in g  b an d  pairs 
w ere u n ce rta in .

A  series o f p ap e rs  h av e  d ea lt w ith  th e  v ib ra tio n a l sp e c tra  o f  furan-2 - 
a ld eh y d e  la te r . G reen an d  H arriso n  [2] pu b lish ed  a fu ll a ss ig n m en t based  on 
in f ra re d  and  R a m a n  sp ec tra . K a tr i tz k y  [3], Senechal an d  S aum agne [4], 
C laverie  e t al. [5] h av e  g iven  th e  ch a ra c te ris tic  frequenc ies . M onnig and  
cow orkers [6, 7] an d  M iller an d  cow orkers [8] h av e  in v e s tig a te d  th e  fa r in fra red  
sp e c tra .

T he a p p ro x im a te  n o rm a l co o rd in a te  analysis  o f  fu ran -2 -a ld eh y d e  w as 
c a rr ie d  o u t b y  A d am ek  an d  cow orkers [9]. T h ey  ap p lied  th e  sam e force fie ld  
fo r  b o th  conform ers ( 0 — О cis an d  О— 0  tra n s)  u s in g  S c o tt’s [10] force 
c o n s ta n ts  for th e  fu rá n  rin g  an d  e s tim a ted  force c o n s ta n ts  fo r th e  aldehyde

* To whom correspondence should be addressed.
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g ro u p . A d o p tin g  th is  fu rá n  fo rce  f ie ld  unch an g ed , th e  effect o f  th e  aldehyde 
g ro u p  o n  th e  fu rán  rin g  force c o n s ta n ts  w as n o t ta k e n  in to  acco u n t. T he b u lk  
o f  th e  fu n d a m e n ta ls  w ere assig n ed  fro m  th e  v a p o r ph ase  v ib ra tio n a l sp ec tra  
b u t  n o  m easu rem en ts  w ere c a rr ie d  o u t  in  th e  fa r  in fra re d .

S h e in k e r  e t al. [11] h a v e  ca lcu la ted  th e  n o rm a l v ib ra tio n s  o f  fu ran -2 - 
a ld e h y d e  b ased  on th e  force f ie ld s  o f  fu rá n  an d  acro lein . T h ey  h av e  in te r ­
p re te d  o n ly  tw o  b an d  p a irs  w ith  th e  co n fo rm atio n a l e q u ilib riu m . T h e ir fu n d a ­
m e n ta ls  show  a de fin ite  d ifference  fro m  those  o f A d am ek  [9] (e.g. b a n d  p a irs  
a t  926— 946, and  1146— 1154 c m -1 , resp ec tiv e ly , a re  tw o  b a n d  p a irs  o f con- 
fo rm e rs  acco rd ing  to  A d am ek  a n d  fo u r in d ep en d en t fu n d a m e n ta ls  in  Schein- 
k e r ’s a ss ig n m en t).

I n  th is  p ap er we t r y  to  g ive a  coheren t v iew  o f th e  force fie lds an d  
v ib ra t io n a l  sp ec tra  o f fu ra n -2 -a ld eh y d e  conform ers.

E x p erim en ta l

T he infrared spectra of furan-2-aldehyde were recorded in the 400—4000 cm -1 region 
on a D ig ilab  FTS-14 and a N icolet 7199 Fourier transform  infrared spectrom eter. The th in  
layers o f liqu ids and the solids were m easured betw een K B r windows. F or tem peratu re  depend­
ing m easurem en ts a SPECAC-Mode-20010 cell was adopted in th e  tem pera tu re  in terval 
210—310 K . The concentrations in  th e  applied solvents (carbon-tetrachloride and carbon- 
disulfide) w ere 0.01 mol • d m -3  a t  a cell thickness of 0.1 mm. The vapour spectra  were recorded 
a t room  tem p era tu re  in a 10-cm gas cell.

F a r  in frared  spectra were scanned in  polyethylene cells in  th e  20—400 cm -1 region 
by a G ru b b  Parsons IS3 spectrom eter.

R a m a n  spectral da ta  were ob ta ined  in  liquid phase on a R am anor HG. 2S spectrom eter 
equipped w ith  an argon ion laser IL A  120, using the 515 nm  line for excitation.

Furan-2-aldehyde was freshly distilled before m easurem ents.
T he  in frared  and R am an spectral d a ta  are listed in Table I. Since th e  samples are 

tem p e ra tu re , solvent and phase dependen t m ixtures of the tw o conformers, th e  recorded 
spectra  co n ta in  both  spectra in  the ra tio  o f th e ir concentrations. In  general, th e  bands of the 
conform ers s tan d  near to each o ther or overlap each other.

Calculations

T he com plete set of non-redundan t coordinates is based on the  in ternal coordinate 
set of fu rá n  [12] w ith the addition of coordinates belonging to  the aldehyde group (Table II). 
The tran sfe rab ility  of scaling factors requires th e  separation of stretching and  bending motions. 
C oordinates m eeting this requirem ent were applied.

In  o u r calculations experim ental d a ta  determ ined by  electron diffraction were used 
as reference geom etry [13] for bo th  О О trans and O—O cis conformers. The results of the 
electron d iffraction  m easurem ents w ere evaluated  supposing th a t  th e  geom etry during the 
ro ta tio n  o f th e  aldehyde group was constan t.

A ccording to  the CNDO/2 force m ethod  the forces were calculated analytically  for 
ap p ro p ria te ly  distorted nuclear configurations around the reference geom etry. The force 
constan ts  w ere then  evaluated num erically  from  the changes in forces.

F o r  calculating the in-plane force constan ts the forces acting on th e  atom s were deter­
m ined fo r b o th  positive and negative displacem ents. In  the case of out-of-plane force constants 
there  is no sense of making a d istinction  betw een positive and negative displacem ents. There­
fore fou r add itiona l displacem ents w ere sufficient. The atom ic displacem ents did no t exceed 
0.5 pm .

O wing to  the system atic errors of th e  force constants obtained from  th e  CNDO/2 
calcu lations, these cannot be d irectly  applied  for predicting v ibrational frequencies. A great 
deal of th e  errors can be corrected by  em pirical scaling factors [14].
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Table I

Vibrational spectral data o f  furan-2-aldehyde (cm -1)

In frared R am an Species

Vapour* Solution** Liquid Solid Liquid A* A"

3150 vw 3150 w 3142 w 3155 w
3144 vw 3138 m ”2
3128 vw 3128 m 

3113 8
3128 vw Vs

3103 vw 3108 w 3106 w 3108 vw
2920 m 2919 w 2916 w

2841 w ii 2838 w 2856 w 2848 m 2858 vw
2804 w В 2800 m 2816 w 2812 m 2818 vw Vs
2754 vw В 2750 w 2760 vw 2763 vw 2760 vw
2714 vw В 2712 vw 2720 vw 

2660 vw 
2540 vw 
2100 vw

2715 w 2722 vw

2032 vw 2042 vw
1900 vw 1900 vw 

1798 w
1767 vw 1770 vw 1781 w 1770 vw 1780 vw

1733 w 1743 vw
1718 vs+ A 1701 vs 1692 vs 1694 vs 1692 vs V ,
1688 w A 1684 vs 1673 vs 1677 vs 1672 vs

1655 w 1643 m 1645 w
1637 vw 1630 w 1633 m 

1627 m
1577 m + A 1570 s 1571 s 1568 w 1570 m ”#
1508 vw 1520 vw 1511 m 1520 vw
1479 m A 1477 m 1473 s 1478 s 1475 vs
1473 m A 1465 s 1464 s 1475 sh 1465 vs VV ,

1447 vw 1442 vw 1444 vw
1399 vw A 1395 m 1395 s+ 1402 m 1396 vs Vs
1394 vw В 1393 sh '
1365 vw 1364 w 1370 в 1368 m 

1365 m
1370 vs

1277 vw A 1275 m 1277 s 1288 s 1280 vw ” l0
1272 w 1265 sh 1265 w ”11
1242 w A 1245 m 1244 m 1245 vw
1232 vw A 1237 m 1227 sh 1237 w 1227 sh
1220 vw A 1218 vw 1222 w 1229 vw 1223 w

1207 vw 1210 vw 1208 vw
1164 w A 1157 m 1158 m + 1167 m 1158 s ”12
1155 w A 1148 w 1157 sh 1152 s
1085 w A 1084 m 1082 m 1081 m 1078 m V13
1018 w A 1015 m 1021 s 1036 vs 1022 m
1011 w A 1010 m 1022 vw vu

995 sh 993 vw 995 vw
947 w A 946 w 949 w 945 sh 947 w
933 vw В 929 w 930 s 930 s 930 s ”15

900 vw 908 m
888 w A 887 m 888 s 881 m 885 m ”1«
882 vw C 872 vw 864 w Vto
830 w C 830 w 841 w 845 vw V u
825 vw C V2,
759 8 C 758 vs 768 s 774 vs 775 vw !„ ”23
756 s C 754 vs 754 vs 770 vs 755 w [ 17 ”24
746 s A 748 s 748 s 750 sh ”25

639 vw 632 sh 633 vw
622 vw 623 vw 625 sh
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Table 1 (cotinued)

Infrared Ram an Species

Vapour® Solution** Liquid Solid Liquid A ' A ”

593 m 593 m 598 V S 596 V W V2S
498 sh 501 vw 510 vw 504 v s j, *18
495 vw 496 sh 507 vw I
295 vw 302 vw 303 vw ]1 V 2 S

249 vw 256 vw 252 vw r
211 vw 215 vw 215 w ’’19

1167 vw 170 vw 170 s h  ] v 27
150 vw 152 vw 154 m jf

a only the wavenumber of th e  band middle (Q branch) is given
b betw een 400—4000 cm -1 the  solvent was carbondisulfide, between 20 — 400 cm -1 benzene 
+ band  structure referring to  düblet

In  th e  first a ttem p t an  app rox im ate  force field was constructed. The in-plane force 
co n stan ts  having the same defin ition  as in  furán (R x—R 9 and  R n —R ls) were corrected by 
scaling fac to rs  obtained for fu rán  b y  fittin g  the experim ental norm al frequencies of furán  
and  its  six  deuterated  derivatives to  th e  calculated frequencies [12]. The in-plane bending 
force co n s tan ts  of the aldehyde group (f?10, I i18 and R m) were corrected according to  th e  cor­
responding  scaling factors for acrolein and  glyoxale [15]. Since th e  stretching force constan t 
are m ore sensitive to the chemical environm ent, they  were scaled by estim ated factors (R le 
and R 1?). R ing and aldehyde OCH force constants were handled  separately  since in accordance 
w ith  o u r experience [16] the CNDO/2 m ethod does no t d istinguish  appropriately  these bond 
types. M ost of the force constants o f out-of-plane motions (R 20—R 2S) were scaled like th e  cor­
responding  fu rán  coordinates. The out-of-plane CH bending (R 27) force constant of th e  aldehyde 
group w as corrected by the same fac to r as the CH bending force constants of furán. A lthough 
th e  to rs io n  of the aldehyde group is a  large-am plitude m otion, th e  calculated force constan t 
can be fo rm ally  scaled. The tran sfe rab ility  of such a scaling fac to r is, however, obviously 
re s tric ted  (R 26).

W ith  th is scaling factor set th e  reproduction of the experim ental frequencies of furan-2- 
a ldehyde w as satisfactory.

A s a second level of approx im ation , a refinem ent procedure was carried ou t to  f i t  the  
force co n stan ts  (the scaling factors) to  th e  observed norm al frequencies of the 0  — 0  Irans 
and  О — О cis conformers and also to  those  of furán and its six d eu tera ted  derivatives. D uring 
these calculations the scaling factors o f th e  in-plane bending of the  aldehyde group (R l0, R i8 
and f i19) w ere kep t constant.

R esu lts  an d  D iscussions

T h e  scaling  fac to rs are  l is te d  in  Table I I I  to g e th e r  w ith  those  fo r fu rá n  
[12]. T h e  tra n sfe ra b ility  o f  th e  fu rá n  scaling fa c to rs  is well d e m o n s tra te d . 
W h en  fu r á n  scaling fac to rs  w ere  u sed  for freq u en cy  ca lcu la tio n s of fu ran -2 - 
a ld e h y d e  in s te a d  of its  ow n o n es, th e  dev ia tio n s in  th e  ca lcu la ted  values 
d id  n o t  exceed  5 c m -1 .

T a b le  IV  contains th e  fo rce  co n stan ts  of th e  О— О tr a n s  an d  О— 0  cis 
co n fo rm ers  an d  th e ir  d ev ia tio n s . A nalyzing  th ese  v a lu es  i t  is conspicuous th a t  
p iv o t e le m e n ts  of th e  force c o n s ta n t  m atrices do n o t  d iffer essen tia lly . The 
ch an g e  in  th e  con figu ra tion  a c ts  on  th e  elec tron  d is tr ib u tio n . This effect is, 
h o w ev er, o n ly  m odera te ly  re f le c te d  in  th e  d iagona l va lence  bond  force con-
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Table II

Internal coordinates o f furan-2-aldehyde (for both  conformers)

i In te rnal coordinate (i?j)

1 »(О,—C„)
2 r(Cs= C 3")
3 r ( C ,- C 4)
4 v(C4= C 8)
5 r(C5= 0 , )
6 v(C2— Ce)
7 r(C3- H 7)
8 v(C4- H 8)
9 v(C,-H9)

10 /9 ( 0 ,-  С,— Ce) -  /9(C3=  C2— Ce)
11 ß(C2=  C3— H 7) -  /9(C4-  C3— H7)
12 /9(С6= С 4- Н 8) - /9(C3- C 4- H 8)
13 /9(0,— C6— H.) -  /9(C.= C5— H9)
14 /9(C„— 0 , — C6) +  cos 144° [ /9 (0 ,-  C2=  C3) +  /9 (0 ,-  C6=  C4)] +

+  cos 72 ° [/J(C2=  C3— C4) +  /9(C3- C 4= C 5)]
15 (1-cos 72° [£ (0 ,—C2= C 3) -  Д О ,- С 5= С 4)] +

+  (cos 144°-cos 72°) |/?(С2= С 3 - C4) -  £ (C ,-C 4= C6)]
16 r(C8= O ,0)
17 r ( C ,- H „ )
18 /9(C2 C .=  O ,0) -  /9(0,0= C , -  I I „ )
19 /9(C2 C6 И ,,) /9(O,0= C e—H ,,)
20 J'(Ce—C3 —0 , —C2)
21 y(H , C4- C 2- C 3)
22 y(H8— C6— C3— C4)
23 y(H9 O, C4 C5)
24 t(C2= C 3- C 4= C 8) +

+  cos 144° [t(C3-  C4= C 5—O,) +  t( 0 , - C 2= C 3 C4)] +
+  cos 72°[t(C4 - C6—0 , —C2) +  t(C6— 0 ,  — C2— C3)]

25 (1-cos 72°) [t(C3 C4 C5- 0 , )  -  t( 0 , - C 2= C 3 C4)] +
+  (cos 144°-cos 72°)[t(C4=  C8— О ,— C2) — t(C5 0 , - C 2= C 3)]

26 t(C3= C , - C 8= O ,0)
27 y (H „  C2- O 10- C 6)

The num bering of atom s is as follows:

He H7
x c —
t  4

H9 0 L6.
X H„

v , stretching: /9, in-plane bending; r ,  torsion; y, out-of-plane bending. The norm alization 
factors are no t given.

s ta n ts .  T he tra n s itio n  from  th e  О— 0  cis to  th e  О— 0  trans  conform er decreases 
th e  doub le  bo n d  c h a ra c te r  o f th e  a ldehyde ca rb o n y l bo n d  an d  increases th e  
sam e  o f th e  0 , — C2 bond .

T here  are  m a n y  in te ra c tio n s  v e ry  sensitive  to  th e  ro ta tio n  of th e  alde- 
h y d e  g roup . As i t  w as ex p ec ted , th e  in te ra c tio n s  o f co o rd in a tes  belonging to
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T ab le  III

Applied scaling factors fo r  furán  and furan-2-aldehyde

Type of coordinate
Scaling factors for 

fu rán  -2- 
aldehyde

Serial num ber of 
coordinates for

r(C -C ) 0.389 0.388 2, 3, 4, 6
v (C -H ) 0.389 0.388 7, 8, 9
v(C -O ) 0.243 0.242 1, 5
Д С - Н ) 0.681 0.688 11, 12, 13
/S(nng) 1.467 1.445 14, 15
r(ring) 0.540 0.541 24, 25
y (C -H ) 0.802 0.818 20, 21, 22, 23,

27
f(C—H)aI<1 0.344 17
j ' i c ^ O h i d 0.260 16
/?(C -H )ald 0.800 19
/3(C=0)ald 0.800 18
/?(Cirng— ̂ ald) 0.800 10
r(ald) 2.500 26

th e  a ld e h y d e  group (in -p lan e : Л 10, Л 16, Л 17, Л 18, Л 19 an d  o u t-o f-p lan e :
Л ^ , R^-j) sh o w  th is  effect a b o v e  all. E x tre m e ly  h igh  d ev ia tio n s  are in  Fio, is 
a n d  F 10 19. I t  is conspicuous, h o w ev er, th a t  th e re  are  also g re a t effects on 
a ld e h y d e  m o tio n  in te rac tio n s  w ith  r in g  angle bend in g  R u  (on ly  w ith  th is  an d  
n o t  w ith  Л 15) and ring  va len ce  b o n d  coo rd ina te  Л 6 an d  th e  C H  m otio n  Л8. 
T h e  b e h a v io u r  of Л8 10 is cu rio u s , since th e  co rrespond ing  co o rd in a tes  a re  v e ry  
fa r  f ro m  ea c h  o ther. In  c o n tra s t  to  th e  in -p lane  m odes th e  in te ra c tio n s  o f th e  
o u t-o f-p la n e  aldehyde m o tions w ith  b o th  ring  ou t-o f-p lan e  m o tions a re  sen ­
s itiv e  to  th e  aldehyde ro ta tio n .

T h e  com parison  of th e  r in g  valence  force c o n s ta n ts  o f  fu ran -2 -a ld eh y d e  
a n d  fu r á n  [12] shows d iffe ren ces in  accordance w ith  th e  n eg a tiv e  e lec tron  
e ffec t o f  th e  aldehyde g roup . T h e  su b s titu tio n  y ields an  increase  in  th e  force 
c o n s ta n ts  in  th e  neighb o u rh o o d  o f  th e  su b s titu e n t (bond  О г— C2 an d  C2= C 3) 
an d  a d ec rease  in  th e  force c o n s ta n ts  o f  o th e r  bonds.

