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LIGAND SUBSTITUTION 
AND COMPLEX STRUCTURE, XIII

NMR SPECTRA O F DIAMAGNETIC N i(II)-SC H IFF-H A SE  COMPLEXES 

J .  Cs á s z á r ,* T. Sza b ó* and G y. D o m b i**

(* Department o f  General and Physical Chemistry, A . József University and 
** Department o f  Organic Chemistry, A . József University, Szeged)

Received December 22, 1974

The NMR spectra  of the chelate complexes N i[H SA I-N -n-alkyl]2 have been 
studied. From  the varia tion  of the spectra w ith  th e  solvent, concentration and tem 
perature, conclusions have been drawn on the natu re  of th e  equilibria in inert solvents, 
under the assum ption th a t , depending on th e  tem perature , a  param agnetic te t r a 
hedral species m ay also be formed in  the solutions of re-alkyl compounds.

C om pounds o f th e  ty p e  b is(N -n -a lk y lsa licy la ld im in ato ) n ickel(II) (in th e  
follow ing N i[H S A I-N -R ]2, com pound I) are  know n to  h av e  a irores-square- 
p lan a r s tru c tu re  in  th e  solid  s ta te  w ith  th e ir  dipole m o m en ts  close to  zero . 
The com pounds are d iam ag n e tic , th u s  th e  c e n tra l ion  h as  a singlet g ro u n d  
s ta te  [1 — 9]. In  n o n -co o rd in a tin g  so lven ts, th e y  are s lig h tly  p a ram ag n e tic  
[10 —12], th is  fa c t is a t t r ib u te d  to  m olecular a ssoc ia tion  [13 — 20]. In  th e  
p a ram ag n e tic  associa tes th e  n ickel(II) ion o f tr ip le t  g ro u n d  s ta te  is p e n ta -  
(square py ram id a l) o r h ex a-co o rd in a te  (s tro n g ly  d is to r te d  o c tahed ra l). In  su ch  
so lven ts th e  a m o u n t o f  associa ted  species is low, ex cep t fo r th e  case of th e  
N -m eth y l d eriv a tiv e . I n  co o rd ina ting  so lven ts, such as p y rid ine , th e  co m 
p ounds are p a ra m a g n e tic  to  an  e x te n t co rrespond ing  to  tw o  electrons: b is- 
py rid ine  ad d u c ts  can  be iso la ted  from  th e  so lu tion , an d  all p roperties o f th e  
ad d u c ts  are th e  sam e as those of h ex a-co o rd in ate  com pounds [21 — 23].

T his p ap e r is co n cern ed  w ith  th e  N M R  sp ec tra  o f ch e la te  com plexes o f 
th e  ty p e  N i[H S A I-N -R ]3, w here R  =  n -alky l, C2-C6 an d  Cg.

Experimental

. The complexes were prepared  by  reacting the paren t com pound bis(salicylaldehydato)- 
m ckel(II) • 2H20  w ith th e  appropriate  alkylamine, on the basis of lite ra tu re  data  [10, 24] 
or by analogous processes. T he crude product was recrystallized from  acetone. The Zn2[H SAI- 
N-n-C6H 13]4 complex was prepared  and purified according to  Ch a r l e s  [25].

1 Acta Chim. ( Budapest) 88,1976
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The NMR spectra were recorded on a 60 M Hz JE O L  C-60 H L  spectrom eter, by using 
TMS as external standard . T he solvents, tem pera tu re  range and concentrations will be given 
in  th e  discussion.

As a typical exam ple, th e  figures show th e  results obtained w ith  th e  re-hexyl deriva
tiv e ; th e  conclusions for th e  o ther com pounds are more or less analogous.

Results and discussion

The p roperties o f  N i[H S A I-N -C H 3]2 in  solu tion  are so d iffe ren t from  
th o s e  of th e  o th e r m em b ers  o f th e  hom ologous series, ow ing to  th e  ex ten siv e  
a sso c ia tio n , th a t  a s e p a ra te  p a p e r has b een  devo ted  to  th is  com pound .

In  th e  sp ec tra  o f com pounds c o n ta in in g  lower re-alkyl g roups (C2 to  C4), 
r e la tiv e ly  sharp  signals co rrespond  to  th e  various k in d s o f  p ro to n s , w ith  a 
u su a lly  well reso lved  fin e  s tru c tu re  (T able  I).

Table I

The signals o f  N i[H S A I-N -n -a lk y l]2 compounds [ in  ő (p p m )]  
in  carbon disulfide solution at 25 C

a overlapping signals

A c ta  Chim . ( Budapest)  8 8 ,1 9 7 6
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Fig. 1. PM R  spectrum  of N i[H SA I-N -C 2H5]2 in CS2 a t  25°C

500 400 300 200 100 0

Fig. 2. PM R spectrum  of N i[H SA I-N -n-C 3H ,]2 in CS2 a t  25°C

T he signals of th e  N -alky l s u b s t i tu e n t  ap p ear in  th e  range  of 0 .8—3.6 
p p m , w ith  an  increasing  chem ical sh if t in  th e  o rder of m e th y l, . . . y-, ß -  an d  a- 
m e th y len e  groups. T he d ifferen t ch em ica l sh ifts of th e  p ro to n s  in  d iffe ren t 
p o sitions w ith  resp ec t to  th e  azom eth ine  n itro g en  clearly re f le c t th e  decreasing  
effect o f  th e  n itrogen  a to m  along th e  c a rb o n  chain . The signals o f alkyl p ro to n s  
are sp lit as expected  ( J  — 7 H z, see F ig s  1 an d  2); b u t w ith  h ig h er hom ologues
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Hz
500 400 300 200 100 0

i) (ppm)
Fig. 3. PMR spectra  of Ni[HSAI-N-ri-C0H 13]2 in  CS2 a t 25°C; cx =  0.14 M , c2 — 0.24 M

500 400 300 200 100 0

Fig. 4. PM R spectrum  of Zn2[HSAI-N-ra-C6Hi:,]i in CS2 a t  25°C; c =  0.14 M

th e  signals are b ro a d e r  an d  b lu rred , an d  th e ir  fine s tru c tu re  is more d ifficu lt 
to  observe (Fig. 3).

The region o f a ro m a tic  p ro tons co n ta in s  tw o g roups o f signals; th is  p a r t  
o f  th e  spectrum  is, in  o u r opinion, c h a ra c te r is tic  o f a n  A 2B 2 sp in  sy s tem ,

Acta Chim. (Budapest) 88, 1976
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Table II

Concentration dependence o f the signals [ in  8 (p p m )] o f various protons 
o f the n-hexyl complex in  carbon disulfide at 25°C

a H SAI-N-n-C6H 13 
b overlapping signals
c 8 (ppm ) values of the diam agnetic zinc complex a t a concentration  of '0.14 mol/1

t
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6 CSÁSZÁR et al.: LIGAND SUBSTITUTION AND COMPLEX STRUCTURE, X III

w h ich  indicates th e  m a g n e tic  equ ivalence o f tw o p a irs  o f  p ro to n s. N e v e rth e 
less, th is  conclusion sh o u ld  be su p p o rted  b y  th eo re tica l ca lcu lations.

The signals o f  azom eth ine  p ro to n s are less sh a rp , th e y  can be found  
a b o v e  7.8 ppm .

In  the  sp e c tru m  o f  th e  Zn2[H S A I-N -n-C eH 13]4 d e riv a tiv e  (Fig. 4, T ab le  
И ) ,  w hich is also d ia m a g n e tic  in  so lu tion , one can  observe  all th e  resonance

0 Q05 0.10 0.15 0.20 0.25 0.30
cone, (mol/I)

F ig. 5. Concentration dependence of the p ro ton  chemical shifts of the n-hexyl derivative
in CS2 a t  25°C

lines th a t  can be fo u n d  in  th e  sp ec tru m  o f th e  co rrespond ing  n ickel(II) che la te . 
T h e  m ost s trik in g  d ifference b e tw een  th e  sp ec tra  i& in  th e  range of a ro m a tic  
p ro to n s  (see F ig . 3). T h e  a -m ethy lene  an d  azom eth ine  signals o f th e  zinc 
com plex  are m uch  sh a rp e r , and  th e  sp ec tru m , un like  t h a t  o f th e  co rresp o n d 
in g  n ickel(II) c h e la te , is in d ep en d en t o f th e  co n cen tra tio n .

In  Table I I  th e  chem ical sh ifts o f th e  Schiff-base, H S A I-N -n-C 6H 13, are 
also  shown. T he N M R  sp ec tra  o f th e  ligand  m olecule, th e  d iam agnetic  zinc 
com plex  and of th e  n ic k e l(II)  com plex are ex trem e ly  sim ilar. In  the  sp ec tru m  
o f  th e  ligand th e  a ro m a tic  p ro to n  signals ap p ea r in  th e  ex p ec ted  range, fu r th e r 
m ore , the signal o f  th e  azom ethine p ro to n  is n o t sp lit, an d  th e  signal o f th e  
a-m ethy lene  p ro to n s  is sp lit only in to  a tr ip le t . T hese fac ts  suggest th a t  in  
so lu tion  the ligands o f  th e  com plexes u n d e r s tu d y  are p re se n t in  th e  enolim ine 
fo rm , sim ilarly  to  th e  Schiff-bases of aniline d e riv a tiv e s  [26, 27].
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The N M R  sp ec tra  of th e  n ick e l(II)  chelates u n d e r  s tu d y  are sensi
tiv e  to  th e  co n cen tra tio n . W ith  increasing  co n cen tra tio n  th e  signals o f «- 
m e thy lene , b u t  p a r tic u la r ly  o f azo m eth in e  p ro tons are  sh ifted  dow n-fields 
(F ig . 5). These signals becom e s tro n g ly  b roadened , a n d  th e  fine s tru c tu re  of 
th e  «-m ethy lene  signal is g ra d u a lly  b lu rre d . The sm all sh if t o f /3-m ethylene 
signal is opposite  in  d irec tion .

In  in e rt so lven ts th e  N i[H S A I-N -n -a lk y l]2 com plexes are  p a r tia lly  p re s 
e n t  in  associated  fo rm . The c o n c e n tra tio n  dependence o f th e  sp ec tru m  is 
a consequence o f a c o n ta c t in te ra c tio n  betw een  th e  u n p a ire d  e lectrons o f th e  
p a ram ag n e tic  n ick e l(II)  ions o f th e  m o lecu lar associates a n d  th e  nuclei of th e

I Fig. 6. a- CH2 signal of Ni[HSAI-N-re-CeH 13]2 in  different solvents a t  25°C; c =  0.14 M

ligands. I t  has b een  show n [28, 29] t h a t  in  N i[H S A I-N -R ]2 chela tes th e  d ip o la r 
sh ifts  can  be n eg lec ted , an d  t h a t  th e  te tra -co o rd in a te  ( te tra h e d ra l) , p e n ta -  
coo rd in a te  and  h ex a-co o rd in a te  species are cha rac terized  b y  d iffe ren t c o n ta c t 
sh if t p a tte rn s  [28—31]. W ith  th e  p y rid in e  ad duc ts o f th e  N -e th y l an d  N -re- 
p ro p y l deriva tives in v es tig a ted  b y  u s , L a  M a r  [32] has d e te c te d  th e  presence 
o f a p en ta -co o rd in a te , square  p y ra m id a l, p a ram ag n e tic  in te rm ed ia te  form  
besides th e  s tro n g ly  d is to rted  o c ta h e d ra l b ispyrid ine a d d u c t. The difference 
in  c o n ta c t sh ift b e tw een  th e  tw o  species appears m ost ch a ra c te ris tic a lly  in  th e  
a ro m a tic  5-H  signal, fo r w hich ev en  th e  d irection  of sh if t is d ifferen t. T he 
c o n ta c t sh ifts of azom eth ine  a n d  a -m eth y len e  p ro to n s  o f th e  b ispy rid ine  
a d d u c t an d  p en ta -co o rd in a te  ch e la tes  [31] are n egative  a n d  b y  1 — 2 orders 
o f m ag n itu d e  h igher th a n  those  o f  th e  o th e r  p ro to n s; th e  sh ifts  o f /3-CH2 an d  
/З-C H j p ro tons are  positive .

I f  th e  above fa c ts  are com b in ed  w ith  th e  o b se rv a tio n  th a t  th e  n u m b er 
o f p a ram ag n e tic  species also c o n ta in in g  p e n ta -co o rd in a ted , or, in  th e  h igher 
associates, h ex a-co o rd in ate  n ic k e l(II) , is v e ry  sm all in  com parison  w ith  th e  
n u m b e r of d iam ag n etic  m olecules, a n d  t h a t  th e ir  re la tiv e  p ro p o rtio n  increases 
o n ly  to  a m inor e x te n t  w ith  th e  c o n cen tra tio n , i t  becom es u n d e rs tan d ab le
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w h y  also the  azo m eth in e  or « -m eth y len e  signals are on ly  s lig h tly  co n cen tra 
tio n -d e p e n d e n t in  th e  average  sp e c tru m , a n d  w h y  th e  sh ifts  in  th e  o th e r signal 
a re  even  sm aller.

In  various in e r t  so lv en ts  d iffe ren t N M R  sp ec tra  can  be o b ta in ed  (Table 
I I I ) .  In  these sp e c tra , ex cep t fo r th e  signals o f th e  te rm in a l m e th y l p ro to n s,

Table III

Signals o f  the hexyl derivative [ in  <5 (ppm ,)] measured 
in  various solvents at 25°C; c =  0.14 mol/l

Proton
Solvent

CH, (y -U -C H , ß - C H , a-CH2 Ring protons CH =N b

c s . 0.89a 1.36 1.79 3.18 6.24 6.89 8.0 2.641
3.30 6.36 7.01a
3.41 6.49

C2C14 0.83 1.43 1.75 3.88 6.46a 7.04 9.7
0.95 7.14
1.00

CC14 0.91a 1.39 1.78 4.06 6.36a 7.02 11.6 2.238

6.48 7.15a

CDC13 0.90a 1.40 1.89 4.32a 6.29 7.13 12.2 4.806
6.45 7.44

6.59

CD3COCD3 0.90a 1.42 1.7 5.65 6.24 7.32 13.11 20.70

1.00 6.36 7.45a
6.48

CD3CN 0.91a 1.42 — 4.57 6.25 7.19 14.1 37.5

6.37 7.32a

6.50

a overlapping signals
b dielectric constan ts (a t 20°C) of th e  corresponding undeu terated  solvents

th e  shapes and  ch em ica l sh ifts o f a ll resonance  signals show  ce rta in  v a ria tio n  
w ith  th e  solvent. T h e  degree o f associa tion , i.e. th e  re la tiv e  p ropo rtio n  o f 
p e n ta -  and h e x a -co o rd in a te  species p re se n t beside th e  d iam ag n etic  square- 
p la n a r  form , v a rie s  w ith  th e  so lv en t, an d  th is  v a r ia tio n  h as , as d iscussed 
ab o v e , a s ign ifican t e ffec t on th e  sp ec tru m . The so lv en t effect is m ost p ro 
n o u n ced  in  th e  sh if ts  o f  th e  azo m eth in e  an d  « -m ethy lene  signals (F ig. 6.) I t  
is c lear from th e  d a ta  o f T able I I I  th a t  an  unam biguous co rre la tio n  can be ob-
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Table IV

a overlapping signals
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se rv e d  prim arily  b e tw e e n  th e  signal o f azom eth ine  p ro to n s  an d  the  d ielectric  
c o n s ta n t of the  so lv e n t, b u t  sim ilar ten d en c ies  ap p ea r in  connection  w ith  th e  
d ipole  m om ent. P re su m a b ly , th e  d ifferences in  averaged  sh ie ld ing  of th e  p ro 
to n s  are due to  th e  p resence  of d iffe ren t associates in  v a rio u s  solvents, b u t  
i t  c an n o t be ex c lu d ed  e i th e r  th a t  th e re  is a v a ria tio n  in  th e  e x te n t of coupling  
b e tw een  the  azo m e th in e  a n d  « -m ethy lene  p ro tons.

Since the  deg ree  o f  association  decreases w ith  in c reas in g  tem p e ra tu re  
one can expect a d ec rease  in  linew id th , a n d  a v a ria tio n  in  th e  chem ical sh ifts 
s im ila r in  sense to  th e  e ffec t o f decreasing  co n cen tra tio n . T he w idths of azo
m eth in e  and a -m e th y le n e  signals indeed  decrease w ith  in c reas in g  te m p e ra tu re , 
a n d  th e  trip le t s tru c tu re  o f  th e  la t te r  signal becom es g ra d u a lly  m ore d istin g u ish 

in g . 7. Chemical shifts of a-C H 2 and CH =  N protons of N i[H SA I-N -n-C 6H l3]2 as functions
of the tem perature; c =  const.

ab le . These signals a re , how ever, sh ifted  dow nfield above ca. 50°C. W ith  th e  
ex cep tio n  of th e  m e th y l  signal, th e  chem ical sh ifts o f a ll signals depend m ore 
o r  less on the  te m p e ra tu re ,  an d  w ith  th e  ring  p ro to n s ev en  th e  fine s tru c tu re  
is changed  (Table IV , F ig . 7).

I t  is know n t h a t  th e  R = a -b ra n c h e d  d e riv a tiv es , w h ich  are, p rim arily  
fo r  steric  reasons, te t r a h e d ra l  in  th e  solid s ta te , fo rm , in  in e rt so lvents, a 
te rn a ry  equ ilib rium  sy s te m  involv ing  associa ted  (p a ram ag n .) , m onom eric 
sq u are -p lan ar (d ia m a g n .)  and  te tra h e d ra l (p a ram ag n .) species. A t low er 
te m p e ra tu re s  th e  fo rm a tio n  o f pa ram ag n e tic  associates, a t  h ig h er te m p e ra tu res  
t h a t  of the p a ra m a g n e tic  te tra h e d ra l species is p re fe rred  [3, 28]. On th is  basis 
i t  is assum ed th a t  th e  above changes observed  in th e  N M R  spectra  can  be 
a t tr ib u te d  to  th e  f a c t  t h a t  a lthough  th e  am o u n t of p a ra m a g n e tic  associates 
decreases w ith  te m p e ra tu re , th e  p ro b a b ility  of fo rm a tio n  of param ag n e tic  
te tra h e d ra l species in c reases  in  paralle l. A ccordingly , also in  th e  solu tions of 
th e  com plexes o f re-alkyl deriv a tiv es  th e  above m en tio n ed  te rn a ry  equ ilib rium  
sy s tem  is p resen t ab o v e  a certa in  te m p e ra tu re .
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INVESTIGATION OF HYDRATION 
OF MACROMOLECULES, I

M EASUREM ENT O F SE LF-D IFFU SIO N  O F W A TER  
IN  SOLUTIONS O F POLYVINYL ALCOHOL

Gy. I n z e l t  and P. Gr óf

(Department o f Physical Chemistry and Radiology, Eötvös L . U niversity, Budapest)
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Self-diffusion coefficient of w ater in solutions of polyvinyl alcohol (PYA) has 
been determ ined a t two tem peratures (25 and 35°C) in the concentration  range between 
0 and 10 w/w% . D eterm inations were made using open-end capillary m ethod w ithout 
stirring. W ater was labelled w ith  180  isotope, analysis has been performed by mass 
spectrom etry.

I t  has been sta ted  th a t  self-diffusion coefficient of w ater decreases propor
tionally to  increasing PYA concentrations in the given concentration  range, a t both  
tem peratures. Energy of activation  of self-diffusion was found to  be 4.5 ±  1.4 kcal/ 
mole. H ydration  num ber of PVA has been calculated; it  was found identical a t both  
tem peratures, i.e. 3.7 — 4 molecules of H 20  per OH group, depending on the shape 
factor. The density  of solutions grew proportionally to the concentration  of the macro
molecule. Specific volume of PVA was found to be 0.7344 cm 3/g a t  25°C and 0.7628 
cm3/g a t 35°C. The viscosity of solutions increased m arkedly w ith  increasing PVA 
concentration; the energy of ac tiva tion  of viscous flow has been found to  be 7.4 ±  0.4 
kcal/mole.

Introduction

The m ore or less ex ac t s tu d y  o f h y d ra tio n  of m acrom olecu les has a p a s t  
o f a b o u t fo rty  y ea rs . Ow ing to  th e ir  v ita l  im portance , m a in ly  th e  s tu d y  of 
v a rio u s p ro te in s  a n d  nucleic acids rep re sen ted  p a r tic u la r  in te re s t. The in te r 
p re ta tio n  of th e  re su lts  o f these  in v es tig a tio n s  is, how ever, v e ry  d ifficu lt, as 
i t  is obvious e.g. from  th e  rev iew  m o n o g rap h y  of L in g  [1 ]. One of th e  m ain  
prob lem s is th e  co m p lex ity  of th e  system s to  he s tu d ie d , in  p a r tic u la r , th a t  
even  th e ir  s tru c tu re  is n o t know n e x a c tly  and , th ey  co n ta in ed  in  several cases 
o th e r  com ponen ts in  a d d itio n  to  th e  m acrom olecular su b s ta n c e  and  w a te r. 
T hus, th e  supposed  a m o u n t of com b in ed  w a te r could n o t  be ascribed  to  in d i
v id u a l fu n c tio n a l g roups, an d  e.g. ev en  th e  h y d ra tio n  o f a p e p tid e  chain  can 
n o t he reg a rd ed  as a p rob lem  so lved . A dd itional d ifficu lty  o f in te rp re ta tio n  
arises from  th e  fa c t t h a t  d iffe ren t a u th o rs  applied d iffe ren t single m ethods of 
th e  severa l possible ones giving each  d iffe ren t type  of in fo rm a tio n ; an d  fu r th e r , 
th a t  d iffe ren t a u th o rs  app lied  d iffe ren t m odels for ca lcu la tio n  of h y d ra tio n  
num ber.*  C onsequen tly , i f  th e  e x te n t  o f h y d ra tio n  of g iven  fu n c tio n a l groups

* Hydration number is the average am ount, of water per u n it w eight or structu ral 
u n it of macromolecule th a t  is bound to  th e  la tte r  and moves together w ith  it  in  solution.
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is to  be de term ined  ( th is  seem s to  be th e  m ost im p o r ta n t  question  in th is  
su b jec t)  m acrom olecules w ith  id en tica l s tru c tu re  have to  be chosen as m odel 
su b stan ces co n ta in in g  one ty p e  o f g roup  to  be considered  w ith  respect to  
h y d ra tio n . In  a d d itio n , i t  is adv isab le  to  use several m e th o d s  o f  m easurem ent 
sen sitiv e  against th e  e x te n t  o f h y d ra tio n , for th e  in v es tig a tio n  o f each system .

Polyvinyl a lcoho l h as  been  selec ted  as th e  f irs t m odel substance  for our 
series of in v es tig a tio n . T h is w as ju s tif ie d  b y  th e  a ssu m p tio n  th a t  the  s tu d y  
o f  aqueous so lu tions o f  p o lyv iny l alcohol (a b b re v ia ted  h e re in a fte r  th rough  
PY A ) by  ap p ro p ria te  m e th o d s  allows to  e s tim a te  th e  a m o u n t o f w ate r bound 
b y  one hydroxyl g ro u p .

The p resen t p a p e r  sum m arizes our resu lts  o b ta in ed  in  th e  s tu d y  of self- 
d iffusion  coefficient o f  w a te r. T h is w as s tu d ied  in  PY A  so lu tio n  in  the  con
c e n tra tio n  range b e tw e e n  0 an d  10 w /w %  a t  25 an d  35°C. V iscosity and  
d e n s ity  of the  so lu tio n s  have also been  m easured .

Experimental

Polyvinyl alcohol and its fractionation

A commercial p ro d u c t called Rhodoviol 16/20 has been used as polyvinyl alcohol; it 
w as previously p artia lly  frac tionated  by re-propanol in  order to  rem ove low molecular weight 
fractions. The w eight average  molecular w eight after fractionation  was determ ined by light 
scattering  110, 000 ±  10% . A cetate content: about 2 mole%.

Bidistilled w ater w as used for its dissolving. The concentrations have been determined 
b y  measuring their d ry  substance content. Average error of concen tration  measurements 
w as ±0 .1  rel.% . The sa lt concentration  of the solutions was less th a n  5 x l 0 - 5  with respect 
to  actual PVA concen tra tion , as determ ined by flame photom etry.

Selection of an isotope label

180  was used for labelling w ater since — according to our own m easurem ents — in 
th is  case exchange reac tions betw een w ater and alcoholic OH groups should not be taken  
in to  account. Any exchange would make impossible to  evaluate self-diffusion of the labelled 
molecules. No isotope effect occurs if 180  is used.

Diffusion method

Self-diffusion coefficient was m easured by the open-end capillary method w ithout 
stirring. The experim ental technique and the m ethod of calculation of self-diffusion coef
fic ien t was described in  th e  paper of E r d e y -Grúz  et al. [2] and  its  references. Correction 
for capillary length (G er g ely  et al. [3]) was negligible as com pared w ith  other sources of 
experim ental error. T he accuracy of therm ostating  was ±0.01°C.

H ydration num ber was calculated according to W ang’s equation  [4]:

~  _  A l =  1 _  [ « ( v p +  H /d0) +  и ] w +  4  ( l)
' '  о

w here D ' denotes self-diffusion coefficient of w ater m easured in  the  solution; D 0 th a t of 
pu re  water; a  a co n stan t depending on the shape of the molecule; V  p th e  apparent specific 
volum e of the given m acrom olecule in  solution; d 0 the  density  of w ater; H the hydration 
num ber expressed as g o f w ater per g of dissolved substance; w th e  w eight fraction of macro
molecule in the so lu tion ; A  ( and A, m inor correction factors w hich can be calculated theo
retically.
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INZELT, GRÓF: INVESTIGATION OF HYDRATION OF MACROMOLECULES, I 15

Analysis of labelled solutions

Isotope com position of water obtained by  vacuum  distillation from solutions has 
been determ ined by a m ass spectrometer Type MI-1311 by m easuring the ratio  o f ion in ten 
sities of H218O/H210O.

Viscosity m easurem ents
Viscosities of solutions have been m easured by Höppler-viscosimeter, a t 25, 30 and 

35 ±  0.05°C.
Density m easurem ents

D ensities were determ ined by picnom eter m ethod a t 25 and 35 ±  0.01°C.

Results and discussion

Self-diffusion coeffic ien t o f w a te r (m ore ex ac tly , th e  value of ~  -  Ax)
^ о

in so lu tions of p o ly v in y l alcohol decreases p ro p o rtio n a lly  to  th e  w eight f ra c 
tio n  a t  b o th  te m p e ra tu re s . The en e rg y  o f ac tiv a tio n  o f self-diffusion o f 
w a te r (AHjf) in РУ А  so lu tions is equal to  t h a t  of self-diffusion of pure w a te r , 
w ith in  th e  lim its o f ex p e rim en ta l e rro r. V alues of self-diffusion coefficient an d  
energy  o f ac tiv a tio n  h a v e  been sum m arized  in  T able I . O ur d a ta  ind ica te  t h a t

Table I

Self-diffusion coefficient o f water in  P V A  solutions at 25 and 35°C

PVA
concentration

(%)
D 25 • 105 
(cm2 s-1)

D35 • 105 
(cm2 s _1)

A H D
(kcal/mole)

0.00 2.57 ±  0.024 3.49 ±  0.15 4.9 ±  0.8
3.93 1.95 ±  0.103 2.48 ± 0 .1 5 4.4 ±  1.4
6.01 1.69 ±  0.051 — —
7.69 1.54 ±  0.077 1.99 ±  0.10 4.7 ±  1.3
9.20 1.25 ±  0.078 — —
9.56 1.30 ±  0.104 — —

E very  da ta  in tbe T able  is the average of 5—9 m easurem ents. E rrors given are standard  
deviations of the mean

th e  W ANG-equation (1) is v a lid  also for P V A -w ater system s, in  ag reem ent w ith  
d a ta  concern ing  aq u eo u s so lu tions of o v a lb u m in  [5] an d  D N A  [6]. I t  shou ld  
be n o ted  th a t  in  our case , since PVA co n ta in s  no ionic groups, on ly  o b stru c tio n  
and  d irec t h y d ra tio n  effec ts  should be considered . The cond ition  th a t  th e  
diffusion coefficient o f th e  m acrom olecule shou ld  be m uch  low er th a n  th a t  
o f w a te r is also fu lfilled  (th e  form er being  ap p ro x im a te ly  2 x l 0 -7 cm 2/s a t
25 °C [7]).
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16 INZELT, GRÓF: INVESTIGATION OF HYDRATION OF MACROMOLECULES, I

In  order to  be ab le to  de term ine  h y d ra tio n  n u m b er from  E q . (1), i t  is 
n ecessa ry  to  know  th e  specific  volum e o f m acrom olecules as w ell as th e  shape  
fa c to r  a . A ccording to  o u r m easu rem en ts , th e  specific vo lum e of PV A  is 
c o n s ta n t  in  th e  co n c e n tra tio n  range in v e s tig a te d , its  value being  0.7374 cm 3/g 
a t  25°C and  0.7628 cm 3/g a t  35°C. D a ta  on  specific volum e o f so lu tions h av e  
b e e n  sum m arized  in  T ab le  I I .

Table II

Specific volume o f aqueous P V A  solutions 
at different temperatures

PVA
concen tration 

(%)
Vt!25

(cm*/g)
V«35

(cm*/g)

0.00 1.004 1.006

3.93 0 .9 9 3 2 a 0 .9960a

6.01 0 .9884 0.9919

7 .69 0 .9831 0.9878

9.20 0 .9795 0.9831

9.56 0 .9785 —

a The relative error of specific volumes is ± 0 .6 %

The g rea te s t p ro b lem  arises fro m  th e  correct selection  o f th e  shape 
fa c to r  a . The o rig inal d eriv a tio n  w as re la te d  to  ro ta tio n a l ellipsoids bein g  
im perm eab le  an d  la rg e  as com pared  w ith  so lvent m olecules an d  h av in g  d if
f e re n t  axis ra tio s . S ince ran d o m  coils o f РУ А  m olecules are p ro b ab ly  p e rm e 
ab le  for w a te r m olecules, tw o ex trem e  a  values were selected  for ca lcu la tio n  
o f  h y d ra tio n  n u m b er. T he value of a  =  1.500 belongs to  spherica l m olecules 
a n d  ex =  1.667 to  rod-like  ones. H y d ra tio n  num bers ca lcu la ted  b y  b o th  va lu es  
a re  to  be seen in  T ab le  I I I .  In  our case, w ith  iden tical h y d ra tio n  positions an d

Table III

Hydration numbers o f hydroxyl groups o f P V A  
fo r  different values o f  a at 25 and 35°C

T  (°C)
H (mole H20 per OH group)

a =  1.500 a =  1.667

25 4.0 ±  0 .3 3.7 ±  0.3

35 4.0 ±  0 .7 3.7 ±  0.6

Deviations were calculated as the error of the straight line — ----- Ai vs w
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INZELT, GRÓF: INVESTIGATION OF HYDRATION OF MACROMOLECULES, I 17

no h y d ra tio n  a t  th e  v in y l chain  o f th e  po ly m er, h y d ra te  w a te r  can  be assigned  
to  alcoholic O H  groups, th u s  th e  average  n u m b er of w a te r  m olecules b o u n d  
b y  one h y d ro x y l g roup  has b een  given. I t  should  be n o ted , how ever, th a t  th is  
is an  average v alue  on ly , since in te r-  an d  in tram o lecu la r associa tion  of m ac ro 
m olecules th ro u g h  h y d ro x y l g roups has also to  be ta k e n  in to  considera tion  
[7, 8]. T he e x te n t o f associa tion  can  be reg a rd ed  as c o n s ta n t in  ou r co n cen tra 
tio n  an d  te m p e ra tu re  range . T his is su p p o rte d  b y  the  change o f  specific vo lum e 
of th e  so lu tions being  p ro p o rtio n a l to  co n cen tra tio n , and  especially  b y  th e  fa c t 
th a t  a lth o u g h  th e  v isco sity  o f so lu tions (rj) increases v e ry  m ark ed ly  w ith  
increasing  PY A  co n cen tra tio n , th e  en erg y  o f ac tiv a tio n  o f v iscous flow  (A H *) 
can  be reg a rd ed  as a c o n s ta n t va lue  (cf. T ab le  IY ). C onsequen tly , if  th e  degree

Table IV

Viscosity o f aequous P V A  solutions at different temperatures

PVA
concentra

tion
(%)

V-.b
(cP)

130
(cP)

l ib
(cP) (kcal/mole)

0 0.8941 0.8019 0.7250 —

3.93 21.9  ±  0.2 17 .9(5) ±  0.2 14.6(6) ±  0.1 7 .3  ±  0.3

6.01 82.5 ±  0.8 — 54.8 ±  0.5 7 .5  ±  0.3

7.69 223.0 ±  2.2 176.0 ±  2.0 149.(7) ±  1.0 7 .3  ±  0.3

9.20 479 .(5 ) ±  5.0 — 316.(2) ± 3 . 0 7.6  ±  0.4

9 .56 — --- • — —

o f associa tion  is know n , th e  rea l a m o u n t of w a te r  m olecules b o u n d  b y  one O H  
group can  be sim ply  ca lcu la ted .

Since th e  decrease o f self-d iffusion coefficient of w a te r  is m uch low er 
th a n  th e  increase o f v iscosity , th e  p ro d u c t Drj increases con sid erab ly  as a 
fu n c tio n  o f co n cen tra tio n . C onsequen tly , self-diffusion of w a te r  is n o t re la te d  
to  m acrov iscosity  b u t  to  th e  m icrov iscosity  of its  su rround ing . A ccording to  
our o th e r  re su lts  [8], th e  p ro d u c t o f self-d iffusion coefficient o f w a te r an d  th e  
m icrov iscosity  ca lcu la ted  from  th e  v a r ia tio n  of d ielectric re la x a tio n  tim e  of 
w a te r  w ill give a c o n s ta n t va lue  w ith  b e t te r  ap p ro x im atio n . T he th eo re tica l 
in te rp re ta tio n  of such a m icrov iscosity  is, how ever, no t y e t c lear in  all respec ts .

H ydration num bers determ ined b y  us are in good agreem ent w ith the 
qualitative suggestion of M. N agy on the basis of v iscosity m easurem ents [9] 
according to which PV A  is strongly hydrated in aqueous solutions. A sim ilarly  
good agreem ents is obtained w ith  quantitative data of Spo nsler  et al. [10]
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18 INZELT, GRÓF: INVESTIGATION OF HYDRATION OF MACROMOLECULES, I

sug g estin g  3 w a te r m olecu les per O H  group  as th e  th e o re tic a l h y d ra tio n  
n u m b e r  of h y d roxy l g ro u p s . This was also verified  b y  X -ra y  d iffrac tion  an d  
IR  ab so rp tio n  s tu d ies  o f  p ro te in -w a te r  system s.

I
*
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KOMPLEXBILDUNGSVERMÖGEN VON NICKEL MIT 
l-HYDROXYÄTHAN-l,l-DIPHOSPHONSÄURE

R . R a u t s c h k e , G. L u x  und U . S c h l o s s e r

(M artin-Luther-Universität, Sektion Chemie, Halle (Saale), D D R)

Eingegangen am 23. Septem ber 1974 

U m gearbeitet am 13. Ju n i 1975

N ickelionen bilden in wäßriger Lösung m it l-H ydroxyäthan -l,l-d iphosphon - 
säure K om plexe, die in Abhängigkeit vom  pH -W ert unterschiedlich protoniert sind. 
Mit Hilfe spektralphotom etrischer M ethoden konn ten  die G leichgewichtskonstanten 
sowie die Protonierungskonstanten  für NiH,Y, N iH Y~ und  N iY2- bestim m t werden.

Einleitung

l-H y d ro x y ä th a n - l ,l-d ip h o sp h o n sä u re  b ild e t als m ehrzähn iger L ig an d  
eine R eihe v o n  löslichen  K om plexen  m it v ie len  M etallionen  [1—9].

D as A u ftre te n  von  K om plexen  m it v e rsch ied en er Z usam m ensetzung  is t 
a u f  die u n te rsch ied lich e  B eteiligung  der S au ersto ffa to m e  der P hosphonsäu re- 
g ru p p en  an  d er K om plex b ild u n g  zu rü ck zu fü h ren . D ie K om plex liganden  s in d  
die D isso z ia tio n sstu fen  der Säure

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 88 (1), pp. 19—26 (1976)
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20 RAUTSCHKE e t al.: KOMPLEXBILDUNGSVERMÖGEN VON NICKEL

M it ihnen b au en  sich  E in k e rn k o m p lex e  auf, w enn jew eils n u r  eine 
P h o sp h o n säu reg ru p p e  in  die K o m p lex b in d u n g  e in tr i t t .  Z w eikernkom plexe  
m it  v ierg liedrigen  C h ela trin g en  e n ts te h e n  aus einem  L ig an d en  u n d  zwei 
M eta llionen . W eite rh in  sin d  E in k ern k o m p lex e  m it sechsgliedrigen C h e la trin 
g en  b e k a n n t. Die V ie lfa lt d er m öglichen K om plexe  e rh ö h t sich d u rc h  die m ehr 
o d e r  w eniger ausgep räg te  P ro to n is ie ru n g  d e r g en an n ten  E in k e rn - bzw . Zwei- 
k ern k o m p lex e .

A ußerdem  w ird  besonders fü r die K om plexe  m it C alcium , M agnesium , 
e in ig e n  N eb engruppene lem en ten  sowie se lten en  E rd en  die B ete ilig u n g  der an 
d e n  K oh len sto ff g eb u n d en en  H y d ro x y lg ru p p e  d isk u tie rt [1 3, 4 , 5, 9].

V ersuchsbedingungen

G eräte : Begistrierendes Spektralphotom eter D K -2A  (Beckman)
pH-M eßgerät MV 11 (Clamann & G rahnert) m it Glaselektrode und  Kalom elelektrode. 

Substanzen: l-H ydroxyäthan-l,l-d iphosphonsäure  (chemisch rein), N iS 04 • 7H„0 p. a.,
NiCL, • 6H20  p. a., N aO H  p. a.
Die Probelösungen w urden  aus 0,03 m olaren  wäßrigen Stam mlösungen der 1-Hydroxy- 

ä than-l,l-d iphosphonsäure  (H E D P) bzw. der Nickelsalze hergestellt. Zur E instellung des 
jew eiligen pH-W ertes diente 3n NaOH.

Die spektralphotom etrische Messung erfolgte bei R aum tem peratur (22°C).

Ergebnisse und Auswertung

D as A b so rp tio n ssp ek tru m  des [N i(H .,0 )6] 2+-Ions w eist d re i A bsorp- 
tio n sm a x im a  bei 395, 665 u n d  725 n m  auf. L ösungen, die N ickelionen  u n d  
d e n  K om plexb ildner H E D P  im m olaren  V erh ä ltn is  1 : 1 e n th a lte n , e rgeben  in 
A b h än g ig k e it vom  p H -W e rt die in  A b b ild u n g  1 da rg este llten  S p ek tren . A us 
d e m  A uftre ten  isosbestischer P u n k te  (T abelle I) is t a u f  das V orhandensein  
iso lie r te r  G leichgew ichtsstufen  zu sch ließen . D en S pek tren  in  A bb ild u n g  1 ist 
z u  en tn eh m en , daß  die N a tu r  der in  L ö su n g  vorliegenden V erb in d u n g en  über 
e in e n  großen p H -B ere ich  von 2,55 — 11,80 e rh a lten  b le ib t. So v e rsc h ie b t sich 
b e i  n iederen  p H -W e rte n  das E x tin k tio n sm a x im u m  n u r geringfügig  v o n  398 nm  
a u f  412 nm , b le ib t a b e r  d an n  im  p H -B e re ic h  6,0 — 11,8 k o n s ta n t be i 412 nm . 
E in e  Ä nderung  des A b so rp tio n sv e rh a lten s  erfo lg t e rs t o b erha lb  p H  11,8. Es 
e n ts te h t  ein w eite re r K om plex , dessen  A u ftre ten  du rch  zwei isosbestische 
P u n k te  bei 401 n m  u n d  728 nm  an g eze ig t w ird , jedoch  im  R a h m e n  der v o r
lieg en d en  U n te rsu ch u n g  n ich t c h a ra k te ris ie r t  w urde.
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Abb. 1 Absorptionskurven von Mischungen der 0,03 mol Ni2+-Lösung mit 0,03 mol HEDP-Lösung (1 : 1) bei verschiedenen pH-Werten
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2 2 RAUTSCHKE e t a l.i KOMPLEXBILDUNGSVERMÖGEN VON NICKEL

Tabelle I

Lage der Isosbestischen Punkte fü r  Lösungen von N iS O JH E D P  
(N iS O t 0,015 mol/l, H E D P  0,015 mol/l)

pH-Bereich nm

3,45— 8,15 357
3,45— 8.15 391

Isosbestische Punk te  1 4,9 — 8,15 554
3,45— 8,15 662
3,45—8,15 960

Isosbestische Punk te  2 11,8— 12,0 401
11,8— 12,0 728

Z ur B estim m ung  d e r Z u sam m en se tzu n g  des in  der L ösung  bei p H - 
W e r te n  u n te rh a lb  p H  11,8 vorliegenden  K om plexes d ien te  die M ethode der 
k o n tin u ie rlich en  V a ria tio n  [10]. Die E rg eb n isse  zeigt A b b ildung  2, in  d er die 
b e i d re i versch iedenen  W ellen längen  e rm itte lte n  E x tin k tio n sd iffe ren zen  der 
k o m p lex h a ltig en  L ö su n g en  gegenüber e in e r  re inen  N ickelsalzlösung gleicher 
K o n z e n tra tio n  in  A b h än g ig k e it vom  M olenbruch  des N ickels au fg e trag en  
s in d . Alle drei K u rv e n  b esitzen  ih r M ax im um  beim  M olenbruch  0,5, so daß  
d ie  E x is ten z  eines 1 : 1 -K om plexes als bew iesen  angesehen w erden  k a n n  u n d  
K o m p lex zu sam m en se tzu n g en  in  a n d e ren  m olaren  V erh ä ltn issen  au szu 
sch ließ en  sind.

N ach Schwarzenbach  [11, 12] k ö n n en  die K u rv en  d u rch  eine G lei
c h u n g  der Form

A E = e m

besch rieb en  w erden .
H ie r in  sind

К  =  G le ichgew ich tskonstan te  
c =  K o n z e n tra tio n  der S tam m lösungen  
x — M olenbruch

S m  =  Ea b  —  E l  Eg

ei ’ Eg =  E x tin k tio n sk o e ffiz ien ten  d e r L ösungen  NiClg bzw . H E D P  
Z u sä tz lich  e rm itte lt m a n  au f g raph ischem  W ege die S teigung  d er K u rv en  im  
P u n k te  x =  0 bzw . x  =  1. D afü r g ilt

em
K c2

К с +  Г
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D ieser A u sd ru ck  d ien t als zw eite  unabhängige B ez iehung . E in se tzen  d er 
ex p erim en te llen  W erte  u n d  Lösen d e r G leichungen fü h r t  a u f  den  W ert lg К  =  
=  3,3 fü r  die G le ich g ew ich tsk o n stan te  der R eaktion

N i2+ +  H 2Y 2~ ^  N iH ,Y .

Abb. 2. E xtinktionsdifferenzen A E  für Lösungen verschiedener Zusam m ensetzung von N i2+ 
(0,03 mol) und  H E D P (0,03 mol) bei А =  407, 412 un d  748 nm

pH
Abb. 3. A bsorptionsm axim um  bei А =  412 nm  von Mischungen der 0,03 mol N i2+ -Lösungen 

m it 0,03 mol H ED P-Lösung (1 : 1) in  Abhängigkeit vom  pH -W ert

Die in  der A b b ild u n g  1 d isk u tie r te  K onstanz der L age d er A bsorp tions- 
m ax im a  im  p H -B ere ich  von  2,55 — 11,80 is t jedoch m it e in e r w esentlichen  
E rh ö h u n g  der E x tin k tio n  v e rb u n d e n  (A bbildung 3). E s t r e te n  deu tlich  dre i 
S tu fen  h ervo r, die d en  u n te rsch ied lich  p ro to n ie rten  K o m p lex en  N iH 2Y , 
N iH Y -  u n d  N iY 2 - zuzu o rd n en  sind .

Die K o n s ta n te n  fü r  die P ro ton ierungsg le ichgew ich te  zw ischen den 
K o m p lex en  N iH 2Y , N iH Y -  u n d  N iY 2 - sind aus d er in  A b b ildung  4 d a r 
g es te llten  p H -W ert-A b h än g ig k e it d e r E x tin k tio n en  bei d en  W ellen längen  d er
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isosbestischen  P u n k te  zu  e rm itte ln . Die P ro ton ierungsg le ichgew ich te  lassen 
sich  du rch  das M assenw irkungsgesetz  beschre iben :

_  [N iH 2Y] _  [N iH Y ~ ]
NlH2Y [N iH Y -] [H + ]  NlHY [N iY 2- ] [ H + ] '

U n ter der V o rau sse tzu n g  gleicher K o n z e n tra tio n  d e r im  Gleichgew icht 
befind lichen  K om plexe g ilt

K HN iH 2Y --------und
[H+]

К H +
N iH Y -

1

Ш+Г

Abb. 4. Abhängigkeit der E x tin k tio n  an den isosbestischen P unk ten  Á =  354, 391, 401, 662
und 728 nm vom pH -W ert

das h e iß t zur B e s tim m u n g  der K o n s ta n te n  genüg t die K en n tn is  des p H - 
W ertes , für den d iese F o rd e ru n g  z u tr iff t. N ach  Vareille  [13] ergeben sich 
diese pH -W erte  aus d e r  folgenden B e tra c h tu n g :

[N iH Y -]  =  [N iY 2- ]  =  —
2

c =  A u sg an g sk o n zen tra tio n  an M etallsalz.
D a rau s  folgt fü r die E x tin k tio n  beim  g esuch ten  p H -W e rt

=  ( e N iH Y ~  +  £ N iY 2 - )
C
2 '
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D ann  ist

E ' ( ^ N iH Y -----h  -E n íY 2 - ) 5

w obei 1?níhy u n d  E níy2~ jene  E x tin k tio n e n  sind , bei denen  diese K om plexe  
v o lls tän d ig  vo rliegen . M an fin d e t so d u rch  einfache M itte lw ertb ild u n g  aus 
den  E x tin k tio n sk u rv e n  bei den W ellen längen  d er isosbestischen  P u n k te  die 
G le ich g ew ich tskonstan te  des dem  isosbestischen  P u n k t  vo r- bzw . nachge- 
la g jr te n  G leichgew ichts.

A us d er A bb ild u n g  4 ergeben  sich fo lgende W erte : 

lg -Kníh2Y =  5,5 lg  K níhy-  =  10,0

Diese W erte  g e s ta tte n  die B erechnung  von  zwei w eite ren  K o m p le x 
b ild u n g sk o n s ta n te n . D ie B eziehungen d a fü r la u te n :

^ N i H 2Y  =  ^ N íH2y / ^ N íHY _  ' К я

ÍY H +  __  l ^ H Y 3 -  I T S Y i -  v -
A N iH Y ------- ^ N i H Y - Í ^ N i Y 2-  • JV 4

K 3 u n d  K 4 sind  die D isso z ia tio n sk o n stan ten  der H E D P  u n d  w urden  d er 
A rb e it von  W a d a  u n d  F e r n a n d o  [8] en tn o m m en . E s e rgeben  sich

und

lg П Г н у -  =  lg
[N iH Y -]  _  i  8 

[N i2+] [H Y 3- ]

lg y,_
[N 1 H Y -] _  5 ?

[N i2+] [Y 4- ]

Im  u n te rsu c h te n  pH -B ereicli 2 ,55— 11,80 sind  au ß er den  besch riebenen
1 : 1 -K om plexen  V erb indungen  m it an d eren  m o laren  V erhältn issen  n ic h t 
e rh a lte n  w orden , da  beim  E rre ichen  des m olaren  N i/H E D P -V erhä ltn isses v o n
2 : 1 s te ts  ein  N iedersch lag  ausfiel. D ies s te h t in  Ü b ere in stim m u n g  m it den  
E rgebn issen  v o n  W a d a  und  F e r n a n d o  an  K om plexen  von  H E D P  m it 
K u p fer [9].
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CLEAVAGE OF THE HETERO RING OF ISOFLAVONOIDS 
WITH NUCLEOPHILIC REAGENTS, III

K IN ETIC S OF T H E  DECOM POSITION OF ot-FORM YL-2-HYDROXYDEOXYBENZOIN 
TO 2-H Y D ROX YD EOX YBENZOIN

V . Szabó and M . Z s u g a *

( Institute o f  A pplied  Chemistry, Kossuth Lajos U niversity, Debrecen)

Received Ju ly  29, 1974

A kinetic stu d y  of the decomposition of a-formyl-2-hydroxydeoxybenzoin-enol 
(II) to 2-hydroxydeoxybenzoin has show n th a t  th is decomposition is inhibited  by 
hydroxide ions. I t  is assumed th a t the inhibition  consists essentially in shifting of th e  
dissociation equilibrium  II ^  III in the presence of the hydroxide ions tow ards III, 
and the di-anion th u s produced is inactive.

The ac tiva tion  energy and en tropy  of the decomposition reaction, as well as 
th e  equilibrium  constan t of the above dissociation equilibrium  have been determ ined.

In  our p reced in g  com m unication  [1] i t  has been  rep o rted  th a t ,  u n d e r  
th e  ex p erim en ta l co n d itio n s  used b y  u s , th e  alkaline decom position  o f iso- 
flavone  can  be se p a ra te d  k inetica lly  in to  tw o reac tio n  steps: ring  open ing  
beg inn ing  w ith  nucleo p h ilic  A n2 a d d itio n , follow ed b y  th e  m uch slower decom 
position  to  2 -h ydroxydeoxybenzo in . T he ra te  d e te rm in in g  step  of th e  decom 
positio n  of iso flavone to  2 -hydroxydeoxybenzo in  is ju s t  th e  decom position  
o f a -fo rm yl-2 -hydroxydeoxybenzo in -eno l (II) to  2 -hydroxydeoxybenzo in ; 
th e re fo re , th e  k in e tic a l investiga tion  o f  th e  said  conversion  is very  im p o r ta n t  
in  th e  e lu c id a tio n  o f  th e  whole decom position  process.

O ur p resen t w o rk  deals w ith  th e se  k in e tic  in v estiga tions.

Experim ental

The kinetic m easurem ents were made by th e  spectrophotom etric method [1]. A UNICAM 
SP 800 В spectrophotom eter was used for recording the  spectra and effecting the kinetic m eas
urem ents, using aqueous sodium  hydroxide solutions of various concentrations (0.02 — 1 M )  
and aqueous ethanolic N aO H  solutions. The ionic streng th  of the solutions was adjusted , in 
aqueous m edium w ith  potassium  chloride, and  in  the solutions containing alcohol w ith  
NaC104, to  a constan t value ( I  =  1).

Tw enty m inutes a fter th e  starting of th e  reaction , ring cleavage was complete under 
the given experim ental conditions, and the m easurem ent of the decomposition process began 
only afterw ards [1].

Results and discussion

T he sp ec tru m  o f  th e  enol (II) o r r a th e r  th e  en o la te  (III) of a -fo rm yl-
2 -h y d ro x y d eo x y b en zo in  [1], form ed d u rin g  th e  cleavage of th e  isoflavone 
ring , changes slow ly in  alkaline m ed ium  in  th e  d irec tio n  o f th e  sp ec tru m  of

* This paper has been w ritten  on the basis of the dissertation of M. Zsuga.
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2 -h y d ro x y d eo x y b en zo in  p h en o la te  (IV) (F igs 1, 2), so th a t  th e  change o f th e  
sp e c tru m  corresponds to  a deco m p o sitio n  process to  2 -h y d ro x y d eo x y b en zo in  
p h e n o la te  (IV). T he decom position  re a c tio n  has been re p e a te d  u n d er p re 
p a ra tiv e  cond itions. T he progress o f  th e  re a c tio n  and  its  f in a l s ta te  were fo l
low ed  b y  th in - la y e r  ch ro m a to g ra p h y . T h e  p rep ara tiv e  ex p erim en ts  fu lly  
su p p o rte d  th e  re su lts  o f th e  sp e c tro p h o to m c tr ic  m easu rem en ts.

Fig. 1. Spectrum  of isoflavone in H 20  
zoin-enol in  0.1 N  NaOH spectrum

....... . c
—; spectrum  of a-form yl-2-hydroxydeoxyben- 
of 2-hydroxydeoxybenzoin in 0.1 N  N aO H  

=  5 • 10-5  M

Fig. 2. Changing of the spectrum  of a-form yl-2-hydroxydeoxybenzoin in alkaline m edium
a t 35°C

At =  1 hr; C =  5 • 1 0 -s  M ; [OH- ] =  0.6 M

The k in e tic  s tu d y  of th e  deco m p o sitio n  reaction  was carried  o u t a t  th e  
w av e len g th  290 n m . T he a p p a re n t re a c tio n  ra te  co n stan t (fed) w as ca lcu la ted  
in  th e  sam e w ay  as described  in  o u r ea rlie r  p a p e r [1].

W ith  th e  aid  of th e  a p p a re n t re a c tio n  ra te  constan ts  (fed), th e  e x tin c tio n  
v a lu e s  belonging to  th e  various p o in ts  o f tim e  have been  ca lcu la ted  [1]. T he 
good ag reem en t b e tw een  th e  m easu red  an d  ca lcu la ted  ex tin c tio n  v a lu es  
(cr =  + 2 .7  • 10~ 3 ab so rp tio n  u n it)  p ro v es  th a t  un d er th e  g iven e x p e rim e n ta l 
co n d itio n s th e  decom position  process can  be regarded  as a pseudo-first o rd e r 
re a c tio n .

The dependence o f th e  a p p a re n t re a c tio n  ra te  co n stan ts  of th e  d eco m 
p o sitio n  on th e  h y d ro x id e  ion c o n c e n tra tio n  [O H - ], of th e  m edium  is show n
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in  F ig . 3. (The average re la tiv e  e rro r  of th e  ap p a ren t re a c tio n  ra te  c o n s ta n ts  
is 6 =  ± 3 .0 % .)

In v es tig a tio n s  of th e  rin g  open ing  reac tio n  of iso flavone [1], th e  d e h y 
d ra tio n  reac tio n  of 2 -hydro x y iso flav o n e  [2] and  the  c a ta ly tic  h y d ro g en a tio n  
o f iso flavone in  alkaline m ed iu m  [3] have  led to  the  conclusion  th a t  in  a lkaline 
m ed iu m  th e  reac tio n s show n in  Schem e 1 are to  be ex p ec ted .

Since th e  k in e tics  o f th e  d eco m p o sitio n  reaction  w ere s tu d ied  a fte r  th e  
rin g  open ing  re a c tio n  (t >  20 m in ), w h en  eq u ilib riu m  o f th e  r in g  cleavage h a d  
been  a tta in e d  an d  since th e  eq u ilib riu m  II  ^  I I I  is e s tab lish ed  according to  
our experiences [2] in s ta n ta n e o u s ly , th e  re a c tio n  system  show n in  Schem e 1 
can  be sim plified ; th e  d issocia tion  e q u ilib riu m  II  ^  I I I  is to  be regarded  as 
th e  p re -eq u ilib riu m  o f th e  d eco m position  to  2 -hydroxydeoxybenzo in  pheno- 
la te  (IV). U nder th e  cond itions o f  th e  ex p e rim e n t, the  re a c tio n  system  co n ta in s  
p ra c tic a lly  only  II , I I I  and  IV [1], so t h a t  th e  decom position  reac tio n  o f oc- 
fo rm y l-2 -h y d ro x y d eo x y b en zo in -en o l (II) to  2 -hydro x y d eo x y b en zo in  pheno- 
la te  (IV) can  be described  b y  th e  follow ing reac tio n  m ech an ism :

I I  ±  О Н -  I I I  +  H 20
к

— >IV +  H C O O -
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Fig. 3. Dependence of th e  кd constan ts on [OH ] о ■ о ■ о ■ о ■ о a t  35°С; - - a t 30°С;
............. a t 25°С; — -------- 1------1----a t 20°С

Since

K = m and i ( = - t e  (2)
[II]  [II] [О Н -]

w h ere  Kw  =  ionic p ro d u c t  o f w ater,

a n d  Cb =  [II] +  [III]  +  [IV], (3)

i.e. Cb is the to ta l  c o n c e n tra tio n  of th e  o rganic  co m p o n en t. 
E xpressing [II] f ro m  E qs (2) an d  (3):

[II] =  C*
_  K [ O H -] j
К  [O H -]  +  K w  )

K w
К  [O H  ] +  K w

c*

w h ere  C* =  Cb — [IV ].

d [  И ]
dt

к [II] =  - k
___ K w

K ^ O H -]  +  K w

I f  [O H -]  =  const., t h e n  th e  ap p a ren t reac tio n  ra te  c o n s ta n t is:

a n d

w here

kd
к K w

К  [O H  ] +  K w

1 _  K*  [0 H - ]  1

k d к к

K w

(4)

(5)

( 6) 

( 7 )
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1 /ka p lo tte d  as a fu n c tio n  o f [O H - ] gives a s tra ig h t line (F ig. 4), w hich  
m ean s th a t  th e  a p p a re n t reac tio n  ra te  c o n s ta n t is, in  acco rdance  w ith  E q . (7), 
in v e rse ly  p ro p o rtio n a l to  [O H - ]. T h u s, h y d ro x id e  ions in h ib it  th e  decom posi
t io n  o f a-fo rm yl-2 -hydroxydeoxybenzo in -eno l (II) to  2 -h y d ro x y d eo x y b en zo in  
p h en o la te  (IV); th is  is th e  opposite  o f th e  effect o f h y d ro x id e  ions ca ta ly z in g  
th e  decom position  o f /З-d iketones in  a lkaline  m edium  [5].

The inh ib itive  effect of th e  h y d ro x id e  ions has been  in te rp re te d  s im ila rly  
as in  th e  ca ta ly tic  h y d ro g en a tio n  of isoflavone [3] in  a lkaline  m ed ium  and  
in  th e  d eh y d ra tio n  reac tio n  of 2 -hydroxy iso flavanone  [2], b y  th e  sh iftin g  of 
th e  I I  ^  I I I  d issociation  equ ilib rium  in  th e  d irection  of th e  u p p e r arrow . This

Fig. 4. Dependence of l/k ^  on [OH ]
— [---- 1------1—  a t 20°C; -x-x-x-x-x- a t 25°C; -o-o-o-o-o- a t 3 0 ° C ;............a t 35CC

in h ib itiv e  effect is a fu r th e r  co n firm atio n  o f  our o b se rv a tio n  m ade in  sev era l 
chem ical reac tions [2, 3] th a t  th e  d i-an io n -III  is v e ry  stab le  in  alkaline m ed iu m ; 
i t  is n o t converted  e ith e r  to  isoflavone or 2 -hydroxydeoxybenzo in  p h en o la te
(IV ), an d  can n o t be reduced  even  b y  c a ta ly tic  reaction .

W ith  th e  aim  to  s tu d y  th e  h y d ro ly tic  ch a rac te r o f th e  decom position  
re a c tio n , th e  change o f th e  decom position  ra te  was in v es tig a ted , a t  c o n s ta n t 
h y d ro x id e  ion co n cen tra tio n  an d  ionic s tre n g th , as a fu n c tio n  of th e  alcohol 
co n cen tra tio n . I t  has been found  th a t  kd increases in  lin ea r  p ro p o rtio n  w ith  
th e  alcohol co n cen tra tio n  (F ig. 5). Since th e  ionic s tre n g th  w as c o n s ta n t, th e  
increase  of kd can  on ly  be in te rp re te d  b y  a decrease in  th e  h y d ro x id e  ion  
a c tiv i ty  caused b y  th e  change in  th e  a c tiv ity  o f w ate r, so t h a t  th is  e x p e ri
m e n ta l series affords ad d itio n a l p ro o f fo r th e  in h ib ite  e ffec t of h y d ro x id e  
ions [4, 8].

O n th e  basis o f E q . (7), th e  ra te  c o n s ta n ts  of th e  decom position  re a c tio n  
have  been  d e te rm in ed , a t  various te m p e ra tu re s , from  th e  axis in te rsec tio n s
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of th e  s tra ig h t lines show n  in  F ig . 4, an d  th e  eq u ilib riu m  c o n s ta n ts  o f th e  d is
so c ia tion  I I  ^  I I I  fro m  th e  slope of th e  lines. F ro m  th e  re a c tio n  ra te  c o n s ta n ts  
d e te rm in ed  in aqueous a lka line  m ed ium  a t  v a rio u s te m p e ra tu re s , th e  ac tiv a -

Fig. 5. D ependence of on the alcohol con ten t of th e  solution a t 20°C 
C =  5 • 10“ 5 M \ [OH- ] =  0.05 M

t io n  p aram eters  o f th e  decom position  re a c tio n  h av e  also been ca lcu la ted . 
A  v alue  of E* — (20.00 +  0.04 kcal m o le- 1  has been  o b ta in e d  for th e  a c tiv a 
t io n  energy, an d  a v a lu e  o f AS* =  (— 11.50 1.4) cal m o le - h d eg ree“ 1 fo r
th e  en tro p y  of a c tiv a tio n . T he reac tio n  ra te  an d  e q u ilib riu m  co n stan ts  are 
sum m arized  in  T ab le  I .

Table I

The reaction rate constants and dissociation constants o f the decomposition 
o f a-formyl-2-hydroxydeoxybenzoin-enol to 2-hydroxydeoxybenzoin 

at various temperatures

T  (°K) к  • 103 K *  • 10-1 К  • 1014

293 1.078 ±  0.21 1.1448 9.85

298 1.96 ± 0 .1 5 0.6736 8.56
303 3.276 ±  0.17 0.4262 8.06

308 5.89 ± 0 .0 3 0.3751 7.84

The values of th e  ionic product of w ater have been ta k e n  from  the literature [8, 9]

The a c tiv a tio n  e n tro p y  of th e  decom position  p rocess shows [7] t h a t  th e  
tra n s itio n  s ta te  o f th e  decom position  from  II  is n o t m u ch  m ore com plica ted  
th a n  II. I t  seem s th e re fo re  probab le  th a t ,  s im ilarly  to  th e  alkaline cleavage 
o f  diketones [5], decom p o sitio n  proceeds th ro u g h  th e  in te rm ed ia te  p ro d u c ts  
V I and  VII, fo rm ed  fro m  b o th  I I  an d  its  oxo form  V [10]; th e  fo rm atio n  o f VI 
an d  V II is in s ta n ta n e o u s , w hile th e ir  decom position  to  2 -h y d ro x y d eo x y b en zo in  
p h eno la te  (IV) is a m u ch  slow er process (Schem e 2).
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VI V VII

The p resence o f  th e  in te rm ed ia te  p ro d u c ts  V I an d  V II is also in d ic a te d  
b y  th e  fa c t t h a t  fo rm ic acid  is form ed in  th e  decom position  of isoflavone in  
alkaline m ed ium  [6], an d  its  fo rm ation  c a n n o t be in te rp re te d  n e ith e r  from  II  
n o r from  th e  oxo fo rm  o f I I  (V) w ith o u t a new  nucleoph ilic  a tta c k .
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The transform ations of three isomeric unsaturated  alcohols (allylcarbinol, 
crotyl alcohol and m ethylvinylcarbinol) were studied by an im pulse technique on 
therm olite-supported platinum , palladium  and rhodium, and on R aney-type copper, 
nickel and zinc catalysts in  the presence of hydrogen a t 100 — 400°C. The m ain reac
tion  directions (isomerization to oxo com pound and hydrogenation to  satu rated  alcohol) 
were followed as functions of the various experim ental param eters. Conclusions were 
drawn from the experim ental results about the mechanism of th e  isomerization.

1. Introduction

M etal c a ta ly s ts  are know n to  ca ta lyze  n o t only th e  h y d ro g en a tio n  of 
u n s a tu ra te d  alcohols, b u t  also th e ir  isom erization  to  oxo com pounds [1 — 6]. 
A su rv e y  of th e  l ite ra tu re  re la tin g  to  th e  process reveals t h a t  th e  in d iv id u a l 
m e ta l c a ta ly sts  have  n o t been  su b jec ted  to  com parative  s tu d y  u n d e r id en tica l 
ex p e rim en ta l cond itions, no r has th e  m echanism  of th e  iso m eriza tio n  process 
b een  in vestiga ted .*  S im ilarly , no reference was found  to  th e  ex am in a tio n  of 
th e  m e ta l-ca ta ly zed  isom eriza tion  b y  an  im pulse te c h n iq u e  m ethod .

A ccordingly, we set o u t to  s tu d y  th e  isom eriza tion  o f th ree  isom eric 
u n s a tu ra te d  alcohols (a lly lcarb ino l, c ro ty l alcohol an d  m eth y lv in y lca rb in o l) 
on th e rm o lite -su p p o rted  p la tin u m , p a llad iu m  and  rh o d iu m  c a ta ly s ts  (in th e  
fo llow ing; P t/T , P d /T  and  R h/T ) an d  on R aney-type  n icke l, copper and  zinc 
c a ta ly s ts  (in th e  follow ing: N i/A l, Cu/Al and  Zn/Al). T h e rm o lite  is a su p p o rt 
em p lo y ed  in gas ch ro m a to g rap h y ; i t  is a f ire -res is tan t c lay , consisting  p re 
d o m in a n tly  of calcium  m agnesium  silicate . The ex am in a tio n s  w ere carried  o u t 
b y  an  im pulse te ch n iq u e  in  th e  p resence of hydrogen  as c a rr ie r  gas, a t  100— 
400°C , a t  a tm ospheric  pressure. As a consequence of th e  p resence  of hyd ro g en , 
h y d ro g en a tio n  to  s a tu ra te d  alcohols also occurred .

W ith  regard  to  th e  s tu d y  o f th e  m echanism  of th e  iso m eriza tio n  process, 
e x am in a tio n s  were carried  o u t on th e rm o lite , on a carrie r-free  rho d iu m  c a ta 
ly s t , on a p la tin u m -carb o n  c a ta ly s t, in  th e  absence of h y d ro g e n  (w ith  helium

* While the present report was being w ritten , a paper was published by E adon  and 
Sh ie k h  [7] about an investigation of the m echanism  of the copper-catalyzed isomerization 
of a./?-uiisat urat cd alcohols.
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as ca rrie r gas), an d  on c a ta ly s ts  poisoned w ith  p y rid in e . A n inv estig a tio n  was 
fu r th e r  m ade o f th e  tra n sfo rm a tio n s  of th e  m ain  p ro d u c ts  (b u ty ra ld eh y d e , 
m e th y l e th y l k e to n e , 1 -b u tan o l and  2 -bu tano l) u n d e r th e  sam e exp erim en ta l 
co n d itio n s as used  fo r th e  u n sa tu ra te d  alcohols.

2. Results

2.1 Transformations o f the unsaturated alcohols on thermolite

W hen th e  tra n s fo rm a tio n s  of th e  th re e  m odel co m p o u n d s were s tu d ied  
o n  th e rm o lite  a t  100 — 250°C, i t  was fo u n d  th a t  th e y  u n d e rw e n t considerab ly  
less conversion th a n  on th e  c a ta ly s ts . A lly lcarb inol p ro v e d  to  be com pletely  
s ta b le ; the  conversions of m e th y lv in y lca rb in o l an d  c ro ty l alcohol a t 250°C 
w ere  30%  and  5 0 % , resp ec tiv e ly , while a t 185°C p ra c tic a lly  no conversion 
w as ob ta ined . In  th e  case of m eth y lv in y lca rb in o l, fra g m e n ta tio n  occurred , 
w h e reas  p a r t  of th e  c ro ty l alcohol isom erized a t 250°C to  a lly lcarb ino l (7% ) 
a n d  m eth y lv in y lca rb in o l (8% ). I t  should  be n o ted  th a t  th e  fo rm ation  of the  
isom eric  oxo com p o u n d s, b u ty ra ld e h y d e  an d  m eth y l e th y l  ke tone , was n o t 
o b se rv ed  on a th e rm o lite  su p p o rt. T hese ex p erim en ta l d a ta  th u s  show  th a t  
th e re  can be no d o u b t a b o u t th e  co rrec tness of th e  sug g estio n  as regards th e  
isom eriz ing  effect o f th e se  su p p o rted  m eta l ca ta ly s ts , le ad in g  to  the  fo rm atio n  
o f  oxo com pounds.

2.2 M ain directions o f  transformation

The ex p e rim en ta l d a ta  are p re sen ted  in  Figs 1 — 16, w hich show  th e  
v a r ia tio n  of th e  p ro d u c t com position  w ith  te m p e ra tu re  in  th e  tran sfo rm atio n s 
o f  th e  th ree  m odel co m pounds on th e  six  ca ta ly sts . T he a m o u n t of p ro d u c t 
fo rm e d  varies as a fu n c tio n  of te m p e ra tu re  accord ing  to  a m ax im um  curve; 
th is  can be ex p la in ed  b y  th e ir  fu r th e r  conversions. T he s tu d y  of these  la t te r  
p rocesses was n o t p a r t  o f th is  p rog ram m e.

The following m ore im p o r ta n t conclusions can be d ra w n  from  the  e x p e ri
m e n ta l  d a ta .

In  the  course o f  th e  tran sfo rm a tio n s  of th e  th re e  m odel com pounds, 
t h e  p ro d u c ts  show n in  th e  schem es below  are form ed.

In  the  cases o f  a lly l carb ino l an d  c ro ty l alcohol:

CH, =  C H - C H 2- C H 2 O H  C H 3- C H 2- C H 2- C H O
H,

C H 3- C H  =  C H - C H 2- O H  C H 3- C H 2- C H 2- C H 2- O H
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F ig ■ 3. Fig. 4.
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F igs 1 —5. V ariation of the p roduct com position as a function of tem perature  in th e  tran s
fo rm ation  of allylcarbinol (1: allylcarbinol; 2: bu tyraldehyde; 3: 1-butanol; 4: crotyl alcohol;

5; d ibu ty l ether)

I n  ad d itio n  to  these  p ro d u c ts , th e  fo rm a tio n  of the  follow ing com pounds can  
a lso  be observed: d ib u ty l e th er,*  c ro to n a ld eh y d e , 2 -b u tan o l an d  m e th y l e th y l 
k e to n e .

* The ether-form ation process has been reported  in an earlier paper [8].
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Figs 6 — 10. V ariation of the product com position as a function of tem pera tu re  in the tran s
form ation of crotyl alcohol (1: crotyl alcohol; 2: butyraldehyde; 3: 1-butanol; 5: dibutyl

ether; 6: crotonaldehyde)

In  th e  case of m e th y l v iny l ca rb in o l:

C H 3- C H - C H  =  C H 2

OH

C H 3- C H - C H 2- C H 3

OH

C H . - C —CH9- C H ,

0
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The m ain re a c tio n s  are  th u s  h y d ro g en a tio n  to  s a tu ra te d  alcohols an d  
isom eriza tion  to  th e  co rrespond ing  oxo com pounds. A d d itio n a lly , isom eriza
tio n  of the  u n s a tu ra te d  alcohols from  one tQ a n o th e r is observed  (Figs 2, 3).

2.3 Transformation rate o f the unsaturated alcohols

O ur e x p e rim en ta l d a ta  on th e  ra te s  of tra n s fo rm a tio n  o f these u n s a tu 
ra te d  alcohols p e rm it th e  following conclusions. T he tran sfo rm atio n s  of all 
th re e  u n sa tu ra te d  alcoho ls are  considerab ly  fa ste r on th e  m eta ls  of the  e ig h th
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Figs 11—16. Variation of th e  product com position as a function of tem perature in the tran s
form ation of m ethylvinylcarbinol (3: 2-butanol; 2: m ethyl ethy l ketone; 1: m ethylvinyl-

carbinol)

colum n o f th e  period ic  system , m a in ly  because of th e  ra p id  h y d ro g en a tio n  
of th e  c a rb o n -c a rb o n  double bond  (cf. F igs 5, 10, 15 w ith  th e  o th ers). A n 
in te re s tin g , ch a rac te ris tic  change can  be observed  in  th e  ra te  of h y d ro g en a tio n  
of th e  com pounds on p la tin u m  m e ta ls . T he tra n s fo rm a tio n  of m e th y lv in y l
carb ino l (F igs 11— 13) is slow er th a n  tho se  o f th e  o th e r tw o  isom ers (Figs 
1 — 3, 6 — 8), p ro b ab ly  as a consequence of th e  shield ing effect o f th e  secondary  
h y d ro x y l g roup  on th e  carbon—carb o n  double b o n d . On copper th e  t r a n s 
fo rm a tio n  o f allyl c a rb in o l is slow er (F ig . 5) th a n  those of th e  tw o «,/S-unsatu- 
ra te d  alcohols (Figs 10, 15); th is  can  be well in te rp re te d  via th e  m echan ism  
of th e  iso m eriza tio n  (see la te r).

2.4 A ctivity  and selectivity o f the catalysts

O n th e  basis o f l i te ra tu re  d a ta , th e  c a ta ly s ts  em ployed  can be d iv id ed  
in to  tw o  m ain  groups. T he m eta ls  b e long ing  to  th e  e ig h th  colum n of th e  
period ic  sy s tem  are good c a ta ly s ts  o f  th e  h y d ro g en a tio n  of th e  carbon—carb o n  
double b o n d , while co p p er and  zinc m a in ly  ex h ib it a c tiv ity  in  th e  h y d ro g e n a 
tio n  o f th e  oxo group.

A t low  te m p e ra tu re  P t/T , R h /T , P d /T  and  Ni/A l ca ta lyze  th e  h y d ro 
g en a tio n  o f th e  u n s a tu ra te d  alcohols to  b u tan o ls  w ith  re la tiv e ly  h igh  selec
t iv i ty  (F igs 1 —4, 6 —9, 11 — 14). In  th e  cases of Cu/Al an d  Zn/A l th e  h y d ro 
g ena tion  proceeds w ith  sig n ifican tly  low er se lec tiv ity  and  only  a t  h ig h er 
te m p e ra tu re  (Figs 5, 10, 15, 16). S ince th e se  m eta ls  do n o t adsorb  h y d ro g en  
below  300°C [9], in  o u r view  th e  s a tu ra te d  alcohols are fo rm ed  b y  h y d ro 
g en a tio n  o f  th e  oxo com pounds re su ltin g  from  isom eriza tion .
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P d /T  (Figs 2, 7, 12), R h/T  (Figs 3, 8, 13) an d  Cu/Al (Figs 5, 10, 15) 
p ro v e d  th e  m ost ac tiv e  ca ta ly s ts  in  th e  iso m eriza tion  of th e  u n sa tu ra te d  
a lcohols exam ined . Z n /A l ca ta lyzed  th e  iso m eriza tion  of m e th y lv in y lca rb in o l 
(F ig . 16) m uch b e t te r  th a n  those of th e  o th e r  tw o alcohols. The se lec tiv ity  of 
iso m eriza tio n  was g en e ra lly  h igher fo r th e  tw o  a ,/3 -unsa tu ra ted  alcohols th a n  
fo r a lly lcarbinol.

2.5 Effect o f the thermolite support

W ith  regard  to  th e  n a tu re  of th e  ac tiv e  cen tres  responsib le  for th e  c a ta 
ly tic  reactions, a s tu d y  w as m ade o f th e  tra n sfo rm a tio n  of c ro ty l alcohol on 
pyrid ine-po isoned  R h /T , on carrier-free rh o d iu m , and  on pyrid ine-po isoned  
rh o d iu m . These e x p e rim e n ts  led to  th e  follow ing conclusions.

T he isom erizing se lec tiv ity  of R h /T  is s ig n ifican tly  g re a te r  th a n  th a t  of 
th e  support-free  c a ta ly s t .  A t th e  sam e tim e  th e  h y d ro g en a tin g  se lec tiv ity  of 
th e  rh o d iu m  c a ta ly s t is h ig h er th a n  th a t  o f th e  R h/T .

In  the  p resence o f  pyrid ine  (a 1 : 1 c ro ty l alcohol -F p y rid ine  m ix tu re )  
th e  ac tive  sites o f th e  R h /T  responsible fo r th e  isom eriza tion  are app rec iab ly  
po isoned , the ra te  o f fo rm a tio n  of b u ty ra ld e h y d e  decreasing to  a half.

Pyrid ine d ec reased  b o th  th e  isom erizing  an d  th e  h y d ro g en a tin g  ac tiv ities 
o f  th e  rhod ium  c a ta ly s t ,  b u t  to  a sm aller e x te n t  th a n  in  th e  case of R h /T . 
T h e  ra te  of a d so rp tio n  o f pyrid ine  is p ro b a b ly  h igher th a n  th a t  of c ro ty l 
a lcoho l; by  th is  m ean s th e  pyrid ine decreases th e  active surface accessible to  
th e  c ro ty l alcohol, a n d  accord ingly  th e  isom erizing  and  h y d ro g en a tin g  a c tiv 
itie s  o f th e  c a ta ly s t b o th  decrease.

Since iso m eriza tio n  does n o t occur on th e  th e rm o lite  su p p o rt itself, an d  
p roceeds only a t  a low  r a te  on the  carrier-free  rh o d iu m , th e  R h /T  c a ta ly s t m u s t 
possess active cen tre s  w hich  are d iffe ren t from  th e  foregoing. This is show n 
am o n g  others b y  th e  fa c t  th a t  th e  ra te  o f isom eriza tion  is low ered b y  th e  
p resence  of p y rid in e , w hile  th e  isom eriza tion  tak es  place on ly  in  th e  p resence 
o f  hyd rogen .

2.6 Effect o f the carrier gas

W ith  the  aim  o f th e  elucidation  o f th e  effect o f th e  hyd ro g en  carrie r gas 
on  th e  isom erization  o f  th e  u n sa tu ra te d  alcohols, ex p erim en ts  were also p e r
fo rm ed  on P t/T , P t/C , N i/A l and  Cu/Al in  th e  presence o f he lium  as ca rrie r gas. 
T h e  exp erim en ta l d a ta  o b ta in ed  in  th e  case of c ro ty l alcohol are given in  
F ig . 17, w hich show s th e  m ax im um  y ields o f th e  m ain  p ro d u c ts  u n d er v a rious 
ex p e rim en ta l co n d itio n s. The m ain  conclusions to  be d raw n  from  these  e x a m i
n a tio n s , a p a r t from  th e  fac t th a t  h y d ro g en a tio n  does n o t p roceed  in  th e  a b 
sence of hydrogen , a re  as follows.

In  a helium  a tm o sp h e re  the  P t/T  c a ta ly s t  ac tu a lly  lo s t its  a c tiv ity  (see 
F ig . 17). The tra n s fo rm a tio n  of c ro ty l alcohol is slow, w h ile 'b u ty ra ld e h y d e  is
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n o t even form ed in  trace s ; th u s  th e  presence o f h y d ro g en  is a d e te rm in ing  
fac to r  as regards th e  occurrence of th e  isom erization .

In  th e  case of Cu/Al th e  ca rrie r gas does n o t e x e r t  an  effect on th e  ra te  
o f tran sfo rm a tio n , b u t  th e  co m position  of the  p ro d u c t does change. I t  appears 
th a t  in  th e  presence o f th is  c a ta ly s t , too , h y d rogen  p lay s a p a r t  in  th e  iso
m eriza tion  to  b u ty ra ld e h y d e , its  ro le, how ever, b e in g  d iffe ren t from  th a t  in  
th e  case of P t/T .

V ery  little  isom eriza tion  w as observed in  th e  p resence  o f  hyd rogen  on 
Ni/A l. I t  was earlie r assum ed  th a t  in  th e  absence o f h y d ro g en  (by  repressing

H2 He H2 He H2 He H2

Fig. 17. M aximum yields of the m ain products from crotyl alcohol a t  100 — 300°C, on various 
catalysts, in  the presence of hydrogen and helium  carrier gases (2: butyraldehyde; 3: 1-buta

nol; 6: crotonaldehyde; 4: allylcarbinol -f- m ethylvinylcarbinoi)

th e  hyd ro g en a tio n ) Ni/A l w ould  ca ta ly ze  the  iso m eriza tion  o f th e  u n sa tu ra te d  
alcohols b y  m eans of in tra m o le c u la r  hydrogen  m ig ra tio n . T he ex p erim en ta l 
d a ta  now  revea l th a t  th is  a ssu m p tio n  was no t con firm ed .

In  th e  presence o f he lium  on P t/T  and  P t/C  m eth y lv in y lca rb in o i suffered 
frag m en ta tio n , and  isom eriza tion  d id  n o t occur.

2.7 Dehydrogenation o f saturated alcohols

Since th e  s a tu ra te d  alcohols could  p resu m ab ly  be in te rm ed ia te s , th e  
d eh y d ro g en a tio n  of 1 -bu tano l an d  2 -bu tano l to  b u ty ra ld e h y d e  an d  m eth y l 
e th y l ke to n e  was s tud ied  u n d e r  th e  exp erim en ta l co n d itio n s app lied  in  th e
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Fig. 21.

case of the  m odel com pounds. T he ex p e rim en ta l d a ta  are given in  Figs 18 23.
F o r  th e  sake of b e t te r  com parison , th e  F igures p re se n t th e  tem p era tu re  
dependence of th e  y ields of th e  co rrespond ing  oxo co m pounds n o t only for 
th e  tw o alcohols, b u t  also for th e  th re e  u n s a tu ra tc d  alcohols. I t  can  be seen 
fro m  the  ex p erim en ta l d a ta  th a t  th e  oxo com pounds are g en era lly  form ed a t 
a h igher ra te  b y  iso m eriza tio n  of th e  u n sa tu ra te d  alcohols th a n  b y  dehydro
g en a tio n  of th e  co rrespond ing  s a tu ra te d  alcohols. T he d ifference in  ra te  is 
m o st strik ing  in  th e  case of R h /T  an d  P d /T . B ased  on th e se  ex p e rim en ta l d a ta , 
how ever, the  p o ss ib ility  of th e  above m echan ism  c an n o t be ex c lu d ed  on P t/T  
a n d  Ni/Al, p a r tic u la r ly  since th e  ra te s  of h y d ro g en a tio n  o f th e  u n sa tu ra te d  
alcohols are very  h ig h  on these  c a ta ly s ts . The p o ssib ility  o f th is  m echanism  
is sim ilarly  su p p o rte d  b y  th e  e x p e rim e n ta l d a ta  p re sen ted  in  F ig . 24. I t  can
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Figs 18—23. V ariation of th e  yields of butyraldehyde and m ethyl e thy l ketone in the iso
m erization of the corresponding unsatu ra ted  alcohols and the dehydrogenation of the sa tu 
ra ted  alcohols (1: %  bu ty ra ldehyde from  allylcarbinol; 2: %  bu tyraldehyde from crotyl alco
hol; 3: %  butyraldehyde from  1-butanol; 4: %  m ethyl ethy l ketone from m ethylvinyl- 
carbinol; 5: %  m ethyl e thy l ketone from 2-butanol; 6: equilibrium  conversion curve of the 
1-butanol-butyraldehyde process, calculated from therm odynam ic d a ta ; 7: equilibrium con
version curve of the 2 -bu tano l-m ethy l ethyl ketone process, calculated from  therm odynam ic

data)

Fig. 24. V ariation of the  p roduct composition as a function of tem pera tu re  in the tran s
form ations of m ethylvinylcarbinol and 2-butanol on Pt/C (1; %  2-butanol from m ethyl- 
vinylcarbinol; 2: %  m ethy l e thy l ketone from m ethylvinylcarbinol; 3: %  m ethyl ethyl 
ketone from 2-butanol; 4: equilibrium  conversion curve calculated for the 2-butanol-m ethyl

ethy l ketone process)

be seen th a t  on P t/C  th e  ra te  o f deh y d ro g en a tio n  o f 2 -b u ta n o l is h igher th a n  
th e  ra te  o f iso m eriza tio n  o f  m eth y lv in y lcarb in o l.

On Cu/Al an d  Z n/A l, to o , th e  ra te s  of isom eriza tion  o f th e  u n sa tu ra te d
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alcoho ls are in som e cases com parab le  w ith  th e  ra tes  o f d e h y d ro g en a tio n  of 
th e  s a tu ra te d  alcohols, b u t  since th e  ac tiv itie s  of these  c a ta ly s ts  are low in 
th e  h y d ro g en a tio n  o f th e  carbon—carb o n  double bond , th e  ro u te  via th e  
in te rm e d ia te  is p ro b ab le  only  in  th e  sy stem  copper c a ta ly s t—ally lcarb inol.

3. D iscussion

3.1 Reaction mechanisms presumable theoretically

T he possible m echan ism s o f iso m eriza tio n  of th e  u n s a tu ra te d  alcohols 
a re  p resen ted  below .

1. F o rm ation  o f oxo com pounds b y  1,3 in tram o lecu la r m ig ra tion  of 
h y d ro g e n  atom s or ions. These processes are schem atica lly  ou tlin ed  for the  
th re e  chem isorbed su b s tra te  m olecules as follows

2. The iso m eriza tion  can  be in te rp re te d  b y  m eans o f th e  follow ing in ter- 
m o lecu la r m echanism  w hich ta k e s  p lace th ro u g h  som e h y d ro g en  tra n sfe r  
p rocesses:

H
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The m ain  p o in t o f th e  isom eriza tion  process is- th e  in te rm o lecu la r d e 
h y d ro -h y d ro g en a tio n  ta k in g  place th ro u g h  an  u n s a tu ra te d  oxo com pound  as 
in te rm ed ia te . T h e  p resu m p tio n  o f th is  re a c tio n  m echan ism  is ju s tified  co n 
v incing ly  by  th e  ex p e rim en ta l re su lts  q u o ted  earlie r [7].

3. A ccord ing  to  th is  m echan ism  th e  iso m eriza tion  o f th e  u n sa tu ra te d  
alcohols to  oxo com pounds is accom plished  w ith  th e  p a rtic ip a tio n  of th e  
chem isorbed  h y d ro g en  — i.e. w ith  in te rm o lecu la r m echan ism  —, w ith  h igh  
p ro b a b ility  via  com plexes of Tt-allyl ty p e . T hese processes are o u tlined  below  
fo r th e  th ree  m odel com pounds.

J s o m e r iz a tio n  o f a lly lcarb ino l an d  c ro ty l alcohol:

Iso m eriza tio n  o f m eth y lv in y lcarb in o l:

H

In  these  re a c tio n  m echanism s use w as m ade of th e  m echan ism  p roposed  
b y  TwiGG [10] to  ex p la in  th e  double bo n d  m ig ra tio n  in  olefins, w hich is p ro v ed  
ex p erim en ta lly  a n d  h e reb y  accep ted  in  th e  l i te ra tu re . In  th e  case of u n s a tu 
ra te d  alcohols th e  f in a l s tep  of th e  process is th e  re a rra n g em e n t of th e  enol 
form  of th e  oxo com p o u n d  to  the  oxo form . This change can  sim ilarly  ta k e  
p lace w ith  the  p a r tic ip a tio n  of chem isorbed  hydrogen , o r via  a four-m em bered  
tra n s itio n  s ta te  w ith  in tram o lecu la r 1,3 h y d ro g en  m ig ra tio n , depend ing  on th e  
ex p erim en ta l cond itio n s.
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4. The fo rm atio n  o f  th e  oxo co m pounds can also be ex p la in ed  b y  th e  
c a ta ly tic  d eh y d ro g en a tio n  of th e  s a tu ra te d  alcohols p ro d u ced  in  th e  h y d ro 
g e n a tio n  of th e  u n s a tu ra te d  alcohols:

C H 3 C H = C H ^ C H 2O H

Hg , C H 3~ C H 2- C H 2- C H 2O H  C H 3- C H 2- C H 2CHO

C H 2= C H - C H 2- C H 2O H

C H 2= C H - C H  C H 3 _ ^ C H 3- C H 2 CH C H 3 C H 3- C H 2- C , C H 3
•! I II
OH O H  0

B ased  on th e  ex p e rim en ta l re su lts  re p o rte d  in  th e  p rev ious sec tion  — 
u tiliz in g  some o th e r o b serv a tio n s a n d  s ta te m e n ts  from  th e  li te ra tu re  — th e  
isom eriza tion  of th e  u n s a tu ra te d  alcohols can  be su itab ly  in te rp re te d  to  a f irs t 
ap p ro x im a tio n  b y  one o r o th e r of th e  fo u r  reac tio n  m echan ism s.

3.2 M echanism o f the isomerization on pla tinum  metals

The m ajo rity  o f th e  ex p erim en ta l d a ta  ob ta in ed  w ith  th e  p la tin u m  m eta l 
su g g est mechanism 3. In  th e  absence o f  hyd rogen  th e  isom eriza tion  process 
does n o t tak e  p lace (F ig . 17), w hich  is c learly  in  oppositio n  to  m echanism s 
1 an d  2, while co n firm ing  th e  rea lis tic  n a tu re  of m echan ism s 3 an d  4. H ow 
ev e r, th e  equ ilib riu m  conversions o f a lcohol d eh y d ro g en a tio n  (F ig . 20) ca l
c u la te d  from  th e  th e rm o d y n am ic  d a ta ,  an d  th e  e x p e rim e n ta l d a ta  re fe rring  
to  th e  d eh y d ro g en a tio n  of th e  alcohols (Figs 18—20) do n o t confirm  th e  
v a lid ity  of m echan ism  4 in  m ost cases. M echanism  4 achieves a ce rta in  degree 
o f  p ro b ab ility  on ly  in  th e  p la tin u m -c a ta ly ze d  isom eriza tions of a lly lcarb ino l 
a n d  m eth y lv in y lca rb in o l (F ig. 18). T h is la t te r  can  be ex p la in ed  b y  th e  ra p id  
h y d ro g en a tio n  of m e th y lv in y lca rb in o l, an d  b y  th e  th e rm o d y n am ica lly  fa 
v o u red  d eh y d ro g en a tio n  of the  seco n d a ry  alcohols. T he ex p e rim en ta l d a ta  
fo u n d  on P t/C  (F ig . 24) confirm  th is .

3.3 M echanism o f the isomerization on N ijA l catalyst

O ur e x p e rim e n ta l re su lts  in d ic a te  th a t  №/Д1 b eh av es  d iffe ren tly  from  
th e  th e rm o lite -su p p o rted  p la tin u m  m e ta l c a ta ly s ts  in  th e  isom eriza tion  of 
u n sa tu ra te d  alcohols, in  sp ite  o f th e  fa c t th a t ,  s im ila rly  to  th e  p la tin u m  
m eta ls , it  chem isorbs hydrogen  an d  is v e ry  active in  th e  h y d ro g en a tio n  of 
th e  c a rb o n -carb o n  double  bond  (F igs 4, 9 and  14). N i/A l d isp layed  v e ry  low
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a c tiv i ty  in  th e  isom erization  of c ro ty l alcohol an d  a lly lcarb inol (F ig . 21), in  
c o n tra s t  w ith  th e  p la tin u m  m eta ls , w hile a t  th e  sam e tim e i t  h a d  th e  sam e 
a c tiv ity  as th e  p la tin u m  m etals in  th e  iso m eriza tion  of m e th y lv in y lca rb in o l; 
i t  can  be concluded  from  these e x p e rim e n ta l fac ts , th a t  th e  m ech an ism  is 
d iffe ren t from  th a t  of th e  p la tin u m  m e ta l-ca ta ly zed  isom erization . B ased  on 
th e  a p p ro p ria te  ca lcu la ted  eq u ilib riu m  conversion  curve (Fig. 20) a n d  th e  
e x p e rim en ta l d a ta  re la tin g  to  th e  d eh y d ro g en a tio n  of 2 -bu tano l (F ig . 21), 
th e  iso m eriza tion  o f m eth y lv in y lca rb in o l to  m e th y l e th y l ke to n e  on N i/A l 
can  be in te rp re te d  b y  mechanism 4. F ro m  a n o th e r  a spec t th is  sam e m ech an ism  
is su p p o rte d  b y  th e  low  degree o f iso m eriza tio n  o f ally lcarb inol a n d  c ro ty l 
alcohol, w hich  is a consequence of th e  th e rm o d y n am ica lly  u n fav o u red  n a tu re  
o f th e  second p a r t-s te p  of the  consecu tive  process.

3.4 Mechanism o f the isomerization on Cu/Al and Z n /A l catalyst

The isom eriza tion  o f a lly lca rb in o l to  b u ty ra ld e h y d e  on Cu/Al is e x p la in e d  
b y  mechanism 4. U n d er the  ex p e rim en ta l cond itions app lied  here th is  c a ta ly s t  
is capab le  o f h y d ro g en a tin g  th e  c h a in -te rm in a tin g  c a rb o n -ca rb o n  doub le  
bo n d  [11], w hile th e  occurrence o f th e  second p a rt-p rocess is su p p o rte d  b y  
b o th  th e  th e rm o d y n am ic  and  th e  e x p e rim e n ta l d a ta  (Fig. 22).

The m a jo rity  of our ex p erim en ta l d a ta  o b ta in ed  in  th e  iso m eriza tio n  of 
c ro ty l alcohol can  be in te rp re te d  w ith  mechanism 2. Since copper does n o t 
chem isorb  h y d ro g en , th e  possib ility  o f m echan ism s 3 and 4 is e lim in a te d , in  
sp ite  o f th e  fa c t t h a t  ce rta in  of o u r e x p e rim e n ta l d a ta  (Fig. 17) suggest t h a t  
th e  p resence o f h y d ro g en  (in a  m a n n e r as y e t  unclarified) ex erts  a n  e ffec t 
on th e  process. T he p ro b ab ility  of m echan ism  4 is m ain ly  co n trad ic ted  b y  th e  
fo rm atio n  of s ig n ifican tly  more b u ty ra ld e h y d e  th a n  expec ted  on th e  basis  o f 
th e  eq u ilib riu m  c o n s ta n t of the  second  p a rt-p ro cess  of m echanism  4. (The 
possib ility  o f th e  f irs t  part-p rocess does e x is t in  p rinc ip le , since copper ca ta ly zes  
th e  iso m eriza tion  o f c ro ty l alcohol to  a lly l carb ino l.) In  add ition  to  th e  ab o v e , 
m echan ism  2 is con firm ed  by  th e  fo llow ing d a ta :  th e  investiga tions o f E a d o n  
an d  Shiekh  [7]; th e  fa c t th a t ,  even  th o u g h  a t  a low er ra te , th e  iso m eriza tio n  
does p roceed  in  th e  absence of h y d ro g en ; and  th e  b ig  am o u n t of th e  c ro to n - 
a ldehyde fo rm ed  (F ig . 10). A m echan ism  d iffe ren t from  th a t  of th e  iso m eriza 
tio n  of a lly lcarb ino l is ind ica ted  b y  th e  ra te s  of isom erization  of th e  tw o  
a ,/? -u n sa tu ra ted  alcohols w hich are co n sid e rab ly  la rg e r th a n  th a t  fo r a lly l
carb ino l, th e  reaso n  for th is being th a t  th e  f irs t part-p rocess acco rd ing  to  
m echan ism  2 — deh y d ro g en a tio n  o f th e  a ,/J -u n sa tu ra ted  alcohols — is s ig n if
ic a n tly  m ore fav o u red  even th e rm o d y n am ica lly  th a n  th a t  of a ,y -u n sa tu ra te d  
alcohols.

Mechanism 2 is sim ilarly  app lied  to  ex p la in  th e  isom erization  o f m e th y l
v in y lca rb in o l to  m e th y l e th y l ke to n e  on  Cu/Al and  Zn/Al. M echanism  3 can
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o b v io u sly  be e lim in a ted , w hile a t  th e  sam e tim e  th e  occurrence of m echan ism  
4 is n o t  su p p o rted  e i th e r  b y  theo re tica l co n sid e ra tio n s  and  our ex p erim en ta l 
d a ta .  T he d eh y d ro g en a tio n  of 2 -b u tan o l on  Cu/Al is s ign ifican tly  slow er 
(F ig . 22) th a n  th e  iso m eriza tio n  of m e th y lv in y lca rb in o l on th e  sam e c a ta ly s t, 
w hile  on  Zn/Al th e  occu rrence  even of th e  f i r s t  part-p ro cess  of m echan ism  4 is 
im possib le  [12]. I t  is to  b e  n o ted  th a t  on  C u/A l th e  d eh y d ra tio n  o f 2 -b u tan o l 
to  b u te n e s  is co n sid e rab ly  fa s te r  th a n  i ts  d eh y d ro g en a tio n  (a t 300°C th e  
d e h y d ra tio n  proceeds w ith  a 60%  conversion).

In  connection  w ith  th e  reac tio n  m ech an ism  v a rian ts  ou tlin ed  above, i t  
sh o u ld  be n o ted  t h a t  a t  th e  p resen t stage o f  o u r ex p erim en ta l w ork  th e  in d iv id 
u a l m echan ism s can  be  confirm ed only  a p p ro x im a tiv e ly . The u n d e rs ta n d in g  
o f  th e  de ta iled  m ech an ism s o f these processes is o b s tru c ted  n o t on ly  b y  th e  
la c k  o f  various co m p lex  exp erim en ta l d a ta ,  b u t  also b y  th e  fac t t h a t  even  
w ith in  th e  m ain  ty p e s  one can conceive v a r io u s  reasonable  v a ria tio n s , w ith  
n u m ero u s , n o t to o  w ell u n d ers to o d  e le m e n ta ry  s tep s , associated  fu r th e r  w ith  
th e  p ro b lem atics a n d  co m p lex ity  of th e  m ech an ism s of considerab ly  sim pler 
c a ta ly t ic  processes on  m eta ls .

4. Methods

The compounds exam ined (allylcarbinol, c ro ty l alcohol, m ethylvinylcarbinol, 1-buta- 
nol, 2-butanol, bu ty ra ldehyde and m ethyl e thy l ketone) were commercial products. They 
were purified by fractional distillation, and the ir pu rities were checked by GC.

Catalysts. P t/T , R h/T , Pd/T  and Pt/C (m etal con ten t 10%) were prepared as described 
previously [13, 14]. The R aney-type catalysts w ere prepared from alum inium  alloys (grain 
size 0.2 — 0.4 mm) contain ing  30% active m etal [15]. The carrier-free rhodium  cata lyst was 
also prepared by a lite ra tu re  m ethod [16] (specific surface: 5.7 m 2 • g_1).

Description of th e  experim ental method. T he investigations were carried on t by  an 
im pulse m icroreactor technique. The m easurem ents were repeated several tim es; th e  repro
ducibility  was satisfactory . The technique described previously [13] was modified only in  
so fa r  as the m icroreactor was constructed from  R asotherm  glass, and its in ternal d iam eter 
w as 6 mm. The q u an tity  of therm olite-supported ca ta ly s t used was 1 ml, while th a t  of R aney- 
ty p e  and  Pt/C cata lysts was 0.2 ml. The active m eta l contents of the catalysts were approxi
m ate ly  the same. 60 mg of th e  carrier-free rhodium  ca ta ly st was employed. The m icroreactor 
w as attached  to  a C arlo-Erba GY gas chrom atograph. The chrom atographic conditions were 
as follows:
Colum n: Two 1 m glass colum ns, 4 mm in in te rn a l diam eter, connected in series. The firs t 

contained 15% polyethylene glycol (M.W. 20,000) on therm olite (grain size 0.2 —0.3 
mm), and the second 15% tris(cyanoethoxy)propane (Fractonitrile I I I )  on the same 
support.

C arrier gas: 60 ml hydrogen (or helium) per m inute .
T em perature of therm osta t: 120°C.
D etector current: 140 mA.
A m ount of sample in jected : 0.005 ml.

The peaks o f th e  ch rom atog ram s w ere iden tified  w ith  th e  aid  of th e  
a p p ro p ria te  a u th e n tic  substances, an d  e v a lu a te d  q u a n tita tiv e ly  via c a lib ra 
t io n  curves. T he ch ro m a to g ram  of a m ix tu re  con ta in ing  all th e  s ta r tin g  com 
p o u n d s  an d  p ro d u c ts , o b ta in ed  u n d e r th e  ch rom atog raph ic  cond itions d e 
sc rib ed  above, is g iven  in  Fig. 25.
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min

Fig. 25. Chrom atogram s of the unsatu ra ted  alcohols studied, and the ir isomerization and 
hydrogenation products (1: butyraldehyde; 2: m ethy l ethy l ketone; 3: 2-butanol; 4: m ethyl- 

v inylcarbinol; 5: 1-butanol; 6: allylcarbinol; 7: cro ty l alcohol)
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Schiff-bases of salicylaldehyde and 2-, 3- and 4-aminophenol have been studied- 
A reaction  occurring in n-butanol is explained by the partia l decom position of th e  
Schiff-base and the form ation of quinonam ine.

In  ea rlie r com m unications [1, 2] we d iscussed  th e  ab so rp tio n  sp e c tra  
of a ro m a tic  Schiff-bases and  th e  effect o f th e  so lven t on th e  sp ec tra . In  p o la r  
so lven ts an  ad v an ce  b a n d  of m ed ium  in te n s ity  b e tw een  400 and  450 n m  w as 
in te rp re te d  as due to  th e  ta u to m e ric  equ ilib riu m  [3, 4] of th e  S ch iff-base 
m olecule.

T h is p a p e r  deals w ith  th e  Schiff-bases o b ta in ed  from  sa licy la ld eh y d e  
an d  2, 3- a n d  4 -am ino  phenol (I).

I

E xperim en ta l

The Schiff-bases described here are easily prepared by mixing stoichiometric q u an titie s  
of salicylaldehyde and an aminophenol, dissolved in m ethanol. Melting points and analyses 
are listed in Table I.

A bsorption spectra were recorded on a Beckm an DU, infrared spectra w ith  a P erk in  
E lm er 200 spectrophotom eter; proton resonance spectra were recorded on a JE O L  60 M H z 
instrum ent at 25°C, in  CD3OD, using TMS as external standard.
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Results

T he p a tte rn  of th e  sp ec tra  is s im ilar to  th o se  of o th e r a ro m atic  Schiff- 
bases. In  m ethano l fo u r g roups of b an d s  are  d iscern ib le  betw een  430 an d  450, 
338 a n d  350, 267 an d  270, 225 an d  230 n m , re sp ec tiv e ly . In  a n o n -p o la r so lven t 
th e  ad v an ce  b an d  b e tw e e n  430 an d  450 n m  is ab se n t (cf. T able I ,  F ig . 1). 
The fu r th e r  th ree  g ro u p s o f bands are due to  th e  ex c ita tio n  processes of th e  
azo m eth in e  group a n d  o f  th e  a rom atic  sy s tem  [5]. T he in te n s ity  o f th e  advance  
b a n d  in  th e  case of th e  4-O H  d eriv a tiv e  in  n-alcohols (Cj—C5) is a fu n c tio n

Fig. 1. Spectrum  of H SAI-4-OH-aniline in  benzene (a) and in m ethanol (b)

o f th e  dielectric  c o n s ta n t of th e  so lv en t (F ig . 2a); in  a m ix tu re  of m e th an o l 
a n d  benzene th is  in te n s i ty  changes acco rd in g  to  Fig. 2b. S im ilar re su lts  are 
o b ta in e d  w ith  th e  2- a n d  th e  3-O H  d e riv a tiv e s . The co n stan t [6, 7] for th e  
ben zen o id /q u in o n o id  eq u ilib riu m  m easu red  in  m ethano l/benzene m ix tu re  a t 
25°C is К  =  2.76, 1.06 an d  1.92 for th e  2-, 3-, an d  4-O H  d e riv a tiv e , re sp ec 
tiv e ly .

T able I  shows th e  in fra red  an d  th e  P M R  d a ta  of th e  com pounds. A g rea t 
n u m b e r  of b ands em erge  in  th e  in fra red  sp e c tra ;  th e  m ain  frequencies can  be 
id e n tif ie d  w ith  c e r ta in ty . A n u m b er o f m a x im a  ap p ea r in  th e  ran g e  betw een  
2500 an d  3000 c m - 1 , th e se  co rrespond  to  th e  v ib ra tio n s  of th e  a ro m atic  CH- 
g ro u p s and  to  th o se  o f th e  in tram o lecu la rly  assoc ia ted  O H -groups.

A com plex p a t te r n  of bands due to  th e  a ro m a tic  p ro to n s, in  th e  PM R  
s p e c tra  recorded  in  C D 3O D , is found  b e tw een  6.5 an d  7.6 p pm ; b e tw een  8.7 and  
8.9 p p m  the  signal o f  th e  azom eth ine p ro to n  can  be seen. O w ing to  rap id  
e x ch an g e , no O H  sig n a l is observed  in  th e  C D 3OD solution . T he positio n  of
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Table I

Analyses and spectral data o f Schiff-bases

S chiff-base m .p .a
A nalysis1*

B a n d  m ax im a 0 
A (nm ) an d  lg  e K d

In fra re d
frequencies® d C H = N *

(p p m )

c % H % N % v C = N vC— 0

HSAI-2-OH-aniline 186.0 73.62
(73.58)

4.75
(4.71)

6.60
(6.57)

~ 4 5 2  347 269 ~ 2 2 6  
3.28 4.08 4.00 
-  357 270 

4.03 3.98

2.76 1634 1278 8.89

HSAI-3-OH-aniline 128.9 73.62

(73.57)

4.75

(4.69)
6.60

(6.55)

~ 4 2 5  338 267 ~ 2 2 5  

2.50 3.98 3.98 

342 268 
4.07 4.04

1.06 1622 1290 8.68

HSAI-4-OH-aniline

0
5
i '

139-.0 73.62
(73.60)

4.75
(4.71)

6.60
(6.51)

~ 4 3 0  348 270 ~ 2 3 0  
2.60 4.20 3.91 

350 268 
4.14 3.93

1.92 1626 1282 8.71

a uncorreeted
b the values found are in parentheses 
c first line in m ethanol second line in solution
d calculated according to  th e  least squares m ethod as described in  Ref. [1] 
e in  K B r pellets 

in  CD3OD a t 25 °C
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th e  azom eth ine p ro to n  signal is n ea rly  un affec ted  b y  th e  su b stitu en ts  on th e  
an iline ring . This is due to  th e  fac t th a t  th e  aniline p a r t  is tu rn e d  ou t of th e  
p lan e  an d  th u s  no co n ju g a tio n  w ith  th e  CeH 4(O H )C H  =  N  m oiety  is possib le, 
co n seq u en tly , th e  e le c tro n  donor effect o f th e  s u b s ti tu e n ts  is res tric ted .

The position  a n d  in te n s ity  of th e  advance  b a n d , th e  value of th e  e q u i
lib riu m  co n stan t, th e  in fra re d  rC =  N  frequencies a n d  th e  chem ical sh ift of 
th e  CH =  N p ro to n  change in  th e  sequence 2 > 4  >• 3, in  accordance w ith  th e  
e lec tro n  donor e ffec t o f th e  O H -su b stitu en t. The vC— О frequency  changes 
in  th e  sequence 2 <  4 <  3, as expec ted .

The b u ta n o l so lu tio n s of th e  Schiff-bases s tu d ie d  change th e ir  colour 
from  a ligh t yellow  to  red -b row n w hen allow ed to  s ta n d . A sim ilar change

Fig. 2. Variation of th e  in tensity  of the advance band of HSAI-4-OH-aniline as a function  
of th e  dielectric constant, in alcohol (a) and in  m ethanol (b)

occurs is re-propyl- a n d  re-am yl-alcohol, b u t  th e  r a p id ity  of th is  change d e 
creases in  th e  sequence  re-butanol re-amyl >  re-propyl alcohol. In  diffuse lig h t 
an d  in th e  d a rk , th is  conversion  tak es  place in  th e  sam e w ay  and  to  th e  sam e 
e x te n t.

The sp ec tra  o f  th e  4 -O H -deriva tive  in  re-butanol recorded  a fte r  0, 40, 
72, 144, 168 an d  216 h rs  are show n in  Fig. 3. F ro m  th e  v a ria tio n  of th e  a b 
sorbance a t  338 a n d  350 nm , a f irs t o rd er ra te  c o n s ta n t o f  к =  2.2 X 10“ 5 sec-  1 
can  be ca lcu la ted  [9]; in  th e  case o f th e  3- an d  th e  2-O H  derivatives m ore 
com plex  processes ta k e  place.

O f th e  Schiff-base com ponents, only  th e  b u ta n o l solution of am ino- 
pheno l shows a ch an g e  sim ilar to  th a t  found  w ith  th e  Schiff-base itself. T he 
p ro d u c t th u s  fo rm ed  can  be iso la ted . The sp ec tru m  (Fig. 4) of th e  p ro d u c t 
(m .p . 135°C, n o t sh a rp ) recovered  a fte r  leav ing  th e  Schiff-base s ta n d  fo r 
240 hrs dev ia tes from  th a t  o f the  p a re n t su b stan ce  on ly  in  th e  dom ain  b e tw een  
450 an d  500 n m , w here  a m edium , ad d itio n a l ab so rp tio n  can be seen. T he
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Schiff-base m olecule is n o t decom posed , or on ly  to  a v e ry  low  e x te n t. This 
s ta te m e n t is su p p o rted  b y

a) th e  in fra red  sp ec tru m  of th e  p ro d u c t, w here th e  r C = N  freq u en cy  
of th e  Schiff-base is sh a rp ly  in  ev idence a t  1620 c m “ 1;

Fig. 3. Spectrum  of HSAI-4-OH-aniline dissolved in  n-butanol after 0 (a), 44 (b), 72 (c),
144 (d), 168 (e), and 216 (f) hrs

Fig. 4. HSAI-4-OH-aniline. (a) In  m ethanol; (b) in  га-butanol, fresh solution; (c) spectrum  
in m ethanol of the product isolated from the n-butanol solution after 7 days
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b) th e  PM R  sp e c tra  of th e  p a re n t Schiff-base an d  its  p ro d u c t, w hich 
are p ra c tic a lly  th e  sam e (in CDC13 th e  C H = N  p ro to n  signal is a t  8.60 p p m  
in b o th  cases);

c) th in  lay e r ch ro m ato g rap h y ,*  w hich  does n o t uneq u iv o ca lly  rev ea l 
th e  presence  o f on  a ld eh y d e  or am ine.

T he change o f 4 -am inopheno l (m .p . 184°C) is v e ry  p ronounced  (th e  m .p . 
o f th e  p ro d u c t is 135°C) (Fig. 5). The sh a rp  u ltra v io le t b an d s becom e com 
p le te ly  slu rred , a n d  in  th e  visible range  v e ry  in ten se  b ro ad  b an d s  ap p ea r.

Fig. 5. 4-OH-Aniline. (a) In  m ethanol; (b) in  n -butanol after about 10 min.; (c) in  n-butanol 
after 20 hrs; (d) spectrum  in  m ethanol of the product isolated from n-butanol solution after

7 days

W e suppose t h a t  th e  Schiff-base in  so lu tio n  is decom posed to  a sm ad  
degree. T he am in e  c o m p o n en t th u s  fo rm ed  is th e n  co n v erted  in to  a com poun- 
t h a t  show s th e  in te n s iv e  colour c h a ra c te ris tic s  o f am inopheno ls an d  pre 
su m ab ly  a qu inono id  s tru c tu re . T his is su p p o rte d  b y  th e  ex istence  o f  such  
a tra n s fo rm a tio n  fo r am inopheno ls an d  b y  th e  fa c t th a t  in  th e  case o f a Schiff- 
base  m olecule th e re  is no  possib ility  fo r th e  fo rm atio n  o f a qu inono id  s tru c 
tu re . F u r th e r  ev idence in  favour o f th is  sup p o sitio n  is th e  fa c t th a t ,  am ong 
th e  Schiff-bases o f su b s ti tu te d  an ilines, on ly  th e  O H -d eriv a tiv es  show  th is  
tra n s fo rm a tio n  an d  th e  ra te  of th e  change decreases in  th e  4 ]> 2 3 o rder.

A tte m p ts  a t  th e  sep ara tio n  an d  id e n tif ic a tio n  o f th is  sm all a m o u n t o f 
a supposed ly  qu in o n o id  p ro d u c t have fa iled . H ow ever, th e re  are tw o find ings

* For the TLC analyses our thanks are due to  Dr. J . W eisz, D epartm ent of Organic 
Chem istry József A. U niversity.
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th a t  seem  to  su p p o rt ou r assum ption . T h e  reac tio n  p ro d u c t o f th e  Schiff-base 
w ith  N iA c2 yields th e  w ell-know n c h e la te  N i[H S A I-4 -O H -an iline]2; w hen  th is  
is decom posed  b y  h y drogen  sulfide, th e  orig inal Schiff-base can  he  recovered  
from  th e  so lu tion . Also we fin d  t h a t  w h en  th e  en d -p ro d u c t o f  th e  Schiff-
base, sea led  in  a glass tu b e  u n d e r 10 6 to  10 7 T orr, is slow ly h e a te d , th e  orig
ina l, o range-red  Schiff-base sep a ra te s  a n d  can  be iden tified  b y  its  m elting

[1] Császár , J ., B alog, J .:  A cta Chim. (B udapest), 86, 101 (1975)
[2] B alog, ‘J .,  Császár, J .:  A cta Chim. (B udapest). (In  press)
[3] Led b e t t e r , J . W .: J . Phys. Chem., 70, 2245 (1966)
[4] D u d e k , G. O., D u d e k , E. P .: J . Amer. Chem. Soc., 86, 4283 (1964); 88, 2407 (1966)
[5] Ma so n , S. F .: J . Chem. Soc., 1253 (1959); J a f f é , H. H., Y e h , S. Y ., Ga r d n e r , R. W.:

J .  Mol. Spectr., 2, 120 (1958); Е вана , N .: Bull. Chem. Soc. Jap an , 33, 534 (1960)
[6] N ag y , P.: Magy. K ém . Foly., 72, 108 (1966)
[7] N ag y , P.: Szegedi Tanárképző Főisk. Közi., 123 (1968)
[8] Ta b é i , К ., Sa itu , E .: Bull. Chem. Soc. Ja p a n , 42, 1440 (1969)
[9] Va n  S e n d e n , К . G., K oning , H. N .: Reel. T rav . Chim., 81, 49 (1962)
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SYNTHESIS OF 2,2- AND 2,4-SUBSTITUTED 
1,3-BENZTHIAZINES*

J .  S z a b ó  a n d  I . V a r g a

(Department o f Pharmaceutical Chemistry, Medical U niversity, Szeged) 

R eceived D ecem ber 7, 1974

2 -P h en y l-4 H -l,3 -b en zth iaz in -4 -o n e  d e riv a tiv es (I) give w ith  G rignard re ag e n ts , 
d epend ing  on th e  o rganic group of th e  la t te r ,  4 -h y d ro x y -2 ,4 -su b s titu ted -4 ii- l,3 -  
b en zth iaz in es (HI) and  2 ,2 -su b stitu ted -3 ,4 -d ih y d ro -2 ií-l,3 -b en z th iaz in -4 -o n e  (II) d e
r iv a tiv es . T h e  s tru c tu re s  o f com pounds III w ere verified  b y  th e ir  hydrolysis p ro d u c ts .

Since o n ly  d e riv a tiv es  su b s ti tu te d  in  position  2 of 1 ,3-benzthiazine a re  
know n, th e  a im  o f ou r p resen t w ork w as th e  sy n th esis  and  chem ical an d  
pharm aco log ical in v es tig a tio n  of 2 ,4 -su b s titu te d  1 ,3 -benzth iazine d e riv a tiv es .

2 -P h en y l-4 íí- l,3 -b en z th iaz in -4 -o n e  (la ) [1] an d  2 -pheny l-6 ,7 -d im ethoxy- 
4 H -l,3 -b en z th iaz in -4 -o n e  (lb) [2] were fo u n d  to  he su itab le  s ta rtin g  m a te ria ls . 
The la t te r  com p o u n d  w as syn thesized  accord ing  to  S z a b ó  and  V i n k x e r  in  
a good y ield  from  2 -p h en y l-6 ,7 -d im eth o x y -4 If-l,3 -b en z th iaz in e  by  o x id a tio n  
w ith  ch rom ium  tr io x id e  in an hydrous ace tic  acid so lu tion .

The o x o -d eriv a tiv es  of I  were allow ed to  re a c t w ith  various G rig n ard  
reagen ts. In  p rin c ip le , th e  fo rm atio n  o f b o th  s tru c tu re s  I I  an d  I I I  is possible 
b y  ad d itio n  to  th e  c o n ju g a ted  bond  —C O —N  =  C —. C om pounds of ty p e  I I  
b y  1 ,4 -add ition , an d  su b seq u en t im in o h y d rin  —► am ide tau to m eriza tio n  i.e. 
ac tu a lly  b y  sa tu ra t io n  o f th e  —C =  N — bond .

O ur experiences are sum m arized  in  th e  schem e on  p. 62.
W ith  p h en y lm ag n esiu m  halide, p ro b a b ly  o w in g , to  th e  higher space 

req u irem en t o f th e  p h en y l group , only  4 -h y d ro x y -2 ,4 -d ip h en y l-4 ii- l,3 -b en z - 
th iaz ine  d e riv a tiv e s  o f ty p e  I I I  were o b ta in ed .

I t  is re m a rk a b le  th a t  lb  w ith  b en zy lm ag n esiu m  h a lide , gave besides 
com pound l ie ,  th e  benza l d eriva tive  IV. T he la t te r  is p ro b a b ly  form ed from  
th e  non-isolable in te rm e d ia te  p ro d u c t I I Ic  b y  th e  e lim in a tio n  of w ater.

P re su m ab ly , th e  reac tio n  proceeds also w ith  alky lm agnesium  halides 
(Q =  E t, n -B u) in  b o th  d irec tions, b u t  th e  com pounds o f ty p e  I I I  form ed are  
fu r th e r  co n v erted , an d  only  th e  co rrespond ing  com p o u n d  of ty p e  I I  could  
be iso lated .

* P a r ts  o f th is  p ap er w ere p resen ted  a t  th e  C onference of th e  H un g arian  C hem ical 
Society , D ebrecen , 1971.
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The s tru c tu re s  o f th e  com pounds I I  an d  I II  p rep ared  h av e  been  verified  
b y  IR  and  N M R  in v estig a tio n s [3], su p p o r te d  b y  e le m e n ta ry  analyses.

The s tru c tu re s  o f com pounds I l i a  a n d  I l lb  have also been  p ro v ed  b y  
p re p a ra tiv e  m e th o d . In  an h y d ro u s b en zen e  solution, co m p o u n d  I l lb  is con
v e r te d  by  d ry  h y d ro g en  chloride a lm o s t q u a n tita tiv e ly  in to  an  u n stab le  com 
p o u n d  of im m o n iu m  sa lt s tru c tu re . T h e  conversion is in tro d u c e d  b y  th e  
fo rm a tio n  of an  orange-yellow  b e n z th ia z in iu m  sa lt (Y), p re c ip ita tin g  from  th e  
benzene so lu tion  w h en  hydrogen  ch lo ride  is in tro d u ced ; how ever, com pound  
V can n o t be iso la ted , because i t  is im m e d ia te ly  dissolved w ith  th e  fo rm atio n  
o f  th e  im m onium  sa lt. F o r th is  co m p o u n d , stru c tu res  V I a n d  V II are b o th
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possib le , b u t  no decision can  be m ade be tw een  th em  on th e  basis o f  th e  IR  
sp ec tra . T he im in o th io e th e r s tru c tu re  V II, w hich  is stab ilized  b y  m esom erism  
due to  th e  non  b o n d ed  e lec tron  p a irs  o f th e  su lfu r a to m , seem s m u ch  m ore 
p ro b ab le .

IX VIII

I t  shou ld  be m en tio n ed  th a t  com pound  I llb  gave also w ith  aqueous 
h y d ro ch lo ric  acid th e  sam e com pound  of im m onium  salt ty p e , b u t  in  a low er 
y ie ld , because th is  sa lt is hyd ro lyzed  in  aqueous so lu tion , being  c o n v e rted , 
w ith  th e  fo rm atio n  of am m onium  ion , in to  S -(benzoyl)-4 ,5-d im ethoxy-2-m er- 
cap to b en zo p h en o n e  (VIII).

S im ila rly , com pound  I l i a  w as co n v e rted  in to  th e  co rrespond ing  im m o
n ium  sa lt ;  its  IR  sp ec tru m  also has th e  b a n d  a t  2830 cm - 1 , c h a ra c te ris tic  of 
im ino sa lts .

T he fo rm atio n  o f com pound  V III is n o t conclusive for s tru c tu re  V I or 
V II o f th e  im m onium  sa lt, because i t  can  be fo rm ed  from  e ith e r, b u t  as a hyd ro l-

ActaChim. ( Budapest) 88, 1976



64 SZABÓ, VARGA: 2,2- AND 2,4-SUBSTITUTED 1,3-BENZTHIAZINES

ysis p ro d u c t i t  p ro v es th e  2 ,4 -d isu b stitu ted -4 JZ -l,3 -b en z th iaz in e  s tru c tu re  of
I I I .  T herefo re , b y  th e  debenzoy la tion  o f com p o u n d  V III, 4 ,5 -d im ethoxy- 
2 -m ercap to b en zo p h en o n e  (IX) has been  p re p a re d , an d  con v erted  w ith  benzo- 
n itr ile  an d  d ry  h y d ro g en  chloride in  an h y d ro u s  e th e r  so lu tion  in to  th e  a u th e n 
tic  com pound  V llb . O n th e  basis of its  chem ical an d  physica l p ro p ertie s  and  
I R  sp ec tru m , th is  co m p o u n d  p roved  to  be id e n tic a l w ith  th e  im m onium  sa lt 
o f  s tru c tu re  V llb .

T he conversion I I I  —► V II is n o t rev ers ib le , because th e  reac tio n  in  even  
w eak ly  alkaline so lu tio n s does n o t give th e  b en z th iaz in e  d eriv a tiv e  I I I  b u t ,  due 
to  hydro lysis o f co m p o u n d  V II, th e  S -(benzoy l)-2 -m ercap tobenzophenone 
d e riv a tiv e  is o b ta in ed .

Owing to  th e ir  h ig h  in s tab ility , 2 ,4 -substitu ted -4 -hydroxy-4 jF f-l,3 -benz- 
th iaz in e  deriv a tiv es  (III)  are unsu itab le  fo r p h arm aco log ica l te s tin g .

Experimental

M.p.’s are uncorrected

1. Modified preparation of 2-phenyl-5,7-dimethoxy-4H-l,3-benzthiazin-4-one (lb)

28.5 g (0.1 mole) of 2-phenyl-6,7-dim ethoxy-4.H-l,3-benzthiazine [4] was dissolved in 
100 m l anhydrous acetic acid and, under continuous stirring, a cold solution of 18 g (0.18 
mole) chromium(VI) oxide prepared by dissolution in  a  w arm  m ixture of 10 m l of w ater, 
110 m l of glacial acetic acid and 25 ml of acetic anhydride, was added a t such a ra te  th a t 
th e  tem perature  of the reaction  m ixture rem ained betw een 22 and 25°C. S tirring was then  
continued for another hour, and th e  m ixture was poured in to  600 ml of water. The reaction 
p ro d u c t which separated  w as filtered off, washed w ith  w ater and dried in  a desiccator. 
R ecrystallization from  ethano l gave felty needles (18.2 g; 61%), m.p. 194°C; no m elting 
po in t depression was found  in  adm ixture w ith an au then tic  sample [2].

2. 2-Ethyl-2-phenyl-3,4-dihydro-2H-l,3-benzthiazin-4-one (Ha)

1.2 g (0.005 mole) of 2-phenyl-4H -l,3-benzthiazin-4-one was suspended in  100 ml 
anhydrous ether, and 0.025 mole of ethylm agnesium  brom ide dissolved in 40 ml ether was 
added. The m ixture was allowed to stand for 30 min. I t  was then  shaken w ith cold, sa tu ra ted  
aqueous ammonium chloride solution, and the reaction  product was extracted  w ith ether. 
The solution in ether was dried  over anhydrous sodium sulfate, and the solvent was evaporated. 
Crystallization of the residue gave colourless prisms, m .p. 174 — 176°C (from ethanol). Yield: 
0.26 g (19.5%).

CleH 15NOS (269.35). Calcd. C 71.34; H 5.61. Found  C 70.90; H 5.88%.

3. 2-Bsnzyl-2-pli8nyl-3,4-.lihydro-2H-l,3-benzthiazin-4-one (Hb)

1.2 g (0.005 mole) o f 2-phenyl-4if-l,3-benzthiazin-4-one was suspended in 40 ml of 
anhydrous te trahydro fu ran , a solution of 0.025 mole benzylm agnesium chloride in 40 ml 
te trahydro fu ran  was added, and the m ixture was allowed to  stand for 30 min. The volume 
of th e  m ixture was then  reduced in  vacuum  to 15 ml. F rom  here on, the producere was the 
sam e as described in  E xperim en t 2. The yield of p roduct was 0.52 g (38.2%). Crystallization 
from  benzene-petroleum  ether gave colourless prism s, m .p. 164 — 167°C.

C21H 17NOS (331.44). Calcd. C 76.10; H  5.17. Found  C 76.40; H 4.91%.
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4. 2,4-Diphenyl-4-hydroxy-4H-l,3-benzthiazine (I lla )

1.2 g (0.005 mole) of 2-phenyl-4//-l,3-benzthiazin-4-one was suspended in  40 m l of 
anhydrous te trahydro fu ran , and a solution of 0.025 mole phenylm agnesium  bromide in  40 ml 
te trahydro fu ran  was added. From  here on, the procedure was the same as described in E x
perim ent 2. The yield was 1.2 g (95% ), colourless needles, m .p. 138 — 140°C from ethanol.

C20H J5NOS (317.39). Calcd. C 75.68; H  4.76. Found C 75.65; H  4.81%.

5. 2-Ethyl-2-phenyl-6,7-dimethoxy-3,4-dihydro-2H-l,3-henzthiazin-4-one ( l ie )

4.5 g (0.015 mole) of 2-phenyl-6,7-dim ethoxy-4ff-l,3-benzthiazin-4-one was dissolved 
in 450 ml of anhydrous te trahydrofuran , and  0.075 mole of ethylm agnesium  brom ide dis
solved in 40 ml of ether was added. Processed as described in  E xperim ent 2, the yield was 
1.15 g (23.5% ), colourless prisms, m.p. 144 —147°C (from ethanol).

C18H laN 0 3S (329.40). Calcd. C 65.63; H  5.81. Found C 66.34; H  6.14%.

6. 2-(n-Butyl)-2-phenyl-6,7-dimethoxy-3,4-dihydro-2H-l,3-benzthiazin-4-one (lid )

1.5 g (0.005 mole) of 2-phenyl-6,7-dim ethoxy-4fi-l,3-benzthiazin-4-one was dissolved 
in  150 ml of anhydrous te trahydro fu ran , and a solution of 0.025 mole n-butylm agnesium 
iodide in 40 ml ether was added. Processed as described in E xperim ent 2, the yield was 0.35 g 
(19.5% ), colourless p lates, m.p. 151 — 152°C (from ethanol).

C20H23NO3S (357.48). Calcd. C 66.58; H  6.48; S 8.97. Found C 65.91; H  6.96; S 9.17%.

7. 2-Benzyl-2-phenyl-6,7-dimethoxy-3,4-dihydro-2II-l,3-benzthiazin-4-one ( l ie )  
and 2-phenyl-4-benzal-6,7-dimethoxy-4H-l,3-benzthiazine (IV)

1.2 g (0.004 mole) of 2-phenyI-6,7-dimet hoxy-4//-1.3-benzt hia/.in-4-one was dissolved 
in  120 ml of anhydrous te trahydro fu ran , and a solution of 0.02 mole benzylm agnesium chlo
ride in  30 ml ether was added. T hereafter th e  procedure as described in Experim ent 2 was 
followed. The reaction  product was chrom atographed on a silica gel column w ith benzene- 
petroleum  ether solvent m ixture. Two identifiable products were obtained:

0.40 g (27% ) of com pound IV, orange yellow plates, m .p. I l l  —113°C (from ether).
C23H 19N 0 2S (373.45). Calcd. C 73.96; H  5.13. Found C 73.68; H  5.28%.
0.46 g (28.6% ) of com pound l ie , colourless prisms, m.p. 234 — 235°C (from chloroform - 

ethanol).
C23H 21N 0 3S (391.47). Calcd. C 70.56; H  5.41; N 3.58. Found C 70.54; H 5.37; N 3.66% .

8. 2,4-Diphenyl-6,7-dimethoxy-4-hydroxy-4H-l,3-benzthiazine (Illb )

1.5 g (0.005 mole) of 2-pheny]-6,7-diinethoxy-4 / / - 1,3-benzt hiazin-4-one was dissolved 
in  150 ml of anhydrous te trahydro fu ran , and  0.025 mole of phenylm agnesium  brom ide dis
solved in 30 ml of ether was added. Processed as described in  E xperim ent 2, a yield of 0.77 g 
(40.5% ) was ob ta ined , colourless plates (from ethanol), m.p. 168 — 170°C.

C22H 19N 0 3S (377.44). Calcd. C 70.00; H  5.07. Found C 69.89; H  5.59%.

9. Preparation of S-(benzimido)-4,5-dimethoxy-2-mercaptobcnzophenone hydrochloride (V llb)
in anhydrous medium

A solution of 0.75 g (0.0002 mole) 2,4-diphenyl-6,7-dim ethoxy-4-hydroxy-4ff-l,3- 
benzthiazine in  40 m l d ry  benzene was sa tu ra ted  w ith dry hydrogen chloride gas. The orange- 
yellow crystalline precip ita te  separating a t  th e  beginning of th e  in troduction  of hydrogen 
chloride was quickly dissolved. The orange-yellow solution was evaporated  to  dryness in 
vacuum , the residue was dissolved in chloroform and the p roduct precipitated by adding 
d ry  ether to  the solution; lemon-yellow crystals (0.78 g; 95% ), m .p. 158 —159°C (d.).

C22H 20ClNO3S (413.93). Calcd. C 63.84; H  4.87; Cl 8.57. Found  C 62.92; H  4.46; Cl
9.17% .
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10. S-(benzimido)-2-mercaptobenzophenone hydrochloride (V ila)

0.64 g (0.002 mole) o f 2,4-diphenyl-4-hydroxy-4H -l,3-benzthiazine was dissolved in 
20 m l of 17% hydrochloric acid  and the solution boiled for 20 min. A fter cooling, the crystals 
w hich separated were filte red  off, washed w ith 10% HC1, and dried in  a desiccator to obtain 
0.69 g (95.8%) of the p ro d u c t, pale yellow plates, m.p. 194 —195°C (d.) (from ethanol con
ta in ing  5% HC1).

C20H 18C1NOS (355.87). Calcd. C 67.50; H  5.10; N  3.94; Cl 9.96. Found  C 66.87; H 4.90; 
N  3.83; Cl 9.96%.

11. Preparation of S-(benzimido)-4,5-dimethoxy-2-mercaptobenzophenone hydrochloride (V llb)
with aqueous hydrochloric acid

0.38 g (0.001 mole) of 2,4-dipheny 1-6.7-dimct h o \y - l -liyd ro \y -4 / / - 1.3-benzthiazine was 
dissolved in 20 ml of 17% hydrochloric acid, and the solution was boiled for 20 min. Processed 
as described in E xperim ent 10, the yield was 0.41 g (89.2% ), yellow prisms, m.p. 155 —157°C 
(from  ethanol containing 5%  of hydrochloric acid). W ith  the product of Experim ent 9 it  
gave no m.p. depression.

C22H20ClNO3S (413.93). Calcd. C 63.84; H  4.87; N 3.38. Found C 63.03; H 5.04; N
3.53% .

12. S-(benzoyl)-4,5-dimethoxy-2-mercaptobenzophenone (VIII)

2.07 g (0.005 mole) of 2-(benzim ido)-4,5-dim ethoxy-2-mercaptobenzophenone hydro
chloride was dissolved in  100 ml of w ater and the solution was heated  to  the boiling point. 
A fter cooling, it was ex trac ted  w ith ethylacetate  to  obtain  1.15 g (62% ) of colourless prisms, 
m .p. 129 —130°C (from 50%  ethanol).

C22H ls0 4S (378.42). Calcd. C 69.82; H  4.79. Found C 69.70; H  4.91% .

13. 4,5-dimethoxy-2-mercaptobenzophenone (IX)

0.95 g (0.0025 mole) of S-(benzoyl)-4,5-dim ethoxy-2-mercaptobenzophenone was dis
solved in nitrogen atm osphere in 5 ml of w arm  5% ethanolic sodium hydroxide. After cool
ing, th e  solution was acidified w ith 10% HC1 and extracted  w ith ether. The ether extract 
w as washed several tim es w ith  5% N a2C 0 3 solution and dried over anhydrous Na2S 04, then  
th e  e ther was evaporated. T he residue was a non crystallizing yellow oil. Thin-layer chrom atog
ra p h y  indicated a hom ogeneous substance; it  gave w ith lead acetate  solution a positive 
m ercap tan  reaction. The p roduc t was dried over phosphorous(V)oxide in vacuum .

CI5H 140 3S (274.32). Calcd. C 65.67; H 5.14. Found C 66.89; H  5.45% .
Its  p-nitrobenzoate w as obtained as yellow crystals, m.p. 131 —131.5°C (from ethanol).
C22H 17N 0 6S (423.43). Calcd. N 3.31. Found N 2.98%.

14. Synthesis of S-(beiizimido)-4,5-dimethoxy-2-mercaptobenzophenone hydrochloride (V llb)

0.22 g of 4,5-dim ethoxy-2-m ercaptobenzophenone and 0.10 g of benzonitrile were 
dissolved in  3 ml of d ry  e th e r and, under cooling, the solution was sa tu ra ted  w ith dry gaseous 
hydrogen chloride. The solu tion  was allowed to  stand  for 2 days and th e  solvent evaporated 
in  th e  vacuum  of a w ater pum p. The residue was dissolved in a m ixture of ethanol and chloro
form , and the product w as p recip ita ted  by the addition  of ether to  ob ta in  yellow crystals, 
m .p. 153 —155°C (from e thano l containing 5% HC1). I t  gave no m.p. depression w ith Vllb  
p repared  in Experim ents 9 and  11; th e  IR  spectra of the three products were identical.

C22H20ClNO3S (413.93). Calcd. C 63.84; H 4.87; Cl 8.57. Found C 62.90; H 5.22; Cl
8.96% .
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Cyclic a n d  acyclic  N -m eth y l-o lig o p ep tid es, sim plified  grise lim ycin  analogues o f  
p o te n tia l  a n tim ic ro b ia l a c tiv ity , w ere p re p are d  from  sim ple am in o  acids. F o r th e  e luci
d a tio n  of s tru c tu re -a c tiv ity  re la tio n sh ip s , th e  effect of th e  n u m b er and  configu ra tion  
of am ino acids a n d  N -m e th y lam in o  acids as well as t h a t  o f  cycliza tion  was s tu d ied . 

T he m ost p o te n t m olecules: cyclo [b-leucyl-L-prolyl-L-leucyl-L-valyl (or N -m eth y l- 
-L -valy l)-L -proly l-N -m ethyl-D -leucyl-g lycyl]; L-threonyl-L-leucyl-L-prolyl-L-leucyl-L- 
-v a ly l(o r N -m ethy l-L -valy l)-L -pro ly l-N -m ethyl-D -leucy l-g lycine  a n d  N -acety l-cyclo[l>  
-threonyl-L-leucyl-L-prolyl-L-leucyl-L-valyl (or N -m ethy l-l,-valy l)-L -pro ly l-N -m ethyl-D - 
-leucyl-glycyl] h a d  m in im um  in h ib ito ry  co n cen tra tions in  th e  ran g e  of 6 — 50 ,ug/ml 
ag a in st Mycobacterium tuberculosis H ,.R V, and  20 — 50 /ig /m l ag a in s t Candida albicans, 
in vitro.

In  an earlie r co m m u n ica tio n  [1] we rep o rted  th e  syn th esis  of acyclic 
N -acy l oligopeptides o f p o te n tia l an tim icro b ia l a c tiv ity , b u ilt  up from  f a t ty  
ac ids, basic, a ro m atic  am ino  acids, an d  valine or leucine. I n  th e  p resen t w ork  
cyclic an d  acyclic N -m eth y l-o lig o p ep tid es , sim plified g riselim ycin  analogues, 
w ere p rep ared . G riselim ycin  is a m acrocyclic p ep tide  an tib io tic , iso la ted  b y  
F re n c h  sc ien tists [2] (F ig . 1). I t  e x h ib its  an tim ic ro b ia l a c tiv ity  accord ing  to

N-Acetyl-MeVal-Pro(4-lr<ms-Me)-cyclo [MeThr-Leu-Pro(4-ir<ms-Me)-Leu-MeVal-Pro-MeLeu-Gly]

neogriselimycin

Fig. 1. S tructu re  of griselimycin

T ab le  I. In s tead  of a ro m atic  or b asic  am ino acid m o ie ties, i t  consists o f a 
c u m u la te d  n u m b er o f N -m eth y l-am in o  acids and  4 -iran s-m eth y l-p ro lin es . 
Selective hydrolysis o f th e  N -te rm in a l N -acyl-N -m ethyl-L -valine residue  o f th e  
side ch a in  gave neogriselim ycin , w h ich  served  as s ta r tin g  m a te ria l in  th e  sy n 
th es is  o f sem i-sy n th e tic  griselim ycins. Besides penicillins a n d  cephalosporins, 
th is  w as the  f irs t  tim e  th a t  n o n -to x ic  p ep tid e  an tib io tic  d e riv a tiv e s  of 100-fold 
a c t iv i ty  as com pared  w ith  g riselim ycin  itself, could be p re p a re d  (Fig. 2) [3].

F o r the  e lu c id a tio n  of s tru c tu re -a c tiv ity  re la tio n sh ip s  th e  effect o f th e  
n u m b e r and  co n fig u ra tio n  of th e  am ino  acids and  N -m eth y l-am in o  acids, as 
w ell as th a t  o f cyc liza tion  w as s tu d ie d . The pep tides p re p a re d  are lis ted  in  
T ab le  I I ,  to g e th e r w ith  th e ir  an tim ic ro b ia l activ ities.
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D
(C H 3)2CH — CH — CO — neogriselimycin

N
/  \

CH3 (CHj),, CH3

Fig. 2. S tructure  of th e  most po ten t sem i-synthetic griselimycin analogues

In  the  course o f  th e ir  p re p a ra tio n  th e  am ino g roup  w as p ro tec ted  b y  
carb o b en zo x y  an d  b e n z y l groups, an d  c leaved  b y  c a ta ly tic  hydrogenolysis, 
th e  carboxyl group b y  m e th y l e s te r fo rm a tio n . The m olecules were b u ilt up 
b y  stepw ise syn thesis  a n d  frag m en t co n d en sa tio n , ap p ly ing  DCC and  the m ixed 
a n h y d rid e  m ethod . T h e  ac tiv e  este r p ro ced u re  w hich led  to  good yields in  th e

Table I

Antim icrobial activity o f griselimycin (11072 R . P .) [2 ]

Test organism Min. inhib. concn., 
(ig/nil

Mycobacterium tuberculosis H 31R V 1 - 5
Mycobacterium tuberculosis Vy 0.5— 1
Mycobacterium species ATCC 607 0.25—0.5
Sarcina lutea A TC C  9341 0.36

Streptococcus faecalis ATCC 9790 >250
Bacillus subtilis ATCC 6633 >250
Escherichia coli ATCC 9637 >250
Pseudomonas aeruginosa >250

p re p a ra tio n  of p e p tid e s  described  in  th e  earlie r p ap er [1], d id  no t fu rn ish  
ap p reciab le  yields in  th is  series of p ep tid e s . The N -m eth y l-am in o  acids were 
p re p a re d  b y  fo rm ing  S ch iff bases w ith  b en za ld eh y d e, red u c in g  th em  w ith  
so d iu m  borohydride , a n d  m e th y la tin g  th e  o b ta in ed  N -benzy l-am ino  acid [9]. 
T h e  benzy l group w as re ta in e d  as an N -p ro tec tiv e  group. U n fo rtu n a te ly , th ough  
th e  N -benzyl group co u ld  easily  be c leaved  b y  ca ta ly tic  hydrogeno lysis  in  b o th  
p e p tid e s , nam ely  N -benzyl-N -m ethyl-L -valy l-L -pro line m e th y l ester and  
N -benzyl-N -m ethyl-L  (o r D )-leucyl-glycine m eth y l e s te r, i t  could n o t be 
rem o v ed  from  th e  te t r a p e p t id e  N -benzy l-N -m ethyl-L -valy l-L -pro ly l-N -m ethyl- 
D-leucyl-glycine m e th y l es te r. W hen  carb o b en zo x y  g roup  w as used  in stead , 
th is  group proved  to  be  h ig h ly  sensitive to  acid ; in  b o th  te tra p e p tid e s  12 and  
30  i t  was cleaved sp o n ta n e o u s ly  in  aqueous I N  HC1, to g e th e r  w ith  the  m e th y l 
e s te r  group. In  th is  s ide reac tio n  th e  ra tio  of th e  free p e p tid e  could am o u n t 
to  8 0 % . Most p ro b a b ly  th is  special sequence of am ino ac ids, as well as th e
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Table II

Peptide

Minimi

Gram-
positive
micro

organisms
/ig/ml

d inhibitory о

Gram
negative
micro-or
ganisms

iig/ml

oncentxation a 

Fungi,
fig/ml

gainst

M .  tu b .  
H 37R v  
A*g/ml

6 Pro-Meleu- Gly-OMe > 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0
63 M eV al-Pro-M eleu-------OMe > 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0
31 Val-Pro-Meleu- Gly-OMe > 1 0 0 > 1 0 0 <  100 > 1 0 0
13 MeVal-Pro-Meleu- Gly-OMe > 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0
65 Leu-M eVal-Pro-M eleu----- OMe > 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0
33 Leu- - -Val-Pro-Meleu- Gly-OMe . > 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0
15 Leu-MeVal-Pro-Meleu- Gly-OMe > 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0
67 Leu-Pro-Leu-M eVal-Pro-M eleu----- OMe > 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0
51 Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly > 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0
36 Leu-Pro-Leu---- Val-Pro-Meleu- Gly > 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0
20 Leu-Pro-Leu-MeVal-Pro-Meleu- Gly > 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0
52 cyclo(Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly) > 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0
37 cyclo(Leü-Pro-Leu- - -Val-Pro-Meleu- Gly) 12 > 1 0 0 50 12
21 cyclo(Leu-Pro-Leu-MeVal-Pro-Meleu- Gly) 25 > 1 0 0 20 50
58 Thr-Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly.DCHA > 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0
43 Thr-Leu-Pro-Leu---- Val-Pro-Meleu- Gly.DCHA 12 > 1 0 0 20 6
27 Thr-Leu-Pro-Leu-MeVal-Pro-Meleu- Gly.DCHA 25 > 1 0 0 20 6
57 N-acetyl-cyclo(Thr-Leu-Pro-Leu---- Val-Pro-MeLeu-Gly) > 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0
42 N-acetyl-cyclo(Thr-Leu-Pro-Leu---- Val-Pro-Meleu- Gly) 25 > 1 0 0 > 1 0 0 25
26 N-acetyl-cyclo(Thr-Leu-Pro-Leu-MeVal-Pro-Meleu- Gly) 50 > 1 0 0 > 1 0 0 10
69 N-palmitoyl-Thr-Leu-Pro-Leu- - -Val-Pro-Meleu- Gly.DCHA > 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0
70 N-palmitoyl-cyclo(Thr-Leu-Pro-Leu- - -Val-Pro-Meleu- Gly) > 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0
74 lauryl-val-Pro-Thr-Leu-Pro-Leu- - -Val-Pro-Meleu- Gly > 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0
75 lauryl-val-Pro-cyclo(Thr-Leu-Pro-Leu---- Val-Pro-Meleu- Gly) > 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0
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sim u ltan eo u s presence o f  p ro line an d  a t  le a s t one N -m eth y l-am in o  acid , 
re su lte d  in  an  e lec tron  d is tr ib u tio n  w here th e  carbobenzoxy  group b eh av ed  
like a p -m e th o x y ca rb o b en zo x y  g roup , w hich  could easily  be cleaved in  acid  
m ed ia  [7]. IR  m easu rem en ts  con firm ed  th e  assum ption  th a t  th e  b y -p ro d u c t 
w as in  a zw itterion  fo rm . T he c h a ra c te ris tic  CO freq u en cy  o f acids d id  n o t 
a p p e a r  be tw een  1730 an d  1760 c m -1 , n o r d id  th e  CO freq u en cy  of th e  e s te r  
g ro u p  a t  1720 c m - 1 . T h is u n u su a l phenom enon  is going to  be in v es tig a ted  
fu r th e r .

In  th e  course of th e  syn th esis  o f p ep tid es  co n ta in in g  tw o N -m ethy l 
g ro u p s, f irs t th e  sim ple tr ip e p tid e , carbobenzoxy-L-valyl-L -prolyl-D -leucine 
m e th y l  este r, was p re p a re d , an d  su b seq u en tly  m e th y la te d  in  th e  presence of 
N a H  w ith  m ethy l iod ide, in  d im eth y lfo rm am id e . The com ple tion  of m e th y la - 
t io n  w as checked b y  IR  an d  N M R  spectroscopy .

In  pep tides c o n ta in in g  a single N -m eth y l-am in o  acid m o ie ty , th e  o rig inal 
s tr a te g y  u tiliz ing  N -benzy l-N -m ethy l-D -leucine was re ta in e d .

C yclization w as effec ted  a t  co n cen tra tio n s  of 1 m ole/10 ml d ichlor- 
m e th a n e , b y  m eans of DCC, an d  its  com pletion  was checked  b y  IR  sp ec tro s
co p y , in  b o th  the  lac to n e  an d  th e  p ep tid e  bond  fo rm atio n . In  th e  course of 
th e  deca rb o b en zo x y la tio n  of th e  p ro te c te d  cyclo -octapep tides b y  ca ta ly tic  
hyd rogeno lysis , how ever, th e  lac tone  rin g  also suffered cleavage. C onsequen tly , 
in  th e  following th e  p ro te c te d  acyclic o c tap ep tid e  was deca rb o b en zo x y la ted , 
th e  free am ino g roup  a c e ty la ted , an d  fin a lly  th e  lac tone  w as form ed, a fte r  
sap o n ifica tio n  of th e  e s te r  g roup . In  a s im ila r w ay  in  th e  cyclo-octa- an d  cyclo- 
d ecap ep tid es , co n ta in in g  p a lm ito y l o r laury l-D -valy l-L -pro ly l side chain  
(70 a n d  75) th e  lac to n e  w as fo rm ed  in  th e  la s t s tep .

In  th e  course o f th e  syn th eses  in te rm e d ia ry  su b stan ces w ere r a th e r  d if
f ic u lt  to  hand le , m o stly  ow ing to  th e ir  h igh  so lub ility  in organic so lven ts. 
I n  severa l cases th e y  h a d  to  be ch a rac te rized  in  th e  fo rm  o f th e ir  D C H A  or 
HC1 sa lts .

Assessing th e  s tru c tu re -a c tiv ity  re la tio n sh ip  of th e  p ep tid es  syn thesized , 
i t  is a p p a re n t th a t  up  till  h e p ta p e p tid e s  (6, 63, 31, 13, 65, 33, 15, 67, 51, 36 
a n d  20) all acyclic p ep tid e s  are devoid  o f an tim icro b ia l a c tiv ity . I f  th e  h e p ta 
p e p tid e s , sm aller b y  one am ino acid  residue th a n  th e  neogriselim ycin  cycle, 
a re  cyclized, b o th  cy c lo h ep tap ep tid es  (37 an d  21) ex h ib it an tib a c te ria l a c tiv ity  
a g a in s t G ram -positive m icroorgan ism s (12 an d  26 /zg/ml) Candida albicans 
(50 an d  20 ^ig/ml) an d  Mycobacterium tuberculosis H i7R v (12 and  50 /xg/ml), 
b u t  on ly  if  the  N -m ethy l-leucine  m o ie ty  is o f D -configuration . The m olecule 
co n ta in in g  N -m ethyl-L -leucine (52) is devoid  of an tim ic ro b ia l a c tiv ity . T he 
p o te n c y  of 37 is n o t en h an ced  if  th e  m olecule con ta ins an  ad d itio n a l N -m ethy l- 
am ino  acid in  th e  fo rm  o f N -m ethy l-L -valine (21).

N -te rm ina l ch a in -e lo n g a tio n  b y  L -threonine led to  o c tap ep tid es  w hich 
a re  effective even in  th e  acyclic fo rm  (43 an d  27). S im ilarly  to  th e  cyclic h e p ta -
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p e p tid e s , the  N -m ethy l-L -leucine-con ta in ing  acyclic o c ta p e p tid e  (58) w as 
in a c tiv e , and  ad d itio n a l N -m eth y l-am in o  acid  (27) did  n o t en h an ce  th e  p o ten cy  
of 43 e ith e r . T he an tim ic ro b ia l a c tiv ity  o f th e  acyclic su b stan ces  was ra th e r  
s tr ik in g , as all m acrocyclic  p ep tid e  an tib io tic s  described  in  th e  lite ra tu re  
(s tap h y lo m y c in  [4], e tam y c in  [5], e tc .) , includ ing  griselim ycin  [2], were in 
ac tiv e  in  the  open ch a in  fo rm . In  ac tin o m y cin s th e  open ing  o f one of th e  tw o 
lac to n e  rings is su ffic ien t to  reduce a c tiv i ty  to  a m in im u m  [6]. In  our case 
even  th e  acyclic o c tap ep tid e , co n ta in in g  one single u n n a tu ra l  am ino acid , 
e x h ib ite d  an tim icro b ia l a c tiv ity  (43), while the  m ore so p h is tica ted  acyclic 
form  o f  griselim ycin w as devoid  of a n y  po ten cy . C onseq u en tly  th e  m ode of 
ac tio n  o f  our m olecule is assum ed to  be d iffe ren t. This h y p o th es is  is su p p o rted  
b y  th e  fa c t th a t  acyclic an d  cyclic p a lm ito y l-o c tap ep tid es  (69 an d  70), as well 
as th o se  hav ing  an  N -lau ry l-d ip ep tid e  side chain  (74 an d  75) were devoid  of 
a n tim ic ro b ia l a c tiv ity , a lth o u g h  th is  w as th e  w ay w hich h a d  led  to  th e  m ost 
p o te n t  sem i-syn the tic  griselim ycins.

T he fo rm atio n  o f a lac tone  ring  in  o c tap ep tid es  42 a n d  26 did  n o t re su lt 
in m olecules o f en h an ced  p o tency , an d  th e  cyclo -o c tap ep tid e , b u ilt up solely 
from  L-am ino acids (57), w as eq u a lly  devo id  of an y  p o te n c y .

I t  m ay be concluded  th a t  we succeeded  in  sy n thesiz ing  h igh ly  sim plified  
griselim ycin  analogues ex h ib itin g  considerab le  an tim ic ro b ia l p o ten cy  (Table 
I I I ) .  Seven residues in  cyclic, and  e ig h t residues in acyclic fo rm  are su ffic ien t

Table III

Min inhibitory concn.

Compound M .  t u b . B .  s u b t i l i s Fungi
^g/ml ^g/ml iig/ml

Griselimycin [2] 1 - 5 > 2 5 0 > 2 5 0
Neogriselimycin [3] 0 .005 > 2 5 0 > 2 5 0

cyclo(Leu-Pro-Leu---- Val-Pro-Meleu-Gly) (37) 12 50 12
cyclo(Leu-Pro-Leu-MeVal-Pro-Meleu-Gly) (21) 25 20 50

Thr-Leu-Pro-Leu- - -Yal-Pro-Meleü-Gly.DCHA (43) 12 20 6
Thr-Leu-Pro-Leu-MeVal-Pro-Meleu-Gly.DCHA (27) 25 20 6

N-Ac-cyelo(Thr-Leu-Pro-Leu---- Val-Pro-Meleu-Gly) (42) 25 >100 25
N-Ac-cyclo(Thr-Leu-Pro-Leu-MeVal-Pro-Meleu-Gly) (26) 50 >100 10

for a n  active m olecule. One single u n n a tu ra l  am ino acid , N -m ethyl-D -leucine, 
is e ssen tia l for an tim ic ro b ia l a c tiv ity ; if  i t  has L -configuration , th e  m olecule 
loses its  po tency . In tro d u c tio n  of one ad d itio n a l N -m eth y l-am in o  acid, N- 
m ethy l-L -valine , d id  n o t enhance  th e  p o ten cy . F o rm a tio n  of a lactone rin g  
d id  n o t  affect an tim ic ro b ia l a c tiv ity , w hile th e  ad d itio n  o f an  N -acyl- or 
N -a lk y l side chain  led to  m olecules devo id  o f po tency .
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E xperim en ta l

Thin-layer chrom atogram s were run  on “ Silica Gel for TLC According to  S tah l”  or 
on “ Kieselgel H F254 +366 nach Stahl für D ünnschicht” plates w ith  chloroform -m ethanol 9 : 1 
(jR/7|), ethyl acetate-pyridine-acetic acid-w ater 30 : 20 : 6 : 11 (R p u ) ,  chloroform -acetone 
8 : 2 (jRpni), and chloroform -acetone 9 : 1 (Rpiy ). The spots were revealed w ith ninhydrine, 
1% p-nitrobenzoylchloride-pyridine (in th e  case of N -m ethyl-am ino acids), Cl2-tolidine, or 
UV light (by incorporating  a fluorescent indicator in  the th in-layer), and iodide vapor.

Silica gel colum n chrom atography was carried out on “ Kieselgel R eanal 1/14 for Chro
m atography” .

Organic ex trac ts  were dried over anhydrous sodium sulfate and evaporations were 
carried  out under reduced  pressure in a ro ta ry  evaporator.

Acid hydrolysates of th e  peptide derivatives were prepared using 6N  HC1 (110°C/16 hrs.) 
and  the amino acid com position of the hydrolysates was determ ined either qualitatively  or 
quan tita tively  w ith gas chrom atography or by m eans of an amino acid analyser, respectively.

M.p.’s are uncorrected.
Starting materials. Carbobenzoxy amino acids and amino acid m ethyl esters were p re

pared  according to  general procedures, and the N-lauryl- and N-benzyl-N-m ethyl-am ino acids 
b y  th e  method of Qu itt  et ál. [9].

Intermediates and  end products were purified with chrom atography, recrystallization, 
repeated  precipitation, and  preparative TLC.

Microbiological assays (Table II) were carried ou t by serial d ilu tion  and the agar d iffu
sion method on th e  following tes t organisms: Mycobacterium tuberculosis H 37R V (D ubos’ 
m edium ), apathogenic Mycobacteria, Bendo pyogenes, Escherichia coli GR, Shigella sonnei, 
Sarcina lutea, Staphylococcus Duncan, Streptococcus faecalis, Bacillus subtilis, Haemophylus 
group, pathogenic and  apathogenic fungi, and Candida albicans.

General procedures (Table IV)

Method A : DCC coupling

The appropriate m ethyl-am ino acid- or m ethyl-peptide hydrochloride (10 mmoles) in 
dichlorom ethane (100 ml) and triethylam ine (10 mmoles) was coupled a t 0°C for 12 hrs w ith  
a protected amino acid or a protected peptide, respectively (10 mmoles), in the presence of 
DCC (10 mmoles). The precip ita ted  DCU was filtered off, and the filtra te  diluted w ith di
chloromethane (100 ml).

Up till tripep tides th e  solution was washed w ith UV HC1, 5% N aH C 03 solution, w ater, 
dried  over sodium sulfate and  evaporated to  dryness under reduced pressure.

From te trapep tides on, however, the washings were om itted , and  the concentrated 
solution was purified by  rap id  silica gel chrom atography, to avoid th e  decomposition of the 
p ro tected  peptides.

Method B : Mixed anhydride method

The appropriate p ro tected  amino acid (50 mmoles) was suspended in  a m ixture of T H F  
(80 ml) and triethylam ine (50 mmoles) and, a t —40°C, ethyl chloroform ate (50 mmoles) was 
added over a period of 30 min. The m ixture was stirred a t — 5°C for min, refrigerated to  
— 20°C, and a suspension of the methyl-am ino acid hydrochloride (50 mmoles) in T H F  (60 ml) 
and  triethylam ine (50 mm oles) was added over a period of 15 min. The m ixture was stirred  
a t  —5°C for 5 hrs, and allowed to  stand a t room  tem perature overnight. The T H F was evap
ora ted  under reduced pressure, the dry residue dissolved in chloroform (400 ml), washed 
w ith  0.1IV HC1 (2 X 200 ml), 5% N aH C 03 solution (2 x200 ml) and w ater (200 ml) dried over 
N a2S 0 4 and evaporated to  dryness under reduced pressure.

Method C: Hydrogenolysis

A solution of Z-peptide-OM e or Bzl-peptide-OMe (10 mmoles) in  MeOH (100 ml) and 
HC1 (10 mmoles) was hydrogenated  a t room tem perature  in  the presence of 10% palladized 
charcoal (1.0 g). The filtered  solution was evaporated to dryness a t reduced pressure.
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Physicochemical data o f  the peptides

Table IV

F o rm u la M ethod Y ie ld ,
%

М .р.,
°с WS

r f

A n aly sis

R e q u ire d , %

F o rm u la
F o u n d , %

I
"  1 I I I IV С н N e i - C H N c i -

1 Bzl-Meleu-Gly-OMe A 55.0 174* -3 6 .6 с =  2 СНС13
1

0.8 66.60 8.57 9.13 c 17h 26n , o 3 66.45 8.70 9.37в 87.5 173* -3 6 .0 66.80 8.75 9.272 Bzl-MeLeu-Gly-OMe в 87.8 168* +  34.5 с =  2.19 СНС13 0.8 66.60 8.57 9.13 c i 7h 26n 2o 3 66.35 8.62 9.573 Meleu-Gly-OMe • HC1 с 91.0 0.0
4 MeLeu-Gly-OMe • HC1 с 90.0 0.0
5 Z-Pro-Meleu-Gly-OMe А 88.8 74ь 0.8 61.70 7.43 9.40 61.42 7.55 9.026 Pro-Meleu-Gly-OMe • Hcl с 19.4 0.01 0.9 12.11 10.2 C15H27N30 4 • HC1 11.80 9.807 Z-Pro- -  -leu- -  -  -OMe А 80.7 6 6 е 0.92 0.8 0.7 63.80 7.52 7.45 C20H28N2O5 63.70 7.30 7.30в 39.9 65е 0.92 0.8 63.70 7.30 7.308 Pro- - -leu---- OMe • HC1 С 96.0 245ь 0.1 0.7 0.0 10.10 12.8 C12H 33N20 3 • HC1 9.55 12.55
9 Z-Val-Pro--- leu- - - -OMe в 69.0 138d -  7.9 с = 0.1 МеОН 0.8 0.35 63.00 7.84 8.82 C25H 37N3Oe 63.20 7.86 8.6410 Z-MeVal-Pro-Meleu- - - -OMe D 0.82

11 Z-MeVal-Pro-Meleu • DCHA Е 64.7* 295* -  0.75 с = 4 ЕЮ Н 0.9 68.01 9.31 8.35 C26H 39N30„ • DCHA 67.90 9.42 8.0512 Z-MeV al-Pro-Meleu-Gly-OMe F + А 0.7
13 MeVal-Pro-Meleu-Gly-OMe • HC1 С 34.4* 129-34* -  7.9 с = 5 СНС13 0.0 0.86 12.10 c21h 38n 4o 5 . HC1 11.7214 Z-Leu-MeV al-Pro-Meleu-Gly-OMe А 0.75
15 Leu-MeVal-Pro-Meleu-Gly-OMe • HC1 С 58.5* 63* -6 2 .4 с = 0.1 МеОН 0.9 • 0.0 12.15 C.,7H49N5H„ • HC1 11.6516 ^  Z-Leu-Pro-OMe А 0.8
17 Z-Leu-Pro • DCHA Е 28.0* 72' -5 4 .2 с =  0.4 МеОН 0.13 7.74 C19H ,6N ,0 5 • DCHA 7.9118 Z-Leu-Pro-Leu-MeVal-Pro-Meleu-Gly-OMe F +  А 81.9 0.8
19 Leu-Pro-Leu-MeVal-Pro-Meleu-Gly-OMe • HC1 С 96.5 52ь -6 5 .2 с =  0.1 МеОН 0.8 0.0 12.47 c38h 67n 7o 8 • HC1 12.08
20 Leu-Pro-Leu-MeV al-Pro-Meleu-Gly Е 98.8 90ь -6 0 .2 с =  0.1 МеОН 0.9 0.0 13.33 c37h 65n 70 8 13.2121 Cyclo(Leu-Pro-Leu-MeVal-Pro-Meleu-Gly) G oil 0.9 0.8
22 Z-Thr-Leu-Pro-Leu-MeVal-Pro-Meleu-Gly-OMe А 48.3* 96 —7Ь -  5.0 с =  5 МеОН 0.83 0.7 11.38 QoHeoNeOj, 11.2523 Thr-Leu-Pro-Leu-MeVal-Pro-Meleu-Gly-OMe • HC1 С 0.1
24 N-Ac-Thr-Leu-Pro-Leu-MeVal-Pro-Meleu-Gly-OMe Н 0.4
25 N-Ac-Thr-Leu-Pro-Leu-MeVal-Pro-Meleu-Gly Е 0.1
26 N-Ac-cyclo(Thr-Leu-Pro-Leu-MeVal-Pro-Meleu-Gly) G 43.2* 113ь 0.73 13.00 12.7527 Thr-Leu-Pro-Leu-MeVal-Pro-Meleu-Gly • DCHA Е 59.2 207' 0.5 0.0 12.40 С4,Н ,Л йО,„ • DCHA 12.1928 Z-Val-Pro.....................OMe А 69.4 oil 0.6
29 Z-Val-Pro DCHA Е 96.2 42' -8 1 .4 с =  0.1 МеОН 0.9 0.3 7.98 C,+L,N,Os • DCHA 7.81
30 Z-V al-Pro-Meleu-Gly-OMe F  +  A 0.69
31 Val-Pro-Meleu-Gly-OMe • HC1 С 66.7* 129ь -  7.7 с =  0.1 МеОН 0.0 0.76 12.49 C20H 36N4O5 • HC1 12.3332 Z-Leu- - -Val-Pro-Meleu-Gly-OMe А 0.75
33 Leu---- У al-Pro-Meleu-Gly-OMe • HC1 С 69.8* 72* -6 3 .6 с =  0.1 МеОН 0.87 12.51 C26H47N5Oc • HC1 11.9134 Z-Leu-Pro-Leu- - -Val-Pro-Meleu-Gly-OMe F +  А 85.2 oil 0.8
35 Leu-Pro-Leu- - -Val-Pro-Meleu-Gly-OMe • HC1 С 95.1 74» -6 4 .3 с =  0.1 МеОН 0.25 12.72 c37h 65n ,0 8 • HC1 12.5136 Leu-Pro-Leu- - -Val-Pro-Meleu-Gly Е 91.1 95ь -6 3 .2 с =  0.1 МеОН 0.9 0.0 13.58 C3cH 63N70 8 13.3137 Cyclo(Leu-Pro-Leu- - -Val-Pro-Meleu-Gly) G 69.2 oil 0.9 0.8
38 Z-Thr-Leu-Pro-Leu- - -Val-Pro-Meleu-Gly-OMe А 40.7 116 —7Ь -  5.05 с =  5 МеОН 0.85 0.7 11.52 C49H 78N80 jo 11.5239 Thr-Leu-Pro-Leu- - -Val-Pro-Meleu-Gly-OMe • HC1 С 0.12
40 N-Ac-Thr-Leu-Pro-Leu- - -Val-Pro-Meleu-Gly-OMe н 0.43
41 N-Ac-Thr-Leu-Pro-Leu- - -Val-Pro-Meleu-Gly Е 0.1
42 N-Ac-cyclo(Thr-Leu-Pro-Leu- - -Val-Pro-Meleu-Gly) G 49.7* 114ь 0.75 13.23 13.5143 Thr-Leu-Pro-Leu- - -Val-Pro-Meleu-Gly • DCHA Е 79.0 209' 0.5 0.0 12.12 C40H 70N9O10 ■ DCHA 12.4144 Z-Thr-Leu-Pro-Leu- - -Val-Pro-Meleu-Gly • DCHA Е 93.1 169' -  5.0 с =  1 МеОН 0.9 0.0 11.01 C48H 76N80 12 • DCHA 10.07
45 Z-Val-Pro-MeLeu-Gly-OMe F +  А 72ь 0.75
46 Val-Pro-MeLeu-Gly-OMe • HC1 С 64.8* 134ь -2 8 .6 2 с =  5 СНС13 0.76 0.0 53.40 8.32 12.50 C20H 36N4O5 • HC1 53.78 8.60 11.9847 Z-Leu- - -Val-Pro-MeLeu-Gly-OMe А 66.0 72ь -4 7 .2 0 с =  5 МеОН 0.75 10.62 c34h 53n 5o 8 11.0048 Leu- - -Val-Pro-MeLeu-Gly-OMe • HC1 С 90.1 141ь -4 0 .3 С =  1 МеОН 0.87 0.0 12.52 C,6H47N5Oe • HC1 12.8549 Z-Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly-OMe F +  A 82.4 oil 0.8
50 Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly-OMe • HC1 С 96.0 78ь -1 0 5 .8 с - 1 МеОН 0.8 0.0 12.72 C37H65N70 8 • HC1 12.9551 Leu-Pro-Leu---- V al-Pro-MeLeu-Gly Е 90.0 90ь -1 0 5 .8 С =  1 МеОН 0.9 0.0 13.58 C36H 63N70 8 13.6552 Cyclo(Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly) G 65.0 oil 0.9 0.8
53 Z-Thr-Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly-OMe А 66.4 122ь -5 8 .9 с =  5 МеОН 0.7 11.52 11.69
54 Thr-Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly-OMe • HC1 С 0.11
55 N-Ac-Thr-Leu-Pro-Leu---- Val-Pro-MeLeu-Gly-OMe Н 0.4
56 N-Ac-Thr-Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly Е 0.12
57 N-Ac-cyclo(Thr-Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly) G 39.3* 1 0 5 -1 0 ” -9 2 .0 2 с =  5 МеОН 0.75 13.23 13.18
58 Thr-Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly • DCHA Е 96.0 206' -5 8 .3 с =  5 МеОН 0.5 0.0 12.55 C40H 70iN8O10 ■ DCHA 12.0459 Z-Thr-Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly • DCHA Е 86.4 162' -5 8 .3 с =  5 МеОН 0.0 0.9 11.01 C48H 76N80 12 • DCHA 11.25
60 Bzl-MeVal-Pro..................... OMe А oil 0.8 0.7
61 Bzl-MeVal-Pro Е 0.0
62 Bzl-MeY al-Pro-Meleu-Gly-OMe А 0.7
63 MeVal-Pro-Meleu------ OMe • HC1 С 97.6* 0.1
64 Z-Leu-MeV al-Pro-Meleu------ OMe А 71.1 oil 0.8
65 Leu-MeVal-Pro-Meleu- - - -OMe ■ HC1 С 96.5 71” -  7.9 с =  0.1 МеОН 0.18 10.80 C25H46N40 5 • HC1 10.20
66 Z-Leu-Pro-Leu-MeVal-Pro-Meleu- - - -OMe F +  А 79.8 0.83
67 Leu-Pro-Leu-MeVal-Pro-Meleu- - - -OMe • HC1 С 46.6 112” -  5.0 С =  1 МеОН 0.18 11.55 c31!h 64n 6o 7 • HC1 11.01
68 N-Palm-Thr-Leu-Pro-Leu- - -Val-Pro-Meleu-Gly-OMe I 0.75
69 N-Palm-Thr-Leu-Pro-Leu---- Val-Pro-Meleu-Gly • DCHA Е 31.8* 148' 0.55 0.4 10.13 С5бН10(Д ,О и  . DCHA 9.80
70 N-Palm-cyclo(Thr-Leu-Pro-Leu---- Val-Pro-Meleu-Gly) G 30.0 68* 0.85 0.75 10.73 10.5071 Lau-val • DCHA (9) 60.0 190' 0.82 0.0 74.68 12.50 6.03 C j.H ^NO , • DCHA 74.30 12.20 5.8772 Lau-val-Pro • DCHA F +  А 59.1 183' 0.8 0.1 7.46 С„Нл,№ ,0, • DCHA 7.6173 L au-val-P ro -- - - - - - -  -Thr-Leu-Pro-Leu- - -Val-Pro-Meleu-Gly-OMe А 0.7
74 Lau-val-Pro- - - - - - - -  -Thr-Leu-Pro-Leu- - -Val-Pro-Meleu-Gly Е 34.8* 134< 0.8 0.1 11.80 11.5075 Lau-val-Pro- - - - -cyclo(Thr-Leu-Pro-Leu---- Val-Pro-Meleu-Gly) G 25.6 0.7

Solvents: a MeOH; b trea ted  w ith petroleum  ether; c ethylacetate-petro leum  ether; d ethylacetate; e ether; f  M eO H -petroleum  ether * O verall yield including form er steps where no yield was indicated.
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Method D : Methylation o f the protected tripeptide 9

Sodium hydride (90 mmoles) was washed twice w ith ether (2 X 30 ml) s^nd added in 
portions in to  a solution of the protected  tripep tide 9 (20.5 mmoles) in  d ry  m ethylform am ide 
(150 ml) a t 0°C. As the evolution of hydrogen ceased, m ethyl iodide (90 mmoles) was added 
dropw ise to  the stirred solution, w hich was then  allowed to  stand for 3 days a t room tem pera
tu re . T he semi-solid m ixture was poured in portions on crushed ice, and  extracted  w ith di- 
chlorom ethane, washed w ith  I N  HC1 (2 x200 ml) and w ater (200 ml), dried over Na2S 04 and 
evapora ted  to  dryness a t reduced pressure. The oily residue was used w ithout purification 
in  th e  n ex t step.

According to  the IR  and NMR spectra, m ethylation was com plete. No NH-signals 
could be found in the IR  (3300 cm -1 ) or NMR spectrum , only N —CH 3 signals were present 
a t ő =  3.0 and 2.9 ppm , corresponding to  the N -m ethyl group of the valine and leucine resi
dues, respectively, as well as OCH3-signals, due to  the m ethyl glycinate group, a t ő =  3.8 ppm .

In  TLC the spot of the product failed to appear w ith Cl2-tolidine, b u t could be detected 
w ith  iodine vapour or in UV light. The chrom atogram  of its acid hydro lysate  gave a single 
yellow spot upon spraying w ith ninhydrine reagent, indicating the presence of proline. No 
spots characteristic of valine or leucine could be visualized w ith 1% p-nitrobenzoylchloride- 
pyrid ine reagent.