E x p e r im e n ta l and c a lc u la ted  frequencies for b o th  fu ran -2 -a ld eh y d e  con- 
fo rm ers  a re  p resen ted  in  T ab le  У  to g e th e r  w ith  th e  e lem en ts  o f th e  T E D  
( to ta l  e n e rg y  d is trib u tio n  m a tr ix )  [17]. C on trib u tio n s o f  less th a n  10%  are 
n o t  in c lu d e d .

I n  gen era l th e  ca lc u la ted  a n d  ex p erim en ta l freq u en c ies  agree well. 
T h ere  is , how ever, a re la tiv e ly  g re a t d ev ia tio n  a t  n o rm a l m odes 6. an d  7. 
(A s im ila r  d isc rep an cy  w as o b se rv e d  a t  th e  co rrespond ing  fu rá n  v ib ra tio n s  17. 
a n d  3. [12]). The r(C = C ) v ib ra t io n  ta k e s  p a r t  in  b o th  m odes in  a h ig h  p e r­
ce n ta g e . S ince th e  CNDO/2 m e th o d  u n d e re s tim a te s  th e  co n ju g a tio n  be tw een  
th e  fu r á n  r in g  and  th e  a ld eh y d e  g ro u p , th e  y(C =C ) force c o n s ta n ts  a n d  con­
s e q u e n tly  th e  calcu lated  freq u en c ies  increase . D ev ia tio n s a t  m odes 9. an d
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Table IV

In-plane (lower triangle) and out-of-plane (upper triangle) force constants o f О O-lrans- and О—O-cis furan-2-aldehyde (stretching force constants in 102N .n 1, bending ones in  10 '/ 'S  .m.
ra d -2, stretching-bending interactions in 10“/  N .rad-2 units) and their derivatives ( • 10")

2

3

4

5

6

7

8 

9

10

11

12

13

1

14

16

17

18

1 20 21 22 23 24 25 26 27
5.242 20 0.376 — 0.026 0.006 0.015 -0 .0 9 5 — 0.095 0.125 0.063
5.230 0.384 — 0.027 0.006 0.017 -0 .0 9 7 — 0.100 0.154 0.001

12 — 8 1 0 2 2 5 — 29 62

0.526
2

8.166 21 0.383 - 0.022 0.003 0.166 0.067 0.009 — 0.001
0.530 8.167 0.382 - 0.022 0.003 0.173 0.067 0.002 0.004

4 1 Q
1 0 0 — 7 0 7 — 5

-0 .0 3 7 0.784
о

6.283 22 0.383 -0 .0 2 8 -0 .1 7 8 0.069 0.006 0.003
-0 .0 4 0 0.791 6.281 0.383 - 0.028 -0 .1 7 8 0.069 0.007 0.000

3 5 2
A

0 0 0 0 1 3

0.136 -0 .2 3 0 0.770 8.060 23 0.332 0.096 — 0.121 -0 .0 1 4 0.003
о .1 II — 0.236 0.773 8.057 0.331 0.097 -0 .1 2 2 — 0.013 — 0.009

— 5 6 — 3 3 r
1 1 1 1 12

0.271 0.238 — 0.148 0.653
a

5.074 O—O trans 24 0.511 — 0.004 — 0.026 -0 .0 2 2
0.268 0.241 -0 .1 4 8 0.656 5.070 O — O cis 0.514 — 0.004 -0 .0 4 2 0.008

3 — 3 0 — 3 4 deviation — 3 0 16 — 30

0.325 0.458 -0 .0 9 4 — 0.003 -0 .0 7 1 5.822 25 0.358 0.014 — 0.019
0.320 0.455 -0 .0 9 6 -0 .0 0 3 — 0.067 5.829 0.358 — 0.003 0.022

5 3 — 2 0 — 4 — 7 0 17 — 41

0.008 0.170 0.158 0.014 — 0.038 — 0.001
7

5.414 26 0.179 0.026
0.008 0.171 0.160 0.015 — 0.039 -0 .0 0 2 5.413 0.186 0.067

0 1 — 2 — 1 1 1 1
8

5.412

— 7 — 41

— 0.037 0.014 0.165 0.171 0.007 0.002 0.001 27 0.270
-  0.038 0.014 0.165 0.171 0.007 0.002 - 0.001 5.412 0.286

1 0 0 0 0 0 0 0
9

16

-0 .0 0 4 -  0.046 0.009 0.176 0.161 0.004 0.002 0.000 5.404
-0 .0 0 4 -0 .0 4 5 0.008 0.176 0.161 0.003 0.002 0.000 5.404

0 1 1 0 0 1 0 0 0
10

0.165 -0 .1 5 6 -0 .0 1 6 — 0.008 — 0.031 0.070 0.001 — 0.037 0.004 0.536
0.163 -  0.143 — 0.026 II.Hill — 0.042 0.021 0.001 — 0.004 0.004 0.519

2 13 10 7 11 49 0 — 33 0 17
11

0.3940.009 0.145 0.130 0.013 — 0.008 — 0.003 - 0.012 0.007 — 0.003 — 0.001
0.008 0.146 -0 .1 3 1 0.012 — 0.008 -0 .0 0 3  - 0.012 0.007 -0 .0 0 4 — 0.002 0.397

1 1 1 1 0 0 0 0 1 1 — 3

— 0.007 0.011 -0 .1 3 7 0.150 0.007 — 0.003 0.007 0.011 — 0.004 0.008 — 0.008 0.394
-0 .0 0 7 0.011 0.137 0.150 0.007 — 0.004 0.007 0.011 — 0.004 0.009 — 0.008 0.394

0 0 0 0 0 1 0 0 0 — 1 0 0

0.029 — 0.014 -0 .0 0 9 0.121 0.132 0.009 0.003 0.003 0.020 0.011 0.008 0.003
-0 .0 2 9 — 0.014 -0.009 — 0.121 0.131 0.007 -0.003 0.003 0.019 0.010 0.008 0.003

0 0 0 0 1 2 0 0 1 1 0 0

0.109 -0 .1 5 0 0.222 -0 .2 0 6 0.064 0.238 0.063 — 0.064 0.191 0.109 — 0.057 — 0.057
0.103 — 0.153 0.225 -0 .2 0 3 0.064 0.221 0.065 -0 .0 6 4 0.190 0.101 — 0.056 — 0.057

6 3 — 3 — 3 0 17 2 0 1 8 — 1 0

0.171 0.089 — 0.016 0.080 -0 .1 9 4 -0 .2 0 4 0.214 -0 .2 2 1 0.148 0.000 — 0.006 0.013
0.175 - 0.092 -0 .0 1 6 0.082 -0 .1 9 5 -0 .1 9 9 0.217 -0 .2 2 2 0.148 0.002 It.007 0.013

4 3 0 2 1 5 3 1 0 — 2 1 0

— 0.013 -  0.099 0.049 — 0.034 0.021 0.586 0.002 0.002 0.001 0.036 0.000 0.000
0.030 -0 .0 7 7 0.058 0.040 0.039 0.577 0.000 0.003 0.001 — 0.065 — 0.001 -0 .0 0 2

17 22 9 6 18 9 2 1 0 101 1 2

0.003 0.016 0.005 -0 .0 0 6 0.007 0.149 0.000 0.001 0.001 — 0.034 0.000 -0 .0 0 2
0.012 0.003 0.003 -0 .0 0 5 -0 .0 0 2 0.141 0.000 0.001 0.001 0.034 0.001 0.000

9 13 2 1 9 8 0 0 0 68 1 2

0.052 -  0.018 0.005 — 0.016 0.000 0.206 0.000 -0 .0 0 1 0.003 0.103 0.001 0.002
— 0.055 0.043 0.017 — 0.009 0.026 0.201 0.000 0.004 — 0.002 0.1 311 — 0.002 — 0.004

3 -  61 — 12 7 26 5 0 — 5 5 233 3 6

— 0.021 0.048 -0 .0 0 9 0.009 — 0.006 0.055 0.000 0.002 — 0.001 — 0.097 — 0.001 — 0.003
0.061. -0 .0 0 7 — 0.019 0.004 — 0.029 0.052 0.001 -0 .0 0 2 0.003 0.111 0.002 (».1)02

87 55 10 5 23 3 1 4 — 4 — 208 3 — 5

0
13

0.447
0.447

0
14

0.092 2.049
0.093 2.048

1 1
15

0.002 0.061 1.781
0.002 -0 .0 5 7 1.784

0 4 3
16

0.002 0.045 -0 .0 0 7 10.60
-0 .0 0 2 0.016 -0 .0 0 6 10.62

4 29 — 1 20
17

0.000 0.009 -0 .011 0.263 4.402
I).002 0.023 -0 .0 0 9 0.265 4.400

-  2 14 -  2 — 2 2
18

-0 .0 0 4 0.052 -0 .0 0 5 0.187 — 0.196 0.928
0.004 — 0.015 -  0.009 0.197 -0 .1 9 1 0.922

— 8 67 4 10 — 5 6
19

-0 .0 0 2 — 0.015 -0 .0 2 0 — 0.273 0.078 -0 .3 7 5 0.745
0.005 0.040 -0 .015 0.285 0.075 -  0.365 0.731

7 — 55 — 5 12 3 — 10 14
19





BANKI et al.: CNDO FORCE FIELD 121

Table V
Normal vibrations o f  furan-2-aldehyde

Species i
Vi/cm -1 T E D  % Corresponding

trane/cis trans/cis fu rán  o r substi-
exper. calc. tu e n t mode

l 3150* 3146 »CH, 8 (81/80), rCH, (18/19) l
3146

2 3144* 3137 vCH7 (57/58), rC Il, (39/38) 15
3136

3 3128* 3123 rCH78 (57/58), i-CII9 (43/42) 16
3123

4 2804 2821 rCHald (100/100) vCHa|d
2841 2821

5 1694b 1705 vC=C (60/45), /?CCa|d (17/19), /?CHald (15/15)

ОII
и

1721
6 1577 1628 vC=C (66/58), vC = 0  (10/24) 17

1598
7 1473 1552 rC = C  (61/56), /?ring (14/15) 3

1479 1549
8 1399 1401 t’C - C  (36/36), ,dCH7i8 (14/16), /SCII9 (16/18) 4

1399
A ' 9 1365 1367 /?CHald (36/54), r C = 0  (20/18) CHald

1394 1349
10 1277 1290 rC О (31/27), ,-CCald (11/20), /?ring (16/15), 2, j’CCa|d

/?CHald (20,10)
1237

11 1242 1237 /?CH7S (36/34), ßCH„ (30/27), vC C (14/17), 18
1272 1232 r C = 0  (8/10)

12 1155 1128 /SCH7|8 (33/34), /SCII9 (22/27), j-C=C (24/21) 20
1164 1124

13 1085 1065 /?CH7 (26/25), vC О (36/41), vC C (15/14) 6
1075

14 1011 1007 r C - 0  (29/17), vC -C  (8/10), /SCII7,8 (54/65) 7
1018 1018

15 947 961 vC 0  (24/23), vC— C (18/13), ßlinR (27/36),
933 946 ßCH , (11/11) 5

16 888 872 ßring (67/66), vC О (24/29) 21
868

17 746 736 ß ting (37/25), vCCald (19/20), /?С = 0  (19/18) 8
726

18 495* 467 ßC— O (36/36), ßCCM  (18/20), vCCald (17/17) ß c = o
498* 488

19 213" 196 ^CCald (68/67), ßC— O (23/24) 19//?CCald
183

20 882 880 yCH7, 8 (54/64), yCHald (34/34) 9
866

21 830 851 yCH8 (49/45), yCHald (35/40), yCH  (14/14) yCH ald
848

22 825 809 yCH7_8 (55/59), yCH9 (26/25), yCIIald (19/16) 12
808

23 756 752 у CH, (60/61), yCH8 (29/27) 13
759 750

A "  24 639* 637 Trlng (82/87) 11
622» 635

25 595 578 Tring (100/99) 14
582

26 245* 260 yCCald (62/84), rCCald (30/12) 10/yCCald
280' 251

27 145" 143 rCCald (67/76), yCCa,d (26/5) TCCald
134* 139

E xperim ental frequencies are take from our vapour spectrum except those m arked: a, 
solution spectrum  b, carbonyl stretching frequency unperturbed by Fermi resonance [18]; 
c, far infrared vapour spectrum [8].
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10. c a n  b e  explained b y  th e  tran sfe rred  a n d  u n o p tim ized  scaling fa c to rs  o f 
th e  b e n d in g  force c o n s ta n ts  o f  th e  aldehyde g ro u p .

T h e  m ean  dev ia tio n  o f  th e  ex p erim en ta l a n d  ca lcu la ted  freq u en c ies  for 
th e  О — О trans and  th e  О— О cis conform ers a re  24 c m -1 and  29 c m -1  (in ­
p la n e  m o d es), 13 c m -1  a n d  14 c m -1 (o u t-o f-p lan e  m odes), re sp ec tiv e ly . T he 
d ire c t io n s  o f deviations a re  th e  sam e for m o st o f  th e  m odes.

T h e  con fo rm ational e q u ilib riu m  does n o t  p ro d u ce  considerab le  re so lu ­
tio n s  in  fu ran -2 -a ld eh y d e  s p e c tra . The ca lcu la ted  frequencies, how ever, do n o t 
re f le c t  th is  fac t. The c a lc u la tio n s  re su lt in  d ev ia tio n s  also a t  m odes w here  
no  re s o lu tio n  is observed in  th e  sp ec tra  (e.g. m odes 6., 10., 16., e tc .). W e can  
e x p la in  th is  by  th ree  re a so n s :

1 .  T h e  CNDO/2 m e th o d  is only  a ro u g h  a p p ro x im a tio n  and  is n o t  ab le 
to  t a k e  in to  account a p p ro p r ia te ly  th e  sm all d ifferences in  th e  fo rce  f ie ld  
o f  th e  tw o  conform ers.

2 . T h e  sam e scaling  fa c to rs  were u sed  fo r b o th  conform ers, i.e . th e  
fo rce  f ie ld s  were no t scaled  in d iv id u a lly .

3. T h e  calcu lated  freq u en c ies  are v e ry  sen s itiv e  to  th e  app lied  re fe ren ce  
g e o m e try  (no ind iv idual g eo m etrie s  were u sed ).

I n  o u r  paper on fu rá n  fo rce  fie ld  [12] i t  w as d ea lt w ith  th e  s u b s ti tu e n t  
e ffec t o f  th e  fu rán  fu n d a m e n ta ls . C om paring i ts  frequencies to  th o se  o f  fu ra n -
2 -a ld e h y d e , norm al freq u en c ies  o f m odes 11, 14 a n d  21 w ere declared  as fu rá n  
s k e le ta l  ch arac teris tics .

*
T h e  authors are very g ra te fu l D r G. Pongor for th e  possibility of using his refinem ent 

p rogram .
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A unified  mechanism is proposed to  describe the O s04-catalysed decomposition 
of hydrogen peroxide. The decom position is induced by  th e  nucleophilic a ttack  of HO^ 
ion on 0 s 0 4 . aq , resulting in  a cherry-red tran sien t (absorption m axim um  a t 530 nm) 
in the range o f 9 <  pH  < 1 3 .  The peroxide ad d u c t of th e  cata lyst undergoes fast 
intram olecular redox reactions. The first step results in an  osm ium (VII) superoxide 
radical pa irs, th e  second gives dioxygen and osm ium (VI). The la tte r  species is then  
reoxidized by  hydrogen peroxide in  a tw o-electron step. This redox cycle represents 
the molecular com ponent of decomposition w ith  a ra te  m axim um  a t pH  10.6—10.7, 
where the concentrations of th e  osm ium (VIII) and  osm ium (VI) species are ju s t equal. 
A t lower p H , undissociated osmium(VI) acid is form ed and peroxidized. The peroxo- 
osmium(VI) acid  undergoes homolysis, and 'O H  and  osm ium (V II) radicals are formed. 
The la tte r is reduced by hydrogen peroxide, w hereby a radical chain reaction is evolved 
with the form ation of superoxide radicals. The radical chain process involving th e  'O H  
radical depends on the pH , exhibiting a m axim um  a t pH  8.5. A t lower pH , the radical 
component predom inates in th e  decomposition. D uring the decomposition, the form ation 
of singlet oxygen is also observed in low yield. The proposed reaction scheme proves 
suitable for sim ulation the m ain  characteristics o f th e  catalysed decomposition.

In tro d u c tio n

Due to  its  ad v an tag eo u s  p ro p ertie s , o sm iu m  te tro x id e  is a w idely used 
c a ta ly s t. A lth o u g h  0 s 0 4 is a h ig h ly  covalen t c o m p o u n d , i t  undergoes s tro n g  
so lv a tio n  an d  th e re fo re  d issolves read ily  b o th  in  w a te r  an d  in  non -aqueous 
so lvents. F u r th e r ,  i t  has th e  g re a t ad v an tag e  th a t  i t  can  be app lied  in  acidic, 
n e u tra l  and  a lk a lin e  m edia. I ts  general use m ig h t be re s tr ic te d  b y  its  re la tiv e ly  
h ig h  price, b u t  i ts  excep tio n a lly  h igh c a ta ly tic  a c t iv i ty  (it is u su a lly  enough 
to  app ly  it  in  1 0 ~ 8— 10~5 M  c o n cen tra tio n ) m eans th a t  th e  price is n o t a rea l 
lim itin g  fac to r.

O sm ium  te tro x id e  c a ta ly se s  b o th  n o n -co m p lem en ta ry  and  com ple­
m e n ta ry  (in w h ich  th e  p a r tn e rs  change th e ir  va lenc ies b y  th e  sam e am o u n t) 
re d o x  reactions. I n  acidic m ed iu m , osm ium  te tro x id e  ca ta ly ses th e  o x id a tio n  
o f  a rsen ic (III)  b y  one-electron  o x id a n ts  such as cerium (IV ) or p e rm an g an a te  
[1, 2], b u t i t  also accelerates th e  tw o-elec tron  re d u c tio n  o f hyd rogen  peroxide 
a n d  d ifferent m onoperoxo  acids b y  arsenous ac id  [3].

* To whom correspondence should be addressed.
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T h e  w idespread  use o f  h e x a c y a n o fe rra te ( I I I )  as a s tro n g  oxiu izing  
a g e n t is m ad e  possible b y  th e  a p p lic a tio n  o f 0 s 0 4 ca ta ly sis  in  a lk a lin e  m edium . 
T h e  o x id a tio n  o f some in o rg an ic  [4— 6] a n d  organic [7-— 13] su b s tra te s  by  
h e x a c y a n o fe rra te ( I I I )  has b een  in v e s tig a te d  k in e tica lly , an d  th e  ca ta ly s is  was 
e x p la in e d  b y  ox ida tio n  o f th e  g iv en  su b s tra te s  b y  o sm iu m (V III), fo llow ed by  
th e  f a s t  re o x id a tio n  o f osm ium (Y I) b y  h e x a c y a n o fe rra te (III) . In  o th e r  cases 
[14, 15 ], th e  fo rm atio n  o f an  o sm iu m (V II) in te rm e d ia te  has b een  p o s tu la te d .

O x id a tio n  w ith  ch lo ram in e-T  (IV -chloro to luenephenylsu lphoxide) can  
be a c h ie v e d  only  th ro u g h  0 s 0 4 c a ta ly s is . In  th e  o x id a tio n  o f  som e organic 
su b s ta n c e s  [16— 21] b y  ch lo ram ine-T , th e  O s0 4-cata lysis is s im ila rly  ex p la ined  
b y  th e  fo rm a tio n  of a com plex  b e tw een  th e  c a ta ly s t an d  th e  s u b s tra te , w hich 
d ecom poses in to  osm ium (Y I) a n d  p ro d u c ts . In  th ese  in v es tig a tio n s , how ever, 
th e  p o s tu la te d  valence change o f  th e  c a ta ly s t  is su p p o rted  o n ly  b y  k in e tic  
ev id en ce .

O sm iu m  te tro x id e  is a w id e ly  u sed  reag en t in  organic sy n th ese s  in vo lv ing  
th e  tra n s fo rm a tio n  o f o lefins in to  a-d io ls in  h y d ro x y la tio n  reac tio n s . The 
o x id a tiv e  h y d ro x y la tio n s of a lip h a tic  alicyclic an d  a ro m a tic  o lefins are 
e x p la in e d  in  te rm s o f th e  in te rm e d ia te  fo rm a tio n  o f  osm ium (V I) ac id  esters, 
th e  h y d ro ly s is  o f w hich y ields g lycols. C hlorates, hyd ro g en  p e ro x id e  o r m olec­
u la r  o x y g e n  are used to  reox id ize  th e  osm ium (V I) fo rm ed  [22, 23]. A  special 
fe a tu re  o f  h y d ro x y la tio n s e ffec ted  b y  0 s 0 4 is th a t  th ese  a lw ays re su lt in 
c is-a -d io ls , in  co n tra s t to  th e  o th e r  d io l-form ing  c a ta ly s ts  such  as M o, W , Se, 
e tc ., w h ic h  fu rn ish  irans-a-d io ls . D e ta ils  o f th e  k inetics o f th e  h y d ro x y la tio n  
re a c tio n s  are  n o t know n.

B ased  on th is  sh o rt rev iew  i t  can  be concluded  th a t  in  o sm iu m -ca ta ly sed  
re d o x  re a c tio n s  in v estig a ted  k in e tic a lly  w ith o u t excep tion  a co m p lex  fo rm atio n  
b e tw e e n  th e  ca ta ly s t an d  th e  g iven  su b s tra te  is p o s tu la te d  fo llow ed b y  th e  
re d u c tio n  o f o sm ium (V III) to  osm ium (V I) an d  th e n  th e  re o x id a tio n  o f os- 
m iu m (V I) w ith  th e  ox id izing  re a g e n t app lied . E x p e rim e n ta l ev idences, how ­
ev er, do  n o t  su p p o rt th e  assu m ed  m echan ism s.

I n  th is  paper an  a t te m p t  is m ad e  to  give a u n ified  e x p la n a tio n  o f  ex p e ri­
m e n ta l fa c ts  [24— 29] re la te d  to  th e  O s 0 4-ca ta ly sed  decom position  o f  hyd ro g en  
p e ro x id e  w ith  th e  hope th a t  fu r th e r  in sig h ts  and  som e su p p o rt w ould  be 
a c q u ire d  in to  th e  m echanism s o f re d o x  ca ta ly sis  b y  osm ium  te tro x id e .

G en e ra l properties of the  O s0 4-ca ta ly sed  decom position o f h y d rogen
peroxide

W h e n  osm ium  te tro x id e  o r  som e o th e r osm ium  species o f  low er o x id a tio n  
s ta te s  so lu tio n  is added  to  a lk a lin e  h y d ro g en  perox ide  (9 <C p H  <  13) so lu tion  
a t r a n s i to r y  cherry -red  co lo ra tio n  is observab le  an d  th e  deco m p o sitio n  of

Acta Chim. Hung. 123, 1986



CSÁNYI et al.: OSMIUM-TETROXIDE AS A REDOX CATALYST 125

h y d ro g en  perox ide  s ta r ts  im m ed ia te ly  [30]. A ccording to  th e  m e th o d  of 
K ra jlic  and  M ohsni 0.26 and  0 .6 %  of th e  to ta l  d ioxygen  evo lved  appeared  
as sing let oxygen a t  p H  8.6 an d  10.6, re sp ec tiv e ly  (F ig . 1).

T he ra te  o f  0 2 evo lu tio n  w as found  to  d ep en d  on th e  p H  o f th e  reaction  
m ix tu re , w ith  a m ax im u m  a t p H  10.6 (F ig . 2, u p p e r p a r t ,  p o in ts  deno ted

[IMIDAZOLE]/mol dm"3

Fig. 1. D etection of singlet oxygen; curve 1: 2.27X 10~7 M  O s04, 4.54X 10-2 M  H 20 2, 4.35X 
X  10-5  M  RNO, 0.1 M  e thanol (to scavenge all of th e  ‘OH radical formed), pH  8.6 (phosphate 
buffer), cell thickness: 1 cm , curve 2: 1 .62X 10-7 M  O s04, 2 .55X 10-2 M  H 20 2, 4 .35X 10-5 M  
RNO , O.lfJVf ethanol (to scavange all o f th e  'OH radical formed), pH  10.6 (phosphate buffer),

cell thickness: 1 cm

b y  •). D uring  th e  decom position , h y d ro x y l a n d  superox ide  rad ica ls  a re  form ed. 
T he in itia l ra te  o f  fo rm a tio n  o f  ‘O H  rad ica ls  d isp lays a m ax im u m  a t  p H  8.5 
as a function  o f  p H  (F ig . 2, u p p e r  p a r t ,  p o in ts  deno ted  b y  X ). T h e  su p er­
oxide rad ica l w as m easu red  b y  e .s .r. m e th o d  a t  p H  > 9 .5 ;  its  co n cen tra tio n  
increased  m on o to n o u sly  w hen th e  p H  was ra ised  (p o in ts  d en o ted  b y  ■ ) .

T he h y d ro x y l rad ica l is p ro d u ced  m o stly  in  a chain  process. T h is  can  be 
concluded  from  th e  o b se rv a tio n  th a t  w hen  -O H  scavengers (2 -p ropano l, 
e th a n o l, R N O , e tc .) w ere ad d ed  to  th e  re a c tio n  m ix tu re  th e  o v e ra ll ra te  of 
decom position  w as red u ced  d ra s tica lly . A t p H  <  9, th e  c o n tr ib u tio n  o f the  
•O H  rad ica l chain  p rocess to  th e  overall decom position  is con sid e rab le , b u t 
falls to  1—5 %  a t  p H  >  9 (see F ig . 2, low er p a r t ,  po in ts  d e n o te d  b y  A 
an d  ■ ) .

I t  was o bserved  th a t  a t  p H  >  8.5, o sm iu m (V III) is p rog ressiv e ly  reduced  
w ith  hydrogen  p e ro x id e  to  osm ium (V I) [28]. A t p H  10.6, w here th e  ra te  of
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Fig. 2. pH -dependence of cata lysed decomposition; curve 1: In itia l ra te  of decom position of 
h y d rogen  peroxide: 3.0X 10~8 M  0 s 0 4, 1 .8x  10-2 M  H 20 2, 298 K , pH  ad justed  by  pH -sta t. 
E x p erim en ta l values: « ; com puted values obtained b y  steady-sta te  trea tm en t: full line; 
co m pu ted  values obtained by  G ear m ethod : dashed line, curve 2: In itial ra te  of 'O H  radical 
fo rm atio n : 1.74X 10-7 M  0 s 0 2, 8 .2 X 10~2 M  H20 2, 298 K , p H  adjusted  by p H -sta t. E xperi­
m en ta l va lues: x; computed values b y  steady-state tre a tm en t: full line, curve 3: Change in 
con cen tra tio n  of superoxide rad ica l: l .O x lO -6 M  0 s 0 4, 0.1 M  H 20 2, 298 K , 0.1 M  phos­
p h a te  bu ffer. Superoxide con ten t m easured by e.s.r. m ethod  in  frozen samples near liquid 
n itrogen  tem pera tu re  after 2 m in conversion. Measured values: ■ ;  com puted values obtained 
by  s te a d y -s ta te  treatm ent: full line, curve 4: Change in  valency sta te  of ca ta ly st during 
decom position . Measured values of ([Os(VIII)]/[Os]total)X 100: о  ; com puted values by steady- 
s ta te  tre a tm e n t: dashed line, curve 5: Proportion of ra te  of form ation of ’OH radical to  to ta l 
decom position  rate: (RCO H/Rtota|) X 100 values: A; B leaching of RNO during a constan t 10% 
conversion of hydrogen peroxide: 4.0X  10-7 M  Os04, 2.Ox 10-2  M  H 20 2, 2.3Х 10-5  M  RNO, 
298 K , 440 nm , cell thickness: 1 cm (A A /A 0) x  100 values denoted  by □ ,  curve 6: ([H 2[60 s 0 2- 
(O H )4]]/[O s(V I)]total)X l0 0  vs p H , curve 7: ([H [6OsO2(O H )4]-]/[O s(V I)]t0tai)X 100 vs. pH , 

curve 8: ([[6OsO2(O H )4]2-]/fO s(V I)]t0ta|)X 100 vs pH

d e c o m p o s itio n  reaches its  m a x im u m , the  c o n c e n tra tio n  ra tio  [o sm iu m (Y III)]/ 
/[o sm iu m (V I)]  is ab o u t one (see F ig . 2, low er p a r t ,  p o in ts  d en o ted  b y  o).

T h e  overall ra te  o f d eco m p o sitio n  a t  low er conversions ( <  3 0 % ) was 
fo u n d  to  be p roportiona l to  th e  f irs t  pow er o f  th e  in itia l c o n c e n tra tio n  of 
h y d ro g e n  peroxide.

B e tw een  p H  9 an d  12 th e  in itia l ra te  w as p ro p o rtio n a l to  th e  c o n c e n tra ­
tio n  o f  th e  ca ta ly s t in  th e  1 0 -9 — 1 0 ~ 6 M  in te rv a l. A t p H  <  9 an d  a t  h ig h er
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Fig. 3. Dependence of decomposition ra te  on concentration of cata lyst; curve 1: 0.15 M  H 20 2, 
298 K , pH  5.4 (phosphate buffer), experim ental values: • ,  com puted values b y  steady-state 
trea tm en t: dashed line, curve 2: 0.02 M  H 20 2, 298 K , pH  10.85 (controlled by  pH -stat), 

experim ental values: • ,  calculated values: full line

co n cen tra tio n s  o f osm ium  te tro x id e , th e  pow er o f th e  c a ta ly s t  co n cen tra tio n  
(m) in  ra te  eq u a tio n  (I)

R  =  fc [0 s0 4f  [H 20 2]" (I)

is less th a n  one. W hen  th e  c o n c e n tra tio n  o f  c a ta ly s t reaches or exceeds 10 ~ 3 M  
th e  r a te  becom es in d e p e n d e n t o f th e  c a ta ly s t  c o n cen tra tio n  (F ig . 3, curves 1 
a n d  2).

D iscussion

I t  has been show n recen tly  [30] th a t  O s0 4-aq  is a tta c k e d  b y  th e  strong ly  
nucleoph ilic  H O j“ ion  p re sen t in  th e  a lk a lin e  reac tio n  m ix tu re :

H 20 2 ^ I I +  +  I I 0 2-  (1)

O s 0 4 • aq  +  H O f  5 =  0 s 0 2( 0 H ) 3( 0 0 )  -  (2)

T h is  in te rm ed ia te  com plex  is considered  to  be th e  cherry -red  t r a n s ie n t  species.

The fa te  o f  the cherry-red transient

T he com plex is com posed o f an  ox id izing  (o sm iu m (V III))  a n d  reducing  
(H O ^ ) e n tity . I t  is th e re fo re  p lausib le  to  assum e th a t  th e  a d d u c t  undergoes 
a fa s t  in tram o lecu la r red o x  reac tio n * :

s0 s 0 2( 0 H )3( 0 2 ) ’0 s0 2( 0 H )3(0 7 )  (3)

* For convenience, the  oxidation num ber of osmium is given as a left u pper index.
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re s u lt in g  in  an  o sm ium (V II) —  superoxide ra d ic a l p a ir  in  th e  so lven t cage. 
W ith  re g a rd  to  the  h igh  e le c tro n  affin ity  of th e  o sm iu m (V II) rad ica l, i t  seem s 
p ro b a b le  th a t  only a sm a ll p ro p o rtio n  of th e  ra d ic a l p a irs  escape from  th e  
so lv e n t cage:

Ю в02( 0 Н ) 3(0 Г )  +  H 20  -  H [7Os0 2(O H )4] +  0 7  (4)

th e  m a jo r i ty  of th em  re a c ts  w ith in  th e  cage acco rd in g  to  s tep  (5):

Ю в02(0 Н )з(О 7 ) +  H 20  -  H [«O s02(O H )4] -  +  0 2 . (5)

T a k in g  reactions (3) an d  (5) in to  consideration , i f  k 5 does n o t exceed k 3 co n ­
s id e ra b ly  and  equilib rium  (2) is  sh ifted  to  th e  r ig h t ,  th e n  th e  o sm ium (Y II) —  
su p e ro x id e  radical p a ir w ill a c c u m u la te  considerab ly .

The molecular com ponent o f the catalysed decom position

B etw een  pH  9 a n d  12 h y d ro g en  peroxide decom poses alm ost en tire ly  
to  d io x y g e n , and the ra d ic a l r o u te  is negligible. In  th is  p H  range o sm iu m (V III) 
is g ra d u a lly  reduced to  o sm iu m (V I). A t th e  r a te  m ax im u m  of d ioxygen  
e v o lu tio n , th e  c o n cen tra tio n s  o f  th e  tw o v a le n c y  s ta te s  of osm ium  w ere 
fo u n d  to  be equal.

T h e  following m a y  b e  s a id  concerning th e  f a te  o f  osm ium (Y I) fo rm ed  
in  s te p  (5).

O sm ium (Y I) fo rm ed  u n d e rg o es  protolysis:

H [e0 s 0 2( 0 H )4] -  +  H 30 +  ^  H 2[« 0 s0 2( 0 H ) 4] +  H 20  (6)

H [f,0 s 0 2( 0 H ) 4] “ ^  [60 s 0 2(0 H )4]2 - +  H +  (7)

a n d  is  th e n  peroxidized b y  H 20 2:

H 2[60 s 0 2(0 H )4] +  H 20 25=t H 2[g0 s0 2( 0 I I ) 3( 0 0 H ) ]  +  H 20  (8)

T h e  analogous reactions o f  t h e  m ono and d ian io n ic  osm ium (V I) species could  
also  ta k e  place. A t low er p H , peroxoosm ium (V I) ac id  is tran sfo rm ed  b y  О . О 
b o n d  hom olysis in to  -O H  a n d  a n  osm ium (V I) ac id  ra d ic a l, w hich th e n  r e a r ­
ra n g e s  qu ick ly  into o sm iu m (V II) :

H 2[6O s02(O H )3(O O H )] — . . .  — H [70 s0 2( 0 H ) 4] +  -OH (9)

A t h ig h e r  pH , the  p e ro x o ac id  is dep ro to n a ted :

H 2[cO s02(O H )3(O O H )] ^  H + +  H [« O s0 2(O H )3(O O H )]-  (10)

a n d  th e n  rearranges q u ick ly  in to  osm ium (V III):

H [BO s0 2(O H )3(O O H )] -  -  80 s0 2( 0 H ) 3( 0 - )  +  H 20  (11)
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T he possible perox ide  d e riv a tiv e s  o f osm ium (V I) an ions, h o w ev er, can 
n o t un d erg o  hom olysis as th e y  have  free n eg a tiv e  charge(s) a n d  th e  Ю Н 
rad ica l (or i ts  co n ju g a ted  b ase , О ')  fo rm ed  ta k e  o ff th e  e lec tro n (s) im m e­
d ia te ly  before escape from  th e  so lven t cage, i.e . th e  osm ium (V I) ac id  rad ica l 
is oxidized to  o sm ium (V III) w ith in  th e  cage. H ence , we fo rm u la te  2 -eq u iv a len t 
steps for osm ium (V I) an ions:

H [e0 s 0 2(0 H )4] -  +  H 20 2 — 80 s 0 2( 0 H ) 3( 0 - )  +  2H 20  (12)

[80 s 0 2(0 H )4]2“ +  H 20 2 — 80 s0 2( 0 H ) 3( 0 - )  +  O H -  +  H 20  (13)

T he ex p erim en ta l fa c t t h a t  th e  ra tio  [O s(Y III)]/[O s(V I)] p rog ressive ly  
decreases as th e  p H  is in c rea sed  can easily  be  exp la ined  b y  a ssu m in g  th a t  
k 12 >  k 13, i.e . th e  re o x id a tio n  o f  osm ium (V I) slows dow n w ith  a n  increase 
in  p H .

In  th is  re sp ec t we call a t te n tio n  to  th e  p rev ious o b se rv a tio n s  connected  
w ith  th e  fo rm atio n  and  d e cay  o f  peroxosu lp h u ro u s [32] an d  p e ro x o n itro u s  
acids [33] in  alkaline m ed ium . T hese  d e riv a tiv es  decom pose b y  in tra m o le c u la r  
re a rra n g em e n t of th e  0 . 0  g ro u p , as a re su lts  o f  w hich th e  tw o  p e ro x id e  0  
a tom s a p p e a r w ith in  th e  su lp h a te  an d  n itr a te  form ed. F u r th e r , th e  ra te s  of 
decay  o f th ese  peroxides w ere fo u n d  to  be in d ire c tly  p ro p o rtio n a l to  th e  pH , 
w hich is th e  case in  th e  p re s e n t sy stem , too .

T he d is tr ib u tio n  cu rves o f  th e  osm ium (Y I) acid species (F ig . 2, curves
6— 8) rev ea l th a t ,  in  th e  p H  ra n g e  9— 12, th e  und issoc ia ted  o sm iu m (Y I) acid 
an d  its  reac tio n  w ith  h y d ro g en  perox ide  can  be neglected  a t  th e  d iscussion 
o f th e  ra te  m ax im u m  o f d io x y g en  fo rm atio n .