Method E : Saponification

The appropriate protected  peptide m ethyl ester (40 mmoles) was saponified for 2 hrs 
a t room  tem perature w ith 20% m ethanolic NaOH (20 ml). In  more d ilu te solution the reaction 
was long draw n-out, and by-products were form ed. As the C-terminal was either glycine, 
proline or N-methyl-leucine, no hydanto in  form ation or racem ization was observed. The end 
of the  reaction  was checked by  TLC. The reaction m ixture was diluted w ith  w ater (200 ml) 
and  th e  im purities, having higher R p  values th a n  the product, were rem oved by ex traction  
w ith  e th y l acetate (2 X 100 ml). The pH  of the aqueous layer was ad justed  to  pH  3, and ex
tra c te d  w ith  chloroform (2 X 100 ml). The combined chloroform ex trac ts  were dried over 
N a2S 0 4 and evaporated a t reduced pressure.

Formation o f D CHA salt. The oily residue was dissolved in e ther (150 ml) and DCHA 
(5.5 ml). The crystals of the DCHA salt were formed upon standing for several days.

Method F : Formation o f free C-terminal from  the DCH salt

The appropriate protected peptide DCHA salt (10 mmoles) was dissolved in a m ixture 
of w ater (45 ml) and 1ЛГ HC1 (11 ml). The aqueous solution was ex trac ted  w ith dichloro- 
m ethane (3 X 100 ml), the combined ex tracts dried over Na2S04 and  concentrated under 
reduced pressure to  50 ml. This concentrate was used w ithout purifica tion  in the next step.

Method G: Cyclization

The appropriate peptide, having a free amino and carboxyl group, or a free hydroxyl 
and carboxyl group (1 mmole) was cyclized for 3 days a t room tem perature  in dichlorom ethane 
(10 ml) w ith DCC (1 mmole). The reaction  m ixture was kep t for 24 hrs a t  0°C, the DCU rem oved 
and th e  solution evaporated to  dryness under reduced pressure. The oily residue solidified 
after trea tm en t w ith petroleum  ether. The form ation of the cycloheptapeptide cycle was con
firm ed by the NH frequencies a t  3270 cm-1 , and by the lack of a frequency characteristic 
of COOH groups in the IR  spectrum  (1730 — 1760 cm- 1 ). The form ation of the lactone ring 
in the  cyclo-octapeptides was supported  by the N H  frequencies a t 3270 cm -1  and the lactone 
frequency a t 1705 cm-1  in  th e  IR  spectrum . The N -acetyl methyl protons appeared a t ő =  
=  2.15 ppm  in the NMR spectrum .

Method H : Acetylation

Threonyl-peptide m ethyl ester (0.92 mmoles) was acetylated for 24 hrs a t room tem 
p era tu re  w ith acetic anhydride (2 ml) in m ethanol (5 ml). The m ix ture  was poured on ice- 
w ater (100 ml) and extracted  w ith  ethy l acetate (3 x 5 0  ml). The com bined extracts were 
w ashed w ith  5% Na2C 03 solution (50 ml) and w ater (50 ml), dried over N a2S 0 4 and evaporated 
to dryness in vacuum. The residue was used w ithout purification in  th e  nex t step.
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Method I :  Active ester method
Compound 39 (5 mmoles) in the base form was coupled in  a m ix ture  of dichlorom ethane 

(50 ml) and triethy lam ine (5 mmoles) a t room  tem perature for 72 hrs w ith palm itic acid 
p -nitrophenyl ester (5 mmoles). The m ixture was evaporated to  dryness a t reduced pressure, 
w ashed with w ater, dried, washed w ith ether, and used w ithout purifica tion  in the nex t step.

*

The authors’ th an k s  are due to  the A nalytical D epartm ent (head: J . Száva) for the 
analyses, to P. S ohár  and S. Mé h e s f a l v i for th e  I R  and N M R  spectra, to I. K oczka for the 
microbiological assays and to  E. Cseszá r  for technical assistance.

Symbols

Abbreviations

Ac acetyl
Bzl benzyl
DCC dicyclohexylcarbodiim ide
DCU dicyclohexylurea
DCHA dicyclohexylam ine
Lau lauryl
Meleu N-methyl-D-leucine
MeVal N-methyl-L-valine
palm palm itoyl
THF te trahyd ro fu ran
TLC th in -layer chrom atography
Z carbobenzoxy

The abbreviations for L-amino acid residues and their derivatives, as well as their 
m ode of use are in  accordance w ith the suggestions of the Committee on Nomenclature adopted 
b y  IUPAC (J. Biol. Chem. 247, 977 (1972)). D-amino acids are abbreviated  in small le tters 
(D-Leu =  leu, whereas: ь -Leu =  Leu).
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9-Phenylacridine and acridine were N -am inated w ith O-mesitylenesulfonyl- 
hydroxylam ine. The resulting ]V-(10-acridmio)-amides of type 1 were transform ed in to  
pseudobases of type 2, iV-(]0-acridino)-amidates of type 6, the related compounds 
7 and the hydrochlorides (5) of the former. Some reactions of the pseudobases have 
also been studied.

A b rie f  re p o rt b y  Jap an ese  au tho rs [1] on th e  anom alous reaction  of 
acrid ine  w ith  hydroxylam ine-O -su lfonic  acid  p ro m p ts  us to  describe our 
am in a tio n  stud ies of acrid ine  and  9-pheny lacrid ine w ith  O -m esity lenesulfonyl- 
h y d ro x y lam in e  (“ M SH ” ) [2] and  some reac tio n s of th e  re su ltin g  IV-amino 
deriv a tiv es .

The k ey  com pound  for th e  sy n th e tic  s tud ies described  in  th e  p resen t 
p a p e r was 10-am ino-9-pheny lacrid in ium  m esity len esu lfo n a te  ( la )  w hich w as 
o b ta in ed  b y  tre a tin g  9 -pheny lacrid ine  w ith  M SH . A cridine an d  M SH reac ted  
s im ila rly  to  y ield  lb .

W hen m ethano lic  or e th an o lic  so lu tions o f la  w ere t r e a te d  w ith  I N  
N aO H  or N H 4O H , th e  correspond ing  9 -a lkoxy  deriv a tiv es  (2a and  2b, r e 
spectively ) were o b ta in ed . T he re a c tiv ity  of th e  la t te r  is as ex p ec ted  for ty p ica l 
p seudobases. T hus 2a an d  2b, w hen re flu x ed  in  th e  p resence o f  alkali w ith  
e th an o l and  m eth an o l, re spec tive ly , fu rn ished  equ ilib rium  m ix tu re s  of 2a and  
2b, easily  d e tec ted  b y  N M R . W ith  hydroch lo ric  acid b o th  2a and  2b were 
tran sfo rm ed  in to  10-am ino-9-pheny lacrid in ium  chloride ( lc ) . F u rth e rm o re , 
2a reac ts  w ith  th e  CH acid  n itro m eth an e  to  y ield  3.

C harac te ristic  v io le t co lourations are observed  w hen  th e  pseudobases 
2a an d  b are re flu x ed  w ith  a so lven t such as gasoline or to lu en e . W hen  refluxed  
w ith  n itro m e th a n e , th e  in itia l v io let co loura tion  d isappears a t  th e  pace as 2a 
is co n v erted  in to  3. P ro longed  reflux ing  w ith  chlorobenzene also causes th e  
v io le t colour to  d isap p ear, because 2a is tran sfo rm ed , p ro b a b ly  via  IV-(10-acri- 
d in io)-am ide (4), in to  9-pheny lacrid ine.

W hen an  aqueous so lu tion  of la  is t r e a te d  w ith  a lkali, a v io le t am o rp h 
ous p ro d u c t is o b ta in ed  resis tin g  all a tte m p ts  a t  c ry s ta lliz a tio n . The pseudo-

* P a rt V: F e t t e r , J . ,  L e m p e r t , K. Mö ller , J .: Tetrahedron, 31, 2559 (1975)
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b ase  s tru c tu re  2c an d  th e  am m onioam ide  s tru c tu re  4* are b o th  in  ag reem en t 
w ith  th e  reactions o f  th is  p ro d u c t, viz. t h a t  it  y ields 2a an d  3, w hen tre a te d  
w ith  m ethano l an d  n itro m e th a n e , re sp ec tiv e ly , and  th a t ,  w hen  re flu x ed  w ith  
ch lorobenzene, i t  is tra n s fo rm e d  in to  9 -pheny lacrid ine.

R eduction  o f  l a  w ith  N a B H 4 is analogous to  its  re a c tio n  w ith  alcohols 
in  t h a t  it  is again  th e  C-9 a to m  w hich  is a tta c k e d  b y  th e  nucleophile , to  y ield  
th e  p ro d u c t 10-am ino-9 -pheny l-9 ,10 -d ihydroacrid ine .

The (acy lam ino)acrid in ium  sa lts  o f ty p e  5 are  o b ta in e d  b y  acy la tio n  
o f  th e  am inoacrid in ium  sa lts  o f ty p e  1, o r the  co rrespond ing  p seudobases 2. 
In te re s tin g ly , re a c tio n  o f  th e  p seu d o b ase  2a w ith  e th y l ch lo ro fo rm ate  gives 
l c  r a th e r  th a n  th e  e x p e c te d  5d. T re a tm e n t of th e  ty p e  5 co m pounds w ith  
a  base  furnishes th e  a c rid in io am id a tes  o f ty p e  6. iV -(9-Phenyl-10-acrid in io)- 
-iV -pheny lth iocarbam oy lam ide 7 h as b e e n  syn thesized  b y  allow ing 2a to  re a c t 
w ith  p h en y l iso th io c y a n a te .

R  P h  OR'

a: R  — Ph, X =  2,4,6-МезСбНг80з a : R — Me
b: R =  H, X = 2,4 ,G-Me3CeH 2S03 b: R '=  E t
c: R  =  P h  X = C 1 c: R '= H

Ph CH2NO j Ph R

A AA050 и 3 )|
1 A ® ’ V

N H . e:XII H N . A )  Cl0
C A

R'

3 4 5

a: R =  Ph, R '=  Me
b: R =  Ph, R '=  Ph
c: R = H , R '=  Ph
d: R = P h ,

wоJl

* Heterocyclic am m onioam ides are, in  general, unstable and furnish 1,2,4,5-tetrazine- 
type  dimers (cf. [3]), w hich are in equilibrium  w ith the monom eric forms. Dimer form ation 
appears unlikely in  th e  case of 4 for steric reasons.
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R Ph

a: R = P h ,  R ' =  Me 
b : R =  Ph, R' =  Ph 
c: R =  H, R = P h

E xperim ental

lO-Amino-9-phenylacridinium mesitylenesulfonate ( la )

MSH (~  4.7 g; 22 mmoles), dissolved in CH2C12 (30 ml), was poured into a solution 
of 9-phenylacridine (5.1 g; 20 mmoles) in CH2C12 (30 ml). Heat was evolved, and the mixture 
started to boil. After the vigorous reaction had subsided, the mixture was kept for 1 hr at 
room temperature and evaporated to dryness. The residue was dissolved in ethanol (30 ml), 
EtOAc (80 ml) was added, the insoluble impurities were removed by filtration, and ether 
(200 ml) was added to precipitate 5.0 g (55%) of the greenish yellow crystals of la, m.p. 
178 —180°C (from EtOH-EtOAc-Et20).

C19H15N2 • C^HnOgS (470.58). Calcd. N 5.95; S 6.81. Found N 6.16; S 7.05%.

10-Aminoacridinium mesitylenesulfonate (lb )

An ethereal solution (140 ml) of MSH (~  7.5 g; 35 mmoles) was rapidly mixed with 
an ethereal solution (100 ml) of acridine (5.4 g; 30 mmoles). The mixture immediately became 
greenish opaque and crystallization of the product started within a few minutes. The mixture 
was allowed to stand overnight to yield 8.9 g (75%) of lb, greenish yellow crystals, m.p. 
233 —234°C (from EtOH).

C13HuN2 • C9Hu 0 3S (394.50). Calcd. N 7.10; S 8.13. Found N 7.54; S 8.02%.

10-Amino-9-phenylacridinium chloride ( lc )

Methanolic suspensions of the pure pseudobases 2a or 2b (see below) were saturated 
with dry HC1 gas. The resulting solutions were evaporated to dryness in vacuum and the 
residues triturated with ether to furnish l c  in theoretical yield, m.p. 257 — 259°C (d.; from 
MeOH-Et20).

Ci9H15C1N2 (306.79). Calcd. Cl 12.72; N 10.05. Found Cl 12.36, N 9.96%.

10-Amin о-9-mcthoxy-9-phenyl-9.10-dihydroacridine (2a)

I N  aqueous NaOH (8  ml) was added by drops to a methanolic (15 ml) solution of la  
(2.35 g; 5.0 mmoles) to yield 1.4 g (93%) of a light-brown crystalline product which was 
filtered off and washed with water until neutral. M.p. 129°C (d.; from a large amount of 
MeOH).

C20H18N2O (302.38). Calcd. C 79.44; H 6.00; N 9.26. Found C 79.63; H 6.07; N 9.40%.
NMR (C*DC13, TMS): <5 7.65 — 6.9 ppm (m, 13 H, ArH); 3.98 ppm (s, 2H, NH2); 2.95 ppm 

(s, 3H, OMe).
When heated to the b.p., a toluene or gasoline solution of 2a turned violet; the colour 

disppeared, when the solutions were allowed to cool.
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Thermal decomposition
A solution of 2a (1.0 g; 3.3 mmoles) in PhCl (20 ml) was refluxed for 1.5 hr. The result

ing colourless solution was evaporated to dryness in vacuum, and the residue was recrystallized 
from EtOH to yield 0.6 g (73%) of 9-phenylacridine which, by m.p., mixed m.p., IR spectra 
and TLC, proved identical with an authentic sample.

10-Amino-9-ethoxy-9-phenyl-9,10-dihydroacridine (2b)
This compound was obtained similarly to 2a. The yield was 85%, m.p. 134°C (from 

EtOH),
C21H20N2O (316.41). Calcd. C 79.72; H 6.37; N 8.85. Found C 79.78; H 6.36; N 8.75%.
The colour reactions of 2b were identical with those of the 9-methoxy analogue (2a).
NMR (CDC13, TMS): á 7.6 — 6.75 ppm (m, 13 H, ArH); 3.85 ppm (s, 2 H, NH2); 3.08 ppm 

(qu, 2 H ) |  1.12 ppm (t, 3H, J  =  7 Hz, OEt).

Reaction of la  with aqueous alkali
An aqueous solution (50 ml) of la  (2.35 g) was treated with 5% aqueous NaOH (40 ml) 

to yield a violet amorphous precipitate (1.25 g) which was washed with water until neutral 
and filtered off. All attempts at purification of the product failed.

When the product was triturated with methanol at room temperature, the violet colour 
disappeared and cream-coloured crystals were obtained which, according to the IR spectra, 
m.p.’s and TLC, proved identical with authentic 2a.

When the amorphous product was boiled up with nitromethane, the violet colour 
gradually disappeared and, after evaporation of the solvent and recrystallization of the residue 
from PhCl-light petroleum, pure 3 (IR, mixed m.p., TLC) was obtained.

When the amorphous product was boiled for a few minutes with PhCl, the violet 
colour gradually disappeared, and crystals of 9-phenylacridine (IR, mixed m.p., TLC) deposited 
on allowing the solution to cool.

10-Amino-9-nitromethyl-9-phenyl-9,10-dihydroacridine (3)
A mixture of 2a (1.0 g; 3.3 mmoles) and nitromethane (15 ml) was refluxed for 1 hr. 

The hot solution turned initially violet and later green. The excess solvent was evaporated 
in vacuum and the residue recrystallized from PhCl-light petroleum to yield 0.95 g (90%) 
of 3; green crystals, m.p. 160°C (d.).

C20H„N3O2 (331.36). Calcd. 72.49; H 5.06; N 12. 6 8 . Found C 72.65; H 5.19; N 12.71%.
NMR (CDC13, TMS): <5 7.7 —6 .8  ppm (m, 13 H, ArH); 5.1 ppm (s, 2 H, CH2); 3.95 ppm 

(s, 2 H, NH„).
Partial conversion of 2a into 3 took place even on recrystallization of 2a from nitro

methane.
10-Amino-9-phenyl-9,10-dihydroacridine

A methanolic solution (15 ml) of la  (2.35 g; 5.0 mmoles) was mixed with an aqueous 
solution (10 ml) of NaBH, (0.22 g; 6.0 mmoles). Gas was evolved, the solution became colour
less, and the product started to precipitate. Crystallization was completed by the addition 
of water (80 ml) to yield 1 .2  g (8 8 %) of the reduction product, fine colourless crystals, m.p. 
182 —184°C (from EtOH).

CI9H1(!N2 (272.34). Calcd. C 83.79; H 5.92; N 10.92. Found C 83.52; H 5.98; N 10.85%.
NMR (CDCI3, TMS): <5 7.45-6.75 ppm (m, 13 H, ArH); 5.2 ppm (s, 1 H, 9-H); 3.7 ppm 

(2 H, NH2).
10-Acetylamino-9-phenylacridinium chloride (5a) 
and _\-(9-pheiiyl-10-arridinio)-acetaiiiidate (6a)

(a )  A mixture of la  (4.7 g; 10 mmoles), NaOAc (1.0 g; 12 mmoles) and Ac20 (10 ml) 
was stirred for 1 hr at 80°C. The solvent was distilled off and the residue triturated with water 
(50 ml). The insoluble yellow product was dried and taken up in methanol (15 ml), and dry 
HC1 gas was introduced into the suspension until a clear solution resulted. The solvent was 
distilled off and the residue recrystallized from EtOH-ether to yield 2.1 g (59%) of 5a, greenish 
yellow crystals, m.p. 285 — 288°C.

C21H17C1N20 (348.82). Calcd. Cl© 10.17. Found Cl© 10.35%.
IR (KBr): v NH 3400-3300, v C =  О 1690 c m '1.
NMR (CDC13, TMS): Ö 8.7 ppm (d, J  =  9 Hz, 2 H, 4-H +  5-H); 8.5-7.4 ppm (m, 11 H, 

other ArH’s); 2.75 ppm (s, 3 H, Ac).
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(b )  A mixture of le (2.0 g; 6.5 mmoles) and Ac20 (6  ml) was boiled until a clear solu
tion resulted transiently and, after about 2 min, the product started to crystallize. A thick 
crystalline paste was obtained when the mixture was allowed to cool. Ether was added and 
the product (2.25 g; 100%), m.p. 285 —288°C, identical according to the IR spectra with 
the product obtained as described under ( a ) ,  was filtered off.

(c) An aqueous solution (50 ml) of 5a (1.75 g; 5 mmoles) was treated with 1 N  aqueous 
NaOH (10 ml), and the mixture was extracted with CH2C12 (50 ml) to yield, after conventional 
work-up and recrystallization from toluene, 1.24 g (73%) of 6a, m.p. 222 — 224°C.

C21HleN20 (312.36). Calcd. C 80.74; H 5.24; N 8.97. Found C 80.51; H 5.24; N 8.90%.
IR (KBr): no i>C=0 band.
NMR (CDC13, TMS): <5 8.85 ppm (d, J  =  9 Hz, 2 H, 4-H +  5-H); 8.2-7.35 ppm (m, 

other ArH’s); 2.42 ppm (s, 3 H, Ac).

lO-Benzoylamino-9-phenyIacridiiiium chloride (5b) 
and iV-(9-phenyl-10-acridinio)-benzamidate (6b)

( a )  The pseudobase 2a (0.3 g; 1 mmole) was shaken for 5 min with PhCOCl (2 ml), 
and the mixture was heated for 5 min at 130 — 140°C. A thick paste was obtained which, 
after being allowed to cool, was diluted with ether to yield 0.4 g (97%) of 5b, greenish yellow 
crystals, m.p. 252°C (EtOH-ether).

C2eH29ClN20 (410.88). Calcd. Cl 8.63; N 6.82. Found Cl 9.00, N 6.82%.
IR (KBr): rC = 0  1675 cm"1.
(b )  A mixture of lc  (0.3 g; 1.0 mmole) and PhCOCl (2 ml) was heated for 5 min at 

140°C and worked up as described above to yield 0.4 g (97%) of 5b, identical, according to 
the IR spectra, with the product obtained as described under (a ) .

(c) A solution of 5b (0.4 g; 9.7 mmoles) in a mixture of MeÓH (2 ml) and water (5 ml) 
was treated with 1 N  aqueous NaOH (2 ml) to yield 0.25 g (70%) of 6b, orange coloured 
crystals, m.p. 248 —250°C (from aqueous EtOH).

C26H,8N20 (374.42). Calcd. C 83.40; H 4.85; N 7.48. Found C 83.48; H 4.96; N 7.37%.
IR (KBr): no i’C =0 band.
NMR (CDC13, TMS): <5 8.85 ppm (d, J  =  9 Hz, 2 H, 4-H +  5-H); 8.65-8.45 ppm (m, 

2 H, PhCO, o-protons); 8.2 — 7.45 ppm (m, 14 H, other ArH’s).

Attempted ethoxycarbonylation of 2a
A mixture of 2a (0.6 g; 2 mmoles) and ethyl chloroformate (5 ml) was heated for 1 hr 

at 110°C. The mixture remained heterogeneous throughout. It was allowed to cool, and the 
greenish yellow crystalline product (0.5 g; 82%) was filtered off and washed with ether. Accord
ing to its m.p. (256 —258°C) and IR spectrum it proved to be identical with an authentic 
sample (see above) of lc .

iV-(10-Acridinio)-benzamidate (6c)
A mixture of lb  (3.95 g; 10 mmoles) and PhCOCl (20 ml) was heated for 5 min at 

170°C. Ether (80 ml) was added, after cooling, to the resulting dark solution to precipitate 
a gummy product. The supernatant was decanted and the residue triturated with two portions 
(30 ml, each) of ether and dissolved in MeOH (40 ml). The solution was made slightly alkaline 
(pH 9) with 10% aqueous NaOH. Water (120 ml) was added under ice-cooling to obtain 1.5 g 
(51%) of 6 c, orange coloured crystals, m.p. 273 — 275°C (d.; from aqueous MeOH).

C20H14N2O (298.23). Calcd. C 80.51; H 4.73; N 9.39. Found C 80.04; H 4.87; N 9.25%.

Л -(9-Phenyl-10-acridinio)-\-phenylthiorarbanioylamHle (7)
A solution of 2a (1.5 g; 5.0 mmoles) in dioxane (20 ml) was treated with PhNCS (1.5 ml; 

12 mmoles) for 20 min at 40 — 45°C. A red solution resulted from which the product soon 
started to crystallize. The mixture was allowed to stand overnight, and the product (1.7 g; 
84%), red needles, m.p. 147°C (from nitromethane or 1-butanol) was filtered off.

C26H19N3S (405.50). Calcd. C 77.01; H 4.72; N 10.36. Found C 77.46; H 4.44; N 10.57%.
The spectra were obtained with the aid of a MOM (Hungarian Optical Works, Buda

pest) Type 2000 IR and a Perkin-Elmer Type R12 (60 MHz) NMR spectrometer, respectively.
*

Thanks of the authors are due to Mrs. I. B a l o g h -B atta  and Dr. P. K olonits and 
staffs for the microanalyses and spectra, respectively.
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ELECTRON DEFICIENT HETEROAROMATIC 
AMMONIOAMIDATES, VII*

THE SYNTHESIS AND SOME REACTIONS OF iV-(2-PHTHALAZINIO)- AND 
jV-(l,4-DIPHENYL-2-PHTHALAZINIO)-BENZAMIDATES

K . LEMPERT and K . ZAUER

( Research Group fo r  Alkaloid Chemistry, Hungarian Academy o f  Sciences, Budapest)

Received March 6 , 1975

The synthesis, thermo- and photolysis of the title compounds are described.

In  co n tin u a tio n  of ou r stud ies in to  th e  ch em istry  o f  e lec tron  defic ien t 
h e te ro a ro m atic  am m o n io am id a tes , we have  syn th esized  A -(2 -ph thalaz in io )- 
-benzam ida te  (4a). P h th a laz in e  w as allow ed to  re a c t w ith  O -m esity lenesulfonyl- 
hyd ro x y lam in e  [1] to  give 2 -am in o p h th a laz in iu m  m esity lenesu lfona te  (la ).**  
The su lfonate  w as tra n sfo rm e d  in to  th e  chloride (lb ) b y  t r e a tm e n t  w ith  h y d ro 
chloric acid in  h o t e th a n o l. W hen h ea ted  w ith  an  excess o f h o t  benzoyl ch loride, 
lb  gave 2 -(benzoy lam ino)-ph thalaz in ium  chloride (3a). A lte rn a tiv e ly , the  la t te r  
p ro d u c t was p rep a red  b y  tre a tin g  th e  crude d im er 5a o f (2 -ph thalaz in io )-am ide  
2a) — o b ta in ed  b y  a lkaline  tre a tm e n t o f e ith e r  la  or lb  — w ith  benzoyl 
chloride. 3a an d  4a w ere m u tu a lly  in te rco n v e rted  b y  tr e a tm e n t  w ith  alkali 
an d  aqueous hyd ro ch lo ric  acid, respective ly .

The b en zam id a te  4a is th e rm a lly  u n stab le : w hen  su b je c te d  to  v acu u m  
sub lim atio n  i t  p a r t ly  rea rran g es in to  l-(b en zo y lam in o )-p h th a laz in e  (6) [2], 
p a r tly  suffers e lim in a tio n  o f benzoy ln itrene  to  y ield  p h th a la z in e , and p a r tly  
decom poses to  fu rn ish  a p ro d u c t o f unknow n  s tru c tu re . A tte m p te d  pho to lyses 
in  de -ae ra ted  a ce to n itrile , e th an o l and  d ich lo rom ethane  so lu tions gave un- 
tra c ta b le  ta r ry  m ix tu re s  o f pho todecom position  p ro d u c ts .

1 ,4 -D ipheny lph tha laz ine  was o b ta in ed  b y  th e  a d a p ta t io n  of the  m eth o d  
of S t a u n t o n  and  Т о р н а м  [3]. 2 ,4 -D ip h en y l-l(2 R )-p h th a laz in o n e  (7) w as 
tre a te d  w ith  pheny lm ag n esiu m  brom ide, an d  th e  re su ltin g  1 ,2 ,4-triphenyl- 
-2 -ph tha laz in ium  b rom ide  (8) was tran sfo rm ed  w ith  th e  a id  o f hydrazine in to  
th e  desired  p ro d u c t. T his m ethod  p roved  in  ou r h an d s  superio r to  tho se  
re p o rte d  in  th e  l i te ra tu re  [4, 5]. A m ination  o f 1 ,4 -d ipheny lph tha laz ine  w as 
effected  w ith  O -m esity lenesu lfony lhydroxy lam ine, and  th e  re su ltin g  su lfonate  
( lc )  was converted , via  crude 5b and  3b in to  4b, sim ila rly  to  th e  procedure 
described  above fo r th e  n o n -p h en y la ted  series.

* Part VI: A g a i, В., L e m p e k t , K., preceding paper.
** A by-product, C8H6N2, probably 2-(i mi nőmet by lene)-benzo nitrile was obtained in 

the form of its mesitylenesulfonate in this reaction.
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T herm olysis o f  4b fu rn ish ed  1 ,4 -d ip h en y lp h th a laz in e ; th e  benzoyl- 
n itre n e  th e re b y  e lim in a ted  re a rra n g e d  p a r t ly  in to  p h en y l iso cy an a te , w hich 
w as d e tec ted  in  th e  fo rm  of e th y l IV -pheny lcarbam ate . P a r t  o f th e  iso cy an a te  
w as hydro lyzed  to  an iline , an d  sm all a m o u n ts  of benzon itrile  w ere also d e tec ted  
am o n g  th e  vo latile  th e rm o ly sis  p ro d u c ts .

Pho to lyses of 4b in  d e -ae ra ted  benzene , E tO H  a n d  d ich lo rom ethane  
fu rn ish ed  m ix tu res  o f t a r r y  p ro d u c ts  w h ich , in  some cases, co n ta in ed  sm all 
a m o u n ts  of d ip h en y lp h th a laz in e , acco rd in g  to  TLC. P h o to ly s is  of 4b in  d i
ch lo ro m eth an e  in  th e  presence o f o x y g en  fu rn ished  4 0 %  o f 1 ,2-dibenzoyl- 
b en zen e ; th is  b eh av io u r p ara lle ls  t h a t  o f  1 ,4 -d iphenylphthalazine-lV -oxide [5]. 
I n  ad d itio n , some b en zo y l ch loride, o b v io u sly  form ed b y  a free rad ica l reac tio n  
w ith  th e  so lven t, w as also o b ta in ed . T he fo rm ation  o f 1 ,2-d ibenzoylbenzene 
in  th e  pho to lysis o f 4b does not ta k e  p lace  via d ip h en y lp h th a laz in e , since th e  
la t t e r  is stab le  to w ard s  UV irra d ia tio n  ev en  in  th e  p resence  o f oxygen .

XH2

a : R =  H, X =  2,4,6-Me3C6H2S 0 3
b: R =  H, X =C 1
c: R —Ph, X =  2,4,6-МезСбН200з

R R
e H

„N .N c -t 1 1 1 01е г J X T ) 1 1Ph% , . \  Ph 4 . '

R R

2-4, a: R =  H. b: R = P h  

R

I; H ь к
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E xperim en ta l

2-Aminophthalazinium mesitylenesulfonate ( la )

An ethereal solution (250 ml) of O-mesitylenesulfonylhydroxylamine [1] (8 8  mmoles) 
was added at room temperature to a mixture of phthalazine (ll g; 85 mmoles), chloroform 
(30 ml) and ether (20 ml). The oily precipitate (20.1 g; 69%) turned rapidly crystalline on 
scratching, m.p. 95°C (from CHC13).

C17H19N30 3S. 1.5 H20 (372.45). Calcd. N 11.28; S 8.61. Found N 11.38; S 8.50%.
The dry residue of the mother liquor of crude la  was taken up in acetone (10 ml) and 

allowed to stand at room temperature to yield 1.35 g of a colourless crystalline product, m.p. 
183 — 184°C (from CHC13—light petroleum), which is probably identical with the mesitylene- 
sulfonate of 2-(iminomethylene)-benzonitrile.

Cl7H,8N20 3S (330.34). Calcd. C 61.81; H 5.49; N 8.48. Found C 62.17; H 5.85; N 8.12%.
IR (KBr): j>C=N 2160 cm"1.

2-AminophthaIazinium chloride (lb )

(a )  A mixture of la  (2.0 g; 5.8 mmoles), ethanol (15 ml) and 37% aqu. HC1 (1.5 ml) 
was refluxed for 2 min to yield 0.6 g (57%) of lb , m.p. 208°C (d.; from EtOH) on cooling.

C8H8C1N3 (181.62). Calcd. C 52.91; H 4.44; Cl 19.52; N 23.13. Found C 52.52; H 4.39; 
Cl 19.97; N 23.30%.

(b) A mixture of crude 8,8a,16,16a-tetrahidro-[l,2,4,5]-tetrazino[6,l-a; 3,4-a’]di- 
phthalazine (5a, see below) (3.1g; 10.7 mmoles), ethanol (20 ml) and 37% aqu. HC1 (4 ml) 
was treated as described under (a )  to yield 3.5 g (91%) of lb , m.p. 208 —209°C (d.; from 
EtOH).

2-(Bcnzoylamino)-phthalazinium chloride (3a)

(a )  A mixture of lb  (2.5 g; 13.9 mmoles) and benzoyl chloride (5 ml; 43.5 mmoles) 
was heated for 20 min at 145 — 150°C (bath temperature). Evolution of HC1 started at 90°C, 
and the mixture turned dark. The mixture was allowed to cool, and ether (30 ml) was added. 
The solvent was decanted from the gummy product which was triturated with another portion 
of ether (15 ml). The solvent was decanted and the residue refluxed for 5 min with EtOH 
(15 ml) whereby it gradually became crystalline on scratching. The mixture was allowed to 
cool, and crystallization of the product was completed by the addition of ether (50 ml) in 
portions. 3.40 g (8 6 %) of 3a, m.p. 213 — 214°C (d.; from EtOH) was obtained.

C,5H,2C1N30 (285.74). Calcd. Cl 12.41; N 14.70. Found Cl 12.96; N 15.07%.
IR (KBr): vC =  0  1680 cm“ 1.
( b)  A mixture of crude 5a (see below) (0.5 g; 1.7 mmole) and PhCOCl (2 ml; 17 mmoles) 

was treated and worked up as described under ( a )  to yield 0.5 g (51%) of 3a, m.p. 216°C (d.).
(c) A mixture of JV-(2-phthalazinio)-benzamidate (4a, see below) (0.1 g; 0.4 mmole), 

ethanol (1 ml) and 37% aqu. HC1 (0.2 ml) was boiled up. Crystallization of the product started 
ou cooling and was completed by the addition of ether (1 vol). The yield of 3a, m.p. 215°C 
(d.). was 0.1 g (87.6%).
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8,8a,16,16a-Tetrahydro-[l,2,4,5]tetrazino[6,l-a; 3,4-a’] diphthalazine (5a)
(a )  10% aqu. NaOH (10 ml; 2.8 mmoles) was added by drops under continuous stir

ring to a mixture of la  (8.0 g; 23.2 mmoles) and water (100 ml). A brown amorphous product 
precipitated gradually from the initially almost clear solution. The mixture was kept for 
1/2 hr on a steam bath, and the product (2.7 g; 80%), m.p. 204°C (d.) was filtered off, after 
the mixture had been allowed to cool.

The product resisted all attempts at recrystallization.
(b )  The chloride lb  was similarly transformed into 5a.

iV-(2-Phthalazinio)-benzamidate (4a)
10% aqu. NaOH (5 ml; 14 mmoles) was added by drops to an aqueous solution (120 ml) 

of the chloride 3a (3.0 g; 10.6 mmoles) to yield 1.85 (71%) of a crystalline product, m.p. 213 — 
214°C (d.; from dioxane-light petroleum).

C15H14N30 (249.26). Calcd. C 72.27; H 4.45; N 16.86. Found C 71.95; H 4.45; N 17.19%.
IR (KBr): no rNH band.
NMR (CDC13, TMS): ő 9.55 ppm (m, 1 Ц, 1-H); ~  8.3 ppm (m, 3 H, 4-H +  Ph, o-pro- 

tons); ~  8.1 ppm (m, 4 H, 5-H-8 H); 7.5 ppm (3 H, Ph, m- and p-protons).

Vacuum sublimation
The benzamidate (4a) was sublimed at 1 torr at 180 —250°C (bath temperature), and 

the sublimed product was examined by TLC (adsorbent: Kieselgel G; solvent: benzene-metha
nol, 5 : 1 ;  detection: iodine vapour and aqu. K2HgI4 spray). As shown by comparison with 
authentic samples, the product consisted of a mixture of unchanged 4a, phthalazine, l-(benzoyl- 
amino)-phthalazine (6 ) and a compound of yet unknown structure.

An authentic sample of 6  was obtained as described in the literature [2].

1,4- Diphenylphthalazine
The Grignard reagent, obtained from bromobenzene (17 ml; 0.16 mole) and metallic 

Mg (4.0 g; 0.17 mole) in THF (60 ml), was added by drops, within 3 min, to a warm solution 
of 2.4-dipheny 1-1 (2 // )-ph: halazinone (7) [6 ]. A vigorous reaction took place. The resulting 
brown solution was refluxed for 9 hrs, allowed to stand overnight, and decomposed with 
saturated aqueous NH4C1 solution (100 ml). The aqueous layer was extracted with 4 portions 
of THF (15 ml, each), and the combined THF solutions were worked up in the conventional 
manner to yield an oily product (8 ).

The latter was dissolved in a mixture of EtOH (50 ml) and 99% N2H4 • H20 (15 ml), 
and the solution was gradually heated to its b.p. After the vigorous evolution of gas had 
ceased, the mixture was refluxed for 10 hrs and allowed to stand overnight to yield 1 0 .6  g 
of diphenylphthalazine, m.p. and lit. m.p. [4, 5] 194°C, as the first crop. A less pure second 
crop (8.0 g, m.p. 189°C) was obtained by treating the dry residue of the mother liquor with 
benzene (40 ml) and light petroleum (20 ml). Total yield: 43.6%.

2-Amino-l,4-diphenylphthalazinium mesitylenesulfonate ( lc )
An ethereal solution (60 ml) of O-mesitylenesulfonylhydroxylamine [1] ('' ,38 mmoles) 

was added at room temperature to a solution of 1,4-diphenylphthalazine (8.4 g; 29.8 mmoles) 
in chloroform (100 ml). Heat was evolved. The mixture was kept overnight at room tempera
ture, and about 2/3 of the solvent was evaporated. 2 Volumes of ether were added to precipi
tate 14.2 g (95.5%) of lc ,  m.p. 167°C, which was pure enough for use in the following experi
ments. A sample was purified for analysis by reprecipitating it from its CHC13 solution with 
light petroleum.

C29H27N30 3S • 2 H20  (533.71). Calcd. C 65.28; H 5.86; N 7.88. Found C 65.41; H 5.33; 
N 7.80%.

2-Benzoylamino-l,4-diphenylphthalazinium chloride (3b)
(a )  An aqueous (90 ml) suspension of crude l c  (8.0 g; 16 mmoles) was treated with 

the solution of NaOH (0.8 g; 20 mmoles) in water (10 ml) to yield a red precipitate of 4.5 g 
(94%) of the dimer 5b, m.p. 135 — 138°C, which resisted all attempts at recrystallization.

(b )  Benzoyl chloride (8  ml; 69 mmoles) was cautiously mixed with crude 5b (5.7 g; 
9.6 mmoles). Heat was evolved and a crystalline product was formed. The mixture was heated 
for 1 hr at 150°C (bath temperature). After being allowed to cool, the mixture was triturated 
with ether (2 0  ml), and the product was filtered off and thoroughly washed with ether to 
obtain 6.5 g (79.6%) of 3b, m.p. 261°C (from EtOH).
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C27H20ClN3O (437.93). Calcd. C 74.05; H 4.60; CI 8.09; N 9.60. Found C 74.36; H 4.68; 
CI 8.28; N 9.31%-

IR (KBr): rC =  0  1680 cm“ 1.

iV -(l,4 -D ipheny l-2 -ph thalazim o)-benzam i< late  (4 b )

A mixture of 3b (0.5 g; 1.2 mmole), EtOH (5 ml), water (15 ml) and 10% aqueous 
NaOH (2 ml) was stirred for 15 min to yield 0.4 g (88%) of 4b, m.p. 168 —169°C (from 85% 
aqueous EtOH).

C2,H19N30 • H20 (419.49). Calcd. C 77.31; H 5.05; N 10.02. Found C 77.28; H 5.38; 
N 9.64°/.

ÍR (KBr): no vC=0 band.

Photolysis

A solution of 4b (0.50 g; 1.3 mmole) in CH2C12 (400 ml) was irradiated through Pyrex 
for 48 hrs with a high pressure mercury immersion lamp (HPK 125, Philips) while a continu
ous stream of O, was introduced. The solvent was evaporated until crystallization started. 
Ether (4 ml) was added, and the product which, according to its IR spectrum, proved to be 
identical with 1,2-dibenzoylbenzene (0.15 g; 39.4%) was filtered off.

The filtrate of the product was strongly acidic (p 11 1). and it contained benzoyl chloride
(odour).

N o  1,2-dibenzoylbenzene could be detected in the reaction mixture by TLC, when
1,4-diphenylphthalazine was irradiated for 30 hrs under the above conditions.

Therm olysis

( a )  4b was kept for 1 hr at about 200°C (bath temperature). The residue was dissolved 
in EtOH and subjected to TLC under the conditions as described above for the vacuum subli
mation products of 4a. In addition to unchanged 4b, only 1,4-diphenylphthalazine could 
be detected as the thermolysis product.

(b )  In order to examine the volatile by-products, 4b was kept successively between 
180 — 200, 200 — 220 and 220 —260°C (bath temperature), for 1 hr, each, and the volatile 
products were separately collected. The first fraction contained the water of crystallization 
of the starting 4b in practically pure form. The second fraction was taken up in EtOH and 
subjected to TLC (conditions as above); it proved to be a mixture containing small amounts 
of ethyl iV-phenylcarbamate. The third fraction was subjected to GLC analysis and was found 
to contain aniline and benzonitrile. The non-volatile residue was, according to TLC, a mixture 
of unchanged 4b, 1,4-diphenylphthalazine and more degraded decomposition products of 
unknown structure.

*

IR spectra were taken by Miss M. Cs ir k e , microanalyses were performed by Mrs. 
Za u e r -CsüllöG, and the GLC analysis was performed by Dr. S. B e k ä ss y .
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ÜBER DIE SYNTHESE 
YON NEUEN ISOCHINOLINON-DERIYATEN 

MIT BIOLOGISCHER AKTIVITÄT
(K U R Z E  M IT T E IL U N G )

G y. D e á k , К . G á l l - I s t ó k  und L. St e r k

( Institu t fü r  experimentelle M edizin der Ungarischen Akademie der Wissenschaften,
Budapest)

Eingegangen am 6. April 1975

Bei der U ntersuchung der zu  l-Aryl-l,4-dihydro-3(2fi)-isochinoliiionen führen
den K ondensationsreaktion von arom atischen Aldehyden und  A ralkylnitrilen w urde 
festgestellt, daß das Verfahren zu r Synthese von 4-mono- oder d ialkylsubstitu ierten  
D erivaten sowie im  arom atischen R ing m ethoxy-substitu ierten  D erivaten  geeignet ist.

B eim  S tu d iu m  v o n  K o n d en sa tio n sreak tio n en  in  n ich tw äß rig en  M edien, 
k a ta ly s ie r t  du rch  Lew is- u n d  P ro to n sä u re n , w urde frü h e r fe s tg e s te llt [1], d aß  
P h en y lessig säu ren itril bzw . P h e n y la c e ta m id  in  p o ly p h o sp h o rsau rem  M edium  
m it a ro m atisch en  A ld eh y d en  in  R e a k tio n  t r i t t ,  w obei m it  g u te r A u sb eu te  
l-A ry l-l,4 -d ih y d ro -3 (2 f/)-iso ch in o lin o n  geb ilde t w ird . A u ch  w urde festg e 
s te llt [2], d aß  einige d e r  durch u n s  sy n th e tis ie rte n  V erb in d u n g en  eine b e m e r
k ensw erte  biologische A k tiv itä t b esitzen , nam en tlich  eine an tikon v u ls iv e  
W irk u n g . Diese B eo b ach tu n g  is t  u m so m eh r in te re ssan t, als — au fg rund  d e r 
b io logischen P rü fu n g en  — die g e n a n n te n  Isoch ino lin o n -D eriv a te  als eine neue 
G ruppe v o n  V erb indungen  m it a n tik o n v u ls iv e r  W irk u n g  b e tra c h te t  w erden  
k ö n n en .

Im  w eiteren  w u rd e  festg este llt [3], d aß  diese V erb in d u n g en  auch aus d en  
e n tsp rech en d en  A ry liden -b is(säu ream id en ) h crgeste llt w erd en  können . A u f
g ru n d  th eo re tisch e r Ü berlegungen  n a h m e n  w ir an, daß  in  d e r  R eak tio n  zwi-

/ N H -  CO — CH2 — С6НЛ 
ArCH<

\N H  — CO -  CH2 -  C6H5̂
P P A

P P A

h 2s o 4/a c o h

+ c 6h .c h 2- c o n h

X =  CI, Me, N 0 2
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seh en  N itril bzw. S ä u re a m id  u n d  A ldehyd  als Zw ischenstufe ebenfalls das bis- 
A m id  gebildet w ird , u n d  d aß  das E n d p ro d u k t 1-A rylisochinolinon aus dessen 
U m w and lung  e n ts te h t.

Die R eak tion  w u rd e  u rsp rüng lich  n u r  m it B en zy lcy an id  d u rch g efü h rt. 
B ei d e r k inetischen  U n te rsu c h u n g  der R e a k tio n  [4] w urde  au ch  die R eak tio n s
fä h ig k e it von B en zy lcy an id en  u n d  P h en y lace tam id en  u n te rs u c h t, die in  der 
a -S te llu n g  einen o d er zw ei A lk y lsu b stitu en ten  e n th a lte n . F ü r  diese U n te r
su ch u n g en  w urden  m eh re re , in  S tellung 4 su b s titu ie rte  Isoch ino linon -D eriva te

Rl R2

Tabelle I

Herstellung von l-Aryl-l,4-dihydro-3(2H )

R R 1 R 2 R 3
V erh ä ltn is  
N itr il  : A l

deh y d

R e a k tio n s 
z e it T e m p .

St. 1 °c

A us
b eu te ,

%
Schm p. L sgm . 
der U m k ris t.

4’-NO, Me Me H l 1 1 120 72 191
EtOAc

4’-NO, Me Me 7-Me l 1 3 120 66 207
EtO H

3’-CF3 E t H H l 1 2 120 22 199
EtO H

4’-NO, iP r H H 2 1 5 120 33 203
C6H e

3’-Me iP r H H 1 1 1 120 13 150
Benzin

4’-Cl Me Me H 1 1 4 130 60 193
EtO H

3’-F Me Me H 1 1 2 130 58 173
E tO H

H с„п5сн, H H 1 1 6 120 20 194
EtOAc

2’,6’-diCl
3’-NO,

H H H 2 1 3 120 92 278-80
Dioxan

2 \6 ’-diCl H H H 2 1 3 120 64 310
Dioxan
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aus dem  en tsp rech en d en  N itril u n d  B enza ldehyd  h erg este llt. U n te r  B e rü ck 
sich tig u n g  der N eigung  des B en zy liden -b is(pheny lace tam ids) zu r C yklisa tion  
w u rd en  diese Iso ch in o lin o n -D eriv a te  auch  aus den  b e tre ffen d en  b is-A m iden  
h e rg es te llt [5]. D er V ergleich d e r d ire k te n  R eak tio n  aus N itril u n d  A ldehyd  
u n d  je n e r  aus b is-A m id  sowie ih re r  A u sb eu ten  schein t jed o ch  unsere  frü h ere  
A n n ah m e, w onach das bis-A m id e in  Z w ischenproduk t der aus N itril u n d  
A ldehyd  ausgehenden  u n d  zu Iso ch in o lin o n  fü h ren d en  R eak tio n  is t, n ic h t zu 
b  s tä tig e n . Es gelang  uns n äm lich , 4 -B u ty l-l-p h en y l-l,4 -d ih y d ro -3 (2 H )-isc - 
ch ino linon  — w enn au ch  m it sch lech te r A usbeu te  — aus dem  e n tsp rech en d en  
N itril u n d  A ldehyd zu  gew innen, w ogegen B enzy liden-b is(a-pheny lcapron- 
säu ream id ) in  P o ly phosphorsäu re  aussch ließ lich  zu S äu ream id  (und  A ldehyd) 
ze rse tz t w ird  u n d  k eine  C yklisation  erfo lg t.

Bei den in  der vorliegenden  A rb e it  beschriebenen  U n te rsu ch u n g en  s te c k 
te n  w ir uns das Ziel, die R in g sch lu ß reak tio n  au f solche l-A ry l- l,4 -d ih y d ro -  
3(2 if)-isochinolinone auszudehnen , die in  S tellung 4 m ono- oder d ia lky l- 
su b s ti tu ie r t  sind. A u ß erd em  b e a b s ic h tig te n  w ir, M eth o x y d eriv a te  d er G ru n d 
v e rb in d u n g  h erzuste llen . A ußer dem  In te re sse  in  chem ischer H in sich t d a c h te n

-isochinolinonen aus N itril und Aldehyd

A nalyse B em erk u n g

C17H 16N„03 (296,33) Ber. C 68,91 H 5,44 N 9,45 Aus bis-Amid
Gef. C 68,94 H  5,68 N 9,56 77% [3]

^18^18^2^3 (310,35) Ber. C 69,65 H  5,85 N 9,03
Géf. C 69,31 H 5,99 N 9,18

C18H 16F 3NO (319,33) Ber. C 67,71 H 5,05 N 4,39
Gef. C 67,88 H 4,98 N 4,13

C18H 18N20 3 (310,35) Ber. C 69,65 H 5,85 N 9,03 Aus bis-Amid
Gef. C 69,41 H 6,12 N 8,96 46% [3]

C19H 19NO (277,37) Ber. C 82,29 H  6,90 N 5,05
Gef. C 82,39 H 7,15 N 5,03

C17H 16C1N0 (285,78) Ber. C 71,44 H  5,64 N 4,90 CI 12,42
Gef. C 71,35 H 5,69 N 5,09 CI 12,40

C17H 16FNO (269,32) Ber. C 75,79 H 5,99 N 5,20 F 7,05
Gef. C 75,88 H  6,19 N 5,27 F  7,04

C22H 19NO (313,40) Ber. C 84,31 H  6,11 N 4,46
Gef. C 84,64 H 6,19 N 4,37

^ 1 5 ^ - 1 0 ^ 2 ^ 2 ^ 3  (337,17) Ber. N 8,31
Gef. N 8,50

C,5H „C1,N0 (292,17) Ber. C 61,66 H 3,80 CI 24,27
Gef. C 61,35 H  4,05 CI 24,30
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w ir d ab e i auch an  die M öglichkeit der S y n th ese  n eu er, p o te n tie ll biologisch 
a k tiv e r  V erb indungen .

Die D a ten  der aus oc-alkylierten A ry lace to n itrilen  u n d  arom atischen  
A ld eh y d en  e rh a lten en  P ro d u k te  sind  in  T a b . I  zusam m engefaß t.

A us der T abelle is t  e rsich tlich , d aß  die e n tsp rech en d en  Isochinolinon- 
D e riv a te  aus den in  a -S te llu n g  m e th y lie rten  oder d im e th y lie rten  N itrilen  m it 
e in e r  A usbeu te  von  6 0 — 7 0 %  erh a lten  w u rd en . E in  V ergleich m it den  A us
b e u te n  der analogen, je d o c h  in  S tellung  4 u n su b s titu ie r te n  V erb indungen  [1] 
ze ig t keinen  w esen tlich en  U ntersch ied . E in e  w esentliche V erringerung  der 
A u sb eu te  t r i t t  jed o ch  e in , w enn  die N itrilk o m p o n en te  in  a -S te llu n g  eine Ä th y l
o d e r Isop ropy lg ruppe  e n th ä l t .  In te ressan te rw eise  is t die A usbeu te  auch  bei 
d e r  b e n z y lsu b s titu ie rte n  V erb in d u n g  äh n lich  sch lecht.

V or allem  aus p h arm ak o lo g isch en  Ü berlegungen  h e rau s  (zwecks S te ige
ru n g  der L ip id löslichkeit) w ünsch ten  w ir D e riv a te  m it C hlor in  den S tellungen  
2’ u n d  6’ h erzuste llen . D ab e i w ar auch in te re ssa n t, ob die be iden  S u b s titu e n 
te n  in  ortho-S te llung  die R e a k tio n  n ic h t h in d e rn , da  frü h e r be re its  fe s tg este llt 
w urde  [3], daß  das 2’-N itro d e riv a t a u f d iesem  W eg n ic h t h e rg este llt w erden  
k a n n . W ie aus T ab . I  e rs ich tlich  is t, t r a t  w eder beim  2 ,6-D ichlor-, noch  beim
2 ,6 -D ich lo r-3 -n itro b en za ld eh y d  eine b e o b ach tb a re  sterische W irk u n g  auf. Die

Tabelle II

Herstellung von l-Aryl-l,4-dihydro-6,7-dimethoxy-3(2H)-isochinolinonen

R R 1 R 2
V e rh ä ltn is  

N itril  : A ld eh y d

Real
zeit

S t.

tions-
T em p.

°C

A u sb eu te ,
%

S chm p. Lsgm . 
d e r U m k ris t.

H H H 2 1 l 120 75 205
EtO H

3’,4’-diOMe H H 2 1 l 120 75 180—82
C6H 6

4’-NO, H H 2 I 2 120 49 1 98 -200
EtO H

H P r H 1 1 2 120 29 189
E tO H
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K lä ru n g  der F rage , ob 2 -N itro b en za ld eh y d  aus sterischen  G rü n d en  n ich t m it 
B enzy lcy an id  in  P P A  re a g ie rt, oder ob es vielleicht u n te r  den  R eak tio n s
b ed in g u n g en  zerse tz t w ird , e rfo rd e rt w eite re  V ersuche.

Die b ed eu ten d e  W irk u n g  von  M eth o x y g ru p p en  in  S te llu n g  6 u n d  7 am  
Isocliino lin -G erüst au f die biologische A k tiv i tä t  der V erb in d u n g  (z. B . P a p a v e 
rin ) b ra c h te  uns au f den  G edanken , äh n lich e  D erivate  d er Isoch ino linone h e r
zuste llen . Die E rgebnisse  sind  in  T ab . I I  zusam m engefaß t.

A us der Tabelle is t e rs ich tlich , d a ß  die G egenw art d er M eth o x y g ru p p en  
das aus frü h eren  V ersuchen  [5] sich erg eb en d e  B ild im  w esen tlich en  n ich t v e r
ä n d e r t :  das in  S tellung 4 eine längere A lky lg ruppe  (P ropy l) e n th a lte n d e  P ro 
d u k t k o n n te  n u r  m it sch lech te r A u sb eu te  h ergeste llt w erden . U m  die in  der 
T abelle  an g efü h rten  A u sb eu ten  zu e rre ich en , m ußte  u n se r allgem eines S y n 
th esev e rfah ren  e tw as m o d ifiz ie rt w erden . P P A  w urde a u f  90 °C e rh itz t , das 
N itr il  zugegeben u n d  das G em isch w eitere  5 M inuten  lang  bei 90 °C gehalten . 
D er A ldehyd  w urde d a n n  n ic h t a u f  e in m al, sondern  in  d re i P o rtio n en , im  
L aufe v o n  30 M inu ten  zugegeben. A nsch ließend  w urde w ä h re n d  d er in  der 
T abelle  an g efü h rten  R eak tio n sze it bei 120 °C g erü h rt u n d  das R eak tio n sg e
m isch au fg ea rb e ite t. B ei d e r R e p ro d u k tio n  des bereits frü h e r beschriebenen
6 ,7 -D im eth o x y d eriv a ts  w urde  b e o b a c h te t, d aß  die T e m p e ra tu r  w äh ren d  des 
R ü h ren s  bei 120 °C sp o n ta n  bis 150 °C anstieg . D urch  V erh in d eru n g  dieses 
T em p era tu ran stieg s  m itte ls  T em p era tu rreg e lu n g  k o n n ten  die A u sb eu te  sowie 
d er S chm elzpunk t des P ro d u k ts  e rh ö h t w erden .

l-A ryl-I,4 -d ihydro-3(2H )-isoch inolinone

50 g Polyphosphorsäure 1 : 1 [1] wurde u n te r R ühren auf 90 °C erh itz t, 50 mmol 
N itril zugegeben und das Gemisch 5 M inuten lang bei 90 °C gehalten. D anach wurde der 
A ldehyd im V erhältnis gemäß Tab. I bzw. I I  zugegeben, die T em peratur bis 120°C erhöht, 
und es wurde w ährend der in  den Tabellen angeführten  R eaktionszeit gerührt. Die viskose

aus aromatischen Aldehyden und 3,4-Dimethoxyphenylcarbonitrilen

A n a ly se B e m erk u n g

Lit. Schmp. 198 °C 
A usbeute 50% [1]

(343,39) Ber.
Gef.

C 66,46 
C 66,39

H 6,16 
H  6,32

N 4,08 
N 4,01

Ci 7H i 6N20 5 (328,33) Ber.
Gef.

C 62,20 
C 62,19

H 4,91 
H  5,53

N 8,53 
N 8,52

c20h 2,n o 3 (324,40) Ber.
Gef.

C 73,82 
C 73,69

H 7,13 
H  7,25

N 4,30 
N 4,28

Acta Chim. (Budapest) 88,1976



92 DEÁK et al.: SYNTHESE VON NEUEN ISOCHINOLINON-DERIVATEN

heiße Lösung wurde in  W asser gegossen, m it konz. N H ,O H  alkalisch gemacht und w enn 
nötig  das gumm iartige P ro d u k t zerrieben, bis es zu Pulver zerfiel. D anach wurde filtrie rt, 
m it W asser neutral gewaschen, getrocknet und aus dem in den Tabellen angeführten Lösungs
m itte l umkristallisiert.

*

H errn Is tván  N a g y  sei an dieser Stelle für seine wertvolle technische M itarbeit gedankt.
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REDUCTION OF DICARBOXYLIC ACID ESTERS 
WITH DIISOBUTYLALUMINIUM HYDRIDE
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(Department o f Chemistry, Veterinary University, Budapest)

Received F eb ru a ry  8, 1975

Reduction of diethyl hom ophthalate, diethyl ph thala te , diethyl cis-1,2-cyclo- 
hexanedicarboxylate and diethyl g lu ta ra te  with 1 — 4 equivalents of diisobutylalumi- 
nium  hydride is reported . The crude reduction  products were analyzed by gas chro
m atography. R eduction  of diethyl hom oph thala te  and diethyl ph thala te  w ith 3 equiv
alents of diisobutylalum inium  hydride led to  selective lactol form ation.

R ecen tly  we h a v e  repo rted  [1] a selective red u c tio n  o f d ie thy l h o m o 
p h th a la te  to  3 -hydroxy isochrom ane w ith  3 eq u iv a len ts  o f  d iisobu ty la lum i- 
n ium  h y d rid e  (D IB A H ). W e have no w  e x ten d ed  th is  s tu d y  to  th e  red u c tio n  
o f d icarboxy lic  acid e s te rs  w ith  1-4 e q u iv a le n ts  of D IB A H .

T he d icarboxy lic  ac id  esters w ere tr e a te d  in  to lu en e , a t  low  te m p e ra tu re , 
w ith  1 -4  equ iv a len ts  o f  D IB A H . A f te r  hyd ro lysis  an d  co n cen tra tio n , th e  
crude red u c tio n  p ro d u c ts  were an a ly zed  b y  gas c h ro m a to g rap h y .

R ed u c tio n  of d ie th y l h o m o p h th a la te  (I) w ith  1 or 2 equ ivalen ts o f 
D IB A H  led  to  3 -hydro x y iso ch ro m an e  (II) in  a low  y ie ld . H o m o p h th a lic  
es te r-a ld eh y d e  or d ia ld eh y d e  were a b se n t. R eac tion  w ith  3 equ ivalen ts o f 
D IB A H  affo rded  100%  o f 3 -hydroxy isoch rom ane (II), as show n by  GLC.

P ro d u c t

D IB A H

1 eq .
0//о

2 eq.
%

3 eq.
%

4 eq.
%

Diethyl hom ophthalate (I) 87.5 53.4 — —

3-Hydroxyisochromane (II) 10.7 42.5 100 33.0
Homophthalic alcohol (III) — - — 67.0
Other (unidentified) 3.6 4.1 — —
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3 -H y d ro x y iso ch ro m an e  w as, how ever, slow ly  reduced  to  h o m o p h th a lic  alcohol 
(III) un d er our co n d itio n s  w hen I w as tr e a te d  w ith  4 eq u iv a len ts  of D IB A H  
(see T ab le  I).

Sim ilar t r e a tm e n t  of d ie th y l p h th a la te  w ith  1—4 eq u iv a len ts  o f D IB A H  
le d  to  analogous re su lts . T he only  d iffe rence  was th a t  th e  red u c tio n  of d ie th y l 
p h th a la te  also a ffo rd ed  p h th a lid e  (VI) as a b y -p ro d u c t (T able  I I ) .

P ro d u c t

D IB A H

1 eq.
%

2 eq.
%

3 eq.
о//о

4 eq.
%

Diethyl ph thala te  (IV) 92.0 6 8 .0 — —

Phthalide (VI) — 2.5 17.0 11.5

Lactol (V) 8 . 0 29.5 82.0 2 0 . 0

Phthalalcohol (VII) — — — 63.5

Other (unidentified) — — 1.0 5.0

R eduction  o f  d ie th y l p h th a la te  w ith  th ree  eq u iv a len ts  o f D IB A H  w as 
less selective fo r la c to l fo rm ation  th a n  th e  reduc tion  o f d ie th y l h o m o p h th a la te . 
l-H y d ro x y -l,3 -d ih y d ro iso b e n z o fu ra n  (V) w as id en tified  b y  GLC com parison  
w ith  an a u th e n tic  sam ple p rep a red  b y  th e  redu c tio n  o f p h th a lid e  w ith  one 
eq u iv a len t o f D IB A H .

A sim ilar series o f red u c tio n  o f  d ie th y l c is-l,2 -cy c lo h ex an ed ica rb o x y la te  
(VIII) w ith  1 -4  eq u iv a len ts  o f D IB A H  d id  n o t lead to  se lec tive  lac to l fo rm a 
tio n . The GLC d a ta  are  lis ted  in  T a b le  I I I .

1 -H y d ro x y -p erh y d ro iso b en zo fu ran  (IX) and  c is -l,2 -h y d ro x y m e th y lcy c lo - 
hexan ecarb o x y lic  ac id  lac tone  (X) w ere  separa ted  b y  c h ro m a to g ra p h y  on  
silica gel using  ch lo ro fo rm  as e lu a n t. T h e  spec trum  o f th e  lac to l IX h ad  s tro n g  
in fra red  a b so rp tio n  bands a t  3450 c m -1  (O H ), 1130, 1050 c m -1 (C—O-—C),
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Table III

D IB A H

P ro d u c t
1 eq.

%
2 eq.

%
3 eq.

%
4  eq .

%

Diethyl cís-l,2-cyclohexanedicarboxylate (VIII) 70.7 32.3 - —

1 -H ydroxy-perhydroisobenzofuran (IX) 18.0 33.5 38.0 12.9

Cis- 1,2-hydroxymethylcyclohexanecarboxylic acid 
lactone (X) 8 .8 19.1 2 0 .0 6.9

Cis-l,2-bis(-hydroxymethyl)-cyc]ohexane (XI) - — 35.2 66.5

Other (unidentified) 1 .6 3.5 6 .8 3.0
0.9 11.5 - —
— — — 10.7

an d  th e  lac to n e  X h a d  1785 c m -1  (C =  0 ) .  J ones o x id a tio n  [2] of 1 -h y d ro x y - 
p erh y d ro iso b en zo fu ran  (IX) gave th e  lac to n e  X as show n by  GLC.

E x a m in a tio n  o f  th e  red u c tio n  o f d ie th y l g lu ta ra te  was carried  o u t 
sim ilarly . T he y ields o b ta in ed  were low  (1 0 -2 0 %  o f c ru d e  m ateria l) an d  th e  
red u c tio n  d id  n o t show  se lec tiv ity  fo r lac to l fo rm atio n .

R ed u c tio n  w ith  1 eq u iva len t o f D IB A H  affo rded  2 -h y d ro x y te tra h y d ro - 
p y ra n  (XIV), vale ro lac to n e  (XIII) an d  a la rge  a m o u n t o f un id en tified  p ro d u c t. 
D ie th y l g lu ta ra te  is th e  un ique exam ple  o f d iesters  exam ined  w hich gave 
th e  to ta lly  red u ced  p ro d u c t, i.e. 1 ,5 -pen taned io l (XV), in  a few per cen t y ie ld , 
on tre a tm e n t w ith  no m ore th a n  2 eq u iv a len ts  o f D IB A H . A pp lica tion  o f  
4 eq u iv a len ts  o f D IB A H  led m ain ly  to  1 ,5 -pen taned io l.

COOEt
I

( t ' H 2)3

COOEt

DIBAH

XII a
CHiOH

+ Г-
u  OH CH2OH

XIII XIV XV

2 -H y d ro x y te tra h y d ro p y ra n  (XIV) w as id en tif ied  b y  com parison w ith  an  
a u th en tic  sam ple p re p a re d  from  3 ,4 -d ih y d ro -2 H -p y ran  b y  acid hydrolysis [3].

T he GLC d a ta  are  n o t listed , because th e y  are n o t  su ffic ien tly  in fo rm a 
tiv e  in  consequence o f th e  low yields.

T he resu lts  re p o rte d  show th a t  se lective lac to l fo rm a tio n  has o ccu rred  
only  in  th e  case o f a ro m atic  d icarboxy lic  acid  esters  (p h th a la te  and  hom o- 
p h th a la te ) .

T he selective fo rm a tio n  of lacto ls m ay  be  rea so n ab ly  explained b y  th e  
m echanism  show n below .
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Since p h th a lic  es te r-a ld eh y d e  a n d  d ia ldehyde  w ere a b se n t from  th e  
re a c tio n  p ro d u c ts , i t  can  be suggested  t h a t  ring  closure h a d  ta k e n  place 
y ie ld in g  th e  in te rm e d ia te  XVII. L acto l V cou ld  have arisen from  in te rm ed ia te  
XVIII or from  p h th a lid e  (VI). As d ie th y l p h th a la te  could also be d e tec ted  
besides V and  VI, th e  in te rm ed ia te s  XVII a n d  XVIII should  be m ore sensitive 
a g a in s t th e  H® a t ta c k  th a n  th e  s ta r tin g  m a te ria l. The m ain  re a c tio n  p a th w a y  
seem s to  be XVII — XVIII —► V, because  th e  reduc tion  of d ie th y l p h th a la te  
w ith  1 or 2 eq u iv a len ts  o f D IB A H  gave  p h th a lid e  only in  trace s .

Experim ental

Reduction of dicarboxylic acid esters with DIBAH

To a stirred solution of 0.05 mole of dicarboxylic acid diethyl ester in 100 ml of dry 
to luene there was added slowly 0.05 — 0.2 mole (1 —4 equivalents) of diisobutylalum inium  
hydride in dry toluene (1 : 1) a t  —60°C, during 20 — 60 min. The reaction m ixture was stirred 
for an  additional hour a t  —60°C and then  allowed to  w arm  up to —10°C. A t this tem perature 
200 ml of sa tu rated  sodium potassium ta r tra te  solution was added; th e  organic layer was 
th en  separated and concentrated. The crude reduction  products were analyzed on a Chrom 
I I I  type gas chrom atograph (80 c mX5 mm Apieson M column a t 205°C).
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The q u an tita tiv e  indexes of th e  graphs representing th e  individual variants 
of O tto  engine fuel m anufacturing processes (therm al and ca ta ly tic  cracking, reform
ing, synthetic processes), i.e. the  graph elements, the p a th  lengths, th e  num ber of 
cycles, p lo tted  as a function  of the tim e of introduction, show sim ilarly to distillation 
an increasing trend , approaching a m axim um . The change in  octane num ber of the 
fuels produced has an  identical trend.

Developm ent o f the m anufacture of Otto engine fuel

I t  becam e clear e a r ly  in au tom obile  age, beg inn ing  a t  th e  tu rn  of the  
cen tu ry , t h a t  the  e x p o n e n tia lly  grow ing n u m b er o f cars w ould  create fuel 
dem ands, t h a t  can n o t be  m e t e ith e r  q u a n tita tiv e ly  or q u a lita tiv e ly  by  th e  
p ro d u c tio n  o f  gasoline o b ta in e d  b y  th e  d is tilla tio n  o f c rude  petro leum .**

E x p e rim en ts  s ta r te d  a lread y  in  th e  second decade o f o u r c e n tu ry  on the  
p ro d u c tio n  o f  m otor fu e l b y  th e  chemical conversion o f th e  h e a v ie r  fractions 
o f p e tro leu m . As a re s u lt  o f  th e  ex p e rim en ts , new , a d v a n c e d  technologies 
h av e  been in tro d u ced  in  th e  refineries, app ro ach in g  th e  desired  q u a lity  req u ire 
m en ts.

In  th e  following O tto  engine fuel technologies — c h a ra c te r is tic  o f th e  
d evelopm en t — will be p re se n te d  u p  to  th e  1950’s (F igs 1 — 11). The curves 
o f d ev e lo p m en t show n in  F ig s  12, 13 an d  14, are based  on co u n tin g  th e  graph  
elem en ts. T he figures w ere  a rra n g e d  in  chronological o rd e r accord ing  to  th e  
y e a r  of rea liza tio n  of th e  in d iv id u a l technologies and  th e  n u m b e r of g raph  
e lem ents w as p lo tted  as a fu n c tio n  o f th e  years.

1. Cracking

I t  has b een  recogn ized  early  in  th e  p e tro leu m  re fin in g  in d u s try , based  
on d irec tly  fired  d is tilla tio n , th a t  up o n  h e a tin g  th e  residue a fte r  to p p in g  the  
lig h t frac tio n s, a ligh t f ra c tio n  can be o b ta in e d  again. T his o p e ra tio n  becam e

* P a rt I of the series (D istillation) see: A cta Chimica (B udapest) Tomus 72, pp . 
77 — 91 (1972), contains the definitions of symbols used here

** In  1911, the dem and for gasoline in  the USA exceeded th a t  for kerosene. ([10] p. 99.)
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g en e ra l p ractice , p a r t ic u la r ly  to  increase th e  yield  o f  kerosene . The essence 
o f  th e  phenom enon, th e  c rack ing  of th e  m olecules, w as recogn ized  a lread y  in  
1855 b y  S il l im a n , a n d  p ro v ed  ex p erim en ta lly  b y  B e r t h e l o t  in  1867 [10]. 
R efin eries  of the  la s t  c e n tu ry  w ere crack ing  depend ing  on th e  m ark e t s i tu a 
t io n  (dem and for k e ro sen e). The a p p a ra tu s  is essen tia lly  th e  o ld : d irec t-fired  
s till  p o t  and co ndenser ([10] p . 390). The processes a im ed  a t  p roducing  o f 
gaso line were b ased  on  th e  princip le  of cracking.

1.1 Thermal cracking

The first gasoline p ro d u c in g  process used in d u s tr ia lly  has been  developed 
b y  B u r t o n  et al., a n d  w as p ro te c te d  b y  several p a te n ts . I t  w as n o t th e  crude 
o il, b u t  gas oil, o r th e  fra c tio n  betw een  ligh t an d  h e a v y  fuel oil th a t  w as 
c ra c k e d  under p re ssu re . T h erm al crack ing  was ca rried  o u t in  a d irec tly  fired  
s till. The firs t p la n t  o f  th is  k in d  w as b u ilt in  1912 b y  S ta n d a rd  Oil Co. of 
In d ia n a  ([12] p. 136). T h e  g rap h  o f th e  process is show n in  F ig . 1. The g rap h  
is un iflow , open.

The m ain d ra w b a c k  of B u r t o n ’s process, besides b e in g  d iscon tinuous, 
is o v e rh ea tin g  a t  th e  w alls o f th e  still, w hich could n o t be e lim in a ted  b y  th e  
in n o v a tio n s  in tro d u c e d . T herefo re , experim en ts  w ere co n d u c ted  to  rep lace th e  
p o t  b y  pipe crack ing , follow ing th e  exam ple of p ipe s tills . P a te n ts  were filed  
fo r  several processes o f  th is  k in d , an d  some of th e se  w ere a c tu a lly  rea lized  
(H oles-H anley , C ross, D ubbs). O u t o f these , D u b b s 4 process will be show n 
h e re , which, a fte r se v e ra l m odifica tions, is still in  use to d a y . A n ad v an tag eo u s 
c h a ra c te r is tic  is o f th e  “ clean rec ircu la tio n ” : th e  h eav ie r  p a r t  of th e  cracked- 
p ro d u c t  is recycled  fo r  th e rm a l crack ing . The f irs t p la n t  o f  th is  k in d  w as b u ilt  
in  th e  USA in 1920— 21 ([3] p . 219). F igure 2 show s th e  g rap h  of th e  in itia l 
re a liz a tio n  of a p la n t  o f  th is  sy stem . The base stock  is fed  in to  th e  dephlegm a- 
to r ,  w here it  is m ix ed  w ith  th e  condensate  from  th e  c rack  v a p o u rs . The m ix tu re
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Fig. 1. Burton’s thermal cracking process. U SA . 1912 
(According to  W illiam son—Doun: American Petroleum  Industry . II . Fig. 4-4) 

Theoretical graph. Reactor: r t cracking still. Allactors: a , dephlegm ator, a2 cooler, a3 sepa
ra to r. Conduits: s, gas oil, s2 ta r , s3 crack vapour, s4 reflux, s5 gasoline vapour, s„ gasoline,

s7 crack gasoline, se crack gas 
Type of graph: uniflow, open 

N um ber of graph elements: 12
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petroleum

s t

Cracking
~  residue
s 5

a S

Fig. 2. Cracking plant, system Dubbs, U SA . 1920—1921 
(According to  Bell: A m erican Petroleum  Refining, Fig. X III . 9)

Theoretical graph. Reactor: r, pipe-still. Allactors: a , dephlegm ator, a2 expansion cham ber, 
a3 condenser, a4 reflux collector, a5 reflux  pum p, a6 cooler, a , separator, as, a9 pum ps. Con
duits: s 4 crude petroleum , s2 substance fo r cracking, s3 cracked substance, s4 crack product, 
s5 crack residue, s6 dephlegm ator head p ro d u c t, s7 reflux, s8 crack product, s9 crack gasoline,

s10 crack gas
Type of graph: uniflow  cyclic (cum ulated)

Number of g raph  elem ents: 24

is c rack ed  in  a pipe s till under a p re ssu re  of 15 — 20 a tm . The c rack in g  resid u e , 
se p a ra tin g  from  th e  cracked  su b s ta n c e  in  th e  expansion  ch am b er, is lead  
aw ay , w hile th e  v ap o u rs  are d ire c te d  to  th e  dep h leg m ato r. The h e a d  p ro d u c t 
of th e  d ep h leg m ato r is condensed. O ne p a r t  o f th e  condensate  is th e  re flu x , 
and  its  m ain  p a r t  is th e  crack p ro d u c t , from  w hich  th e  non -condensing  gas 
is s e p a ra te d  in  a sep a ra to r . The g ra p h  is cyclic, cum ulated .*

T he D ubbs p rocess has been  fu r th e r  developed . A process o f th is  ty p e  
is th e  sy s tem  of Universal Oil Products, w hich d iffers from  th e  above in  th a t  
th e  su b stan ce  to  be c racked , to g e th e r  w ith  a rec ircu la ted  p a r t  o f th e  c rack ed  
su b stan ce , are  s e p a ra te d  in  th e  fra c tio n a tin g  co lum n in to  lig h t a n d  h e a v y  
d is tilla te s , an d  these  are  cracked in  se p a ra te  p ipe stills  a t  te m p e ra tu re s  d e p e n d 
ing on th e  n a tu re  o f th e  substance . T he p rocess w as b o ugh t an d  ap p lied  in  
1930 b y  severa l com panies. I ts  g ra p h  is show n in  Fig. 3. The g ra p h  is cyclic 
an d  consists  o f th e  cu m u la ted  c o n n e c tio n  o f tw o  cycles.

To achieve m ax im u m  gasoline y ie ld , w h erev er possible, a second  f ra c 
tio n a tin g  to w er an d  a th ird  fu rnace  are  in se rted  in  D ubbs-type  ([1] p . 265).

* R ecent investigations show th a t th e re  are certain  frequently  occurring types among 
the so-called ‘cocurrent cyclic’ graphs. These are:

1. cum ulated cyclic graphs, in w hich th e  cyclic processes are connected w ith  each 
other a t a common angle po in t (see Figs 2 and  6);

2. conjugated graphs, in  which th e  angle points of a w rapping circle are connected 
by in ternal cycles;

3. isolated cyclic system s, where th e  constituen t cyclic processes are connected by 
directed edges betw een the angle points (see Figs 4 and 9).
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Steam Feed oil

Fig. 3. Variant o f  system Dubbs by Universal Oil Comp. 1930 
(According to  H . Ruf: Kleine Technologie des Erdöls. Fig. 110)

Theoretical graph. Reactors: r j  heavy oil furnace, r2 ligh t oil furnace, r3 reaction  chamber. 
Allactors: A fractionation colum n, a, flash cham ber, a2 stripping column, a3, a4 coolers, a5 
reflux  receiver, a6, a , pum ps, a8 cooler, a9 separator. Conduits: s4 feed oil, s2 heavy oil, s3 
cracked heavy oil, s4 ligh t oil, s5 cracked ligh t oil, s6 cracked substance, s7 crack vapour, s8 
crack residue, s9 head p roduct of fractionation  colum n, s10 reflux, sn  crack product, s12 crack 

gasoline, s13 crack gas, s14 steam , s16 recirculated fraction 
Type of graph: cyclic, cum ulated  

N um ber of g raph elem ents: 33

T he g ra p h  of such a p la n t  is show n in  F ig . 4. C rack ing  is co n d u c ted  to  coke. 
T he g ra p h  is cyclic, w ith  tw o iso la ted  cycles.

In  th e  processes described , th e  c rack in g  o f oil is carried  o u t in  a so-called 
m ix ed  phase (liquid a n d  v a p o u r p h ase ). A t th e  en d  of th e  1920’s v a p o u r  phase 
c rack in g  processes w ere in tro d u ced . T h e  feed  is kerosene or gas oil, a n d  th e rm a l 
c rack in g  is perfo rm ed  a t  h igh te m p e ra tu re s  a n d  low  pressures. T he G yro, 
de F lo ren z  and  P r a t t  p rocesses belong  in to  th is  g roup . Gasoline m a n u fa c tu red  
b y  th e se  processes h as  good an tik n o c k  c h a ra c te r is tic s , b u t owing to  its  high 
degree of u n sa tu ra tio n , i t  has a te n d e n c y  to  p o lym eriza tion . V ap o u r phase 
c rack in g  becam e an  im p o r ta n t in te rm e d ia te  o p era tio n  of p e tro lch em is try  
(py ro lysis), b u t  i t  w as sho rt-liv ed  in  th e  p ro d u c tio n  of gasoline, and  w as 
re p la c e d  in  th e  1930‘s b y  ca ta ly tic  processes ([3] p . 222).

1.2. Catalytic cracking processes

T he p e tro leum  re fin in g  in d u s try  o f th e  U SA  increased  its  gasoline o u t
p u t  m ore th a n  4 tim es  an d  th e  o u tp u t  o f c rack ed  gasoline m ore th a n  9 tim es 
fro m  1919 to  1929 ([12] p . 395). In  1936 th e  o u tp u t  of cracked  gasoline a lread y  
exceeded  the p ro d u c tio n  of s tra ig h t-ru n  gasoline ([10] p. 191). T he reason  for
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Crack gas

Fig. 4. Cracking plant system Dubbs with coke. U SA . About 1940 
(According to W innacker—Küchler: Chemische Technologie. Vol. I. Fig. III-36) 

Theoretical graph. Reactors: r ( coke furnace, r2 ligh t oil cracking furnace, r3 heavy oil crack
ing furnace, r4 reactor chamber. Allactors: A ,, A2 fractionation column, a L coke separator, 
a2 stripper, a3 stabilizer column, a4 condenzer, a5 cooler, ae separator, a7, a8 pumps. Conduits: 
Sj toped petroleum , s2 heavy oil reflux, s3 coking product, s4 crack vapour, s5 head p roduct 
of A j, s6 light oil, s, cracked light od, s8 heavy oil, s9 cracked heavy oil, s10 cracked m ix ture , 
su  heavy oil reflux, s12 fuel oil, s13 coke, s14 head  p roduct of A2, s15 stable gasoline, sl6 gasoline 

vapour, s17 reflux, s18 crack gas, s19 crack vapour 
Type of graph: uniflow, cyclic 
Number of graph elements: 37

th e  increase in  c rack ed  gasoline p ro d u c tio n  is, in  a d d itio n  to  th e  h igher gasoline 
y ield , th e  h ig h er o c tan e  num ber. C a ta ly tic  processes have  stead ily  gained  
g round . In  th e  U SA , th e  1960 p ro d u c tio n  of th e rm a l crack ing  p la n ts  w as
2.2 m illion ЬЫ/d a y , while th a t  of th e  c a ta ly tic  p la n ts  4.6 m illion b b l/d a y  
([4] p. 195).

T hough  th e  e ffec t of ca ta ly sts  in  th e rm a l c rack ing  has been know n fo r 
decades, th e  d ev e lo p m en t of a su itab le  c a ta ly s t  an d  tech n o lo g y  req u ired  th e  
re sea rch  w ork  o f sev era l years.

The f irs t p rocess th a t  proved to  be sa tis fac to ry  on in d u stria l scale w as 
developed  b y  H o u d r y , and  the  f irs t p la n t  of th is  k in d  was s ta r te d  up  in  
1937 in  th e  P au lsb o ro  re fin ery  of th e  S un  Oil Co. T he process was o p e ra te d  
w ith  a fixed -bed , g ra n u la r  ca ta ly st. N a p h ta , kerosene or gas oil w ere u sed  
as s ta r tin g  m a te ria ls . The graph  of th e  process is show n in Fig. 5. A fter h e a t 
ing  in  a pipe still, t a r  is sep ara ted  from  th e  v ap o u rs  evo lved , w hich are th e n
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Fig. 5. Catalytic cracking Houdry's fix e d  bed process. Sun Oil Co. Paulsboro. 1937 
(According to  Nelson: Petroleum  R efinery Engineering. Fig. 245)

Theoretical graph. Reactors: тг furnace, r2 converters (I, I I , III). Allactors: a , pum p, a2 hea t 
exchanger, a3 ta r  separator, a4 ta r  cooler, a. gas oil cooler, a6 gasolin cooler, a7 separator, 
ag reflux  pum p, a9 turbocom pressor, a10 air h ea te r, A  fractionation column. Conduits: s4 feed 
oil, s2 feed oil vapour, s3 cracked vapour, s4 gas oil, s5 crack gasoline vapour, s6 crack gasohne, 

s7 crack gas, s8 ta r , s9 air, s10 flue gas 
Type of graph: uniflow, cyclic (isolated and cum ulated)

Number of g raph  elem ents: 42

in tro d u c e d  in to  one o f th e  th ree  re a c tio n  ch am b ers  filled w ith  g ra ined  c a ta ly s t, 
fo r  th e  cracking. A fte r  a certa in  p e rio d  th e  reac tio n  stops, owing to  coke- 
fo rm a tio n , and  th e  n e x t  cham ber is sw itch ed  on. The c a ta ly s t in  th e  ch am b er 
sw itch ed  off is re g e n e ra te d : coke is b u rn e d  off w ith  h o t a ir, an d  th e  ch am b er 
is b low n  ou t w ith  s te a m . The crack ed  su b s ta n c e  passes in to  th e  fra c tio n a tin g  
to w e r, th e  b o tto m  p ro d u c t o f w hich is c rack ed  gas oil, an d  th e  h ead  p ro d u c t 
c ra c k e d  gasoline. T h e  g raph  is cyclic , i t  consists of th re e  cu m u la ted  an d  
iso la te d  cycles.

The eq u ip m en t o f th e  H o u d r y  p la n t  is com plicated , th e  p a th  of th e  gas 
is d irec ted  b y  p ro g ram m ed  au to m a tic  co n tro l valves. The f ix ed -b ed  processes 
a re  increasing ly  rep la c e d  b y  m o v in g -b ed  processes, w here th e rm a l c rack in g  
a n d  reg en era tio n  o f th e  ca ta ly s t are c a rr ie d  o u t in  sep ara te  zones. The c a ta ly s t  
c ircu la tes  in th e  sy s te m , the  p rocess is con tinuous. T here are tw o k in d s o f 
m ov ing -bed  p rocesses. In  one of th e m , g ra n u la te d  ca ta ly s t is u sed , th e  m oving  
o f  w hich  was so lved  f i r s t  m echan ically , a n d  la te r  p n eu m atica lly . This p rinc ip le  
w as realized  b y  th e  Socony Vacuum Co. in  th e  so-called “Thermophor Catalytic
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Fig. 6. Termophor catalytic cracking mowing bed process (T .C .C .) Socono Vacuum Comp
U S A . 1943

(According to  W innacker—Küchler: Chemische Technologie. Vol. I. Fig. III-42) 
Theoretical graph. Reactors: r, pipe still, r2 reac to r, r 3 regenerator. Allactors: A  fractionation  
tower, a4 ta r  separator, a2 condenser, a3 p u m p , a4 condenser, a5 separator, a6 reflux pum p, 
a, compressor, a8 air heater. Conduits: s4 feed oil, s2 feed oil vapour, s3 cracked substance 
liquid, s4 cracked substance gas, s5 circulating oil, sr> head product of tower A, a, reflux, s8 
fuel oil, s9 crack gas, s10 crack gasoline, s14 ca ta ly s t, s12 air, s13 flue gas, s14 tar. Storage: t 4 con

densate collector, t2 tran sfe r tan k , t 3 cata lyst tan k  
T ype of graph: uniflow , cyclic (cum ulated)

Number of g raph  elem ents: 41

Cracking”  (T.C.C. A irlift) process in  1943. T he g rap h  o f th e  process is show n 
in  F ig . 6. T he feed gas is oil or h e a v y  oil, w hich is h e a te d  in  a pipe s till to  
400 — 450°C. The n o n -ev ap o ra tin g  p a r t  is se p a ra te d . The v a p o u r is in tro d u c e d  
in to  th e  re a c to r , in  w h ich  cracking ta k e s  p lace . In  th e  low er p a r t  of th e  re a c to r , 
oil is b low n off w ith  s te a m  from  the c a ta ly s t ,  an d  passes in to  th e  f ra c tio n a tin g  
to w er fo r th e  sep a ra tio n  o f the p ro d u c ts . T he h ead  p ro d u c t o f th e  co lum n is 
cracked  d is tilla te  an d  gas. The c a ta ly s t, free  o f oil, d rops from  th e  reac to r  in to  
th e  reg en e ra tio n  zone, w here coke is b u rn e d  off w ith  air. The re g e n e ra te d  
c a ta ly s t is ra ised  p n eu m a tica lly  in to  th e  co n ta in e r above th e  reac to r, from  
w here i t  passes in to  th e  reac to r. The g ra p h  is cyclic, an d  is com posed o f th re e  
cu m u la ted  cycles.