T he o vera ll ra te  of d eco m position  o f h y d ro g en  perox ide  (o r tw ice  the  
r a te  of d ioxygen  evolu tion) is e q u a l to  th e  su m  o f th e  ra te s  of th e  o x id a tio n  
an d  red u c tio n  o f hyd rogen  p e ro x id e . A t a n y  p H , th e  c o n c e n tra tio n s  o f  the  
-f-8 an d  -j-6 v alency  s ta te s  o f  osm ium  change u n ti l  th e  ra te s  o f th e  red u c tio n  
processes becom e equal to  th e  r a te s  of th e  o x id a tio n  processes.

I f  s tep s  (2), (3) and  (5) a re  sum m ed

80 s 0 4-aq  -)- HOjj- —► H [f’0 s 0 2(0 H )4] “ 0 2 /cred

we can  w rite :

k red[ 0 s 0 4.a q ]  [ H 0 2- ]  =  [H 20 2] [k 12[H [80 s 0 2( 0 H 4] - ]  +  k13[ [ " 0 s 0 2( 0 H ) 4]2-]}

As to  th e  pH -dependence  o f  th e  in d iv id u a l reac tions, b o th  th e  red u c tio n  
an d  th e  o x id a tio n  reac tions d ep en d  on th e  p H , b u t  in  oppo site  d irec tions, 
an d  co n seq u en tly  th e ir  re s u lta n t  r a te  (the  overa ll ra te  of decom position ) m ust 
pass th ro u g h  a m axim um .
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T h e  balance e q u a tio n s  a re :

[Os]total =  [Os(VIII)]totaI +  [Os(VI)]total

[H 20 2]totai =  [H20 2] +  [H 0 2 ]

[O s(V III)]total =  [ 0 s 0 . 4a q ]  +  [0 s 0 4] +  [s0 s 0 2(0 H )4] ~  [ 0 s 0 4-aq ] 

b e c a u se  th e  con cen tra tio n s o f  th e  la tte r  tw o species a re  ex trem ely  low .

[O s(V I)]total =  [H2[6O s 0 2(O H )4]] +  [H [60 s 0 2( 0 H ) 4]~ ]  +  [[e 0 s0 2(0 H )4]* -]

U sin g  th e  a p p ro p r ia te  p ro to n a tio n  eq u ilib r iu m  co n stan ts , we o b ta in :

[Os] total ""red 1

[O s (V I) ] totaI = /

bred — ------ h ^12 — ---- “— +  fci3— ---- -l + f  12l + / gl 3l + f g 2
w h e re

/  =

#2 — 1 +

К 1 K 6 [H+] '

[H+] [H+]2
K 7 K 6K 7 

S u b s titu tin g  [O s(V I)]totai in to  th e  overa ll r a te :

d[H 2Q2] ____ „  , 7 1  I T) ____
--------- “------  — *Ved +  r i12 +  K 13 —

dt

0 - 1 1 /

[O s]t0ta|

Q

—  [ H 20 2] to ta l[ O s ] to ta l  j^red ------ 1“ ^12 “  ~ ~ ~ — “ +  &13
1 f

Q i + f  Q i + f .

(A)

(B)

E q u a t io n  (B) describes a  m a x im u m  curve as a fu n c tio n  o f th e  p H . F o r  th e  
r a t e  coeffic ien ts fcred, k 12 a n d  k 13, num erical v a lu es  w ere  chosen b y  t r ia l  w hich  
g a v e  th e  best f i t  for th e  ex p e rim en ta lly  d e te rm in e d  overall decom position  
r a t e  v s  p H  and th e  [O s(Y III)]/[O s(Y I)] vs p H  fu n c tio n s. The ag reem en t 
b e tw e e n  th e  com puted  a n d  th e  m easured r a te  v a lu e s  an d  [O s(V III)]/[O s(V I)] 
v a lu e s  as a function  o f  p H  is  show n in F ig . 2, c u rv e s  3 an d  4.

The ■OH radical ch a in  component o f  the catalysed decomposition

T h e  co n tribu tion  o f  th e  r a te  of th e  re a c tio n  ro u te  invo lv ing  -O H  rad ica ls  
to  th e  overall ra te  of d eco m p o sitio n  was fo u n d  to  decrease as th e  p H  was 
in c re a s e d . A nother c h a ra c te r is tic s  of th e  ra d ic a l co m p o n en t is t h a t  th e  ra te  
o f  ra d ic a l  p roduction  p a sse s  th ro u g h  a m a x im u m  as a fu n c tio n  o f p H , th e  
m a x im u m  lying a t p H  8 .5 . C om parison  of th e  p H  p ro file  o f th e  re la tiv e  im p o r­
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ta n c e  of th e  Ю Н  rad ica l ro u te  (F ig . 2, cu rv e  5) w ith  th e  change in  c o n c e n tra tio n  
o f  th e  osm ium (Y I) species as a fu n c tio n  o f p H  (F ig . 2, curve 6) su g g ests  th a t  
th e  un d isso c ia ted  osm ium (V I) ac id  species is responsible fo r Ю Н  rad ica l 
p ro d u c tio n . As m entioned  befo re , hom olysis o f  peroxoosm ium (V I) ac id  resu lts  
in  Ю Н  and  osm ium (V II) ra d ic a ls :

H 2[0OsO2(O H )3(O O H )] — . . . — H [70 s 0 2(0 H )4] +  'O H  (9)

T h e  fa tes  o f th e se  radicals m ig h t be as fo llow s. O sm ium (V II), lik e  th e  in te r ­
m ed ia te  v a len cy  s ta te  species o f  m ost e lem en ts  (e.g. ch rom ium (V )), c an  be 
red u ced  or ox id ized  b y  h y d ro g en  p e ro x id e :

H [70 s0 2(0 H )4] +  H 20 2 -  H 2[« 0 s0 2(0 H )4] +  O J  +  H +  (14)

H [70 s 0 2(0 H )4] +  H 20 2 — 80 s0 2(0 H )4 +  -OH +  H 20  (15)

S tep  (14) re su lts  in  osm ium (Y I) acid  ag a in , w hich , th ro u g h  s tep s  (8) a n d  (9), 
p ro d u ces, th e  above radicals a n d  th e re b y  a reac tio n  chain  is d ev e lo p ed . W ith  
re sp ec t to  th e  ch a in  p ro p ag a tio n , s tep  (15) can  be considered a te rm in a tio n  
reac tio n . T he len g th  of th e  c h a in  w as fo u n d  to  be ab o u t 70 a t  p H  6 .8 , and  
a b o u t 10 a t  p H  ^  9.

A t h ig h er p H , o sm ium (V II) d issocia tes as an  acid:

H [70 s 0 2(O H )4] ^  H +  +  [70 s0 2(0 H )4]~  (16)

an d  08m iu m (V II) is oxidized to  o sm iu m (V III) :

[7OsO2(0H)4] -  +  H20 2 — 80 s0 2(0H)4 +  -OH +  OH- (17)

The h ig h ly  reac tive  Ю Н  ra d ic a l is co n v e rted  by hydrogen  p e ro x id e  in to  
th e  superox ide  rad ica l (see la te r ) .  T he ra te  o f  in itia tio n  o f Ю Н  ra d ic a ls  is:

R?nu =  fc9[H2[80s02(0H )3(00H )]] =  V i 8[H2[4)s02(0H)4]] [H20 2]

[H2[60 s0 2(0H)3 (ООН)]] =

F ro m  e q u a tio n  (A):

л & й = м : ,
[Os]

f 4 H 2o a W a l[H + ][H +] [H +]
K J H + ]  +  K

(C )
10

T h e c h a ra c te ris tic  p H -dependence  o f th e  r a te  o f  Ю Н  rad ica l fo rm a tio n  arises 
fro m  th e  fa c t t h a t  [O s(VI)]totai increases m ono tonously  w ith  in c re a s in g  p H  
(see e q u a tio n  (A )), while th e  c o n c e n tra tio n  o f  und issocia ted  o sm iu m (V I) acid 
(to g e th e r w ith  t h a t  o f its p eroxo  d e riv a tiv e )  decreases. The a g reem en t b e tw een  
th e  e x p e rim en ta lan d  co m p u ted  va lu es  can  be  seen in  Fig. 2, c u rv e  2.
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The role and  fa te  o f  superoxide radicals

Superox ide ra d ic a ls  a re  produced  in  d iffe re n t reac tio n . The 'O H  ra d ic a l 
fo rm ed  a t  low er p H  is tra n s fo rm e d  b y  th e  s u b s tr a te  species in to  th e  su p e r­
o x ide  rad ica l:

•O H  +  H A ^ o r  +  H 3o +  (18)

•O H  +  Н О Г  -  O J  +  H 20  (19)

I t  h a s  been  m en tio n ed  t h a t  th e  superoxide ra d ic a l is p roduced  in  reac tio n  (14),
to o . F u r th e r , re a c tio n  (4) is considered a  th i r d  source, w hen som e o f th e  
o sm iu m (V II) and  0 2' ra d ic a l pairs escape fro m  th e  so lven t cage.

T h e  superox ide  ra d ic a l is a n o t too  re a c tiv e  species an d  th e re fo re  no 
decisive ro le has been  a t t r ib u te d  to  i t  in  th e  c a ta ly se d  decom position  schem e. 
T he m o st im p o r ta n t re a c tio n  of th e  su p ero x id e  ra d ic a l is its  d ism u ta tio n . 
A t low er p H , w hen th e  p ro to ly s is  furnishes H 0 2 in  considerab le  co n cen tra tio n s :

H O -^ H +  +  OJ (20)

th e  fa s te s t  d ism u ta tio n  s te p

H O j +  O J -  Н О Г  +  0 2 (21)

rem o v es m ost of th e  su p e ro x id e  form ed. I n  th is  p H  range, th e  su p ero x id e  
ra d ic a l c an  be d e tec ted  o n ly  b y  th e  m ost sen s itiv e  m eans (e.g. w ith  te tra n itro -  
m e th a n e ) , and  n o t b y  th e  e .s .r . m ethod . A t h ig h e r  p H , th e  decay of sup ero x id e  
ra d ic a ls  slows dow n as s te p  (22)

0 2 -)- 0 2 -f- H + —► H O , -f- 0 2 (22)

is v e ry  slow. As a co n seq u en ce  of th is , su p ero x id e  rad ica ls  progressively  accu ­
m u la te  w ith  increasing  p H . U nder such c irc u m sta n c es , superoxide rad ica ls  
can  easily  be d e tec ted  b y  th e  e.s.r. m ethod .

D ependence on the concentration o f  OsOi

A t low er p H , w h en  th e  co n cen tra tio n  o f  th e  c a ta ly s t  exceeds 10 ~5 M ,  
i t  w as fo u n d  th a t  th e  o rd e r  w ith  respect to  th e  c a ta ly s t  falls below  one, an d  
i t  p rog ressively  decreases to  zero w hen th e  c a ta ly s t  co n cen tra tion  reach es 
10 ~ 3 M .  T he  ca ta ly sed  d ecom position  is in d u c e d  b y  th e  p e ro x ida tion  eq u ilib ­
r iu m  (2), an d  th ere fo re  th e  overa ll ra te  is r e g u la te d  b y  th e  co n cen tra tio n s o f 
c a ta ly s t  an d  of Н О Г- A t p H  7 (or below ), th e  c o n c e n tra tio n  of Н О Г  d rops 
w ell be low  th e  c o n c e n tra tio n  o f  ca ta ly s t, Н О Г  b e in g  a s tro n g  base, a n d  fro m  
th e n  on th e  ra te  o f d eco m position  is in d e p e n d e n t o f th e  co n cen tra tio n  o f
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0 s 0 4*aq. W e can  w rite :

[ H O r ] total =  [H O ^] +  [«OsOz(O H )3(O r)] and  

[O s(V III)] total =  [O s04*aq] +  [ 0 s 0 4] +  [80 s 0 2(0 H )4] +  

+  [80 s 0 2( 0 H ) 3( 0 r ) ]  ^  [O s04.aq ]

fo r u n d e r  th e  re a c tio n  conditions p H  =  7 a n d  0.1 M  H 20 2 we h a v e  [Н О Г ] ~  
~  2.5 10 6 M , a n d  there fo re  th e  c o n c e n tra tio n s  of th e  a d d u c t a n d  o f  th e  o th e r 
o sm iu m (V III) species are negligible. F u r th e r ,  from  equ ilib ria  (1) a n d  (2) we 
o b ta in :

[80 s0 2(0 H )3( 0 2 )]
K 2[ 0 s 0 4 .a q ]  K x

l + K 2[ 0 s 0 4 .a q ] [H + ]  +  К x
[H 20 2] total ( D )

W h en  1 <  .K2[ 0 s 0 4.a q ] , th e  te rm  1 in  th e  deno m in a to r can  be  n e g lec ted  and  
th e re fo re  th e  co n c e n tra tio n  of th e  a d d u c t  (an d  hence th e  overa ll r a te  o f  decom ­
position) is in d e p e n d e n t of th e  to ta l  c o n cen tra tio n  of c a ta ly s t. T h is  can  be 
seen in  F ig . 3, cu rv es  1 and  2.

Form ation o f  singlet oxygen

I t  has b een  fo u n d  th a t  a b o u t 0.3 a n d  0 .6 %  of th e  to ta l  d io x y g e n  evolved 
ap p ea rs  in  th e  fo rm  o f singlet oxygen  a t  p H  8.5 and  10.6, re sp e c tiv e ly . R ecen t 
in v es tig a tio n s  [34— 37] have p ro v ed  conv incing ly  th a t  th e  p ro to n -in d u c e d  
d ism u ta tio n  o f sup ero x id e  rad ica ls (s te p  (21)) does n o t re su lt in  s in g le t oxygen, 
p ro b a b ly  because  o f  th e  v e ry  e ffic ien t q u ench ing  o f singlet o x y g en  b y  the  
su p ero x id e  ra d ic a l in  w ate r. T he ra te  coeffic ien t of step

0 2 +  10 2 —► 30 2 -f- 0 2

is 1.6 x lO 9 M ~ l s -1  [35, 36]. I f  we a re  n o t  v ic tim s o f som e a r t i f a c ts  an d  the  
10 2 has n o t a risen  from  reac tions o f  im p u ritie s  in  th e  b u ffe rs  o r  sodium  
h y d ro x id e  u sed , we have  to  look fo r a re d o x  reaction  in  w h ich  th e  singlet 
t r a n s it io n  s ta te  is favored . P e rh ap s  o sm iu m (V II) can be re g a rd e d  as such 
a p o te n tia l  p a r tn e r ,  b u t  fu r th e r  in v e s tig a tio n s  are necessary  to  s u p p o r t th is  
assu m p tio n .

p H -dependence o f  apparen t energy o f  activation

T he a p p a re n t  energy  o f a c tiv a tio n  o f  th e  overall ra te  o f  decom p o sitio n  
show s a d e fin ite  pH -dep en d en ce: in  th e  tem p e ra tu re  ran g e  278— 328 K , 
va lu es  o f  105, 75, 47 and  11 k J  m o l-1  w ere o b ta in ed  a t p H  7, 8 .1 , 9 an d  10, 
b y  m easu rin g  th e  ra te  of d ioxygen  e v o lu tio n . The tem p era tu re -d ep en d en ce  
o f  th e  b leach ing  ra te  o f R N O  (w hich  is in d ica tiv e  of the  re a c tio n  com ponen t 
invo lv in g  th e  O H  rad ica l) was d iffe re n t: a p p a re n t ac tiv a tio n  en erg ies  o f  110, 
105, 103 an d  39 k J  m o l-1 were fo u n d  a t  p H  7, 8.1, 9 and  10. T hese o b se rv a tio n s
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are  in  go o d  ag reem en t w ith  th e  m echanism  p ro p o sed . A t low er p H , w here th e  
ra d ic a l c h a in  com ponen t o f  decom position  p re d o m in a te s , a considerab le  
a c t iv a t io n  energy  (105— 110 k J  m o l- j)  is re q u ire d  to  b reak  th e  0 - 0  b o n d  
o f p ero x o o sm iu m (V I) acid  (see s tep  (9)), w hile th e  m o lecu la r ro u te  o f d eco m ­
p o s itio n  n eed s an  a c tiv a tio n  en e rg y  of only 11— 12 k J  m o l-1 .

S im u la tion  o f  O sO ^catalysed decom position

T h e  usefu l resu lts  o f  m o d e l calcu lations in v o lv in g  s tead y -s ta te  tr e a tm e n t  
to  c h a ra c te r iz e  th e  ty p ic a l fe a tu re s  o f th is  c a ta ly t ic  reac tio n  encouraged  us 
to  a t t e m p t  to  sim u la te  th e  sy s te m  as a whole b y  so lv in g  th e  d ifferen tia l e q u a ­
tio n  s y s te m  correspond ing  to  th e  above reac tio n  s te p s . W ith  th e  m ost re liab le  
r a te  c o e ffic ien t and  e q u ilib riu m  c o n s tan t va lues f ro m  th e  lite ra tu re , an d  w ith  
th e  b e s t  e s tim a tio n s  o b ta in e d  b y  t r ia l  for th e  u n k n o w n s , co m p u ta tio n  b y  th e  
m e th o d  o f  G ear [41] re su lte d  in  reasonable  a g re e m e n t w ith  th e  ex p e rim en ta l 
re su lts . T h e  sa tis fac to ry  a g reem en t be tw een  th e  observed  and  co m p u ted  
d e p en d en ces  on th e  re a c tio n  p a ram e te rs , e.g. th e  p H  profiles of th e  o v era ll 
r a te  a n d  o f  Ю Н  and  su p e ro x id e  rad ica l p ro d u c tio n , as w ell as th e  change in  
v a le n c y  s ta te  of th e  c a ta ly s t ,  suggests th a t  th e  p ro p o sed  series of reac tio n s  
are  a ll n ecessary  for c h a ra c te r iz a tio n  (see F ig . 3). T h e  assum ed m echan ism  
a c c o u n ts  fo r  th e  tra n s ie n t fo rm a tio n , th e  re a c tio n  o rd e rs  w ith  respect to  th e  
s u b s tr a te  a n d  c a ta ly s ts , as w ell as th e  a tta in m e n t o f  a lim iting  decom position  
ra te  w h e n  th e  c a ta ly s t c o n c e n tra tio n  exceeds 1 0 -3  M .  The ra te  coeffic ien ts 
[ M -1 s -1  o r  s -1 ] an d  e q u ilib riu m  co n stan ts  [ M  o r  JVf-1 ] used were as follow s:

K x =  2 .5 x l O -12 [38] 
k 3 =  2 .4 X 103 (e s tim a ted ) 
k s =  2 . 4 x l 0 4 (e s tim a ted ) 
K 7 =  4 .0  X lO -11 [29] 
k 9 =  1 .3 X lO 3 (e s tim a ted ) 
k lx =  1.1 X lO 4 (e s tim a te d ) 
k 13 =  2 .3 X lO 3 (e s tim a te d ) 
k ls =  1 .3 X lO 5 (e s tim a te d ) 
k 17 =  8 .6 X lO 4 (e s tim a ted ) 
k 19 =  7 .5 X 1 0 9 [39]
*2! =  1.02 x 1 0 s [40]

* 2 = 2 .O x 103 (estim ated)

h  = 1 .0X 102 (estim ated)
K 6 = 3.2 X 1 0 - 9 [29]
* 8  - 1.0 X 103 (estim ated)

*10  = 3.3 X 1 0 - 9 (estim ated)
k 12 = 1.1 X 104 (estim ated)
k u  = 1.8 X 10s (estim ated)

* i6  = 3.2 X 1 0 - 9 (estim ated)

^18 — 2.7  X 107 [39]

*20 = 1 .7 8 x 1 0 -s  [40]
k ^  =  0 .35  [40]
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The behaviour of tetracyanoquinodim ethane (TCNQ) polym er film  electrode 
in  contact w ith aqueous quinolinium  chloride/quinoline buffer and  1-ethylquinolinium  
iodide supporting electrolytes has been studied by cyclic vo ltam m etric  and  spectro- 
electrochemical m ethods.