T he second group  o f m oving b ed  p rocesses uses a v o rte x  bed  w ith  f lu id 
ized c a ta ly s t. A process o f th is k ind  w as rea lized  in  1941 b y  Kellog Corp. in
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Fig. 7. Catalytic cracking fluidized bed process. Kellog Co. — Standard Oil. 1941 
(According to  H . Ruf: Kleine Technologie des Erdöls. Fig. 124)

T heoretical graph. Reactors: r, catalyst regenerator, r2 reactor. Allactors: aj compressor, 
a2, a 3 cyclones, a4 condenser, a6 separator, A frac tionation  column. Conduits: s t feed oil, s2 
steam  and air, s3 ca ta ly s t w ith  deposited coke, s4 regenerated  cata lyst, s5 air, s6 ca ta lyst flue 
gas, s7 catalyst pow der, s8 crack vapour w ith  ca ta ly st, s9 catalyst powder, s10 crack vapour, 
Sj, flue gas, s12 fuel oil, s13 residue, sl4 head p ro d u c t of A, sI5 reflux, s16 crack gas, s17 crack

gasoline
Type of graph: uniflow, cyclic (cum ulated and isolated)

Number of g raph  elem ents: 27

co llab o ra tio n  w ith  th e  Standard Oil Development Co. The g rap h  of th e  p rocess 
is show n in F ig . 7. C racking an d  re g e n e ra tio n  of th e  c a ta ly s t ta k e s  p lace in  
se p a ra te  zones, on  th e  flu id ized su b s ta n c e . C a ta ly st pow der is se p a ra te d  b y  
a cyclone from  th e  c rack ed  su b stan ce  leav in g  th e  re a c to r , w hich  passes th e n  
to  th e  fra c tio n a tin g  to w er, w here i t  is f ra c tio n a te d  in to  its  com ponen ts. T h e  
h e a d  p roducts o f th e  colum n are c rack ed  gasoline and  gas. T he g rap h  is cyclic , 
a n d  consists of th re e  cum ula ted  a n d  an  iso la ted  cycles.

L a te r, th e  flu id iz a tio n  a p p a ra tu s  has been  sim plified  b y  com bin ing  th e  
re a c to r  w ith  th e  re g e n e ra to r  ( Kellog-Orthoflotv).

2. R eform ing

In  th e rm al a n d  ca ta ly tic  c rack in g , o lefins are also fo rm ed  increasing  th e  
o c tan e  num ber. T h o u g h  th is  increase is considerab le , i t  is in su ffic ien t fo r m o 
d e rn  engines, w h ich  n eed  an octane re n u m b e rg  o f 100 or h igher. G asoline o f th is  
q u a li ty  can he p ro d u c e d  b y  th e  s t ru c tu ra l  conversion o f h y d ro ca rb o n s . O ne 
g ro u p  of these p rocesses, in w hich a ro m a tic  hyd rocarbons are fo rm ed , is ca lled  
reforming. A ro m a tiz a tio n  can be ach iev ed  b y  th e rm a l or c a ta ly tic  re fo rm in g .

2.1. Thermal reforming is s im ila r to  th e rm a l c rack ing  processes. I t s  feed  
s to c k  is genera lly  n a p h th a , w hich is ‘re fo rm ed ’ b y  h e a tin g  a t  an  a d e q u a te
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Polyform
gasoline

Crack
gas

Fig. 8. Thermal reforming, polyforming. Pan American Refining Corp Texas City. 1935 
(According to H. Ruf: Kleine Technologie des Erdöls, Fig. 130)

Theoretical graph. Reactor: r, reform ing furnace. Allactors: a, pum p, a2 cooler, a3, a4 pum ps, 
a5 cooler, a6 residue stripper, a 7 cooler, a8 separator, a9 pum p, a10 cooler, Л, absorber, A2 
fractionation  tow er, A3 stabilizing column. Conduits: s, naph ta , s2 liquid gas, s3 lean  gas, 
s4 basic substance, s5 reformed substance, s6 bo ttom  product of A2, s7 cooling oil, s8 head 
product of A2, s9 stable polyform gasoline, s10 head product of A3, s , , reflux, s12, s13 residues,

s14 crack gas
Type of graph: uniflow, cyclic 
N um ber of graph elem ents: 37

te m p e ra tu re  a n d  p ressure  in  a fu rnace  o f special design. To avoid  c rack ing , 
th e  reac tio n  p ro d u c t is ra p id ly  cooled daw n  and  fed  in to  th e  fra c tio n a tin g  
tow er. The h e a d  p ro d u c t of th e  to w er is th e  ‘re fo rm a te ’ con ta in ing  besides 
a rom atics su b s ta n tia l q u a n titie s  of olefins, b o th  of w hich  increase th e  o c tan e  
n u m b er. The p rocess was used  in  several v a r ia n ts . One o f these  is p o ly fo rm ing , 
w here refo rm ing  is coupled w ith  po ly m eriza tio n , b y  feed ing  liquefied  gas to  
th e  base stock . A p la n t o f th is  k in d  w as b u ilt  in  1935 b y  th e  Pan Am erican  
R efin ing Co. in  its  T exas C ity  re fin e ry  ([7] p . 188). T he g rap h  of th e  process 
is show n in F ig . 8. T he g rap h  is cyclic, a cu m u la ted  cooling cycle and  a res id u e  
s tr ip p in g  cycle are coupled  to  th e  large re fo rm ing  cycle.

2.2 Catalytic reforming

In  its  ‘H y d ro fo rm in g ‘ p la n t, b u ilt  in  1940 in  L eu n a , th e  I. G. Farben 
Industrie  b egan  to  m an u fac tu re  to luene  from  h y d ro carb o n s. The process is in  
essence c a ta ly tic  refo rm ing  in  th e  presence o f hyd rogen . D uring  W orld  W a r I I ,  
several p la n ts  o f th is  k ind  w ere b u ilt  in  th e  USA fo r th e  p ro d u c tio n  of T N T . 
F rom  th ese  w ere developed  th e  platforming  process, using  P t-c a ta lis a to r  
deposited  on A120 3—S 0 2 gel. In  all these  processes a h y d ro g en  a tm o sp h ere  is 
m a in ta in ed . T he f irs t p la n t o f th is  k in d  w as s ta r te d  up  in  1949 b y  tb e  Old 
Dutch R efin ing  Co., M ichigan ([7] p . 229). T he g rap h  o f p la tfo rm ing  is show n 
in  Fig. 9; i t  is cyclic, tw o iso la ted  cycles be ing  coupled  to  th e  m ain  p ro d u c 
tio n  cycle.
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Naphta

Fig. 9. Catalytic hydroforming. Platforming. Old Dutch Refining Co. Michigan. 1949 
(According to  H . Ruf: Kleine Technologie des Erdöls. Fig. 133)

T heoretical graph. Reactors: r, cata lyst cham ber I., r2 cata lyst cham ber I I ., r3 ca ta lyst 
cham ber III. Allactors:} a , feeding pum p, a2 hea t exchanger, a3 condenser, a4 receiver, a5 
p u m p , a6 cooler, a , pum p, ag preheating furnace, a9 preheating furnace, a 10 preheating fu r
nace, au  cooler, a12 separa to r, a 13 condenser, a l4 separator, a15 pum p, a10 cooler, A 4 p re
frac tiona tion  column, A2 fractionation  column. Conduits: s4 feed, s2 m id product of A4, s3 
h ead  product of A4, s4 reflux , s5 bottom  product of A4, s6 p a th  of platform ing, s7 platform ed 
p ro d u c t, s8 circulating H 2 gas, s9 platform ed product, s10 head product of A2, s14 reflux of A2,

sl2 stable reform ed gasoline 
Type of graph: uniflow, cyclic (isolated)

N um ber of graph elem ents: 47

3. Polym erization, alkylation

In  the  c rack in g  an d  re fo rm ing  p rocesses, a su b s ta n tia l am o u n t o f s a tu 
r a te d  and  u n s a tu ra te d  С,—C4 h y d ro ca rb o n s  is form ed. The gas w as used  in itia lly  
as fuel. R esearch a im ed  a t  b e tte r  u tiliz a tio n , has led  to  th e  m a n u fac tu re  of 
h ig h -q u a lity  gaso lines b y  th e  p o ly m eriza tio n  an d  a lk y la tio n  o f th e  gases.

3.1 . Polymerization

The f irs t successfu l a tte m p t a t  th e  u tiliz a tio n  of th e  gases was th e  p o ly 
m e riz a tio n  of low  m olecu lar w eigh t o lefins. P o ly m eriza tio n  can  be perfo rm ed  
thermally or b y  th e  use of catalysts.
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Polyformed
g aso lin e

Fig. 10. Catalytic polymerization. Universal Oil Products. 1939 
(According to  U llm ann Enzyklopedie. 3rd E d. Yol. 6. Fig. 57)

Theoretical graph. Reactors: r ,  alkaline washer, r2 ca ta lyst tow er. Allactors: a t aqueous 
washer, a2 pum p, a3 cooler, A , depropanizer column, a4 propane cooler, A2 debutanizer column, 
a5 bu tane  cooler, a6 pum p. Storage: t 4 feeding tank . Conduits: s4 raw  m aterial m ixture, s2 

polimerizate, s3 p ropane, s4 propane-free product, s5 bu tane , s6 polymer gasoline 
Type of graph: uniflow, cyclic (cum ulated  and isolated)

Number of graph elem ents: 28

Thermal polymerization  processes d id  n o t  f in d  w idesp read  in d u s tr ia l 
ap p lica tion . A lready  in  th e  1930’s, th e y  w ere rep laced  b y  ca ta ly tic  m eth o d s. 
H y d ro g en  fluoride o r su lfu ric  acid can  be u sed  as c a ta ly s t . H ow ever, o rth o - 
phosphoric  acid is th e  m o st p re fe rred  c a ta ly s t, w h ich  is u sed  w ith  an  inorgan ic  
su p p o rt (kieselguhr, asb esto s , e tc .). T he g rap h  of th is  ty p e  of p la n t is show n 
in  F ig . 10; it  is cyclic, consisting  o f  several (cu m u la ted  an d  iso lated) cycles. 
U po n  th e  po lym eriza te  gives upon  h y d ro g en a tio n , a fuel w ith  an  oc tane  
ra t in g  of over 100. T h is  p ro d u c t p lay ed  an  im p o r ta n t  role in  W orld W ar I I  

as an  av ia tio n  fuel ([12] p. 630).

3.2. A lkylation means

In  th e  p e tro leu m  re fin ing  in d u s try  a lk y la tio n  m eans th e  process of l in k 
ing olefins w ith  iso p ara ffin s . The a lk y la tio n  p rocess w as d iscovered  (1932 — 35) 
in  th e  U SA b y  I p a t i e f f  an d  S i n e s  (U .O .P .); i t  can  be p erfo rm ed  th e rm a lly  
or ca ta ly tica lly  w ith  su lfu ric  acid. S evera l o th e r  com pan ies have a tta in e d  th e  
sam e resu lts . The f irs t  p la n t  of th is  ty p e  was b u ilt  in  1938 b y  Humble Oil Co. 
in  B ay to w n , T exas. S ev era l a lk y la tin g  p lan ts  h av e  b een  b u ilt  in  th e  U SA, 
some o f w hich used  H F  as c a ta ly s t; how ever, in  m o st cases sulfuric acid w as 
app lied  ([12] p. 602).
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A lkaline and 
aq ueous w a sh in g

Fig. 11. Catalytic alkylation, sulfuric acid process. M W . A cl log Co. 1938 
(According to  U llm ann Enzyklopedie. 3rd Ed. Vol. 6. Fig. 58)

T heoretical graph. Reactors: r ,  emulsion circulator, r2 alkaline washer. Allactors: a t self
cooler, A4 depropanizer colum n, a2 propane cooler, a3 propane separator, a4 acid separator, 
a5 circulating  pum p, a6 i-C4 cooler, A2 i-C4 colum n, A3 debutanizer colum n, a , bu tane  cooler, 
a8 b u tan e  tank , A4 end-product column, a9 cooler, a10 tank , a 41 i-C4 tan k , a 12 i-C4 cooler. Con
du its:  s 4 feed, s2 sulfuric acid, s3 emulsion, s4 propane-free emulsion, s5 propane, s6 propane 
reflux , s7 acidic emulsion, s8 alkali, w ater, s9 spent alkali, s10 neutral substance, s14, s12 i-C4, 
s13 i-C4 reflux, s14 i-C4 free substance, s15 bu tane , s16 alkylate, s17 ligh t alky late , s18 heavy

alkylate, s19 spent acid
Type of graph: uniflow, cyclic (m ultiply cum ulated, isolated)

N um ber of graph elements: 59

O n otherw ise id e n tic a l p rinc ip les, th e  p lan ts  w ere b u ilt  in  d ifferen t 
v a r ia t io n s  w ith  re sp ec t to  p a r tia l  design  fea tu res . F igure 11 show s th e  g raph  
o f  th e  Kellog Co. p rocess. T he g rap h  is cyclic, consisting of severa l cycles w ith  
c u m u la te d  connections.

In  N ovem ber 1939, six  su lfu ric  ac id  p lan ts  p ro d u ced  3500 b b l/d a y  of 
a v ia tio n  fuel ([12] p . 632).

4. Conclusions

4 .1 . W ith  th e  e x c e p tio n  of th e  g rap h  of B u r t o n ’s d isco n tin u o u s process 
(1 9 1 2 ), th e  graphs o f th e  m a n u fa c tu re  o f O tto  engine fuel are  cyclic, consisting  
o f  a v a ried  co m bina tion  o f severa l p rocess steps, to  be tra c e d  b a c k  on p lan t 
m a n a g e m e n t con sid era tio n s. F igu re  12 w as p lo tted  from  d a ta  sum m arized  
in  T ab le  I, gives th e  changes of th e  m axim al path lengths, an d  o f the cyclic 
processes of graphs as a fu n c tio n  o f th e  tim e  of in tro d u c tio n  o f th e  processes. 
S im ila rly  as has been  estab lish ed  in  th e  course of th e  in v e s tig a tio n  o f d is til
la t io n  [20], the  d iag ram  show s th a t  the complexity o f the technologies approaches 
a m axim um  in the course o f its development.

4.2. I t  can be seen  from  Fig. 12 th a t  in  the  m a jo rity  o f th e  processes 
in v e s tig a te d , th e  tw o  co m p lex ity  in d ex es of th e  technologies s c a tte r  w idely
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Table I

Data o f the graphs o f Otto engine fue l manufacture 
(see Fig. 12)

Fig.
No.

Y e a r  o f 
in tro d u c tio n S y stem

N o. o f 
cycles

P a th
len g th s

N o. o f 
g rap h  

elem en ts

l 1912 Burton (Williamson) l 5 16
2 1920/21 Dubbs (Bell) 2 10 29
3 1930 Dubbs (Universal) 4 12 38
8 1935 Pan American 4 16 43
5 1937 H oudry (Sun Oil) 3 15 42

11 1938 Kellog Co. 7 16 48
10 1939 Universal Oil 4 14 32
4 1940 Dubbs 5 14 42

7 1941 Kellog Co. 4 17 35
6 1943 Socony 4 12 46

9 1949 Old D utch 3 23 48

a ro u n d  th e  tre n d  line o f d ev e lopm en t a t a b o u t 1940, i.e. th e  tim e of W orld  
W a r I I .  The sam e fa c t is show n b y  F ig . 13, p lo tte d  from  th e  d a ta  of Table I I .  
T h is phenom enon  can  ascribed  to  th e  fac t th a t  Otto engines were designed for  
steadily increasing compression ([13] p . 26), the operation o f  which needs suitable 
high octane gasoline. (Table IV  an d  F ig . 14 show  th e  increasing  dem and  w ith  
re sp ec t to  octane n u m b er.)  N a tu ra lly , th e  refineries w a n te d  to  m eet m ark e t 
dem an d s as soon as possible. C om petition  a tta in e d  its  goal a t  ab o u t th e  sam e 
tim e  (W orld  W ar I I )  as can  be seen from  T ab le  I I I .

Fig. 12. Number of m axim um  p a th  leng th  and cycles in  the graphs of O tto engine fuel
m anufacture (see Table I)
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Fig. 13. Trend of the increase in  the num ber of operational units and conduits of O tto engine 
fuel m anufacture  as a function  of the years (see Table II)

4.3. In  Fig. 13, th e  g rap h  e lem en ts  are sep a ra ted  in to  cu rves of d eve lop 
m e n t o f reacto rs, a lla c to rs , sto rage ta n k s  and  pip ings. T he t re n d  line of all 
g ra p h  elem ents show s a n  ascending  ten d e n c y , as m en tio n ed  a lread y  u n d e r 
4 .1 ; th e  tre n d  line o f th e  reac to rs  (cu rve  A) ascends to  th e  sm allest e x te n t, 
w hile  th a t  of th e  a lla c to rs  (curve C) to  a m uch g rea te r e x te n t . This shows that 
in  the process group investigated an increasing number o f physical operations 
have been applied in  the course o f development, while chemical processes m ain
tained an almost constant number.

4.4. In  Fig. 13 th e  sc a tte r  of th e  d a ta  from  Figs 7, 10 an d  11 a ro u n d  th e  
t r e n d  lines (C, D, E ) is rem ark ab le . T h is can  be a t tr ib u te d  to  th e  p ecu liarities 
o f  th e  discussed techno log ies.

Fig. 14. Change in  octane  num ber as a function  of the years (see Tables I I I  and IV)
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Table II

Number o f graph elements 
(see Fig. 13)

Fig.
N o.

Y e a r o f 
in tro d u c 

tio n
S y s tem E dges A llac to r R e a c to r Storage* T o ta l

l 1912 B urton  (Williamson) 8 3 l 4 16
2 1920/21 Dubbs (Bell) 15 9 l 4 29
3 1930 D ubbs (Universal) 21 10 3 4 38
8 1935 Pan  American 23 13 l 6 43
5 1937 H oudry (Sun Oil) 22 11 2 7 42

11 1938 Kellog Co. 33 16 2 8 59
10 1939 U niversal Oil 18 8 2 4 32
4 1940 Dubbs 23 10 4 5 42
7 1941 Kellog Co. 19 6 2 8 35
6 1943 Socony 24 9 3 10 46
9 1949 Old D utch 26 17 3 5 51

* Including the  storage units of incom ing and outgoing substances, not shown in 
th e  figures

F igure  7 is th e  g ra p h  of th e  flu id ized -bed  c a ta ly tic  c rack ing  process of 
Kellog Co. ([4] p . 191). T he re a c to r  an d  th e  u n it fo r c a ta ly s t  reg en era tio n  
fu lfil severa l ta sk s . I n  th e  reac to r , th e  feed is e v a p o ra te d  b y  th e  h e a t c o n te n t 
o f th e  h o t p u lverized  c a ta ly s t  in tro d u c e d  in to  th e  re a c to r  an d , a t  th e  sam e 
tim e , th e  reac tio n  ta k e s  place in  th e  flu id ized  bed. T he c a ta ly s t  pow der an d

Table III

Technical and economical indexes 
o f  the chemical conversion technologies o f petroleum*

Y ear o f 
in tro d u c tio n S ystem

Gasoline 
y ield  (% )

O c tan e
n u m b e r

1912 B urton (Williamson) 20—35 —

1920 Dubbs (Bell) 4 0 -3 5 65—75
1930 Dubbs (Universal) 50—65 7 0 -7 4
1937 H oudry (Sun Oil) 3 0 -5 0 77—81
1941 Kellog Co. 40—60 — 83
1943 Socony 4 0 -6 0 79—83
1949 Old Dutch 90 85— 95

* From  Tables III-33  and III-39 of W i n n a c k e r — IC ü c h l e r : Chemische Technologie,
Vol. I
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coke are separa ted  fro m  th e  c rack ed  v ap o u rs  in  a cyclone b u il t  in to  the  reac 
to r .  The pow der sinks to  th e  b o tto m  of th e  reac to r, from  w here i t  is t r a n s 
p o r te d  by  an air c u r re n t  to  reg en e ra tio n . A ir blow n in to  th e  reg en e ra to r  b u rn s 
o ff  coke from  th e  c a ta ly s t ,  th e  te m p e ra tu re  of w hich increases  to  600°C. The 
re g e n e ra te d  c a ta ly s t p o w d er is se p a ra te d  w ith  a cyclone b u il t  in to  th e  regen
e ra to r  from  the flue gas. T h is m eans th a t  th e  cyclones h a d  to  be  d raw n separa te
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Table IV

Change in the octane number recommended by the LJ. S. Bureau o f  Mines
(see Fig. 14)

Y e a r
O ctane  n u m b er 

(engine)

1928 (regular) 56
1934 (regular) 69
1939 (regular) 73
1946 (regular) 75.9
1946 (premium) 80.9

in  th e  graphs. T he re g e n e ra te d  c a ta ly s t sinks un d er its  ow n w eigh t in to  a com 
m u n ica tin g  tu b e , fro m  w here i t  is carried  b y  th e  feed oil s tre a m  in to  the  re a c 
to r .  I t  can be seen t h a t  no sep a ra te  h e a tin g  eq u ip m en t is n eeded  to  provide 
fo r  th e  required  c ra c k in g  te m p e ra tu re , an d  th e  c a ta ly s t is se lf-circu lating  in  
th e  system , w ith o u t th e  need o f an y  tra n sp o r ta tio n  e q u ip m e n t. C onsequence: 
th e  d im inution of g ra p h  elem ents. F ig . 10 rep resen ts , as h as  been  seen, th e  
c a ta ly tic  p o ly m eriza tio n  process o f Universal Oil Co. F ro m  th e  C3-C 4 olefin 
m ix tu re , the p o ly m eriza te  is fo rm ed  in  a single ru n  over th e  c a ta ly s t a t a p re s 
su re  of up to  100 a tm . T h e  u n re a c te d  gases are se p a ra te d  in  tw o  colum ns. The 
b o tto m  product o f th e  second co lum n is polyform  gasoline of high octane 
n u m b e r. Thus, th e  n u m b e r o f th e  e ssen tia l pieces o f e q u ip m e n t is reduced  
to  th ree .

Figure 11 re p re se n ts  c a ta ly tic  a lk y la tio n . The p rocess is n o t sim ple: it  
com bines olefins w ith  i—C4 b y  heterogeneous ca ta ly sis , in  w hich  the  ca ta ly s t 
is m ore th a n  90%  su lfu ric  acid. T he re a c tio n  tak es  p lace in  an  em ulsion an d  
is followed by  se p a ra tio n , n e u tra liz a tio n  an d  w ashing. T he u n reac ted  h y d ro 
ca rb o n s are s e p a ra te d  in  rec tific a tio n  colum ns, an d  f in a lly , th e  en d -p ro d u c t 
is also separa ted  in to  tw o  p a r ts :  lig h t an d  h eav y  a lk y la tes . T h is b rie f descrip 
t io n  explains also th e  h igh  n u m b e r of g rap h  e lem ents. T hese exam ples as well 
as th e  regular tre n d -c u rv e  sections, p rove th e  effect of th e  c o n s titu tin g  o p e ra 
tio n s  produced on th e  process. T his effect appears in  th e  m a th e m a tic a l m odel
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of th e  ev o lu tio n  d iag ram m  in th a t  w ay , t h a t  th e  tren d -cu rv es  o f th e  o p era tio n  
un ities an d  co n d u its  are best expressed  b y  th e  ex p o n en tia l fu n c tio n  (F ig. 13)

_ c_
y ( x )  =  a - \ - b  x

w here у  th e  n u m b e r of g raph  elem en ts, a, b, c co n stan ts , x  th e  n u m b er o f th e  
years.

T he cu rve  approaches to  th e  lim it a -|- 6, if

* - * ■ 0 0

The c o n s ta n ts  o f th e  fu nc tion  m ay  he c o u n ted  w ith  th e  m e th o d  of M. K o r a c h

[22].
4.5. T h e  in tro d u c tio n  of techno log ica l g raphs offers th e  possib ility  to  

rep re sen t n u m erica lly  th e  deve lopm en t o f  chem ical p la n t sy stem  ty p es b y  
m ap p in g  th e  genera lly  increasing t r e n d  o f th e  n u m b er o f e lem ents.
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Лигандное замещение и строение комплекса, XIII

I П М Р  спектры  д и ам агн и тн ы х  ко м п л ек со в  о сн о в ан и й  Ш иффа с N i( I I )
I  Й. ЧАСАР Т. САБО и Г. ДОМОЙ

Были сняты и исследованы ПМР спектры хелатных комплексов типа Ni [HSAI—
I N—н—алкил]2. На основе зависимости спектров от растворителя, концентрации и тем

пературы были сделаны заключения относительно природы равновесных систем, уста
навливающихся в инертных растворителях, полагая, что в зависимости от температуры и в 
растворах н-алкильных соединений могут образовываться парамагнитные тетраэдри
ческие типы молекул.

Изучение гидратации макромолекул, I

К оэф ф ициент сам одиф ф узии воды  в водны х р а с т в о р а х  поливи н и лового  с п и р т а

Д. ИНЗЕЛТ и П. ГРОФ

Коэффициент самодиффузии воды в водных растворах поливинилового спирта в 
интервале концентраций 0—10 вес. % был измерен при 25 и 35°С, используя метод капил
ляра с открытым концом. Вода была мечена О18 и содержание изотопов было определено с 
помощью масс-спектрометрии.

Коэффициент самодиффузии воды линейно уменьшается с добавлением пвс. Энергия 
активации самодиффузии воды равна (4,5 ±  1 ,4) ккал/моль. Было найдено, что степень 
гидратации равна 3,7—4 молекулам воды на одну гидроксильную группу в зависимости от 
формы макромолекулы. Плотность растворов линейно увеличивается с концентрацией 
макромолекул. Удельный специфический объем пвс равен 0,7344 и 0,7628 см3/г при 25 
35°С, соответсвенно.

Вязкости растворов значительно уменьшаются с концентрацией, однако, энергия 
активации ламинарного течения является постоянной и равна (7,4 ±  0,4) ккал/моль в 
изученном интервале концентраций.

Образование комп лексамежду никелем и 1-гидроксиэтан-1,1-дифосфокислотой
Р. РАУТШКЕ, Г. ЛЮКС и У. ШЛОССЕР

В водных растворах ионы никеля образуют комплексы с 1-гидроксиэтан-1,1-дифос- 
фокислотой, которые, в свою очередь, протонируются в различной степени в зависимости 
от pH. С помощью спектрофотометрического метода были определены константы равно
весия и константы протонирования для комплексов NiH2Y, №НУ~ и №У”2.



Рагщепление гетерокольца изофлаваноидов с помощью нукле офильных
реактивов, III

К и н е т и к а  р а зл о ж е н и я  а -ф о р м и л -2 -ги д р о к си д езо к си б ен зо и н а  до  2 -ги д рокси -
д езо к си б ен зо и н а
В. САБО и М. Ж У ГА

Исследуя кинетику разложения а-формил-2-гидроксидезоксибензоин-енола (II) 
до 2-гидроксидезоксибензоина, было установлено, что гидроксильные ионы препятствуют 
разложению. Полагается, что сущность ингибирования заключается в том, что диссоциа- 
ционное равновесие II III смещается под действием гидроксильных ионов в направ
лении образования III, и образующийся таким образом дианион является неинактивным.

Были определены далее энергия и энтропия активации реакции разложения, а так
же константа вышеуказанного диссоциационного равновесия.

Исследование изомеризации ненасыщенных спиртов на металлических 
катализаторах с помощью импульсной техники

М .5БАРТОК и И. Т Е Р Е К

С помощью импульсной техники были исследованы превращения трех изомерных 
ненасыщенных спиртов (аллилкарбинол, кротиловый спирт и метивинилкарбинол) в 
присутствии водорода, в интервале температур 100—400°С на платиновых, палладиевых, 
родиевых, а также медных, никелевых и цинковых катализаторах типа Ренея, с термолит- 
ным носителем. Основные направления реакции (изомеризация до оксосоединения и гидри
рование до насыщенного спирта) были исследованы в зависимости от различных экспери
ментальных параметров. На основе экспериментальных данных были сделаны заключения 
относительно механизма изомеризации.

Исследование шиффовых оснований салицилового альдегида саминофенолами
Я. БАЛОГ и И. ЧАСАР

Были исследованы шиффовы основания салицилового альдегида с 2-, 3- и 4-амино- 
фенолами. Изменения, наблюдаемые в н-бутанольном растворе, объясняются частичным 
распадом шиффовых оснований и образованием хинонамина.

Получение 2,4- и 2,2-замещенных 4Н-1,3-бензтиазинов
Й. САБО и И. ВАРГА

Производные 2-фенил-4Н-1,3-бензтиазин-4-она (I), взаимодействуя с реагентом 
Гриньяра — в зависимости от органической группы последнего — дают 4-гидрокси-2,4- 
замещенные 4Н-1,3-бензтиазины (III) и 2,2-замещенные производные 2,3-дигидро-4//-1,3- 
бензтиазин-4-она (II). Продукты гидролиза соединения (III) подтверждают его строение.

Синтез N-метилолигопептидов с потенциальной антимикробной активностью
Ю. Ш ТВЕРТЕЦКИ и Ш. БАЮС

Циклические и ациклические N-метилолигопептиды, упрощенные аналоги гри- 
зелимицина с потенциальной антимикробной активностью, были приготовлены из простых 
аминокислот. Для определения зависимости активности от структуры было изучено влия-



ние числа и конфигурации аминокислот и N-метиламинокислот, а также циклизации. 
Следующие молекулы: цикло(Б-леуцил-Б-пролил-Б-леуцил-Б-валил(или N-метил-Б-вал- 
лил)-Б-пролил-М-метил-0-леуцилглицил), Б-треонил-Б-леуцил-Б-пролил-Б-леуцил-Б-ва- 
лил(или М-метил-Б-валил)-Б-пролил-М-метил-0-леуцил-глицин и N -ацетил-цикло(Б- 
треонил-Б-леуцил-Ь-пролил-Б-леуцил-Б-валил(или М-метил-М-валил)-Б-пропил-Г\1-метил- 
О-метил-О-леуцил-глицил) необходимы в минимальной ингибирующей концентрации в 
области 6— 50 г/мл против Mycobacterium tuberculosis H37RV и в области 20—50 г/мл против 
Candida albicans, in vitro.

Электронодефицитные гетероароматические аммоинио-амидаты, VI

С интез и некоторы е р е а к ц и и  10-ем ин оакри д и н овы х  солей и 
N -( 10-акри д и н и о)-ам и д атов

Б. АГАИ и к. ЛЕМ ПЕРТ

Акридин и 9-фенилакридин были Л-аминированы с помощбю 0-мезитиленсульфо- 
нилгидроксиламина. Рбразующиеся N-( 10-акридинио)-амидыт (1) были превращены в 
псевдооснования (2), a N-( 10-акридинио)-амидаты (6) в соединение 7 подобного строения, а 
также их гидрохлориды. Были исследованы также некоторые реакции 2-псевдоосно
ваний.

Электронодефицитные гетероароматические аммонио-амидаты, VII

С и н тез 1Ч-(2-фталазинио)- и N -(1 ,4-д и ф ен и л-2-ф талази н и о)-бен зам и датов  и их
н екоторы е р еак ц и и

к. Л ЕМ П ЕРТ и К. ЗАУЭР

Описывается синтез, термолиз и фотолиз упомянутых в заглавии соединений.

Восстановление эфиров дикарбоксильных кислот с гидридом 
диизобутилалюминия

Г. КРАЙС, М. ПОВАРНИ и К. НАДОР

Было описано восстановление диэтилгомофталата, диэтил цис-1,2-циклогександи- 
карбоксилата и диэтилглутарата за счет 1—4 эквивалентов гидрида диизобутилалюминия. 
Сырые продукты восстановления были анализированы с помощью газовой хроматогра
фии. Восстановление диэтил гомофталата 3 эквивалентами гидрида диизобутилалюминия 
приводит к селективному образованию лактола.

Развитие промышленности рафинирования нефти, изображенное в свете
теории графирования, II

П рои звод ство  горю чего  д л я  м о то р а  О тто

М. КОРАХ и Л . ХАШКО

Количественные параметры графиков некоторых переменных процессов производ
ства горючего для моторов Отто (термический и каталитический крекинг, риформинг, син
тетические методы), а именно: графэлементы, длины пробега, число циркуляционных 
процессов, выраженные в зависимости от времени подачи — в согласии с перегонкой — 
обладают возрастающей тенденцией, приближающейся к максимуму. Изменение октано
вого числа производимого горючего происходит в одном направлении.
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THIN-LAYER pH-CHROMATOGRAPHY OF MONO- AND 
DIBASIC ORGANIC ACIDS ON BUFFERED SILICA GEL

LAYERS

M. B i d l ó — I g l ó y

(Research Institute fo r Pharmaceutical Chemistry, Budapest)

Received M arch 16, 1975

The eq ua tion  of p li-R f  curve was derived in  the case of mono- and dibasic acids 
and it  was s ta te d  th a t  on the basis o f the  pH-i?y curves mono- and dibasic acids can  be 
distinguished from  each other. D issociation constants can be calculated from the d a ta  o f 
pH-ffy curves w ith  a good approxim ation. Experim ental proofs for the theoretical corre
lations were p rov ided  by the TLC on buffered silica gel o f o-phthalic, 3,5-dinitroben- 
zoic, p-nitrobenzoic  and p-m ethoxybenzoic acids.

O rganic e le c tro ly te s  form  a g re a t a n d  im p o r ta n t g roup  of co m p o u n d s 
in v e s tig a te d  ch ro m a to g rap h ica lly . E x p e r im e n ta l d a ta  show  th a t  the  R f  v a lu e  
of d issocia ting  co m p o u n d s  is a fu n c tio n  o f th e  p H  o f th e  ch ro m a to g rap h ic  
sy s tem . On th e  b a s is  o f these  d a ta  a sp ec ia l m eth o d , th e  so-called p H -ch ro - 
m a to g ra p h y  has b e e n  developed. T he essence of th is  m e th o d  is th e  fo llow ing: 
th e  in v e s tig a te d  su b s ta n c e  is developed  in  th e  sam e so lv en t system , b u t  e a c h  
s tr ip  o f th e  s ta t io n a ry  phase is a d ju s te d  to  a given p H  b y  prev ious b u ffe rin g . 
T he R f  va lues a re  p lo tte d  against p H  g rap h ica lly . C h a rac te ris tic  curves a re  
o b ta in e d , on th e  b as is  o f  w hich it  can  be d e te rm in ed , w h e th e r  th e  in v e s tig a te d  
u n k n o w n  co m p u n d  h as  an  acidic, basic  o r  am p h o te ric  c h a ra c te r  or i t  is n e u tra l .  
A n o th e r a d v a n ta g e  o f  th is  m ethod  is t h a t  th e  sep a ra tio n  o f  ce rta in  d issocia ting  
com pounds, o ften  v e ry  sim ilar in  c h a ra c te r , can  be im p ro v ed  b y  th e  su itab le  
se lec tion  of th e  p H .

T h eo re tica l re la tio n s  and  p ra c tic a l ap p lica tio n  o f p H -c h ro m a to g ra p h y  
w ere e lab o ra ted  in  th e  a rea  of p a p e r  ch ro m a to g ra p h y . T h e  m ethod  g a in ed  
special im p o rtan ce  in  th e  p ap er c h ro m a to g ra p h y  of d iffe ren t an tib io tic s . 
[1, 2, 3, 4 , 5, 6] M an y  com pounds o f o th e r  ty p e s  have b een  in v estig a ted  a n d  
th e o re tic a l conclusions have  been  d ra w n  from  th e  ex p e rim en ta l re su lts . 
[7, 8 9 10, 11, 12]

T he basic e q u a tio n s  of p a r titio n  c h ro m a to g ra p h y  w ere used  for th e  d e r i
v a tio n  o f p H —^ - c o r r e la t io n .  As i t  is w ell kn o w n  th e  R f  v a lu e  is a fu nc tion  o f  
the  p a r ti t io n  co e ffic ien t:

4s

Rf  =  — —  (1)

Чм
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116 BIDLÓ-IGLÓY: THIN-LAYER pH-CHROMATOCRAPHY

w here  rep resen ts th e  cross section o f th e  m obile phase, q$ is th e  cross sec tio n  
o f th e  s ta tio n a ry  p h ase  an d  a is th e  p a r t i t io n  coefficient (a =  Сц/см, w here cm 
is th e  solu te c o n c e n tra tio n  in the  m obile p h ase  and  c$ is th e  so lu te  c o n c e n tra 
tio n  in  th e  s ta tio n a ry  ph ase . (D eno ting  th e  ra tio  qiw/qs b y  ‘fc’) E q . (1) can  be 
w ritte n  as follows:

« /  = к a
( 2)

In  th e  case o f d issoc ia ting  su b stan ces  th e  coefficient is a fu n c tio n  of p H . 
T he a  =  /(p H )  fu n c tio n  was stu d ied  b y  G o l u m b i c  [7], W a k s m u n d s k i  a n d  
S o c z e w i n s k i  [9] a n d  th e  following re la tio n sh ip  was o b ta in ed :

a  =  a 0 (3)

w h ere  a 0 is th e  p a r t i t io n  coefficient o f  th e  und issocia ted  ac id  and  K d is th e  
d issocia tion  c o n s ta n t o f th e  acid.

S u b s titu tin g  E q . (3) in to  E q . (2) we o b ta in :

* /  =
к

к x0 K d
[H + ] J

__________к__________

k  +  *o ( l  +  K d .10P")  '
(4)

E q . (4) is the  e q u a tio n  fo r p H —fly-curves o f  m onobasic acids. Such curves are  
show n  in  Figs I ,  2.

In  a p rev ious w ork  [13] E q . (4) w as used  to  de te rm ine  th e  d issocia tion  
c o n s ta n t of acids. I t  em erges from  th is  eq u a tio n , th a t  b y  increasing  [H  + ] 
th e  R j  value a p p ro ach es  a lim it v a lu e , b ecau se  if  [H  + ] K d, th e  ra tio  fQ /[H  + ] 
can  be neglected  besid e  1, so

Rr = - T 7 — = R ' °  (5)k -b *o

R f  0 is th e  Rf  v a lu e  o f  th e  un d isso c ia ted  acid . R f  0 can be d e te rm in ed  from  th e  
p H  Ry-curve, since th e  curve reach es a co n stan t fly-value a fte r  a g iven  d e 
crease in th e  p H  o f  th e  s ta tio n a ry  p h a se ; th e  change o f th e  fly value in  th is  
p a r t  of the cu rve  is less th a n  th e  e x p e rim e n ta l erro r. T his c o n s ta n t R f  v a lu e  
is eq u a l to  Ryj0 in  E q . (5).

B y su itab le  tran sfo rm a tio n  o f  E q . (5) we o b ta in :

1

Rf.0
( 6 )
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D iv id ing  th e  n u m e ra to r  an d  d en o m in a to r of th e  f ra c tio n  in  E q . (4) by  ‘fc’ an d  
using  E q . (6) we ge t th e  follow ing expression:

Rf  =
R7.0 R7,0

1 + ( 1  — R f , o ) [H +]
1 + ( 1 -  R f ,o) ■ K d . 10pH'

( ? )

E q . (7) is su itab le  fo r th e  q u a n ti ta t iv e  d e te rm in a tio n  o f th e  d issocia tion  c o n s tan t. 
T his can  be done in  sev era l w ays. One of th ese , w hich w as ap p lied  in  a p rev ious 
w ork  [13] is b ased  on th e  d e te rm in a tio n  of th e  in flex io n  p o in t o f th e  p H —i n 
cu rve . W hen E q . (7) is tw ice d iffe ren tia ted  as th e  fu n c tio n  o f  p H  and  th e  second 
d iffe ren tia l q u o tie n t is m ade eq u a l to  zero, it  can  be s ta te d , th a t  th e  cu rve  
has its  inflexion p o in t a t  th e  follow ing pH  value:

I t  m eans, th a t

p H infl
1 ______

«7o) • K « '

p K d =  p H infl +  lg ( l—Rf,0) .

( 8)

B y m eans of p H inf| (d e te rm in ed  from  th e  curve g rap h ica lly ) an d  R f  0 th e  
value of p K d can  be d e te rm in ed . E qs (7) and  (8) rev ea l t h a t  a t  th e  in flex ion  
p o in t th e  value of R f t jnfi is eq u a l to  R f , J 2, so th a t  th e  g rap h ica l d iffe ren tia tio n  
of th e  curve is n o t necessa ry . The p H -v a lu e  o f th e  in flex io n  p o in t is th e  p H - 
value correspond ing  to  R j  =  R/ ,012.

A n o th er p o ssib ility  o f d e te rm in in g  K d is to  d e te rm in e  th e  p o in t of th e  
cu rve , w here K d =  [Н  + ]. O n th e  basis o f E q .(7 ) th e  v a lu e  o f  R f , a t  th is  p o in t, 
can  be w ritten  as:

Щ
Rf, о

Rf,  о
( 10)

T he p H -v a lu e  co rresp o n d in g  to  R j  is equal to  th e  p K d v a lu e  o f th e  acid.
T he described co n sid e ra tio n s  w ere ex ten d ed  to  d ib asic  acids.
A t th e  p a r titio n  c h ro m a to g ra p h y  of a d ibasic acid th e  follow ing equ ilib ria

ex is t:

[H 2A ] m  [H 2H ]S [H +]s +  [ H H - ] S

[H A - ) M [ H d ~ ] s Д  [H +]s +  [A*-]s  ■ (П )

The co n cen tra tio n  o f A 2~ in  th e  m obile phase can be n eg lec ted . a 0 deno tes 
th e  p a r ti t io n  coeffic ien t o f th e  und issoc ia ted  acid, ß 0 d en o tes  th e  p a rtitio n  
coeffic ien t of H A ~  b e tw een  th e  s ta tio n a ry  and  m obile p h ases . K x and  K 2 are 
th e  d issociation  c o n s ta n ts  o f th e  acid.

T he value of th e  p a r t i t io n  coefficien t is as follows:

[Н 2Л ]5 -|- [H A  ]s  4- [A2 ]s 

[H 2H ]M +  [ B A - ] M
(12)
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118 BIDLÓ-IGLÓY: THIN-LAYER pH-CHROMATOCRAPHY

T h e v a lu e  [IL 4 - ]s m u s t s ta tis fy  th e  follow ing eq u a tio n s:

A
[H +]s • [ Н Л - Ь

[H 2A ]S

T h e  p a r ti t io n  coefficients are:

I M k
[H  2A ] m

k ,

ocn = ßo =

[H +]s  • [A*~]s 

[ H ^ - ] s
[ H ^ - ]

(13)

(14)
M

U sing equations (12), (13), (14) we o b ta in : ([H  + ] den o tes  th e  hyd ro g en  ion 
co n c e n tra tio n  of th e  s ta tio n a ry  phase)

K i - K a
[H +] +  K ,  +

(X =
[H+]

[H +] | K ,

a o ßo

(15)

T h e  jRy-value on th e  basis  of E q . (2):

к
R f  =

[H +] + K 1 +
k +

K r K 2
[H +]

[H +] +  K 1 +

[H +] +  K ,

xo ßo

1 +

K \ K 2

[H +]

(16)

к к
—  [H +] +  - f . К ,
xo ßo

I n  th e  p H  By-curve o f  d ibasic  ac ids we found  tw o h o riz o n ta l p a r ts  (see 
cu rv es  of p b th a lic  ac id  in  F igs 1 a n d  2). I t  can  be seen fro m  E q . (16), th a t  a t 
th e  p H  values, w here  [H  + ] K 2, b u t  K v  we m ay  do som e neglections:

1 1 1
R f

1 +

[H +]

K ,
+ 1 К ,

[H +]

к  [Н+] 

а 0 К г
к

ßo

к

ßo

1 + ßo_
к

=  R f ,  2 - (17)

E q . (17) m eans, t h a t  th e  U pvalue in  th is  a rea  is p ra c tic a lly  in d ep en d en t of th e  
p H , th e  curve is w ith in  th e se  p H -lim its  ho rizo n ta l, th e  R f  va lue  m easured  
h e re  is denoted  as R y 2. A t p H  v a lu es , w here [H  + ] K x, К we m ay  do neg
lec tions in E q. (16) again :

l 1 1
- = -----------=  Д/,i . ( 18)R f  =

1 +
m +1

K,
K 0

[H +]

A  [H+] j k
«о Кг  ßo

1 +

[H +]

Кг 1 + Т
к_ [Н+]

«о Кг
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In  th is  area , too , th e  R f  value is p ra c tic a lly  in d ep en d en t o f th e  p H . T he curve 
is h o rizo n ta l. T he m easu red  here is deno ted  as Rf, v

E q . (16) m ak es possible to  d e te rm in e  d issociation  co n stan ts . U sing  th e  
r ig h t  side of E q . (17) an d  (18) R f  can  be exp ressed  as

R f  =
[H +] +  K-L +  -K i K 2

(19)

1 +
[H+]

Rf.i [H +]
RLf, 2

1 — Rf
■ K ,1 ” R f , 1 A — ±Xf 2

A t th e  p o in t, w here [H  + ] =  K x (p H  =  р К г) th e  co rrespond ing  U p v a lu e  (Rf)  
can  be  ca lcu la ted  acco rd ing  to  th e  follow ing eq u a tio n :

R }  =
l

1 +
2 K ,  +  K 2

( 20)

R f . 1 +
R■f, 2

1- R f , 1 1— R f ,  2

C onsidering  th a t  K x K 2, we m a y  allow  th e  follow ing ap p ro x im a tio n :

1
R f ( 21)

1 +
R f .  1 +

R■f, 2
R ,1— R f ,  1 x — ■‘v. 2

H a v in g  re a d  Rf  A an d R y 2 from  th e  p H —R f  cu rve  we are able to  ca lcu la te  R f  
an d  th e n  re a d  th e  co rrespond ing  p H  va lu e  from  th e  cu rve ; th is  p H  is eq u a l 
to  p K ±.

Sim ilarly , w hen  [H  + ] =  K 2 (p H  — p K 2), th e  correspond ing  R f  va lu e  
( R * * )  can  be exp ressed  as

Rf* 1

1 +
K 2 +  2 ^ 2 ( 1 - Rf ,2)

( 22)

R f .i

i - R f ,  1
■k 0 R

1 +
f,2
R

Кг
R-f,2

f, 2
T he p H  v alue  co rrespond ing  to  Rf*  is eq u a l to  p K 2.

E xperim en ta l

Experimental evidence for the correlations described above was given by silica gel 
thin-layer chromatography. The advantage of this method is its wide range of applicability, 
some experimental difficulties, however, may arise. As it is well known, silica gel itself behaves 
like a buffer against acids an bases. While in paper chromatography the buffering of the sta
tionary phase can be carried out by simple soaking of the paper in a buffer solution, inTLC on
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120 BIDLÓ-IGLÓY: THIN-LAYER pH-CHROMATOGRAPHY

buffered silica gel it  is no t enough to replace w ater by a buffer solution when preparing the 
p lates, especially, when we w an t to  perform q u an tita tive  determ inations. W hen silica gel is 
suspended in a buffer solution, i t  behaves in such a way, th a t  the pH  value of the stationary 
phase prepared from the gel will no t be equal to th a t of the original buffer solution. Therefore 
the p H  of the suspension m ust be adjusted each tim e to the desired value by titra tion . The 
prepara tion  of the plates was done as follows.

Buffer solutions were prepared in pH  range betw een 1.5 and 8.0. In  the range of 2.5—- 
8.0 suitable m ixture of 0.1 M  citric acid and 0.2 M  N a2H P 0 4 were used, a t pH  values below 
2.5 th e  solutions of 0.1 M  sodium  citrate and 0.1 M  HC1 were mixed in the necessary proportions. 
The pH  values of the buffers were measured on a R adelkis type pH  m eter,using glasss electrode; 
the accuracy was +0 .02  pH  un it. Then 30 g Kieslegel H Fa )  was suspended in 200 ml of buffer 
solution and allowed to  s tan d  for an hour a t room  tem perature  After an hour the pH  of the 
suspension was m easured and  the required buffer com ponent (HC1, citric acid, Na2H P 0 4 or 
0.1 N  N aO H  solutions) was m ixed in small portions into the suspension, un til the pH  of the 
suspension was adjusted to  th e  original pH  value of the buffer. Then the suspension was allowed 
to  s tan d  for a day. M easuring the pH  value on the nex t day we found th a t it did not change, 
so th e  silica gel and the buffer were in equilibrium . The buffer solution was then removed from 
the silica gel by decantation  un til only 70 ml rem ained on the 30 g Kieselgel. This suspension was 
used fo r the preparation of the plates by means of a CAMAG apparatus. The thickness of the 
layer was 300 [i. The p lates were air-dried a t room tem perature  for a day.

Chrom atographic investigations were carried ou t w ith the following arom atic acids; 
ph tna lic  acid (PA), p-m ethoxybenzoic acid (PMBA), 3,5-dinitrobenzoic acid (3.5-DNBA) and 
p-nitrobenzoic acid (PN BA). 50—100 pg of the acids were applied using methanolic solutions. 
D evelopm ent was carried ou t in diethyl ether and diisopropyl ether, respectively, sa turated  
w ith  th e  respective buffer solution in advance. The p lates were developed in grinded chrom a
tographic  tanks. The distance of the solvent fron t from  the origin was 15 cm and was m arked 
before beginning the developm ent. The detection of the spots was carried out by means of an 
UV lam p a t 254 nm. Ky values were calculated and p lo tted  against pH .

D iscussion

p H  —R / curves can  be u tilized  fo r q u a n ti ta t iv e  ev a lu a tio n  on ly  if  th e  
c h ro m a to g ra p h ic  so lv en ts  used h ad  been  p e rfe c tly  chosen. T h a t m eans th a t  
th e  -R/,o va lu e  (in th e  case of d ibasic acids R / tl) m u s t n o t be v e ry  n ea r to  1.0, 
b ecau se  in  th is  case th e  accu racy  of m e asu rem en t is poor. The o th e r cond itio n  
is t h a t  th e  R f  va lu e  ap p ro ach es to  zero a t  p H  values h igher th a n  7, because  
th is  p ro v es th a t  th e  co m p le te ly  d issocia ted  fo rm  of th e  acid d id  n o t e n te r  in to  
th e  m ob ile , organic p h ase . This is a su p p o rt fo r th e  co rrec tness of th e  a ssu m p 
tio n  described  in  th e  th eo re tica l p a r t .  T hese cond itions w ere fu lfilled  in  th e  
case o f d iisopropy l e th e r  b y  each of th e  fo u r acids, b u t  in  th e  case o f d ie th y l 
e th e r  w ere m et on ly  b y  p h th a lic  acid an d  p>-m ethoxybenzoic acid. The Rf  0 o f 
n i tro  acids was v e ry  n e a r  to  1.0 in  d ie th y l e th e r .

E x p e rim e n ta l d a ta  are sum m arized  in  T ab les I  an d  I I .  E ach  R f  v a lue  
is th e  average of 3 p a ra lle l ch ro m ato g rap h ic  ru n s. The dev ia tio n  be tw een  
tw o  p a ra lle l Rf  va lu es  w as below  0.03.

P lo ttin g  R f  a g a in s t p H  is show n in  F igs 1 an d  2. I t  can  be seen th a t  
th e  cu rve  of th e  o -p h th a lic  acid shows tw o  step s , w hereas th e  curve o f m o n o 
b a s ic  acids only  one. C harac te ristic  d a ta  w ere ca lcu la ted  from  th e  curves 
acco rd in g  to  th e  m e th o d s  described  in  th e  th e o re tic a l p a r t .  D issociation  con
s ta n ts  o b ta in ed  th is  w ay  were com pared  to  th e  values given in  th e  l i te ra tu re  
(see T ab les I I I  a n d  IY ). К values w ere fo u n d  in  B eilste in : H an d b u ch  der 
o rg an isch en  Chem ie 9 , 389, 414 and  793; 10, 155.
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Table I
R f values o f o-phthalic and p-methoxybenzoic acid in saturated diethyl ether at different p H

values

pH o-phthalic acid
p-methoxy- 
benzoic acid

1.61 0 .91 0 .9 1

2 .0 5 0 .9 0 0 .9 0

2 .55 0 .8 8 0 .9 0

3 .0 5 0 .83 0 .9 1

3 .4 3 0 .7 2 0 .9 0

4 .07 0 .53 0 .91

4 .4 9 0 .51 0 .8 7

5 .02 0 .1 7 0 .7 6

6 .05 0 .0 2 0 .3 5

7 .02 0 0 .0 8

8 .15 0 0

Table II
values o f  acids in buffer-saturated diisopropyl ether at different p H  values

pH P h th a lic  acid PM B A P N B A 3,5-D N B A

1.61 0.39 0.70 0.85 0.80

2.05 0.37 0.70 0.85 0.78

2.55 0.34 0.71 0.84 0.74

3.05 0.29 0.70 0.83 0.64

3.43 0.23 0.68 0.72 0.45

4.07 0.16 0.64 0.60 0.27

4.49 0.15 0.59 0.44 0.15

5.40 0.02 0.29 0.10 0.02

6.05 0.02 0.10 0.02 0

7.02 0 0 0 0

8.15 0 0 0 0

Table III
Characteristic data and calculated pK ^ values o f monobasic acids compared with the pK ^ values

given in  the literatures

Acid pHinfl K/.o Щ pK d  ca lcd . 
w ith  pH ijnfi

pK<i calcd. 
w ith  Щ

p K d l i t .

PMBA (in diethyl ether) 5.6 0.91 0.83 4.65 4.60 4.50

PMBA (in diiprop ether) 5.1 0.70 0.54 4.58 4.50 4.50

3,5-DNBA (in diiprop ether) 3.5 0.80 0.67 2.80 2.90 2.77

PNBA (in diiprop ether) 4.3 0.85 0.74 3.48 3.50 3.42
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Table TV

Characteristic data and calculated рК ц values o f  phthalic acid, compared with p K ^  values given
in  the literature

S o lv e n t R/,. 2 */* */** p F p K , p K x lit PK t  lit

D iethy l ether 0.91 0.51 0.84 0.35 2.9 4.65 2.89 4.41

D iiprop ether 0.39 0.16 0.30 0.11 2.9 4.60

F ig. 1. p ll-ify  curves of o-pbthalic aridp-m et- Fig. 2. p K -R f curves of o-phthalic, p-metho- 
hoxybenzoic acid in bu ffer-saturated  diethyl xybenzoic, 3,5-dinitrobenzoic acid and p-nit- 

e ther robenzoic acids in buffer-saturated  diisopropyl
e ther

A n ad v an tag e  o f  th e  described  m e th o d  is th a t  i t  allow s th e  elucidation  
o f  th e  acidic c h a ra c te r  o f an  u n k n o w n  com pound, w h ich  m a y  be p resen t 
in  th e  sam ple on ly  in  sm all am o u n t an d  can n o t he iso la ted  in  p u re  solid s ta te . 
W h e th e r  the co m p o u n d  is a m onobasic  or dibasic acid  ca n  be s ta te d  in  th is  
w a y  an d  the d issoc ia tio n  c o n s ta n ts  can  be de te rm ined  w ith  good ap p ro x im a
tio n , as it  was show n in  T ab les I I I  an d  IV . These d a ta  m a y  fa c ilita te  th e  iden
t if ic a tio n  of th e  u n k n o w n  com pound . In  th e  case of a k n o w n  acid it  can be 
c a lc u la te d  w h a t R f  v a lu e  can  be e x p e c te d  a t  a g iven p H  o f th e  s ta tio n a ry  
p h a s e , so a su itab le  p H  fo r th e  c h ro m a to g ra p h y  can be chosen .
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T herm al degradation of poly-styrene-dim ethyl-silane has been studied by  pyrol
ysis gas chrom atography. The com position and distribution of the volatile pyrolysis 
products show th a t  the decom position of this polymer is governed by the same rules as 
th a t  of polystyrene and polydim ethyl-silane. This observation is a fu rther confirm ation 
of our previous experiences on poly-alkylene-siloxanes and polyvinyl-silanes. The 
presence of th e  silicon atom does n o t influence im portantly  the decomposition m echa
nism of the hydrocarbon chain.

In  a re c e n t w o rk  we have in tro d u c e d  a new  concept to  ex p la in  p h e n o m 
ena  o f th e rm o s ta b ili ty  [1], w h ich  we called  ‘energetic  r e ta rd a tio n  e ffec t’. 
T h ere  are  tw o re le v a n t groups o f  o b se rv a tio n s m ade b y  m a n y  a u th o rs : (i) 
th e  in trin s ic  th e rm o s ta b ility  (w hich  seem s to  be m ostly  of k in e tic  and  n o t th e r 
m o d y n am ic  in  n a tu re )  is very o f te n  n o t  in  a close and sim ple co rre la tio n  w ith  
b o n d  s tru c tu re , an d  (ii) the k inetics o f  d e g ra d a tio n  can be described  b y  a sim ple 
k in e tic  e q u a tio n  o n ly  in  the s im p lest cases, e.g. if  deg rad a tio n  occurs b y  sim ple 
dep o ly m eriza tio n . T h e  second o b se rv a tio n  can  also be expressed  b y  s ta t in g  
th a t  d eg rad a tio n  is o ften  not a s im p le , th e rm a lly  ac tiv a ted  reac tio n  [2], th u s  
th e  a c tiv a tio n  en e rg y  has no m ean in g  in  th e  classical sense, an d  th a t  th e  k in e tic  
e q u a tio n  can n o t be  ob ta ined  s im p ly  in  te rm s  of rem ain ing  w eigh t fra c tio n  or 
conversion  [3]. As a n  exp lan a tio n  w e h av e  p roposed , in  c o n tra s t to  th e  th e o ry  
o f chem ical (or th e rm a l)  a c tiv a tio n , t h a t  d u rin g  th e  h ea t t r e a tm e n t a sim ple 
p h y sica l in te ra c tio n  betw een th e  t r a n s m it te d  energy  and  th e  m acrom olecule  
m ay  be a n tic ip a te d , consequen tly , on  acco u n t of ‘tra p p in g ’ or ‘cageing’ of 
en erg y  or d iss ip a tio n  b y  a n o n -d e s tru c tiv e  m ode, sufficient loca liza tion  on one 
or a n o th e r  bond  occurs a t a m uch h ig h e r  te m p e ra tu re  th a n  i t  w ould  if  eq u ip a r- 
t i t io n  in  th e  B o ltzm an n ian  sense w ere  v a lid . T hus a t a c ritica l te m p e ra tu re  
— w here  ‘cages’ are  opened or a n o th e r  w ay  is found  b y  th e  sy stem  to  lif t 
en e rg e tic  re ta rd a tio n  — d eg rad a tio n  su d d en ly  occurs a t  a h igh  ra te , b e ing  
a ffec ted  n o t only b y  th e  excess th e rm a l  energy  ‘pu m p ed ’ in to  th e  sy s tem  
a t th is  c ritica l te m p e ra tu re . As th e  a c tiv a tio n  energy is u su a lly  d e te rm in ed  
b y  m easu rin g  th e  tem p e  ra tu re  d ep en d en ce  o f th e  reaction  ra te , th is  a p p a re n tly  
s tro n g  e ffec t of h e a tin g  ju s t  above th is  c r itica l tem p e ra tu re  resu lts  in  an  a p p a r 
e n tly  h ig h  ac tiv a tio n  energy  of th e  o rd e r  o f 100 kcal m o l" 1 or h igher.
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I n  several p ap ers  we tr ie d  to  clarify  th e  in fluence  o f th e  silicon a to m  or 
a siloxane u n it on th e  th e rm a l  s ta b ility  an d  th e  m echan ism  of po lym er d eg ra 
d a tio n . W e have show n  t h a t  po ly -a lky lenesiloxanes are  degraded  ju s t  like 
p o lya lky lenes and  silo x an es sep ara te ly  [4]; p o ly v in y ltrim e th y ls ilan e  an d  
p o ly v in y lp h en y ld im e th y ls ilan e  are d eg rad ed  accord ing  to  th e  schem e o f 
p o ly p ro p y len e  [5] a n d  copolym ers of th e  la s t  tw o  su b stan ces w ith  s ty ren e  
b e h av e  again  like th e  s e p a ra te  hom opolym eric  system s [6]. The series of these  
e x p e rim e n ts  is now  c o m p le ted  w ith  re su lts  on po ly sty ren ed im eth y ls ily lan e , 
P S D S , to  be re p o rte d  in  th is  paper. C onclusions will be d raw n on all th e  
p o ly m ers  m en tioned  re g a rd in g  the  in fluence  o f  silicon. O w ing to  its  re la tiv e ly  
large  m ass, silicon is e x tre m e ly  in te re s tin g  from  th e  p o in t o f view  of th e  en e r
ge tic  re ta rd a tio n  e ffec t, th e re fo re , we fo u n d  i t  n ecessary  to  o b ta in  in fo rm atio n  
on i ts  role in the  d e g ra d a tio n  of PSD S.
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E xperim en ta l

PSDS was synthesized according to N e f e d o w  et al. [7] from  a m ixture of dim ethyldi- 
chlorsilanes and styrene in  te trahydrofuran  by the reaction  w ith m etallic lithium. The com
ponents were added in equ im olar amounts, which, according to analytical results, were retained 
also in  the polymer. The d a ta  of elemental analysis and  the values calculated for the equimolar 
am ounts of the com ponents are:

Calcd. C 74.04; H 8.64; Si 17.28.
Found C 70.97; H  8.35; Si 17.09%.

The PSDS sam ples w ere pyrolyzed by the technique used in  this laboratory [8]. For the 
separation  of pyrolysis p ro d u c ts  an ОУ-Ю1 coated glass capillary column was used. The num ber 
of benzylene and silylene p a r ts  in the product has been counted on the basis of the gas chrom a
tographic  retention d a ta  an d  th e  relative responses given in a modified flame ionization detector 
sensitized for silicon [9].

R esults an d  discussion

The resu lts  o f p y ro ly s is  a t 400°C are  show n in F ig . 1, w here w eight f ra c 
tio n s  of the  p ro d u c ts , norm alized  to  s ty re n e , are p lo tte d  against th e  re te n tio n  
tim e . The gas c h ro m a to g ra p h ic  sep a ra tio n  w as ca rried  o u t on a colum n О У — 1 
as th e  s ta tio n a ry  p h a se , using a te m p e ra tu re  p ro g ram  of 10°/m in from  40 to  
260°C . The re te n tio n  tim e  of some s ta n d a rd s  are m ark ed  on th e  re te n tio n  
tim e  scale. The s ily lene  and  benzylene c o n te n t o f th e  o th e r p roduc ts are given 
as w ell. The m ole r a t io n  of styrene an d  th e  sum  of th e  o th e r p ro d u c ts  p ro v ed  
to  be 1 : 1 a t  350°C a n d  1 : 1.7 a t 400°C.

The follow ing conclusions are o f im p o rta n c e .
1. N eith er o ligom ers of sty rene , n o r  th o se  of d im ethylsily lene are to  be 

observed , w hich  d em o n s tra te s  th a t  t ru e  a lte rn a tin g  copo lym eriza tion  has 
occurred . D im eric  a n d  trim eric  s ty ren e  an d  cyclic d im ethylsily lene p e n ta -  
a n d  hexam ers w ere checked  and  fo u n d  to  be ab sen t.
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2. The p re d o m in a n t p ro d u c t o f py ro lysis  seem s to  be s ty re n e , w hich  
m eans th a t  p rim ary  chain  cleavage — a t  le a s t up  to  350°C — occurs a t  th e  
S i-C -bond , an d  s ty rene-ended  m acro rad ica ls  a lw ays sp lit off s ty ren e  as does 
p o ly s ty ren e . As th is  produces silicon-ended  m acrorad ica ls  too  w hich  c a n n o t

Relative amount

Fig. 1

sp lit off an y  s ta r tin g  m onom er, large am o u n ts  ot silylene and  benzylene co n 
ta in in g  m olecules are  fo rm ed  on acco u n t o f  some hydro g en  m ig ra tion , t ra n s fe r  
or b a c k -b itin g  m echanism .

3. As well know n, hydrogen  m ig ra tio n  is fav o u red  in  slic icon-con tain ing  
m olecules an d  also d u rin g  pyro lysis, as in  th e  case b e ing  effected  b y  e lec tron - 
im p ac t to o  [10]. T he sam e holds tru e  here  fo r th e  fo rm atio n  of H 2Si(C H 3)2, 
w hich is th e  p ro d u c t of tw o such steps.
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4. T he mole ra tio  o f s ty ren e  an d  all th e  o th e r  p ro d u c ts  is a b o u t 1 : 1 a t 
350°C, w h ich  again su p p o rts  th e  conclusion o f p a ra g ra p h  2. This ra tio  is sh ifted  
to  1 : 1 7 a t  400°C in  fa v o u r of n o n -sty ren e  com p o u n d s, show ing th a t  a t  h igher 
p y ro ly s is  te m p e ra tu re s , th e  ra te s  of fo rm a tio n  a n d  decom position  o f silicon- 
e n d ed  m acro rad ica ls  becom e higher.

5. T he fac t th a t  H 2Si(CH 3)2, w hich  req u ire s  double hyd ro g en  tra n sfe r , 
an d  th e  com pounds w hich  con ta in  one or tw o  benzylene u n its  are form ed 
to g e th e r  d em o n stra te s  th e  re la tiv e ly  h igh  s ta b ili ty  of silicon-ended free ra d i
cals, a k now  fac t in  sily lene chem istry .

Conclusion

T he m ain  fin d in g  of th e  p re sen t s tu d y  is th a t  th e  presence of th e  silicon 
a to m  in  th e  su b s titu te d  h y d ro ca rb o n  chain  does n o t app reciab ly  in fluence  th e  
g en era l p ro p ertie s  of th is  chain , since th e  decom position  of th is  m acrom olecule 
(w hich  m a y  he considered  as a p o ly s ty ren e-p o ly s ily len e  copolym er) are gov
e rn e d  essen tia lly  b y  th e  sam e fac to rs as th a t  o f p u re  p o lysty rene  an d  polysily- 
lene . T he induc tive  e ffec t of th e  silicon or an y  o th e r in te ra c tio n  of th is  a to m  
w ith  th e  a -pheny l g roup  seem s to  have  no im p o rtan ce  from  th e  p o in t of view  
o f th e rm a l d eg rad a tio n . No in te ra c tio n  w ith  silicon influencing  th e  decom posi
t io n  has been  observed  in  our prev ious w orks e ith e r  [4—6], th u s  th e  g enera li
z a tio n  seem s ju s tif ied  th a t  the  enh an ced  th e rm a l s ta b ility  of silicon-con ta in ing  
o rg an ic  po lym ers or copolym ers m ay  be a t t r ib u te d  to  th e  h igher m ass o f th e  
silicon  a to m , and  p ro b a b ly  n o t an y  q u an tu m -ch em ical in te ra c tio n  due to  
e m p ty  d-o rb ita ls. This find ing  confirm s th e  ex istence of th e  energetic  r e ta r 
d a tio n  effect. In  ad d itio n , no polym ers of th is  ty p e  follow sim ple d eg rad a tio n  
k in e tic s , which again  can  be exp la ined  b y  th is  p ic tu re .
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4-Chloro-l (2H )-phthalazinone (1) reacts w ith relative ease w ith amino alcohols to 
give 4-(hydroxyalkylam ino)-l(2i[J)-phthalazinone derivatives (5). The reactiv ity  of 1, 
which is know n to be stable to amines [3, 4], is enhanced by the form ation of tran s i
tory  amino alcohol addition. The reactivity-increasing role of alcohol addition is proved 
by the fact th a t  1 gives the corresponding am inophthalazinone derivative (5k) w ith 
diethylam inoethylam ine in ethylene glycol solution a t 150°C in 20 hrs in a yield of 
55%, w hereas under identical conditions b u t in the absence of ethylene glycol no 
substitu tion  occurs.

Several ex p erim en ts  a im ing  a t  th e  p re p a ra tio n  of 4 -am ino-l (2H)-  
p h th a laz in o n e  d e riv a tiv e s  have b een  ca rried  o u t in  th e  p a s t [1, 2, 3, 4], y e t no 
genera lly  ap p licab le  synthesis is k n o w n ; th u s  th is  group of com pounds has 
rem ained  p ra c tic a lly  inaccessible. T he pu rpose  of th e  series s ta r tin g  w ith  th e  
p re sen t p a p e r is to  assist in im p ro v in g  th is  s itu a tio n . In  a d d itio n  to  b e ing  a 
p re p a ra tiv e  c o n tr ib u tio n , th is w o rk  serves also a p ra c tic a l pu rpose , as som e 
m em bers know n  so fa r of th is  new  group  of com pounds e x h ib it considerab le  
biological a c tiv ity .

4 -C h lo ro -l(2 íf)-p h th a laz in o n e  (1), a com pound  read ily  o b ta inab le  from  
p h th a lic  acid h y d ra z id e , seems to  be an  id ea l s ta r tin g  m a te ria l for th e  sy n th esis  
of 4 -N -su b s titu te d  am in o p h th a laz in o n e  d e riv a tiv e s  (5). One exam ple is th e  
o b se rv a tio n  o f St e p h e n s o n  [1] m ad e  as e a rly  as 1944, accord ing  to  w hich  1 
could be c o n v e rted  w ith  aqueous am m o n ia  a t  ab o u t 200°C to  4 -am in o -l(2 H )- 
p h th a laz in o n e  (2 ). A sintilar successfu l re a c tio n  was re p o rte d  in  1967 b y  
K ö h l e r  [2], w ho ob ta ined  th e  analogous 4 -liydrazino  d e riv a tiv e  (3) w ith  
100%  hyd raz in e  h y d ra te  in an e x ce llen t y ie ld . H ow ever, a tte m p ts  to  g en era l
ize th e  reac tio n  rem ain ed  unsuccessfu l. H a w o r t h  an d  R o b in s o n  [3] found  
4 -ch lo ro -l(2 Jí)-p h th a laz in o n e  (1) co m p le te ly  re s is ta n t to  d ie th y la m in o e th y la 
m ine, and  re c e n tly  F l it s c h  and  P e t e r s  [4] h ad  th e  sam e experience in  th e  
a tte m p te d  re a c tio n  w ith  aniline. O u r ow n ex p erim en ts  confirm ed  th e  s ta te 
m en ts pub lished  in  th e  lite ra tu re ; h e a tin g  o f 1 w ith  d ie th y lam in o e th y lam in e  
for 20 hours a t  150°C d id  not co n v e rt th e  com pound  to  4 -(2 -d ie th y lam in o e th y l- 
am in o )-l(2 H )-p h th a laz in o n e  (5k).
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(48%) (90%)

A ccording to  one o f ou r ea rlie r o b se rv a tio n s  [5], 1 an d  e th an o lam in e  
g iv e  v e ry  easily  4 -(2 -h y d ro x y e th y la m in o )-l(2 i/)-p h th a la z in o n e  (5a), th e  so- 
ca lled  ß-ty-pe open desm otrope  of sp iroxazone . T herefo re , th is  conversion  has 
b e e n  s tu d ied  m ore ex ten s iv e ly . I t  has b een  fo u n d  th a t  th e  su b s ti tu tio n  process 
p ro ceed s w ith  re la tiv e  ease giving v a rio u s  y ie lds, depend ing  on th e  s tru c tu re  
o f  th e  am ino alcohol; in  general, th e  re a c tio n  is sa tis fac to ry  from  th e  p re p a r 
a tiv e  p o in t of v iew  (see T able I).

The poor r e a c tiv i ty  of the  ch lo ro p h th a laz in o n e  (1) is due to  its  s tru c tu re , 
b e cau se  halogens lin k e d  to  a C -atom  a d ja c e n t to  a double b o n d , sim ila rly  to  
v in y l  halides, are h a rd ly  accessible to  s u b s ti tu tio n  reac tio n s. T he h igh  s ta b ili ty  
o f  1 to  alkali so lu tio n s (p rac tica lly  no change w hen bo iled  w ith  5 %  sod ium  
h y d ro x id e  for 10 h o u rs) can  be a t t r ib u te d  to  th is  s tru c tu re . H i l l  an d  E h r l i c h

[6] rep o rted  in  1971 th a t  th e  ra te  c o n s ta n t of th e  nucleoph ilic  su b s titu tio n  
p ro cess  betw een 1 a n d  sodium  m eth o x id e  is b y  orders of m ag n itu d e  low er, th a n  
th e  su b s titu tio n  ra te  c o n s ta n t o f 1 ,4 -d ich lo roph tha laz inone, know n  as a reac tiv e  
com p o u n d  [3].

A ccording to  d a ta  in  th e  l i te ra tu re  [7] an d  ou r ow n experiences [5, 8], 
th e  C =  N groups o f  various heterocycles (am ong o th e rs , sp iroxazone d e r iv a 
tiv e s )  can  rev e rs ib ly  ad d  nucleophilic  re a g e n ts  (e.g. w a te r  or alcohols). W e 
e x p la in  the  considerab le  increase in  e x ch an g eab ility  o f th e  chlorine a to m  in  
ch lo ro p h th a laz in o n e  (1) in  th e  presence o f am ino  alcohols, on th e  basis o f th e  
fa c ts  m en tioned  ab o v e , b y  tra n s ito ry  alcohol ad d itio n  (e.g. 1 — 6 ) ;  th e  v in y l 
h a lid e  ch a rac te r o f  1 ceases b y  th e  a d d itio n , so th a t  th e  chlorine a to m  becom es 
m ore  mobile.

The a c tiv a tin g  effect of alcohol a d d itio n  is su p p o rted  b y  th e  fa c t t h a t  1 
re a c ts  w ith  d ie th y lam in o e th y lam in e  in  th e  presence o f e th y len e  glycol to  give 
4 -(2 -d ie th y lam in o e th y lam m o )-l(2 1 f)-p h th a laz in o n e  (5k) in  55%  y ie ld , w hereas 
in  th e  absence o f e th y len e  glycol no su b s titu tio n  takes p lace u n d e r id en tica l 
ex p e rim en ta l co n d itio n s. A t th e  sam e tim e  th is  ex p e rim en t m akes p ro b ab le  
t h a t  the  am ino alcohol (e.g. e th an o lam in e) m olecule adds to  th e  C =  N  double 
b o n d  of 1 p rim a rily  b y  m eans of its  h y d ro x y l group (—*- 6a), while am ine a d d i
t io n  ( - 1- 6a’) seem s to  be considerab ly  less, or m igh t to ta l ly  be ab sen t.
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5a

A ccording to  o u r a ssum ption , th e  su b s titu tio n  re a c tio n  m ay  proceed 
w ith  2- an d  3-am ino alcohols b y  tw o  ro u tes  (A  a n d  B).  A ccord ing  to  m echa
n ism  A ,  th e  tra n s ito ry  a d d u c t 6a fo rm ed , e.g., w ith  e th an o lam in e , gives an  
а -ty p e  sp irane (7a) in  an  in tram o lecu la r reac tio n  [5], an d  th is  is tau to m erized  
in  a lkaline m edium  (b y  th e  ac tion  o f  th e  excess am ino  alcohol) to  th e  non- 
cyclic /З-tau to m er (5a). R eac tio n  ro u te  В  p resum es an  in te rm o lecu la r in te r 
action  (6a —► 8a), an d  th e  process is te rm in a te d  b y  th e  decom position  of th e  
am ino alcohol a d d u c t (8a —► 5a). T his la t te r  m echan ism  (В ) m ay  p revail,
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Table I

Reaction o f  4-chloro-l-(2H)-phthalazinone ( 1)  w ith amino alcohols (4 ) and with diethylamino-
ethylamine (4 k )

Am ine (4), p ro d u c t  (5 ) R eac tio n

N o te

R. Rs te m p e ra 
tu re ,  C°

tim e ,
h r

Y ie ld , %

a H — (CH2)2—OH 170 6 88
b H — (CH2)3—OH 190 6 69
C H - ( C H 2)4- O H 180* 5 95
d H — (CH2)5—OH 180* 5 86
e H - ( C H 2)6- O H 180* 5 92

f H - C H 2-C H (C H 3) - O H 160 1 0 83

g H -C H (C 2H 5) - C H 2- O H 180 14 24
32 70
50 — polymer

h H -C (C H 3)2- C H 2- O H 170 50 4.2**
i CH3 — (CH„)„— OH 160 6 46.1** about 34%

8 46.4** phthalic acid
1 2 46.5** hydrazide by-

product

j Ph — (CH2)2—OH 160* 12 —
к H — (CH2)2— N (C,H5), 150 2 0 —

2 0 55 in ethylene
glycol solution

* Under reduced pressure or in inert gas atmosphere 
** On the basis of chlorine determ ination

a n d  p lay s in d u b ita b ly  a role in  th e  re a c tio n  w ith  e th y la m in o e th y la m in e  in  
e th y le n e  glycol so lu tio n  (w here th e  fo rm a tio n  of an  e th y len e  glycol ad d u c t 
o f  ty p e  6 is possib le), fu r th e r  in  th e  cases of 4 -a m in o -l-b u ta n o l (4c), 5- 
a m in o -l-p e n ta n o l (4d) an d  6 -am in o -l-h ex an o l (4e).

2 -A m in o -l-b u tan o l (4g) a n d  p a r tic u la r ly  2 -am in o -2 -m etliy l-l-p ro p an o l 
(4h), shielded s te rica lly  a t  th e  N -te rm in a l, are less reac tiv e  (cf. T ab le  I). Since 
l-am in o -2 -p ro p an o l (4f), c o n ta in in g  a  secondary  h y d ro x y l g roup , also read ily  
re a c ts  w ith  ch lo ro p h tlia laz in o n e , successful su b s titu tio n s  can  be ex p ec ted  
m a in ly  w ith  am ino alcohols w h ich  are n o t sh ielded a t  th e  N -te rm in a l; th e
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process is less in flu e n c e d  b y  th e  p rim ary  or seco n d ary  c h a ra c te r  o f th e  am ino  
alcohol. A s u b s ti tu t io n  w ith  low er conversion  (46% ), b u t  proceeding  ra p id ly  
(w ith in  6 hours a t  160°C) can also be ach ieved  w ith  2 -m eth y l-am in o e th an o l, 
w hich is o f th e  se c o n d a ry  am ine ty p e  (4 i). I n  th e  case o f 4 i, th e  low er y ie ld  is 
n o t due to  s teric  rea so n s , b u t  to  an  u n d esired  side re a c tio n  (fo rm ation  of 
p h th a lic  acid h y d ra z id e ) ; such side reac tio n s w ere n o t observed  in  th e  case o f 
am ino alcohols c o n ta in in g  p rim ary  am ino g roup . 2 -A nilinoethano l (4j) p ra c t i 
cally  fails to  re a c t w ith  ch lo roph thalaz inone u n d e r th e  g iven ex p erim en ta l 
cond itions (160°C, 12 hours).

T he m ost im p o r ta n t  in fra red  sp ec tra l d a ta  of th e  h y d ro x y a lk y lam in o - 
p h th a laz in o n e  d e r iv a tiv e s  (5) p rep a red  are lis ted  in  T ab le  I I .  The chem ical 
p ro p ertie s  an d  ta u to m e r ic  tran sfo rm a tio n s  o f th e  new  com pounds w ill be 
d iscussed in  a fo llow ing  p a r t  of th is  series.

Table II

The most important bands in  the IR  spectra o f aminophthalazinone derivatives (5) recorded
in K B r pellets

rN H
vOR v COami(ie v Ax ö N H

О1V 1 ,2 -d isubst. 
A r  rin g

5b 3450—2800 1639 1591 1559 1077 780
1475 1533

5c 3400—2750 1647 1588 1540 1078 782
1480 1558

5d 3400—2750 1647 1589 1540 1046 782
1481 1558

5e 3400—2800 1648 1590 1559 1080 780
1480 1541

5f 3450—2700 1644 1585 1550 (áh) 781
1480 1539 1128

5g 3400-2800 1647 1597 1553 1050 773
1482 1542 (sh)

5h 3400-2800 1650 1596 1564 1062 787
1481 1543

5i 3300-2700 1641 1609 — 1080 790
1582
1496

5k v NH: 3334 1662 1597 1557 — 762
v N H amide: 1500

3200—2400 1487
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E x p erim en ta l

M. p. ’s were determ ined w ith a Boetius m icro melting point apparatus. Infrared  spectra 
were recorded in K Br pills w ith  a spectrom eter Model UR-10 (Zeiss, Jena).

4-Chlorophthalazinone (1)
This compound was prepared from ph tha lic  acid hydrazide, according to the m ethod of 

R a d u l e s c u  and Ge o r g e s c u  [9] in phosphorus oxychloride solution w ith  phosphorus penta- 
chloride, in  93%  yield; a fter recrystallization from  glacial acetic acid (300 ml solvent per 20 g 
of raw  product) colourless needles, m. p. 276— 278°C (lit. m. p. 274°C, sublim ation).

C8H6C1N20  (180.6). Calcd. Cl 19.6 Found  Cl 19.5, 19.6%.
IR  spectrum: v N H  3250—2750; v COamj,je 1670; v Ar 1610, 1592, 1490; 1,2 arom atic 

d isubstitu tion  775 cm -1 .
Stability to alkali solution. 4-Chlorophthalazinone (0.18 g; m . p . 276—278°C) was 

dissolved in  5% NaOH solution (10 ml) and boiled for 10 hrs. N eutralization after cooling gave 
back  0.17 g of unchanged substance, which m elted  completely up to 270°C; as shown by  the IR  
spectrum , it  did no t con ta in  a detectable q u a n tity  of phthalic acid hydrazide. The aqueous 
m o ther liquor gave slightly  positive chloride reaction.

Calcd. Cl 19.6 Found  19.5%.

4-(2-HydroxyethyIamino)-l(2if)-phthalazinone (5a; /З-type isomer of spiroxazone [5])
A m ixture of 180 g (1 mole) of 4-chlorophthalazinone and 305 g (5 moles) of ethanolam ine 

was gen tly  refluxed 6 hrs in  a  flask equipped w ith  an  air cooling tube. The suspension dissolved 
in ab o u t 1 hr. The excess o f ethanolam ine was distilled off a t reduced pressure (10—20 torr); 
ab o u t 150 g of ethanolam ine can be recovered in  th is way. The distillation residue was diluted 
w ith  3 liter of water. The colourless, crystalline substance which separated  was filtered off and 
w ashed w ith w ater to  o b ta in  166—180 g (81— 88% ) of the product. From  a large q u an tity  
o f w ater, it  crystallized in  colourless needles, containing no trace of chlorophthalazinone; m. p. 
254— 256°C. The IR  spectrum  was identical w ith  th a t of an au then tic  sample prepared as 
described in the literatu re  [5].

4-(3-Hydroxypropylamino)-l(2fl)-plithalazinone (5b; /З-type isomer of homospiroxazone [5])
According to th e  process described above (190°C; 6 hrs), 4-chloropthalazinone (18.0 g; 

0.1 mole) and 3-am inopropanol (37.5 g; 0.5 mole) gave 15.1 g (69% ) of 5b. From  w ater, it 
crystallized as colourless, th in  needles, m. p . 193—194°C.

Cu H 13N30 2 (219.2). — Calcd. C 60.3; H  6.0; N  19.2. Found C 60.4; H  5.9; N  19.3% .
IR  spectrum: see Table II.

4-(4-Hydroxybutylamino)-l(2Jf)-phthalazinone (5c)
In  a flask equipped w ith a reflux condenser, a m ixture of the chlorophthalazinone 

(3.6 g; 0.02 mole) and 4-am ino-l-butanol (6 g; 0.066 mole) was heated  for 5 hrs. a t  180°C and 
100— 150 to rr pressure. The homogeneous m elt was diluted w ith 100 ml of w ater. A fter neu trali
zation  and short standing th e  colourless crystals were filtered off (4.42 g; 94.8% ; no halogen 
p resen t) and recrystallized; from w ater: colourless, elongated p lates; from ethanol: prisms;
m . p . 214—216°C.

C12H 15N30 2 (233.3). Calcd. C 61.8; H  6.5; N  18.0. Found C 61.6; H  6.4; N  18.2%.4|
IR  spectrum: see Table II.

4-(5-Hydroxypentylamino)-1(2ff)-plithalazinonc (5d)
A mixture of the  chlorophthalazinone (3.6 g; 0.02 mole) and 5-am ino-l-pentanol (6 g; 

0.058 mole) was heated  5 hrs as described above, a t  180°C and 150—200 to rr pressure. D ilution 
w ith  w ater gave 4.90 g (86.4% ) of a colourless powder, containing only traces of halogen, which 
crystallized from ethanol in  small needles, m . p. 179—180°C.

C,3H 17N30 2 (247.3). Calcd. C 63.1; H  6.9; N  17.0. Found C 62.8; H  6.8; N  17.1%.
IR  spectrum: see Table II.

4-(6-Hydroxyhexylamino)-l(2IJ)-phthaIaziiione (5e)
In  a small ground flask fitted  w ith an  air condenser, a m ixture of 6-am ino-l-hexanol 

(3 g; 0.026 mole) and chlorophthalazinone (1.8 g; 0.01 mole) was heated  on an oil b a th  for 5 
h rs . a t  180°C and 60—80 to rr  pressure. The m elt was mixed w ith w ater (100 ml), neutralized 
writh  hydrochloric acid, and  the solid w hich separated  was filtered off to  yield 2.41 g (92% ) of
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the  raw  product, w hich was free of halogens. I t  was sparingly soluble in  w ater. Colourless pow
der, m. p. 180— 182°C (from ethanol).

Cu H i9N3° 2 (261.3). Calcd. C 64.3; H  7.3; N 16.1. Found C 64.1; H 7.2; N  16.3% .
iR spectrum : see Table II .

4-(2- Hydroxy-2-methylethylamino)-l(2H)-phthalazinone (5f)
A m ixture o f chlorophthalazinone (9.0 g; 0.05 mole) and l-am ino-2-propanol (18.7 g; 

0.25 mole) was gen tly  boiled for 10 h rs and the excess of amino alcohol rem oved b y  distilla
tion  on a w ater pum p. The solid residue was suspended in water, filtered off and w ashed w ith  
w ater to obtain  9.13 g (82.8%) of th e  product. Recrystallization from  m uch w ater gave colour
less, small needles, m . p. 231—233 °C (recrystallization observed betw een 200 and 210 °C).

Cu H 13N 30 2 (219.2). Calcd. C 60.3; H  6.0; N 19.2. Found C 60.5; H 6.1; N 19.3% .
iR spectrum : see Table II.

4-(l-EthyI-2-hydroxyethylamino)-l(2ii)-phthalazinone (5g)
Chlorophthalazinone (9.0 g; 0.05 mole) was suspended in  2-am ino-l-butanol (22.25 g; 

0.25 mole), and gen tly  boiled in a flask  equipped w ith  an air condenser tube, for the tim e given 
in  Table I. A fter cooling, the reaction m ixture was diluted w ith much w ater, the crystals w hich 
separated were filte red  off and washed w ith  w ater un til free of chloride. The chloropthalazinone 
con ten t of the sam ples was assayed b y  determ ining the chlorine content.

Composition of the mixture

R eaction  
t im e , hrs. ci% 1. % 5g, %

14 1 5 .0 76 24

32 5 .8 30 70

50 polymer

Purification. 1.40 g of the m ix tu re  (chlorophthalazinone content 30% ) was acety la ted  
in  30 m l of abs. pyrid ine w ith 3 ml of acetic anhydride a t room tem perature. On the n ex t day , 
w ater was added to th e  clear solution, and  pyridine was removed by  vacuum  distillation. The 
air d ry  product (1.70 g) was suspended in  chloroform (30 ml), the undissolved ch lorophthal
azinone was rem oved b y  filtration, the f iltra te  was evaporated to dryness and the d istillation  
residue hydrolyzed b y  boliling for 5 h rs w ith  a m ixture of w ater (30 ml) and cone. HC1 (9 ml). 
The acid solution w as evaporated in  vacuum , and the residual salt was re crystallized from  a 
large am ount of w ater. Colourless p lates; yield 0.80 g; m. p. 246°C.

C,2H 16N30 2 (233.3). Calcd. C 61.8; H  6.5; N  18.0. Found C 61.6; H  6.4; N  18.1%.
IR  spectrum : see Table II.

4-(l,l-Dimethyl-2-hydroxyethylamino)-l(2H)-phthalazinone (5h)
A m ixture of 2-am ino-2-m ethyl-l-propanol (22.25 g; 0.25 mole) and chlorophthalazinone 

(9.0 g; 0.05 mole) was gently  boiled for 50 hrs, then  diluted w ith 500 ml of water. The solid 
p roduct which separated  (5.45 g) was filte red  off, and washed w ith w ater un til free of chloride. 
On th e  basis of its halogen content (Cl 17.6% ) the m aterial was a m ixture of chlorophthalazi
none (91% ) and 5h (9% ). This corresponds to 4.2%  yield in the m ixture. The m ixture was 
purified in the same w ay  as 4-( 1-ethy 1-2-hydroxyethylam i no)-1 (2 H )-phthalazinone. R ecrys
ta llization  from a large am ount of w ater yielded microscopic prisms (0.38 g; 3.26% ), m. p . 
270— 271°C.

Cl2H 15N30 2 (233.3). Calcd. C 61.8; H  6.5; N  18.0. Found C 61.9; H  6.6; N 18.8%.
iR spectrum : see Table II.

1-1Y-Methyl-(2-hy<ln>xyethyl)-amino]-1 (2 / / ) -phthala/.inonr (5i)

A m ixture of chlorophthalazinone (9.0 g; 0.05 mole) and 2-m ethylam inoethanol (15 g; 
0.2 mole) was gently boiled for the time given in  Table I. A fter cooling, the syrup was d ilu ted  
w ith w ater (200 ml), and  evaporated in vacuum , while raising the tem perature of the b a th
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gradually to  100°C. The solidifying mass was suspended in  a small am ount of w ater, filtered 
off and washed w ith w ater. (F rom  the alkaline m other liquor 2.78 g (34.3% ) of phthalic acid 
hydrazide, identified on the basis of its IR  spectrum , separated  on acidification w ith hydro
chloric acid.) Yield: 5.05—5.10 g (46.1—46.5%), depending on the duration  of heating. R e
crystallization from w ater or from  ethanol gave colourless needles, m. p. 138—139 °C.

Cn H l3N 30 2 (219.2). Calcd. C 60.3; H 6.0; N 19.2. Found  C 60.2; H  6.1; N 19.4%.
IR  spectrum : see Table II .

Reaction of chlorophthalazinone with 2-anilinoethanol
A m ixture of anilinoethanol (4 ml; about 0.03 mole) and chloropthalazinone (1.8 g; 

0.01 mole) was heated on a b a th  a t 160°C and about 60 to rr pressure for 12 hrs. The m ixture 
which solidified on cooling, w as suspended in 50%  aqueous ethanol, filtered, and the solid 
washed w ith  50% ethanol. As shown by the IR  spectrum , the resulting colourless, crystalline 
substance (1.75 g) was unchanged chlorophthalazinone.

4- (2- Diethylaminoethylamino) -1 (2H ) -phthalazinone (5k)
(а) A m ixture of anhydrous diethylam inoethylam ine (5 ml) and chlorophthalazinone 

(0.90 g; 0.005) mole was boiled for 20 hrs. The am ine was rem oved by  vacuum  distillation, the 
solid residue suspended in  w ate r and filtrred. 0.85 g of unchanged chloropthalazinone was 
obtained, which was identified on the basis of the IR  spectrum .

(б) A m ixture of chlorophthalazinone (4.5 g; 0.025 mole), diethylam inoethylam ine (6.4 g; 
0.05 mole) and ethylene glycol (20 ml) was heated for 20 hrs on a b a th  a t 150°C. The volatile 
com ponents were rem oved on a w ater pum p, distilling from  a b a th  of 190— 200 °C. The dis
tillation residue, which solidified to a hard resin on cooling, was covered w ith 250 ml of w ater; 
th is caused disintegration in to  a colourless pow der. The substance obtained on filtra tion  
(1.43 g) was unchanged chlorophthalazinone. The volum e of the aqueous filtra te  was reduced by 
evaporation  to about 50 m l, and  made alkaline w ith  solid sodium hydroxide. The emulsion 
produced crystallized on ra th e r  long standing to yield 3.63 g (55.4%) of the product. R ecrystal
lization from  hot w ater and  clarification w ith ac tiv a ted  carbon gave colourless prisms, m . p. 
168—170 °C.

Cu H 20N4O (260.3). Calcd. C 64.6; H  7.7; N  21.5. Found C 64.7; H  7.5; N 21.3%.
IR  spectrum : see Table II .

The author’s th an k s  are due to Dr F. R u f f  for his help in the evaluation of the infrared 
spectra. The elem entary analyses were made in  th e  m icroanalytical laboratory  (leader: Dr. H. 
Med z ih r a d s z k y ). The B R ISTO L  Laboratories (USA, Syracuse, N. Y .) supported our work by  
supplying the starting  m aterials. Their help is gratefu lly  acknowledged.
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BASICHE DERIVATE VON GLUTAMYLPEPTIDEN, III

G y . S z ó k á n  u n d  A. K ó t a i

( Institu t fü r  Organische Chemie der L . Eötvös Universität, Budapest) 

E ingegangen am  20. Jan u ar, 1975

E s w urden die basischen G lutam ylpeptide: a- und  y-Tri-L-glutam insäure-tetra- 
-(2-dim ethylam ino-äthyl)-am id (XIV; n —  3 und  XVI; n =  3), a-Tetra-L-glutam insäure- 
-penta-(2-dim ethylam inoäthyl)-am id (XIV; n =  4), a-Penta-L-glutam insäure-hexa- 
-(2-dim ethylam ino-äthyl)-am id (XIV; n  =  5), a-Tri-[L-glutam insäure-y-(2-dim ethyl- 
am ino-äthyl)-am id] (XX; n —  3) und  L-Pyroglutam yl-L-glutam insäure-di-(2-dim ethyl- 
am ino-äthyl)-am id (XVIII) hergestellt, u n d  zwar durch U m setzung der entsprechenden 
zwei, drei, v ier bzw. fünf un d  sechs ak tive  E stergruppen en thaltenden Carbobenzoxy- 
-L-oligoglutam insäure-Derivate (Ш , VI, V III, X) m it berechneten Mengen von 2-Di- 
m ethylam ino-äthylam in und  darauffolgender hydrogenolytischer A bspaltung der 
Schutzgruppen.

Die V erbindungen III, VI, V III, X w urden aus den entsprechenden D erivaten  
der i.-G lutam insäure aufgebaut, deren C arboxylgruppen, die in  die Peptidbindung n ich t 
einbezogen w erden sollten, in  F orm  von  /j-N itrophenylestergruppen geschützt w aren. 
Die peptidische Verknüpfung der K om ponenten erfolgte durch A ktivierung der freien 
Carboxylgruppe der acylierenden K om ponente durch Bildung eines gemischten A n
hydrids. E ine in  einem Fall beobachtete  N ebenreaktion wird diskutiert.*

I n  u n se ren  frü h eren  M itte ilu n g en  [1, 2] h a t te n  w ir ü b e r die S y n th ese  d e r 
isom eren  2 -D im e th y lam in o -ä th y lam id e  u n d  des b is -D im e th y lam in o -ä th y lam id  
d er L -G lu tam in säu re , w eiterh in  d e r  in  v e rsch ied en en  S te llungen  m it 2-D im - 
e th y l-am in o -ä th y lam in  am id ie rten  D e riv a te  d er a -u n d  y-L-Glutamyl-L-glutamin- 
säu re  b e r ic h te t . A ls F o rtse tzu n g  d iese r A rb e it b e rich ten  w ir j e tz t  ü b e r die 
S yn these  der m it 2 -D im e th y la m in o ä th y la m in  3, 4 , 5, 6 fach  am id ie rten  D e ri
v a te  e in iger O ligopep tide  der L -G lu tam in säu re  u n d  ü b er ein  basisches D e riv a t 
d e r P y ro g lu tam y l-L -g lu tam in säu re .

D ie m it 2 -D im e th y la m in o -ä th y la m in  zwei- u n d  d re ifach  am id ie rte n  
G lu ta m y l-g lu ta m in sä u re n  (XIV, X V I, X X ; n =  2) w u rd en  schon [2] aus d en  
e n tsp rech en d en , g esch ü tz ten , zw ei b is d re i a k tiv e  E s te rg ru p p e n  e n th a lte n d e n  
G lu tam y l-g lu tam in säu re -D criv a ten  h e rg e s te llt.

D ie a k tiv e  E s te rg ru p p en  e n th a lte n d e n , g esch ü tz ten  L -G lutam yl-L -glut- 
a m in säu re -D eriv a te  (Ш , VI, X ; n  =  2) w u rd e n  aus solchen L -G lu tam insäure- 
D e riv a ten  a u fg e b a u t, deren  C a rb o x y lg ru p p en , die in  die P e p tid b in d u n g  n ic h t  
e inbezogen  w erd en  so llten , m it p -N itro p h e n o l v e re s te r t  w aren  [2]. W ir h a b e n  
g e funden , d aß  die U m setzung  d er a u fg e z ä h lten  K o m p o n en ten  zu  den  e n tsp re 
chenden  D ip e p tid d e riv a te n  d u rch  A n w en d u n g  d er M ethode der gem isch ten  
A n h y d rid e  m it r e c h t  g u te r A usbeu te  v e r lä u f t .  D ie h e rg es te llten , ak tiv e  E s te r-

* Die in  dieser A rbeit gebrauchten, abgekürzten  Bezeichnungen der Aminosäuren, 
A.minosäuresreste, Schutzgruppen und Reagenzien rich ten  sich nach dem Vorschlag derlU P A C - 
IU B  Commission in  Biochemical N om enclature (siehe z. B. J . Biol. Chem. 241, 527, 2491 
(1966).
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g ru p p e n  e n th a lte n d e n , g e sch ü tz ten  L -G lu tam yl-L -g lu tam insäure- D eriv a te  w u r
den  d a n n  u n te r  ganz m ild en  R eak tio n sb ed in g u n g en  m it 2 -D im ethy lam ino- 
ä th y la m in  zu den en tsp re c h e n d en  b asisch en  A m id d eriv a ten  u m g ese tz t (X III, 
XV, X IX ; n  =  2) [2].

Im  Laufe u n se re r  n eu eren  U n te rsu c h u n g e n  gelang es u n s , dieses oben  
besch rieb en e  P rinz ip  fü r  die S ynthese d e r  b asisch en  D eriv a te  v o n  G lu tam yl- 
o lig o p ep tid en  zu v e rw en d en .

D ie ak tiv e  E s te rg ru p p e n  in  h ö c h s te r  Z ah l e n th a lte n d e n , g esch ü tz ten  
a -G lu tam y l-o lig o p ep tid e  (III) w urden  m it d e r “ stepw ise”  M ethode a u fg eb au t. 
A n d ie  en tsp rech en d en  C -term inalen  P e p tid k o m p o n e n te n , deren  C arboxyl- 
g ru p p e n  in  F orm  v o n  p -N itro p h e n y le s te rn  g esch ü tz t w aren , w urde C arbo- 
b en zo x y -L -g lu tam in säu re -y -p -n itro p h en y les te r (I) [1] an g ek n ü p ft:

Z—Glu—OH
LoNp

HBr . H-hGlu
L

-ONp

ONp

Glu ONp

I II

H B r /A c O H

III

(n =  2, 3,4, 5; m  =  n —1)

Z -- Glu- ONp

III

A us diesem  g e sc h ü tz te n  D eriv a t k a n n  die fo lgende C -term inale  K o m p o n en te  
d e r  Serie durch  A cido lyse m it H B r/A cO H  gew onnen w erden . Die Serie w u rd e  
b is z u r G liederzahl n =  5 fo rtg ese tz t.

W ir hab en  g efu n d en , daß  gu te  A u sb e u te n  hei der P e p tid k n ü p fu n g  sich  
d u rc h  A nw endung d e r  M ethode d e r g em isch te  A n h y d rid e  e rre ichen  ließ en , 
b eso n d ers  d an n , w en n  zur B ere itu n g  des gem isch ten  A nhyd rid s  des C arbo- 
b en zo x y -L -g lu tam in säu re -y -p -n itro p h en y les te rs  C h lo ram eisensäu re-isobu ty l- 
e s te r  e ingesetz t w u rd e .

Die C -te rm in a len  P e p tid k o m p o n e n te n  bzw . deren  H y d ro b ro m id e  (II) 
w a re n  aus den b e re its  herg este llten  C arbobenzoxy-geschü tz ten  D e riv a te n  
(III)  du rch  E in w irk u n g  von  B rom w assersto ff-E isessig  gew innbar. B eim  V e r
d ü n n e n  des R eak tionsgem isches m it Ä th e r  fiel das H y d ro b ro m id  in  k r is ta llin e r  
F o rm  aus u n d  ließ  sich  d ann  in  A ce to n itr il, n ach  Z usatz  v o n  T riä th y la m in , m it 
C arh  oben zoxy-L-gl u ta m  in säu re -y -p -n itro p h  en y leste r (I) d u rch  A n w en d u n g  
d e r  A n hydrid -M ethode  g la tt zu dem  e n tsp rech en d en  E n d p ro d u k t u m se tzen , 
d a s  sich beim  V e rrü h re n  des R eak tio n sg em isch es m it v e rd ü n n te r  Salzsäure  
g leich  in  k r is ta llin e r  Form  ausschied .
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Bei d er A n aly se  der e rh a lte n e n  O lig o p ep tid d e riv a te  w urde au f die q u a n 
ti ta t iv e  B estim m u n g  der p -N itro p h e n y le s te rg ru p p e n  s te ts  großes G ew ich t 
gelegt. Diese B estim m u n g  ließ  sich m it g roßer G en au ig k e it au f sp e k tro sk o 
p ischem  W ege d u rch fü h ren , n äm lich  d u rch  E rm itt lu n g  der E x tin k tio n  be i 
400 nm  in  0,1IV N atro n lau g e . N ach  dem  E rfo lg  d iese r V ersuche w aren  w ir 
b e s tre b t, auch  ein ige andere G lu ta m y lp e p tid e  h e rzu ste llen , z .B .: y -G lu tam y l- 
p ep tid e , P y ro g lu tam y lp ep tid e  u n d  solche a -G lu ta m y lp e p tid e , deren  C -term i- 
na le  a -C arb o x y lg ru p p en  in F o rm  v o n  B en zy leste rn  V orlagen.

Z—(ilu—ONp HBr . H-
I +LOH

-Glu— ONp Z— Glu— ONp

-ONp -ONp

IV

H B r/A c O H

-Glu—ONp

Z—N-----CH—COOH HBr . H- -Glu
I I

/C H 2
o '  Q,'

H2

+
-ONp

-ONpП
VI

-ONp

VI

(я =  2,3; m —n—I)

Z—N------O H -C O -

Q r ^ C '
H2

,CH2
-Glu

L
-ONp

ONp

VH II VIII (m =l,2)

Z—Glu—OH HBr . H
LoNp

I IX X

{n=  2,3; m =  n —1)

Z um  A nknüpfen  d e r N -te rm in a len  K o m p o n en te  w u rd en  C arbobenzoxy-L- 
g lu tam in säu re -a -p -n itro p h en y le s te r  (IV) [2], C arbobenzoxy-L -g lu tam insäu re- 
y -p -n itro p h en y le s te r (I) [1] u n d  C arbobenzoxy-L -pyrog lu tam insäu re  (VII) 
[3] angew and t.

In  den e rs ten  zw ei F ällen  w u rd e n  die f rü h e r h e rg es te llten  H ydrob rom ide  
(V, I I ) , im  d r itte n  F a ll  w urde das a-L -G lu tam yl-(y -p -n itropheny lesto r)-L -g lu t 
am  in säu re -a -b en zy l-y -p -n itro p h en y les te r-h y d ro b ro m id  (IX ; m  =  2) je tz t  als 
C -term inale  K o m p o n en te  gew ählt. N ach  u n se ren  E rfa h ru n g e n  k an n  dieses 
H y d ro b ro m id  (IX ; m  =  2) aus C arb o b enzoxy-a-L -g lu tam yl-(y -p -n itropheny l- 
e s te r)-L -g lu tam in säu re -a -b en zy l-y -p -n itro p h en y leste r (X ; ra =  2) durch  Aci- 
dolyse gew onnen w e rd e n :

-Glu
LONp

-OBzl -Glu-
l-ONp

-OBzl
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Z —  Glu— Glu—  OBzl 

l-ONp l-ONp

X (n =  2)

HBr/AcOH

1. TFA
2. äquiv. H Br

H Br . H — G lu— G lu—  OBzl 

l-ONp l-ONp

IX (m =  2)

W ir h a b e n  gefunden, d aß  n u r  eine seh r b e sc h rä n k te  E in w irk u n g sd a u e r — 
ein ige M in u ten  — des B rom w assersto ff-E isessig s zu r H e rs te llu n g  des H ydro - 
b ro m id s  n o tw en d ig  is t [2]. E s w ar ab e r v o r te ilh a f te r , n ach  d e r  M ethode v o n  
K h o s l a  et al. [4] fü r  die se lek tive  A cidolyse T rifluoressigsäure  zu  b en ü tzen . 
B ei d ie se r M ethode v e r lä u f t die S p a ltu n g  d e r  C arbobenzoxy-G ruppe ohne 
A cido lyse der B en zy leste rg ruppe. N u r in  e inem  einzigen F a ll k o n n te  die 
E n ts te h u n g  eines u n erw ü n sch ten  N e b e n p ro d u k te s  dieser R e a k tio n e n  b eo b ach 
t e t  w e rd e n : bei der H e rs te llu n g  des P y ro g lu ta m in sä u re d e riv a te s  (VIII; m =  1) 
w u rd e  aus der M u tte rlau g e  als N e b e n p ro d u k t C arbobenzoxy-L -pyrog lu tam in- 
sä u re -p -n itro p h e n y le s te r  (XII) [5] iso lie rt. D ies w ird  v e rs tä n d lic h , w enn  m an  
a n n im m t, daß  aus d er a n zu k n ü p fen d en  C -term inalen  K o m p o n en te  (Va) d u rch  
in tra m o le k u la re  A cy lierung  w enig P y ro g lu ta m in sä u re -p -n itro p h en y le s te r  u n d  
p -N itro p h e n o l e n ts te h t (Va X I +  H O N p ). L etz teres w ürde  d a n n  m it dem  
aus d e r  C arbobenzoxy-L -pyrog lu tam insäu re  herg este llten  g em isch ten  A n h y d rid  
so fo rt w e ite r reag ieren .

H—Glu—ONp TEA H—■Glu—ONp HN-------CH—COONp

l-ONp l-ONp Г Г  e r  c
H2

V (n = l) Va XI

Z—N ——-C H -C O O H 1' gemisch. Anh. Z—N------ CH— COONp

^C H 2
e r  (У

2. HONp / C H 2
0 ^  c

H 2 H2

VII XII

+  HONp

E s  gelang  uns, die A m id ierung  der G lu tam y lo lig o p ep tid d e riv a te  (III, VI, VIII, 
X ) d u rch  E in w irk u n g  d er b e rech n e ten  M enge von  2 -D im e th y lam in o -ä th y lam in  
(Q -N H 2 in den  F o rm eln ) in  E ssig este r b e i R a u m te m p e ra tu r . D ie in  E ssig este r 
w en iger löslichen K o m p o n en ten  w u rd en  d u rc h  Zusatz v o n  e tw as  D im e th y lfo rm 
a m id  in  Lösung g eb rach t. D ie a u f  diese W eise h e rg es te llten , m ehrere  2-Di- 
m e th y lam in o -ä th y lam id -G ru p p en  e n th a lte n d e n  O lig o p ep tid d e riv a te  fielen 
u n m itte lb a r  (oder n a c h  Z usatz  v o n  Ä th e r)  aus dem  R eak tio n sg em isch  als 
K ris ta llp ro d u k te  an . Zum  Schluß  w u rd e  die N -te rm ina le  S ch u tzg ru p p e  (und  
die C -term inale B en zy leste rg ruppe) d e r gew onnenen b asisch en  O lig o p ep tid 
d e riv a te  du rch  H ydrogeno lyse  e n tfe rn t:
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-G lu ------I 0 N P (» + I) H,NQ (  2 -G lu -------- N H Q H,/Pd
L-ONp

n Ln h q n

H — G lu-

-NHQ

NHQ

III XIII

(n—2, 3, 4, 5)

XIV

Q = — (CH2)2N(CH3)2

Z — Glu—ONp 1иН-1) H ,N Q Z — Glu—NHQ

-ONp -NHQ
H,/Pd H- -G lu -N H Q

-NHQ

VI XV

( r e = l ,  2 ,3 )

XVI

Z - N ------ CH—CO— Glu— ONp
1 1  I^ C H 2 LONp

О^  "c
H 2

VIII (m =  1)

2 H,NQ Z - N ------CH—СО- G lu —NHQ
1 1 I

О 4C
H2

X ’H2 -NHQ

XVII

H,/Pd H N ------CH— CO—Glu—NHQ

La
XT
H 2

J ' l h -NHQ

XVIII

-Glu
L ONp

X

-OBzl »H,NQ -Glu-
Ln

- OBzl

NHQ 

XIX (»= 1 ,2 ,3 )

H,/£d H — Glu

L
-OH

NHQ

XX
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Die R e in h e it u n d  I d e n t i tä t  d er P ro d u k te  u n d  E n d p ro d u k te  w u rd e  d u rch  
E le m e n ta ran a ly se n , In f ra ro ts p e k tre n , t i tr im e tr is c h  b es tim m ten  A q u iv a len t- 
zah len , e lek tro p h o re tisch en  u n d  c h ro m a to g rap h isch en  U n te rsu c h u n g e n  u n d  
sch ließ lich  durch  A b b au  m it L eu c in am in o p ep tid ase  v ielseitig  g ep rü ft.

Ü b e r  w eitere en zy m a tisch e  U n te rsu c h u n g e n  der h e rg es te llten  b asischen  
D e riv a te  von  G lu tam in säu re -o lig o p ep tid en  w ird  in  anderen  M itte ilu n g en  [6] 
b e r ic h te t .

B eschreibung d er V ersuche

Die Äquivalentzahl der beschriebenen basischen Amidderivate wurde durch Titrierung 
ih rer Lösung in 99,9%iger Essigsäure m it einer 0,1 N  essigsauren Perchlorsäurelösung un ter 
A nw endung von K rista llv io lett als Ind ikato r [1, 2] bestim m t.

Bestimmung der p-Nitrophenylester-Gruppen [2]
E s wurde die E x tink tion  einer Lösung von 1,0 mg der zu untersuchenden Substanz in 

25 m l 0,11V Natronlauge bei 400 nm  gemessen. D as als Vergleichssubstanz herangezogene p- 
N itrophenol h a t bei dieser W ellenlänge eine m olare E x tink tion  von 18400.

Bestimmung der Rp-W erte
d u rch  D ünnschichtchrom atographie an Silikagel-G (Stahl, Merck).

Lösungsmittel:
1 =  n-B utanol-E ssigsäure-W asser 4 : 1 : 5
2 =  sek-Butanol-85% -igc A m eisensäure-W asser 75 : 15 : 10
3 =  Propanol-W asser 7 : 3
4 =  n-B utanol-E ssigsäure—W asser 4 : 1 : 1
5 =  n-B utanol-E ssigsäure-Pyrid in-W asser 30 : 6 : 20 : 24
6 =  n-B utanol-E ssigsäure—Pyridin-W asser 30 : 60 : 20 : 24
7 =  Essigester-Pyrid in-E isessig-W asser 60 : 20 : 60 : 11
8 =  A cetonitril-Essigsäure-C hloroform  6 : 1 : 3
9 =  Chloroform-Essigsäure 95 : 5

10 =  n-B utanol-D im ethylform am id-E ssigsäure-Pyrid in-W asser 15 : 15 : 60 : 20 : 24

Die elektrophoretische Charakterisierung der Syntheseprodukte erfolgte bei 1500 V, pH  1,8 
u n d  einer Laufzeit von 1,5 S tunden [6]. Als T rägerm aterial diente W hatm an-l-P ap ier.

Der enzymatische Abbau  der Syntheseprodukte wurde m it Leucinam inopeptidase unter 
Standardbedingungen durchgeführt und elektrophoretisch un tersucht [6].

Allgemeines Verfahren zu r Herstellung aktive Estergruppen enthaltender Glutamylpeptide
Eine stark gerührte u n d  gekühlte (—20 °C) Lösung von 2,01 g (5,0 mmol) Carbobenzoxy- 

-L-glutam insäure -y-p-nitrophenylester (I) [1] un d  0,70 ml (5,0 mmol) T riä thy lam in  in  35 ml 
A ceton itril wird tropfenw eise m it 0,70 ml (5,0 mmol) Chloram eisensäure-isobutylester, nach 
20 M inuten m it 5,0 mm ol des entsprechenden Aminosäure- oder Peptidester-hydrobrom ids in 
m ehreren  Portionen und  aberm als tropfenw eise m it einer Lösung von 0,70 m l (5,0 mmol) 
T riä thy lam in  in 5 ml ka ltem  A cetonitril versetzt. Man rü h rt noch zwei—drei w eitere Stunden 
bei — 20 °C und verm engt das Gemisch m it 300 ml 0,05N  Salzsäure. Das kristallin  ausgeschie
dene P roduk t wird am  nächsten  Tag ab filtrie rt, m it Wasser gewaschen, getrocknet und  schließ
lich um kristallisiert.

Allgemeines V erfahren zu r Herstellung von m it aktiven Estergruppen völlig veresterten 
Glutamylpeptidester-hydrobromiden

Eine Suspension von 1 g Carbobenzoxy-glutam ylpeptidester in  3 ml Eissessig wurde bei 
R aum tem peratur m it 3 m l 30% iger Bromwasserstoff-Essigsäure versetzt und die klare Lösung 
n ach  30—60 M inuten in  100 ml Ä ther gegossen. Nach einigen Tagen wurde der Niederschlag 
ab filtrie rt, m it Ä ther gewaschen, im  V akuum exsiccator über Ä tzkali und  konz. Schwefelsäure 
getrocknet.
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a-L-Glutamyl-(y-p-nitrophenylester)-]>glutaminsäure-di-p-mtrophenylester-hydrobromid
(П; m  =  2)

wurde nach dem allgemeinen Verfahren aus Carbobenzoxy-a-L-glutamyl-(y-p-nitrophenyl- 
ester)-L-glutaminsäure-di-p-nitrophenylester (III; m =  2) [2] hergestellt. Ausbeute 0,9 g 
(96,9% d. Th.). Schmp. 106-109°C; [a]g =  —6,1° (c =  2,1; Dimethylformamid). Rp =  
=  0,4(3), 0,5(1).

C28H26N50 13Br (720,5). Вег. C 46,6; H 3,6; N 9,7; Br 11,1; ONp 57,1. Gef. C 45,9; H 4,0; 
N 9,6; Br 10,4; ONp 56,5%.

Carbobenzoxy-a-tri-L-glutaminsäure-tetra-p-nitrophenylester (III; n  =  3)
Es wurden nach dem allgemeinen Verfahren aus Carbobenzoxy-L-glutaminsäure-y-p- 

nitrophenylester (I) und a-L-Glutamyl-(y-p-nitrophenylester)-L-glutaminsäure-di-p-nitro- 
phenylester-hydrobromid (II; n  =  2) 3,6 g (70% d. Th.) des aus Acetonitril umkristallisierten 
Tripeptidderivates gewonnen. Schmp. 185—186 °C, [a]f) =  —25,2° (c =  2, Dimethylformamid); 
RF =  0,05(9).

C47H41O20N, (1023,8). Вег. C 55,1; H 4,0; N 9,5; Z 13,1; ONp 54,0. Gef. C 54,7; H 4,2; 
N 8,9; Z 13,1; ONp 53,8%.

Charakteristische Banden des IR-Spektrums (KBr-Tablette): Vq_ q (COONp):
1765 cm-1, Vq=q (Z): 1700 cm-1, Vq=q (Amid-I): 1645 cm-1.

a-Tri-L-glutaminsäure-tetra-p-nitrophenylester-hydrobromid (II; m =  3)
wurde nach dem allgemeinen Verfahren aus Carbobenzoxy-a-tri-L-glutaminsäure-tetra-p- 
nitrophenylester (III; m — 3 ) hergestellt. Ausbeute 0,72 g (71% d. Th.). Schmp. 166—168 °C; 
M d =  —14,2° (c =  0,7; Dimethylformamid); Rp =  0,47(4).

C39H36N70 18Br (970,7). Вег. C 48,2; H 3,7; N 10,1; ONp 56,9. Gef. C 48,0; H 4,0; N 9,8; 
ONp 55,3%.

Carbobenzoxy-a-tetra-L-glutaminsäure-penta-p-nitrophenylester (III; m =  4)
Es wurde nach dem allgemeinen Verfahren aus Carbobenzoxy-L-glutaminsäure-y-p- 

nitrophenylester (I) und a-tri-L-Glutaminsäure-tetra-p-nitrophenylester-hydrobromid (II; 
ii =  3) 3,8 g (60% d. Th.) des aus Acetonitril umkristallisierten Tetrapeptidderivates gewinnen. 
Schmp. 169—171 °C; M d =  —19,6° (c =  1,0; Dimethylformamid); Rp =  0,9(4).

C58H51025N9 (1274,0). Вег. C 54,6; H 4,1; N 9,9; ONp 54,2. Gef. C 54,8; H 4,5; N 9,3; 
ONp 52,5%.

Charakteristische Banden des IR-Spektrums (KBr-Tablette): (COONp): 1768
cm-1, vc=o(Z): 1700 cm-1, vq= q (Amid—I): 1650 cm-1.

a-Tetra-L-ghitaminsäure-penta-p-nitrophenylester-hydrobromid (II; m =  4)
wurde nach dem allgemeinen Verfahren aus 1 mmol Carbobenzoxy-a-tetra-L-glutaminsäure- 
-penta-p-nitrophenylester (III; m =  4) hergestellt, und aus Tetrahydrofuran-Äther umkri
stallisiert. Ausbeute 0,85 g (70% d.Th.). Schmp.; 157—159 °C. [a]o =  —11,2° (c =  2; Dimethyl
formamid); Rf =  0,38(3), 0,2(4).

C50H46O23N9Br (1219,9). Вег. C 49,2; H 3,8; N 10,4; Br 6,5; ONp 56,5. Gef. C 49,9; 
H 4,2; N 10,2; Br 6,1; ONp 54,4%.

Carboxybenzoxy-a-penta-L-glutaminsäure-hexa-p-nitrophenylester (III; n — 5)]
wurde nach dem allgemeinen Verfahren aus Carbobenzoxy-L-glutaminsäure-y-p-nitrophenyl- 
ester (I) bzw. aus dessen gemischtem Anhydrid und a-Tetra-j,-glutaminsäure-penta-p-nitro- 
phenylester- hydrobromid (II; m =  4) hergestellt. Die aus Acetonitril—Äther dreimal umkri
stallisierte Substanz wog 0,51 g (44% d. Th.). Schmp. 166—167 °C.

C69H61O30Nn (1524,3). Вег. C 54,6; H 3,9; ONp 54,6. Gef. C 54,2; H 4,3; ONp 53,2%. 
Charakteristische Banden des IR-Spektrums (KBr-Tablette): rc=o(COONp): 1765 

cm-1, rc=0(Z;: 1700 cm-1; Vc=o(Ämid—I): 1645 cm-1.

y-L -G lu tam y l-(a -p -n itro p h en y leste r)-L -g lu tam in säu re 'd i-p -n itro p h en y les te r-h y d ro b ro m id
(V; m =  2)

wurde nach dem allgemeinen Verfahren aus Carbobenzoxy-y-L-glutamyl-(a-p-nitrophenylester)- 
-L-glutaminsäure-p-nitrophenylester (VI; m =  2) hergestellt. Ausbeute 0,69 g (73,8% d. Th.). 
Schmp. 152—155 °C.

C28H260 13N5Br (720,4). Ber. ONp 57,7. Gef. ONp 56,9%.
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Carbobenzoxy-y-tri-L-glutaminsäure-tetra-p-nitrophenylester (Л I: n =  3)
E s wurden nach dem  allgemeinen V erfahren (Lösungsm ittel: A cetonitril-D im ethyl

form am id 3 : 1) aus C arbobenzoxy-L-glutam insäure-a-p-nitrophenylester (IV) und y-L-Glut- 
am yl-(a-jo-nitrophenylester)-L-glutam insäure-di-p-nitrophenylester-hydrobrom id (V; m  =  2) 4,1 
g (79,8%  d. Th.) des aus Ä thano l und  einm al aus Acetonitril um kristallisierten Tripeptid- 
derivates gewonnen. Schmp. 185— 187 °C; [ « ] d  = —31,0° (c =  2; D im ethylform am id).

C47H 41O20N, (1023,9). Вег. C 54,9, H  4,0, N  9,5, ONp 54,0. Gef. C 55,1, H  4,2, N  8,9, 
ONp 53,7% .

Charakteristische B anden  des IR -Spektrum s (K B r-T ablette): i’c= o(COONp): 1765 
cm -1 ; vc _ 0(Z): 1^00 cm -1 ; Vc= o(Nm id—!)'• 1645 cm -1.

Carbobenzoxy-L-pyroglutamyl-L-glutaminsäure-di-p-nitrophenylester (VIII; m =  1)
w urde nach  dem allgemeinen V erfahren aus Carbobenzoxy-L-pyroglutaminsäure (VII) (Lö
sungsm ittel: Acetonitril—D im ethylform am id 1 0 :1 )  und  L-Glutam insäure-di-p-nitrophenylester- 
hydrobrom id  (II; m  =  1) [2] hergestellt. Die aus Ä thanol um ristallisierte Substanz wog 1,15 g 
(36,4%  d. Th.). Schmp: 179— 180 °C. [a]jo =  —40,5° (c =  2; D im ethylform am id).

C3oH2eOi2Ni (644,5). Вег. C 56,9; H  4,1; N  8,8; ONp 42,7. Gef. C 57,2; H  4,4; N 8,5; 
ONp 41,9% .

Charakteristische B anden  des IR -Spektrum s (K B r-Tablette): rc = C)(COONp): 1765 cm -1; 
r c = o (A m id—I): 1660 c m -1 ; roCNCO: 1765 und  1700 cm -1 .

Aus der M utterlauge der K ristallisation  w ar Carbobenzoxy-L-pyroglutaminsäure-p- 
n itrophenylester (XII) nach  zweitägigem Stehen ausgeschieden. 0,50 g (26%  d. Th.). Schmp: 
138— 140°. [<x]d =  —51,0 °C (c =  1,09; Tetrahydrofuran). L iteraturangabe [5]: Schmp. 140— 
141°; [a]fy =  —50,6 °C (c =  1,01; T etrahydrofuran).

CI9H 160 7N2 (384,3). Вег. C 59,5; H  4,2, N 7,3, ONp 31,8. Gef. C 59,5, H  4,6, N  7.1 
O Np 31,2%.

Charakteristische B anden  des IR -Spektrum s (K B r-Tablette): Vq=q (COONp): 1765 
c m -1 ; roCNCO: 1780 und  1702 cm -1 ; Vq=q(Z): 1690 c m -1.

a-L-Glutamyl-(y-p-nitrophenylester)-L-glutaminsäure-a-benzyl-)'-p-nitrophenylester-hydro-
bromid (IX; m  =  2)

V erfah ren  A .  M an versetzte eine Lösung von 1 g (1,2 mmol) Carbobenzoxy-a-L-glut- 
am yl-(y-p-nitrophenylester)-L-glutam insäure-a-benzyl-y-p-nitrophenylester (X; n  =  2) in 
5 m l Eisessig mit 5 m l 30% igem  Bromwasserstoff-Eisessig und  goß nach  4 M inuten die klare 
L ösung zu 200 ml Ä ther. N ach  zweitägigem Stehen wurde der ausgeschiedene flockige N ieder
schlag abfiltriert, m it Ä ther gewaschen und im V akuum exsiccator über Ätzkali und konz. 
Schwefelsäure getrocknet. A usbeute 0,65 g (69,5% d. Th.). Schmp. 150—151 °C; [a]pj =  
=  — 21,9 °C (c =  1,5; D im ethylform am id); Rp =  0,77(6).

C29H 29N4Ou Br (689,3). Вег. C 50,5, H 4,2, ONp 40,0. Gef. C 51,0. H  4,5, ONp 39,4%.
Charakteristische B anden  des IR -Spektrum s (K B r-T ablette): t’c = o(COOBzl): 1740 

cm -1 ; i>c_o(COONp): 1760 cm -1 ; v^= o(Am id—I): 1650 cm -1; c(Am id—II): 1530 cm -1 .
V erfahren  B . E ine Lösung von 1 g (1,2 mmol) Carbobenzoxy-a-L-glutamyl-(y-p-nitro- 

phenylester)-L-glutam insäure-a-benzyl-y-p-nitrophenylester (X; n  =  2) in  12 ml Trifluoressig
säure ließ man drei S tunden  bei 38 °C stehen und trieb  danach das Lösungsm ittel bei U n ter
d rück  ab. Der R ückstand  w urde m it 1 ml 30%igem Bromwasserstoff-Eisessig verrührt und 
die klare Lösung in 200 m l Ä ther gegossen. Nach einigen Tagen w urde der Niederschlag ab
filtrie rt, mit Äther gew aschen, im  V akuum exsiccator über Ä tzkali und  konz. Schwefelsäure 
getrocknet und aus E isessig-Ä ther um kristallisiert. Ausbeute 0,60 g (65,2%  d. Th.), Schmp. 
154—155 °C; R p  =  0,93(7).

Вег. C 50,5, H  4,2, ONp 40,0. Gef. C 50,8, H 4,5, ONp 39,3%.

Carbobenzoxy-a-di-L-glutamyl-(y-p-nitrophenylester)-L-glutaminsäure-a-benzyl-y-p-nitro-
phenylester (X; re =  3)

w urde nach dem allgem einen V erfahren aus Carbobenzoxy-L-glutam insäure-y-p-nitrophenyl- 
ester (I) und a-L-Glutam yl(y-p-nitrophenylester)-L-glutam insäure-a-henzyl-y-p-nitrophenyl- 
ester-hydrobrom id (IX; m  =  2) hergestellt und  aus Ä thanol um kristallisiert. Ausbeute 2,6 g 
(53,0%  d. Th.).

Schmp. 166— 168 °C, [<x] d  =  —39,6° (c =  1,0; D im ethylform am id), Rp =  0,49(7). 
C49H44Ne0 18 (992,0). Вег. C 58,2, H  4,4, ONp 41,6. Gef. C 58,0, H  4,7, ONp 40,7%.
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C harak teristische Bauden des IR -Spektrum s (K B r-Tablette): j>c= o(COOBzl): 1730 
cm -1 ; r c = o(COONp): 1765 cm -1 ; Vq=q(Z): 1695 cm -1; r c = 0 (Amid—I) 1655 cm -1 ; rpj—c 
(Amid—II): 1530 cm -1 ; i>nh‘ 3300 cm -1 .

Carbobenzoxy-L-pyrogIutamyl-a-L-glutamyl-(y-p-nitrophenylester)-L-glutaminsäure-di -p-nitro-
phenylester (VIII; m =  2)

wurde nach dem allgemeinen Verfahren (Lösungsm ittel: A cetonitril-D im ethylform am id 10 : 1) 
aus C arbobenzoxy-L-pyroglutam insäure (VII) und  a-L-G lutam yl(y-p-nitrophenylester)-L- 
g lu tam insäure-di-p-nitrophenylester-hydrobrom id (II; m  =  2) hergestellt. Die aus Ä thanol 
zweimal um kristallisierte Substanz wog 1 g (37,4%  d. Th.). Schmp. 100—102 °C.

C41H 3eO]7N6 (884.6). Вег. C 55,6; H  4,1; N  9,5; ONp 46,8. Gef. C 54,8; H  4,2; N  9,4; 
ONp 45,9% .

C harakteristische Banden des IR -Spektrum s (K B r-Tablette): i>c_C)(COONp): 1165 
cm -1 ; i>c= o(A m id-I): 1660 cm-1; VoCNCO- 1765 und 1700 cm -1 .

Allgemeines Verfahren zur Amidierung von aktive Estergruppen enthaltenden Carbobenzoxy- 
glutamylpeptiden mit 2-DimethyIamino-äthylamin

Man löst 1,0 m m ol des aktive E stergruppen  enthaltenden Carbobenzoxy-glutam ylpep- 
tids in 10—20 m l E ssigester, dem m an — falls die Substanz in  Essigester schwer löslich is t — 
einige ml D im ethylform am id zufügt. Die m it Eis gekühlte und  gerührte Lösung w ird  tro p 
fenweise m it 0,12 m l (1,0 mmol) 2-D im ethylam inoäthylam in pro aktive E sterg ruppe v e r
setzt, w eitere 2 S tunden  gerührt und nachher bei R aum tem peratur 24 Stunden stehen  ge
lassen. Man k ü h lt das Gemisch m it Eis w iederum  ab, filtrie rt nachher das ausgeschiedene 
K rista llgu t und  w äsch t m it Ä ther das beigem engte p-N itrophenol heraus.

Carbobenzoxy-a-tri-L-glutaminsäure-tetra-(2-dimethylamino-äthyl-amid (XIII; n =  3)
E s w urden n ach  dem allgemeinen V erfahren aus Carbobenzoxy-a-tri-L-glutam insäure- 

tc tra-p -n itropheny lester (III; n =  3) 0,75 g (91,5%  d. Th.) des aus D im ethylform am id-Essig
ester um krista llisierten , am idierten Produktes gewonnen. Schmp. 200—201 °C; [<x] d  =  — 24,1° 
(c =  1,1; N -Salzsäure); [a ]o  =  —18,1 °C (c =  1,0; T rifluoräthanol); [oc]pj =  —13,1° (e =  0,9; 
Trifluoressigsäure), R p =  0,17(5); 0,26(6).

C39H 69N lt0 8 (820,1). Вег. C 57,1; H  8,4; N 18,7; Ä quivalentzahl 205,0. Gef. C 56,8 
H  8,5; N 19,0% ; Ä quivalentzahl 204,9.

Carbobenzoxy-a-tetra-L-glutaminsäure-penta-(2-dimethyIamino-äthyl)-amid (X  П: n =  4)
E s wurden nach  dem  allgemeinen Verfahren aus C arbobenzoxy-a-tetra-b-glutam insäure- 

-penta-p-n itrophenylester (III; n =  4) 0,86 g (84,4%  d. Th.) des aus D im ethy lfo rm am id- 
Essigester um kristallisierten  U m setzungsproduktes vom Schmp. 208—209°C gewonnen.

M d =  —27,5° (c =  2; N  Salzsäure); M d  =  —13,6° (c =  0,9, T rifluoräthanol); 
Rp =  0,13(5).

(1019,3). Вег. C 56,2; H  8,4; N  19,2; Ä quivalentzahl 203,8. Gef. C 55,9; 
H  8,3; N  18,8% ; Ä quivalentzahl 205,5.

Carbobenzoxy-a-penta-L-glutaminsäure-hexa-(2-dimethylamino-äthyl)-amid (XIII; n =  5)
Es wurde nach  dem  allgemeinen V erfahren (Lösungsm ittel: D im ethylform am id) aus 

Carbobenzoxy-a-penta-L-glutam insäure-hexa-p-nitrophenylester (III; n =  5) 1 g (82%  d. T h.) 
des aus D im ethylform am id-Essigester um kristallisierten, am idierten  Produktes gewonnen. 
Schmp. 218—220 °C. R p =  0,15(6).

C5,H 103N ,7O!2 (1218,6). Вег. C 56,2; H  8,5; N  19,5%. Ä quivalentzahl 203,1. Gef. C 56,0 
H  8,2; N  19,1% ; Ä quivalentzahl 203,8.

Carbobenzoxy-p-tri-I-gIutaminsäure-tetra-(2-dimethylamino-äthyl)-ami<l (XV; n =  3)
E s w urden nach  dem  allgemeinen V erfahren aus Carbobenzoxy-y-tri-L-glutaminsäure- 

-te tra-p-n itrophenylester (VI; n =  3) 0,70 g (85,4%  d. Th.) des aus D im ethylform am id- 
Essigester um krista llisierten , amidierten P roduk tes gewonnen. Schmp. 208 — 209 °C. R p =  
=  0,18(5); 0,25(6).

CS9H69N u 0 8 (820,1). Вег. C 57,1, H  8,4, N  18,7, Ä quivalentzahl 205,0. Gef. C 56,9, 
H 8,6, N  18,8; Ä quivalentzahl 204,6.
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Carbobenzoxy-a-di-L-glutam yl-[y-(2-dim ethylam ino-äthyl)-am id]-L-glutamin8äure->’- 
-(2-dim ethylam ino-äthyl)-am id-a-benzyIester XIX; n =  3)

E s w urden nach dem allgemeinen Verfahren aus a-Di-L-glutamyl(y-p-nitrophenylester)- 
-L -glutam insäure-a-henzyl-y-p-nitrophenylester (X; n —  3) 0,65 g (72,5% d. Th.) des aus 
Essigester-M ethanol-Ä ther um kristalhsierten am id ierten  Derivates gewonnen. Schmp. 
174— 175 °C. [oc] d  =  — 14,7° (c =  1,02; D im ethylform am id); Rp =  0,39(7).

C42H(i5N90 9 (839,7). Вег. C 60,0; H  7,7; N  15,0; Ä quivalentzahl 279,9. Gef. C 59,1; H  8,0; 
N 15,4% ; Äquivalentzahl 279,2.

Charakteristische B anden  des IR -Spektrum s (K B r-Tablette): гс= о(СХЮВг1): 1735 
cm -1 ; vc= 0(Z): 1700 cm -1 ; rc= o(A m id—I) : 1645 cm -1 ; i>N_c(Amid—II): 1528 cm -1; vNH: 
3300 c m -1 .

Carbobenzoxy-L-pyroglutaniyl-L-glutam insäure-di-(2-dim ethylam ino-äthyl)-am id (XVII)
E ine eiskalte und gerührte  Lösung von 1,27 g (2 mmol) Carbobenzoxy-L-pyroglutamyl- 

-L -glutam insäure-di-p-nitrophenylester (VIII; m =  1) in  10 ml Essigester und  5 ml D im ethyl
form am id wurde m it 0,48 m l (4 mmol) 2-D im ethylam ino-äthylam in tropfenweise versetzt, 
dann  das Gemisch bei —20°C noch 4 Stunden w eiter gerührt, schließlich über N acht bei 0 °C 
stehen gelassen. Die Lösung w urde bei 0,2 Torr D ruck  eingedam pft, dann der R ückstand m it 
Ä ther ausgefällt, aus Ä thano l-Ä ther um kristallisiert. A usbeute 0,72 g (68,6%  d. Th.). Schmp. 
154— 156 °C; [a ]o  =  -  47,8° (c =  2,0; Methanol).

СгвНмОб^в..(532,6). Вег. C 58,6; H 7,5; N  15,8; Äquivalentzahl 266,3. Gef. C 58,4; 
H  7,4; N  14,9%; Ä quivalentzahl 265,4.

C harakteristische B anden  des IR -Spektrum s (K B r-T ablette): i’ocNCO: 1 1 9 0  und 1 7 0 5  
cm -1 ; r c = 0  (Amid I): 1 6 4 5  cm -1 ; Pn -C H 3 ,CH3 : 2 7 6 5 , 2 7 9 0 ,  2 8 2 0  cm -1.

Allgemeines V erfahren zur Abspaltung der N-Sehutzgruppe 
D u rc h  eine geschüttelte  Lösung von 0,6 m m ol des Carbobenzoxy-glutam ylpeptids in 

15 m l M ethanol läß t m an in  Gegenwart von 0,2 g 10% iger Pd-Aktivkohle so lange einen W as
sersto ffstrom  streichen, bis das heraustretende Gas kohlendioxydfrei geworden ist. Das F iltra t 
w ird bei U nterdrück eingedam pft und  der R ü ck stan d  aus Ä thanol-Ä ther um kristallisiert.

a-Tri-L-glutam insäure-tetra-(2-dim ethylam ino-äthyl)-am id (XIV; n =  3)
Aus dem geschützten D erivat XIII (n =  3) w urden  0,35 g (84,9% d. Th.) der V erbindung 

XIV (ra =  4) gewonnen. Schm p. n ich t charakteristisch. Rp =  0,10(6). N ach den elektrophore
tischen R einheitsuntersuchungen is t XIV (n =  3) eine einheitliche Substanz.

C3lH 63Nll0 6 (685,9). Вег. C 54,3; H  9,2; N  22,4. Gef. C 54,1; H  9,0; N 22,2%.

a-Tetra-L-glutam insäure-penta-(2-dim ethylam ino-äthvl)-am id (XIV; n 4)

Aus dem geschützten D erivat XIII (n =  4) w urden  0,41 g (77,2% d. Th.) der V erbindung 
XIV (n  =  4) gewonnen. Schm p. 160 °C; Rp =  0,08(6).

C40H80N14O8 (885,2). Вег. C 54,2; H 9,1; N  22,1. Gef. C 53,9; H  9,3; N  21,8%.
N ach den elektrophoretischen R einheitsuntersuchungen ist XIV (n =  4) eine einheit

liche Substanz.
D er enzymatische A bbau  m it Leucinam inopeptidase wurde u n te r Standardbedingungen 

[6] durchgeführt. Im  enzym atischen H ydrolysat w urden  nur L-Glutam insäure-y-(2-dimethyl- 
am ino-äthyl)-am id und  2-D im ethylam ino-äthylam in gefunden.

a-Penta-L-glutam insäure-hexa-(-2-dim ethyIam ino-äthyl)-am id (XIV; n =  5)

Aus dem geschützten D erivat in D im ethylform am id-Ä thanol-M ethanol wurden 0,59 g 
(90,0%  d. Th.) der V erbindung XIV (n =  5) gewonnen. Schmp. ~  165° (Zers.). Rp =  0,35(10).

C49H9,N1?O10 (1084,4). Вег. C 54,2; H  8,9; N  21,9. Gef. C 53,9; H  8,7; N  21,7%.
N ach dem elektrophoretischen R einheitsuntersuchungen ist XIV (n =  5) eine einheit

liche Substanz.
Der enzymatische A bbau m it Leucinam inopeptidase wurde u n te r S tandardbedingungen 

durchgeführt. Im  enzym atischen H ydrolysat w urden nur L-Glutaminsäure-y-(2-dimethyl- 
am ino-äthyl)-am id und  2-D im ethylam ino-äthylam in gefunden.
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>-Tri-I,-gIutaminsUure-tetra-(2-<limethylamino-Uthyl)-anii<l (XVI; re =  3)

Aus dem geschützten D erivat (XV; re =  3) wurden 0,40 g (97,2%  d. Th.) der V erbindung 
XVI (n =  3) gewonnen. Rp =  0,11(6).

Nach den elektrophoretischen R einheitsuntersuchungen is t XVI (re =  3) eine einheit
liche Substanz.

C3iH 63N n 0 6 (685,9). Вег. C 54,3; H  9,2; N  22,4. Gef. C 54,4; H  9,3; N 22,1%.

a-Tri-[L-glutam insäure->’-(2-dim ethylam ino-äthyl)-am id] XX; re =  3)

Aus dem geschützten D erivat (XIX; re =  3) konnten nach dem  allgemeinen Verfahren 
die Carbobenzoxy- und B enzylester-Schutzgruppen in einer S tunde en tfe rn t werden. Man 
erhielt 0,3 g (81,5%  d. Th.) der V erbindung XX (n =  3). Rp =  0,15(1).

N ach den elektrophoretischen R einheitsuntersuchungen is t XX (re =  3) eine einheit
liche Substanz.

C27Hä2N90 ,  (614,8). Вег. C 52,5; H  8,5; N  20,4. Gef. C 52,0; H  8,1; N  19,9%.
Der enzym atische A bbau m it Leucinam inopeptidase wurde u n te r S tandardbedingungen 

durchgeführt, im  enzym atischen H ydro lysa t wurde nur L-Glutam insäure-y-(2-dim ethylam ino- 
äthyl)-am id gefunden.

L-Pyroglutamyl-L-glutaminsäure-di-(2-dimethylamino-äthyl)-amid (XVIII)

Aus dem geschützten D erivat (XVII) w urden 0,23 g (96,2% d. T h.) der stark  hydrosko- 
pischen V erbindung XVIII gewonnen. Schm p. 150—152 °C.

Nach den elektrophoretischen R einheitsuntersuchungen is t X V III eine einheitliche, 
ninhydrinnegative, chlorpositive Substanz.

C18H 34N60 4 (398,5). Вег. C 54,2; H  8,6; N  21,1. Gef. C 53,9; H  8,9; N  20,9%.

*

W ir danken auch an dieser Stelle fü r die D urchführung der zahlreichen M ikroanalysen 
F rau  H. M e d z i h r a d s z k y -S c h w e i g e r , F ra u  S. K u t a s s i , weiterhin fü r die IR -spektroskopi- 
schen Aufnahmen und ihre Auswertung H errn  F . R u f f . Für die gew issenhafte experim entelle 
M itarbeit sei Frl. A. S c h w a r t z , Frl. M. D u k a i ,  F rau  E. P é t e r i  und H errn  J .  K ö k ö s i  eben
falls gedankt.
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SYNTHESIS OF 2H-l,3-BENZOTHIAZINE DERIVATIVES, I

J .  S z a b ó , L. F o d o r , I . V a r g a  and P . S o h á r *

( Institute o f Pharmaceutical Chemistry, Medical University, Szeged, and * Pharmaceutical
Research Institute, Budapesti

Received February  7, 1975

Condensation of aliphatic and  arom atic acid amides w ith form aldehyde and
3,4-dim ethoxythiophenol in pyrid ine gave 2 f/-l ,3-benzothiazine derivatives. This is a 
new process for the  synthesis o f 2ff-l,3-benzothiazine and its  4-substituted deriva
tives.

Chem ical in v es tig a tio n s  on 1 ,3 -benzoth iazines h av e  been  in  progress 
fo r  a b o u t 20 y ears . O f th e  tw o th e o re tic a lly  possible isom ers (I a n d  II), only  
th e  p re p a ra tio n  o f 4 i/- l ,3 -b e n z o th ia z in e  (I), an d  - its  s u b s ti tu te d  an d  2,3- 
d ih y d ro  deriv a tiv es  h a v e  been ach ieved .

U p to  th e  b eg in n in g  of our w o rk , we did  no t fin d  reference in  th e  l i te r 
a tu re  to  th e  syn th esis  o f  2 fí- l,3 -b e n z o th ia z in e  and  i ts  4 -su b s titu te d  d e riv a 
tiv e s . A n in v es tig a tio n  o f  th is  p ro b lem  seem ed there fo re  in te re s tin g .

The desired 2 if- l,3 -b e n z o th ia z in e  deriva tives (Va, b, c) have been  p re 
p a re d  in pyrid ine as so lv en t, b y  th e  condensation  o f a ro m a tic  or a lip h a tic  
acid  am ides (III) an d  3 ,4 -d im eth o x y th io p h en o l (IV) w ith  fo rm aldehyde , in  
th e  presence of p h o sp h o ru s oxych lo ride ás th e  d eh y d ra tin g  agen t.

CH30 ^
CH2O

^ S H

+  / N H 2 
o c

Q

POCI, t
СНзО^

CH3(V
Py-

СНзОХ r
Q

IV III

á Q =  H

V

b Q =  Me

c Q = P h
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C yclization  e x p e rim e n ts  w ith  o th e r a ldehydes rem ain ed  unsuccessful. 
T he s tru c tu re s  o f  th e  2 f í- l,3 -b e n z o th ia z in e  d e riv a tiv e s  o b ta in ed  were 

v e rified  b y  e lem en ta ry  an a ly sis , h y d ro lysis  ex p erim en ts , a n d  on  th e  basis of 
th e ir  I R  an d  N M R sp e c tra . (Spectroscopic  d a ta  are g iven in  T ab les  I  an d  I I .)

Table I

IR  data proving the structure o f the compounds Va-c, VIII and IX  (K B r  pellets), cm ~l

Compound
+

v (= NH) 
band

p C = 0
band

i » C= N
band Methoxy bands Aromatic bands

Va-hydro
chloride

3100-2000*
diffuse
1950-1850
broad

— 1630** 2840, 1260 
1200, 1175

1590, 1535,1500, 1490, 
1440, 840, 810

Vb — — 1550 2840,1270-1260, 
1170, 1040

1615,1590,1500,1470, 
875, 800

Vc — — 1545 2840, 2820,1270— 
1260,1065,1030

1595, 1500,870, 830 
800, 735, 720

v m — 1655-1645 — 2840,1270,1210, 
1170, 1060-1050

1595, 1580,1560, 1500 
895,875, 865,810,790, 
730, 720,710,690

IX — — — 2835,1250,1235, 
1170,1145, 1020

1590, 1580,1505,880, 
845, 800, 770

* The diffuse absorption has maximum a t about 2550 cm -1 
** C = N + band of the immonium group

Table II

N M R  data o f compounds V a - c ,  VIII and  IX , in  deuterochloroform solution, ppm  ( f5TMS—Oppm)

ArH

Compound ÄCH, dOCH, Ö CH, Ö (= CH) 
(C-4) (C—5) (V,IX) 

(C—3) (VIII)

(с-8) (V) 
(C—6) (Vm) 
(С—2) (IX)

C—6
v ArH 
m [Hz]

Va-hydro
chloride*

— 3.85 s, 3H 
4.00 s, 3H

5.05 
s, 2H

9.00 
s, 1H

7.69 
s, 1H

7.25 
s, 1H

— —

Vb 2.37 
s, 3H

3.88 
s, 6H

4.50
s, 2H

— 7.00 
s, 1H

6.73 
s, 1H

— —

Vc — 3.70 s, 3H 
3.95 s, 3H

4.70 
s, 2H

— 6.90 
s, 1H

6.78 
s, 1H

— 410—470
5H

VIII — 3.75 s, 6H 
3.80 s, 6H

4.05 
s, 2H

— 6.90
s , 2H

6.70 
s, 2H

— 42 0 -4 7 0
10H

IX
—

3.88 
s, 12 H

4.22 
s, 2 H

.
—

6.83** 
d, 2H

7.02** 
d, 2H

7.05** 
2xd, 2H —

* Solvent: DMSO—d6; the signal SN+H merged into the S OH signal of the water 
content of the solvent, was observed a t about 4.05 ppm.

** ABX spectrum , where the symbols A, В and X  correspond to  the ring protons a t 
C—6, C—5 and C—2, respectively, and 1дз =  8 Hz, 1дх =  2 Hz, I BX =  2 О Hz.
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As ex p e c te d , 2 H -l,3 -b e n z o th ia z in e  derivatives (Va, b, c) are  s tro n g er 
b a se s  th a n  4 J /- l,3 -b e n z o th ia z in es . T h e ir  hydroch lo rides are  re a d ily  soluble 
in  w a te r , an d  a re  n o t h y d ro ly zed  to  th e  corresponding  b ase . W ith  picric 
ac id , th e y  fo rm  w ell c ry sta llized  p ic ra te s .

In  o rd e r to  prove th e  s tru c tu re ,  th e  4 -p h en y l-2 J i-l,3 -b en zo tliiaz in e  
d e riv a tiv e  (Yc) w as h y d ro ly zed  b y  h e a tin g  fo r 6 days in  a sea led  tu b e  in  v acu u m  
w ith  15%  aq u eo u s h y d ro ch lo rid  ac id  so lu tio n  a t 100°C; th e  en d  of th e  reac tio n  
w as in d ica ted  b y  th e  d isap p earan ce  o f  th e  orange-yellow  co lour o f th e  benzo- 
th ia z in iu m  ch lo ride  (VI). O f th e  h y d ro ly s is  p roducts of th e  2 .H -l,3 -benzo th ia- 
zine ring , th e  2 -m ercap to b en zo p h en o n e  derivative  (VII) an d  fo rm aldehyde 
co n d en sed  in  ac id  m ed ium  to  give th e  th io a c e ta l d e riv a tiv e  VIII, w hich  w as 
iso la te d . The vC — О b a n d  ap p earin g  a t  1665—1655 c m -1  in  th e  IR  sp ec tru m  
o f V III proved  th e  presence o f th e  b e n zo y l group, while th e  signal o f  an  in te n 
s ity  co rrespond ing  to  tw o p ro to n s  a n d  app earin g  a t  4.25 p p m  in  th e  N M R 
sp ec tru m , a ffo rd ed  ev idence fo r th e  th io a c e ta l  ( —S—C H 2— S —) s tru c tu re . F o r 
com parison , we u sed  th e  N M R  sp e c tru m  of the  th io a c e ta l d e riv a tiv e  IX, 
p re p a re d  b y  th e  con d en sa tio n  o f th e  th io p h en o l d eriv a tiv e  IV an d  fo rm alde-

CH30^
Vc

HC1

CH,Q

- S - C H 2- S — signa l a t  4.25 ppm

's ^
CH3Ox

H,0 Г )
SH

A n h ] c i9 100° >
ОНзО^ N ^ c

Ph
.1
Ph

+  СШО +  Ш ®

VI VII

A fte r  th e  te rm in a tio n  of o u r in v e s tig a tio n s , a pap er p u b lish ed  b y  G r u b e r , 

et al. [1] re p o rte d  th e  syn th esis  o f 2 ,4 -d isu b stitu ed  2 1 /-l,3 -b en zo th iaz in e  d e ri
v a tiv e s  b y  th e  th e rm o ly s is  o f 2 -(a ry lth io )-2 -(trifluo rom ethy l)-4 -(isop ropy l)-oxa- 
zolin-5-one d e riv a tiv es .

P re su m ab ly , o u r  cycliza tion  re a c tio n s  lead  th ro u g h  in te rm e d ia te  p ro d 
u c ts  to  th e  2 .H -l,3 -benzo th iazines. S tu d ies  on  th e  course o f  th e  re a c tio n  are in  
p rogress an d  will be  re p o rte d  in  ou r n e x t  com m unication .
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E xperim en ta l

M.p.s. are uncorrected.
IR  spectra  were recorded w ith  a Perkin-Elm er 457 instrum ent. NMR spectra were obtained 
a t  room  tem perature w ith  a  JE O L  60-HL (60MHz) spectrom eter, using TMS internal standard .

1. 6.7- I)imrthoxy-2 / / - 1.5-benzothiazine (Va)

0.45 g (0.01 mole) o f formamide, 0.03 g of potassium  carbonate and 0.9 ml of 35%  
aqueous formaldehyde were dissolved w ith heating in 5 ml of pyridine. After cooling, 1.7 g 
(0.01 mole) of 3,4-dim ethoxythiophenol and, under constant stirring  and cooling, 2 m l of 
phosphorus oxychloride were added to the solution, which was th en  allowed to stand. The 
m ixture was heated for 30 m in on a boiling w ater ba th , and it  was th en  decomposed by pour
ing i t  on ice. The m ix tu re  was made alkaline w ith  sodium carbonate, i t  was extracted w ith 
ether, and the solvent and  pyridine were evaporated in vacuum . The residue was dissolved 
in  benzene, extracted w ith  10 ml of 10% HC1, the solution was m ade alkaline w ith sodium  
carbonate and extracted  w ith  ether. The ether ex trac t was dried over anhydrous sodium sulfate. 
The solvent was evapora ted  and the residual colorrless oil, which proved to he chrom ato- 
graphically homogeneous, was dissolved in 1 ml of ethanol and p recip ita ted  as the p icrate 
(0.05 g); yellow crystals, m . p. 189— 191°C (d.) (from ethanol).

CIeH 14N40 9S (438.37). Calcd. C 43,84; H  3.22; N  12.75; S 7.31. Found C 43.44;H 3.15; 
N  12.26; S 7.59%-

The hydrochloride form s orange-yellow crystals, m. p. 194— 195°C (d.) (from e thano l-
ether).

C10H 12ClNO2S (245.73). Calcd. C 48.87; H  4.92; Cl 14.43. Found  C 48.46; H 5.04; Cl 
14.05%.

2. 4-M ethyl-6,7-dimethoxy-2íí-l,3-benzothiazine (Vb)

0.59 g (0.01 mole) of acetam ide, 0.03 g of potassium  carbonate and 0.9 ml of 35%  
form aldehyde were dissolved w ith  heating in 5 ml of pyridine. A fter cooling, 1.7 g (0.01 mole) 
of 3,4-dim ethoxythiophenol was added, and the m ixture was condensed w ith 2 ml of phosphorus 
oxychloride and processed as described for E xperim ent 1. The aqueous solution obtained in the 
hydrochloric acid ex trac tio n  was heated for 30 m in on a boiling w ater ba th . The viscous, oily 
reaction product was converted  to  the p icrate (0.11 g), yellow crystals, m. p. 195—196°C (d.) 
(from ethanol).

C,7H 16N40 ?S (452.4). Calcd. C 45.13; H  3.57; N  12.38. Found C 45.21; H 3.72; N 12.20% .
The base libera ted  from  the picrate appeared as pale yellow crystals, m. p. 110— 111°C 

(from  ethanol^.
C „H 13N 02S (223.28). Calcd. C 59.17; H  5.87; N 6.27. Found  C 58.99; H 5,90; N 6.29% .
The hydrochloride form ed yellow crystalls, m. p. 190—191°C (d .) (from ethanol).
Cn H ,4ClN02S (259.75). Calcd. C 50.51; H 5.43; N 5.39; Cl 13.61. Found C 50.64; H  5.68; 

N 5. 39; Cl 13.55%.

3. 4-Phenyl-6,7-dimethoxy-2H-l,3-benzothiazine (Vc)

1.21 g (0.01 mole) of benzamide, 0.03 g of potassium  carbonate and 0.9 ml of 35%  
form aldehyde were dissolved in 5 ml of warm pyridine. A fter cooling, 1.7 g (0.01 mole) of
3,4-dim ethoxythiophenol and 2 ml of phosphorus oxychloride were added, as described for 
E xperim ent 1, and th e  m ixture was processed similarly. The hydrochloric acid ex trac t was 
heated  1 hr on a boiling w ater bath . The product was isolated as th e  picrate (0.1 g), yellow 
crystals, m. p. 222— 223°C (d.) (from ethanol).

C,«H,oO,N4S (514.24) Calcd. C 51.39; H 3.53; N 10.89; S 6.24. Found C 51.60; H  3.70; 
N  1 0 .65 ;'S 6.10%.

The base libera ted  from  the picrate gave pale yellow prism s, m. p. 142—143°C (from 
ethanol).

C,6H ,sN0 2S (285.35). Calcd. C 67.34; H  5.30; N 4.91. Found  C 67.50; H 5.47; N  4.75% .
The hydrochloride appeared as orange-yellow' crystals, m. p . 182—183°C (d.) (from 

ethanol, ether).
C16H„.C1N02S (321.82). Calcd. C 59.71; H  5.01; Cl 11.02. Found  C 59.85; H  5.20; Cl

11.12%.
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4. Hydrolysis of 4-diphenyl-6,7-dim cthoxy-2if-l,3-benzothiazine (Vc)

0.285 g (0.001 mole) of 4-phenyl-6,7-dim ethoxy-2if-l,3-benzothiazine was dissolved in 
15 ml of 15% hydrochloric acid, and the solution was heated  on a boiling w ater ba th , in  a  tube  
sealed under vacuum , for 6 days, un til th e  disappearance of the orange-yellow colour o f 4- 
-phenyl-6,7-dim ethoxy-2H -l,3-benzothiazinium  chloride. A fter cooling, the m ix ture  was 
ex trac ted  w ith benzene, th e  benzene ex tra c t was washed w ith  w ater and dried over anhydrous 
sodium sulfate; the solvent was then evaporated . The residue was crystallized from m ethano l to 
ob tain  bis(2-benzoyl-4,5-dim ethoxyphenylm ercapto)m ethane (VIII) (0.2 g), pale yellow prism s, 
m. p . 161—161.5 °C (from  methanol).

C31H 280 6S2 (560.60) Calcd. C 66.41; H  5.03. Found C 66.10; H  4.98%.

5. Bis(3,4-dim ethoxyphenylmercaplo)m ethaiie (IX )

0.17 g (0.001 mole) of 3,4-dimethoxythiophenol was dissolved in 10 m l of ethanol; 0.5 ml 
of 37%  form aldehyde and  5 ml of 10% HC1 were added, and the reaction m ixture was hea ted  to 
the boiling point. A fter cooling, it was d ilu ted  w ith w ater and the reaction product ex trac ted  
w ith benzene. The so lven t was evaporated and the residue crystallized from  ethanol (0.10 g); 
colourless needles, m. p . 123—124°C (from  ethanol).

Cl7H20O4S2 (352.46) Calcd. C 57.93; H  5.72; S 18.19. Found C 57.59; H  5.87; S 18.43% .

*

The authors are grateful to (Mrs.) D r J . S z a b ó  (Pharm ateu tica l Chemical In s titu te )  for 
the microanalyses, and  to  (Mrs.) Dr. B. C s á k v á r i  and Mr. A. F ü r j e s  (Pharm aceutical R esearch 
In s titu te ) for their help in  recording the spectra.

R E F E R E N C E

[1] G r u b e r , P., M ü l l e r , L., S t e g l ic h , W .: Chem. Ber. 106, 2863 (1973)

Já n o s  S z a b ó  

L ajos F o d o r  

Is tv á n  V a r g a

H -6720, Szeged, E ö tv ö s  u . 2.

P á l S o h á r ; H -1325, B udapest, S zab ad ság h arco so k  u . 47.

Acta Chim. (Budapest) 88, 1976





Acta Chimica Academiae Scientiarum Hungaricae, Tomus 88 (2 ), pp. 155—159 (1976)

SYNTHESIS OF O-a-D-GLUCOPYRANOSYL- 
.(1 _  4)-0-̂ -d-GLUC0PYRAN0SYL- 

.(1 _  6)-d-GLUCOSE

P .  NÁNÁSI, A . LlPTÁ K  and L . JÁNOSSY 

(Institu te o f  Biochemistry, Kossuth L . University, Debrecen) 

Received F ebruary  25, 1975

, The K o e n i g s —K n o r r  reaction  of benzyl 2,3,4-tri-0-benzyl-/?-D-glucopyranoside
(2) w ith a-acetobrom om altose (4) gave the trisaccharide derivative (5) in 68% yield. 
After removal of th e  protecting groups, reduction w ith N aB H 4 and acetylation gave 
the alditol derivative (8). In  the N M R  spectrum  of 8 the slightest chemical shift induced 
by  Pr(fod)3 was observed for Ct—H , thus the determ ination of th e  steric position of th is 
hydrogen atom  w as possible. D eacetylation  of 5 followed b y  benzalation, benzylation 
and hydrogenolysis w ith LiAlH4—A1C13 gave the fully benzyla ted  trisaccharide (12) 
containing only a  single prim ary free hydroxyl group. The structu res of the products 
were proved by th e  IR  and NMR spectra.

F o r an  N M R spectroscop ic  e x a m in a tio n  o f  th e  ra re  e a r th  com plexes o f  
h igher-m em bered  o ligosaccharides, we need ed  a tr isa c c h a rid e  d e riv a tiv e  
co n ta in in g  d ifferen t ty p e s  of b o n d s, as w ell as in te rg ly co sid ic  linkages of d if
fe re n t anom eric con fig u ra tio n s. F o r  th is  pu rpose  O -a-D -glucopyranosyl- 
(1 —»- 4)-0-/3-D -glucopyranosyl-(l — 6)-D-glucose w as sy n th es ized . Two m eth o d s 
are kn o w n  in th e  l i te ra tu re  for th e  p re p a ra tio n  o f th e  p e ra c e ty l derivative  o f  
th is  tr isacch a rid e : th e  K o e n ig s — K n o r r  [1] a n d  th e  o r th o e s te r  syn th eses  
[2].

These know n m e th o d s  were u n su ita b le  fo r us to  o b ta in  in te rm ed ia tes  
w ith  a p o ten tia l p o ss ib ility  of fu r th e r  tra n s fo rm a tio n  in to  h igher-m em bered  
oligosaccharides. T h e  syn thesis  s ta r t in g  w ith  ben zy l 2 ,3 ,4 -tri-0 -b en zy l-/j-o - 
g lucopyranoside (2) — m ade b y  th e  stereoselective hydrogeno lysis  [3, 4] o f  
b en zy l 2 ,3 -d i-0 -benzy l-4 ,6 -0 -benzy lidene-/?-D -g lucopyranoside  (1) [5] w ith  
L iA lH 4-AlCl3 in  9 2 %  y ie ld  — sa tisfie s  th e  ab o v e-m en tio n ed  req u irem en t. 
The s tru c tu re  of 2 w as confirm ed b y  th e  N M R  sp ec tru m  o f th e  m e th y l e th e r  
d e riv a tiv e  (3), too , p re p a re d  by  th e  p rocedure  o f K u h n  et al. [6]. The p ro 
to n s o f th e  OCH3 g ro u p  appear as sh a rp  sing lets w ith  a chem ical sh ift o f 
ö — 3.39 ppm ; th is  is in  good accordance  w ith  th e  p u b lish e d  values [3, 7, 8].

T he reac tio n  o f  2  w ith  a -ace to b ro m o m alto se  (4) [9] in  1 : 1 benzene- 
n itro m e th a n e  in  th e  p resence  of H g(C N )2 c a ta ly s t a ffo rd ed  th e  benzyl g lyco
side o f th e  p a r tia lly  a c e ty la te d  an d  b e n z y la te d  trisa c c h a rid e  (5) in  a yield o f 
67 .8% . The 60 M Hz N M R  spec trum  o f 5 is o f h igher o rd e r, d irec t assignation  
being  im possib le; from  am ong  the  th re e  anom eric  p ro to n s  o n ly  th e  signal a s 
signable to  the  а -linkage o f the  m alto se  m o ie ty  is se p a ra te d  from  the  o thers.
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T h e signals of th e  tw o  /S-glycosidic lin k ag es  are shielded m a in ly  b y  th e  AB 
q u a r te ts  o f th e  benzy l p ro to n s . A t th e  sam e tim e in  ag reem en t w ith  th e  a n a 
ly t ic a l  d a ta  and  ch ro m a to g rap h ic  e x a m in a tio n , th e  N M R sp e c tru m  u n eq u iv o 
ca lly  p ro v ed  th e  p u r ity  of th e  c ry s ta llin e  5. C ata ly tic  d eb en zy la tio n  of 5 w ith  
p a llad iu m -o n -carb o n  in  e th y l a c e ta te  fo llow ed by  sap o n ifica tio n  w ith  Z e m p - 
l e n ’ s  m eth o d  [10] re su lte d  in  th e  am o rp h o u s  trisacch arid e  (6). The ace ty la tio n  
o f 6 y ie ld ed  the  co rrespond ing  h e n d e c a ac e ta te  (7), a co m p o u n d  re p o rte d  in  
th e  l i te ra tu re  [1]. T he red u c tio n  of 6 w ith  N aB H 4 follow ed b y  a c e ty la tio n  gave 
c ry s ta llin e  l,2 ,3 ,4 ,5 -p en ta -0 -ace ty l-6 -0 -(h ep ta -0 -ace ty l-/? -m a lto sy l)-D -g lu c ito l
(8). T h e  N M R sp ec tru m  of 8 reco rded  in  CDC13 in the  p resence  o f P r(fod)J [11] 
sh ow ed  th a t  from  am ong  th e  tw o in terg ly co sid ic  linkages th e  sh if t in d u ced  
w as s lig h te s t for th e  p ro to n  of th e  /З-g lycosid ic bond. I t  a p p e a re d  a t  ö =  3.41 
p p m , d iffe ren tia ted  from  th e  signals o f th e  pro tons of th e  sk e le to n  and  th e  
a -g lycosid ic  linkage, th e  coupling  c o n s ta n t being J r2 =  8.5 H z, ch a rac te ris tic  
o f  a trans diaxial s te ric  re la tio n .

In  th e  sam e w ay , th e  anom eric  co n figu ra tion  o f th e  glycosidic linkage 
fo rm e d  in  the  syn thesis  of 5 was also e x a c tly  identified .

T he crysta lline  com pound  9, o b ta in e d  b y  th e  sap o n ifica tio n  of 5, was 
c o n v e rte d  in to  th e  co rrespond ing  ben zy lid en e  d eriva tive  (10). B en zy la tio n  of 
th e  c rysta lline  10 w ith  ben zy l b rom ide  an d  N aH  in D M F re su lte d  in  c ry s ta l
line  benzy l 2 ,3 ,4 -tr i-0 -b en zy l-6 -0 -(2 ,3 ,6 ,2 ’,3 ,-p e n ta -0 -b e n zy l-4 ’,6 ,-0 -benzy li- 
dene-/?-m altosyl)-/?-D -glucopyranoside (11). The s tru c tu re  o f  11 w as con firm ed  
b y  its  IR  and  N M R  sp ec tra . H ydrog en o ly sis  of 11 w ith  L iA lH 4-AlCl3 reag en t, 
s im ila rly  to  all th e  3 -0 -b en zy l-4 ,6 -0 -benzy lidene-D -g lucopyranoside  d e riv a 
t iv e s  exam ined  b y  us [3,4], gave w ith  stereoselective r in g  c leavage a fu lly  - 
b e n z y la te d  trisacch a rid e  (12) c o n ta in in g  free h y d ro x y l o n ly  a t  th e  p rim ary  
c a rb o n  a tom  of th e  non -red u c in g  e n d -g ro u p . This co m p o u n d  (12), w ith  only  
one free h y d ro x y l g roup  an d  w ith  p ro te c tin g  groups w hich  are  read ily  rem o v 
ab le  u n d e r m ild cond itio n s, is v e ry  su itab le  for fu r th e r  tra n s fo rm a tio n  in to  
h ig h er-m em b ered  oligosaccharides.

The s tru c tu re  of 12 was p ro v e d  b y  m eth y la tio n  to  13 and  th e  N M R 
sp e c tru m  of th e  la t te r .  T he p ro to n s  o f  th e  — OCH3 g roup  a p p ea r a t  d =  3.42 
p p m  as a sing let, th is  v a lue  bein g  c h a rac te ris tic  of th e  chem ical sh ift of th e  
6 -O -m eth y l group.

E x p erim en ta l

M. p. ’s were determ ined on a K ofler hot-stage apparatus and  were uncorrected. Optical 
ro ta tions were m easured w ith  a Polam at (Zeiss) autom atic photoelectric polarim éter. NMR 
spectra  were recorded on a V arian A60A (60 MHz) and a Jeol MH-100 (100 MHz) instrum ent 
using TMS as in ternal standard . The th in -layer chrom atographic exam inatons were carried 
o u t on silica gel (Kieselgel G; E. Merck, D arm stad t). 50% sulfuric acid was used for detection.

* Pr(fod)3 stands for tris(2,2-dim ethyl-6,6,7,7,8,8,8-heptafluoro-3,5-octanedionato) 
praseodym ium (III).
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B enzyl 2 ,3 ,4 -tri-0 -benzyl-/?-D -g lucopyranoside  (2 )

To a solution of 1 [6] (3 g) in 1 : 1 ether-d ichlorom ethane (60 ml) 1 g of LiAlH4 was 
added in 3—4 portions over a period of 10—12 min a t room  tem perature  w ith stirring, and  the 
m ixture was slowly heated  to reflux. To the hot reaction  m ixture A1C13 (3 g) in ether (30 ml) 
was added in portions over a period of 30 min, and refluxing was continued for 2 hrs un til 1 
could no longer be detected. After cooling, the excess of LiAlH4 was decomposed w ith  ethyl 
acetate (8—10 ml) and  Al(OH;3 was precip ita ted  by  the addition of w ater (cca. 15 ml). A fter 
dilution w ith ether (50 ml) the organic layer was separated , washed w ith w ater (3 X 20 ml), 
dried over Na2S 04 and  evaporated. R ecrystallization of the crystalline residue gave pure 2 
(2.76 g; 92%), m. p. 106 °C (lit. [12] m . p. 105-106°C ); [ a |D -1 1 .5 °  (c =  2.1, chloroform) 
(lit. [12] [a]D —9.2° (c =  1.0, chloroform)). R j  0.42 (benzene-m ethanol, 97 : 3).

C34H 360 6 (540.6). Calcd. C 75.53; H 6.71. Found C 75.44; H 6.63%.

B enzy l 2 ,3 ,4 -0-benzyl-6 -0 -m ethy l-/?-D -g lucopyranoside  (3)

A m ixture of 2 (1.0 g), methyl iodide (1.25 ml) and Ag20  (1.25 g) in 15 ml of dim ethyl- 
formamide was shaken for 24 hrs. A fter dilution w ith chloroform (50 ml) the m ixture was 
filtered, the filtra te  was successively washed w ith 1% KCN solution (3 x 2 0  ml) and w ater 
(3 X 20 ml), dried (CaCl2) and evaporated. Crystallization from cyclohexane (7 ml) afforded 
3 (0.92 g; 90%), m. p. 1 2 2 -1 2 4  °C; [a ]D —21.6° (c =  1.05, chloroform). Rf  0.69 (benzene- 
m ethanol, 98 : 2).

NMR: 6 =  7.31 ppm  (m, 20 H, arom atic); 5.18—4.40 (m, 9 H , 4 benzyl, 1 anomeric); 
3.85—3.40 (m 6 H, skeleton); 3.39 (s, 3 H , OCH3).

C35H 38Ofl (554.6). Calcd. C 75.76; H  6.90. Found C 74.89; H 6.69%.

B enzyl 2 ,3 ,4 -tri-0 -benzy l-6 -0 -(h ep ta -0 -ace ty l-/? -m alto sy l)-jd -D -g h ico p y ran o sid e  (5 )

Compound 2 (2.16 g; 4 • 10_4 moles) was dissolved in a m ixture of benzene (60 ml) and 
nitrom ethane (60 ml) and  the solution was concentrated a t atm ospheric pressure to 40 ml. 
A fter cooling to 40 °C, Hg(CN)2 (1.01 g; 4 • 10-4 moles) and 4 (2.79 g; 4 • 10-4 moles) were 
added, and the m ix ture  was stirred a t 40 °C w ith the exclusion of m oisture. After 2 hrs TLC 
indicated the absence of the starting m ateria l (2). The inorganic salts were removed from the 
cooled solution by filtra tio n , the filtra te  was evaporated  and the residue dissolved in chloro
form (100 ml). The m ix tu re  was filtered and the filtra te  successively washed w ith 5%  K I 
solution (3 X 20 ml), w ate r (2 x  30 ml), dried (Na2S 04) and evaporated. The residue was crys
tallized from ethanol (40 ml) and then recrystallized three tim es to  yield pure 5 (2.85 g; 67.8% ), 
m. p. 146—147 °C; [a]D + 33 .6° (c =  2, chloroform).

NMR (in CDC13): <5 =  7.55—7.16 (m , 20 H , arom atic); 5.26 (d, 1 H , C19,— H , J  =  2 
Hz); 5.50—3.30 (m, 28 H , skeleton and benzyl protons); 2.20—1.83 (m, 21 H, 7 Ac).

С6оН7о02з (1159.2). Calcd. C 62.26; H  6.09. Found C 62.20; H 6.24%.