Basically sim ilar behaviour of the  Pt-TCNQ electrode was observed in the 
presence of quinolinium  salts relative to  supporting electrolyte solutions containing 
alkali m etal ions. H ow ever, differences in th e  in teraction  and swelling conditions 
affected the shape of th e  cyclic voltam m etric curve, the stab ility  of th e  film , and the 
passivation in  acid m edium .

In tro d u c tio n

T e tra c y an o q u in o d im eth a n e  (TCNQ), h av in g  excellen t e le c tro n  acceptor 
p ro p e rtie s , has been  w id e ly  s tu d ied  ever since its  p re p a ra tio n  [1]. These 
in v es tig a tio n s  a im  a t  le a rn in g  th e  fu n d a m e n ta l chem ical, e lectrochem ical 
a n d  spectroscopical p ro p e rtie s  o f TCN Q  an d  re la te d  co m p o u n d s  [2— 12]. 
In te r e s t  o f th e  p h y sic is ts  w as also aroused  b y  th e  fa c t t h a t  sev e ra l sa lts of 
th is  com pound (such as te trah ia fu lv alen e-T C N Q , qu inolin ium -T C N Q ) are 
quasi-one-d im ensional e lec tro n  con d u cto rs  w ith  v e ry  good c o n d u c tin g  pro­
p e rtie s  [13— 19].

These in te re s tin g  fe a tu re s  gave m o tiv a tio n  to  p rep a re  a p o ly m e r o f the  
co m p o u n d  [20], an d  to  use th is  po lyester-T C N Q  for th e  p re p a ra tio n  o f  polym er 
f ilm  electrodes [21]. T hese  TCN Q  p o lym er f ilm  e lectrodes in  c o n ta c t w ith 
aq u eo u s e lec tro ly te  so lu tio n s h av e  been  s tu d ied  b y  m eans o f  e lec trochem ical 
(cyclic v o lta m m e try , ch ro n o co u lo m etry ) an d  spec tro scop ica l (u ltrav io le t, 
v is ib le , n ea r in fra red  a n d  E S R ) m eth o d s [22— 26]. T he basic  e lectrochem ical 
a n d  chem ical processes occu rrin g  in  th e se  electrodes an d  th e ir  d ependence  on 
th e  ex p erim en ta l co n d itio n s have  been  e lu c id a ted  [22— 26]. T h e  TCNQ 
e lec tro d e  proved  to  be v e ry  s tab le , b o th  in  aqueous so lu tio n , o r  w h en  stored  
d ry  over a longer period . T h is w as all th e  m ore rem ark ab le , since  in  aqueous

* To whom correspondence should be addressed.
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s o lu tio n  reactions betw een  th e  reduc tion  p ro d u c ts  o f  TCN Q  (TCNQ ' an d  
T C N Q 2 - ) an d  oxygen, ev en  i f  th e  la tte r  is p re se n t in  tra c e  q u a n titie s , are 
r a p id  a n d  irreversib le [6]. I t s  s ta b il i ty  and fa s t  co lo u r change acco m p an y in g  
e le c tro c h em ic a l reduction  m a k e  th is  electrode v e ry  su ita b le  fo r use in  e lectro- 
o p tic a l  d isp lay . In  th e  case P t-T C N Q  a fu r th e r  p o ss ib ility  o f ap p lica tio n  is 
o ffe red  a s  a p H  in d ica to r [24]. U sin g  supporting  e le c tro ly te s  con ta in in g  a lkali 
m e ta l ,  a lk a li  ea rth  m eta l or t e t r a a lk y l  am m onium  c a tio n s , th e  TCNQ elec trode  
sh o w ed  a behav iour fu n d a m e n ta lly  corresponding to  th e  e lec tro ch em istry  of 
d is so lv e d  TCNQ electrode; a c c o rd in g ly , it  was re d u c e d  in  tw o  sing le-electron  
s te p s  a n d  depending on th e  p H ,  th is  process can  be  coup led  b y  p ro to n a tio n . 
I n  a d d i t io n  to  the  dim er d ia n io n , TCN Q j- , o b se rv ed  in  th e  so lu tion  [3], th e  
p re se n c e  o f  th e  m ixed -v a len ce  d im er, TCN^~ can  also be d e tec ted  in  th e  
f ilm  [2 2 ] . Though th e  m ix e d -v a le n c e  dim er has a decisive ro le in  th e  e x p la ­
n a t io n  o f  th e  unusually  h ig h  e lec tric  co n d u c tiv ity  o f  solid TCNQ sa lts , no 
m e ta l- l ik e  behaviour was o b se rv e d  in  th e  case o f T C N Q  p o ly m er film  elec trode . 
T h e  p ro b a b le  reason is t h a t  T C N Q  is here in c o rp o ra te d  in  a po lym eric  cha in , 
a n d  th u s  no c rysta lliza tion  ta k e s  place because o f  s te ric  h in d ran ce . H ence, 
th e  p a ra l le l  stacking in  co lu m n s  o f  th e  p lanar TC N Q  m olecules, ch a rac te ris tic  
o f  t h e  c ry s ta l  s tru c tu re  o f so lid  TCN Q  salts, c a n n o t occur. T herefo re, in  th e  
use o f  q u in o lin ium  sa lts as s u p p o r tin g  e lectro ly tes, o u r  a im  w as n o t to  o b ta in  
a p o ly m e r  film  w ith  p ro p e r tie s  sim ilar to  th o se  o f  th e  quinolin ium -T C N Q  
c ry s ta l ,  y e t  i t  seemed in te re s t in g  to  stu d y  th e  e ffec t o f  an  a ro m atic , o rganic  
c a t io n , as  th e  im portance o f  th e  n a tu re  and c o n c e n tra tio n  o f th e  co u n te r ion  
on  th e  electrochem ical b e h a v io u r  of the  TCNQ e lec tro d e  h ad  been d em o n ­
s t r a te d  e a rlie r  [22, 26].

I n  th e  present c o m m u n ic a tio n  the  cyclic v o lta m m e tr ic  an d  th e  cyclic 
v o lta b so rp to m e tr ic  b e h a v io u r o f  th e  P t-TCN Q  p o ly m e r film  electrode w as 
s tu d ie d  in  th e  presence o f  q u in o lin iu m  ch lo ride /qu ino line  bu ffer system  an d  
1 -e th y lq u in o lin iu m  iodide s u p p o r t in g  electro ly tes in  aq u eo u s m edium .

E xperim ental

T h e  preparation of th e  elec trode , the electrochemical cells and  instrum ents used have 
been described  previously [21 — 24]. F resh ly  vacuum-distilled quinoline was used. The buffer 
system  w as prepared by adding a  ca lcu la ted  amount of hydrochloric acid. 1-E thylquinolinium  
iodide o f analytical grade was used  w ith o u t further purification.

R e su lts  and  D iscussion

I n  th e  buffer sy s tem  c o n ta in in g  qu ino lin ium  ch lo ride  an d  quino line , 
th e  b e h a v io u r  of th e  P t-T C N Q  polym er film  e lec tro d e  differed  in  several 
r e s p e c ts  fro m  the  b eh av io u r o b se rv e d  in  th e  p resence  o f  a lka li m eta l, a lka li
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e a r th  m e ta l or te tra a lk y la m m o n iu m  ions. T h is is illu s tra te d  b y  th e  cyclic 
v o ltam m o g ram  show n in  F ig . 1, o b ta in ed  in  a p H  4.4 qu ino lin iu m /q u in o lin e  
b u ffe r  system  of 0.5 m o l/d m 3 c o n c e n tra tio n  for a P t-T C N Q  e lec tro d e  of

Fig. 1. Cyclic voltam m ogram  of a Pt-TCNQ electrode Г  =  3 X 10 ~8 mol/cm2 in th e  presence 
of 0.5 m ol/dm 3 quinolinium chloride and 0.5 m ol/dm 3 quinoline, pH  =  4.4 a t  a polarization

ra te  of v =  0.005 V/s

Г  =  3 X 10 8 m ol/cm 2 su rface  co n cen tra tio n  a t  a p o la riza tio n  r a te  o f  v  =  
=  0.005 Y/s. A ccording to  o u r experiences gained  so fa r, th e  f ir s t  p a ir  o f  peaks 
is to  he a ttr ib u te d  to  th e  reac tio n

TC N Q  +  e - - f  M + T C N Q “ M + , (1)

w here  M + is th e  c o u n te r  ion .
C om parison w ith  ea rlie r re su lts  [22] show s th a t  in  th e  p resen ce  o f the  

qu ino lin ium /qu ino line  b u ffe r  sy stem  th e  p e a k  p o ten tia ls  c h a ra c te r is tic  o f th is  
re d o x  p a ir  are sh ifted  in  th e  d irec tio n  o f m ore  positive p o te n tia ls . I t  follows 
th a t  in  th e  presence o f q u in o lin iu m  ions TC N Q  can  be m ore re a d ily  reduced  
( th e  a c tu a l red o x  p o te n tia l  is m ore positiv e), w h ich  can be e x p la in e d  b y  th e  
s tro n g e r  in te rac tio n  b e tw een  qu ino lin ium  io n  an d  th e  TCNQ ' ra d ic a l anion. 
T h is m a y  also be th e  e x p la n a tio n  o f th e  fa c t t h a t  w hile earlie r th e  p ass iv a tio n  
o f  th e  film  was observed  a t  p H  5.5 values [23] in  th e  presence o f  qu in o lin iu m  
ion s a reversib le  red o x  b e h a v io u r  w as fo u n d  even in  m ore acid ic  m ed ia . P a s­
s iv a tio n  w as in te rp re te d  b y  p resu m in g  th a t  in  a m o d era te ly  or s tro n g ly  acidic 
(p H  <  6.0) so lu tion  th e  analogous h y d ro q u in o n e  com pound , T C N Q H 2, is 
fo rm ed , and  th e n , s im ila rly  to  th e  p h enom enon  observed  in  th e  case o f  h y d ro ­
q u in o n e  po lym er film  [27], th e  r a te  o f ch arg e  tra n sp o r t  in  th e  f ilm  decreases 
b y  o rd e rs  o f m agn itude .
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S ince  th e  value o f th e  d issoc ia tion  c o n s ta n t o f  th e  equ ilib rium

T C N Q H 2 ;=± T C N Q H -  +  H +  (2)

w as fo u n d  to  be p K a =  6.9 in  so lu tion  o f 0.5 m o l/d m 3 alkali m e ta l io n  con­
c e n tra t io n , i t  follows t h a t  e v e n  in  m o d era te ly  a c id  so lu tions th e  eq u ilib riu m  
is la rg e ly  sh ifted  in  th e  d ire c tio n  of th e  low er a rro w , i.e . th e  fo rm a tio n  of 
T C N Q H 2. H ow ever, th e  a p p a re n t  equ ilib rium  c o n s ta n t  of reac tio n  (2) depends 
on  th e  n a tu re  and c o n c e n tra tio n  of th e  M + c o u n te r  ions th ro u g h  th e  M +- 
d e p e n d e n t s tab ility  c o n s ta n t  o f  T C N Q H - M + [28]. T h u s, i t  is n o t su rp ris in g  
t h a t  in  th e  presence o f q u in o lin iu m  ions th e  v a lu e  o f  p K a m ay  be low er, an d  
ev en  a t  p H  =  4.4 on ly  th e  fo rm a tio n  of th e  species T C N Q H -  is to  be ta k e n  
in to  a c c o u n t. The cyclic v o lta m m e tr ic  p eak , co rresp o n d in g  to  th e  re a c tio n

T C N Q -M +  +  e -  +  H +  ^  T C N Q H -M +  (3)

a c tu a l ly  ap p ears , th o u g h  a t  p H  =  4.4 a lread y  s tro n g ly  m erged w ith  th e  p eak  
o f  r e a c tio n  (1). I t  is a co n seq u en ce  o f th e  sh ift o f  th e  p e a k  p o te n tia l o f re a c tio n  
(3) b y  120 m V p erp H  u n it  to w a rd s  m ore p o sitive  p o te n tia ls  [23], w hile s tep  (1), 
in  w h ic h  H +  ions do n o t  p a r tic ip a te , is fu n d a m e n ta lly  n o t sensitive  to  p H  
ch an g es .

H o w ev er, cyclic v o lta m m e tr ic  resu lts  do n o t  p rov ide  y e t su ffic ien t 
ev id en ce  o f  th e  abovesaid , as o th e r  p ro d u c ts  w ith  reversib le  e lec trochem ical 
b e h a v io u r  m ay  also be fo rm e d ; m oreover, th e y  do n o t  give in fo rm a tio n  on 
th e  c h a ra c te r  of th e  in te ra c tio n . In  o rder to  o b ta in  fu r th e r  d a ta  su p p o rtin g  
o u r a s su m p tio n , a spec tro e lec tro ch em ica l in v e s tig a tio n  o f th e  sy stem  seem ed 
n e c e ssa ry , as th is  m e th o d  w as found  well ap p licab le  also earlier in  th e  case 
o f  T C N Q  electrodes [22]. T h e  spec tru m  o f th e  re d u ced  film  basica lly  co r­
re s p o n d e d  to  th e  a b so rp tio n  cu rv es  o b ta in ed  in  th e  u ltra v io le t, v isib le  an d  
n e a r  in f ra re d  regions w ith  th e  coun te r ions in v e s tig a te d  earlie r [22]. Since 
th e  m a x im a  charac teris tic  o f  th e  reduced  species (T C N Q - , TCN Q 2- ) a p p ea red  
a t  th e  sam e  w aveleng ths, a n d  new  peaks w ere n o t  observed , i t  could  be co n ­
c lu d ed  t h a t ,  under th e  co n d itio n s  of our in v e s tig a tio n , no я -com plex  is 
fo rm e d  b e tw een  q u in o lin iu m  ( Q +) an d  T C N Q '.  T h is re su lt also m eans th a t  
th e  re d u c e d  species Q +T C N Q ' is sim ilar in  c h a ra c te r  to  those  fo rm ed  in  
o th e r  sy s te m s , and is n o t  in c o n s is te n t w ith  o u r  a ssu m p tio n  th a t  th e  io n  p a ir  
or s a l t  fo rm ed  is m ore s ta b le  th a n  th a t  o b ta in e d  w ith  th e  p a r tic ip a tio n  of 
a lk a li m e ta l  ions. The t r a n s ie n t  beh av io u r can  be  re a d ily  follow ed on th e  cyclic 
v o lta b so rp to m e tr ic  cu rve  (CY A ), show n in  F ig . 2 . T he curve in  F ig . 2 was 
re c o rd e d  sim u ltaneously  w ith  th e  cyclic v o lta m m e tr ic  curve in  F ig . 1, an d  
show s th e  op tical a b so rp tio n  o f  th e  film  a t  th e  w av e len g th  Я =  830 nm , 
w h e re  th e  species TCN Q  ' h a s  m ax im al a b so rp tio n . T his curve p ro v es th a t
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in  th e  p o te n tia l ran g e  0.2— 0.0 Y  vs. 0.5 M  Ag/AgCl a c tu a lly  TC N Q  ' is 
fo rm ed . In  th e  p o te n tia l range  fro m  0 to  — 0.2 Y second e lec tro n  tra n s fe r  
w ith  p ro to n a tio n  ta k e s  place. T h e  p ro d u c t o f th is  reac tio n  is T C N Q H - , 
ab so rb in g  in  th e  u ltra v io le t reg ion ; th is  is ev idenced  b y  a decreasin g  l ig h t

A bs 
0 i

0 2

0 2 0 - 0.2 0 0 2
E / V  vs 0 5 M Ag/AgCl

Fig. 2. Change in light absorption a t Л =  830 nm as a function of the po ten tia l, recorded 
sim ultaneously w ith the cyclic voltam m ogram  shown in Fig. 1

a b so rp tio n . D u rin g  reo x id a tio n , f ir s t  T C N Q H -  is oxidized a t  a b o u t 0.0 V 
a n d , in  a reversib le  reac tio n , TCN Q  ' is fo rm ed  again , w hich is accom pan ied  
b y  a n  increased  a b so rp tio n  of th e  film ; th e n  a t  po ten tia ls  m ore p o s itiv e  th a n  
0.1 V  n e u tra l  TCN Q  is form ed in  th e  p rocess accord ing  to  reac tio n  (1). (N eu tra l 
TC N Q  has m ax im al ab so rp tions a t  412 an d  432 nm .) T hus, sp ec tro e lec tro - 
chem ica l in v estig a tio n s fu n d a m e n ta lly  su p p o rte d  our conclusions d raw n  from  
th e  cyclic v o ltam m o g ram .

I t  is n o te w o rth y  th a t  th e  b e h a v io u r o f th e  P t-T C N Q  p o ly m e r film  
e lec tro d e  does n o t essen tia lly  d iffer, w h e th e r qu inolin ium  or 1 -e th y lq u in o - 
lin iu m  sa lt is used as th e  su p p o rtin g  e lec tro ly te . The TCNQ film  sw ells b e tte r  
in  th e ir  presence an d  is dissolved a t  h ig h e r p H  values. B y  w ay  o f ex am p le  a 
cyclic  v o ltam m o g ram  series o b ta in e d  fo r a P t-T C N Q  electrode is show n in 
F ig . 3. In  th is  case th e  base e le c tro ly te  w as 1 -e thy lqu ino lin ium  io d ide  of 
0.5 m o l/d m 3 co n cen tra tio n  (p H  =  7, n o n -b u ffe red  system ). O n co m p arin g  
th e  consecu tive  cu rves, a decrease o f  th e  p e a k  c u rren t (and ch arg e  consum ed  
b y  th e  film  ca lcu la ted  from  th e  in te g ra te d  area) can  be observed , w h ich  in d i­
c a te s  th e  slow d isso lu tion  o f th e  film . I t  w as show n b y  in v es tig a tio n s  in  n e u tra l, 
n o n -b u ffe red  m edium  th a t  th e  p H  o f th e  film  was alkaline [22], th u s  th e  
second  p a ir o f peaks can  he a t t r ib u te d  h ere  to  th e  fo rm ation  an d  th e  re o x id a ­
tio n  o f  th e  species TC N Q 2 - M + . I t  is in te re s tin g  th a t  charge t r a n s p o r t  is 
fa s te r  in  th e  second elec tron  tra n s it io n , w hereas ju s t  th e  oppo site  e ffec t was 
o b serv ed  in  th e  presence o f a lkali m e ta l ions. T h is is p ro b ab ly  d u e  to  th e  d if­
fe re n t sw elling cond itions.
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I n  su m m ary , i t  can  be estab lished  t h a t  th e  P t-T C N Q  elec trode  h as  
b a s ica lly  sim ilar b e h a v io u r  in  th e  presence o f  qu in o lin iu m  sa lts to  th e  p e r ­
fo rm an ce  observed  in  so lu tions of a lkali m e ta l b ase  e lectro ly tes. H ow ever,

E/V vs. S.C.E

Fig. 3. A cyclic voltam m ogram  series, continuously recorded for a Pt-TCNQ electrode a t 
a polarization  ra te  of v =  0.02 Y/s, in neu tral 0.5 m ol/dm 3 1-ethylquinolinium iodide base

electrolyte a t 20 °C

s tro n g e r in te ra c tio n  b e tw een  th e  q u in o lin ium  ion s an d  th e  red o x  sites o f 
red u ced  T C N Q , fu r th e r  th e  changed  sw elling co n d itio n s  affect th e  sh ap e  o f 
th e  cyclic  v o lta m m e tric  cu rv e . T he change in  p ro to n a tio n  co n stan ts  is re fle c ted  
b y  th e  f a c t  th a t  in  m o d e ra te ly  acid so lu tions th e  f ilm  is n o t y e t p a ss iv a te d .

*

T he presen t w ork was sponsored by the  U. S. A. R. O. (P roject 140. P17715-C).
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A d a  C h i m i c a  H u n g a r i c a  1 2 3  ( 3 —4 ) , p p .  1 4 5 — 1 5 4  ( 1 9 8 6 )

New chlorom ethylphosphane oxides, as well as phosphane oxide-substituted 
benzyl alcohols, benzaldehydes, arom atic n itro  compounds, anilines, and  phenols were 
synthesized as in term ediates for the in troduction  of the phosphane oxide function  into 
bioactive molecules. NM R characteristics of the newly synthesized com pounds are 
discussed in detail.

In tro d u c tio n

In tro d u c tio n  o f a  p h o sp h an e  oxide g roup  in to  b io logically  a c tiv e  m olec­
ules m a y  s ig n ifican tly  m o d ify  th e  bio logical p ro p ertie s . T he p h o sp h a n e  oxide 
g roup  increases h y d ro p h ilic ity , an d  as a  re su lt in fluences th e  pharm aco- 
k in e tica l ch a rac te ris tic s  o f  a  m olecule [1]. A n o th e r fea tu re  o f possib le  biological 
im p a c t is th e  e lec tron ic  s tru c tu re  o f th e  P = 0  group . T he 4 s p 3 o rb ita ls  o f the  
ph o sp h o ru s a to m  o v erlap  w ith  th e  2p o rb ita ls  o f P = 0  oxygen  to  fo u r  o-bonds, 
superim posed  b y  a тг-b o n d in g  sy stem , a fa c t o f p robab le  sig n ifican ce  in  in te r ­
ac tin g  w ith  th e  ac tiv e  s ite  on a bio logical m acrom olecule. P h o sp h a n e  oxides 
as su b s titu e n ts  a re  s tro n g ly  e lec tro n eg ativ e , e.g. th e  d im eth y lp h o sp h in o y l 
g roup  has a  am v a lu e  o f 0.42 [2]. A t th e  sam e tim e , th e  p h o sp h an e  o x ide  group 
is chem ically  in e rt, th u s  an  increased  h y d ro p h ilic ity  o f th e  p a re n t  com pound 
can  be ach ieved  w ith o u t in tro d u c in g  a reac tiv e  m o ie ty , su ch  as h y d roxy l, 
ca rb o x y l or o th e r  fu n c tio n .

O nly  a h an d fu l o f d rugs b ea rin g  p h o sp h an e  oxide s u b s titu e n ts  h as  been 
described . Som e o f th e  few  exam ples fo u n d  in  th e  l i te ra tu re  a re  th e  d im ethy l- 
p h o sp h in o y lm eth y l co n ta in in g  a n tih is ta m in e  [3], analgetic  [4, 5 ], h y p o to n ic  [6] 
an d  sleep-inducing  [7] su b stan ces .T h ey  w ere p rep ared  b y  using  ch lo rom ethy l- 
d im e th y lp h o sp h an e  oxide (3a, R  =  R , =  Me) as a lk y la tin g  (p h o sp h in o y lm eth y l- 
a ting ) a g en t in  th e  f in a l sy n th e tic  step .

* This work was perform ed in the framework of the U N D P/U N ID O /FA O  sponsored 
project “ Research on non-toxic insecticides” .

**To whom correspondence should be addressed.
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Synthesis

I n  th is  paper we re p o r t  o n  th e  p rep a ra tio n  o f  a  series o f fu n c tio n a lized  
p h o s p h a n e  oxides, such  as ch lo ro m e th y lp h o sp h an e  ox ides, p hosphane  oxide- 
s u b s t i tu te d  benzyl alcohols, b en za ld eh y d es , a ro m a tic  n itro  com pounds, an ilines 
a n d  p h e n o ls . These new  co m p o u n d s  can be u sed  as in te rm ed ia te s  for th e  
in tro d u c t io n  of phosphane o x id e  m o ie ty  in to  th e  m o lecu le  o f  can d id a te  drugs, 
p e s tic id e s , an d  o ther b io lo g ica lly  ac tiv e  com pounds, w h en ev er th e ir  syn th esis  
ro u te  in c lu d es  th e  use o f  a lk y la t in g  agents, b en zy l alcohols, b enzaldehydes, 
n itro b e n z e n e s , anilines, o r  p h e n o ls , respectively .

C h lo ro m eth y lp h o sp h an e  o x ides 3b—e w ere p re p a re d  b y  reac tin g  chloro- 
m e th y lm e th y lp h o sp h in o y l c h lo r id e  1 w ith  G rignard  re a g e n ts  2 b —e (M ethod A ). 
C h lo ro m e th y ld ip h e n y lp h o sp h a n e  oxide (3f) w as sy n th es ized  from  chloro- 
m e th y lp h o sp h o n ic  d ich lo ride  (C12P 0 C H 2C1) a n d  p h en y lm ag n esiu m  brom ide 
(M e th o d  B ).

T h e  (p h o sp h in o y lm eth o x y )b en za ld eh y d es 5 a — c w ere o b ta in ed  b y  
re a c t in g  th e  properly  s u b s t i tu te d  ch lo ro m eth y lp h o sp h an e  oxide 3a o r 3b 
w ith  th e  corresponding  h y d ro x y b e n z a ld e h y d e  4 a —c in  th e  presence o f a n h y d ­
ro u s  p o ta s s iu m  carb o n a te  u n d e r  energetic  co n d itio n s. R ed u c tio n  of th e  b en za l­
d e h y d e s  5 a —c w ith  so d iu m  b o ro h y d rid e  y ie lded  th e  correspond ing  ben zy l 
a lco h o ls  6 a —c.

1 CH Cl
+  R MgX ------—

e Cl

CH,CI
.R R

1 2 3

= R=Me d : R -  Me, R ' = i  -MeO

= Me , R'= Ph e : R = Me, R'= CH2  Ph
- M e ,  R ' =4 -C l -  Ph

.иcrIIcr Ph

4 5 a , f 6  a  f

a :  R= Me, R = H , R"=3-CH0 (5) or 3 - C H 2OH ( 6 )

b :  R= Me, R'= 2 -MeO,  R‘= i - CHO ( 5) or 4--CH2OH
c : R-  Ph, R'=H , R"=3-CH0 (5} or 3-CH2 0H ( 6 )
d : R = Me, R = H , r”= 2 - N 0 2 (5) or 2 - NH2 ( 6 )
e : R= Me, R'=H, R"=4-N0 2 (5) or L -NH2 ( 6 )
f : R = Me, R'= 2—Cl, R"=4-NCl2 (5) or 4 - NH 2  ( 6 )
g : R = Me, R' : 2-OH , R"=H
h :  R= Me, R' ; 4 - OH, R“=H
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R e a c tin g  th e  n itro p h en o ls  4 d —f  w ith  ch lo ro m eth y ld im eth y lp h o sp h an e  
oxide 3a  in  th e  p resence  o f  p o tassiu m  c a rb o n a te  gave c ry s ta llin e  (phosphinoyl- 
m e th o x y )n itro b en zen es  5 d —f, w hich  on red u c tio n  w ith  so d iu m  su lfide  [8] 
y ie ld ed  th e  ex p ec ted  p h o sp h an e  ox ide-co n ta in in g  anilines 6 d —f.

T h e  m on o eth ers  5g an d  5 h  o f p y ro ca th eco l (4g) an d  h y d ro q u in o n e  (4h) 
w ere o b ta in e d  in  good y ields b y  reac tin g  eq u im o lar q u a n titie s  o f  3a an d  the  
a p p ro p ria te  d iph en o l in  th e  presence o f  p o tass iu m  ca rb o n a te .

T h e  com pounds described  above can  be  reg a rd ed  as m odels fo r  ob tain ing  
analogous su b stan ces in  search  fo r b io ac tiv e  substances.

Spectroscopic stud ies

IR  spectra

T h e p o s tu la te d  s tru c tu re s  o f th e  n ew ly  syn thesized  co m p o u n d s  3b—f, 
5 a —h, a n d  6 a —f  w ere  p ro v ed  on th e  basis  o f spectroscop ic  in v es tig a tio n s . 
T he m o st im p o r ta n t  IR , 31P , 4 4  an d  13C N M R  d a ta  are g iven  in  Tables I, 
I I  an d  I I I .

T h e  c h a ra c te ris tic  in ten siv e  vP —► О b a n d  of th e  p h o sp h a n e  ox ide  group 
[9] ap p ears  b e tw een  1145 an d  1200 c m -1 . T h e  ab so rp tio n  b a n d s  o f  th e  sub­
s ti tu e n ts , such  as th e  c a rb o n y l (v C = 0 )  b a n d  o f 5 a —c, th e  n itro  b a n d s  [vasN 0 2, 
vsN 0 2, an d  /9sN 0 2] o f  5 d —f, th e  O H  b a n d  o f 5g, 5h , a n d  6 a —c an d  the  
VasNHa a n d  v8N H 2 b an d s  o f 6 e—f, as w ell as th e  уСдгН  an d  уСАгСдг bands of 
th e  a ro m a tic  rin g  can  be  fo u n d  in  th e  ex p ec ted  in te rv a ls  (see T a b le  I).

JH  N M R spectra

In  th e  *H N M R  sp ec tra  (T able I I ) ,  th e  m e th y l an d  m e th y le n e  pro tons 
a tta c h e d  to  th e  p h o sp h o ru s a to m  h av e  sp lit signals due to  2J ( P , H )-type  
in te rac tio n s . In  th e  case o f  com pounds 3 b —e, 5c, an d  6c, th e  m e th y le n e  h y d ro ­
gens are  chem ically  n o n -eq u iv a len t. H ence th e  P C H 2 g ro u p  re p re se n ts  an 
A B X  sp in  sy stem , th e  A B  p a r t  w hich  (tw o d d ’s) appears in  th e  4 4  NM R 
sp ec tru m . T h e  chem ical sh if t o f th e  P C H 2 group  differs s ig n if ic a n tly  for the  
com pounds o f ty p e  3 a n d  fo r th e  o th e r ones (5 a —h  an d  6 a —f) b ecau se  of the 
presence o f th e  n e ig h b o u rin g  oxigén a to m  in  th e  la t te r ,  d esh ie ld in g  the  
m eth y len e  p ro to n s .

T he *H N M R  signals o f th e  su b s titu e n ts  can  be id e n tif ie d  in  all cases 
(see T ab le  I I ) .

13C N M R spectra

T h e carb o n  signals o f th e  P C H 3 a n d  P C H 2 groups a re  d o u b le ts  due to  
P , C -in te rac tio n s (see T ab le  I I I ) .  T he XJ { P , C) coupling c o n s ta n t  is higher 
(80—87 H z) fo r th e  la t te r  g roups ( th e  co rrespond ing  sp littin g s  o f  th e  m ethy l

6 Acta Chim. Hung. 1231 1986
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Table I

Characteristic IK  frequencies (cm -1 ) in  K B r discs and 3,P NM R chemical shifts in  CDC13 solution* 
[0H3PO, (85%) =  0 ppm ] at 101.2 M Hz for compounds 3 a —f, 5 a —h and 6 a —f

vP -  0 yCArii Other IR bands ÓP

3a 1173 39.9
3b 1177 764 уСагСаг- 696 33.0

744
3c 1244 835 32.5
3d 1190 831

1177 818 32.8
3e 1180 773 У^АгСАг: 700 42.2
3f 1196 725 yCArCAr: 702 26.1
5a 1186 774 v C = 0 : 1697, 1680 39.6

1150 754
5b 1185 720 v C = 0 : 1675 37.9

1165
5c 1186 731 vC = 0: 1697 31.3
5d 1167 750 N 0 2: 1522, 1348, 860 39.8

1148
5e 1167 850 N 0 2: 1514, 1348, 858 38.7
5f 1182 744 N 0 2: 1514, 1346, 856 40.1

723
5g 1161 756 vOII: ~  3060 38.5

1148
5b 1157 825 vOH: ~  3130 38.6
6a 1153 786 vOH: ~  3350 41.7

692
6b 1161 775 vOII: ~  3310 41.3
6c 1169 744 vOH: ~  3350 33.1

694
6d 1171 760 vNH2: 3460, 3292 39.5
6e 1155 825 vNH2: 3385, 3234 40.7
6f 1169 758 vNH2: 3333, 3190 41.2

* In  DMSO-d6 for com pounds 5b, d, g, h

c a rb o n  s igna ls  are 68—71 H z) in  case of co m pounds 5 an d  6, while fo r th e
3 - ty p e  analogues th e  re v e rse d  re la tio n  is found  ( th e  m e th y l an d  m eth y len e  
c a rb o n  s igna ls  are sp lit b y  71 — 75 and  65—71 H z , respec tive ly ). This m ay  
be  e x p la in e d  by  th e  W alsh  ru le  [10], by  tak in g  in to  acco u n t th a t  th e  s-cha- 
r a c te r  o f  th e  phosphorus a to m  is  co n cen tra ted  in  b o n d s  w ith  th e  m ost e lec tro ­
p o s itiv e  su b s titu e n t, as w ell as t h a t  th e  \ / ( Р ,  C) v a lu e s  increase  p ro p o rtio n a lly  
w ith  t h e  s-charac ter o f th e  P — C bond. The e le c tro n  d en sity  a ro u n d  th e  
m e th y l  c a rb o n  is higher in  co m p o u n d s  3 th a n  in  d e r iv a tiv e  5 an d  6, increasing  
th e  s -c h a ra c te r  of th e  P — C (H 3) b o n d  and, co n se q u e n tly , th e  * /(Р , C) v alues 
[ i i ] ;  th i s  is also m an ifested  in  h ig h e r shielding (in  th e  u p fie ld  sh ift o f  th e  
m e th y l  c a rb o n  signal) in  case  o f  com pounds 3 a —f  re la tiv e  to  th e  o thers.