0 -a -D -g lu co p y ran o sy I-(l 4 )-0 -/? -D -g lu co p y ran o sy l-(l -*■ 6)-/?-D -glucopyranose (6)J

Compound 5 (2.0 g) was hydrogenated in 120 ml of ethy l acetate in the presence of 10% 
palladium -on-carbon (0.2 g) for 24 hrs u n til no more hydrogen was absorbed and the starting  
m aterial (4) disappeared. The catalyst was rem oved by  filtra tion  and the filtrate evaporated to  
dryness. In  order to get rid  of the last traces of w ater, d ry  benzene was repeatedly distilled 
from the residue. The syrupy  product (1.32 g; 96%) obtained was dissolved in abs. m ethanol 
(50 ml) and saponified w ith  0.1 M  N aOCH 3 solution (0.5 ml). The m ethanolic solution was 
deionized w ith Dowex 50—8X ion exchange resin and evaporated . The yield of the am orphous 
product was 0.81 g (93% ). [a]o +62° (c =  1.2, w ater). R f 0.26 (n-butanol-pyridine-w ater, 
6 : 4 : 3 ) .

C18H 320 16 (504.4). Calcd. C 42.89: H  6.40. Found C 43.50; H 6.21%.

0 -[2 ,3 ,4 ,6 -T e tra -0 -ace ty l-a -D -g lu co p y ran o sy l-]-( l 4 )-0 -[2 ,3 ,6 -tri-0 -ace ty l-/? -D -g lu co - 
p y ran o sy l-]-1 (-► 6)-0-I,2 ,3 ,4 -te tra -O -ace ty l-/?-D -g lucopyranose  (7 )

Compound 6 (210 mg) was acety lated  w ith acetic anhydride (3 ml) and sodium acetate 
(200 mg) for 1 hr a t 95 °C. A fter cooling, the  reaction m ix ture  was poured into ice-water. The 
dusty m aterial which precip ited  was crystallized from ethanol (38 ml) to obtain 314 mg (78.3% ) 
of 7, m. p. 23 9 -2 4 0  °C; [a]D +60.1° (c =  0.43, chloroform). (Lit. [1] m. p. 242 °C, lit. [1] [a ]D 
+  42.5° (chloroform). R f  0.31 (benzene—m ethanol, 95 : 5).
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6 -0 -(H e p ta -0 -a c e ty l-16 -m alto sy l)-l,2 ,3 ,4 ,5 -p en ta -0 -ace ty l-D -g lu c ito l (8 )

100 mg of 6 was reduced w ith  N aB H 4 (50 m g) in  w ater (2 ml) for 16 hrs. A fter neu tra li
zation  w ith  acetic acid the solution was evaporated to  dryness. The traces of w ater were rem oved 
b y  rep ea ted  addition and d istillation  of m ethanol (5 X 20 ml). The residue was dried over P20 5 
and  acety la ted  a t room tem peratu re  w ith acetic anhydride (5 ml) in  pyridien (5 ml). The 
m ix tu re  was then  poured in to  ice-water and ex trac ted  w ith chloroform (50 ml). The organic 
layer w as washed w ith 0.5M  sulfuric acid (3 X 20 ml) and  w ater (5 X 40 ml) un til neu tral. A fter 
d rying over N a2S04 and evaporation  of the solvent, th e  syrupy residue was crystallized from 
e th an o l (5 ml) to yield 8 (160 m g; 80% ), m. p. 148 —149 °C; [a]D + 4 7 °  (c =  0.25, chloroform).

C42H 580 28 (1010.9). Calcd. C 49.89; H  5.78. Found C 50.25; H  6.12%.
N M R (with 2 : 1 proportion  of 8 and P r(fod)3 in  CDC13): <5 =  3.41 (d, 1 H , J  =  8.5)Hz); 

1.82, 1.53, 1.50, 1.41, 1.30, 1.28, 1.20, 1.18, 1.15, 1.10, 1.02, 0.83 (singlets, 12 Ac).

Benzyl 2 ,3 ,4 -tri-0 -benzyl-6-0-(/3 -m altosy l)-/?-D -g lucopyranosi< le  (9 )

Compound 5 (2.5 g) was saponified in abs. m ethanol (25 ml) w ith  0.1JV N aOCH 3 solution 
(0.5 m l). After standing for 24 h rs the beginning of spontaneous crystallization was observed. 
R ecrystallization  from m ethanol (15 ml) afforded 9 (1.04 g; 75.2%), m. p. 113—114 °C; [a]D 
+  50.5° (c =  0.5, pyridine). Ry  0.41 (benzene —m ethanol, 8 : 2).

C4eH 560 16 (864.9). Calcd. C 63.86; H  6.52. Found  C 64.20; H  6.41%.

B enzy l 2 ,3 ,4 -tr i-0 -b e n zy I-6 -0 -(4 ,,6 '-0-benzyIidene-/3 -inaltosy l)-/S -D -g lucopyranoside  (10)

Compound 9 (1.57 g) w as shaken w ith benzaldehyde (10 ml) and ZnCl2 (3.0 g) for 6 hrs. 
The m ix tu re  was poured in to  ice-w ater, the aqueous phase was separated and the residue was 
ru b b ed  w ith  20 ml of petro leum  ether. The crude p roduct was crystallized from ethanol (12 ml) 
to  gave compound 10 (1.52 g; 87.8% ), m. p. 111— 113 °C; [a]ß + 30 .5° (c =  1.0, pyridine). 
R f  0.59 (benzene-m ethanol, 8 : 2).

C53H 60OIe (953.0). Calcd. C 66.69; H  6.43. Found  C 67.15; H  6.42% .

B en zy l 2 ,3 ,4 - tr i-0 -b e n zy l-6 -0 -(2 ,3 ,6 ,2 ',З '-p e n ta -O -b e n zy l-4 ',6 '-0 -b en zy lid en e-/3 -m alto sy l)-
-/S-D-glucopyranoside (11)

Compound 10 (1.43 g) was dissolved in DM F (7 ml) and stirred w ith  0.5 g N aH  for 1 hr. 
The solution was then  cooled in  an ice-bath and  trea ted  w ith benzyl brom ide (2 ml). Stirring 
w as continued for fu rther 12 hrs a t room tem peratu re . The m ixture was poured into 50% 
aqueous ethanol; the syrupy  m aterial which separated  soon solidified. Crystallization from 
e th an o l (30 ml) gave 11 (1.04 g; 50.4%), m. p. 95—96 °C; [a] ^  + 45° (c =  0.65, chloroform).

C88H 90O16 (1403.6). Calcd. C 75.29; H  6.46. Found C 74.67; H  6.38%.
NMR (in CDC13): 8 =  7.26 (m, 50 H , arom atic), 5.52 (s, 1 H , benzylidene), 5.08—3.30 

(m , 39 H , skeleton and benzyl protons).

B en zv l 2 .3 ,4 -tr i-0 -b e n zy l-6 -0 -(2 ,3 ,6 ,2 ',3 ',4 '-h e x a -0 -lín zy I- /i-m a ll« sy l)-D -g lu c o p y ran o s id e
( 12)

1.0 g of 11 was dissolved in a 1 : 1 m ix ture  of ether and dichlorom ethane (40 ml) and 
tre a te d  w ith LiAlH4 (0.3 g) and  a solution of A1C13 (0.9 g) in ether (15 ml). A fter 2 hrs TLC 
ind ica ted  the absence of s ta rting  m aterial. Compound 12 was isolated in the same w ay as 
described for 2. The syrupy p roduct was crystallized from ethanol (12 ml). The yield was 0.62 g 
(62% ), m. p. 81—82°C; [a ]D + 4 1 °  (c =  0.75, chloroform).

IR  (KBr): 3500—3200 cm -1 (broad, polym eric OH).
C88H92Ot6 (1405.6). Calcd. C 75.27; H 6.50. Found C 75.70; H  6.52%.
0.2 g of 12 was m ethy la ted  according to  K uhn’s procedure, as described for 3. The syrupy 

p ro d u c t was purified by  prepara tive  th in-layer chrom atography w ith  95 : 5 benzene—m ethanol 
as th e  eluant to give 13. The IR  spectrum  of 13 does not contain hydroxy band.

NMR (in CDC13): 8 =  3.42 ppm  (s, 3 H , OCH3).

The authors’ thanks are due the A lexander von H um boldt Foundation for the Perkin 
E lm er 700 IR  spectrophotom eter presented to  us as well as to 0 . S e l i g m a n n  (In stitu te  of 
P harm acy , U niversity of Munich) for the 60 MHz, and to Dr. L. S z il á g y i  (In stitu te  of Organic 
C hem istry, U niversity of Debrecen) for the 100 MHz NMR spectra.
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S. B a j u s z  and A. J u h á s z

(Research Institute fo r Pharmaceutical Chemistry, Budapest)
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The synthesis of the new amino acid y-carboxyglutam ic acid (Gla) and some of 
its  derivatives is described. The key com pounds, Boc- and Z-DL-Gla(OiBu)2-OBzl, were 
p repared b y  condensation of d i-t-butyl m alonate and the corresponding protected  
dehydroalanine.

T he new  am ino acid y -ca rb o x y g lu tam ic  acid (Gla*) has re c e n tly  been  
d iscovered  in  th e  N -term inal, Ca2+ b in d in g  region of p ro th ro m b in , a v ita m in  
К -d ep en d en t c lo ttin g  fac to r [1, 2]. T h is am ino acid gives p ro th ro m b in  th e  
Ca2+ b in d in g  a b ility  being n ecessary  fo r its  a c tiv a tio n , i.e. its  p ro te o ly tic  
tra n s fo rm a tio n  in to  th e  enzym e th ro m b in . A bnorm al p ro th ro m b in , in d u ced  
b y  v ita m in  К  an tag o n is ts , th a t  does n o t b ind  Ca2+, con ta in s G lu residues 
in s te a d  of G la. A p p aren tly , th e  m od ified  g lu tam ic  acid, G la, can  be an  essen tia l 
in g re d ie n t in  th e  p ro th ro m b in  m olecule as well as in  th e  o th e r  v ita m in  In
d ep en d en t c lo ttin g  fac to rs (V II, IX , X ).

In  th is  p a p e r  we describe th e  sy n th esis  of d l —Gla an d  som e o f its  
d e riv a tiv es .

As th e  m o st obvious rou te  to  G la, th e  reac tio n  of m alonic e s te r  w ith  a 
su itab le  p ro te c te d  O -tosyl-serine, /З-ch lo roalan ine  and  d eh y d ro a lan in e  d e riv 
a tiv e , re sp ec tiv e ly , was studied.** T he p ro te c tin g  groups for m alonic  acid  an d  
fo r  th e  am ino  acid  com ponent w ere se lec ted  in  view  of th e  req u irem en ts  o f  
p ep tid e  sy n th es is , nam ely , se lectively  rem ovab le  p ro tec tin g  groups w ere used  
for b lock ing  th e  a-am ino  function  of G la as well as its  x- an d  y -carboxy l g roups. 
T hus, d i- t-b u ty l m alo n a te  was allow ed to  re a c t w ith  th e  a p p ro p ria te  Boc- or 
Z -am ino acid  ben zy l ester. As each  v e rs io n  of these  condensations seem ed to  
p roceed  via  th e  dehydroalan ine  d e r iv a tiv e , th is  reac tio n  is described  in  d e ta il.

B oc-Ser-O B zl (1) p repared  from  B oc-Ser [5] was co n v erted  in to  Boc- 
D ha-O B zl (2) via  Boc-Ser(Tos)-O Bzl. I n  benzene so lu tion , d i-t-b u ty l m a lo n a te

* Amino acids and amino acid derivatives are w ritten  in their abbreviated  form s as 
recom m ended [3]. The following additional sym bols have been used: Gla =  y-carboxyglutam ic 
acid, D ha =  dehydroalanine, DOHA =  dicyclohexylam ine, TFA  — trifluoroacetic acid.

** Meanwhile a paper was published b y  H . R . M o rris  et al. [4] giving a scant account o f a 
similar synthesis of n t-G la , i.e. preparation of Z-DL-Gla(OBzl)2-OBzl from Z-DL-Ala(Cl)-OBzl 
and its conversion to  DL-Gla. HBr. In Jan u ary  1975, Dr. M orris kindly provided us w ith  the 
m anuscript of th is paper and a sample of syn thetic  Gla.
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[6] w as allow ed to  re a c t  w ith  2 a t  a m o lecu la r ra tio  o f 3 : 2 in  th e  presence o f  
sod ium  d i-t-b u ty l m a lo n a te . The ensu in g  Boc-D L-G la(O tBu)2-O Bzl (3) w as 
iso la ted  in  crysta lline  s ta te .  W ith  85%  fo rm ic  acid  th e  Boc group  of 3 could  
he se lec tiv e ly  rem oved [7]. H-DL-Gla(OtBu)2-O B zl (4) th u s  o b ta in ed  w as iso la ted  
as c ry s ta llin e  oxala te  (4a). B o th  hydrogeno lysis  a n d  a lkaline hydro lysis o f 3 
a ffo rd ed  Boc-D L-G la(O iBu)2-OH (5) w hich  cou ld  be c ry sta llized  as th e  D CH A  
sa lt (5a).

N E t 3

(w ith o u t iso la tio n )

► B O C -D ha-O B zl di~t~b”tyl ” aloil°t%  BOC-DL-Gla(OiBu)2-OBzl
a n d  its  N a -s a lt  '

* H -DL-Gla(OiBu)2-OBzl 

L-Gla(OiBu)2-O HBOC-DL-Gla(OiBu)2-OBzl

20 °C

- 2 2 - +  BOC-DL-

BOC-DL-Gla(OiBu)2-OH

In  a sim ilar w a y , Z-D ha-O B zl (6) p re p a re d  from  Z-Ser(Tos)-O Bzl [8] 
w as co n v erted  in to  Z-DL-Gla(OiBu)2-O B zl (7). Z-DL-Gla(OtBu)2-O H  (8) w as 
o b ta in e d  from  7 b y  a lk a lin e  hydro lysis, a n d  w as c ry sta llized  as th e  D CH A  sa lt 
(8a). H ydrogeno lysis o f  8 gave th e  c ry s ta llin e  H-D L-G la(O iBu)2-O H  (9).

Z-Ser-O H  Z-Ser-O B zl Z-Ser(Tos)-O Bzl

Z -D ha-O B zl di-‘'b;;tyl ,: : lon;te> Z-DL-Gla(OiBu)2-OBzl
E tO A c an d  i t s  N a -s a lt  '  '  ̂

Z-DL-Gla(OiBu)2-OBzl K0H/Me0H> Z-DL-Gla(OtBu)2-O H  

Z-DL-Gla(OiBu)2-OH - Hi/Pd > H-D L-G la(O iBu)3-O H

R em oval o f th e  b locking  groups o f e ith e r  5 or 9 w ith  T F A  yielded  DL-Gla 
in  th e  form  of a tr if lu o ro a c e ta te . A fte r  ly o p h iliza tio n , an  am orphous non- 
hygroscop ic  m a te r ia l w as ob ta ined  w ith  a low  T F A  c o n te n t (0.15 — 0.25 e q u iv a 
le n t)  w hich could be  crystallized  from  aqueous e th an o l. C rystalline DL-Gla 
(10) h ad  a sharp  decom position  p o in t, 156.5 — 157°C, and  seem ed to  be ho m o 
geneous in  TLC a n d  electrophoresis.

E x p erim en ta l

All m. p. ’s are uncorrected. Thin-layer chrom atogram s were run on Silica gel G in  the 
following solvent system s (composition by  volum e): (1) e thy l ace ta te-pyrid ine-acetic  ac id - 
-w a te r  (120 : 20 : 6 : 11); (2) ethyl ace ta te-pyrid ine-acetic  acid-w ater (240 : 20 : 6 : 11), (3)
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ra-butanol-acetic acid-w ater ( 3 : 1 :  1); (4) e thy l acetate; (5) ethy l acetate-n-hexane (1 : 3); 
(6) e thy l acetate-n-hexane (1 : 5). All evaporations were carried ou t in a ro ta ry  evaporator 
under diminished pressure, after drying the  organic solutions over N a2SO,,.

Boc-Ser-OBzl (1)

Boc-Ser [5] (20.5 g; 100 mmoles) and  DCHA (21 ml; 102 mmoles) were dissolved in 
benzene (250 ml) and after the addition of benzyl bromide (10 ml; 97 mmoles), the clear solu
tion  was refluxed for 6 hrs. The D C H A -H B r which separated was filtered off and the filtra te  
washed successively w ith liV HCl, 1Л/ N aH C 0 3 and water, dried and evaporated. The oily 
residue (25 g; 85%) showed a single spot in  TLC: R j  0.86—0.94.

I ts  structure was supported by th e  IR  and NMR spectra.

Boc-Dha-OBzl (2)

To a solution of 1 (24.2 g; 82 moles) in  ethyl acetate (200 ml) tosyl chloride (15.6 g; 
82 mm oles) was added a t 5—8°C, followed by  triethylam ine (23 ml; 164 mmoles). A fter s tan d 
ing a t  room  tem perature overnight, the m ixture was refluxed for 10 m in, then  cooled and  the 
salts w hich precipitated were filtered off. The filtrate was washed successively w ith  
1M  N aH C 0 3 and w ater, then  dried and  evaporated . The residue was applied onto a column 
(Kieselgel 40, 0.063—0.200 mm, Reanal, B udapest; 400 g) and eluted w ith  a m ixture of ethy l 
acetate-n-hexane (3 : 1), to obtain  18.2 g (80% ) of 2, R /0 .6 8 —0.72.

I ts  structure was supported by the IR  and  NMR spectra.

Boc-DL-Gla(OiBu)2-OBzl (3)

D i-i-butyl malonate [6] (13 g; 60 mmoles) was dissolved in benzene (100 ml) and, a fter 
chilling to  —5°C, sodium hydride (0.4 g 50%  dispersion in oil; 8.7 mmoles) was added w ith  
caution. W hen the evolution of hydrogen ceased, the solution was refluxed for 10 min and was 
m ixed, after cooling, w ith a solution of 2 (11.1 g; 40 mmoles) in benzene (400 ml). The resulting 
solution was concentrated to  half volume and allowed to stand a t room  tem perature  overnight. 
The m ix ture  was neutralized w ith acetic acid (0.6 ml), diluted w ith benzene (300 ml), and 
washed successively w ith 1 M  citric acid, 1M  N aH C 03 and w ater, then  dried and evaporated  to  
dryness. The residue was dissolved in light petro leum  (300 ml) and seeded w ith pure 3 (ob
tained in a previous experim ent b y  column chrom atography on Kieselgel 40 w ith e thy l ace
ta te-n -hexane (1 : 5)). A fter cooling overnight, the  crystals were filtered off, washed w ith  
light petro leum  and dried to  obtain  13.5 g (68% ) of 3; m. p. 112—114 °C, R f  0.38—0.42.

C26H 390 8N (493.48). Calcd. C 63.26; H  7.96; N  2.83. Found C 63.09; H  7.97; N 2.82% .

DL-Gla(OiBu)2-OBzl. (СООН;2 (4a)

A suspension of 3 (0.5 g; 1 mmole) in  85%  formic acid (17 ml) was stirred for 1 hr. The 
clear solution was diluted w ith w ater (50 ml), the unchanged starting  m aterial (about 0.02 g; 
4%) was filtered off and the filtra te  concentrated. The residue was re-evaporated  w ith  w ater, 
dried by  destination  w ith benzene and dissolved in ether (10 ml). On the addition  of a slight 
excess of ethereal oxalic acid, 4a separated. A fter filtra tion , washing w ith  e ther and drying. 
0.31 g (64% ) of the desired compound was obtained, m. p. 104—106 °C, R lf  0.85—0.90.

C23H 33O10N (483.50). Calcd. C 57.13; H  6.88; N 2.90. Found C 57.25; H  6.92; N 2.88%.

Boc-DL-Gla(OfBu)2-OH. DCHA (5a)

(а) Alkaline hydrolysis. Compound 3 (1.35 g; 2.8 mmoles) was dissolved in 0.5N  m etha- 
nolic potassium  hydroxide (5.6 ml) and the solution was stirred for 4 hrs. A fter adding acetic 
acid (0.3 ml), the solvent was evaporated, the residue dissolved in ethy l acetate and washed 
w ith liV HC1 and water, then  dried and the solvent was evaporated. The oily residue was dis
solved in e ther (5 ml) and combined w ith a slight excess of ethereal DCHA. The solution was 
trea ted  w ith  n-hexane un til tu rb id ity  appeared and was then stored in a refrigerator. 1.38 g 
(84% ) of 5a deposited as crystals, m. p. 166—168 °C, R j  0.85—0.92.

C3,H 360 8N2 (584.77). Calcd. C 63.67; H  6.88; N  2.90. Found C 63.80; H 6.95; N 2.95% .
(б) H y drogé nolysis. A solution of 3 (2.45 g; 5 mmoles) in te trahydro fu ran  (20 ml) was 

hydrogenated in the presence of palladized charcoal. W hen hydrogen absorption was completed, 
the cata lyst was removed by  filtration , and the  filtra te  was evaporated to  yield 2 g (99% ) of 5 
which could be converted into the DCHA salt as described above.
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Z-Dha-OBzl (6 )

A solution of Z-Ser(Tos)-OBzl [8] (24.2 g; 50 mmoles) in  e thy l acetate (200 ml) was 
tre a ted  below 10°C w ith d iethylam ine (5.3 ml; 51.5 mmoles). S tirring was continued w ithout 
cooling for 3 hrs. The salts w hich precipitated were filtered  off, and  th e  filtra te  was washed 
successively w ith 1JV HC1, 1JVÍ N aH C 0 3 and w ater, th en  dried and evaporated. 12.76 g (82%) of 
6 was obtained  as a th ick  oil, w hich solidified under n-hexane in a refrigerator, m. p. 57—60 °C 
R 5f  0.62—0.68.

Z-DL-Gla(OiBu)2-OBzl (7)

D i-i-butyl m alonate [5] (3.25 g; 15 mmoles) was dissolved in  benzene (20 ml) and 
tre a te d  w ith  sodium hydride (0.092 g; 1.95 mmoles) as described in the preparation  of 3. The 
solution thus obtained w as com bined w ith 6 (3.11 g; 10 mmoles) in  benzene (10 ml). A fter 
stand ing  overnight, the m ix tu re  was neutralized w ith  acetic acid, evaporated, and the residue 
was applied onto a colum n m ade w ith 100 g of Kieselgel 40 (0.063—0.200 mm, Reanal, B uda
pest) in  a m ixture of e thy l acetate-n-hexane (1 : 5). E lution  w ith th e  same m ixture afforded 
4.33 g (82% ) of 7 as a pale yellow  oil, Rjr0.45—0.50

Z-DL-Gla(OfBu)2-OH. DOHA (8a)

Compound 7 (1.48 g; 2.8 mmoles) was dissolved in  0.5M  m ethanolic potassium  hydroxide 
(5.6 ml) and stirred for 4 hrs. A fter neutralization w ith  acetic acid the solvent was evaporated 
and  th e  residue dissolved in  e th y l acetate (20 m l;, washed successively w ith  1JV HC1 and w ater 
th e n  dried and evaporated  to  give 8. This was dissolved in ether (15 ml) and the solution was 
com bined w ith a slight excess o f ethereal DCHA, then  sa tu ra ted  w ith  n-hexane (about 100 ml). 
On cooling 8a crystallized (1.12 g; 64.7%), m. p. 135— 137 °C, By 0.42—0.47.

C34H450 8N2 (618.79). Calcd. C 65.99; H  8.79; N  4.53. Found C 65.84; H  8.86; N  4.57%

DL-Gla(OlBu)2-OH (9)

Compound 8a (1.1 g; 1.77 mmoles) was d istribu ted  betw een ethy l acetate (10 ml) and  
1JV H 2S 04 (10 ml). The organic layer was w ashed w ith  1JV H 2S04 and w ater, then dried and 
evaporated . The rem aining oily 8 was dissolved in dioxane (10 ml) and hydrogenated in the 
presence of palladized charcoal. W hen the consum ption of hydrogen stopped, the m ixture was 
d ilu ted  w ith w ater (3 ml) and  the catalyst was filtered  off. The fitra te  was evaporated to  give 
w hite powder which was tr itu ra te d  w ith ether, filtered  and washed w ith  ether. 0.33 g (58% ) o f 9 
w as th u s obtained, m. p . 143— 145 °C, 17^0.15—0.25.

Ct4H250 6N • H 20  (321.46). Calcd. C 52.30; H  8.46; N  4.36. Found C 52.67; H  8.49; 
N  4.20% .

DL-Gla (10)

Boc-DL-Gla(OiBu)2-OH(5, 0.806; 2 mmoles) or DL-Gla(OlBu)2-OH (9, 0.642 g; 2 mmoles) 
w as dissolved in T FA  (4 m l) and kep t a t room  tem perature  overnight. The TFA salt of 10 
(0.60 g; 98%) which p rec ip ita ted  on trea tm en t w ith  ether was dissolved in w ater (20 ml) and 
lyophilized. This procedure was repeated three tim es and the m ateria l thus obtained (0.40 g) 
w as dissolved in  w ater (2 ml) and ethanol (2 ml) was added. The crystals were filtered off, 
washed w ith a small po rtio n  of ethanol, e ther and, after drying, separately w ith w ater (3 X 0.3 
m l); 0.19 g (50%) of 10 w as obtained. A second crop of Gla (0.08 g; 20%) of the same p u rity  
w as isolated, from th e  com bined organic filtra tes  by  dilution w ith  ether; m. p. 156.5— 157 °C 
(d.), R'j 0.28—0.34. P ap er electophoresis of 10 in  a pyridine acetate  buffer of pH  6.5 showed a 
single ninhydrine-positive spo t a t a m obility rela tive to  Asp, R f  1.35— 1.40. On a JL C — 5AH 
am ino acid analyser a re ten tion  time of 21 m in was obtained for Gla (35 and 52 m in for Asp 
and  Glu, respectively), using LC—R -l resin (column: 50 cm), a t  40 °C, in 0.2Л7 sodium citra te  
buffer (pH  3.25) a t  a  flow  ra te  of 100 ml/hour.*

C6H90 6N (191.14). Calcd. C 37.70; H  4.75; О 50.22; N 7.32. Found C 37.67; H  5.00; 
О 50.20; N 7.23%.

* These experim ents were kindly perform ed by A. P a t t h y .
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The Pum m erer rearrangem ent of type II th ioanhydrohexitol sulfoxides to  the 
corresponding glucothioseptanose derivatives (IV) is described. F u rther oxidation of the 
dimesyl derivative IVa gave a m ixture of two sulfoxide isomers (V). D eacetylation of the 
tri-O -acetate IVb afforded 2,5-anhydro-6-deoxy-6-thip-D-glucothioseptanose VII.

In  earlie r p ap ers  o f th is  series [1—4] we described  th e  syn thesis  o f d if
fe re n tly  su b s ti tu te d  1 ,6 -th io an h y d ro h ex ito ls . Now we re p o r t  on th e  p o ssib ility  
o f  co n v ertin g  these  com pounds (I) via  th e ir  su lfoxides (II) b y  th e  P u m m ere r 
re a rra n g e m e n t [5] in to  hexose d e riv a tiv e s  (IV).

As a m odel com p o u n d  2 ,5 -a n h y d ro -3 ,4 -d i-0 -m eth y lsu lfo n y l-l,6 -th io an - 
hydro-D -glucito l S-oxide (Ila) w as used , w hich could be o b ta in e d  from  la  b y  
o x id a tio n  w ith  sodium  p e rio d a te  [4], hyd rogen  perox ide  [4] or m -chloroper- 
benzo ic  acid. W hen  a so lu tio n  of I la  in  acetic  an h y d rid e  w as h e a te d  a t  50°C 
fo r  3 h rs, th e  s ta r tin g  m a te r ia l w as com pletely  co n v erted , an d  th e  P u m m ere r 
re a rra n g em e n t p ro d u c t IVa could  be iso la ted  in  a y ie ld  o f  7 3 % . As th e  sulfoxide 
g ro u p  in  Ila  is f lan k ed  b y  tw o  m eth y len e  groups, th e o re tic a lly  fo u r isom ers 
c a n  be form ed in  th is  re a c tio n , co n ta in in g  th e  ace ty l g roup  a t  C -l (D-glucose) 
o r a t  C-6 (L-gulose), an d  e ith e r  ax ially  (a) o r eq u a to ria lly  (ß ) o rien ted . A ccord
in g  to  th e  N M R sp ec tru m  o f IVa only one isom er w as fro m ed , as th e  signal of 
th e  new ly  in tro d u ced  ace to x y l g roup  appeared  as a s in g le t a t  <5 2.20 ppm . 
T h e  signal of H-3 gives a d o u b le t of doub le ts  a t  ö 5.33 p p m  an d  H -4  a d o u b le t 
a t  ö 5.72 p pm , sim ilarly  to  com pound  la  [1]. The signal o f H -2 w hich appears 
in  th e  sp ec tru m  of la  as a m u ltip le t (due to  th e  p rev a ilin g  J h2'i J r ,2 ап<1 -Л.з 
couplings) gives in  th e  case o f th e  ace to x y  derivative  IVa a d is tin c t d o u b le t of 
d o u b le ts  a t d 4.73 p p m , in d ic a tin g  su b s titu tio n  of one p ro to n  a t  C -l b y  th e  
a c e to x y l group. The a -o r ie n ta tio n  of th is  group was e s tab lish ed  from  th e  fo l
low ing  d a ta . F rom  am ong  all signals o f th e  p a re n t com p o u n d  la , on ly  th a t  of 
th e  ax ia lly  o rien ted  H -6 ' p ro to n  w as sh ifted  sig n ifican tly  (d 3.15 — 3.45 ppm ) 
in  th e  ace to x y  d e riv a tiv e  IVa, besides th e  signal of th e  H - l  p ro to n , be ing  gem i- 
n a l to  th e  ace toxy l g roup . T h is s tro n g  dow nfield sh ift can  on ly  be ex p la in ed  
b y  a sterica lly  close lsyn axiaV  a rra n g e m en t of th e  ace to x y l group  a t  C -l to

* P a rt IV: A cta Chim. (B udapest) 86, 285 (1975)
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th e  axial H -6 ' p ro to n . O n th e  o th e r  h an d , th e  tw o  doub le ts  o f  H -6 (2.49 ppm ) 
a n d  H -6 ' (3.47 ppm ) a p p e a r  w ith  d iffe ren t sh ap es, as th a t  o f  th e  eq u a to ria lly  
o r ie n te d  H-6 p ro to n  g ives b ro a d  signals, due to  long-range coup ling  [4] w ith  
th e  sim ilarly  e q u a to r ia lly  o rien ted  H - l  p ro to n  ( J 10 >  0). A ccord ing  to  these  
co n sid era tio n s, th e  p ro d u c t  o f th e  P u m m ere r re a rra n g em e n t is l-O -acety l-2 ,5 - 
anhydro -6 -d eo x y -3 ,4 -d i-0 -m eth y lsu lfo n y l-6 -th io -a -D -g lu co th io sep tan o se  (IVa).

D espite the  fa c t t h a t  th e  su lfu r a to m  o f th e  o rig inal th io  e th e r  link  is 
a lre a d y  p a r t  of a m o n o th io a c e ta l group in  com pound  IVa, i t  can  be oxidized 
to  th e  sulfoxide Va. N ev erth e le ss , in  th is  case th e  tw o  th e o re tic a lly  possible 
iso m ers , contain ing  an  e q u a to r ia lly  an d  ax ia lly  o rien ted  S — О b o n d  are form ed 
in  a  ra tio  of abou t 1 :1 , as in d ic a te d  b y  th e  N M R  sp ec tru m  in  w hich th e  acet- 
o x y l group gives tw o  s in g le ts  a t  Ö 2.12 an d  2.20 p pm . The tw o  isom ers differ 
in  th e  sh ift of the  m esy l g roups as well b u t ,  due to  ov erlap p in g , on ly  th ree  of 
th e m  can be in d ica ted  a t  d 3.37, 3.43 and  3.47 p pm . All e ffo rts  to  sep ara te  
th e se  tw o isomers fa iled .

T he sulfoxide m ix tu re  Va was su b m itte d  to  th e  P u m m e re r  reaction  to  
c o n v e rt i t  in to  th e  d ia ld e h y d o th io a c e ta l VI. No re a rra n g em e n t to o k , how ever, 
p lace  a t  50 °C or a t  80°C. A t 110°C th e  s ta r tin g  m a te ria l w as consum ed a fte r 
8 h rs , b u t  the p ro d u c t, w h ich  could  only be iso la ted  as a ch ro m ato g rap h y ca lly  
p u re  solid foam , d ecom posed  on s tan d in g  a t  room  te m p e ra tu re .

As IVa could n o t  be  d e a c e ty la te d  w ith  sodium  m eth o x id e  w ith o u t fu r th e r  
decom position  of th e  m olecule , th e  syn thesis  o f th e  co rrespond ing  1,3,4-tri-O- 
a c e ty l derivative  IVb w as a t te m p te d . As in te rm e d ia te  th e  sulfoxide l ib  was 
n eed ed , w hich was p re p a re d  from  th e  3 ,4 -d ih y d ro x y  d e riv a tiv e  Ic [2] b y  ox i
d a tio n  and  su b seq u en t a c e ty la tio n  (Ic —► l i e  —*- lib ) , or b y  a reversed  order 
o f  th e se  reactions (Ic  _> lb  — lib ) . I t  is w orthw ile  m en tio n in g  th a t  t re a tm e n t 
o f  Ic w ith  sodium  p e r io d a te  re su lted  in  exclusive o x id a tio n  o f th e  su lfur a tom  
a n d  no sp litting  b e tw e e n  th e  tw o  v icinal h y d ro x y l groups d id  occur. M c C o r m ic k  

a n d  M c E l h i n n e y  [ 6 ]  o b serv ed  a sim ilar se lec tiv ity  w hen  ox id izing  3 ,4-dihyd- 
ro x y te tra h y d ro th io p h e n e  w ith  p e rio d a te .

The d iace ty lsu lfox ide  l ib  proved  to  be m ore re s is ta n t to  th e  P um m erer 
re a c tio n  th a n  th e  d im esy l analogue Ila , as no reac tio n  to o k  p lace a t  50 °C. A t 
80 °C th e  re a rra n g e m e n t w as com pleted  in  5 hrs an d  th e  hexose derivative  
IVb could be iso la ted  as a colorless sy rup  in  90%  yie ld . T he gluco configura tion  
o f  th is  com pound w as p ro v ed  b y  its  N M R sp ec tra , con firm ing  location  of th e  
n ew ly  in troduced  a c e to x y l group  a t C -l. T he sp ec tru m  is s im ila r to  th a t  of 
IVa, th e  doublet o f H - l  ap p earin g  a t  d 5.40 p p m , w hereas H -2 gives a doub le t 
o f  doub lets a t <5 4.70 p p m , com plete ly  se p a ra te d  from  th e  m u ltip le t of H-5 a t  
ő 4 .35 ppm . The H -6 a n d  H -6 ' p ro to n s give tw o doub le ts  o f doub le ts  a t  <5 2.51 
a n d  3.42 ppm , re sp e c tiv e ly ; th e  fo rm er a p p ea r as b ro ad  signals, due to  the  
p rev a ilin g  long-range coup ling  w ith  H - l  (J lt6 ]> 0). T he th re e  singlets o f th e  
a c e to x y l groups can  be d e te c te d  a t  <5 2.18, 2.16 an d  2.13 p p m , respective ly .
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W hen o x id a tio n  of th e  th io a c e ta l  IVb to  th e  co rrespond ing  su lfox ide 
Vb w as ca rried  o u t  sim ila rly  to  th e  conversion o f th e  d im esy l analogue (IVa 
to  Ya), on ly  a sy ru p y  p ro d u c t w as o b ta in ed  w hich decom posed  ra p id ly  on 
s ta n d in g  a t  room  te m p e ra tu re .

D eacetylation  of the triacetate IVb by sodium m ethoxide afforded 2,5- 
anhydro-6-deoxy-6-thio-D -glucothioseptanose (VII) as a water-soluble, amor
phous material.

The sulfones I l ia  and  I llb  rem ain ed  unchanged  u n d e r  th e  cond itions of 
th e  P u m m erer re a rra n g em e n t ev en  a t  110 °C.

la R =  Ms Ila R =  Ms Ilia R =  Ms
lb R =  Ac lib R =  Ac Illb R =  Ac
Ic R =  H lie R =  H IIIc R =  H

IVa R =  Ms 
IVb R =  Ac

Va R =  Ms 
Vb R = A o

Experim ental

M. p. ’s are uncorrected. TLC was effected on microscope slides coated w ith  Silica Gel G. 
Spraying w ith a m ixture of 0 A M  potassium  perm anganate and 1M  sulfuric acid (1 : 1) and 
heating to 105 °C was used for detection. The NMR spectra were recorded a t  60 MHz w ith a 
V arian A-60D spectom eter, using CDC13 solutions w ith  TMS as in ternal standard , a t room  
tem perature . All evaporations were carried o u t in a ro ta ry  evaporator under reduced pressure, 
a fter drying the organic solutions over sodium sulfate.

2 ,5 -A nhy d ro -3 ,4 -d i-0 -m eth y lsu lfo n y l-l,6 -th io an h y d ro -D -g lu cito l S -ox ide (H a)

A solution of com pound l a  [1,2] (3.2 g) in  d ry  chloroform (32 ml) was trea ted  w ith 
m-chloroperbenzoic acid (83.5%  purity , 2.26 g). The tem perature of th e  reaction  m ixture 
rose to 50 °C. A fter 1 h r i t  was poured, w ith  stirring, into a slurry of potassium  carbonate 
(7 g) in acetone (100 ml). The solid m aterial was filtered off and washed w ith  d ry  acetone. The 
combined filtra tes were evaporated  and the residue was recrystallized from  5%  aqueous sodium 
hydrogen carbonate solution to yield 2.13 g (63.7% ) of I la ;  m.p. 190— 192°C, alone as well as 
in adm ixture w ith an au then tic  sample [1, 2].
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3,4-Di-0-acetyl-2,5-anhydro-l,6-thioanhydro-D-glucitol S-oxide (Ilb)

A solution of the dihydroxy-S-oxide l ie  (0.18 g) in  pyridine (0.5 ml) was treated  w ith 
acetic anhydride (0.4 ml). The reaction m ixture was kep t a t room tem peratu re  for 2 days 
and  w as then  evaporated. The residue was mixed w ith  ether, filtered off and recrystallized 
from  e th y l acetate-light pe tro leum  to yield pure ПЬ (0.13 g; 50%), m .p. 128—130 °C, alone 
and  in  adm ixture w ith an  au th en tic  sample [4].

2,5-Anhydro-l,6-thioanhydro-D-glucitoI S-oxide ( l ie )

A solution of com pound Ic [2] (0.32 g) in m ethanol (10 ml) was trea ted  w ith a solution 
of sodium  periodate (0.46 g) in  w ater (4 ml). The slurry  which formed im m ediately was stirred 
for 1 h r  a t room tem perature. The precipitated salts were filtered off and  washed w ith m etha
nol. T he residue of the evapora ted  filtra te  was dissolved in w ater (2 ml) and trea ted  w ith m etha
nol (2 ml). After keeping th e  m ixture overnight a t —5 °C, the p recip ita ted  m aterial was fil
te red  off. The filtrate was evaporated , the residue re-evaporated w ith  ethanol, and filtrated  
w ith  acetone to yield pure Пс (0.25 g; 70%); m .p. 170— 171°C; KfO.60 (ethyl acetate-ethanol 
(2 : 1); [<x] d—23° (c =  1, w ater).

C6H I0O4S (178.21). Calcd. C 40.44; H  5.66; S 17.99. Found C 40.35; H  5.61; S 17.68%

3,4-Di-0-acetyl-2,5-anhydro-l,6-thioanhydro-D-glucitol S,S-dioxide (Illb )

A solution of the dihydroxysulfone IIIc  (0.39 g) in pyridine (2 ml) was treated  w ith 
acetic  anhydride (1 ml). A fter keeping the reaction m ixture a t room  tem perature  overnight, 
i t  w as poured into w ater. The precipitate was filtered off and recrystallized from w ater to 
y ield  IIIc (0.28 g; 50%), m .p. 166—168 °C, alone and in adm ixture w ith  an  authentic sample [4].

?,5-Anhydro-l,6-D-glucitol S,S-dioxide (IIIc)

A solution of com pound Ic [2] (1.52 g) in  acetic acid (10 ml) was trea ted  w ith 33% 
aqueous hydrogen peroxide (3 ml). After 3 days a t room tem peratu re  the reaction m ixture 
w as evaporated and tw ice re-evaporated  w ith w ater. The solid residue was mixed w ith ethanol 
and  filtered off to yield IIIc (1.25 g; 64.4%), m .p. 133—135 °C; [a ]o —23° (c =  1, water).

C6H 10O5S (194.21). Calcd. C 37.11; H  5.19; S 16.51. Found C 36.95; H  5.25; S 16.52%.

l-0-Acetyl-2,5-anhydro-6-deoxy-3,4-di-0-methylsulfonyl-6-thio-a-D-glucothioseptanose (IVa)

A solution of the sulfoxide H a (6.7 g) in acetic anhydride (70 ml) was heated a t 50°C 
for 4 hrs. The residue ob ta ined  after evaporation was recrystallized from  acetic acid (5 ml) 
to  yield compound IVa (5.65 g; 73.5%); m .p. 154—155°C (d.); R j  0.75 (water std  butanol), 
0.5 (carbon te trach lo ride-e thy l acetate 1 : 1); [а]‘ц 154° (c =  1, chloroform), +  170.5°
(c =  1, DMF). The com pound could be recrystallized from m ethanol, b u t the m.p. decreased 
to  137—140 °C.

NMR data: <55.72 (d, H-4), 5.55 (d, H -l) , 5.33 (2 x  d, H-3), (4.73 2 x  d, H-2), 4.70 
(m, H-5), 3.47 (2 x  d, H -6’), 2.49 (2 X d, broad, H-6), 3.24 and  3.20 (2 x  s, mesyl CH3), 
2.20 ppm  (s, acetyl C H 3). Coupling constants: 2 =  2, J 2 3 =  7, J 3 4 =  3, J 4 5 ^  0, J 5 6 ^
<=« 2.5, J 5 e, =  2.5, J ,  e >  0 Hz.

C10H16O9S3 (376.43). Calcd. C 31.91; H  4.29; S 25.56. Found C 32.12; H  4.45; S 25.40%.

l,3,4-Tri-0-acetyl-l,5-anhydro-6-deoxy-6-thio-a-D-glucothioseptanose (IVh)

A solution of com pound lib  (2.62 g) in acetic anhydride (26 ml) was heated a t  80 °C 
for 5 hrs. After evapora tion  and re-evaporation w ith ethanol the  residue was dissolved in 
chloroform and w ashed w ith  w ater, aqueous sodium hydrogen carbonate and water. E vapora
tion  of the dried solution afforded IVh as a colorless syrup (2.7 g; 90% ); [a]o  +  95° (c =  1, 
chloroform).

NMR data : <55.66 (d, H-4), 5.40 (d ,H -l), 5.38 (2 X d, H-3), 4.70 (2 X d, H-2), 4.35 
(m, H-5), 3.42 (2 x  d H -6’), 2.51 (2 x  d, broad, H-6), 2.18, 2.16 and  2.13 ppm  (3 x  s, acetyl 
CH3). The coupling constan ts are, w ithin the lim it of error, identical w ith those of compound 
IVa.

C12HleO,S (304.31). Calcd. C 47.35; H  5.30; S 10.53. Found  C 47.16; H  5.15; S 10.32%.
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l-0-A cetyl-2,5-anhydro-6-deoxy-3,4-di-0- 
-methylsulfonyl-6-thio-cc-D-glueothioseptanose S-oxide (Va)

Compound IYa (3.8 g) was dissolved w ith gentle heating  in acetic acid (100 ml). 33%  
aqueous hydrogen peroxide (1.1 ml) was added to  the cooled solution and the reaction m ixture 
was allowed to stand  a t  room tem perature  overnight. Then it  was evaporated below 30 °C 
and the residue washed w ith  water to yield compound Va (3.63 g; 92.6% ); m.p. 148—150 °C 
(d.); [a ]o  +  165° (c =  1, DMF); R j 0.10 (carbon te trach lo ride-e thy l acetate 1 : 1; the spot 
can be detected w ith potassium  iodide).

C10H 16O10S3 (392.43). Calcd. C 30.60; H 4.11; S 24.51. Found C 30.78; H 4.09, S 24.78% .

2 ,5 -A nhydro-6-deoxy-6-th io-D -g luco th iosep tanose  (V II)

A solution of com pound IVb (1.4 g) in d ry  m ethanol (15 ml) was treated  w ith 4.37V 
sodium methoxide (1.2 m l). After 1 h r a t  room  tem perature  the solution was neutralized w ith  
17V HC1 and evaporated. The residue w as purified by  colum n chrom atography on silicic acid 
(ethyl acetate) using e th y l acetate-ethanol (5 : 1) for elution. The fractions of R j 0.55 were 
evaporated to yield VII as a  solid foam (0.55 g; 67% ); [a ]o  +  66° (c =  1, w ater; no m utaro- 
ta tio n  was observed). Compound VII reduced Fehling’s solution im m ediately a t room  tem 
perature.

CeH 10O4S (178.21). Calcd. C 40.44; H  5.66; S 17.99. Found C 40.19; H  5.89; S 17.72%.
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THE OXIDATIVE REARRANGEMENT 
OF CHALCONES RY THALLIUM(III)NITRATE, V*

T H E  SY N TH ESIS O F 3’-H Y D R O X Y R ETU SIN -8-M ETH Y L E T H E R  AND N EW  
SY N TH ESIS OF R E T U S IN  AND ITS 8-M ETHYL 

E T H E R , T H R E E  NATURAL ISO FLA V O N ES FROM  TR O PIC A L WOODS

L. F a r k a s  and A. W o l f n e r

(Research Group fo r  Alkaloid Chemistry, and Institute fo r  Organic Chemistry,
Technical University, Budapest)

Received April 16, 1975

The synthesis of 7,8-dihydroxy-4’-m ethoxyisoflavone (retusin, 1), 4’,8-dim ethoxy- 
7-hydroxyisoflavone (8-0-m ethylretusin, 2) and 3’,7-dihydroxy-4’,8-dimethoxyisofla- 
vone (3’-hydroxy-8-0-m ethylretusin , 3) was accomplished b y  oxidative rearrangem ent 
of the corresponding chalcones by  T1(N 03)3 as the key step.

F ro m  th e  h e a rtw o o d  of Dalbergia retusa, a tree  ind igenous to  P a n a m a , 
tw o new  isoflavones, 7 ,8 -d ih y d ro x y -4 ,-m ethoxy iso flavone (1), nam ed  re tu s in  
an d  its  8 -m ethy l e th e r  (2), the firs t n a tu ra l  isoflavones possessing th is  p a r tic u la r  
oxygen a tio n  p a t te rn ,  h av e  been iso la te d  b y  J u r d  et al. [2] in  1972. The s tru c 
tu re s  o f these  iso flavones have b een  d e te rm in ed  b y  spectroscop ic  and  chem ical 
m eans, as well as b y  iden tify ing  th e  p h en y l benzy l k e to n e  o b ta in ed  from  th e  
d eg rad a tio n  of re tu s in  (1) w ith 2 ,3 ,4 -tr ih y d ro x y p h e n y l 4 ’-m eth o x y b en zy l [5] 
ke to n e  p rep ared  b y  sy n th esis . T his k e to n e  w as recyclized  to  1 and also co n 
v e rte d  to  8 -0 -m e th y lre tu s in  (2) b y  se lec tive  b en zy la tio n  (a t  C7-0 )  of its  d iace 
ta te  follow ed by  d e a c e ty la tio n  m e th y la tio n  an d  d eb en zy la tio n  [2].

In  1974 1 an d  2 have been re -iso la te d  b y  H a y a s h i an d  T h o m so n  fro m  
th e  heartw ood  of th e  tro p ica l tre e  Dipteryx odorata [3] a long  w ith  a new  
com ponen t, 3’,7 -d ih y d ro x y -4 ’,8 -d im ethoxy iso flavone (3’-h y d ro x y -8 -0 -m e th y l- 
re tu s in , 3). The s tru c tu re  3 has b e e n  deduced  from  spectroscop ic  ev idence; 
i ts  syn thesis  has n o t b e e n  repo rted .

In  th is  p ap er we describe th e  u tiliz a tio n  of th e  o x id a tiv e  re a rran g em en t 
o f chalcones b y  th a ll iu m (I I I )  n i tr a te  (TTN) [4] fo r th e  f ir s t  syn thesis o f 3 
an d  fo r conven ien t n ew  syntheses o f 1 an d  2.

F o r th e  sy n th es is  o f re tu sin  (1), f irs t 2 -hydroxy-3 ,4 -d ibenzy loxyace to - 
phenone [5] was co n d en sed  w ith  an isa ld eh y d e  to  give th e  chalcone 4. The use 
o f gallacetophenone w as precluded  b y  its  ox id izab ility . In  o rd e r to  increase 
so lu b ility  in  m eth an o l a n d  avoid side reac tio n s , 4 w as co n v e rted  to  its  a ce ta te  
(5). This was tre a te d  in  m ethano l w ith  T T N  to  give th e  a ce ta l 16 b y  oxidative  
rea rran g em en t [6]; th is  w as no t iso la te d , b u t  d e a c e ty la te d  an d  cyclized b y  
acid to  7 ,8 -d i-O -benzy lretusin  (10). C ata ly tic  d eb en zy la tio n  o f 10 afforded
7 ,8 -d ihydroxy-4 ’-m ethoxy iso flavone (1), w hich w as id en tica l in  every  respect

* For P a rt IV, see ref. [1].
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w ith  n a tu ra l  re tusin  (m .p'., m ixed  m .p ., I R  an d  NM R sp ec tra , fu r th e r  th e  m .p . 
o f th e  d iace ta te  (11)).

A  sim ilar sequence s ta r t in g  w ith  4 -b en zy lo x y -2 -h y d ro x y -3 -m eth o x y ace- 
to p h e n o n e  [5] and com p ris in g  th e  chalcone 6, its  a ce ta te  7  an d  7 -0 -b en zy l-8 -0 - 
m e th y lre tu s in  (12), a ffo rd ed  4’, 8 -d im eth o x y -7 -h y d ro x y iso flav o n e  (2) id e n ti
f ied  b y  its  UV sp ec tru m  a n d  the  m .p . o f  its  ace ta te  (13) w ith  n a tu ra l  8-0- 
m e th y lre tu s in . S y n th e tic  2 show ed a s lig h tly  h igher m .p . (228—229°C) th a n  
th e  n a tu ra l  p roduct (223 — 224 °C).

In  o rder to  accom plish  the  sy n th es is  o f 3, the  above acetophenone was 
co n d en sed  w ith  3 -ben zy lo x y -4 -m eth o x y b en za ld eh y d e  [7] to  give th e  chalcone 
8. O x id a tio n  of its  a c e ta te  (9) gave rise  to  th e  isoflavone 14, w hich  w as de- 
b e n z y la te d  to  3’,7 -d ih y d ro x y -4 ’,8 -d im ethoxy iso flavone  (3). The sy n th e tic  
sam p le  w as iden tified  w ith  n a tu ra l 3 ’-h y d ro x y -8 -0 -m e th y lre tu s in  b y  m .p ., 
m ix e d  m .p ., IR  sp ec tru m  an d  b y  th e  m .p . o f  the  d iace ta te  (15).

R 1 R2 R 3 R 1 R2 R 3

4 PhCH, H H 1 H H H

5 PhCH, CH3C0 H 2 H CH3 H

6 CH3 H H 3 H CH3 OH

7 CH3 CH3CO H 10 PhCH, PhCH, H

8 CH3 H PhC H ,0 l l CH3CO CH3CO H

9 CH3 CH3CO PhC H ,0 12 PhCH, CH3 H
13 CH3CO CH3 H
14 PhCH2 CH3 PhCH20
15 CH3CO CH3 CH3CO.,

16
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E xperim en ta l

3 ,4 ' - Dibenzyloxy-2'-hydroxy-4-methoxychalcone (4)

To a solution of 3,4-dibenzyloxy-2-hydroxyacetophenone (4.7 g) [5] and anisaldehyde 
(5 ml) in  ho t ethanol (100 ml) 50% aqueous potassium  hydroxide (100 ml) was added and the 
m ixture heated for 15 m in on a steam  ba th . To the cooled solution ice was added and it  was 
neutralized w ith 10%  HC1. The precip itate was separated and  recrystallized from m ethanol— 
—acetone 1 : 1 (400 ml) to  give 4.4 g (76% ) of the alm ost pure chalcone; orange needles, m.p. 
140—141 °C (from acetic acid).

C30H 26O5 (466.5). Calcd. C 77.23; H  5.67. Found C 77.27; H  5.71%.

2 - Acetoxy-3 .4 -(libenz> loxy-4-me thoxy chalcone (5)

A cetylation of 4 (3.0 g) w ith acetic anhydride in pyridine gave, after recrystallization 
from ethanol, com pound 5 (2.4 g, 72% ) as yellow needles, m .p. 131— 132 °C.

C32H 280 6 (508.5). Calcd. C 75.57; H  5.55. Found C 75.29; H  5.57%.

7,8-Dibenzyloxy-4'-methoxyisoflavone (10)

To a solution of 5 (2.3 g) in 50 ml of d ry  methanol and 50 ml of chloroform, T1(N03)3 • 
• 3H20  (2.5 g) was added in  portions over a period of 30 m in a t about 40 °C. After 4 hrs the 

reaction m ixture was filtered, neutralized w ith I N  NaOMe, filtered  again and evaporated to 
a small volume. A fter the addition of w ater, the organic m ateria l was extracted  w ith chloro
form, the solvent evaporated , the residue dissolved in m ethanol and boiled, after the addition 
of a few of I N  NaOMe, for 15 min. A fter acidification w ith  10% aqueous HC1, boiling was 
continued for 1 hr. The p roduct separated  on cooling and w as recrystallized from m ethanol 
to obtain small, colorless needles (0.58 g, 31% ), m.p. 116—117 °C.

C30H 24O5 (464.5;. Calcid. C 77.57; H  5.21. Found C 77.26; H  5.35%.

7,8-Dihydroxy-4'-methoxyisofIavone; retusin (1)

Catalytic hydrogenation of 10 (0.58 g) in  the presence of palladium -on-charcoal in 
acetone gave, after repeated  crystallizations from m ethanol, compound 1 (73 mg; 21%) 
as colorless prisms, m .p. 247—249 °C (lit. [2] m .p. 249 °C).

7,8-Diacetoxy-4'-methoxyisoflavone; retusin diacetate (11)

A cetylation of 1 (50 mg) gave the diacetate (48 mg; 83% ) as colorless needles, m.p. 
165—166 °C (from m ethanol (lit. [2] m.p. 166 °C).

4'-Benzyloxy-3 ,4-dimethoxy-2'hydroxychalcone (6)

Reaction of 4-benzyloxy-2-hydroxy-3-m ethoxyacetophenone (4.7 g) [5] w ith anisal
dehyde (4.0 ml), as described for chalcone 4, gave after two recrystallizations from acetic 
acid compound 6 (3.7 g; 57% ) as orange plates, m.p. 143—145°C.

C24H 220 5 (390.4). Calcd. C 73.83; H 5.68. Found C 74.01; H  5.93% .

2'-Acetoxy-4/-benzyloxy-3',4-dimethoxychalcone (7)

A cetylation of 6 (1.0 g) gave yellow crystals (0.7 g; 61% ), m .p. 88—89 °C (from m etha
nol).

C26H240 6 (432.5). Calcd. C 72.21; H 5.59%. Found C 72.09; H  5.61%.

7-Benzyloxy-4',8-dimethoxyisoflavone (12)

Transform ation of 7 (2.6 g), as described for 4, in M eOH-CHCl3 (4 : 1, 50 ml) gave 
alm ost pure 12 (1.0 g; 43% ); colorless plates (from methanol), m .p. 135— 136°C.

C24H 20O5 (388.4). Calcd. C 74.21; H  5.19. Found C 66.75; 4,72% .
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7-Acetoxy-4',8-dimethoxyisoflavone; 8-O-methylretusin acetate (13)

C atalytic debenzylation of 12 (0.58 g) in acetone and acetylation of the p roduc t afforded 
after tw o recrystallizations from  ethanol com pound 13 (0.10 g; 20%) as colorless needles, m.p. 
123— 124 °C (lit. [2] m.p. 124— 125 °C).

4',8-Dimethoxy-7-hydroxyisoflavone; 8-O-methylretusin (2)

Deacetylation of 13 (50 mg) w ith NaOMe gave 2 (34 mg) as colorless prism s of m.p, 
228— 229 °C (lit. [2] m .p. 223—224 °C).

3,4'-Dibenzyloxy-3',4-dimethoxy-2'-hydroxycha]cone (8)

R eaction of 4-benzyloxy-2-hydroxy-3-m ethoxyacetophenone (5 g) [5] w ith  3-benzyloxy. 
-4m ethoxybenzaldehyde (6 g) [7], as described for chalcone 4, gave after th ree recrystalliza- 
tions from  acetic acid orange p lates (2.9 g; 34% ), m .p. 138—139 °C.

C3iH 280 6 (496.5). Calcd. C 74.98; H  5.68. Found C 74.87; H  5.73% .

2'-Acetoxy-3,4'-dibenzyloxy-3',4-dimethoxychalcone (9)

A cetylation of 8 (1.8 g) gave colorless p lates (1.7 g; 92%), m.p. 152— 153 °C (from acetic
acid).

C33H 30O7 (538.6). Calcd. C 73.59; H  5.61. Found C 73.79; H  5.60%.

3',7-Dihenzyloxy-4,,8-dimethoxyisoflavone (14)

Transform ation of 9 (1.5 g) in m ethanol-chloroform  (1 : 1, 100 ml) gave pure 14 (0.69 g; 
50% ), m .p. 151 —152.5 °C, unchanged on recrystallization from methanol.

C31H 2e0 6 (494.5). Calcd. C 75.29; H  5.43. Found C 75.29; H  5.30%.

3',7-Diacetoxy-4',8-dimethoxyisoflavone; 3'-hydroxy-8-0-methylretusin diacetate (15)

Catalytic debenzylation of 14 (0.50 g) in  acetone and acetylation of th e  p roduct yielded, 
a fte r recrystallization from  m ethanol, com pound 15 as colorless needles (0.13 g), m.p. 168— 
170°C (lit. [3] m.p. 1 6 3 -1 6 5  °C).

3'7-Dihydroxy-4',8-dimethoxyisoflavone; 3'-hydroxy-8-0-methylretusin (3)

Deacetylation of 15 (50 mg) w ith NaOMe gave colorless prisms (26 mg), m.p. 207— 
209 °C (from methanol) (lit. [3] m.p. 208—210 °C).

*
We are grateful to D r. L. J u r d  (Berkeley, U .S.A.) and to Prof. R. H . T h o m s o n  (Aber

deen, Scotland) for sam ples of the natu ra l products.
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I

5-Vinylbicyclo(2.2.1.)heptene-2 can be isomerized to 5-ethylidenebicyclo(2.2.1.) 
heptene-2 by  Co(N2)(PPh3)3 in  to luene solution a t 50—70°. The following ra te  law 
was found to  apply:

d [vbh] k4K ,K 2K 3K 5 [Co] [vbhY 
d t ~  K 5 [S] [P P h 3] -t- K„K5 [S]

where [Co], [vbh], [PPh3] and [S] are the concentrations of the cata lyst, 5-vinylbicyclo 
(2.2.1) heptene-2, triphenyl phosphine and th e  solvent, respectively. The 1,3 hydrogen 
shift is assumed to  proceed th rough  a я -allyl mechanism.

Introduction

Since th e  d iscovery  th a t  5 -e th y lid en eb icy clo  (2. 2. 1.) h ep tene-2*  [1] 
can  be u sed  fo r th e  e th y len e-p ro p y len e  m ix ed  p o lym eriza tion  g iv ing  te rp o ly - 
m ers , w hich co n ta in  double bon d s su itab le  fo r vu lcan iza tio n , an d  e x h ib it b e t 
t e r  p ro p e rtie s  th a n  th e  e thy lene—p ro p y len e  co-polym er, m ore a t te n t io n  w as 
p a id  to  its  p re p a ra tio n . The iso m eriza tio n  o f vbh to  ebh (2) is p re se n tly  th e  on ly  
w ay  fo r large scale p roduction  w h ich  m a y  be considered since vbh can  be 
p re p a re d  w ith  th e  D iels-A lder re a c tio n  from  b u tad ien e  and  cyc lo p en tad ien e  
(1) [2]

vbh
endo

ebh

b o th  w hich  are fo rm ed  in  large a m o u n ts  in  gasoline pyrolysis.

ebh =  abbreviation  for 5-ethylidenebicyclo(2.2.1.)heptene-2 
vbh =  abbreviation  for 5-vinylbicyclo(2.2.1.)heptene-2
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F vozdeva  et al. [3] have found , t h a t  th e  iso m eriza tio n  of vbh can  be 
ca rried  o u t  a t  20° w ith  h ig h  reac tio n  ra te  an d  p ra c tic a lly  100%  y ie ld  using  
m e ta llic  p o tassiu m  in liq u id  am m onia. U sing N aA l20 3 as a c a ta ly s t a t 40° high 
y ields cou ld  be ach ieved , to o  [4]. Fe(CO )5 w as u se d  successfully  fo r th e  sam e 
iso m eriza tio n  in  h y d ro c a rb o n  so lven ts a t  80 200° u n d e r argon  [5], an d
Z ieg le r-ty p e  c a ta ly s ts  com posed  from  c o b a lt( I I )  a c e ty la ce to n a te  an d  tr ia lk y l-  
a lu m in iu m  w ere also v e ry  effective [6].

E n co u rag ed  b y  o u r ea rlie r  re su lts  of iso m eriza tio n  of hexenes c a ta ly zed  
b y  C o(N 2)(P P h 3)3 [7] we app lied  th is  c a ta ly s t also fo r th e  iso m eriza tio n  of 
vbh to  ebh.

T h e k ine tic  m easu rem en ts  w ere carried  o u t in  to luene  a t  50 —70° an d  
th e  re a c tio n  was fo llow ed b y  GLC. B esides th e  exo- an d  endo-isom ers o f ebh 
(w hich  w ere n o t d e te rm in e d  sep ara te ly ) less th a n  1%  e th y l-b icy c lo h ep tad ien e  
w as fo u n d  as th e  o n ly  b y -p ro d u c t.

T h e  resu lts  o f a ty p ic a l ex p erim en t are  show n in  Fig. 1 p lo ttin g  th e  
rec ip ro ca l c o n cen tra tio n  o f vbh aga in ts  re a c tio n  tim e . T he s tra ig h t line o b ta in e d  
in d ic a te s  a second o rd e r dependence on vbh. T he re a c tio n  ra te s  o b ta in e d  a t  
v a ry in g  c a ta ly s t c o n cen tra tio n s  can  be seen in  F ig . 2. The s tra ig h t line su g 
gests  a f ir s t  o rd er d ependence  w ith  re sp ec t to  c a ta ly s t  co n cen tra tio n . H ig h  
co n c e n tra tio n s  o f a d d e d  free tr ip h e n y l pho sp h in e  reduce th e  reac tio n  ra te ;  
th e  e ffec t of added  P P h 3 is show n in  F ig . 3.

I f  no tr ip h e n y l p hosph ine  is ad d ed  th e  fo llow ing em pirical ra te  e q u a tio n
(3) re su lts :

P erfo rm ing  ex p e rim en ts  a t  d iffe ren t te m p e ra tu re s  and  d e te rm in in g  th e  
co rresp o n d in g  k obs v a lu es  th e  follow ing a c tiv a tio n  p a ram ete rs  w ere ca lcu 
la te d :

ZlEa =  25.0 k c a l.m o le-1  

z1H* =  24.3 k c a l.m o le " 1 

JS *  =  4.0 ca l.m o le -1 .K -1

E x p e rim en ts  show ed th a t  a t  te m p e ra tu re s  be tw een  50 — 70° a n d  in  
a ro m a tic  so lvents, like benzene or to luene , Co(N2)(P P h 3)3 looses d in itro g en  in  
a fa s t  an d  irreversib le  reac tio n  (4).

Results and discussion

d [vbh] 
d t

=  k obg[Co(Na)(P P h 3)3] [vbh]* . 
kó

(3)

Co(N2)(P P h 3)3 +  (S)
fa s t

C °(S )(P P h 3)3 +  N2 . (4)
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[catalyst] (то1€.Г1)х10г

Fig. 1. A  typical vbh isom erization experim ent 
catalyzed by  Co(N )(P P h 3)3. Solvent: 10 m l 
toluene; catalyst concentration: 3.9 X 10-2  
mole • 1_1; olefin concentration: 0.419 mole 

l -1 ; tem p . 60°

Fig. 2. The influence of catalyst concentra
tion  on the isomerization ra te  o f vbh. 

Solvent: toluene; vbh concentration: 
0.419 mole • l -1 ; tem p. 60°

[P P h 3] (m o le .r 1)*102

Fig. 3. The influence of free added phosphine on th e  reciprocal reaction ra te . Solvent: to luene; 
cata lyst concentration: 4.9 X 10~2 mole • l -1 ; vbh concentration: 0.42 mole • l -1 ; tem p. 6

R eac tio n  (4) could n o t  be reversed e v e n  a t  50 a tm  d in itro g en  pressure. T h e  
re a c tio n  w as follow ed b y  th e  evo lu tion  o f  N 2 an d  b y  th e  van ish in g  in te n s i ty  
of th e  in fra re d  N ,N  s tre tc h in g  frequency . N o signals in  th e  1H -N M R  sp ec tru m  
a ttr ib u ta b le  to  Со- H  b o n d s  were fo u n d .

B ased  on th e  k in e tic  d a ta  the fo llow ing  m echan ism  is suggested :

C o (S )(P P h 3)3 C o (S )(P P h 3)2 +  P P h 3 (5)

C o(S )(P P h3)2 4- vbh Co(t>6A)(PPh3)2 +  (S) (6)

Co(i;AA)(PPh3)2 +  vbh C o(tM )2(P P h 3)2 (7)

Co(r6A)2(P P h 3)2 -it>- Co(t;bA)(e6A)(PPh3)2 (8)

Co(i;6A)(eAA)(PPh3)2 vbh Co(vAA)2(P P h 3)2 +  ebh (9)

5 Acta Chim. (Budapest) 88, 1976



180 KOVÁCS et a b  ISOMERIZATION OF 5-VINYLBICYCLO (2.2.1.) HEPTENE-2

I f  r e a c tio n  (8) is re g a rd e d  as th e  ra te  d e te rm in in g  step  th e  re a c tio n  ra te  m ay  
be ex p re sse d  b y  E q . (10)

d [vbh] 
d t

k 4 [Co(v6h)2(P P h 3)2] . ( 10)

T he to t a l  am o u n t of co b a lt [Co] is p re sen t in  th e  reac tio n  m ix tu re  in  th e  follow 
ing  fo rm s:

[Co] =  [C o(S )(P P h3)3] +  [C o(S )(P P h3)2] +  [C o(«M )(PPh3)2] +

[Co(u6h)2(P P h 3)2] +  [Со(и6Л)(е6Л)(РРЬ3)2] (11)

a n d  th e  co n cen tra tio n s o f th e  d ifferen t species depend  on th e  equ ilib ria  (5), 
(6), (7) an d  (9) as show n in  E qs (12) —(15).

K  [C o(S)(PPh3)2] [P P h 3]
[C o(S)(PPh3)3]

K  [Co(t>M )(PPh3)a] [S]
2 [C o(S)(PPh3)2] [vbh]

[Co(»6fe)2( P P h 3)2]

К з [Co(vbh) (P P h 3)2] [vbh]

K  [Co(t?6h)2 ( P P h 3)2] [ebh]
5 [Co(vhb)(ebh) (P P h 3)2] [vbh]

( 12)

(13)

(14)

(15)

S u b s titu tin g  E q s (12)— (15) in to  E q . (11) th e  dependence o f Co(u6h)2(P P h 3)2 
on  th e  to ta l  c a ta ly s t  co n cen tra tio n  m a y  b e  o b ta in ed  (16).

[Co] [C o (tM )2(P P h 3)2] [P P h 3] [S]
К ^ К з  [vbh]2

[S]
+

1

K 2K 3 [vbh]2 K 3 [vbh]
+  1 +

[ebh] 
K 5 [vbh]

(16)

(10) an d  (16) lead  to  E q . (17) for th e  r a te  expression.

d [vbh] [Co] [vbh]2
d t  “  K 5 [P P h 3] [S] +  K XK 5 [S] K XK 2K 5 [vbh] +

_______ k ^ K ^ K ,  [Co] [vbh]2
K ^ K - j K -  ]vbh]2 +  K jK 2K 3 [vbh] [ebh]
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I f  K 2 an d  K 3 are  assum ed to  be sm all, K x m a y  be d e te rm in ed  from  th e  p h o sp h in e  
in h ib itio n  ex p e rim en ts . I f  no p hosph ine  is ad d ed , E q . (12) m ay  be w ritte n  
in  th e  fo rm  (18) since [C o(S)(PPh3)3] =  [Co] — [P P h 3],

[P P h 8]2 

[Co] [P P h 3]
(18)

U sing free a d d ed  phosph ine  E q . (18) m odifies to  E q . (19)

K  [PPh^] { [P P h 3] +  [P P h 3]add}

1 [Co] -  [P P h 3]
(19)

w here [P P h(] is th e  phosphine co n c e n tra tio n  o rig in a tin g  from  th e  c a ta ly s t  
com plex  if  free ad d ed  phosphine is p re se n t. U sing E qs (18) and  (19) K x can  
he ca lcu la ted  a n d  its  value is inc luded  in  T ab le  I .

The assu m p tio n , th a t  co n stan ts  K 2 an d  K 3 are sm all sim plifies (17) to  
E q . (20) w hich  is in  accordance w ith  th e  ex p e rim en ta l re su lts  o b ta in ed :

d [vbh] [Co] [vbh f
d t K 5 [S] [P P h 3] +  K .K ^ S ]

H
\

H

H
/

/ / ' " Г ' \ \
/  I  X Г

Co"
I

H

H H

H7 C \  (2,)
H /  c-~^

Со у

C oncern ing  th e  fine m echanism  o f vbh isom eriza tion  several p lau sib le  
p a th w ay s  m a y  be suggested . One o f th ese  is rep re se n te d  in  E q . (21) acco rd in g  
to  w hich  th e  С—H  b o n d  of th e  co b a lt—olefin  com plex  a t  th e  allylic p o s itio n  
undergoes o x id a tiv e  ad d itio n  to  Co(O) giv ing a h y d rid o  тг-allyl c o b a lt( I I )  
com plex. 1,3 H y d ro g en  sh ifts in  тг-ally l com plexes [8] are  well d o c u m e n te d  
an d  we suggest th is  as th e  m ost p robab le  m echan ism  o f vbh iso m eriza tio n .

Table I

The rate constants feobs at different temperatures and the equilibrium  constant K l a n d  degree
o f  dissociation at 60° •

Temp. (°C) ^obs X 103 
(mole-2l 2sec_1)

к г X 102 
(mole l -1)

degree of 
dissociation (%)

50 1.62

60 5.22 6.95 68*

70 15.65

* a t  4.9 X 10 _ 2 m ole • l -1 ca ta ly st concen tra tion
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Experim ental

Preparation o f 5-vinylbicyclo(2.2.1.)heptene-2 (vbh)

vbh was prepared according to  the literatu re  [2]. A m ixture of 330 g (6.1 mole) b u ta 
diene and  200 g (3.33 mole) freshly prepared cyclopentadiene were condenzed a t  — 10° into 
an  autoclave. 0.5 g hydrochinone was added and th e  reaction  m ixture was kep t a t  140— 145° 
for 2— 4 hrs. After cooling the product was distilled over a filled column (50 cm) and the 
frac tio n  a t  70—75785 m m H g (30—35 g, 85—90% ) w as collected. This was fu rth er purified 
th ro u g h  preparativ  GLC (6 m  tricresyl phosphate colum n, 130°) giving vbh in  99.5%  purity , 
w hich consisted of 21% endo-and 79%  exo-isomer.

The preparation of Co(N2)(P P h2) 2

T his was prepared b y  know n m ethod [9] using cobalt(II) acetylacetonate and diethyl 
alum in ium  ethoxide.

The isomerization of vbh

In to  a therm ostated  reaction  vessel, equipped w ith  a serum cap and a bulb  containing 
a w eighed am ount of the ca ta lyst, the  prepurified solvent and vbh were injected w ith a  hypo
derm ic syringe, stirred m agnetically  and the ca ta ly st added  by a bulb. A t regular tim e intervals 
sam ples were taken, trea ted  w ith  N a2C 03 and analysed by  GLC (6 m  tricresyl phosphate co
lum n, 130°).
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NEIGHBOURING GROUP PARTICIPATION IN THE 
AMINOLYSIS OF ESTERS IN A NON-HYDROXYLIC

SOLVENT
T . KŐMIVES, A . F . MÁRTON and F . D u t k a  

( Central Research Institute fo r Chemistry, Hungarian Academy o f Sciences, Budapest)
R eceived May 5, 1975

The piperidinolysis in  chlorobenzene of 5-nitro-, 5-chloro-, 2-m ethyl-, and 
unsubstitu ted  8-acetoxyquinoline and p-nitrophenyl acetate was studied. The high 
reactiv ity  of th e  quinoline esters, the stric tly  second order kinetics, and the effect of 
substituents on the reaction ra te  were in terpre ted  as results o f intram olecular general 
base partic ipation  by the te r tia ry  nitrogen.

Since th e  ac tiv e  sites of se v e ra l p ro teo ly tic  enzym es lie in  h y d ro p h o b ic  
lo ca tio n s [1], en zy m e model in v e s tig a tio n s  in  n o n -h ydroxy lic  so lvents [2 —4] 
are in  some re sp ec t m ore re le v a n t th a n  sim ilar stud ies in  w a te r  [5]. As a m odel 
re a c tio n , th e  am ino lysis of p -n itro p h e n y l ace ta te  (p -N P A ) in  ch lorobenzene 
w as s tu d ied , w hich  ta k e s  place acco rd in g  to  a tw o-step  m echan ism , in v o lv in g  
th e  r a te  d e te rm in in g  collapse o f  a zw itte rio n ic  te tra h e d ra l in te rm ed ia te  [3]:

ester +  amine

O"
I—c—o-

H N +
/ \

products

base

The s lig h t acce lera tio n  effect of p y rid in e  on th e  ra te  of th is  re a c tio n  was show n 
to  be a general base  catalysis [4].

T h e  reactions o f  esters w ith  a lip h a tic  am ines in  th is  so lv en t follow ed a 
tw o -te rm  ra te  e q u a tio n  [3, 4]:

------- ----------— =  (fc2 [A m ine] -f- k 3 [A m ine]2) [E s te r]  . (2)

In  th is  p ap er w e wish to  r e p o r t  k in e tic  d a ta  on th e  p iperid ino lysis  in  
chlorobenzene of su b s ti tu te d  8 -ace to x y q u in o lin es  (I—IV), sy stem s in  w hich  a 
te r t ia r y  n itro g en  a to m  is in  su ita b le  p o sitio n  to  ca talyze th e  reac tio n . F o r  
com parison , the  re a c tio n  of p -N P A  w as s tu d ied .

0 = C
I

СНз
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E xperim en tal

M aterials. Chlorobenzene and  piperidine were distilled prior to  use. Quinoline esters 
and p -N P A  were prepared from  th e  hydroxy com pounds according to  literature methods. 
Melting po in ts [6—9] and analy tica l da ta  for the esters are given in Table I.

K inetics. All the kinetics were performed spectrophotom etrically  w ith a UNICAM 
spectrophotom eter SP 800 connected to  a R A D E LK IS Recorder OH-814/1, in 3-ml Teflon- 
stoppered, 10-mm fused silica cells, contained in the therm osta ted  cell holder. In  all runs, a t 
least 15-fold excess of amine over th e  ester (initial concentration 10_4M) was used. The reac
tions were followed to ten  half-lives, and the rate  constants were calculated in  the usual m anner. 
A nalysis of the infinity spectra  showed th a t the production  of phenolic compounds was quan
tita tive .

Table I
M elting points and analytical data

E s te r M. p ., °c L it .
m . p . ,  °C

R ef. o r 
ana lysis

I 54.5-55 .5 56—57 6

i i 63.5-65 .5 63—64 7
h i 83—84 82—84 8
IV 112-113 a

p-N PA 7 8 -  79 79 9

Calcd. for CuH8N20 4: C, 56.89; Я , 3.44; N, 12.07. Found: C, 56.52; H , 3.75; N, 12.31%

R esu lts

In  th e  presence o f  a  g rea t excess o f  am ine over e s te r , all sp ec tro p h o to 
m e tr ic a lly  d e te rm in ed  r a te  constan ts  ( f e 0 b s )  were fo u n d  to  be p seu d o -firs t 
o rd e r.

[Amine] M
Fig. 1. kobJ [Amine] vs. [Amine] plot for th e  piperidinolysis of p-N PA  in chlorobenzene

a t 25 °C
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[Amine]  M

Fig. 2. fc0bs vs- [Amine] p lo t fo r the piperidinolysis of I  in chlorobenzene a t 25 °C

Table II

Second and third order rate constants fo r  the piperidinolysis o f the esters in  chlorobenzene at 
25°C; р К л values fo r  the leaving groups o f  the esters in  75% ethanol-watera at 25 °C

E s te r fe2,M - г 8-1 kSf
pKa

p ro to n p ro to n  ga in ed

I 5.35 • IO“ 2 _ 11.30 4.33
и 2.50 • IO“ 3 — 11.63b 4.45b
h i 2.60 • i o - 1 — 10.45 3.68
IV 2.24 • 10 — 7.10 2.80
p-N PA 3.50 • 1 0 -2 8.20 • 1 0 -1

Ц 
Т 

ONсо

—

“ S c h u l m a n , S. G., G e r s h o n , H .: J . P hys. Chem. 72, 3692 (1968);
b K ovi, P . J . ,  M i l l e r , C. L., S c h u l m a n , S. G.: Anal. Chim. Acta 62, 59 (1972);
0 in 50 % ethanol-w ater, C o h e n , L. A., J o n e s , W. M.: J . Am. Chem. Soc. 84, 3397 (1963)

T he re a c tio n  o f p -N P A  follow s E q . (2); th e  /c0bs/[Amine] vs. [A m ine] 
p lo t is lin ear, a n d  has a non-zero in te rc e p t  (F ig . 1). P iperid ino lysis o f th e  q u in o 
line e s te rs , how ever, follows s t r ic t ly  second  o rd e r k ine tics, th e  k 0bS vs. [A m ine] 
p lo t b e ing  lin ea r  w ith  zero in te rc e p t (F ig . 2). R a te  co n stan ts  along w ith  l i te r a 
tu re  p K a d a ta  are lis ted  in T ab le  I I .

R a te  c o n s ta n ts  for the re a c tio n s  o f  p -N P A  an d  I  d e te rm in ed  a t  d iffe ren t 
te m p e ra tu re s , a n d  en thalp ies a n d  en tro p ie s  o f ac tiv a tio n  o b ta in ed  from  th e  
ra te  v a lues are g iven  in  Table I I I .
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Table II I
Rate constants fo r the piperidinolysis o f p -N P A  and  I  in  chlorobenzene at different temperatures;

activation parameters at 25 °C

20.1 25.0

t ,  °c

33.8 39.3 44.9

tпнгъ
kcal/mole

t-^ s !5
e. u.

p - N  P A 1 0 2fe2, M-1s - 1 2 .7 5 3 .5 0 4 .1 4 7 .1 2 8 .7 0 7 .8 39
k 3, M -2S-1 0 .8 0 0 .8 2 0 .9 1 1 .08 1 .11 2 .2 52

I 102fc2, м - ^ - 1 4 .4 6 5 .35 7 .5 9 1 0 .0 12 .2 7 .0 41

D iscussion

T he high r e a c t iv i ty  o f th e  este rs  o f  8 -hydroxyqu ino line  to  w a te r  w as 
e x p la in e d  b y  an  in tra m o le c u la r  nucleoph ilic  ca ta ly sis  m echanism  [8, 10] 
in v o lv in g  th e  rev ersib le  fo rm atio n  o f a h ig h ly  reac tiv e  acy lam m onium  in 
te rm e d ia te :

O n th e  o th e r h a n d , fo r  th e  am inolysis reac tio n s  in  90%  d io x a n e -w a te r  [11] 
a n d  in  w a te r [6], a n  in tram o lecu la r gen era l base  ca ta lysis  b y  th e  te r t ia r y  
n itro g e n  was suggested :

CH3

The d a ta  in  T ab le  I I  show th a t  in  th e  reac tio n s of quinoline e ste rs  te rm  
k 3 of E q . (2) is u n d e te c ta b le , and  on ly  th e  le a s t reac tiv e  com pound  I I  has a 
k 3 v alu e  low er th a n  t h a t  of the  ‘active e s te r ’ p -N P A .

The in tro d u c tio n  o f an e lec tro n -w ith d raw in g  su b s titu e n t in  th e  5-posi
t io n  o f th e  qu inoline r in g  of I —IV re su lts  in  increased  re a c tiv ity . The re a c tiv ity  
sequence  for th e se  com pounds (N O , >  Cl >  H ) is th e  sam e as fo r th e  p y r- 
ro lid ino lysis of p - s u b s ti tu te d  p h en y l a c e ta te s  in  th is  so lvent [3]: th e  w eak er 
b a s ic  th e  leav ing  p h e n o x y  group, th e  h ig h e r th e  re a c tiv ity  of th e  este r.
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S im ilarities in  th e  k in e tic  b e h a v io u r o f th e  este rs  I —IV suggest t h a t  th e y  
re a c t w ith  th e  same m echan ism . T he s tr ic t ly  second o rd e r k inetics n o t o b serv ed  
so fa r  fo r  reactions o f  e s te rs  w ith  a lip h a tic  am ines in  ch lorobenzene, as w ell 
as th e  h ig h  re a c tiv ity  o f  quinoline e ste rs  can  only  he ex p la in ed  b y  th e  c a ta ly tic  
p a r tic ip a tio n  of the  n e ig h b o u rin g  te r t ia r y  n itro g en .

T he efficiency o f  th is  in tram o lecu la r ca ta ly sis  shou ld  c learly  d ep en d  on 
th e  b a s ic ity  of the  n itro g e n  atom . T h erefo re , i t  is s tr ik in g  th a t  th e  e s te r  w ith  
th e  m o st b a s ic  n itrogen  h a s  th e  low est re a c tiv ity . T his fin d in g  can be ex p la in ed  
b y  th e  d iffe ren t so lvent e ffec t on th e  in fluence  o f th e  su b s titu e n ts  on th e  p K a 
value o f th e  phenolic h y d ro x y l group a n d  th e  te r t ia ry  n itro g en  a tom . C hang ing  
th e  so lv en t from  p ro tic  to  d ipo lar a p ro tic  re su lts  in  an  increased  se n s itiv ity  to  
su b s titu tio n  o f the  p h en o lic  p K a [12], b u t  i t  does n o t a lte r  th a t  of a te r t ia r y  
n itrogen  b a se  [13]. T hus, th e  re a c tiv ity  sequence fo r com pounds I —IV is d e 
te rm in ed  p r im a rily  by  th e  m ore sensitive  pheno lic  b asic ities.

G en era l base c a ta ly s is  m ay  be su b je c te d  to  s te ric  h in d ran ce  [14], y e t  
nucleophilic  cata lysis is m u c h  m ore sensitiv e  to  s teric  fa c to rs : e.g., in tro d u c tio n  
of a m e th y l su b s titu e n t in  th e  2 -position  o f  p y rid in e  causes com plete loss o f 
nu c leo p h ilic ity  [15]. Since th e  te r t ia ry  n itro g e n  o f I I  rem ain ed  c a ta ly tic a lly  
eflective d esp ite  the  p resence  o f a C-2 m e th y l g roup , i t  can  a c t only  as a  g en era l 
base, i.e. acco rd in g  to  E q . (4).

The a c tiv a tio n  p a ra m e te rs  show n in  T ab le  I I I  are also in  accordance w ith  
th e  m echan ism  proposed: th e i r  values fo r th e  second o rd e r ra te  c o n s ta n t o f  
p -N P A  a n d  I  a re  c h a ra c te ris tic  o f b im o lecu la r reac tio n s, w hile those  fo r th e  
th ird  o rd er r a te  co n stan t o f  p -N PA  are c o n s is ten t w ith  a te rm o lecu la r m ech a 
nism  [16].
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ELECTRON DEFICIENT HETEROAROMATIC AMMONIO-
JAMIDATES, VIII*]

TH E SY NTHESIS OF ]V -(PY R ID IN IO )-BEN ZEN ESU LFO N A M ID A TES BY R IN G
TRANSFORM ATION OF

(l-PH EN Y LSU LFO N Y L-2-PY R A ZO LIN -5-Y L)-M ETH Y L K ETO NES 

M. L e m p e r t - S r é t e r  and K. L e m p e r t 3

(Departments o f Organic Chemistry o f  Eötvös Loránd University anda o f  the Technical University,
Budapest)

Received May 8, 1975

The reaction of py ry lium  perchlorates (ld -g ) and  benzenesulfonohydrazide 
furnishes pyrazolinylm ethyl ketones (4d-4f) or m ix tures of the phenylsulfonylhydra- 
zones of the pyrazolinylm ethyl ketones (4b, 4c), and  pyridiniosulfonam idates (2b, 2c). 
W hen trea ted  w ith acids, th e  ketones 4 are converted , depending on the nature of the 
substituen ts R, into a v a rie ty  of products, such as pyry lium  salts, pyridiniosulfonami
dates and  pyrazoles. A lkaline trea tm en t of 4c, too, gives the am idate 2c.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 88 (2), pp. 189—194 (1976)

The Schneider sy n th es is  [1, 2] of iV -(l-py rid in io )-am ides 2 (e.g., Z =  
=  Ph), b ased  u p o n  the  re a c tio n  of p y ry liu m  sa lts  (1) w ith  hydrazines, has 
been  show n [3] to  involve th e  in te rm ed iacy  of m o n o h y d razo n es  (3) of enedi- 
ones. An a lte rn a tiv e  mode o f  cy c liza tio n  of th e  la t te r  m a y  lead  to  th e  fo rm atio n  
o f (2 -pyrazo lin -5 -y l)m ethy l k e to n e s  (4) w hich, once fo rm ed , m ay  n o t be 
tran sfo rm ed  in to  th e  p y rid in io am id es 2 an y  m ore [2].

1 g 2 (a —e: Z =  P h S 0 2)

R* R< R® R2 R« R®

a Ph Ph Ph a Me Ph Ph
b Ph H Ph b Me m— 0 2NCrH 4 m —0 2NC6H 4
C Me Ph Ph c Me p - 0 ,N C eH 4 p - o 2n c „h 4
d Me m—0 2NCrH4 m—0 2NCeH 4 d Ph Ph p —o 2n c 0h 4
e Me P —0 2NC6H 4 p —0,N C eH 4 e Ph Ph p —BrC6H4
f Ph Ph p  — o 2n c „h 4
g Ph Ph p —BrC6H 4

* P art V II: K. L em pert  and K . Z a u e r , A cta Chim. (Budapest) 88, 81 (1976),
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R4

N H - Z

3

4 (a —f: Z =  PhSC g

R2 R< Re

a Me Ph Ph
b Me m — 0 2NCeH4 m —0 2NC6H 4
c Me p —  0 2NC6H 4 p —o 2n c 6h 4
d P h Ph p -  0 2NC6H 4
e P h Ph p - B r C cH4
f P  BrCGH 4 Ph Ph

W hen p y ry liu m  sa lts  l a - c  w ere allow ed to  r e a c t w ith  benzencsul- 
fo n o h y d raz id e , th e  co rresp o n d in g  (l-p h en y l-su lfony l-2 -py razo lin -5 -y l)m ethy l 
k e to n e s  4 (Z =  P h S 0 2) (or th e ir  p h en y lsu lfony lhydrazones) w ere o b ta ined  as 
th e  on ly  p roduc ts [4]. O ne of th ese  ke to n es (4a), w hen re flu x e d  w ith  a m ix tu re  
o f  ace tic  and perch lo ric  ac ids, w as sm o o th ly  tran sfo rm ed  in to  2a, co n stitu tin g  
th e re b y  th e  f irs t ex am p le  of th e  r in g  tra n sfo rm a tio n  of a p y razo lin y lm eth y l 
k e to n e  in to  a p y rid in io su lfo n am id a te  [4].

In  th e  p re se n t p a p e r  we w ish  to  describe fu r th e r  exam p les  o f such ring  
tra n sfo rm a tio n s  w hich  m a y  be in d u ced  b o th  b y  acids an d  bases.

The s ta r tin g  ( l-p h e n y lsu lfo n y l-2 -p y razo lin -5 -y l)m e th y l ke tones 4b-f 
w ere  ob ta ined  b y  allow ing  to  re a c t  th e  p y ry liu m  p e rch lo ra tes  ld -g  w ith  
excess b en zenesu lfonohydraz ides. In  several cases, d ep en d in g  on the  n a tu re  
o f th e  su b stitu en ts  R 2, R 4 an d  R 6, th e  p h en y lsu lfo n y lh y d razo n es were o b ta ined  
r a th e r  th a n  th e  free k e to n es  4, a n d  th e  corresponding  p y rid in io am id a tes  2 or 
th e ir  perch lo ra tes w ere o b ta in ed  as b y -p io d u c ts  (see E x p e rim en ta l) . The 
p h en y lsu lfo n y lh y d razo n es w ere c o n v e rted  in to  th e  k e to n es  4 b y  reflux ing  
th e i r  H CO O H  so lu tio n s. T re a tm e n t o f 4 c -p h en y lsu lfony lhydrazone  w ith  e th a- 
no lic  N aO H  fu rn ish ed , invo lv in g  1 : 2 e lim ina tion  of th e  side-chain  an d  o f a 
p ro to n  a tta c h e d  to  € -4 , an d  su b seq u en t d ep h en y lsu lfo n a tio n , 3,5-bis(p- 
-n itro p h en y l)p y razo le  [5]. T his is analogous to  th e  b e h av io u r o f 4a-oxim e u n d er 
s im ila r conditions [6].

In  all cases in  w h ich  R 2 a n d  R 6 o f th e  s ta r tin g  p y ry liu m  sa lts  (1) are n o t 
id en tica l, the  fo rm a tio n  o f e ith e r  o r b o th  of tw o isom eric  k e to n es  4 could be 
ex p ec ted . The s tru c tu re s  o f th e  k e to n es  ac tu a lly  fo rm ed  from  Id  and  le  fo l
low  from  th e  p o sitio n  o f th e ir  vC =  О bands in  th e  I R  sp ec tru m  w hich clearly
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pro v es th a t  b o th  a-carbon a to m s  are  o f th e  s a tu ra te d  a lip h a tic  ty p e . T he 
s tru c tu re  of th e  keto n e  o b ta in e d  fro m  I f , on th e  o th e r h a n d , m u st be 4d, since 
one o f th e  p ro d u c ts  resu lting  o n  t r e a tm e n t  w ith  НСЮ 4/А сО Н  (see below ) is 
3 (5 )-p -n itropheny l-5 (3 )-pheny lpy razo le , w hich  proves t h a t  one of th e  uresubsti- 
tu te d  phenyl g roups is p a r t o f th e  side chain . A m ix tu re  o f th e  ex p ec ted  tw o 
k e to n e s  4e an d  4 f  was o b ta in ed  from  l g .  Owing to  its  p o o r so lu b ility  in  1- 
-p ropano l, 4 f cou ld  be iso lated  in  p u re  fo rm . The s tru c tu re  o f  th e  la t te r  follow s 
fro m  th e  n a tu re  o f  its  p h o to ly sis  p ro d u c ts : 3 ,5 -d ipheny lpy razo lium  benzene- 
su lfo n a te , (3 ,5 -d iphen y l-4 -p y razo ly l)p h en y l sulfone and  p  - Ь г о rn о a ce t  о p h e none 
(c.f. R ef. [7]).

A ttem p ts  to  prepare th e  e th y le n e  h em ith io k e ta l o f 4c b y  allow ing to  
re a c t  th e  keto n e  an d  2 -m ercap to e th an o l in  reflux ing  to lu en e  in  th e  p resence 
o f p -to lu en esu lfo n ic  acid, or in  H C O O H  in  th e  presence o f B F 3 fa iled : th e  
p y rid in io am id a te  2c was o b ta in e d  in s te a d  of th e  ex p ec ted  p ro d u c t. In  o rd e r 
to  c la rify  th e  re a so n  of the  d iffe re n t b eh av io u r of 4a [6] an d  4c u n d e r  th e  
co n d itions of k e ta liz a tio n , the  a c tio n  o f acids on 4c was s tu d ie d .

W hen tr e a te d  w ith  HC104 in  A cO H  a t  110°C or re f lu x e d  w ith  p -to lu en e - 
su lfon ic  acid in  to lu en e , 4c was tra n s fo rm e d  in to  2c. The sam e tra n sfo rm a tio n  
w as b ro u g h t ab o u t b y  ethanolic  N a O H  a t  room  te m p e ra tu re . The la t te r  t r a n s 
fo rm a tio n  was u n ex p ec ted , since ty p e  4 k etones are, in  g en era l, tra n sfo rm e d  
b y  b ases (in ad d itio n  to  a v a r ie ty  o f  o th e r  p roduc ts) in to  p y rid in es , ra th e r  th a n  
in to  p y rid in io am id es an d  p y rid in io a m id a te s , respective ly . (C.f. th e  reac tio n  of 
4e -f- 4 f  and K O H  described below , a n d  R e f’s [6] and  [8].)

4b was sim ila rly  converted  in to  2b, w hen  refluxed  w ith  p -to lu en esu lfo n ic  
ac id  a n d  2 ,2 -d im ethoxypropane in  d io x an e—M eOH. The b e h a v io u r of 4d is 
m ore com plex: w h en  h ea ted  w ith  H C 104 in  A cO H , i t  fu rn ish ed  I f , 3 ,5-d iphenyl- 
p y razo le  and  2d. T h e m ixture  o f  th e  tw o  isom eric k e tones 4e an d  4f, w hen  
s im ila rly  tre a te d  gave lg  as th e  m a in  p ro d u c t, and  trace s  o f th e  am id a te  2e. 
O n t r e a tm e n t w ith  e thano lic  K O H , 4e -f- 4 f  was con v erted  in to  2-(p-brom o- 
p h en y l)-4 ,6 -d ipheny lpy rid ine .

Experim ental

Synthesis of pyrylium salts

(а) 70%  HC104 aq. (1 ml) was added  by  drops under cooling and  continuous stirring 
into a solution of m-nitroacetophenone (2.0 g; 12 mmoles) in Ac20  (5 ml). The resulting orange- 
yellow solution was k ep t for 48 hrs a t room  tem perature . EtOAc was added  to precipitate 
0.72 g (13.7% ) of Id , orange-yellow crystals , m .p. 228—230 °C, which were chemically pure 
w ithout recrystallization.

Ct8H 13ClN20 9 (436.76). Calcd. Cl 8.12; N  6.41. Found Cl 8.29; N  6.40% .
IR  (K B r): 1635 (pyrylium ), 1535 +  1355 (j>N0 2), 1095 cm -1 (rC104©).
(б) A m ixture of l,3-diphenyl-2-propen-l-one (1.04 g; 5 mmoles), p-nitroacetophenone 

(0.84 g; 5 mmoles), tr ity l perchlorate (1.70 g; 5 mmoles) and AcOH (5 ml) was refluxed for 
30 min. The dark green solution was allowed to  stand  for 2 days a t room  tem perature, and
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the green crystals of I f  (1.56 g; 69% ) were filtered off; m .p. 259—262 °C (from D M F-EtO H ), 
lit. [9] m .p. 260—26ГС.

(c) W hen p-nitroacetophenone was replaced by  p-brom oacetophenone, lg , m.p. 271— 
272° (from  A cO H -M eN 02), lit. [10] m.p. 272 °C, was similarly obtained in  77%  yield.

Reactions of pyrylium perchlorates (Id—g) with benzenesulfonohaydrazide

(а) A m ixture of Id  (0.3 g; 0.69 mmole), benzenesulfonohydrazide (0.45 g; 2.6 mmoles), 
CH2C12 (3 ml) and E tO H  (2 ml) was stirred a t room  tem perature un til, w ithin a few min, 
a clear red  solution resulted. The dry residue was recrystallized from  E tO A c-E tO H  to yield 
0.15 g (37% ) of 2b-perchlorate, m .p. 255—257 °C.

IR  (K Br): no r C = 0  ban d ; j-N0 2: 1535 +  1360, vC104©: 1100 cm “ 1.
T reatm ent of the perchlorate w ith ethanolic NaOH furnished 2b, m.p. 261—262°. 

M olecular composition (established by high-resolution mass spectrom etry): C24Hl8N4OeS.
IR  (K B r;: 1630 (pyridinium ), 1530 +  1350 (FN02), 1280 +  1140 cm -1 (r©NS02).
MS (70 eV, 280 °C), p rincipal peaks: 490 (M+-, 0.4%), 349 (M — P hS 02, 15%), 335 

(M — P h S 0 2N ; 62%), 319 (3% ), 305 (5% ), 303 (349 — N 0 2, 12%), 289 (335 — N 02, 100%), 
243 (289 — N 0 2; 40%), 242 (20% ), 157 (30%), 141 (P h S 0 2+ \ 30% ), 120.5 (9%), 114 (11% ),

—46 —30
94 (20% ), 93 (30%), 77 (140% ), 51 (40%), 39 (10% ). M etastables: 349 -------- 303, 335 --- ------->
305, 335 ~ 46> 289, 289 243.

The filtrate of crude 2b-perchlorate was d ilu ted  w ith 5 volumes of HCOOH and refluxed 
for 1 h r  to yield 0.07 g (20% ) of 4b, m.p. 185— 186°C (from AcOH).

C24H 20N4O7S (508.50). Calcd. N 11.02. Found N 11.16%.
IR  (KBr): r C = 0  1715, rN 0 2 1535 +  1360, j>S02 1360 +  1175 c m - 1.
(б) Benzenesulfonohydrazide (1.5 g; 8.7 mmoles) was added to  a suspension of le  [11] 

(1.0 g; 2.4 mmoles) in a m ix ture  of CH2C12 (15 ml) and MeOH (12 ml). The m ixture was shaken 
for a few m inutes a t room  tem peratu re  until a clear red solution resulted. The dry residue of 
the la t te r  was recrystallized from  D M F-E tO H  to yield 0.86 g of 4c-phenylsulfonylhydrazone. 
A ddition of E tO H  to the filtra te  furnished a m ixture (0.3 g) of the  above product and 2c 
w hich was worked up by TLC (adsorbent: Kieselgel Merck; solvent: benzene—AcOH, 20 : 3) 
to yield 0.07 g of 4c-phenylsulfonylhydrazone (R j =  0.58) and 0.18 g of 2c ( lij =  0).

4c-phenylsulfonylhydrazone, purified by  extraction  of its contam inants w ith boiling 
E tO H  and boiling AcOH, to ta l yield 58.5%, m .p. 214—215 °C.

C30H 26NgO8S2 (662.70). Calcd. C 54.38; H  3.96; N 12.69. Found C 54.30; H  3.86; N 12.58%
IR  (KBr): vNH 3235, vN 02 1535/1520 d +  1360, rS 0 2 1350 +  1175 c m -1.
2c, yield 11.3% , m .p. 239—241°C (from D M F-E tO H ).
C24H ,8N4O0S (490.49). Calcd. C 58.77; H  3.70; N  11.43. Found C 58.75; H  3.70; N  11.35%.
IR  (K Br): vN 02 1525 +  1350, r© N S02 1285 +  1135 c m -1.
4c-phenylsulfonylhydrazone (0.1 g; 0.15 mmole) was refluxed w ith HCOOH (0.5 ml) 

for 90 min. to yield 0.07 g (92% ) of 4c, m.p. 239—240 °C (from E tO H -pyrid ine).
C24H 20N4O7S (508.50). Calcd. C 56.69; H  3.97; N  11.02. Found C 56.77; H 4.27; N 11.00%.
IR  (KBr): r C = 0  1710, vN 02 1530/1520 d +  1350, rS 0 2 1350 +  1170 c m -1.
4c-phenylsulfonylhydrazone (0.2 g; 0.31 mmole) was stirred  a t  room tem perature for 

24 h rs w ith 0.2JV ethanolic N aO H  (88 ml). The originally red solution gradually turned yellow. 
The d ry  residue was tr itu ra te d  w ith w ater; the insoluble m aterial was separated by centrifug
ing, dried and recrystallized from  EtO H  to yield 0.065 g (65.5% ) of 3,5-bis(p-nitrophenyl)- 
pyrazole, m.p. 266—268°, lit. [5] m.p. 266 °C.

(c) A suspension of I f  (0.5 g; 1.1 mmole) and benzenesulfonohydrazide (0.6 g; 3.5 
mmoles) in E tO H  (5 ml) was stirred a t 50°C for 1 hr. A clear solution was transiently  formed 
from  which the light green crystals of crude 4d, 0 .52g (91%), soon sta rted  to separate. R ecryst
allization from M eN 02-E tO H  furnished cream  coloured crystals, m .p. 215—216 °C.

C29H 23N30 5S (525.57). Calcd. C 66.28; H  4.41: N 7.99; О 15.22. Found C 66.60; H  4.72; 
N  8.14; О 14.97%.

IR  (KBr): v C = 0  1690, i>N02 1520 +  1360, vS02 1350 +  1175 cm “ 1.
(d) lg  and benzenesulfonohydrazide furnished under sim ilar conditions a m ixture of 

4e and 4f (to tal yield 46% ). W hen repeatedly extracted  w ith boiling EtO H  or 1-propanol, 
pu re  4f (11%), m.p. 194— 196 °C (from AcOH), was obtained as th e  insoluble residue.

C29H 23BrN20 3S (559.47). Calcd. C 62.29; H  4.14; N 5.01; 4e +  4f, found C 62.17; H  
4.40; N  4.88%.

4f, IR  (K Br): r C = 0  1690, i>S02 1355 +  1170 c m -1.
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Photolysis of 4f*

A nitrogen-purged CHC13 solu tion  (625 ml) of 4f (1.25 g; 2.24 mmoles) was irrad ia ted  
w ith  a high-pressure mercury im m ersion lam p through pyrex until, according to  TLC, th e  
s ta rting  4Í com pletely disappeared (3 h rs). The dry  residue was taken  up in  CH2C12. O vernight 
0.065 g (8% ) of crystalline (3,5-diphenyl-4-pyrazolyl) phenyl sulfone [7], m.p. 302 °C, deposited. 
The d ry  residue of th e  filtrate was tak en  up  in benzene to yield 0.028 g (8% ) of 3,5-diphenyl- 
pyrazolium  benzenesulfonate, m.p. 228— 234 °C, as the insoluble residue. An au th en tic  sam ple, 
obtained  by allowing to  react 3,5-diphenylpyrazole and benzenesulfonic acid in E tO H , had  
m.p. 229—234 °C.

№  (K Br): rN H  3200-2400, r S 0 3© 1180, 1050, 605 c m -1.
The m other liquor of the sulfonate was chrom atographed on a column of A120 3. (Sol

vents: benzene—E tO A c, 4 : 1, and E tO A c.) One of the fractions contained p-brom oa cetophe- 
none (3% ), identified as its  2,4-dinitrophenylhydrazone, m.p. and mixed m. p. w ith an au th en 
tic  sample 230°C, lit. [12] m.p. 235—237 °C.

Reactions of the ketones 4

(a) A m ixture of 4c (0.35 g; 0.69 mm ole), 70%  aq. HC104 (1 ml) and AcOH (1 ml) 
was heated  for 15 m in a t  110 °C and p o u red  in to  w ater. The precipitate was filtered off, w ashed 
w ith  w ater, dried and  stirred  for 30 m in  w ith  benzene a t room tem perature. The insoluble 
p a rt w as recrystallized from  EtOAc to y ield  0.16 g (47.5%) of 2c, identical according to  m .p. 
and IR  spectra w ith  a sample obtained as described above.

(b) 4c was refluxed with toluene fo r 20 hrs in the presence of a cataly tic am oun t of 
p-toluenesulfonic acid. According to TLC, th e  starting  4c was completely converted a t  th is 
point into 2c.

(c) 4c (0.02 g) w as stirred w ith 0.21V ethanolic NaOH (9 ml) a t am bient tem pera tu re . 
(A t e leva ted  tem pera tu res profound decom position takes place.) The m ixture tu rned  dark . 
0.011 g (75%) of 2c, identified  by its IR  spectrum , was obtained.

(d) A m ixture o f 41» (0.20 g; 0.4 m m ole), p-toluenesulfonic acid (0.01 g), 2 ,2-dim ethoxy- 
propane (2.5 ml), anhydrous MeOH and  dioxane (5 ml, each) was refluxed for 4 hrs to  yield 
0.07 g (35% ) of 2b, identified by its IR  spectrum , as the insoluble residue.

(e) A m ixture o f 4d (0.5 g; 0.95 m m ole), 70%  aq. HC104 (1.8 ml) and AcOH (10 ml)
was heated  for 15 m in a t  110 °C and poured  in to  w ater. The precipitate was filtered off, w ashed 
w ith  w ater, dried and stirred  for 30 m in w ith  benzene (100 ml). The insoluble residue was 
ex trac ted  w ith boiling D M F and washed w ith  ho t EtO Ac to yield 0.05 g (10.5% ) of 2d, m .p. 
255_257°C.

C29H 21N30 4S (507.48). Calcd. C 68.63; H  4.17; N  8.28. Found C 68.50; H 4.31; N  7.92% .
IR  (K Br): vN 0 2 1515 +  1350, v© N S02 1280 +  1130 c m -1.
W hen E tO H  was added to the D M F solution, 0.14 g (33.0%) of If, identified by  m .p. 

and IR  spectra w ith an  authentic sample (see above), was obtained.
A lternatively, 2d (0.075 g; 15%) w as isolated from its m ixture w ith I f  by  decomposing 

the la t te r  w ith  boiling 0.51V ethanolic K O H  (8 ml).
The dry  residue of the original benzene solution was worked up by TLC (adsorbent: 

Kieselgel G, Merck; so lvent: benzene-CHCl3-E tO A c, 8 : 1 : 1) to yield 0.03 g (12.5% ) 3(5)-p- 
-nitrophenyl-5(3)-phenylpyrazole, m.p. 274— 276 °C, lit. [13] 272—275°C, and 0.05 g (10.5% ) 
2d, m.p. 255— 257 °C.

( / )  A m ixture (1.0 g; 1.8 mmole) o f 4e +  4f was heated w ith 70% aq. HC104 (4.2 ml) 
in AcOH (13 ml) for 15 m in a t 110 °C, and  poured  into w ater. The crystalline prec ip ita te  was 
filtered off, washed w ith  w ater, dried and tr i tu ra te d  w ith benzene. The insoluble residue was 
recrystallized from M eN 02-A c 0 H  to yield 0.3 g (34% ) of lg , identified by m.p. and IR  spectra  
w ith an  au thentic  sam ple (see above). The d ry  residue of the benzene solution (0.01 g), m .p. 
248—251 °C, proved, according to its IR  spectrum , to be identical w ith 2e.

IR  (K B r): j>©NS0 2 1285 +  1135 c m " 1.
(g) A m ixture of 4e -f- 4 f (2.5 g; 4.5 m m oles) was refluxed for 30 min. w ith 0.3N  e th a 

nolic K O H  (600 ml). A bou t 9/10 of the so lven t was distilled off, and the solution was poured

* The authors are indebted to Mr. T . L o r Xn d  for having performed this prelim  inary  
experim ent.

Acta Chim. (Budapest) 88, 1976



194 LEMPERT-SRÉTER, LEMPERT: HETEROAROMATIC AMMONIO-AMIDATES, V III

into w ater. The solid p roduct w as recrystallized from  E tO H -E tO A c to yield 0.66 g (33%) 
of 2-(p-brom ophenyl)-4,6-diphenylpyridine, m.p. 151— 153°, lit. [10] m.p. 154 °C.

The authors are indeb ted  to  Dr. F . R u f f  and  Dr. Med zih r a d szk y -Sc h w eig er  and 
staffs for th e  IR  spectra and  m icroanalyses, respectively, and to  D r. J .  T amás for the mass 
spectrum .
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R egularities of the solvent polym erization of m onobutyl and m onooctyl itaco- 
nates and  their copolym erization w ith  acrylonitrile were studied; the in itia tion  was 
effected b y  azobis (isobutyronitrile) o r gam m a-irradiation. The m ain characteristic 
k inetic param eters of the hom opolym erization were determ ined. Results of the hom o
polym erization were determ ined. R esults of the copolym erizations have proved unam 
biguously th a t  the higher the po larity  of the solvent, the greater its interaction w ith  the 
m onom ers. T he m edium -dependent dissociation of the free carboxyl groups considerably 
influences the  course of the polym erization and  copolymerization.

M onoalky l itacona tes as o le fin  d ica rb o x y lic  ac id  deriv a tiv es  m a y  su p p ly  
va luab le  new  th e o re tic a l in fo rm a tio n  a b o u t th e  re la tio n sh ip  betw een  s tru c tu re  
an d  p o ly m eriza tio n  reac tiv ity . F u r th e r ,  w hile sev era l pu b lica tio n s deal w ith  th e  
h o m o p o ly m eriza tio n  of itaco n ic  ac id  [1] an d  itaco n ic  d iesters  [2, 3], no d a ta  
are availab le  fo r  m onoalkyl i ta c o n a te s  e x c e p t fo r th o se  rep o rtin g  on som e o f 
th e ir  a p p lica tio n s  in  p rep a ra tiv e  o rg an ic  ch em is try  [4].

The p re s e n t p ap er covers th e  k in e tic  reg u la ritie s  o f th e  y -irrad ia tio n - 
induced  an d  azo b is-iso b u ty ro n itrile  (A IB N )-in itia te d  p o ly m eriza tio n  o f /3-mo- 
n o b u ty l an d  /S-m onooctyl i ta c o n a te  an d  th e ir  copo lym eriza tions w ith  a c ry lo 
n itrile  (AN) in  v a rio u s  so lvents.

E x p e r im e n ta l

The m onom ers were synthesized on th e  analogy of /3-monomethyl itaconate [4]. Before 
use, |8-monobutyl itaconate  (MBI) and /9-monooc.tyl itaconate (MOI) were recrystallized from  
a 1 : 3 m ixture o f benzene and petroleum  ether (m .p. 41°C) and from  pure petroleum  ether 
(m.p. 58 °C), respectively. Kinetic m easurem ents of polym erization were performed by  di- 
latom etry , usually  in  tetrahydrofuran (T H F ) solution of 50% w/w. The polymers from  bo th  
monomers were p rec ip ita ted  by light petroleum . M olecular weight determ ination of the poly
mers was made in T H F  solutions a t 25 °C. The radiation-induced polym erizations were also 
carried ou t in  T H F  solutions by y-irradiation  from  a 60Co source.

Copolym erizations w ith AN were conducted in  various solvents, namely in T H F , 
acetic acid and benzene. The copolymer p roducts were soluble in  chloroform as contrasted  
w ith the hom opolym ers. The composition of copolym ers and relative reactiv ity  ratios o f the 
monomers were determ ined by the K jeldah l m ethod  and by the Finem an-Ross m ethod, 
respectively.

* Paper p resen ted  a t the IUPAC In te rn a tio n a l Symposium of Macromolecules, M adrid, 
Septem ber 19, 1974.

6 Acta Chim. (Budapest) 88, 1976



196 NYITRAI et al.: SOLVENT POLYMERIZATION AND COPOLYMERIZATION

R esu lts an d  d iscussion

K in e tic  curves of th e  p o ly m eriza tio n  o f M B I and  M OI are show n in 
Figs 1 a n d  2, re sp ec tiv e ly , w ith  th e  sam e in i t ia to r  co n cen tra tio n  a t  d iffe ren t 
te m p e ra tu re s .

0 AO 80 120 160 200
t (min)

Fig. 1. K inetic curves of the polym erization of MBI a t  different tem peratures, w ith the same 
in itia to r concentration. (Num bering of the curves corresponds to th a t  in Table I)

0 40 80 120 160 200
t (min)

Fig. 2. Kinetic curves of the polym erization of MOI a t different tem peratures, w ith  the 
sam e initiator concentration . (Numbering of the curves corresponds to th a t in Table II)

The ra te  o f p o ly m eriza tio n  as a fu n c tio n  of te m p e ra tu re  gives 14.42 an d  
14.31 kcal/m ole fo r th e  overall a c tiv a tio n  en erg y  of M BI an d  M O I, re sp ec tiv e ly . 
T h ese  values a re  re la tiv e ly  low  in com parison  w ith  th e  u su a l a c tiv a tio n  e n e r
gies (e.g. th a t  o f th e  po lym eriza tio n  o f m e th y l m e th ac ry la te  is 19.5 kcal/m ole 
[6]). Since th e  a c tiv a tio n  energy  of in itia tio n  b y  A IB N  ( F in) is 30.8 kcal/m ole ,
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i t  follows from  the  above d a ta  th a t  th e  d ifference b e tw een  th e  ac tiv a tio n  en erg y  
of p ro p ag a tio n  (Ep) an d  te rm in a tio n  (1/2 E t) is

E p — 1/2 E t — — 0.98 kcal/m ole fo r M B I an d

Ep — 1/2 E t =  — 1.09 kcal/m ole fo r M O I.

The u n u su a l negative  o r  v e ry  sm all va lu es  o f (E p — 1/2E t) m ay  lead  to  th e  
conclusion th a t  the  a c tiv a tio n  energy o f te rm in a tio n  is v e ry  high due possib ly  
to  s teric  h in d ran ce  b y  th e  b u lk y  su b s titu e n t, as w ell as to  th e  e le c tro s ta tic  
repelling  pow er arising  fro m  th e  p a r tia l d issoc ia tion  of th e  carboxy l g roup  
beside th e  grow ing ra d ic a l. In  ad d itio n , th e  h igh  E t va lu e  an d  a p ro b ab le  
d isp ro p o rtio n a tio n  m ech an ism  of th e  te rm in a tio n  s tep  are  su p p o rted  b y  th e  
re la tiv e ly  low  values o f th e  ch a rac te ris tic  v isco sity , show n in  Tables I  a n d  I I ,  
w here th e  o th e r  d irec tly  o b ta in e d  ex p e rim en ta l d a ta  are also included . F ig . 3 
p resen ts  th e  overall p o ly m eriza tio n  ra te s  a t  60 °C, p lo tte d  ag a in st th e  sq u are  
ro o t o f th e  in itia to r  co n c e n tra tio n ; th e  re la tio n  ap p ears  to  be lin ear in  b o th  
cases. The ch a rac te ris tic  viscosities o f th e  p o ly m er p ro d u c ts  decrease in  
p ro p o rtio n  w ith  the  in c rease  of te m p e ra tu re  an d  th e  in it ia to r  co n cen tra tio n . 
The la t te r  p ro p o rtio n a lly  suggests th a t  ch a in  tra n s fe r  to  th e  m onom er is n o t

Table I

Characteristic data o f the polymerization o f ß-monobutyl itaconate initiated by azobis
( isobutyronitrile)

N o . • T em p. °C
A IB N

c o n c en tra tio n ,
mole/1

M onom er
c o n c en tra tio n ,

mole/1

R a te  o f  p o ly 
m eriza tio n , 

V  • 10* 
mole/1 sec

M .
g/100 m l

l 45 0 .1 2 4 2 .5 4 1 .8 5 0 .1 0

2 50 0 .1 2 4 2 .5 3 2 .7 9 0 .0 9

3 55 0 .1 2 3 2 .5 2 3 .9 5 0 .0 7

4 60 0 .1 2 3 2 .51 5 .1 8 0 .0 6

5 65 0 .1 2 3 2 .4 9 6 .4 4 0 .0 5

6 60 0 .0 1 7 3 .11 3 .8 7 0 .0 8

7 60 0 .0 2 9 3 .11 5 .51 —

8 60 0 .0 5 7 3 .11 7 .9 6 0 .0 7

9 60 0 .1 1 4 3 .11 1 0 .8 0 .0 6

10 60 0 .2 0 1 3 .11 14 .3 0 .0 6

11 60 0 .1 8 0 1 .45 1 .03 0 .0 5

12 60 0 .1 2 3 1.98 1 .8 9 0 .0 6

13 60 0 .0 4 6 2.51 5 .1 8 0 .0 7

14 60 0 .0 4 3 3 .11 9 .9 2 9 0 .0 6

6* Acta Chim. (Budapest) 88, 1976



198 NYITRAI et al.: SOLVENT POLYMERIZATION AND COPOLYMERIZATION

Table II

Characteristic data o f the polymerization o f  ß-monooctyl itaconate initiated by azobis
(  isobutyronitrile)

N o. T em p . °C
A IB N

c o n c en tra tio n ,
m ole/1.

M o n o m er
c o n c e n tra t io n ,

m ole/1

R a te  o f  poly
m eriza tio n , 

V  • 10® 
mole/1 sec

M
g/100 m l

l 40 0.106 2.34 1.87 0.31
2 45 0.108 2.33 2.58 0.28
3 50 0.127 2.32 3.67 0.25
4 55 0.107 2.30 4.47 0.23
5 60 0.111 2.29 6.65 0.19
6 60 0.014 2.29 2.64 0.29
7 60 0.032 2.29 3.12 0.28
8 60 0.084 2.29 4.81 0.21
9 60 0.185 2.29 6.91 0.16

10 60 0.266 2.29 7.97 0.15
11 60 0.418 0.72 0.56 —

12 60 0.236 1.11 1.10 0.18
13 60 0.187 1.49 2.05 0.10
14 60 0.131 1.91 4.10 0.25

c h a ra c te r is tic  o f th e  k in e tic s  o f  p o ly m eriza tio n  of e ith e r  m onom er. F ig . 4 
show s th e  p o lym eriza tion  ra te  as a fu n c tio n  o f the  m onom er c o n c e n tra tio n  a t  
60 °C . I t  is c learly  seen th a t  th e  r a te s  o f h o m opo lym eriza tion  o f M B I an d  
M O I are p ro p o rtio n a l to  th e  sq u are  o f th e  m onom er c o n cen tra tio n . Such a 
q u a d ra tic  func tion  is n o t ra re  [6], th e  ex p o n e n t of th e  m onom er co n c e n tra tio n

0.2 0.4
VX (m oU l) 1/2

Fig. 3. The ra te  of polym erization as a function  of the in itia to r concentration a t 60 °C

Acta Chim. (Budapest) 88, 1976



NYITRAI e t al.: SOLVENT POLYMERIZATION AND COPOLYMERIZATION 199

[M]
10

Fig. 4. The rate  of polym erization as a function of the square of monomer concentration
a t  60 °C

2
ZoM03 m o|/l

Fig. 5. D uration  of the inhibition period as a function of the concentration of Banfield-radicals

is h ig h er th a n  th e  u n ity  fo r  g re a t m a n y  m onom ers in  th e ir  k in e tic  eq u a tio n s  
and  even  an  exp o n en t o f 2 is n o t  ex cep tio n a l. F o r th e  fu r th e r  ch a rac te riza tio n  
of th e  k in e tics  of p o ly m eriza tio n , th e  ra te  o f th e  in itia tio n  s tep  w as also d e 
te rm in ed  b y  m eans o f th e  B a n fie ld -rad ica l w hich has p ro v ed  su itab le  fo r such  
purposes [7]. F ig. 5 re p re se n ts  th e  in h ib itio n  period  (i,) p lo tte d  ag a in st th e  
co n cen tra tio n  of in h ib ito r  (z0) d e m o n s tra tin g  th a t  th is  re la tio n  is linear. T he
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Table III

K inetic data o f the polymerization o f ß-monobulyl itaconale inhibited by Banfield -radicals

N o.
A IB N

c o n c en tra tio n ,
mole/1

In h ib i to r
c o n c en tra tio n ,

mole/1

In h ib itio n
period ,

sec

R a te  o f  po ly 
m eriza tio n ,

V  • 105,
mole/1 sec

R a te  o f 
in i t ia t io n , 

V { • 10’ 
mole/1 sec

1 0.056 — — 7.34 9.01
2 0.058 0.009 1 000 7.23 8.57
3 0.057 0.0014 1 560 7.12 8.97
4 0.056 0.0019 2 100 6.91 9.05
5 0.057 0.0024 2 700 6.90 8.89
6 0.055 0.0028 3 090 6.91 9.06

Table IV

K inetic data o f the polymerization of ß-monooctyl itaconate inhibited by Banfield-radicals

No.
A IB N

c o n c e n tra t io n , 
mole/1

In h ib ito r
co n c en tra tio n ,

mole/1

In h ib itio n  
p e rio d , 
t f , sec

R a te  o f po ly 
m eriza tio n ,

V  • 106, 
mole/1 sec

R a te  o f  
in it ia t io n ,

\ i  • 1 0 7
mole/1 sec

1 0.014 — — 5.03 6.67
2 0.107 0.0019 1 440 4.95 13.19
3 0.104 0.0026 2 700 4.33 9.63
4 0.108 0.0036 5 400 4.11 6.66

5 0.109 0.0044 6 900 3.90 6.37
6 0.106 0.0051 7 980 3.20 6.39

o th e r  ex p e rim en ta l co n d itio n s are co llected  in  Tables I I I  an d  IY. F rom  th e  
ra te  of in itia tio n  a n d  fro m  th e  overall ra te  o f th e  process,

kp/kt1̂ 2 can be c a lc u la ted  w hen  th e  c o n cen tra tio n  of th e  m onom er is know n: 

kp/kt1'2 =  8.1 • IO “ 3 m ole-3/2ii t3/2sec-i/2  (for M BI a t 60 ° Q

kp/k11/2 =  11.7 • IO " 3 m ole-3/2li t3/2sec - 1 / 2  (fo r M 0 I at  60 °C).

The ra tio s  o f th e  p ro p ag a tio n  c o n s ta n t (kp) to  th e  te rm in a tio n  c o n s tan t 
(kt) are qu ite  h igh  fo r b o th  m onom ers in d ica tin g  a re la tiv e ly  high re a c tiv ity  of 
th e  grow ing ra d ic a l. A ccord ing  to  th e  ex p e rim en ta l re su lts , th e  chain  len g th  of 
th e  e ste r group in  th e  m onoalky l ita co n a te s  does n o t in fluence  app reciab ly  th e  
m ag n itu d e  of kp/ktl12. As th e  ra te  of in itia tio n  is know n , th e  rad ica l u tiliza tio n
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fac to r  can  be ca lcu la ted . The decom position  c o n s ta n t (kd) is c a lc u la te d  fo r  
A IB N  a t  60°C, accord ing  to  T obo lsky  an d  app lied  fo r th e  u tiliz a tio n  fa c to r :

/ a i b n  — 0-90 (for M B I a t  60°C)

/ a i b n  =  0-40 (for M OI a t  60°C).

F ig . 6 show s th e  k ine tic  curves of th e  y -rad ia tio n -in d u ced  p o ly m eriza tio n  
of M B I a n d  M O I a t  th e  sam e dose ra te  a t  d iffe ren t tem p era tu res . I t  can  be 
seen th a t  th e  ra te  of p o lym eriza tion  does n o t d ep en d  on th e  te m p e ra tu re . In  
v iew  o f th e  A rrh en iu s  law , i t  m eans th a t

E p -  1/2 E t =  0

since Ein =  0, in  b o th  cases. I t  also suggests a re la tiv e ly  h igh ac tiv a tio n  en e rg y  
o f te rm in a tio n  w hich is in  good ag reem en t w ith  th e  exp erim en ta l d a ta  o f  th e  
A IB N -inc(uced p o lym eriza tions. F ig . 7 show s th e  lin e a r  re la tion  b e tw e e n  th e

15

10

120 240 360
1 (min)

Fig. 6. K inetic curves of the radiation-induced poly meri zation”of MBI and MOI a t  d ifferent 
tem peratures, w ith  the same dose rate. (MBI: + 6 0  °C; © 50 °C; A  40 °C; MOI: X 6 5 °C ;o '5 5 °C ;

•  45 °C.)

Fig. 7. R ate  of th e  radiation-induced polym erization of MBI and MOI as a function of th e  
dose rate  a t 60 and 65 °C, respectively
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ra te  o f  th e  rad ia tio n -in d u ced  p o ly m eriza tio n  a n d  th e  square ro o t o f th e  dose 
ra te . T h e  ex p e rim en ta l cond itions and  th e  c h a ra c te r is tic  d a ta  o f th e  p o lym er 
p ro d u c ts  are p re sen ted  in  Tables У  an d  V I. T he m olecular w eigh ts o f  b o th

Table V

Characteristic data o f the polymerization o f ß-monobutyl itaconate initiated by gamma-irradiation

N o. T e m p er
a tu re ,  °C

D ose ra te ,  
r /h r  • 10<

M onom er
c o n c en tra tio n ,

mole/1

R a te  o f  poly
m eriza tio n ,

%/hr
h i

g /100 m l

l 40 2.04 3.16 3.57 0.33

2 50 2.04 3.14 3.57 0.32

3 60 2.04 3.11 3.57 0.31
4 60 1.48 3.11 2.97 0.31

5 60 3.03 3.11 4.32 0.29

Table VI

Characteristic data o f the gamma-radiation-induced polymerization o f ß-monooctyl itaconate

N o. T e m p er
a tu re , °C

Dose r a te  
r /h r  • 10«

M onom er
c o n c e n tra t io n ,

mole/1

R a te  o f  poly
m eriza tio n ,

% /h r
h i

g /100 m l

l 45 2.04 2.33 4.5 0 . 2 0

2 55 2.04 2.30 4.5 0.14

3 65 2.04 2.28 4.5 0.14
4. 65 1.48 2.28 2.7 0.13

5 65 3.03 2.28 4.8 0 . 2 0

p o ly m ers  fo rm ed  in  th e  h igh-energy  rad ia tio n -in d u ced  p o ly m eriza tio n  are 
e ssen tia lly  in d e p e n d e n t of th e  dose ra te  a n d  te m p e ra tu re .

C om position  curves fo r th e  co p o ly m eriza tio n  of M BI w ith  A N  are show n 
in  F ig . 8 using  ace tic  acid, te t r a h y d ro fu ra n  an d  benzene as so lven t. I t  is 
re a d ily  seen th a t  th e  azeo trop ic  com position  of th e  copo lym eriza tion  curves 
is sh ifted  b y  th e  so lv en t in th e  sequence: ace tic  acid, te tra h y d ro fu ra n , benzene. 
T he sam e is v a lid  fo r th e  MO I/A N  sy stem  (F ig . 9).

The re la tiv e  re a c tiv ity  ra tio s  an d  Q-e va lues are co llected  in  T able V II . 
I t  is fo u n d  th a t  th e  V  values of M B I an d  M O I are g e tting  m ore n egative  w ith  
th e  ab ove-m en tioned  sh ift o f th e  azeo tro p ic  com position  in d ica tin g  th a t  th e  
d issoc ia tion  of th e  free carboxy l g roups is g e ttin g  h igher d epend ing  on th e  
so lv en t. I t  is also rev ea led  b y  T able V II  t h a t  a change in  th e  so lven t from  b e n 
zene to  acetic  ac id  m ark ed ly  a lte rs  th e  copo lym eriza tion  c o n s ta n ts . U n d er th e  
co p o ly m eriza tio n  cond itions em ployed , th e  free carboxyl groups o f th e  M B I
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Fig. 8. Composition curves for the copolym erization of MBI in various solvents, (A Acetic 
acid, о te trahydro fu ran , +  benzene)

Fig. 9. Composition curves for the copolym erization of MOI in various solvents. (Л Acetic 
acid, о te trahydro fu ran , +  benzene)

Table VII

M o n o b u ty l i ta c o n a te  M onoocty l i ta c o n a te

S o lv en t rAN rMBI Om b i eMBI rAN ГЖ 01 <?MOI CMOI

Benzene 0.15 0.72 0.92 — 0.29 0 . 2 0 0 . 8 8 0.90 —  0 . 1 2

Tetrahydrofuran 0 . 2 0 0.42 0.45 — 0.37 0.30 0.45 0.37 — 0 . 2 1

Acetic acid 0.25 0 . 2 0 0.30 — 0.53 0.40 0 .1 1 0.18 —0.58

an d  M O I m olecules m ay  p re su m ab ly  be p re se n t in  a m ore or less d issoc ia ted  
s ta te , d epend ing  on th e  so lven t, accord ing  to  th e  following p a t te rn :
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c h 2- c o o r  
I

CH2= C
I
COOH

CH2—COOR
I

CH2=C

COO- +  H +

c h 2- c o o r
I

-CH 2- C -  +
I

COO-  +  H +

c h 2- c o o r

Ch 2- c

COO-  +  H +

A ccord ingly , a p a r t  o f th e  m olecules invo lved  in  th e  p o lym eriza tion  becom es 
free rad ica l w ith  n eg a tiv e  charge, ac tin g  as a de fin ite  e lec tro n  donor. T his is 
su p p o rte d  by  th e  Q-e va lues as well. In  a d d itio n , th e  n eg a tiv e  sh ift of th e  ‘e’ 
v a lu es  m ay  also be ex p la in ed  by  an  in te ra c tio n  of th e  so lven t m olecules w ith  
th e  m onoalky l i ta c o n a te  m olecules, con tro lled  b y  th e  p o la r ity  of th e  so lven t, 
re su ltin g  p ro b ab ly  in  a hyd rogen -bonded  com plex , a f te r  b reak in g  dow n th e  
o rig inal hydrogen  b o n d s in  itaco n a te  d im ers:

r f 2C-

H 2C-

-C H 2

>
-CH2

II
НО—с — C— CH2-C O O R

II
CH2

This effect causes a p a r tia l io n iza tion  of th e  ca rb o x y l groups en h an c in g  
th e  e lec tro n  d e n s ity  on th e  C =  C double b o n d . T h is explains w hy th e  ‘e’ 
v a lu es  o f M BI a n d  M O I are g e ttin g  m ore n e g a tiv e , while th e  Q values are  
re d u ced  in  th e  sam e sequence. I t  m ay  p ro b a b ly  he  due to  th e  fac t t h a t  th e  
com plex  form ed fro m  m onoalkyl ita c o n a te  an d  th e  so lv en t has reduced  m o b il
i ty  in  th e  reac tio n  w ith  th e  rad ica l, owing to  s te ric  h ind rances.
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G. A. G o r o k h o v s k i i : Dispersion Polymers and Metals in  Dynamic Contact 

K iev, N aukova D um ka, 1972. pp. 152 X (in Russian)

Plastics are widely used in the modern technical design of frictioning mechanical 
constructions. This fac t emphasizes particularly  the significance of the physicochemical and 
m echanical phenomena occurring a t the surface of metals in con tac t w ith  plastics.

The study of such phenom ena is difficult because the m oving connections function 
under complicated ex ternal forces. Besides, frictioning m etal-p lastics surfaces constitu te a 
heterogeneous system. The m onograph of G. A. Go r o k h o v sk ii discusses the mechanism of 
surface dispersion of dynam ically contacting plastics and m etal surfaces in detail. Modern 
m ethods which have been elaborated by the author are described. These make it  possible to 
control such processes and hence perm it advantageous alterations in the structure and m echan
ical properties of the contacting  layers.

The problems discussed in the m onograph can be divided into two close connected 
sections. In  the first p a rt the au thor gives a survey on the relationships of the surface disper
sion processes taking place on the dynam ic contact of polym er and m etal surfaces as well ori 
the parallel structural changes w ith particu lar emphasis on the mechanochemical process 
a t the boundary layers. Among these processes a novel feature of the mechanically degraded 
active polym er is described — nam ely, it  activates the dispersion of the solid m etal surface. 
These phenomenon play an im portan t role in the processing technologies of metals.

In  the second p a rt the au thor describes in detail the effect of the external low-molecular 
m edium  on the dispersion of contacting polym er-m etal surfaces. A particu larly  detailed descrip
tion is given of the effect of gaseous, organic and electrolytic m edia on the structural changes 
on the contacting surfaces and on the mechanochemical processes a t  the interlayers.

I. Physicomechanical properties of polymers and metals.
II . Dispersion of and structu ral changes in polymers due to frictional load.
I I I .  Dispersion of and structu ra l changes in metals in dynam ic contac t w ith polymers.
IV. Effect of the m edium  on the dispersion of contacting polym ers and metals.
V. Mechanism of surface dispersion in moving, hinged plastics m etal joints.
The book was w ritten  for scientists and engineers, particularly  for materials specialists 

and those interested in physicochemical mechanics.
G y . H a r d y

Trends in Macromolecular Science. M idland Macromolecular Monographs. Vol. 1.

Edited by H ans Georg Elias. Gordon and Breach Science Publishers, London, New York,
Paris 1973. pp. 131.

This volume contains the lectures which were given a t the Scientific Symposium held 
on the occasion of dedication of the M idland Macromolecular In s titu te .

The first p art of the book carries the dedication addresses and a description of the 
Midland Macromolecular In s titu te . One can perfectly agree w ith the program  of the newly 
established institu te. (Synthesis of macromolecules of industrial and biological significance, 
their reactions, physical properties, superm olecular structure and processing).

Two short lectures by  Nobel Prizewinner Professor P. J . F lo r y  (The Challenge to 
Macromolecular Science, Molecular Configurations in Bulk Polym ers) are followed by Profes
sor Ch. G. Ov e r b e r g e r ’s sum m ary of his investigation on the synthesis of polymers contain-
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ing biologically active groups and  their behaviour as polym er reagents, en titled  “ Organic 
C hem istry of Macromolecules” . In  the lecture of Professor M. Ca lv in  the chemical composition 
and form ation of the secondary and te r tia ry  structures of polypeptides and  polynucleotides 
as well as their biological functions in  the living cell, self-organizing behaviour, physicochem
ical problem s of cell fo rm ation  and the chem istry of life in molecular and supermolecular 
aspects of cellular systems are briefly  outlined.

“ Polymers in Medicine”  is the title of the lecture of D. J . Ly m a n . He gives a description 
of the  behaviour of plastics in  con tac t w ith  the cardiovascular system  in th e  living organism 
and  explains the possibilities of achieving a b e tte r com patibility. These experim ents are very 
prom ising from the view points of the replacem ent of dam aged organs and diseased tissues.

The paper by E. H . A n d r e w s  “ Sructure-Property  Relationships in  a Polym er”  gives 
an  idea about the control o f th e  structure  of solid polym ers a t a higher th a n  the molecular 
level and  about the w ay of achieving the desired physical properties.

The last lecture in  th e  book is th a t by T. A l f r e y , “ Mechanical Fabrication  of Thermo
p lastic  Polym ers” . I t  deals w ith  those factors w hich are a t  our disposal for influencing the 
p roperties of a polymeric end-product (uni-and biaxial orientation, composites: fiber reinforce
m en t, m ulti-layer films).

Most of the speakers are pioneers of the areas of macromolecular science they have 
surveyed. Particularly valuable parts  of their lectures are those which review  the historical 
background  of the area and  expound the present trend  of evolution. The in ita tion  of this 
series of monographs is a welcome event and the specialists expect its continuation  w ith great 
in terest.

G y . H a r d y

Advances in Polymer Science. Vol. 12.

Springer Verlag, B erlin—H eidelberg—New York, 1973. pp. 190, 63 Figures.

Four reviews are published in volum e 12 of the series Advances in Polym er Scienc.
The review by K . Osaki “Viscoelastic Properties of Dilute Polym er Solutions”  gives a 

good survey on the theories and  experim ental m ethods concerned w ith  th is field. Particularly 
valuable are the chapters abou t the viscoelastic properties of infin itely  dilute solutions of 
flexible polymers and ab o u t th e  viscoelastic behavior determ ined in a wide frequency range, 
because these can be considered as the firs t surveys of these topics. The au thor points out 
p roperly  th a t in the las t decade sufficient experim ental da ta  have been accum ulated about the 
conditions influencing th e  behaviour of polym er solutions namely, abou t the effects of fre
quency , different polym ers and  solvents, tem perature  and molecular weight. The comparison 
of these data  w ith th e  theories consolidated h itherto  makes it  necessary to investigate the 
hydrodynam ic properties of dissolved polym er molecules and to describe on molecular basis 
th e  behaviour of dissolved polym er molecules a t high frequencies.

W . L. Carrick  in  his review, entitled  “ The Mechanism of Olefin Polym erizations by 
Z iegler-N atta Catalysts”  undertakes a difficult task . On these ca ta lyst system s m any reports 
and  large volumes of comprehensive books have already been published. The cocatalyst 
in teractions, the natu re  o f active sites, the polym erization m echanism , the activation of ole
fins and the stereoregularity are the problem s which are promised by the au thor to be elucidat
ed. Answers are furnished for all these problem s b u t w ithout supporting the statem ents by 
suitable experimental evidence. Hence, no t too m uch is told to  readers who are experienced 
in  macromolecular chem istry.

The survey of C. T o si and Cia m p e l l i, “ A pplications of In frared  Spectroscopy to E thy 
lene-Propylene Copolymers”  is an excellent and system atic sum m ary of inform ation on the 
title  subject which is sca ttered  here and there in the literature. The m ost outstanding chapters 
are those about the s tru c tu ra l analysis of C2— C3 random  copolymers, the distribution of C2 
an d  C3 units, the crysta llin ity  and the infrared analysis of C2— C3 diene terpolym ers.

The “ ESR S tudy  of Photodegradation  of Polym ers”  by K. T s u j i  is im portant from 
b o th  the theoretical and  the practical points of view. After a short in troduction  on the funda
m en ta l steps in the photodegradation  of polymers, a system atic description follows about the 
radicals which are produced under UV irradiation  on different polym ers and are detectable 
b y  E SR  spectroscopy. The knowledge of the structure of these d ifferent radical products 
furnishes im portant inform ation about the mechanism of photodegradation  processes for 
several polymers. This inform ation is essential for the photostabilization of polymers or to  
produce polymer system s w hich are decomposing under the influence of light.
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The four reviews included in  Volume 12 of Advances in Polym er Science are indeed 
concerned w ith  im portan t and tim ely problem s of polymer physics and chem istry. The work 
of specialists in terested in the subjects covered by this volume can be greatly  prom oted by 
these surveys.

G y . H a r d y

13C — Kernresonanzspektroskopie. J .  T . C l e r c , E . P r e t s c h  a n d  S . S t e r n h e l l : 

Methoden der Analyse in  der Chemie, Vol. 16.

Akademische V erlaggesellschaft, F rankfu rt am Main, 1973, pp. 142.

A very  useful book. P a rt of th e  A nalytical Methods in Chemistry Series of the German 
A cademic Press, this small-size, hard  cover volum e gives the organic chemist readable in tro 
duction to  th e  basic principles, and a p ractical guide to the use of the Fourier tansform  car
bon-13 N M E  method.

Since the advent (in the early  70’s) of commercially available, com puter-controlled 
Fourier transfo rm  (FT) NMR instrum ents, 13C NMR (or CMR) spectrom etry has become a 
powerful research  tool. Its successful application  in organic and hioorganic studies is widely 
docum ented in a fast growing body of publications. Although similar in m any respects to the 
more fam iliar p roton NMR, Fourier transform  carbon-13 resonance offers a num ber of distinc
tive new features th a t m ay extensively be exploited to enhance the am ount and quality  of 
chemical inform ation. Most of these features are related to the novel experim ental technique 
term ed Fourier transform  NMR m ethod. W hen initiating his knowledge in carbon-13 NMR 
spectroscopy, the chemist has therefore to  learn  some basic FT instrum entation  and  experi
m ental techniques in addition to the fundam ental correlations between 13C NM R spectral 
param eters — chemical shifts, coupling constants, relaxation times — and chemical structure . 
The existing tex ts  by L ev y  and N e l so n  (Carbon-13 Nuclear M agnetic Resonance for Organic 
Chemists) and  b y  Stothers (Carbon-13 NMR Spectroscopy) provide excellent in troduction  
and reference sources on these m atters. This new book, nevertheless, seems to fulfil an  im por
ta n t task : i t  is aim ed mainly a t in itia ting  the firs t steps of the novice in this new field. Clarity 
ra th e r th a n  completeness, outline style instead of detailed explanations are the v irtues th a t 
had  helped the authors in achieving the ir goal.

The book m ay be divided into two m ajor sections. Three in troductory  chapters give a 
first insight in to  the basic principles of a pulsed Fourier transform  NMR experim ent, explain 
the im portance and nature of relaxation  processes and provide some general inform ation 
on carbon-13 chemical shifts and 13C — 4 1  coupling constants. The rem aining four chapters 
are devoted to  practical aspects of CMR. This section of the book includes (in th a t  order) a 
brief description of various types of heteronuclear 13C — {111! double resonance experim ents, 
a p resen ta tion  of NMR solvents, solvent effects on carbon-13 chemical shifts and reference 
substances, extensive tables of chemical shifts for the m ajor classes of organic com pounds, 
including ad d itiv ity  param eters and easy-to-use simple formulas to predict shift values for 
individual carbons. By far the greatest in  volum e (83 pages), th is chapter is in troduced  w ith 
a  brief discussion of the basic assignm ent techniques and the da ta  tables for each class of 
com pounds are complete w ith references to  leading articles. The final chapter deals w ith  some 
fundam ental aspects of Fourier transform ation, selection of experim ental param eters, p rac ti
cal h in ts for d a ta  acquisition and m ajor in strum en tal requirem ents.

L . R a d io s

P .  S y k e s : Reaktionsaufklärung. Methoden und Kriterien der organischen Reak- 
tionsmechanistik

V erlag Chemie Physik Verlag, W einheim , BRD Taschentext. B and 8. 1973

Die erste Ausgabe des Buches erfolgte in  englischer Sprache im Verlag L ongm an 
Group L td . (London) im Jahre 1972 und kann  als Ergänzung des w eitverbreiteten, in vielen 
Auflagen erschienenen Buches des Verfassers (Reaktionsm echanism en der organischen Chemie 
— eine E inführung. 5. Aufl. Verlag Chemie, 1972) betrach tet werden. Es werden hier die

Acta Chim. (Budapest) 88, 1976



208 RECENSIONES

M ethoden und  Wege behandelt, deren Anwendung bzw. Befolgung die Aufklärung des Mecha
nism us der untersuchten R eaktion  ermöglicht. Der erste A bschnitt e rö rte rt die Bedeutung 
der kinetischen D aten und  g ib t ein kurzgefaßtes (insgesam t etw a 40 Seiten), gut nutzbares 
Bild über das zu Verfügung stehende, Chemiker jedoch für den n ich t im mer übersichtliche 
K enntnism aterial. Der zweite A bschnitt behandelt die Anwendungsm öglichkeiten m arkierter 
V erbindungen, der dritte  die verschiedenen Verfahren zum  U ntersuchen der reaktiven In te r
m ediäre. Die Zusamm enhänge zwischen Mechanismus und  Stereochemie werden in einem 
re la t‘v  größeren Umfang behandelt, zunächst allgemein und  danach an Beispielen von Substi
tu tions-, Additions-, E lim inations- und U m lagerungsreaktionen. Im  fünften  A bschnitt werden 
Zusam m enhänge zwischen S tru k tu r und Reaktions bereitschafterörtert; hier wird die H am - 
m ett-G leichung sowie die lineare Beziehung der freien Energie diskutiert. Im  letzten A bschnitt 
w ird — anhand von konkreten  Beispielen — die m ühsam e, aufregende, le tz ten  Endes jedoch 
stets eine hohe intellektuelle Genugtuung bereitende A rbeit der A ufklärung des R eaktions
m echanism us vorgeführt. D as Buch ist im dem für den Verfasser cbarak teri tistisclicrv klaren 
Stil geschrieben und läß t sich m it Genuß lesen. Es ist höchst lobenswert, daß der V erlag Che
mie dieses Buch nun auch den nur deutsch lesenden Chemikern zugänglich gemacht ha t.

B and 15. Herausgegeben von H . Friebolin. NM R-Spektroskopie. Eine E inführung mit Übun
gen. 1974.

Im  ersten Augenblick erscheint es als ein fast unmögliches U nterfangen in einem U m 
fang von  nur 210 Seiten ein um fassenden Bild der K ernresonanzspektroskopie zu geben, dieser 
gegenw ärtig in der chemischen Forschung bereits unerläßlichen physikalischen Methode der 
S truk tu rau fk lärung , die w ährend ihrer 25jährigen L aufbahn  einen fabelhaften Aufstieg erlebt 
h a t un d  deren Ergebnisse in  H underten  von Büchern behandelt wurden. Nach dem Lesen des 
B uches überzeugt m an sich dennoch, daß seine V eröffentlichung in der Taschentext-Folge 
ein gute Idee war. Der Leser gelangt zu einem w ertvollen K enntnism aterial und lernt n icht 
nur die Grundprinzipien und  wichtigsten Anwendungsm öglichkeiten der NMR-Spektroskopie 
kennen, sondern auch einige völlig neue, spezielle Ergebnisse, so z.B. die Protonenresonanz
spektroskopie an H ochpolym eren, die 13C-Resonanzspektroskopie und kann sogar über die 
zur Zeit nu r begrenzt angew endeten “ chemical-shift” -Reagenzien lesen. Die Übungsbeispiele 
im zw eiten Teil erleichtern das Üben dieser w ichtigen M ethode, w ährend die L iteraturverzeich
nisse am  Ende der einzelnen A bschnitte zur allgemeineren O rientierung Hilfe leisten. Das 
B uch sollte seinen P latz au f dem  Bücherregal eines jedem  organischen Chemikers finden, der 
In teresse für das Neue ha t.

G y . D e á k

I . R o u t h : Experiments in  Organic and Biochemistry

W. B. Saunders Co., Philadelphia — London — Toronto 1974 V III  +  172 pp.

The linking together o f the two large disciplines, chem istry and biochem istry, in the 
course of university  teaching, is not w ithout its problem s both  from the scientific and the 
d idactical point of views. As far as practical work is concerned, a special problem is posed by 
a ttem p ts  a t an intensive u tilization  of the generally very  little  tim e granted for this in the 
curricula; th is means the selection of experiments th a t  can be carried ou t w ith simple equip
m ent y e t are really instructive and of a high level.

Those who are acquain ted  w ith “Essentials of General, Organic and Biochem istry” 
by R o u t h , E y m an , and B u r t o n  (2nd ed. 1973) will peruse th is newer, short book w ith much 
in terest since it  approaches the same domain from the practical side.

The dominance of an organic chemical view is obvious a t the first glance; th is is reflected 
by the arrangem ent of the chapters of about equal length , viz.: 1. In troduction  to laboratory  
techniques. 2. In troduction  to  organic compounds. 3. H ydrocarbons. 4. Alcohols, ethers, al
dehydes and ketones. 5. Acids, salts, esters, amides and  amines. 6. Heterocyclic compounds. 
7. Carbohydrates. 8. Lipids. 9. Proteins. 10. Nucleic acids. 11. Enzymes. 12. Digestion and 
m e tabo lism -13. Body fluids. 14. Drugs.

However, also the experim ents in organic chem istry contain work of biochemical re
levance, e.g. 7. — 9. F erm en tation  of carbohydrates.

Generally the experim ents are started  w ith some preparative task  and this is followed 
in  every  case by a m anysided study of the properties of the substances involved. This is a 
very valuable feature of th e  book and one which raises it  above the level held by most of a 
sim ilar kind. Y et we th in k  th a t  the usefulness of th is book is due prim arily to the question- 
answ er sections which follow the experim ental parts. These form a link between the theoretical
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problems of chem istry and biochem istry and thus ensure th a t the carrying ou t of the experi- 
m ents will be more than  simple m echanical work according to directions.

Among the experim ents choice by preference and amplification on the basis of individual 
experiences are possible. The whole work is easy to survey so th a t it  can be recom mended for 
use by those who do no t study  chem istry or biochem istry as their principal subject, e.g. for 
medical or agricultural students.

Numerous formulas and figures make this book very expressive and easy to handle.

P .  N Á N Á S I

I. H argittai: The Electron Diffraction Interatomic Distance* First part of Yol. 21. 
of the series “A kém ia legújabb eredm ényei” (in Hungarian)

Akadémiai K iadó, B udapest, 1974. pp. 173.

The accurate geom etry of small and m edium  size molecules can be studied w ith the 
aid of electron diffraction in the gas phase, combined with the m ethods of spectroscopy. The 
molecular geom etry can be described in term s of the interatom ic distances obtained from the 
“ radial d istribution” and refined in a proper least squares adjustm ent of the weighted function 
of the “ molecular in tensity” . Theoretically, a rigid molecule consisting of n atom s can be 
constructed from n(n-1)/2 interatom ic distances (i.e. in the gas phase there is no way to  fix 
the molecules in a vector space as it can be done in the crystalline state), if the num ber of atom s 
is no more th an  20—30 and if these distances are free of distorsion. In  practice, however, the 
“ equilibrium ”  interatom ic distances differ from  the “ average”  interatom ic distances m easured 
by electron diffraction, owing to the ro tational and vibrational m ovem ents of the molecules. 
Among the v ibrational effects the well-known “ shrinkage”  effect m ight be mentioned, which 
has the greatest influence upon the observed interatom ic distances. On the other hand, e.g. 
the in ternal ro ta tion  of the molecules is no t only a source of problems, b u t it  is of great im por
tance in structu ral chem istry revealing the conform ational equilibria in the gas phase. The 
problems are due to  the fact th a t the num ber of the most probable conformers, especially if 
the num ber of atom s is great, increase the d isturbing coincidences betw een the identical or 
nearly identical interatom ic distances formed betw een different kinds of atom s. This “ burden”  
of the electron diffraction m ight generally be elim inated by the complex application of the 
results of microwave and IR  spectroscopy.

These questions of the gas electron diffraction method are discussed in the well-written 
booklet of H a r g it t a i. In the first chapter he presents a good comparison of the methods 
of diffraction and spectroscopy from the po in t of view of the accurate determ ination of the 
interatom ic distances and molecular geometry. In  the second chapter the au thor deals w ith 
the theory  (using clear m athem atics) and technique of the gas electron diffraction m ethod, 
using his own rich contribution to both  the technique and structure analysis as examples. 
The th ird  chapter presents a description of the so-called “average structures” . The fourth  
and fifth  chapters are devoted to the discussion of the problems of v ibrational effects and 
large-am plitude intram olecular motions. The six th  chapter gives several examples for the suc
cessful com bination of data  obtained by electron diffraction and spectroscopy in the analysis 
of molecular structures. The booklet is concluded by an ample list of references.

I t  is a pleasure to recom mend this w ork to anyone (especially to erystallographers, 
quan tum  chemists, spectroscopists etc.) who are interested in the analysis of molecular struc
tures by electron diffraction in the gas phase. I t  is highly recom inendable to translate  this 
booklet into English or any other foreign language.

A. KÁLMÁN

J . S c h o r m ü l l e r : Lehrbuch der Lebensmittelchemie. Zweite, völlig  neubearbeitete  
A uflage

Springer-Verlag, Berlin—H eidelberg—New York 1974, 831 Seiten

Die Lebensprozesse des menschlichen Organismus sind m it ständigem  Stoff- und E ner
gieverbrauch verbunden. Der Mensch benötig t also stets Lebensmittel, und  zwar, in engem 
Zusam m enhang m it dem Anstieg der Bevölkerung der Erde, immer mehr und immer bessere
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landw irtschaftliche P roduk te  und  Lebensmittelerzeugnisse, welche die m it den zeitgemäßen 
Erkenntnissen  der Ernährungsw issenschaft konform en Bedürfnisse auch qualitativ völlig 
befriedigen. In  der gegenw ärtigen Entw icklungsphase der Lebensmittelchem ie, die sich 
zwangsläufig m it der H erkunft, der quan tita tiven  und  qualita tiven  Zusamm ensetzung, der 
H erstellung, K onservierung u n d  Kontrolle der Lebensm ittel befaßt, handelt es sich folglich 
n ich t allein um  die zur B eurteilung der Reinheit, der U nverfälschtheit usw. unerläßlichen 
P aram eter sowie um  die zu V eränderungen derselben führenden A uswirkungen der Produktions
und Industrieverfahren, sondern es müssen auch jene V eränderungen erschlossen werden, die 
verschiedene physiologische u n d  nichtphysiologische Faktoren in den Rohstoffen und Fertig
p rodukten  hervorrufen sowie die Möglichkeiten ihrer V erhinderung, dam it die Lebensm ittel
technologie diese E rkenntn isse  nu tzbar machen kann. Die Lebensm ittelchem ie muß bestreb t 
sein, die Zusammenhänge zwischen der S truk tu r der in den Lebensm itteln vorkom menden 
V erbindungen und ihren organoleptischen Eigenschaften, sowie Zusamm enhänge zwischen 
S tru k tu r und physiologischer W irkung zu klären. Aus dem Gesagten folgt, daß die moderne 
Lebensmittelchem ie angew andte Biochemie ist, die m it der E rkenntnis rechnet, daß Lebens
m itte l dynamische System e, sich ständig verändernde Stoffe, P rodukte  von Lebensprozessen 
sind, die der A ufrechterhaltung von Lebensprozessen dienen; zugleich m uß es aber die zeit
gem äße Lebensmittelchem ie auch ermöglichen, das gesam te — oft enzyklopädische — K enn t
nism aterial auffindbar zu m achen, das den Fachm ann für den K am pf gegen die auch gegen
w ärtig  vorkom m enden M ißbräuche m it Lebensm itteln rüste t. Alldies is t eine große und  
äußerst komplexe Aufgabe, deren zufriedenstellende Lösung noch durch verschiedene d idak
tische Überlegungen erschw ert wird, nämlich durch die Leürgangvorschriften des betreffenden 
Landes bzw. der betreffenden Hochschule, für die das L ehrbuch der Lebensmittelchemie 
bestim m t ist.

Professor Sc h o r m ü l e e r , dieser seit dem Erscheinen seines Buches leider verschiedene, 
hervorragende Fachm ann und  W issenschaftler, em eritierter Professor des Lehrstuhls für 
Lebensmittelchem ie und  Lebensmitteltechnologie der Technischen Hochschule Berlin-Charlot
tenburg , veröffentlichte sein Lehrbuch erstmals 1961, fundiert auf gründliche Erwägungen 
aller Erfahrungen eines langen, erfolgreichen Lebens, später arbeitete er das Werk völlig um , 
u n te r Berücksichtigung der stürm ischen Entw icklung der Theorie und  Praxis, und diese zweite 
Auflage gelangte 1974 in  die H ände der interessierten Leser. Im  W erk sind, über lebensm ittel- 
chemische K enntnisse im  engeren Sinne, auch die Technologien kurz zusam m engefaßt, welche 
die Zusammensetzung u n d  Q ualität der Lebensm ittel unm itte lbar beeinflussen; gesetzliche 
Bestim m ungen zur Regelung der Q ualität und des V ertriebs von Lebensm itteln sind ebenfalls 
kurz berührt. Biochemische Beziehungen werden nur im  notw endigsten Ausmaß und  in  sol
chen Fällen erörtert, wo ihre K enntnis zum V erständnis des Vorgangs unerläßlich is t (z.B. 
Ranzigwerden, A ntioxidanzien). Die skizzenhafte B ehandlung des juristischen und biochem i
schen K enntnism aterials w ird dadurch ermöglicht wie das vom V erfasser selbst, im Vorw ort 
der zweiten Auflage auch be to n t wird — daß diese Fragen ausführlich in A rbeiten anderer K ol
legen behandelt werden.

Das übrigbleibende, im mer noch gewaltige K enntnism aterial gliedert sich in zwei 
H auptteile: im ersten Teil behandelt der Verfasser — nach einem kurzen historischen Ü ber
blick — die chemischen K om ponenten der Lebensm ittel (Proteine, Lipide, K ohlenhydrate, 
anorganische B estandteile, V itam ine, Enzyme), die Grundlagen der Ernährungswissenschaft, 
die allgemeinen Erzeugungsm ethoden der Lebensm ittel, die physikalischen und chemischen 
V erfahren der Lebensm ittelkonsevierung und die Lebensm ittelfarbstoffe; dieser Teil um faßt 
312 Seiten, d. h. also, die kleinere H älfte des Buches. Der zweite Teil en th ä lt die ausführlichere 
E rörterung  der tierischen Lebensm ittel, der Speisefette und -öle, der Lebensm ittel pflanzlichen 
U rsprungs, innerhalb der letzteren  der Genußm ittel, d.h. alkoholische Getränke, Gewürze, 
Kaffee, Tee, Kakao u n d  Schokolade, T abak — und  endlich wird Trinkw asser und Industrie
wasser, L uft und Gebrauchsgegenstände (z.B. Küchengeschirr, Verpackungsm aterial, zuge
lassene Farbstoffe zum  F ärben  derselben usw.) behandelt. Die chemischen und technologi
schen Kenntnisse w erden durch gut gewählte W irtschaftsdaten ergänzt und durch Tabellen 
der wichtigsten Zusam m ensetzungsparam eter veranschaulicht. Das V erständnis der Techno
logien wird durch schem atische Darstellungen der Prozesse und  der Maschinen und  durch 
B ilder erleichtert. Gegenüber der ersten Auflage erfolgte nicht allein eine bemerkenswerte 
Modernisierung des gesam ten Materials, sondern es wurden zahlreiche neue K apitel zugefügt, 
wie z.B. die A usführungen über kalorienarme und  kalorienreiche Lebensm ittel, die P ro te in 
versorgung der W elt, einige in  neuerer Zeit erkannte Bestandteile der Lebensm ittel, die Fleisch
produktion und der Fleischkonsum , das Gewicht des Tabaks usw. D as Literaturverzeichnis 
(179 Hinweise) sollte dem  weiteren Studium, der E rw eiterung der Kenntnisse dienen, es e n t
h ä lt jedoch — wie bereits in  der Rezension der ersten Auflage bem erkt wurde — nur die wich
tigsten Publikationen der westlichen W elt und  kann  deshalb die erstrangig wichtige, der
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internationalen w issenschaftlichen Zusam m enarbeit dienende, edle Aufgabe der allgemeinen 
Inform ation nicht erfüllen. Die technische Ausführung, der D ruck und  die äußere Erscheinung 
des Buches lobt die A rbeit des Verlags.

L .  T e l e g d y - K o v a t s

Handbuch der Starke in  Einzeldarstellungen I X —1. (E ine  M onographiereihe, 
herausgegeben  von  H . U llm ann) R. A. S c h u t z : Die Rheologie a u f dem Stärke
gebiet

(121 Seiten, 54 Abbildungen, 3 Tabellen, L iteraturverzeichnis)

Die allgemeine E ntw icklung der m akromolekularen Chemie sowie die stetig zunehm en
de Anwendung von S tärke und  stärkehaltigen Rohstoffen in der Lebensm ittel-, Textil-, Papier-, 
Fu tter- und pharm azeutischen Industrie w irft ständig neue theoretische und praktische Pro
bleme auf, deren Lösung auf die Fachleute des Gebiets w artet. Deshalb begrüßen w ir das 
Erscheinen der neuen Monographie ;über die Theologischen Fragen au f dem Stärkegebiet, die 
in der durch Professor U llm ann angeregten Serie erschien.

Die ersten zwei A bschnitte der Monographie behandeln einige Grundfragen der allge
meinen Rheologie und  geben eine Ü bersicht über die w ichtigsten rheom etrischen Methoden. 
Der d ritte  A bschnitt b efaß t sich m it der Rheologie verdünnter Stärkelösungen, wobei beson
deres Gewicht auf die Schlußfolgerungen gelegt wird, die aus den Theologischen Meßergebnis
sen hinsichtlich der physikalisch-chem ischen Eigenschaften der S tärke gezogen werden kön
nen. Die abschließenden drei A bschnitte behandeln des Schlüsselvorgang der Stärkeanw en
dung, nämlich die V erkleisterung, wobei einerseits dieser Vorgang und  seine Rheologie, ander
seits die Theologischen E igenschaften der verkleisterten Stärke e rö rte rt werden.

Es h a t viele V orteile, daß die Monographie die Grundbegriffe der Rheologie und  die 
Grundlagen der Rheom etrie beinhaltet. A uf dem Stärkegebiet arbeitende finden dadurch 
kurz und logisch aufgebaut die w ichtigsten theoretischen Anweisungen sowie die G esichtspunk
te für die Wahl des M eßverfahrens und des M eßinstruments. Besonders hervorzuheben ist 
dabei das Bestreben des Verfassers, die Grenzen der empirischen M eßverfahren und die V or
teile und  N otwendigkeit der Anwendung der absoluten R heom etrie k lar vorzuführen. Aus 
dieser vorteilhaften Lösung folgt jedoch auch das Problem, daß der Verfasser — infolge des 
beschränkten Umfangs der M onographie — in vielen Fällen gezwungen war, die m athem ati
sche Behandlung s ta rk  zu vereinfachen und  un ter den M eßverfahren s ta rk  zu selektieren.

Recht gut gelungen is t die Beschreibung der m it dem V erkleisterungsvorgang in Zu
sam m enhang stehenden Theologischen Erscheinungen. Ein großes V erdienst dieses Abschnittes 
ist, daß der Verfasser, auch aufgrund eigener Erfahrungen, die theoretischen Kenntnisse 
und Prüfm ethoden gu t;m it den Bedürfnissen der Praxis vereinigen konnte. Allein der Lebens
m ittelw issenschaftler h a t vielleicht das Gefühl, daß die Rheologie einiger stärkehaltiger kom 
plexer Systeme, die in der Lebensm ittelindustrie Vorkommen, m ehr R aum  verdient h ä tte . 
Ich  denke dabei vor allem an S tärke-Z ucker-Protein-L ipid-K om plexsystem e, die besonders 
in der Süßwaren-, Getreide- und  F u tterindustrie  von Bedeutung sind.

E in  reichhaltiges, zeitgemäß zusam mengefaßtes M aterial fin d e t der Leser über die 
Theologischen Eigenschaften der verkleisterten Stärke. In  diesem A bschnitt ist auch die B e
handlung der Theologischen Eigenschaften verschiedener S tärkederivate wertvoll.

Der A bschnitt über die viskoelästischen Eigenschaften verkleisterte Stärke enthalten
der Systeme m acht m it neuen, äußerst w ertvollen und interessanten Ergebnissen und Proble
m en bekannt.

Das reichhaltige L iteraturverzeichnis ist — tro tz  seines beschränkten  Umfangs — 
jenen Lesern gut behilflich, die sich in Einzelfragen zu vertiefen wünschen.

Es ist zu erw arten, daß die Fachleute in der Stärkeforschung und  -Verarbeitung die 
neue, in ihrer Auffassung zeitgemäße Monographie von Schutz m it viel Interesse und N utzen 
lesen werden.

R .  L á s z t i t y
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Recent Development in  the Chemistry o f Natural Carbon Compounds. V olum e V I

E dito rs: R. B ognár, V. B r u c k n e r  and Cs. Szá n ta y , Akadémiai K iadó, Budapest, 1975.
198 pages

Volume VI of this series contains valuable reviews of three different domains of organic 
com pounds.

One of these dom ains is covered by the first review by E. W in t e r f e l d , titled “ Ap
proaches to Camptothecin” (p. 11 — 34, 123 form ulas and 29 references to literature). In  this 
review  the experiments for the synthesis of cam ptothecin are surveyed by the author.

The compound cam ptothecin  has been isolated in the middle of the sixties by W . W all 
et. al. from  the bark of Camptotheca acuminata. I ts  structure was established and the pharm a
cological investigations detec ted  its activ ity  against leukaemia.

Owing to this rem arkable physiological effect several research team s dealt with the 
to ta l synthesis of the com pound. The problem  was rather complex because in addition to 
building up the heterocyclic ring system also an extrem ely reactive a-hydroxylactone group 
m ust be formed.

In  the first p art of the review the au th o r presents a survey of investigations carried 
ou t concerning the synthesis of the chrom phore of cam ptothecin then  describes the total 
syntheses of camptothecin perform ed in different ways by six research team s. Of these various 
syntheses th a t carried ou t by  the au thor and his research team  is of particu lar interest because 
the key  issue in this synthesis consists in the “ in v itro” realization of the indole-quinoline 
conversion similar to the ac tua l biogenesis of the compound.

The final part of the review reported  experim ental results which though they did not 
lead to  the total synthesis o f cam ptothecin still resulted in interesting interm ediates.

In  the review discussing this very actua l problem literature available up to the begin
ning o f 1973 is taken into account. However, on considering the intensive research activity  on 
th is field, as mentioned also by  the author, novel results of researches can be expected soon.

The second review by  A. K lá sek  and O. W ein berg o v a  (p. 35— 134, 7 tables, 226 
num bered and several no-num bered form ulas, 420 references to lite ra tu re) carries the title 
“ The Pyrrolysidine Alkaloids” . This review is an up-to-date sum m ary of monographs published 
earlier concerning the pyrrolysidine alkaloids and of other publications which appeared until 
1973/1974. The dynamic and  impressive natu re  of the review is due to the included ontstanding 
resu lts of the authors them selves in the field of the chemistry of pyrrolysidine alkaloids and 
of the  investigation of the ir biological effects. In  order to facilitate the system atization of the 
ram ified mass of data the review is divided into five chapters and a num ber of subchapters. 
The accum ulated knowledge is discussed by  the authors in the individual chapters along a 
consequent structural scheme and in a perceptible way. The brief introduction comprising 
th ree pages is very inform ative. C hapter I I  contains the description of the structure determ i
nation , stereochemistry and  absolute configuration, further the synthesis of the so-called 
necines (mono-, di- and trialcohols possessing a pyrrolysidine or 1,2-didehydropyrrolysidine 
skeleton).

In  Chapter I I I  the m ost im portan t knowledge concerning the structu re , stereochem istry, 
absolute configuration and synthesis of the extrem ely sensitive so-called necic acids having a 
com plicated structure (m ono-, di- and trihydroxy- saturated or unsa tu ra ted  mono-, di- and 
tricarboxylic acids, their stereoisomers and/or mono- or dilactones which are C10 adipic acid 
derivatives, C5 acids, derivatives of a-isopropylbutyric acid, C6, C8 or C10 derivatives of glu- 
ta ric  acid) is summarized.

In  Chapter IV, in tu rn , the structure and absolute configuration, fu rther the synthesis 
and biosynthesis of the pyrrolysidine alkaloids are discussed. Besides the ester-type alkaloids 
formed from necines and necic acids also free necines occur in certain p lants. The authors deal 
a t f irs t w ith these free necines then w ith the esters according to the following consecutive 
o rder bases on the structures: monoester, non-cyclic diester, and macrocyclic diester alkaloids. 
These la tte r are system atized according to the num ber of members (12, 13, 11) of the macro
cycle. Chapter IV is te rm inated  by the description of the physical and spectroscopical proper
ties of the pyrrolysidine alkaloids. Throughout the review, the authors po in t to the still un
solved problems of struc tu ra l, mainly stereostructural nature and to  unrealized syntheses, sum
m arizing in this way the necessity or possibilities of further researches.

The biological propertes are discussed in Chapter V by describing and investigating the 
m utagen, carcinogen and an ti-tum or effects and the mechanisms of these effects.

The third domain of organic com pounds is represented by the review “ Advances in the 
Synthetic  Chemistry of Glucosaminides”  by A. Ya. K h o rlin  and S. E . Z u r a b y a n  (p. 136—190, 
3 tab les, 145 formulas and 229 references to literature).
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The structure elucidation and the synthesis of the am inosugar-containing oligosaccha
rides of prom inent biological im portance is one of the domains of carbohydrate chem istry 
exhibiting the most dynam ic developm ent. Though some earlier m onographs dealing w ith 
the synthesis of the glycosides of 2-amino-2-deoxy sugars are already available, the publication 
of an up-to-date review was tim ely and very  useful — ju s t because the rapid advances in re
search.

The review of the authors comprises the literature of the synthesis of glycosaminides 
available up to the f irs t half of 1973, following a logical, well constructed critical order of 
discussion. A fter a short survey of the production  of alkyl and aryl glycosaminides the appli
cation of the K oenigs-K norr reaction is trea ted  in detail. An interesting rem ark of the authors 
is (supported  also by the d a ta  reported by  them  in the review) th a t extended, system atic 
investigations concerning the role of the aglycone components are lacking though the K oenigs- 
K norr reaction, as an alm ost classical m ethod, is most frequently used also a t present.

The best elaborated p a rt of the review is the discussion of the chem istry of 2-substituted 
glyco-(2’,T  : 4,5)-2-oxazolines and its use in  the synthesis of glycosaminides. This is no t a 
mere chance because significant results were a tta ined  in this field ju s t by the laboratory of the 
authors. The next chapters deal w ith the problem s of the synthesis m ethods of l,2-cis-2-amino- 
2-deoxyglycosides ju s t under developm ent, w ith  the achievements a tta ined  in the enzym atic 
synthesis of the am inosugar-containing oligosaccharides and w ith the preparation  of S- and 
N-glycosaminides.

The presented 229 references m ay help significantly the studies of researchers active 
in this field.

On reading carefully the critical rem arks concerning the deficiencies of the individual 
m ethods and the limits of their applicability, and comparing the num ber of the already syste
m atically produced oligosaccharides presented in the accurately constructed tables of the 
review w ith  the num ber of native carbohydrates whose structure has been elucidated hu t 
w hose actua l synthesis has no t been carried ou t up to the present, the m agnitude of the prob
lems in the chemistry of carbohydrates which are still to be solved is quite apparent. There
fore, in our opinion a significant peculiarity of th is review is its inspiring nature.

S. M a k l e i t

Atlas o f Thermoanalytical Curves

Volume 4. Edited b y  G. L ip t a y , A kadém iai K iadó, Budapest 1975 (W ith 75 diagrams)

In  the last decades the use of therm al analysis has become a w idespread and im portan t 
tool for alm ost all types of research in technical and natural sciences and for industrial routine 
tests. The various methods of therm oanalytical procedures play a significant role in fields ex tend
ing from the investigation of biological m aterials to the study of reactions taking place in 
solid phase and in melts.

The discovery of the novel m ethod of derivative therm ogravim etry by H ungarian scien
tis t (F . P a u l ik , J . P a u l ik  and L. E r d e y ) and the development of the novel complex in s tru 
m ent (the derivatograph) represented an im portan t step in the advance of therm oanalytical 
methods.

A significant advantage offered by  th is instrum ent is th a t therm ogravim etric (TG), 
derivative therm ogravim etric (DTG), differential therm oanalytical (DTA) and even therm o- 
dilatom etric (TD) m easurem ents can be carried ou t a t the same tim e under identical experi
m ental conditions.

In  order to perm it the comparison and evalution of results obtained in various labora
tories w ith various instrum ents, it  was necessary to  standardize the param eters of investiga
tion.

The international team  th a t  has undertaken  the preparation of the derivatographic 
atlas of various substances by investigations carried out under standardized conditions has 
perform ed indeed a praisable work.

The recently published Volume 4 comprises a collection of therm ogram s of 75 inorganic 
salts, m etal complexes, organic acids, organic analytical reagents, m inerals and natu ral bio
logical m aterials, obtained by derivatography under accurately specified experim ental con
ditions, w ith  rem arks and references to the literature . Volumes 1 — 4 published thus far contain 
a to ta l of 275 therm oanalytical diagram s of various substances.
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The collection is ex trem ely  useful for all control and research laboratories possessing a 
therm obalance and carrying o u t therm al investigations.