S im ila rly , the  rev e rsed  s i tu a tio n  is observed  fo r  th e  XJ ( P ,  CH2) coupling  
c o n s ta n ts  due  to  th e  e le c tro n -d o n a tin g  c h a ra c te r  o f  th e  p henoxy  groups. 
T h e  c h e m ic a l shift of th e  m e th y le n e  carbon is in flu e n c e d  p rim arily  b y  th e
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Table II

4 1  N M R  data (ö-pjyis =  0 p p m , J  in  H z) o f compounds 3 a —f, 5 a —h  and 6 a —f  in  CDC13 or DMSO-d,
(5b, d) solution at 250 M Hz

Com­
pound PCH„ da PCHtt d ArH CH,_,/OH

3a 1.65 (13.2) 3.61 (8.2) _ _
3b 1.93 (13.3) 367 and 3.76b 7.5 —7.7, m (3H), 7 .8 -7 .9 , m  (2H)° —

3c 1.92 (13.3) 3.65 and 3.75b 7.55 and 7.78, 2X m  (2 x 2 H )d —

3d 1.89 (13.3) 3.64 and 3.73b 7.03 and 7.74, 2X m  (2 x 2 H )d 3.86, s, 3H
3e 1.60 (12.9) 3.47 and 3.51b ~  7.33, s (5H) 3.32, d (14.3), 

2H
3f — 4.05 (6.6) 7 .4 5 -7 .6  m  (6H), 7 .7 5 -7 .9 , m 

(4H)C
—

5a 1.69 (13.2) 4.32 (8.1) 7.5, m  (1H )»~, 7 .4 5 -7 .6 , m (3H) 10.00, s, 1H
5b 1.55 (13.5) 4.48 (6.5) 7 .2 5 -7 .7 5 , m  (311) 3.90, s, 311

9.90, s, 1H
5c 1.96 (13.5) 4.40 and 4.50b 7 .2 -7 .6 , m (7H), ~  7.9, m  (2H)° 9.95, s, II I
5d 1.57 (13.7) 4.58 (7.2) H -4': 7.22, ~ t ,  H -6 ': ~  7.53, ~ d , 

H -5 ': 7.74, ~ t ,  H -3 ': 7.95, ~ d
—

5e 1.72 (13.3) 4.38 (7.9) 7.08, 8.22, 2 x m  (2x2H)< —
5f 1.76 (13.3) 4.42 (8.4) H -6 ': 7.14, d (9.0), H -5 ': 8.21, dd, —
5g 1.68 (13.1) 4.32 (4.6) H -3 ': 8.30, d (2.6)

6.8 —7.0 m  (4H) ~ 4.5, s, (1H)*
5h 1.66 (13.3) 4.18 (8.0) 6.75, 6.81, 2 X m  (2x2H)< ~ 4.5, s, (1H)8
6a 1.52 (13.3) 4.10 (8.2) H -6': 6.72, ^ d , H -2 ', 4 ': ^  6.92,

m, H -5': 7.22, m ~
4.57, s, 211 

3.28, ~  s, 1H 
3.83, s, 3H

6b 1.67 (13.5) 4.27 (7.7) 6.8 —7.0, m (3H) 4.61, s, 2H 
5.858, s, 1H

6c 1.72 (13.5) 4.14 and 4.21b H -6': 6.65, m, H -2 ', 4 ': ~  6.85, m, 
H -5 ': 7.10, m  H-3",4",5':
~  7.4 m, H-2//,6//: ~  7.7, m ~

4.50, s, 2H 

4.3, ~  sb>8,1 H
6d 1.66 (13.3) 4.28 (7.6) ~  6.75, ~  6.88, 2 x m  (2 x 2 H ) ~ 3.78, ~  s, 2H
6e 1.62 (13.2) 4.16 (8.1) ~  6.64, ~  6.76, 2 X m (2 x  2H )' ~ 3.58, ~  s, 2H
6f 1.68 (13.4) 4.20 (8.3) H -5 ': 6.57, dd, H -3 ': 6.75, d (2.6), 

H -6 ': 6.82, d (8.7) ~ 3.88, ~  s, 2H

a 3H  (3b, c, d, e, 5c an d  6c) o r 6H  (3a, 5a, b, d — b and  6a, b, d —f); b In  case o f 3b, c, d, e, 5c 
and  6c A  and  В  p a r t  (2 X  dd) o f an  A B X  m u ltip le t J (A , B ), J (A , X )  an d  J (B , X ):  13.7, 8.4 and 
7.0 (3b), 14, 9 and  8 (3c), 13.5, 8.2 and  6.7 (3d), 13.8, 8.2 an d  7.9 (3e), 12.2, 8.5 a n d  6.8 (5c), 12.4, 
8.6 an d  7.1 Hz (6c); 0 ori/io-protons o f th e  p h eny l rin g ; d A A 'B B 'X  m u ltip le t, J (A , B ) at 9, 
J (A , X )  a t 11, J ( B , X ) a t 2  H z; e H -6 ' signal; * A A 'B B '  m u ltip le t, J (A , B): 9.2 H z; 8 broad  
signal; b overlapped b y  th e  P C H 2 m ultip le t.

a tta c h e d  h e te ro a to m : th e  c h lo ro -su b s titu tio n  is rev ea led  b y  a s tro n g  shield ing 
(up fie ld  sh ift due  to  h e a v y  a to m  effect [12a]), w hereas th e  oxygen  causes 
a s ig n ifican t dow nfie ld  sh if t (decreasing  th e  e lec tron ic  e x c ita tio n  energies and  
th e  ra d ii of p -o rb ita ls ) ; co n seq u en tly , th e re  a re  la rg e  d ifferences in  th e  m e th y l­
ene sh ifts  o f th e  3 -ty p e  a n d  5- or 6 - ty p e  co m p o u n d s: 3 5 — 40 p p m  for th e  
fo rm er, an d  6 6 —69 p p m  fo r th e  la t te r .

As a ru le , th e  signals o f th e  a ro m a tic  ca rb o n s, as w ell as th o se  o f th e  
su b s titu e n ts  in  th e  r in g  a re  id en tifiab le , w ith o u t excep tio n . T h e  O C H 3 groups 
give lines a t  55.4 (3d), 57.5 (5b) a n d  56.0 (6b); th e  c a rb o n y l s h if ts  of 5 a —c
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T ab le  II I

13C N M R  data [<5tms — 0 ppm , *J(P | C) in  Hz] fo r compounds З а—f, 5a h and 6 a —f  in CDCI-,
solution“' at 20.14 MHzb

Com­
pound ÓPCH, >J(P,CH,) 6PCH , ■J(P ,C H J C -l' C-2' C-6 ' C -3' C-5' C-4' O ther lines

3a 13.1 71.9 37.3 67.6 _ _ _ _ _
3b 13.0 74.5 38.9 69.6 130.6 128.7 132.5 —

3c 13.2 75.0 38.9 70.4 132.3 129.3 139.6 —
3d 13.3 74.8 39.4 70.0 122.1 132.6 114.6 163.3 OCH3: 55.4
3e 12.0 71.1 35.3

35.8
67.1
65.6

130.9 129.4 129.3 127.4 —

3f — — 37.5 71.7 130.9 128.2 132.0 —
3a 14.7 69.6 66.6 83.6 159.5 121.3 113.7 138.4 130.5 124.6 C = 0 :  191.3
5b 15.7 68.4 68.9 80.4 155.9 151.1 112.3 115.0 126.9 132.2 OCH3: 57.5 

C = 0 :  192.8
5c 12.7 70.9 66.9 84.3 ?C

158.9
130.2°

121.0 113.4
128.3°

137.6 129.9
131.9°
123.7

C = 0 :  191.0

5d 15.8 68.6 69.2 80.6 153.2 141.4 117.4 126.9 136.4 123.4 —

5e 14.1 69.7 66.5 82.1 163.1 114.4 125.4 142.1 —
5f 14.9 70.0 67.4 81.7 159.0 124.0 112.6 126.3 124.1 142.7 —

5g 15.8 67.8 69.8 81.3 149.0 148.8 117.1 118.0 124.1 120.8 —

5h 15.8 68.0 69.2 82.4 153.6 117.6d 153.9 —

6a 14.3 69.2 66.5 85.3 158.9 112.9 113.5 143.7 129.6 120.4 OCH2: 64.5
6b 14.2 68.7 68.1 86.2 147.6 150.3 111.8 116.1 119.4 137.2 OCH3: 56.0 

OCH2: 64.4
6c 13.3 70.9 66.8 86.2 131.6°

158.7
130.3°

112.8 113.3
128.5°

143.8 129.3
132.1°
120.2 OCH2: 64.1

6d 14.8 69.0 67.3 83.5 146.5 136.8 112.8 115.9 118.6 123.0 —

6e 13.6 68.9 66.3 85.0 151.0 114.9 115.4 140.6 —
6 f 14.5 69.0 68.4 83.9 147.2 124.3 117.0 116.5 114.3 142.4 —

a In  case of 5b, d, g, h  the solvent was DMSO-d6; b at 62.89 MHz in case of 3d, 5a and 6b; 
c signals o f th e  phenyl substituent R ; d two overlapping lines.

a re  a t  191 .3 , 192.8 an d  191.0 p p m ; th e  signals o f th e  h y d ro x y m e th y l g roups 
in  6 a — c a re  a t  64.5, 64.4 a n d  64.1 p p m , respective ly .

T h e  C -T  doub le t o f th e  p -s u b s ti tu te d  a ro m a tic  ca rb o n s (in 3b, c, f, 5c 
a n d  6c) is n o t observable. T h e  o n ly  excep tion  is 3d, w here  th e  observed  
C -T  d o u b le t  is a t 122.1 p p m , sp lit  b y  107.4 H z. T h e  2J ( P , C-2', 6 ') , th e  
3J ( P ,  C -3 ', 5 ') and  th e  4J ( P ,  C -4 ') coup ling  co n stan ts  are  8 — 10.5, 10— 13 an d  
2 — 3 H z  fo r  com pounds 3b, c, d  a n d  f, respective ly . T h e  3J ( P —CH2—О —C -l) 
c o u p lin g  c o n s ta n ts  of co m p o u n d s 5 a n d  6 are betw een  8 a n d  13 H z. S p littin g s 
d u e  to  4J ( P —CH2—О — C—C -2 ', 6 ') in te rac tio n s  are  n o t  sig n ifican t.

31P  N M R  spectra

T h e  31P  chem ical sh ifts  (T ab le  I)  are  in flu en ced  p rim a rily  b y  th e  n a tu re  
o f th e  su b s ti tu e n ts  a tta c h e d  to  th e  phosphorus a to m : one a ry l su b s titu tio n  
cau ses  sh ie ld in g  a t  ab o u t 7 p p m , in  accordance  w ith  th e  lite ra tu re . (T he sh ifts 
o f  th e  m olecules O P P h 3 an d  O P E t3 are , e.g. 27 a n d  48 p p m  [12b].)
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T he signals o f th e  d im e th y l-su b s titu te d  de riv a tiv es  (3a, 5a, b, d —h  an d  
6a, b, d —f) a p p e a r  in  th e  in te rv a l 38—45 p p m , w hile fo r th e  a ry l-m e th y l 
analogues 3b— d, 5c, 6c th is  chem ical sh if t is fo u n d  betw een  31 a n d  33 p pm . 
In  th e  sp ec tru m  o f th e  d ip h e n y l-su b s titu te d  com pound  3 f a fu r th e r  u p fie ld  
sh if t of ab o u t 7 p p m  w as observed  (th e  31P  s igna l is a t  26.1 ppm ). C onsequen tly , 
th e  in fluence  o f  th e  su b s titu e n ts  is a d d itiv e .

I t  is in te re s tin g  to  n o te  th a t  th e  p resence  o f a benzy l g roup  gives rise  
to  a dow nfield  sh if t s im ila r to  t h a t  caused  b y  a m e th y l s u b s ti tu e n t (cf. th e  
sh if t o f 42.2 p p m , m easu red  fo r 3e), w h ile  ch lo ro m eth y l su b s ti tu tio n  has 
a  sim ilar effect on  th e  31P  sh ift to  t h a t  o f a  p h en y l rin g  (see th e  s im ila r sh ifts  
o f 3a, on one h a n d , an d  o f 5a, b, d —h  a n d  6a, b, d —f, re sp ec tiv e ly , on  th e  
o th er), in sp ite  o f  th e  iso la tin g  m eth y len e  g ro u p  betw een  th e  p h o sp h o ru s  an d  
chlorine a to m s. T h is fa c t m ay  be ex p la in ed  b y  a dyr—pjr in te ra c tio n .

*

The au thors gratefully  acknowledge the  financial and organizational support received 
from  the UN organizations U N D P and U N ID O . T hanks are due to  Hoechst AG for a gift of 
chlorom ethyldim ethylphosphane oxide (3a), chlorom ethylm ethylphosphinoyl chloride (1) and 
chlorom ethylphosphonic dichloride. We are indep ted  to  Mr. Gy. M ányai for recording the IR  
spectra, to  Mrs. J .  Csákvári and Mr. A. Fürjes for skilled technical assistance.

E x p erim en ta l

IR  spectra were run  in K B r pellets on a B ruker IFS-113v FT -IR  spectrom eter. 41 and 
13C NMR spectra were recorded on B ruker WM-250 and WP-80-SY spectrom eters a t  250.13 
MHz and 62.89 or 20.15 MHz, respectively (see Table I I I) . 31P NMR spectra were ru n  a t 101.2 
MHz on the WM-250 spectrom eter.

Typical param eters for 111 m easurem ents were as follows: in ternal reference: TMS 
lock signal: the 2H resonance of the solvent; pulse w id th : 1 /is (~ 2 0 ° flip  angle); acquisition 
tim e: 2.05 s for 16 К  d a ta  points. L orentzian exponential m ultiplication was used for signal- 
to-noise enhancem ent (line w ith 0.7 Hz).

Acquisition and  d a ta  processing param eters for the 13C spectra a t 62.89 and 20.15 
MHz, respectively: ~ 2 5 °  flip angle; pulse w idht: 7.5 and 3.5 /is; BB decoupling, w ith ca. 
2.5 and 1 W pow er; m em ory size: 32 and 16 К  for 16 and  5 kH z spectral w idth; exponential 
m ultiplications of line w idth  3.0 and 1.0 Hz; repetition  ra te  2 s, general num ber of scans 4 — 16 
K ; acquisition tim e: 0.5 and 1.65 s.

31P NMR experim ents were run in power gated  mode, using 5 s delays betw een scans. 
D uring the acquisition BB decoupling of about 2.5 W  was applied; 16 К  da ta  points for 25 
kH z spectral w idth  and pulse w idth of 24.8 /is (90° flip angle) were used. Typical num ber of 
scans: 16—64.

General procedure for the preparation of chloromethylphosphanc oxides (3b—e)

Method A : 0.06 mol (8.82 g) of chlorom ethylphosphinoyl chloride (1) dissolved in 50 m L 
of dry ether was added to  a stirred solution of the G rignard-rcagent prepared from 0.06 mol 
of magnesium a t  am bien t tem perature. (D uring the p reparation  of benzyl-magnesium brom ide, 
the  reaction tem pera tu re  was kep t below 10 °C to  avoid side reactions.) S tirring was continued 
a t reflux tem pera tu re  for 2 h more. A fter cooling, th e  etheral layer was decanted and trea ted  
w ith 50 m L sa tu ra te d  N H 4C1 solution. The crude p roduct was isolated by ex tracting  this 
m ixture with 3X 60  m L chloroform. The combined organic solution was dried over Na2S 0 4, 
filtered, and concentrated  in  vacuum . The crude p roduct was recrystallized from  n-hexane 
(Table IV).
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Table IV

Physical and analytical data o f compounds 3b—f, Sa—h and 6 a—£

Com­
pound

Y ield
(%)

Melting point
(°C) F orm ula

Molecular
weight

E lem ental analysis 

C H
(%)

N

Calculated
found

P  Cl

3ba 37 102-104 C8H 10ClOP 188.57 50.95
51.33

5.35
5.09

— 16.43
16.86

18.80
18.65

3ca 32 103-104 C8H 9Cl2OP 223.04 43.08
43.29

4.07
4.40

— 13.89
13.48

31.79
31.72

3da 30 9 4 -9 5 c9h 12c io 2p 218.62 49.44
49.72

5.53
5.35

— 14.17
14.41

16.22
15.88

3ea 26 9 0 -9 3 c9h 12c i o p 202.62 53.35
53.27

5.96
5.58

— 15.29
14.90

17.50
17.87

3 fb 24 138-139 C13H ]2C10P 250.66 62.29
62.48

4.83
5.04

— 12.36
12.80

14.15
14.33

5a 89 8 8 -9 0 ^lO^-lsOgP 212.18 56.60
56.28

6.18
6.05

— 14.60
14.37

—

5b 91 115-117 c„H16o4p 242.21 54.55
54.95

6.24
6.38

— 12.79
13.08

—

5c 87 7 5 -7 7 C15H le0 3P 274.25 65.69
65.80

5.51
5.85

— 11.30
11.77

—

5d 60 148-153 c9h 12n o 4p 229.17 47.17
47.05

5.28
5.28

6.11
6.02

13.52
12.83

—

5e 87 152-156 c9h 12n o 4p 229.17 47.17
47.37

5.28
4.91

6.11
5.81

13.52
12.93

—

Sf 67 154-158 C#H u C1N04P 263.62 41.00
40.71

4.21
4.43

5.31
5.02

11.75
11.64

13.45
13.32

5g 75 185-187 С э Н 130 3Р 200.17 54.00
53.46

6.55
6.76

— 15.47
14.89

—

Sh 77 114-116 C9H 130 3P 200.17 54.00
54.34

6.55
6.30

— 15.47
15.86

—

6a 85 oil0 C10H 15O3P 214.20 56.07
56.69

7.06
7.34

— 14.46
15.10

—

6b 67 103 cuH17o4p 244.22 54.09
53.76

7.02
7.04

— 12.68
12.32

—

6c 73 oild c15H17o 3p 276.26 65.21
64.82

6.20
6.51

— 11.21
10.83

—

6d 38 148 c9i i 14n o 2p 199.19 54.27
53.83

7.09
6.96

7.09
6.76

15.55
15.95

—

6e 88 113-115 c9h 14n o „p 199.19 54.27
53.64

7.09
6.90

7.03
6.97

15.55
15.15

—

6 f 47 7 9 -8 2 c9h 13c in o 2p 233.63 46.27
46.01

5.61
5.33

6.00
5.80

13.26
12.82

15.18
15.39

a M ethod A; 
b M ethod B;
° V iscous oil which crystallizes a t  0 °C; 
d nb5 =  1.5862.

Chlorom ethyldiphenylphosphane oxide (3 f)

M ethod B :  Chlorom ethylphosphonic dichloride in  30 rnL dry  ether was added a t  room 
te m p e ra tu re  to  the phenylm agnesium  brom ide solution prepared from 0.06 mol (1.46 g) of 
m agnesium  and  0.06 mol (9.4 g) o f brom obenzene in 60 m L dry  ether. A fter 2 h  a t  reflux  
te m p e ra tu re , the  reaction m ix ture  was worked up as above to  afford 3f in  24%  yield (see 
T able  IV ).
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General procedure for the preparation o f (phosphinoylm ethoxy)-bezaldehydes (5 a — c)

A m ixture of 0.11 mol of the appropriate chlorom ethylphosphane oxide 3a or 3b, 
0.10 mol of hydroxybenzaldehyde 4a —c, and 0.11 mol of finely powdered K 2C 0 3 was vigor­
ously stirred  a t  120—125 °C for 3 h. A fter cooling, th e  product was dissolved in  100 mL 
of chloroform, the inorganic salts were separated  b y  filtra tion  and the f iltra te  was washed 
successively w ith 10% N aO H  solution, w ater and brine (20 m L each). The organic phase was 
dried over Na2S 0 4, filtered, trea ted  w ith charcoal, and  evaporated to dryness. The crude 
product was purified by colum n chrom atography using chloroform -m ethanol ( 9 : 1 )  solvent 
m ixture as eluent (Table IV).

General procedure for the preparation of (phosphinoylm ethoxy)benzyl alcohols (6 a — c)

To a stirred solution of 0.08 mol benzaldehyde derivative 5 a—c in 100 m L  ethanol was 
added 0.05 mol of N aB H 4 in small portions a t am bien t tem perature. The reac tion  m ixture, 
a fter stirring for 4 h , was carefully acidified w ith acetic acid. After evaporation of th e  solvent, 
th e  organic residue was dissolved in 60 m L of chloroform , the inorganic salts were rem oved 
by  filtra tion , the filtra te  was trea ted  w ith charcoal, and  the resulting clear so lu tion  was evap­
orated to  dryness to  afford the crude product 6a — c, w hich was purified either by  recrystal­
lization from  benzene or by  column chrom atography using chloroform -m ethanol (9 : 1) solvent 
m ixture as eluent (Table IV).

General procedure for the preparation o f (phosphinoylm ethoxy)-nitrobenzenes (5d— f)

A m ixture of 0.06 mol of chlorom ethylphosphane oxide 3a, 0.06 mol of th e  appropriate 
nitrophenol 4d —f, and 0.07 mol of finely powdered K 2C 0 3 was stirred a t 150—160 °C for 7 h. 
A fter cooling, the product was dissolved in  60 m L of chloroform, the inorganic salts were 
rem oved by filtra tion . The filtra te  was evaporated  to  dryness and the crude p roduct was 
rccrystallized from benzene to give the pure n itro  derivatives 5d —f  (Table IV).

General procedure for the preparation of (phosphiuoylm ethoxy)-anilines (6 d — f)

A m ixture consisting of 0.051 mol of the appropriate  nitro com pound 5d — f, 0.126 
mol Na2S .9 H 20 ,  and 4.5 m L of w ater was stirred a t  100—110 °C for 7 h. The cold reaction 
m ixture was then  acidified w ith 10% HC1 solution (pH  =  1) and left a t am bien t tem perature  
for 30 min. A fter filtra tion  from the precipitate, th e  pH  of the filtrate was ad ju s ted  to  7.5 
w ith 10% NaOH solution. The resulting solution w as ex tracted  with three 100 m L  portions 
of chloroform. The organic ex trac t was dried over Na2S 0 4 and, after evaporation of the  solvent, 
the crude product was purified by repeated rubbing w ith  ether (Table IV).

General procedure for the preparation o f (phosphinoylm ethoxy)-phenols (5 g  and 5h)

A m ixture of 0.05 mol of the diphenol 4g or 4h, 0.05 mol of the chlorom ethylphosphane 
oxide 3a, and 0.05 mol o f finely powdered K2C 03 w as vigorously stirred for 3 h a t  120 — 
125 °C. The m ixture was cooled to 80 °C, 50 m L of d ry  ethanol was added, and th e  suspension 
was refluxed for 15 min. A fter cooling, the inorganic salts were filtered off, th e  f iltra te  was 
concentrated and the crude product was purified b y  column chrom atography using ethyl 
acetate as eluent to  obtain  the pure m onoethers 5g and  5h (Table IV).
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Some l-benzyl-l-ethyl-indolo[2,3-a]quinolizidines ( la , lb , 2a, 2b, 4) were 
synthetized and  the ir stereochem istry established. The C/D ring annelation in  com­
pounds 2a and  2b proved to be trans.

A few y ea rs  ago th e  syn thesis  o f th e  d iaste reo m eric  m ix tu re  o f  1 w as 
re p o rte d  [2]. R e c e n tly  1 w as sep a ra ted  b y  m ed iu m  p ressu re  liq u id  c h ro m a to ­
g ra p h y  (M PLC ) in to  tw o  com ponen ts, l a  a n d  l b  (Schem e 1).

T he s te re o s tru c tu re s  are  suggested  on  th e  basis o f spectro scop ica l ev i­
dences: i) T he chem ica l sh ifts  in  th e  13C -N M R  sp e c tru m  o f th e  axia l m e th y len e  
g roups are  s ig n if ic a n tly  less th e n  of th e  equatorial ones [3] (see T ab le  II) . 
ii) T he chem ical sh if t in  th e  1H -N M R  sp e c tru m  o f th e  m e th y l g roup  o f  l a  
is 0.80 p pm , w hile  th is  v a lu e  fo r l b  is 1.06 p p m . T he difference is due  to  th a t  
th e  e th y l m o ie ty  in  l a  is axia l an d  d u rin g  its  ro ta tio n  th e  m e th y l g roup  im ­
m erses in to  th e  sh ie ld ing  zone of th e  an iso tro p ic  m agnetic  fie ld  o f th e  indole  
rin g  (F ig . 1). I n  l b  th e  m e th y l group is fa r  f ro m  th e  a ro m atic  c u rren t.

The tw o  la c ta m s  l a  an d  lb  w ere re d u c e d  to  th e  am ines 2a a n d  2b, 
re spec tive ly .

T here  is a n o th e r , m ore  conven ien t ro u te  to  com pounds 2: th e  d irec t 
b en zy la tio n  o f W e n k e r t’s enam ine 3 [4] to  th e  im in iu m  sa lt 4, fo llow ed b y  
red u c tio n . T h is la t t e r  s te p , w hen  using so d iu m  b o ro h y d rid e  as red u c in g  ag en t, 
gave rise to  2a a n d  2b in  1 : 1 ra tio . O n th e  o th e r  h an d , c a ta ly tic  red u c tio n  
re su lte d  in  th e  m ix tu re  o f th e  sam e co m p o u n d s in  1 : 2 ra tio . T he observed  
s te reo se lec tiv ity  m a y  be exp la ined  b y  th e  s te ric  difference o f th e  tw o  su b ­
s ti tu e n ts  a t  p o s itio n  1. T h e  benzy l group is th e  b u lk ie r  one, there fo re , th e  C = N

* For p a rt X X V III, see Ref. [1].
**To whom correspondence should be addressed.
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( 2 a  + 2 b in 1:1 r a t i o )  ( 2 a +■ 2 b in 1 : 2  rat io)

Scheme 1

m o ie ty  is  adso rbed  m ore re a d ily  w ith  its  oppo site  side on th e  su rface  o f  th e  
c a ta ly s t ,  a n d  th e  hyd rogen  a to m  becom es a t ta c h e d  to  th e  12b ca rb o n  a to m  
in  tra n s  p o sitio n  w ith  re sp ec t to  th e  ben zy l g roup .

T h e  tw o  quinolizidines 2 a  a n d  2b show ed B o h lm an n  b an d s in  th e ir  IR  
s p e c tra  a n d  charac teris tic  C4, C6, C7, C12b chem ical sh ifts in  th e ir  13C -N M R  
sp e c tra , i.e . th e  C/D rin g  a n n e la tio n  in  th ese  com pounds p roved  to  he  trans.
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E xperim en ta l

M .p.’s are uncorrected. The IR  spectra were recorded w ith a K arl Zeiss SPECORD 
75 IR  instrum ent. 41- and 13C-NMR spectra were obtained on a V arian X L-100 spectro­
m eter a t  100.1 and 25.16 MHz, respectively. Mass spectra  were taken  on an A E I MS 902 
instrum ent.

Separation o f l a  and lb

A crystalline m ixture of l a  and lb  (1; 0.46 g) [2] was chrom atographed on a medium 
pressure colum n in two steps. The param eters were th e  following: column leng th : 0.3 m, 
diam eter: 0.04 m, pressure: 0.2 M Pa, adsorbent: E . Merck A rt. 7749 silica gel, e luen t: toluene- 
ethy l ace tate  1 : 1 .  This procedure yielded 0.2 g each of th e  two products, which were recrystal­
lized from  ethyl acetate  (11 mL).

Table I

MS sp e c tra  o f  c o m p o u n d s  la ,  lb , 2a, a n d  2b

m/ z
% Rem arks

l a lb 2a 2b l a  and lb  2a and 2b

358 1 0 0 30 M
344 90 90 M
343 1 0 0 1 0 0 M -  1
328 10 1 0 M  -  Me
315 5 7 M -  E t
311 10 3
267 4 3 5 15 M —  Bz M  -  Ph
266 4 3 M  -  92
256 3 2
253 10 2 0 M  -  Bz
251 4 2
2 1 2 50 50
197 30 30
185 15 25
170 1 0 0 1 0 0 35 60 tetrahydro-/?-carboline

fragment
169 50 60 25 50
156 4 6
143 10 10
91 1 0 15 10 50 benzyl
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Table II

13C—NMR spectra o f compounds l a ,  lb ,  2a, and 2b. 
Chemical shifts, Ó, in ppm, relative to  TMS

Carbon la lb 2a 2b

l 41.11 40.74 41.21s 40.72
2 27.12 29.47 34.06 31.10
3 28.52 30.12 25.05° 29.71
4 169.62 170.06 56.50 57.21
6 39.39 40.51 54.23 54.35
7 21.05 21.16 21.87° 21.96
7a 111.91 112.57 111.75 1 1 2 .1 2
7b 126.08 126.35 127.7 128.80
8 117.46 117.71 117.86 117.94
9 121.39 121.64 121.44 121.52

10 118.92 119.20 119.32 119.37
11 111.78 111.74 110.69 110.73
1 1 a 131.27 130.95 130.63a 130.91°
1 2 a 136.75a 137.06a 137.74 139.25
1 2 b 60.84 60.33 67.76d 66.63
13 24.30 26.42 21.87° 22.40
14 7.26 8.41 7.90 7.99
15 41.94 37.95 43.87t 38.84
16 136.86a 137.45a 130.80a 130.80°

17 and 21 128.02b 127.84» 128.11» 127.62»
18 and 2 0 131.12» 130.53» 130.92» 130.72»

19 126.56 126.13 126.41 125.66

a T he assignment is interchangeble. 
b E qu iva len t carbons, identic lines, double intensity . 
0 C oincidental lines, double intensity .

(  ± )-l/?-B en zy l-la -e th y l-l,2 ,3 ,4 ,6 ,7 ,1 2 ,1 2 b /S -o c tah y d ro in d o lo [2 ,3 -a]q u in o liz in -4 -o n e  ( l a )

F ir s t  m .p . 230 °C, second m .p . 244 °C.
IR (K B r): 3352 (indole N H ), 1620 (lactam ) cm -1 .
MS (70 eV): see Table I.
1H-NMR(CDC13 -f- DMSO-de,0): 9.59 (1H, bs, indole N H ); 6 .9 -7 .Ö  (4H, m , arom atic  

CH p ro to n s); 7.32 (5H, s, Ph); 4 .8 7 -5 .1 8  (Ш , m, 6 aH ); 4.85 (1H , s 12b£H); 3.27 (1H , d, 
|J | =  14 H z) and  3.07 (1H, d, |J j  =  14 Hz) (benzyl m ethyelene); 2.6—2.9 (3H, m, 6ßH  +  7- 
H2); 2.30 (2H , t ,  J  =  6.5 Hz, 3-H2); 1.66 (2H, t , J  =  6.5 H z, 2-H ,); 1.34 (2H, q, J  =  7.3 Hz, 
ethyl m ethy lene); 0.80 (3H, t ,  J  — 7.3 Hz, M e) ppm.

13C-NMR(CDC13 +  DMSO-dß): see T ab le  II .

(± )-la -B e n z y l-l/3 -e th y l-l,2 ,3 ,4 ,6 ,7 ,1 2 ,1 2 b /? -o c tah y d ro in d o lo [2 ,3 -a ]q u iiio liz in -4 -o n e  ( l b )

F ir s t  m .p . 237 °C, second m .p. 257 — 258 °C.
IR (K B r): 3358 (indole N H ), 1613 (lactam ) cm -1 .
MS(70 eV): see Table I.
1H-NMR(CDC13, 6): 8.00 (1H , bs, indole NH); 6 .9—7.6 (9H , m, arom atic CH p ro tons); 

5 .0 -5 .4  (1H , m , 6 aH ); 4.95 (1H , s, 12bjSH); 1 .4 -3 .1  (11H , m ); 1.06 (3H, t , J  =  7.4 H z, 
Me) ppm .

13C-NMR(CDC13 +  DMSO-dc): see Table II.

( i  ) - l /i-B e n z v l- la -e th y l-1 ,2 ,3 ,4 ,6 ,7 ,12 ,12b /;-oc tahydro indolo[2 ,3 -aJqu iuu liz ine  (2 a )

C om pound  l a  (80 mg, 0.223 mmol) was refluxed w ith  lithium  alum inium  hydride 
(20 mg) in  a b s . terahydrofuran  (10 m L ) for 4 h. The m ix tu re  was cooled and a 20%  solution 
of po tassium  sodium  ta r tra te  in  w ater [5] was added dropw ise un til the m ixture becam e again
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homogeneous. The solution was extracted  w ith  dichlorom ethane (4 X  50 mL), th e  ex trac t was 
washed w ith brine (100 m L) and dried over sodium  sulfate. The solvents were rem oved in 
vacuum  and th e  crude p roduct was purified by  p repara tive  TLC to  give 2a (60mg 75%) 
as an oil, which was crystallized as the hydrochloride salt, m.p. 203 °C.

IR (10%  solution in CHC13): 3436 (indole N H ), 2752 and 2800 (Bohlm ann bands) cm -1 .
MS(70 eV): see Table I.
IH-NMR(CDC13, Ő): 7.97 (1H, bs, indole N H ); 6.5 — 7.7 (9H, m, arom atic CH protons); 

2.1 — 3.5 (9H , m ); 0.8 —2.1 (6 H, m); 0.74 (3H , t ,  J  =  7.4 Hz, Me) ppm.
13C-NMR(CDC13): see Table II .

( ifc)-la-Benzyl-l/?-ethyl-l,2,3,4,6,7,12,12b/3-octahydroindolo[2,3-a]quinoliarine (2b )

I t  was p repared from  lb  in the same w ay, and  crystallized as the hydrochloride salt, 
m .p. 216 °C.

IR (10%  solution in CHC13): 3431 (indole N H ), 2749 and 2802 (Bohlm ann bands) cm -1. 
MS(70 eV); see Table I.
1H-NMR(CDC13, 6): 7.78 (1H, bs, indole N H ); 6 .9 - 7 .6  (9H, m, arom atic CH protons); 

3.47 (1H, s, 12b/?H); 3.36 (1H, d, \J\ =  14 Hz) and  2.30 (1H, d, |J | =  14 Hz) (benzyl m ethy­
lene); 1.3 — 3.2 (12H, m ); 1.04 (3H, t ,  J  =  7.5 H z, Me) ppm.

13C-NMR(CDC13): see Table II.

l-Benzyl-l-ethyl-l,2 ,3 ,4 ,6 ,7-hexahydro-12H -indolo-[2,3-a]quinolizin-5-ium -perchlorate(4)

l-E thyl-l,2,3,4,6,7-hexahydro-12fi-indolo[2,3-a]quinolizin-5-ium  perchlorate (10 g) [3] 
was d istributed  betw een dichlorom ethane (100 m L ) and  10% sodium hydroxide solution 
(100 mL). The organic phase was filtered th rough  potassium  carbonate, the solvent w as rem oved 
in vacuum  and the  resulting W enkcrt’s enam ine 3 was refluxed with benzyl chloride (5 mL) 
and potassium  iodide (0.5 g) in dry acetonitrile (100 m L ) for 5 days under an in ert atm osphere. 
The m ixture was cooled, filtered and a solution of anhydrous magnesium perch lorate  in aceto­
nitrile (3.16 g in 30 m L) was added. The m ix ture  was th en  filtered, the solvent evaporated  in 
vacuum  and the residue crystallized from m ethano l to  give yellow crystalls o f 4 (1.56 g; 
12.5% ), m .p. 215°C.

IR (K B r): 3364 (indole NH), 1614 (C =  N), 1585 (Ph), 1092 and 1054 (СЮ7 ) c m "1.
MS(70 eV, m/z(%)): 341(10) (M ), 340(20), 313(15), 312(35) (IVi-Et), 311(100), 251(20), 

250(20) (M -Bz), 249(95), 221(10), 220(10), 219(20), 206(20), 197(15), 171(10), 170(20), 169(16) 
(dihydro-/?-carboline fragm ent), 91(20) (Bz).

1H-NMR(CDC13 +  DMSO-d,.,á): 10.8 (1H , bs, indole NH); 6 .9 -7 .8  (9H , m , arom atic 
CH protons); 3.0 —4.2 (6 H , m); 3.56 (1H, d , \J\ =  14 Hz) and 3.16 (1H, d , | J |  =  14 Hz) 
(benzyl m ethylene); 1.6—2.9 (6 H, m); 0.81 (3H , t ,  , /  =  7.2 Hz, Me) ppm.

C24H 2,C1N20 4 (442.95). Calcd. C 65.08; H  6.14; N 6.32. Found C 65.13; H  6.21; N  6.18%.

Reduction of 4 with sodium  borohydride

Compound 4 (1.56 g; 3.52 mmol) was dissolved in  methanol (100 mL) and tre a ted  with 
sodium borohydride (0.2 g) for 1 h. The m ethanol was removed in vacuum , th e  residue dis­
solved in dichlorom ethane (100 mL), washed w ith  sa tu ra ted  sodium hydrogen carbonate 
solution and dried over magnesium sulfate, th e n  filtered . The filtrate was sa tu ra te d  w ith 
hydrogen chloride gas, th e  solvent removed in  vacuum , and the product crystallized  from 
m ethanol to  give a w hite crystalline m ixture of th e  hydrochloride salts of 2a and 2b (in 1 : 1 
ra tio ; 0.93 g; 69% , m .p. 189—192 °C.

C24H 28N2 .IIC1 (380.97). Calcd. C 75.67; H  7.67; N 7.35. Found C 75.58; H  7.77; N
7.17% .

Catalytic reduction o f 4

10% Palladium -on-charcoal catalyst (abou t 50 mg) was prehydrogenated in  some m etha­
nol, then  a solution of the perchlorate salt 4 in  m ethanol (50 mg; 1.13 • 10- 4  mol in  25 mL) 
was added. H ydrogenation was carried out a t  room  tem perature  and atm ospheric pressure. 
A fter the absorption of the calculated am ount o f hydrogen (2.7 mL) (about 15 m in) th e  cata lyst
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was filte red  o ff and  the m ethanol was rem oved in  vacuum . T he residue was d istributed  betw een 
chloroform  a n d  10% sodium hydroxide solution, the organic phase was dried and th e  ch lo ro ­
form rem oved  in  vacuum  to give a m ix ture  of 2a and 2b (in  1 : 2 ratio ; 35 mg; 89% ).

Separation of 2a and 2b

A  m ix tu re  of 2a and 2b (0.5 g) was chrom atographed in  tw o steps under the following 
conditions: colum n length: 0.5 m, d iam eter: 0.056 m , ad so rben t: Reanal Kieselgelt 60 GF254 
No 0772, A p  =  0.3 MPa, eluent: to luene-ethyl acetate-chloroform  7 : 2 : 1 .  The re ten tio n  of 
2a was th e  g rea ter. From  a 1 : 1 m ix tu re  0.2 g of 2a and  2b each was isolated.

*

T he au tho rs  wish to  express th e ir  thanks to  D r J .  Tam ás for the MS m easurm ents, 
and to  th e  Chemical Works of Gedeon R ichter L td . for financial support of th is research.
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