The am ount of da ta  (w eight of substance, ra te  of heating, reference substance, m aterial 
of crucible, puritiy  of sam ple, ets .) supplied w ith each diagram  makes possible the comparison 
of th e  diagram s w ith the resu lts of m easurem ents carried ou t w ith a therm obalance of any type.

The book is a laudable example of successful in ternational cooperation and sincere 
praise is due to the scientists working in the laboratories of various countries who performed 
the investigations and produced the measured data . Also the m erits of the editor and his asso
ciates for their organizing and  editorial activities, as well as those of Akadémiai Kiadó m ust 
be acknowledged here; th ey  have made possible the successive publication of the extremely 
useful m aterial comprising a g rea t am ount of im portan t information.

J .  I n c z é d y

G. J .  M o o d y , J . D. R . T h o m a s : Practical Electrophoresis

Merrow Publishing Co. L td., England 1975, 104 pages, 22 figures, 9 tables.

The book consists of 12 chapters. After explaining basic principles, it  discusses all the 
m ain varian ts of electrophoretic methods used in practice. I t  deals w ith  paper and cellulose 
aceta te  membrane electrophoresis, and w ith d ifferent varian ts of gel electrophoresis, such as 
starch , acrylamide and agar gel electrophoresis, fu rth er w ith the special fields of gel electro
phoresis, thus w ith im m une electrophoresis, isoelectric focussing and isotachophoresis. The 
la s t chap te r of the book discusses problems of non-aqueous and m ixed-m edium  electrophoresis.

The book, illustrated  by  clear, critical, nicely constructed figures, gives very useful in 
form ation for all those who w ish to introduce or ad ap t some form of electrophoresis under their 
own conditions. In particu la r, i t  will be of valuable help for clinical laboratories.

The Appendix of the book summarizes the electrophoretic products of 20 predom inantly 
B ritish  companies. The book is complemented by  104 references, including m any modern 
d a ta . The subject index of 6 pages is ra ther inform ative.

T . D é v é n y i

Topics in Current Chemistry ( Fortschritte der chemischen Forschung)  Vol. 56. 
Theoretical Inorganic Chemistry

Springer V erlag, Berlin, Heidelberg, New Y ork 1975. pp 159.

The 56. volume of Topics in Current Chem istry includes 4 articles three of them  discuss 
topics which are of in te rest from  the coordination chem istry point of view and the fourth  one 
con tribu tes to our knowledge in the field of plasm a chemistry.

The first review (66 pages w ith 210 references) is entitled “ C ontinuum  Effects Indicated 
by  H ard  and Soft A nti-bases (Lewis Acids) and Bases”  and w ritten  by Ch. K. J ö r g e n se n . 
The review starts w ith a historical introduction into the subject m entioning some problems 
connected to chemical affin ity , complex form ation constants, the P e a r so n  concept on hard 
and  soft acids and bases, and  preparative chem istry. In  the second chapter the author deals 
w ith  spontaneous deviations from the highest sym m etry available in the case of copper (II), 
pallad ium (II), m ercury(II), lead (ll)  complexes.Then in a chapter each he mentions some p rob
lem s connected to electric dipolar polarizability, and the efficiences of quantum  chemistry 
for the more involved understanding of bonding in complexes. In  the final chapter softness 
param eters, hydration and ionization energies are discussed. Em phasis has been laid among 
o thers on A hrla nd ’s softness param eters, K lo pm a n ’s approach, and on the ionization energies 
of valence eletrons, p a rtly  filled shells, and inner shells.

The second article (24 pages with 74 references) w ritten  by H. B r u n n e r  and entitled 
“ Stereochem istry of th e  Reactions of O ptically Active Organometallic Transition Metal 
Compounds”  describes th e  stereochemical results obtained w ith the new optically active orga- 
nom etallic compounds, subdivided according to the stereochem ical outcome into retention , 
inversion, racem ization and  epim erization reactions. Among the reten tion  íeactions the ligand 
transform ations and su lphur dioxide insertion are discussed. Role change of ligands. Walden
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inversion and carbon monoxide insertion are described as inversion reactions. Most of the new 
organom etallic com pounds are optically stable in solution, and the solutions retain  their o p ti
cal ro tations unchanged for long periods of time. Some complexes, however, are configuration- 
ally labile in solution, the ir ro ta tional value decrease w ithou t partic ipa tion  of other reagents. 
Exam ples of this k ind are trea ted  in subchapters entitled  “ Dissociation Reactions”  and “ In tra 
molecular E pim erization Reactions” . The racem ization and epim erization reactions th a t occur 
when optically active organom etallic complexes in te rac t w ith o ther reagents are described in  
a separate subchapter.

The th ird  article (47 pages w ith 122 references) is en titled  “ Dynam ics of Intram olecular 
Metal-Centered R earrangem ent Reactions of Tris-Chelate Complexes”  and w ritten by L. H. 
P ig n o l e t . Since several reviews have appeared in  the las t 10 years which deal w ith in ter- 
and  intram olecular rearrangem ent reactions of m etal complexes the au thor limited his review  
to intram olecular m etal-centered rearrangem ent reactions of six-coordinate tris-chelate com 
plexes. A fter a brief in troduction  the author describes the dynam ic nuclear magnetic resonance 
technique which perm its detailed mechanistic conclusions via the  observation of site in te r
changes. Then he outlines in some detail the various intram olecular rearrangem ent mechanisms 
and  modes which tris-chelate complexes can undergo: m echanism  via  idealized transtition  
s ta tes  and perm utational rearrangem ent reactions. The nex t chap te r gives the results of the 
experim ental studies on a) tris(dithiocarbam ates), b) tris(tropolona’.es), c) tris(/3-diketonates), 
d) m ixed ligand complexes, and e) miscellaneous tris(didentates).

The au thor explains the results by considering the effect of ground state geometry as 
determ ined from  X -ray  d a ta  on the kinetic param eters and m echanism  of rearrangem ent, 
and finally discusses the influence of electronic configuration on the dynamics.

“ A Theoretical A pproach to Heterogeneous R eactions in N on-Isotherm al Low Pressure 
P lasm a”  is the title  of the fourth  article (21 pages w ith  67 references) and is w ritten b y  S. 
V e f r e k .. The purpose of the au thor of th is review article is to  develop and verify a reasonably 
simplified theoretical approach to  heterogeneous reaction  in a non-isotherm al low pressure 
plasm a. He considered a simple statistical model of the plasm a w hich has brought about a 
b e tte r  understanding of the dependence of the chemical composition of the plasma on energy. 
The au thor discussed the chemical transport in low pressure plasm a and described how the 
theoretical approach helped in planning experiments. The main subjects of the review are the 
theoretical aspects of plasm a chemical vapour deposition (CYD) processes, and further the 
use o f the sputtering  technique, CVD of the solid in the plasm a, as well as the direct oxidation 
and nitridation  of solid surfaces by the plasma. I t  is also shown in th e  article th a t plasm a of 
intense low pressure discharges offers new techniques of crystal grow th.

The first, second and th ird  articles can be highly recom m ended prim arily to chemists 
active or in terested  in the field of coordination, inorganic and organom etallic chemistry, the 
fou rth  one to  those working in high tem perature chem istry or in solid state physics and tech
nology.

E .  KŐ RÖ S
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A C T A  C H IM IC A

ТОМ 8 8 -В Ы П . 2

РЕЗЮМЕ

Тонкослойная рН-хроматография моно- и диосновных органических кислот 
на буферном слое силикагеля

М. БИДЛО-ИГЛОИ

Уравнение кривой pH—Ry было определено в случае моно- и диосновных кислот и 
было найдено, что на основе кривых pH—R  ̂моно- и диосновные кислоты могут быть от
личены друг от друга. Константы диссоциации могут быть рассчитаны на основе кривых 
pH— Hf  с хорошим приближением. Теоретические зависимости демонстрировались 
экспериментальными данными ТСХ на буферном силикагеле для следующих органических 
кислот: о-фталевая, 3,5-динитробензойная, п-нитробензойная и п-метоксибензойная 
кислоты.

Эффект кремниевого замещения на термическую стабильность полимеров
Т. СЕКЕЙ и М. БЛАЖ О

Термическая деградация полистирол-диметилсилана была исследована с помощью 
пиролитической газовой хроматографии. Состав и распределение летучих продуктов пиро
лиза указывают на то, что разложение данного полимера протекает согласно тем же 
закономерностям, наблюдаемым в разложении полистирола и полидиметилсилана. Это 
заключение является дальнейшим подтверждением более ранних наблюдений авторов в 
случае полиалкиленсилоксанов и поливинилсиланов. Присутствие атома кремния прин
ципиально не оказывает влияния на механизм разложения углеводородной цепочки.

Производные аминофталазинона, I

Р е а к ц и я  ам и н осп и ртов  с 4 -х л о р -1 (2 Н )-ф тал ази н о н о м

к. КЁРМ ЕН ДИ

4-Хлор-1(2Н)-фталазинон (1) сравнительно легко реагирует с аминоспиртами, давая 
при этом производные 4-(гидроксиалкиламино)-1(2Н)-фталазинона (5). Реакционность 
соединения Í, до сих пор известного своей стабильностью по отношению к аминам [3, 4], 
повышается за счет промежуточного присоединения аминоспиртов. Роль спиртового присо
единения в увеличении реакционной способности подтверждается тем, что соединение 1 с 
диэтиламиноэтиламином в этиленгликольном растворе при 150°С, за 20 часов дает с 55%- 
ым выходом соответствующее производное аминофталазинона (5к), в то время как без эти
ленгликоля в тех же самых экспериментальных условиях замещение не происходит.

Основные пептидные производные глутаминовой кислоты, III
Д Ь . СОКАН и А. КОТАИ

Производные карбобензокси-Ь-олигоглутаминовой кислоты, содержащие две, три, 
четыре или пять и шесть активных эфирных групп (III, VI, VIII, X) подвергались взаимо
действию с расчетным количеством 2-диметиламино-этиламина, а затем производилось



гидрогенолитическое отщепление защитных групп. Так были получены следующие основ
ные пептиды глутаминовой кислоты: тетра-(2-диметиламиноэтил)-амид а- и у-три-L- 
глутаминовой кислоты (XIV, п  =  3 и XVI, п  =  3), пента-(2-диметиламиноэтил)-амид 
а-тетра-Ь-глутаминовой кислоты XIV, п =  4), гекса-(2-диметиламиНоэтил)-амида-пента-Ь- 
глутаминовой кислоты (XIV, п  =  5), а-три-[Ъ-глутаминокислый-у-(2-диметиламиноэтил)- 
амид] (XX, л =  3) и ди-(2-диметиламиН0этил)-амид Ь-пироглутамил-Ь-глутаминовой 
кислоты.

Соединения III,VI, VIII и X были получены из таких производных L-глутаминовой 
кислоты, в случае которых свободные карбоксильные группы были защищены п-нитро- 
фенилэфирными группами. Образование пептидной связи происходило за счет смешанного 
ангидрида, образованного с участием карбоксильной свободной группы ацилирующего 
компонента. Интерпретируется побочная реакция, наблюдаемая в одном из случаев.

Получение производных 2 Н —1,3-бензтиазина, I
Й. САБО, Л . Ф ОДОР, И. ВАРГА и П. Ш ОХАР

Конденсация алифатических и ароматических амидов кислот с формальдегидом в 
пиридоновом растворе приводит к образованию производных 2Н-1,3-бензтиазина. Это 
новый способ получения 2Н-1,3-бензтиазина и его 4-замещенных производных.

Синтез 0-а-0-глюкопиранозил-(1-+4)-0-|0-П-глюкопиранозил-(1-+6)-0- 
, глюкозы

П. НАНАШИ, А. ЛИ П ТА К и Л . ЯНОШ И

Реакция Кёниге—Кнорра для бензил 2,3,4-три-0-бензил-/3-0-глюкопиранозида (2) 
с а-ацетобромомальтозой (4) дает трисахаридное производное (5) с 68%-ым выходом. 
После удаления защитных групп с последующим восстановлением NaBH4 и ацетилирова
нием были получены производные альдитоля (8). В спектре ЯМР соединения 8 небольшой 
химический сдвиг за счет Pr(fod)3 был обнаружен при С4—Н, и, т.о., стало возможным 
определение стерического расположения С4—Н. Деацетилирование 5  с последующим 
бензалированием, бензилированием и гидрогенолизом с помощью реактива ЫА1Н4—А1С13 
дает полностью бензилированный трисахарид(12), содержащий только одну первичную сво
бодную гидроксильную группу. Структура продуктов была доказана на основе их ИК 
и ЯМР спектров.

Синтез новой аминокислоты — у-карбоксиглутаминовой кислоты и ее
производных

Ш. БАЮС и А. ЮХАС

Описывается синтез новой аминокислоты — у-карбоксиглутаминовой кислоты 
(Gla) и ее некоторых производных. Ключевые соединения Вое- и Z—DL—Gla(OtBu)2- 
OBzl были приготовлены за счет конденсации ди-трегп-бутил-малоната с соответствующим 
блокированным дегидроаланином.

Гекситоловые производные, содержащие 1,4-оксатиановое кольцо, V

П е р е гр у п п и р о в к а  П у м м ер ер а  д л я  сульф ок си д ов
Й. КУСМАН и П. ШОХАР

Описывается перегруппировка Пуммерера тиоангидрогекситольных сульфоксидов 
типа II до соответствующих производных глюкотиосептанозы (IV). При дальнейшем 
окислении димезильных производных IVa образуется смесь двух сульфоксидных изомеров
(V). Деацетилирование три-О-ацетата IV/0 приводит к образованию 2,5-ангидр-6-деокси-6- 
тио-О-глюкотиосептанозы (VII).



Окислительная перегруппировка халконов с помощью нитрата таллия(Ш ),У

С интез 8 -м ети лового  эф и р а  З '-ги д р о с и р ет у зи н а  и  н о вы й  синтез р е т у зи н а  и его 
8-м етилового э ф и р а  —  т р е х  п р и р о д н ы х  и зо ф л аво н о в  троп и ч еской  д ревеси н ы

Л . ФАРКАШ и А. ВО Л ЬФ Н ЕР

Синтез 7,8-дигидрокси-4'-метоксиизофлавона (ретузина, 1), 4',8-диметокси-7-гидро- 
ксиизофлавона (8-0-метилретузина, 2) и 3',7-дигидрокси-4’,8-диметоксиизофлавона (3'- 
гидрокси-8-О-метилретузина, 3) был осуществлен на основе окислительной перегруппи
ровки соответствующих халконов с помощью T1(N03)2, как ключевой ступени.

Кинетические исследование изомеризации 5-винилбицикло (2.2.1.) гептена-2, 
катализированной Co(N2)  (P P h 3) 3

Й. КОВАЧ, В. ПРИЦКОВ, Г. Ш ПЕЙЕР и Л . МАРКО

5-Винилбицикло(2.2.1)гептен-2 изомеризуется под влиянием Co(N2)(PPh3)3 в раство
ре толуола при 50—70°С в 5-этилиденбицикло(2.2.1)гептен-2. Скорость реакции была 
выражена следующим уравнением:

d [vbh] _  k 4K ,K 2K 3K 5 [Со] [vbh ]2 
d t  K 5 [S] [PPh3] +  K 2K 5 [S]

где [Co], [vbh], [PPh3] и [S] обозначают концентрации катализатора, 5-винилбицикло- 
(2.2.1)гептена-2, трифенилфосфина и растворителя, соответственно. Полагается, что 1,3 
смещение водорода протекает по я-аллильному механизму.

Участие соседних групп в аминолизе эфиров в негидроксильных группах

Т. КЁМ ИВЕШ , А. Ф. МАРТОН и Ф. ДУ ТК А

Был изучен пиперидинолиз 5-нитро-, 5-хлор-, 5-метил- и незамещенных 8-ацетокси- 
хицолина и п-нитрофенилацетата в хлорбензоле. Высокая реактивность хинолиновых 
эфиров, строгий второй порядок кинетики, а также влияние заместителей на скорость 
реакции были интерпретированы на основе участия 1-аза-азота в качестве интрамоле
кулярного основания.

Электронодефицитные гетероароматические аммонио-амидаты, VIII

С интез М -(пи риди но)-бензолсульф он ам и датов  с пом ош ью  тр а н с ф о р м и р о в а н и я  
к о л ь ц а  [(1 -ф ен и л су л ьф о н и л -2 -п и р азо л и н -5 -и л )-м ети л ]-к ето н о в

М. ЛЕМ П ЕРТ-Ш РЕТЕР и К. Л ЕМ П ЕРТ

Пирилиму-перхлораты (Id— g), взаимодействуя с бензолсульфонгидразидом, пре
вращаются в (пиразилинилметил)-кетоны (4d— f), а также дают смесь фенилсульфонилгид- 
разона кетона 4Ь и 4с с соответствующим пиридиниосульфонамидатом (2Ь, 2с). Под влия
нием кислоты кетоны 4, в зависимости от природы заместителя R, дают различные про 
дукты: пирилийные соли, пиридиносульфонамидаты и пиразолы. Соединение 4с под 
влиянием щелочи превращается в амидат 2с.



Исследование полимеризации и сополимеризации /Дмоноалкилитаконатов
в растворе

К. НИТРАИ, НГУЕН Н ГО К ЛА Н  и Д Ь . ХАРДИ

Были изучены закономерности полимеризации в растворе в случае монобутилита- 
коната и монооктилитаконата, иницированной азо-бис-(изобутиронитрилом) и "/-облуче
нием, а также их сополимеризация с акрилонитрилом как с сомономером. Были опреде
лены основные характерные кинетические параметры. Результаты по сополимеризации 
однозначно указывают на то, что с увеличением полярности растворителей их взаимо
действие с мономерами увеличивается. Диссоциация свободных карбоксильных групп, 
зависящая от среды, значительно влияет на ход как полимеризации, так и сополимериза
ции.
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COMPUTER SIMULATION OF ZONE REFINING
E. B r a n d t -P e t r ik ,* L. Cs e r ** and J. N a g y *

(Technical U niversity o f  Budapest)

Received M ay 17, 1974

Zone m elting has been used for th e  purification of organic liquids. Using te s t 
d a ta , a simple sim ulation for zone m elting has been carried ou t.

The m ethod helps predict the probable efficiency of fu rth er experiments.

Zone m eltin g , whose firs t im p o r ta n t  ap p lica tio n  w as in  th e  p u rifica tio n  
o f m a te ria ls  used  in  sem iconductor tech n o lo g y , is now  w ide ly  u tilized  fo r th e  
p u rif ic a tio n  of m e ta ls , organic and  in o rg an ic  com pounds.

A fte r  th e  p rocess of zone m eltin g  h a d  been c larified  ex p erim en ta lly  [1], 
th e o re tic a l p rinc ip les w ere discussed a n d  conclusions w ere d raw n [2, 3, 4 ] . 
The f ie ld  of zone m eltin g  has grown ra p id ly , hund red s o f  chem icals have b een  
ra ised  to  new  levels o f p u r ity  b y  zone re fin ing .

W e have p e rfo rm ed  zone m elting  to  rem ove m ic ro -im purities from  o rg a n 
ic so lven ts. T he re su lts  o f the  e x p e rim e n ts  w ith  benzene an d  the  a p p a ra tu s  
u sed  have been  described  [5].

The c o n c e n tra tio n  d is trib u tio n  u p o n  normal freezing  is exponen tia l a n d  
can  be described  b y  th e  equation

c =  k x 0 (1-g) (1)

in w hich  c is th e  im p u rity  co n cen tra tio n  in  g frac tions o f  th e  sam ple le n g th  
an d  x 0 is th a t  in  th e  orig inal liquid.

T he effective d is trib u tio n  coeffic ien t к can  be re a d  d irec tly  from  th e
c

n om ogram  p lo tte d  u sing  th e  above e q u a tio n  if  th e  v a lu es  o f —  and  g a re  
k now n . x°

T he basic  d iffe ren tia l eq u a tio n  to  be considered as th e  m a th em a tica l 
m odel o f zone refining , w as derived in d e p e n d e n tly  b y  R e is s  [6], and L ord  [7], 
in  th e  form  of

~  dcn (z) =  [c„_! (z +  1) —. cn (г)] dz (2)
К
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F ig. 1. N om ogram  for values of th e  distribution coefficient к

w here
l =  zone le n g th ;
z =  d is ta n c e  covered b y  th e  m o lte n  zone; 

cn(z) =  c o n c e n tra tio n  a fte r th e  ra-th zone step , as a fu n c tio n  of z; 
cn—i(z) =  c o n c e n tra tio n  a fte r th e  (n - l ) - th  step  and 

к =  e ffec tive  p a rtitio n  coeffic ien t.

The e q u a tio n  describes th e  s itu a tio n  u p  to  a le n g th  o f  z — L 0 — l, i.e. 
u n ti l  th e  zone re a c h e s  th e  end of th e  ro d . F ro m  th is on, n o rm a l freezing beg ins.

The so lu tio n  o f  th e  d ifferen tia l e q u a tio n  of zone re fin in g  is v e ry  com pli
c a te d  [1], th u s  i t  c a n  only be e v a lu a te d  num erica lly  b y  h ig h -sp eed  co m p u te rs .

In  o rder to  describe zone re fin in g  th eo re tica lly , we h av e  a tte m p te d  to  
f in d  a sim ple m o d e l to  sim ulate th e  p rocess (m elting, freezing). The a d v a n ta g e  
o f  th is  ap p ro ach  is t h a t  th e  in itia l c o n c e n tra tio n  along th e  solid ified  rod  does 
n o t  have to  be c o n s ta n t.

Fig. 2. Model of th e  simulation
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Fig. 3. B lock diagram

In  F ig . 2 ci deno tes th e  in itia l c o n c e n tra tio n  d is tr ib u tio n  in  th e  so lid ified
rod.

T he p rinc ip le  of th e  sim ulation  is t h a t  th e  average co n cen tra tio n  (ca) 
is c a lc u la ted  in  th e  m o lten  zone of le n g th  l. A fte r th e  zone has m oved on  b y  
d istance  d, th e  so lu te  w ill be sep ara ted  in  a n  am o u n t o f kcad an d  in  co n cen tra -
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t io n  kca a t th e  f ro n t o f  th e  rod . The a m o u n t o f m a te ria l in  th e  zone changes b y  
th e  sam e q u a n ti ty  b u t  an  am oun t c,d of m e lts  to  i t  from  th e  zone end.

P rov ided  t h a t  reg io n  d m oves on in  a fin ite  n u m b er of steps an d  t h a t  
so lid ifica tion  a t  th e  zone end  is in d ep en d en t o f m elting  a t  th e  f ro n t, th e  av erag e

F ig . 4. Computed curves of distribution F ig . 5. Computed d istribution  curves

co n cen tra tio n  in  th e  trav e llin g  m olten  zone can  be ca lcu la ted  b y  su b s tra c tin g  
th e  solidified, a n d  b y  add ing  the  m o lten  p o rtio n s.

The zone th e n  m oves on in  a s tep  o f d  u n til  it  reaches th e  end  of th e  ro d . 
T h e  m olten  m a te r ia l  o f a zone len g th  a t  th e  end  of th e  ro d  is so lid ified  via  
n o rm a l freezing w ith  th e  corresponding  co n cen tra tio n  d is trib u tio n .

The a lg o rith m  o f th e  sim ula tion  is show n in th e  b lock  d iagram  o f F ig . 3. 
T h e  program  w as w r it te n  in  A LGOL lan g u ag e  (O dra code).
T h e  p a ram ete rs  o b ta in e d  in  the  zone re fin in g  of benzene have  been used  in  
th e  co m p u ta tio n s ; th e  re su lts  are p lo tte d  in  Figs 4 and  5.

On co m p arin g  th e  ex p erim en ta l a n d  com pu ted  d is tr ib u tio n  curves, th e  
follow ing can be e s tab lish ed :

1. The c o n c e n tra tio n  d is tr ib u tio n  u p o n  norm al freezing  (if к is k n o w n  
fro m  the  ex p e rim en ts)  agrees well w ith  t h a t  de te rm ined  ex p erim en ta lly ;

2. The c a lc u la ted  d is trib u tio n  cu rv es fo r zone re fin ing  are of th e  sam e  
ty p e  as the  e x p e rim e n ta l ones, b u t  are m ore sm oother an d  m ore c h a ra c te r is tic ; 
T h is  indicates t h a t  th e  p a ram ete rs  a ffec tin g  th e  process in  th e  real zone a re  
su b je c t to  c e r ta in  f lu c tu a tio n s  (bo th  th e  zone leng th  an d  th e  p a r titio n  co e ffi
c ien t), w hich causes s ligh t flu c tu a tio n s  in  th e  d is trib u tio n , to o ;
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3. I f  th e  s im u la tio n  is perfo rm ed  w ith  th e  к value dete rm in ed  e x p e ri
m en ta lly , th e  c o n c e n tra tio n  a t  th e  beg in n in g  o f th e  ro d  an d  th e  ty p e  o f th e  
co n cen tra tio n  d is tr ib u tio n  are in  ag reem en t w ith  th e  ex p erim en ta l re su lts ;

4. In  p rin c ip le , a f te r  2 — 3 passes, c o m p u ta tio n  w ith  th e  tru e  p a ra m e te rs  
can  sim u la te  a d d itio n a l passes in  o rd er to  decide th e  degree o f p u rifica tio n  th a t  
can  be ach ieved  a n d  w h e th e r i t  is econom ical c a rry  on zoning.

5. I t  w as possib le to  sim ula te  com bined  zoning, consisting  of one n o r
m al freezing  and  th re e  zone m elting  passes. The cond itions of th e  ex p erim en ts  
d id  n o t p e rm it 10 su b se q u e n t passes, b u t  in  th is  w ay  i t  w as possible to  com pare 
th e  effect o f ten fo ld  zoning  w ith  th a t  o f th e  com bined  process.

To e v a lu a te  th e  e rro r  o f sim u la tion , th e  im p u rity  levels before an d  a fte r  
refin ing  w ere co m p u ted  an d  com pared . In  p rinc ip le , th e  values should  be 
id en tica l b u t  w ith  d iffe ren t d is trib u tio n s .

Since in  th e  s im u la tio n  p rocedure th e  zone m oved on in  fin ite  steps of 
d, th e  su m m atio n  d isclosed  a sm aller a m o u n t of im p u rity  a t  th e  end  th a n  a t  
th e  beg inn ing  o f co m p u ted  zoning.

T he h igh -speed  co m p u te r  perm its  v e ry  sm all d s tep s , th u s  th e  re la tiv e  
th e o re tic a l e rro r  o f th e  m e th o d  is a ro u n d  a  few  h u n d re d th  of one p er cen t an d  
on ly  ra re ly  increases to  th e  o rd er of 0 .1% .

S im ula tions m a y  su p p lem en t an d  assis t in  ex p erim en ts , b u t  can  n ev er 
rep lace th e m . T h e ir sign ificance lies in  rev ea lin g  th e  n a tu re  of th e  process an d  
in p e rm ittin g  to  p re d ic t th e  p robab le  ou tcom e o f fu r th e r  ex p erim en ts.
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REACTION OF n-HEXANE AND WATER VAPOUR 
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G . T r a p l y , G y . P a r l a g h , G y . R á c z , P .  S t e i n g a s z n e r  and  G y . S z é k e l y
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I t  was found  experim entally th a t  the composition of the product m ixture 
formed in the decom position of n-hexane by  w ater vapour corresponds to the equi
librium composition in  the tem peratu re  and conversion ranges employed on catalysts 
of two different g rain  sizes (the undecom posed hexane being regarded as a diluent gas).

A part from  m ethane, no com pounds w ith  carbon atom  chains shorter th an  th a t  
of the n-hexane w ere found among the  reaction products (disregarding the cracking 
a t higher tem pera tu res, above 570 °C).

U nsatu ra ted  and  arom atic hydrocarbons did n o t influence the operation of 
the catalyst.

Introduction

T he in d u stria l u tiliz a tio n  of th e  c a ta ly tic  conversion  o f  low -boiling p e tro l 
cu ts  w ith  w ate r v a p o u r  is of ever g re a te r  econom ic im p o rta n c e  all over th e  
w orld . A t the  r e la tiv e ly  low  te m p e ra tu re  o f 500°C th e  re a c tio n  can be used  
to  p rep are  a gas m ix tu re  rich  in  m e th an e  an d  h y d ro g en , w hich can  be 
fu r th e r  em ployed fo r  v a rious p u rposes.

T he in d u stria l p rocedures are  g en era lly  ca rried  o u t in  th e  te m p e ra tu re  
range  4 0 0 —535°C, a n d  in  th e  p ressu re  in te rv a l 1 — 25 a tm . Since th e  overall 
re a c tio n  is sligh tly  ex o th e rm ic  u n d e r  such  co n d itions, th e  reag en ts  are p re 
h e a te d  to  the  a p p ro p ria te  te m p e ra tu re  an d  led  th ro u g h  a  c a ta ly s t b ed  in  a 
th e rm a lly  in su la ted  re a c to r . The h e a t  evo lved  is su ffic ien t to  m a in ta in  th e  
reac tio n , and the  p ro cess  does no t re q u ire  fu r th e r  h e a t in p u t.

The com position  o f  th e  p ro d u c t m ix tu re  leav ing  th e  re a c to r  is con tro lled  
b y  th e  equ ilib rium  co rrespond ing  to  th e  cond itions. Since e v e ry  system  w hich 
co n ta in s th e  sam e e le m e n ts  in  th e  sam e p ro p o rtio n s leads to  th e  sam e th e rm o 
d y n am ic  equ ilib rium , no  m a tte r  how  co m plica ted  th e  s ta r t in g  com pounds, 
th e  equ ilib rium  co m p o sitio n  of the  e n d -p ro d u c ts  can  be estab lish ed  in  advance 
if  th e  pressure, te m p e ra tu re  and  C : H  : О p ro p o rtio n s  o f  th e  s ta r tin g  com 
p ounds are know n. ( I f  th e  system  also co n ta in s an  in e r t  gas, th e n  th is  m u s t 
n a tu ra lly  be ta k e n  in to  considera tion .)

* The work described was supported b y  the H igh Pressure In s titu te .
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I f  a p a ra ffin  h y d ro ca rb o n  a n d  w a te r  v ap o u r are h e a te d  above 400°C, 
o n ly  carbon  m onoxide, ca rbon  d iox ide , m e th an e , hyd rogen , w a te r  and  possib ly  
so lid  carbon  can be p re se n t in  m easu rab le  am o u n ts  in  th e  eq u ilib riu m  m ix tu re . 
A t h ig h er te m p e ra tu re s  th e  eq u ilib riu m  is sh ifted  in  th e  d irec tio n  of hydrogen  
fo rm a tio n , and  a t  low er te m p e ra tu re s  in  th e  d irection  o f m e th a n e  fo rm atio n . 
T h e  fo rm atio n  of ca rb o n  in  th e  re a c tio n  is n o t desirable. E q u ilib riu m  carbon  
fo rm a tio n  in  th e  g iven  te m p e ra tu re  in te rv a l can  be av o id ed  b y  ap p ro p ria te  
se lec tio n  of th e  h y d ro c a rb o n  : w a te r  v a p o u r  ra tio  of th e  in itia l m ix tu re . I f  th e  
tra n sfo rm a tio n  o f th e  h y d ro ca rb o n  in  th e  reac tio n  is n o t com plete  (w ith  th e  
ex cep tio n  of th e  case w hen  th e  s ta r t in g  h y d ro ca rb o n  is m e th a n e ), th e  ‘equ ili
b r iu m  com position’ o f th e  reac tio n  m ix tu re  can n o t be e s ta b lish e d  in  th e  p re 
v io u s m anner, since th e  system  a t  e q u ilib riu m  m ay  n o t c o n ta in  h y d ro carb o n s 
w ith  m olecular w eigh ts h igher th a n  t h a t  o f m ethane . H ow ever, if  i t  is assum ed 
t h a t  th e  orig inal h y d ro c a rb o n  is p re se n t in  th e  system  m ere ly  as an  inert 
d ilu tin g  gas, th e n  a p seu d o eq u ilib riu m  com position  of th e  en d -p ro d u c ts  can 
be estab lished  in  ad v an ce  in  th is  case to o . N a tu ra lly , th e  ‘eq u ilib riu m ’ com po
s itio n  is th e n  a fu n c tio n  n o t on ly  o f th e  pressure, th e  te m p e ra tu re  an d  th e  
s ta r t in g  com position , b u t  also of th e  degree of conversion.

There is no c lea r-cu t s ta n d p o in t as regards the  m echan ism  o f th e  reac tio n . 
I t  w as earlie r assum ed  th a t  ad so rp tio n  o f th e  h y d ro carb o n  is follow ed b y  sp lit
tin g  of th e  carbon  ch a in  on th e  su rface  o f  th e  ca ta ly s t, an d  th e  resid u a l carbon  
c h a in  fragm en ts th e n  re a c t w ith  w a te r  v a p o u r  [1].

T h a t th e  decom position  of h y d ro ca rb o n s  b y  w a te r  v a p o u r  ta k e s  place 
v ia  h y d rocarbons o f low er m o lecu la r w eigh t appears to  be  su p p o rte d  b y  th e  
p la n t  and  p ilo t-p la n t o b se rv a tio n  th a t ,  in  th e  course of th e  d e a c tiv a tio n  of th e  
c a ta ly s t  bed , h y d ro ca rb o n s  of v a rio u s  chain  leng ths, b u t  m a in ly  olefinic, are 
p re se n t before th e  ap p earan ce  o f th e  undecom posed  h y d ro c a rb o n  in  th e  
p ro d u c t.

F rom  re c e n t re su lts  [2—6] i t  w as concluded th a t  th e  decom position  of 
h y d ro carb o n s b y  w a te r  v ap o u r a t  h ig h e r p ressures (15 — 30 a tm ) f irs t  leads 
to  th e  fo rm atio n  o f hyd ro g en  an d  ca rb o n  m onoxide; th e se  th e n  in te ra c t to  
y ie ld  m ethane. In  p a ra lle l w ith  th e  reac tio n s m en tioned , a n u m b e r o f au th o rs  
[1, 3, 7 —9] have also observed  e s ta b lish m e n t of eq u ilib riu m  in  th e  w a te r  gas 
reac tio n . The e x a c t k in e tic s  of th e  re a c tio n  have n o t b een  clarified , how ever.

The aim  of th e  research  re p o r te d  in  th e  p resen t p a p e r  w as to  es tab lish  
th e  ca ta ly tic  p ro p e rtie s  of a 15%  n ick e l on a lum ina c a ta ly s t  w ith  th e  aid  of 
n -hexane -  w a te r  v a p o u r  m odel re a c tio n  a t 1 a tm .
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E xperim ental
Apparatus

The investigations were carried ou t in  the apparatus to  be seen in  Fig. 1. The catalyst 
was placed in a quartz  reactor, and  the tem perature was m easured w ith the thermocouple 
in the concentrically attached quartz  capillary. The w ater vapour was fed from a flask under 
the reactor, by the aid of boiling w ith  a given electric power. N itrogen sa turated  w ith hexane 
was introduced to  the w ater vapour.

Fig. 1. E xperim ental apparatus

The gas m ixture leaving the reactor was passed th rough  a dry-ice trap , where the 
w ater vapour and unreacted hexane condensed, and the ra te  o f the product gas was then 
measured w ith a wet drum  meter. The gas ra tes given in the E xperim ental section refer to 
room  tem perature and to the state sa tu ra ted  w ith w ater vapour. Samples were taken  from 
the reaction m ixture a t intervals, and their compositions were determ ined gas-chroma- 
tographically.

n-Hexane of 99.5% purity  was used in the experim ents; th e  m ain im purity  was cyclo
hexane. The distilled w ater had been boiled im m ediately before use. The nitrogen used as 
carrier gas was taken  from a cylinder and was freed from oxygen b y  passage through a copper- 
containing catalyst.

The cata lyst employed had a grain d iam eter of 3.6 mm , and  contained 15 w t.%  nickel 
on alum ina. I t  was prepared by Leunawerke (GDR) on the basis of a procedure elaborated 
in the High Pressure Institu te . I t  was used either in the original grain size, or after crushing 
to  0.6—0.8 mm. The specific surface of the catalyst, as determ ined by  the B ET method, 
was 150 m 2/g; the nickel surface, m easured by  hydrogen chem isorption, was 3.6 m 2/g; and 
the to ta l pore volume was 0.282 cm3/g. The pore d istribution was as follows:

Pore radius (A) Pore volume (cm3)

0-1 0 0.0684
10-20 0.048
20—40 0.094

above 40 0.072

The pore d istribution  was determ ined by  oxygen adsorption  a t liqu id  nitrogen 
tem perature. The K elvin equation was used w ithout correction.

Acta Chim. (Budapest) 88,1976



2 2 6 TRAPLY e t al.: REACTION OF n-HEXANE AND WATER VAPOUR

Variation of catalyst activity as a function o f tim e in  the n-hexane
decom position reaction

F rom  th e  asp ec t o f  e v a lu a tio n  and  com parison  of th e  ex p erim en ta l 
re su lts , i t  is e ssen tia l t h a t  th e  a c t iv i ty  o f th e  c a ta ly s t shou ld  possib ly  no t 
ch an g e  during  each  ex p e rim e n t, a n d  th a t  th e  ac tiv itie s  o f th e  c a ta ly s ts  used 
in  d iffe ren t ex p erim en ts  shou ld  as possible be th e  sam e.

Fig. 2. Variation of the ac tiv ity  of the cata lyst in the n-hexane -  w ater vapour reaction

M easurem ents w ere alw ays m ade w ith  fresh  c a ta ly s t, to  ensure  as fa r  
as possible id en tica l in itia l s ta te s .

A fter ad d itio n  o f th e  a p p ro p ria te  a m o u n t o f c a ta ly s t, a s tre a m  o f h y d ro 
g en  was passed th ro u g h  th e  re a c to r  w hile i t  w as h e a te d  up  to  th e  ap p ro p ria te  
te m p e ra tu re . O nly  a f te r  th is  w as th e  reac tio n  m ix tu re  le t in to  th e  c a ta ly s t bed .

The ra te  a n d  co m position  o f  th e  p ro d u c t gas w ere m easu red , and  from  
th e se  th e  volum e flow s of th e  in d iv id u a l com ponen ts w ere ca lcu la ted , to g e th e r 
w ith  th e  degree o f conversion  re la tin g  to  n -hexane.

I t  was fo u n d  in  th e  ex p e rim en ts  th a t  th e  a c tiv ity  o f th e  c a ta ly s t in i
t ia l ly  decreased, a n d  th e n  reach ed  some c o n s ta n t v a lue  a f te r  be in g  used for 
a b o u t one hour.

Figure 2 show s th e  degrees o f  conversion  m easu red  a t  420 °C as a function  
o f  th e  d u ra tio n  o f th e  e x p e rim e n t on 1.25 g o f th e  c a ta ly s t w ith  a g ra in  d iam 
e te r  of 3.6 m m . T he gas m ix tu re  w as a d m itte d  a t  a ra te  o f 930 cm 3/m in. I t  
co n ta in ed  w a te r v a p o u r  an d  n -h ex an e  in  a m ole ra tio  o f 12 : 1.

The te m p e ra tu re  o f th e  c a ta ly s t b ed  used  in  th e  n -h ex an e  -  w a te r 
v a p o u r reac tio n  w as n o t th e  sam e a t  ev e ry  p o in t. T em p era tu re -d ro p s  of 
10-50  °C were o b serv ed  along th e  c a ta ly s t b ed , d epend ing  on  th e  conversion 
a n d  on th e  in p u t r a te . F o r th is  reason  th e  te m p e ra tu re  d is tr ib u tio n  in  th e  
c a ta ly s t bed  w as d e te rm in ed  in  a n u m b er o f cases. T he te m p e ra tu re  of an
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Temperature distribution in the catalyst bed
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cm

Fig. 3. Tem perature d istribution  along th e  reacto r in  the ra-hexane -  w ater vapour reaction.
Feed ra te : 940 cm3/m in; ca ta ly s t: 1.25 g; H 20 :  n-hexane =  17:1

e x p e rim e n t was su b seq u en tly  ta k e n  as th e  low est te m p e ra tu re  m easu red  in  
th e  d iffe ren tia l c a ta ly s t  layer.

F igu re  3 show s tw o  ch a ra c te ris tic  te m p e ra tu re  d is trib u tio n s  as a fu n c tio n  
o f th e  len g th  of th e  reac to r. The a m o u n t of c a ta ly s t em ployed  in  th e  e x p e ri
m e n t w as 1.25 g, th e  in p u t ra te  w as 940 cm 3/m in , an d  th e  w a te r  v ap o u r: 
h ex an e  m ole ra tio  in  th e  feed m ix tu re  w as 17 : 1.

Equilibrium calculations

T h e eq u ilib riu m  co n cen tra tio n s o f th e  p ro d u c ts  an d  th e  w a te r  v ap o u r 
w ere ca lcu la ted  as a  fu nc tion  of th e  degree of conversion  an d  o f th e  te m p e ra 
tu re ,  o n  th e  a ssu m p tio n  th a t  th e  u n c o n v e rte d  h y d ro ca rb o n  is p re se n t as an  
in e r t d ilu e n t gas.

F ig u re  4 gives th e  equ ilib riu m  p ro d u c t d is tr ib u tio n  in  v o l.%  (referred  
to  th e  d ry  gas m ix tu re )  in  the  d eco m p o sitio n  of n -hexane b y  w a te r  v a p o u r, as 
a fu n c tio n  o f th e  degree of conversion  a t  v a rious te m p e ra tu re s ; th e  com position  
o f th e  feed  m ix tu re  w as 18 : 3 : 1 =  FI20  : N 2 : n -hexane . The sam e values are 
d e p ic te d  in  Fig. 5 as a function  o f  th e  te m p e ra tu re , a t  various degrees of con
version .

T h e  eq u ilib riu m  co n cen tra tio n  o f  carbon dioxide in itia lly  increases ra p id ly  
w ith  th e  conversion , b u t  la te r  b a re ly  changes. Below  a conversion  o f 10%  
th e  e q u lib riu m  c o n cen tra tio n  of c a rb o n  dioxide is p ra c tic a lly  in d ep en d en t of 
th e  te m p e ra tu re  in  th e  range 400— 550 °C, an d  a t h ig h er conversions, to o , th e  
te m p e ra tu re  dependence  is slight. U p  to  ab o u t 500 °C th e  a m o u n t o f ca rb o n  
dioxide in  th e  eq u ilib riu m  m ix tu re  in c reases  to  a sm all e x te n t, b u t  a f te r  th is  
decreases.
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Fig. 4. V ariation of equilibrium  composition w ith  th e  conversion. Mole ratio  of feed m ixture
H 20  : N2: ra-hexane =  18 : 3 : 1

T he equ ilib rium  co n cen tra tio n  o f methane depends s tro n g ly  on b o th  th e  
conversion  and  th e  te m p e ra tu re . A t c o n s ta n t te m p e ra tu re  th e  co n cen tra tio n  
o f m e th a n e  in itia lly  increases only  v e ry  s lig h tly  w ith  th e  increase o f th e  con
v ersio n , b u t  th e  c o n c e n tra tio n  increase is la te r  v e ry  rap id . W ith  e lev a tio n  of 
th e  te m p e ra tu re , th e  in it ia l  sec tion  w ith  low  slope ex ten d s  to  an  ever la rg e r 
ran g e  o f conversion. T h is m eans th a t  a t  c o n s ta n t conversion th e  equ ilib rium  
c o n c e n tra tio n  of m e th a n e  falls w ith  th e  rise  o f te m p e ra tu re . I t  can  read ily  be 
seen from  th e  d iag ram s th a t  a t  conversions below  10%  u n d e r th e  given feed 
con d itio n s a t  te m p e ra tu re s  above 450 °C th e  eq u ilib riu m  m eth an e  co n cen tra 
tio n  is ex trem ely  low  so th a t  th e  eq u ilib riu m  p ro d u c t m ix tu re  p rac tica lly  
does n o t  co n ta in  m e th a n e .

T he equ ilib rium  co n cen tra tio n  o f carbon monoxide rises w ith  th e  increase 
o f b o th  th e  conversion  an d  th e  te m p e ra tu re . E v e n  a t  a conversion  of 20%  
an d  a te m p e ra tu re  o f 550 °C, how ever, th e  c o n c e n tra tio n  does n o t reach  1 v o l.%

U p to  a conversion  of ab o u t 20%  th e  eq u ilib riu m  co n cen tra tio n  of hydro
gen ru n s  fa irly  p a ra lle l to  th a t  o f ca rb o n  d iox ide , increasing  s teep ly  w ith  in 
crease  o f th e  conversion . As a re su lt o f a fu r th e r  increase in  th e  conversion, 
th e  v a lu e  passes th ro u g h  a m ax im um  an d  falls fa ir ly  un ifo rm ly , correspond ing
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Fig. 5. V ariation of equilibrium  composition w ith  tem perature. Mole ratio  of feed m ixture
H20  : N2 n-hexane =  18 : 3 :1

to  th e  fo rm a tio n  o f  m eth an e . U p to  a conversion  o f a b o u t 10%  th e  eq u ilib riu m  
c o n cen tra tio n  o f  h y d ro g en  is p ra c tic a lly  in d ep en d en t o f te m p e ra tu re , b u t  a t  
h igher conversions i t  rises w ith  th e  in crease  o f te m p e ra tu re .

V a ria tio n  o f  th e  feed com position  n a tu ra l ly  also affects th e  eq u ilib riu m  
com position  o f  th e  p ro d u c t. A decrease in  th e  w a te r v a p o u r  co n cen tra tio n  o f 
th e  feed m ix tu re  re su lts  in  increases in  th e  co n cen tra tio n s of th e  p ro d u c ts  
m eth an e  an d  ca rb o n  m onoxide, and  d ecreases in  th e  con cen tra tio n s o f h y d ro 
gen and  ca rb o n  d iox ide. O f these  co m p o n en ts , m e th an e  an d  hydrogen  are  th e  
m ost sensitive  to  th e  feed com position  (above a ce rta in  w a te r  v ap o u r c o n c e n tra 
tion). F igure  6 show s th e  equ ilib rium  c o n cen tra tio n s  o f ca rbon  dioxide an d  
m eth an e  as a fu n c tio n  of th e  degree o f  conversion  for a feed m ix tu re  of com 
position  H 20  : N 2 : n -hexane =  15 : 3 : 1.

Results and conclusions
Temperature dependence of the decom position of n-hexane by water vapour

The te m p e ra tu re  dependence o f th e  decom position  o f n-hexane b y  w a te r  
v ap o u r w as s tu d ie d  on ca ta ly sts  w ith  tw o  d iffe ren t g ra in  d iam eters (3.6 an d  
0 .6—0.8 m m ).
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Fig. 6. Equilibrium  concentrations of th e  carbon-containing components in  the dry  gas 
m ixture. Mole ratio of feed m ix tu re  H 20  : N2 : n-hexane =  1 5 : 3 : 1

In  these  ex p e rim en ts  th e  re a c tio n  w as begun  a t  a co m p ara tiv e ly  low  
te m p e ra tu re , w h ere  i t  a lready  p roceeds a t  a  m easurab le  ra te :  400—420 °C. 
T he volum e flow s o f  th e  p ro d u c t co m p o n en ts  form ed du ring  th e  reac tio n  w ere 
d e te rm in ed  a f te r  e s ta b lish m e n t o f  th e  s te a d y  s ta te  a t  various te m p e ra tu re s .

t ° c

Fig. 7. V ariation of carbon dioxide concentration  of the product m ixture as a function  of 
tem perature on ca ta ly st grains 3.6 mm in diam eter. E m pty  and full symbols are m easured 
on equilibrium poin ts taken  in the direction of increasing and decreasing tem pera tu re  

respectively. Feed ra te : 930 cm3/m in; ca ta lyst: 1.26 g; H 20 : n-hexane =  17.5 : 1
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The te m p e ra tu re  dependence of th e  reac tio n  w as m easu red  w ith  feed  
m ix tu res  co n ta in in g  v a rio u s m ole ra tio s  o f re-hexane an d  w a te r  v ap o u r (1 : 4 — 
1 : 18), an d  a t  te m p e ra tu re s  increasing  an d  decreasing  in  th e  ra n g e 400—550°C .

In  th e  ran g e  o f low  conversions a t  te m p e ra tu re s  b e tw een  400 and  550 °C, 
th e  p ro d u c ts  of th e  re a c tio n  for b o th  c a ta ly s t g ra in  sizes w ere carbon  dioxide

0 I------^ ^  -------------*—
400 450 500 550

t °C

Fig. 8. Tem perature dependence of the concentrations of the carbon-containing products 
on cata lyst grains 0.7 m m  in diam eter. E m pty  and full symbols are m easured on equilibrium  
points taken  in the direction of increasing and decreasing tem perature , respectively. Feed 

ra te : 920 cm3/m in; cata lyst: 1.26 g; H 20 :  n-hexane =  17 : 1

an d  hyd ro g en , w ith  some carbon  m onoxide an d  m e th a n e . W ith  increasing  
conversion , th e  c o n cen tra tio n s  o f th e  p ro d u c ts  m e th an e  a n d  carbon  m onoxide 
also increase.

W hen  th e  re a c tio n  m ix tu re  w as fed  in to  an  e m p ty  re a c to r  a t  400—580 °C, 
no tra n sfo rm a tio n  a t  all w as observed . The m ix tu re  le f t th e  re a c to r  unch an g ed .

F igure 7 show s th e  carbon  dioxide co n cen tra tio n  (expressed  in  v o l.% ) 
of th e  p ro d u c t m ix tu re  fo rm ed  on 1.26 g o f c a ta ly s t w ith  a g ra in  d iam ete r o f  
3.6 m m , as a fu n c tio n  o f te m p e ra tu re . T he equ ilib riu m  v a lu es  co rrespond ing  
to  th e  given re a c tio n  cond itions a re  also in d ic a te d  in  th e  d iag ram . The co n 
c e n tra tio n  of m e th a n e  is n o t p lo tte d , for in  th e  en tire  m easu rem en t series th e  
conversion rem a in ed  below  15% , an d  th u s  th e  eq u ilib riu m  a n d  ex p erim en ta lly  
m easu red  c o n cen tra tio n s  o f  m e th an e  d id  n o t a t ta in  0.1 v o l.% . The co n cen tra 
tio n  of carbon  m onox ide  is n o t show n fo r sim ilar reasons.

F igure 8 gives th e  values (in v o l.% ) o f  th e  ca rb o n -co n ta in in g  com ponents 
o f th e  p ro d u c t fo rm ed  on 1.26 g o f th e  c a ta ly s t frac tio n  w ith  a  grain  d iam e te r 
o f 0 .6 —0.8 m m , as a  fu n c tio n  of te m p e ra tu re . The va lu es  correspond ing  to  th e  
equ ilib rium  com position  are sim ilarly  given in  th is  d iag ram .

The ac tiv itie s  o f  th e  c a ta ly s ts  w ith  th e  d iffe ren t g ra in  sizes b o th  e x h ib it
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h y ste re s is  as a fu n c tio n  o f te m p e ra tu re ; th is  m eans t h a t  in  a ce rta in  te m p e ra 
tu r e  in te rv a l th e  deg ree  o f conversion  o f  th e  reac tio n  an d  th e  com position  of 
th e  p ro d u c t depend  on  th e  d irec tion  fro m  w hich the  te m p e ra tu re  is app roached . 
I n  th e  d irection  of in c reasin g  te m p e ra tu re  a lower degree o f conversion  was

Fig. 9. Variation of the degree of conversion w ith  the tem perature on 1.26 g cata lyst w ith 
a grain d iam eter of 3.6 mm. E xperim ental conditions as in Fig. 7

Fig. 10. Variation of the degree of conversion w ith  the tem perature on 1.26 g cata lyst w ith 
a grain d iam eter of 0.7mm. E xperim ental conditions as in  Fig. 8

o b serv ed  th a n  i f  th e  sam e te m p e ra tu re  w as ap p ro ach ed  from  above (Figs 
9 an d  10).

I t  can be e s ta b lish e d  th a t  fo r b o th  grain  sizes th e  com position  o f th e  
re a c tio n  p ro d u c t in  th e  te m p e ra tu re  a n d  conversion ran g es em ployed  on these  
c a ta ly s ts  h ad  a v a lu e  co rrespond ing  to  th e  equ ilib riu m  com position . This 
m ean s , therefo re , t h a t  th e  ra te -d e te rm in in g  step  is th e  re a c tio n  b e tw een  h y d ro 
ca rb o n  and  w a te r  v a p o u r , and  t h a t  th e  equ ilib rium  b e tw een  th e  p rim a ry  
p ro d u c ts  form ed se ts  in  v e ry  ra p id ly , ev en  a t  th e  low est conversions. Con
clusions as to  th e  sequence  of co n secu tiv e  steps in  th e  re a c tio n  can th u s  no t 
be d raw n from  th ese  ex p erim en ts.
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T he shape o f th e  m ethane  c o n c e n tra tio n  curve in  F ig . 8 is of in te re s t . 
I f  th e  m easu rem en t is perform ed in  th e  d irec tio n  o f increasing  te m p e ra tu re s , 
th e  co n cen tra tio n  o f m eth an e  in th e  p ro d u c t  m ix tu re  scarcely  changes. T his 
is a consequence o f th e  fac t th a t  while th e  degree of conversion  increases w ith  
th e  increase of te m p e ra tu re , a t the  sam e  tim e  th e  eq u ilib riu m  co n cen tra tio n  
o f m e th an e  decreases to  rough ly  th e  sam e  e x te n t;  th is  re su lts  in  a curve th e  
shape o f w hich b a re ly  changes in  th e  F ig u re . I f  th e  m easu rem en t is c a rried  
o u t in  th e  d irec tio n  o f decreasing te m p e ra tu re s , th e  co n cen tra tio n  o f m e th a n e  
increases fo r a tim e  in  accordance w ith  th e  h igher conversion  values a n d  th e  
low er te m p e ra tu re , an d  th e n , below a c e r ta in  conversion , falls rap id ly . O vera ll, 
th e re fo re , as a re su lt o f th e  tw o o p p o sin g  effects we o b ta in  a curve w ith  a 
m ax im um .

On com parison  o f th e  m easu rem en ts  m ade on th e  tw o sizes of c a ta ly s t  
g rains (F igs 9 an d  10), i t  can  read ily  be  seen th a t  a t  low er te m p e ra tu re s  th e  
tw o  c a ta ly s ts  a c t ro u g h ly  iden tica lly  (k in e tic  in te rv a l) ; th e n , above a c e r ta in  
te m p e ra tu re  (430—440 °C), th e  gas p ro d u c tio n  of th e  c a ta ly s t w ith  th e  sm alle r 
g rains increases co m p ared  to  the  value o b se rv ed  for th e  la rg e r grains.

T his phenom enon  can  be ex p la in ed  in  th a t  a t te m p e ra tu re s  a ro u n d  
430 °C a pore-d iffusion  appears on th e  co a rse r-g ra in ed  c a ta ly s t, and  w ith  th e  
e lev a tio n  o f th e  te m p e ra tu re  th is  becom es increasing ly  m ore sign ifican t.

Studies on the change o f th e  carbon atom number

In  th e  conversion  in te rv a l 0.02—0.40  in  th e  co n cen tra tio n  range em ployed  
on th e  tw o  ty p es  o f c a ta ly s t , ap a rt from  m e th a n e  no o th e r hyd ro carb o n , e ith e r  
s a tu ra te d  or u n s a tu ra te d , w as ever o b se rv ed  below  570 °C.

A t te m p e ra tu re s  h ig h er th a n  570 °C , v a rious h y d ro ca rb o n s, m a in ly  ole- 
fin ic , w ith  chain  len g th s  less th a n  th a t  o f  h ex an e  ap p eared  in  th e  p ro d u c t gas. 
In  such  cases a considerab le  deposit o f so o t w as also observed  in  th e  c a ta ly s t  
bed  an d  on th e  walls o f th e  reacto r.

T he ex p la n a tio n  o f th e  p h en o m en o n  is th a t  a t  h ig h er te m p e ra tu re s  
h exane m ay  also un d erg o  th e rm a l d eco m p o sitio n , re su ltin g  in  the  occurrence 
of such  com pounds.

Effect of im purities

A s tu d y  w as m ade o f th e  effects o f  a ro m a tic  and  olefinic h y d ro ca rb o n  
im p u rities  on th e  a c tiv ity  o f the  c a ta ly s t . B enzene was used  as an  a ro m a tic  
com pound , and  c is-2-pentene as an u n s a tu ra te d  h y d ro ca rb o n .

T hese com pounds w ere m ixed w ith  h e x an e  in  th e  s a tu ra to r , in  an  in itia l 
co n cen tra tio n  of a b o u t 5 % . The com position  v a ried  d u rin g  th e  ex p e rim en t, in  
consequence of th e  d iffering  vo latilities.
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The com pounds were n o t o b se rv ed  to  ex h ib it an y  m odify ing  e ffec t o n  
th e  ca ta ly st.

O ther ty p e s  o f  h y d ro ca rb o n s d id  n o t  ap p ea r in  th e  re a c tio n  m ix tu re  in  
th e  case of b en zen e . T he te m p e ra tu re  em p lo y ed  in  th e  ex p erim en ts  is a lre a d y  
h ig h  for the  h y d ro g e n a tio n  o f benzene a n d  th e  equ ilib rium  is sh ifted  in  th e  
d irec tio n  of benzene  fo rm atio n , an d  th u s  benzene is ra th e r  form ed from  th e  
cyclohexane im p u r ity  p re sen t in  th e  ra-hexane.

In  the  case o f  p en ten e  as im p u r ity , som e p en tan e  can  also be d e te c te d  in  
th e  m ix tu re , b u t  no  o th e r h y d ro ca rb o n  can  be observed here  e ith er.
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The controlling step in the decomposition of propane, n-octane and iso-octane 
by w ater vapour on an alum ina supported nickel cata lyst is the reaction of the hydro
carbon and  w ater vapour. Equilibrium  is established betw een the reaction products 
and the unreacted  w ater vapour a t various hydrocarbon conversions.

In  the reaction of hydrocarbon and w ater vapour on a magnesium silicate 
supported cata lyst the composition of the  p roduct gas apparently  corresponds to  the 
equilibrium  composition only under conditions where the form ation of m ethane is 
practically  insignificant. In  all other cases in the decompositions of both  the octanes 
and propane by w ater vapour, the ca ta lyst produces much more carbon dioxide and 
hydrogen th an  the equilibrium values, and  m uch less m ethane.

U p to  a certain tem perature lim it, and a t  various conversions, compounds 
containing more than  one carbon atom  were n o t found among the reaction products. 
The various norm al and isoparaffins reaching the surface of the catalyst are thus able 
to leave it  only in a to tally  disintegrated sta te , in the form of compounds containing 
only a single carbon atom.

A t 450 °C the products are formed from  the hydrocarbons in question a t the 
same ra te , and therefore the rates m easured on the model compounds can be used 
to draw  conclusions on the rates of reaction  of hydrocarbon m ixtures w ith w ater 
vapour too.

Introduction

In  an  ea rlie r pu b lica tio n  [1], a s tu d y  o f th e  reac tio n  of n -hexane w ith  
w a te r  v a p o u r  a t  1 a tm  on a lum in ium  oxide su p p o rted  n ickel c a ta ly s ts , was 
re p o rte d . I t  w as found  th a t  in th e  d ecom position  o f n-hexane b y  w a te r  v a p o u r  
th e  s tep  co n tro llin g  th e  reac tio n  is th a t  b e tw een  n-hexane and  w a te r  v ap o u r, 
while u n d e r  th e  cond itions em ployed  e q u ilib riu m  w as estab lished  b e tw een  th e  
reac tio n  p ro d u c ts  a t  all conversion va lues.

T he a im  o f th e  p resen t w ork w as to  e x te n d  th e  investiga tions re la tin g  to  
n-hexane to  o th e r  p ara ffin s, n -octane , iso -octane  an d  p ropane w ere se lec ted  
as m odel com pounds.

* The w ork described was supported by H igh Pressure Institu te .

2* Acta Chim. (Budapest) 88,1976



2 3 6 TRAPLY et a b  REACTION OF OCTANES AND PROPANE WITH WATER VAPOUR

Experim ental

Apparatus

Investigations were made in the appara tu s described earlier [1], w ith the difference 
th a t  when propane was fed, its flow ra te  was m easured w ith a differential m anom eter; when 
feeding octane, how ever, the liquid hydrocarbon was in jected by means of a peristaltic  pum p, 
vapourized and th en  m ixed w ith the w ater vapour.

Since the cross sections of the elastic silicone rubber tubes necessary for the peristaltic  
pum p changed continuously after use, as a consequence of the swelling effect of the hyd ro 
carbons, and the tu b es  finally  deteriorated  com pletely, an indirect m ethod was em ployed: 
th e  pum p was used to  feed w ater into a vessel, fitted  w ith  two outlets, w hich was com pletely 
filled w ith the app rop ria te  liquid hydrocarbon. The w ater was adm itted  through one of the 
ou tle ts  so as to  form  a layer under the hydrocarbon; since the two liquids are practically  
im miscible, a volum e of hydrocarbon equivalen t to  th e  volume of w ater was expelled th rough  
the o ther outlet.

The reaction p roducts were analyzed by  a gas chrom atograph.
The n-octane and  iso-octane used were of p. a. purity . The distilled w ater fed had  

previously been boiled ou t. A t the beginning of the experim ents the propane used contained 
7%  ethane and 3%  bu tan e  -)- isobutane. These im purities were taken  into account in  the 
m easurem ents by determ ining the average carbon atom  num ber of the gas m ixture and using 
th is value in the calculations. During use of th e  propane, the composition of the gas m ixture 
d id  no t rem ain unchanged: the concentration of the more volatile ethane decreased, whereas 
th e  gas m ixture becam e enriched in bu tanes, w hich are less volatile th an  propane. The 
average carbon a tom  num ber in the experim ents varied  in  the range 2.96—3.08.

Catalysts

One of the ca ta ly sts examined was the same as th a t  used in the experim ents w ith 
n-hexane; grains ab o u t 3.6 mm in diam eter, containing 13 w t.%  nickel supported on alum ina. 
The physical param eters of the cata lyst were given earlier [1].

E xperim ents were also carried ou t w ith  a m agnesium  silicate supported nickel cata lyst. 
This was prepared b y  N i(N 03)2-M g(N03)2 im pregnation  of an enstatite  based support, 
followed by heat tre a tm en t and reduction. The p roduct contained 6—7%  nickel. The fraction 
w ith  a grain d iam eter o f 2.0—2.5 mm was used in this work.

Experimental method

Fresh ca ta ly st was taken for every experim ent. I t  was placed in the reacto r and 
heated  up to the appropriate  tem perature in a stream  of hydrogen, and the reaction m ixture 
was then  adm itted  to  th e  catalyst bed.

After estab lishm ent of the steady sta te , the ra te  and composition of the p roduct gas 
were measured. These were used to determ ine the p artia l volume flows (relating to 25 °C and 
1 atm ) of the com ponents produced by the cata lyst in u n it time, and the degree of conversion 
of the hydrocarbon was calculated.

In  each experim ental series (a fixed am ount of catalyst and a fixed feed rate), the 
composition of the p ro d u c t m ixture was m easured a t  several tem peratures, firs t in  the 
direction of increasing tem peratures, and then  in the direction of decreasing tem peratures.

Material balance calculations

The m a te r ia l ba lance  was p r im a rily  e s tab lish ed  to  check th e  co rrec tness 
o f  th e  e x p e rim e n ta l resu lts.

I f  th e  re s id u a l u n reac ted  liq u id  h y d ro c a rb o n  and  th e  w a te r are rem o v ed  
fro m  th e  p ro d u c t gas, th en  th e  fo llow ing m a te r ia l balance can be w ritte n  fo r
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th e  ca rb o n -co n ta in in g  com ponents:

1_

n
v CO2 +

1
v C O  +  “ “ ® C H 4 

n ( 1 )

vt is th e  ra te  of flow  o f th e  p roduct gas, an d  Vqo2i t>co an d  vCH4 th e  p a r tia l  
ra te s  of th e  co rrespond ing  com ponents, exp ressed  in  cm 3/m in ; n in  th e  eq u a tio n  
is th e  n u m b er of ca rb o n  atom s p re se n t in  one m olecule of th e  liqu id  h y d ro 
carbon .

The a m o u n t of h y d ro g en  form ed in  u n it  tim e  d u rin g  th e  reac tio n  can be 
ca lcu la ted  from  the  fo llow ing re la tion :

v Hi —

1

n
v t +  v c o í — 3 vCHl

3 +
1

n

(2)

I f  th e  residual h y d ro ca rb o n  is n o t  rem oved  from  th e  p ro d u c t gas (as in  
case o f p ro p an e), th e n  th e  to ta l  volum e o f th e  p ro d u c t gas is re la te d  as follows 
to  th e  p a r tia l  volum es:

Щ — 4 vCo2 — vCo =  v° (3)

w here v° is th e  feed ra te  o f  propane.
The am o u n t of h y d ro g en  form ed in  th e  re a c tio n  can  be ca lcu la ted  from  

th e  follow ing re la tio n :

.. __ (2« +  1) (vt -  t>°) +  (re -  1) (vCo2 3dCh4) , A \
v Hz —  ----------------------------------- --------------------------------------

6n

The m a te ria l b a lan ce  w as given b y  co n sid e ra tio n  o f th e  follow ing reac 
tions:

СпЯ.2П+2 +  2n H 20  =  n C 0 2 +  (3n  +  1) H 2 (5)

CnH 2,! + 2 -)- n H 20  =  n  CO +  (2n +  1) H 2 (6)

C 0 2 +  4 H 2 ^  CH4 +  2 H 20  (7)

CO +  3 H 2 ^  CH4 +  H 20  (8)

The ex p erim en ta l re su lts  could in  g enera l be w ell described  b y  equ a tio n s
(1) (8). F o r exam ple , th e  s tan d a rd  d e v ia tio n  of th e  p ro p an e  feed ra te , ca l
cu la ted  via eq u a tio n  (3), w as 1.3 cm3/m in , while a t  th e  sam e tim e  th e  e s tim a ted
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u n c e r ta in ty  of th e  m easu rem en t o f  th e  p ro p an e  feed ra te  w as +  1 cm 3/m in . 
O n ly  in  a few e x c e p tio n a l ex p e rim en ts , ca rried  o u t u n d e r ex trem e  cond itio n s, 
cou ld  i t  be show n t h a t  a m a te ria l im b a lan ce  was caused  b y  some o th e r  reac tio n  
(ca rb o n  deposition  o r  crack ing).

In  the  know ledge of th e  h y d ro c a rb o n  feed ra te  an d  th e  am o u n ts  o f 
ca rb o n  dioxide, m e th a n e  and  carb o n  m onoxide fo rm ed  in  u n it  tim e , th e  degree 
o f  conversion (x ) w as ca lcu la ted  from  th e  follow ing re la tio n :

X  =  focOa +  y CHa +  V c o )  _ 1 0 0 o/ 
nv°

Experim ental results
Investigations on alum ina-supported nickel catalyst 

Reaction of octanes and water vapour

In  th e  s tu d y  o f  th e  decom positions of n -octane and  iso -octane  b y  w a te r  
v a p o u r , the  re su lts  w ere sim ilar to  th o se  o b ta in ed  earlie r for th e  re a c tio n  o f  
n -h ex an e  w ith  w a te r  v ap o u r.

The resu lts  o f  m easu rem en ts  m ade a t increasing  an d  a t  decreasing  te m 
p e ra tu re s  do n o t ag ree : a c a ta ly s t p ro v ed  m ore active a t a g iven te m p e ra tu re  
i f  i t  was ap p ro ach ed  from  h ig h er te m p e ra tu re s  th a n  in  case o f ap p ro ach in g  
fro m  th e  d irec tion  o f low er te m p e ra tu re s  (Fig. 1).

In  these ex p e rim en ts , too , th e  re a c tio n  ra te  w as con tro lled  b y  th e  r a te  
o f  decom position  o f  th e  h y d ro ca rb o n , while th e  re a c tio n  p ro d u c ts  (th e  u n d e 
com posed h y d ro ca rb o n  being tr e a te d  as a d ilu en t gas) w ere p re se n t in  co n cen 
tra tio n s  co rrespond ing  to  th e  eq u ilib riu m  com position  (F ig . 2).

Fig. 1. Variation of the degree of conversion w ith the tem perature in the decompositions of 
n-octane and iso-octane by w ater vapour on 5.0 g catalyst. Feed ra te : 1020 cm3/m in ; 
H 20 :  octane =  17 : 1. The em pty and filled symbols are points m easured in the direction of 

increasing or decreasing tem perature, respectively
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Fig. 2. Amounts of carbon-containing components formed from  1 mol octane fed, as a function 
of tem perature. Feed ra te : 1020 cm3/m in; H 20  : octane =  17 : 1; cata lyst: 5.0 g

0.0 02 0 A  0.6 0.8 1.0

Fig. 3. Equilibrium  am ounts of products formed from  1 mol octane fed in  the octane -  w ater 
vapour reaction, as a function of the conversion. H20  : octane =  20 : 1
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Fig. 4. Variation of the equilibrium  composition of the dry gas m ixture w ith  the tem perature
H 20  : octane =  20 : 1

Figure 3 shows th e  eq u ilib riu m  am o u n ts  (expressed  in  m ol) o f th e  p ro d 
u c ts  form ed from  1.0 m ol o c tane , a t  a m olar feed ra tio  H 20  : C8H 18 =  20 : 1, 
as a function  of th e  conversion , a n d  F ig . 4 th e  com position  of th e  equ ilib rium  
p ro d u c t (expressed in  v o l.% ) as a fu n c tio n  of th e  te m p e ra tu re  a t  various 
degrees of conversion . These d iag ram s too  are sim ilar to  th e  equ ilib rium  
p ro d u c t d is trib u tio n  in  th e  n -hexane  — w a te r  v ap o u r reac tio n . A t low  conver
sions in  th e  te m p e ra tu re  in te rv a l o f 4 0 0 —5 0 0 °C th e  m ain  p ro d u c ts  o f  th e  reac 
tio n  are again ca rb o n  dioxide an d  h y d ro g en ; m eth an e  an d  carb o n  m onoxide 
a re  form ed in neglig ib le am o u n ts . W ith  th e  increase o f  th e  conversion , the  
m e th a n e  co n cen tra tio n  of th e  eq u ilib riu m  p ro d u c t also increases, a t  th e  expense 
o f  th e  carbon  dioxide an d  hydro g en  co n cen tra tio n s. A t 400 — 480 °C th e  am o u n t 
o f  ca rbon  m onoxide increases to  o n ly  a v e ry  sligh t e x te n t  w ith  th e  increase 
o f  th e  conversion or th e  te m p e ra tu re , b u t  a t h igher te m p e ra tu re s  th e  te m p e ra 
tu re  dependence becom es in creasin g ly  steeper.

Increase of th e  w a te r  v ap o u r co n c e n tra tio n  in  th e  feed  m ix tu re  suppresses 
th e  fo rm atio n  of b o th  m eth an e  a n d  carbon  m onoxide, s im ila rly  as in  the  
decom position  of n -h ex an e  b y  w a te r  v ap o u r.
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W h en  ex p erim en ts  were carried  o u t  a t  low  conversions, a p a r t from  th e  
u n re a c te d  su b stan ces, th e  product c o n ta in e d  p ra c tic a lly  on ly  carbon  d iox ide  
and  h y d ro g en  correspond ing  to  th e  e q u ilib riu m . T he investig a tio n s w ere 
th ere fo re  ex ten d ed  to  a conversion ra n g e  w here th e  fo rm a tio n  of m e th an e , to o , 
w as app reciab le .

F igure  2 shows th e  ra te s  of fo rm a tio n  of th e  ca rb o n -co n ta in in g  p ro d u c ts  
in  th e  re-octane — w a te r  v ap o u r and  iso -o c tan e  — w a te r v a p o u r  reactions u n d e r

Fig. 5. Equilibrium  am ounts of products form ed from  1 mol propane fed in the p ropane-w ater 
vapour reaction, as a function of th e  conversion. H 20  : propane =  7.5 : 1

sim ilar ex p e rim en ta l conditions, re fe rred  to  an  octane feed  o f 1.0 m ol, as a 
fu n c tio n  o f  th e  te m p e ra tu re . The d iag ram  also in d ica tes  th e  equ ilib rium  v a lu es  
co rrespond ing  to  th e  g iven  ex p erim en ta l cond itions a t  som e tem p era tu res .

F ro m  Figs 1 an d  2 i t  can be e s ta b lish e d  th a t ,  w ith in  th e  lim its o f e x p e r i
m en ta l e rro r , th e  reac tio n s o f re-octane a n d  iso-octane w ith  w a te r  v ap o u r on th e  
c a ta ly s t u n d e r  th e  sam e ex p erim en ta l cond itions p roceed  w ith  th e  sam e 
conversions; th e  p ro d u c t com positions a re  also id en tica l, and  correspond  to  
th e  eq u ilib riu m  com position .
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Cracking o f octanes

A t te m p e ra tu re s  below  500 °C, a p a r t  from  m eth an e , no o th e r h y d ro c a r
b o n s  were fo rm ed  in  th e  decom positions o f  th e  tw o  octanes w ith  w a te r v a p o u r . 
A t te m p e ra tu re s  above  500 °C, on th e  o th e r  h an d , c rack ing  w as observed  in  
a ll cases, even a t  th e  h ighest feed ra tio  u sed  (H 20  : C8H 18 ~  30). I t  m u s t be  
n o te d  th a t  th e  c o n c e n tra tio n  of th e  c rack in g  p ro d u c ts  (e th an e , e th y le n e ,

Fig. 6. Variation of th e  equilibrium  composition of the dry gas m ixture w ith the tem pera tu re .
H 20  : propane =  7.5 : 1

p ro p y len e , p e n ta n e , pen tene) was a t  m o s t a few te n th s  o f a p e r cen t, b u t  th e  
d ep osition  of c a rb o n  w as a t  tim es v e ry  considerab le . F o r exam ple , w ith  a feed  
ra t io  of H 20  : C8H 18 =  8 : 1 a t  550 °C fo r 1 —2 h rs  a t re la tiv e ly  low  conversions 
(6 — 7% ), th e  d ep o sitio n  of carbon  w as so ex tensive  th a t  th e  c a ta ly s t g ra in s  
u n d e rw en t d is in teg ra tio n .

The p o ss ib ility  of fo rm atio n  o f low er m olecular w eig h t h y d ro ca rb o n s  
w as exam ined  a t  low  flow  ra te s , a t  a conversion  of 80 — 9 0 % , on a lo n g e r 
c a ta ly s t  bed . I t  w as found  th a t  in  ex p e rim en ts  below  500 °C, a p a r t  fro m  
m e th a n e , no h y d ro ca rb o n s  w ith  ch a in  len g th s  sh o rte r th a n  th a t  o f th e  feed  
h y d ro ca rb o n  w ere  fo rm ed  in  th e  decom positions of th e  tw o  octanes w ith  
w a te r  vapour.

30 \

0.1
0.2
0.3
0. «
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Reaction of propane and water vapour

F igu res 5 an d  6 show th e  eq u ilib riu m  am o u n ts  (expressed  in  m ol) o f th e  
p ro d u c ts  fo rm ed  from  1 m ol p ro p an e  fed  in  th e  p ropane -  w a te r  v a p o u r  re 
ac tio n , a t  a feed  ra tio  H 20  : p ro p an e  =  7.5 : 1.

T he equ ilib riu m  p ro d u c t d is tr ib u tio n  is y e ry  sim ilar to  t h a t  observed  
in  th e  decom position  of hexane or o c tan e  b y  w a te r  v ap o u r. A t low  conversions 
th e  m ain  p ro d u c ts  of th e  reac tio n  here  to o  are carbon  dioxide an d  hyd ro g en .

to

0.8

0.6 
X

0A 

0.2 

0.0

Fig. 7. V ariation of the degree of conversion w ith the tem perature in the decomposition 
of propane by w ater vapour on 8.1 g cata lyst. Feed ra te : 990 cm3/m in; H20  : propane =  8.8 : 1

H y ste resis  was also observed  in  th e  experim en ts w ith  p ro p an e . In  
m easu rem en ts  carried  ou t in  th e  d irec tio n  of decreasing te m p e ra tu re s , the  
c a ta ly s t  decom posed  th e  p ropane w ith  h ig h er conversion th a n  w hen  m easu re 
m en ts  w ere m ade in  th e  d irec tion  o f increasing  tem p era tu res . In  th ese  e x p e ri
m en ts  too  equ ilib riu m  was e s tab lish ed  b e tw een  th e  reac tio n  p ro d u c ts , ev en  a t 
a conversion  o f 50—60% . This show s t h a t  a t  a given feed com position  and  
p ressu re  th e  com position  of th e  p ro d u c t depends only on th e  te m p e ra tu re  and  
th e  conversion  of th e  h y d ro ca rb o n . H ere  again  m ain ly  carbon  dioxide and  
h y drogen  w ere form ed a t low conversions in  th e  tem p era tu re  range em ployed , 
to g e th e r  w ith  some m eth an e  an d  ca rb o n  m onoxide.

T he decom position  of p ro p an e  b y  w a te r  v ap o u r was s tu d ie d  a t  h igh 
conversions (60 — 80% ) on an  8 g c a ta ly s t  b ed  a t  375—450 °C, an d  th e  re su lts  
are illu s tra te d  in  Figs 7 and  8. F igu re  8 also shows th e  eq u ilib riu m  am o u n ts  
o f th e  carb o n -co n ta in in g  com ponen ts fo rm ed  u n d e r th e  given cond itions from  
1 m ol p ro p an e  fed . I t  can be seen th a t  a t  conversions h igher th a n  60 %  th e  
c a ta ly s t  p roduces som ew hat m ore ca rb o n  dioxide and  less m e th an e  th a n  th e  
e q u ilib riu m  am o u n ts . U nder th e  g iven  cond itions th e  equ ilib rium  an d  e x p e r
im e n ta lly  m easu red  q u an titie s  of ca rb o n  m onoxide are v e ry  low com pared  
to  th o se  o f th e  o th e r p ro d u c t co m p o n en ts , th e ir  abso lu te  values b e ing  o f th e  
sam e o rd er as th e  m easu rem en t e rro rs . T he difference betw een  th e  ex p e rim en 
ta lly  m easu red  an d  equ ilib rium  values is n o t too  large, nev er a tta in in g  10% .
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Fig. 8. Tem perature dependence of the am ounts of carbon dioxide and m ethane formed in 
th e  propane -  w ater v apou r reaction from  1 mol propane fed. Feed ra te : 990 cm3/m in;

H 20  : propane =  8.8 : 1; ca ta lyst: 8.1 g

T he equ ilib riu m  co m p o sitio n  was th e  p ro d u c t com position  observed  a t  a te m 
p e ra tu re  h igher b y  20 °C th a n  th e  low est te m p e ra tu re  m easu red  in  th e  c a ta ly s t 
b ed .

C racking w as n o t  observed  in  th e  te m p e ra tu re  range 350—600 °C in  th e  
decom position  o f p ro p a n e  b y  w a te r v ap o u r. H ow ever, considerable deposition  
o f ca rb o n  occurs h ere  to o  if  th e  w a te r v a p o u r  : p ropane  ra tio  is low.

D ecom position properties of various hydrocarbons

The d ecom position  p ro p ertie s  o f th e  in d iv id u a l h y d rocarbons w ere 
s tu d ie d  a t  various feed  com positions.

F igures 9 an d  10 show  th e  degrees of conversion  observed  in  th e  d irec tio n  
o f decreasing  te m p e ra tu re s  in  th e  decom positions o f th e  octanes and  p ropane  
b y  w a te r  vap o u r, as a fu n c tio n  of th e  feed co m position ; to  fac ilita te  com parison , 
th e  com position  is g iv en  as th e  mole ra tio  w a te r  v a p o u r : carbon  atom . T he 
cu rv es dep ic ted  a re  m ade up  of va lues in te rp o la te d  to  400, 450 and  500 °C 
fro m  th e  ap p ro p ria te  ex p e rim en ta l cu rves. T he ex p erim en ts  were carried  o u t 
o n  1.25 g c a ta ly s t, w ith  a to ta l  feed ra te  o f 1000 +  20 cm 3/m in  (ca lcu la ted  for 
a gas s ta te  assum ed  to  be  a t  25 °C an d  1 a tm ).

As a fu n c tio n  o f th e  w a te r v a p o u r co n c e n tra tio n  o f th e  feed, th e  a m o u n t 
o f o c tan e  or p ro p an e  decom posed passes th ro u g h  a m ax im um . F o r th e  h y d ro 
ca rb o n s  s tu d ied , th e  m ax im u m  tra n s fo rm a tio n  occurs in  th e  in te rv a l H 20  : C =  
=  2 - 3 .

F igures 11 a n d  12 show  th e  am o u n ts  o f ca rb o n  dioxide form ed from  1 m ol 
o c tan e  or propane fed , as a fu nc tion  o f th e  m ole ra tio  H 20  : C of th e  feed m ix-
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Fig. 9. V ariation of the degree of conversion 
w ith the feed composition in the decompositions 
of the octanes w ith w ater vapour. Feed ra te : 

1000 +  20 cm3/m in; catalyst: 1.25 g

H20 / C

Fig. 11. V ariation  of the am ount of carbon 
dioxide formed from 1 mol octane fed, with 
the feed composition, in the octane — water 
vapour reaction. The sym bol П refers to 
n-hexane. Feed ra te : 1000 +  20 cm3/min; 

cata lyst: 1.25 g

t° c
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Fig. 10. V ariation of the degree of conver
sion w ith the feed composition in the de
composition of propane by w ater vapour. 
Feed ra te : 1000 +  20 cm3/m in; ca ta ly st: 

1.25 g

H j 0 / c

Fig. 12. V ariation of the am ount of carbon 
dioxide formed from 1 mol propane fed, w ith 
th e  feed composition, in the propane -  w ater 
v ap o u r reaction. The symbol П refers to  n -hex
ane. Feed ra te : 1000 +  20 cm3/m in; ca ta lyst: 

1.25 g
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tu re .  Also d ep ic ted  a re  th e  am ounts o f c a rb o n  dioxide fo rm ed  in  th e  n -hexane -  
w a te r  v ap o u r re a c tio n  u n d er sim ilar e x p e rim e n ta l cond itions, a t  one feed  
com position .

I t  is in te re s tin g  to  observe t h a t  a t  a m ed ium  te m p e ra tu re , 450°C, in  
th e  co n cen tra tio n  ra n g e  H 20  : C =  2 — 3, a fixed  am o u n t of carbon  dioxide 
is fo rm ed  from  a g iv en  am o u n t of h y d ro c a rb o n , regard less o f how  m an y  ca rb o n  
a to m s th e  h y d ro c a rb o n  contains.

Investigations on  magnesium silicate-supported nickel catalysts

The reac tio n s o f  th e  octanes an d  p ro p a n e  were also s tu d ied  on a m ag n e 
sium  s ilic a te -su p p o rted  nickel ca ta ly s t.

R eactions of octanes and water vapour

No differences w ere observed in  th e  ex p erim en ts  w ith  n-octane  a n d  
iso -o c tan e . U nder g iv en  experim en ta l co n d itio n s th e  c a ta ly s t decom posed th e  
tw o  octanes w ith  th e  sam e conversion, a n d  th e  reac tio n  p ro d u c ts  to o  w ere 
th e  sam e.

A t low co n v ersio n s th is  c a ta ly s t to o  p roduced  m ain ly  hyd ro g en  a n d  
ca rb o n  dioxide, w ith  som e m ethane a n d  carb o n  m onoxide. H ere again  th e  
com position  of th e  p ro d u c t is r a th e r  close to  th e  eq u ilib riu m  co m position  
(reg ard in g  th e  u n d eco m p o sed  h y d ro ca rb o n  as a d ilu en t gas).

I f  a h igher co n v ersio n  was ach iev ed  b y  decreasing th e  flow  r a te , w h en  
th e  m ethane c o n c e n tra tio n  a t eq u ilib riu m  is also app reciab le , th e  com position  
o f th e  p ro d u c t m ix tu re  was no t th e  e q u ilib riu m  one: th e  c a ta ly s t p ro d u ced  
so m ew hat m ore c a rb o n  dioxide an d  h y d ro g en  and  less m eth an e  th a n  th e

Fig. 13. V ariation of th e  degree of conversion w ith  the tem perature in the decom position 
of n-octane by w ater vapour on a m agnesium  silicate-supported catalyst. Feed ra te : 

1020 cm3/min; H 20  : C =  3.1 : 1; catalyst: 2.5 g
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eq u ilib riu m  q u a n titie s . The am o u n t of ca rb o n  m onoxide fo rm ed  in  th e  re a c tio n  
is v e ry  low , an d  is v e ry  sensitive to  th e  accu racy  of th e  ana lysis , th e  d ifference 
from  th e  equ ilib riu m  value hav in g  th e  sam e o rder as th e  e x p e rim en ta l e rro rs .

F igu res 13 an d  14 give th e  conversions of n -octane m easu red  on 2.5 g 
c a ta ly s t  w ith  a g ra in  d iam ete r of 2.0 2.5 m m  and  th e  am o u n ts  of ca rb o n

Fig. 14. Tem perature dependence of the am ounts of carbon dioxide and  m ethane formed 
from  1 mol n-octane fed on a magnesium silicate-supported catalyst. Feed ra te : 1020 cm3/m in;

H 20  : C =  3.1 : 1; ca ta lyst =  2.5 g

d ioxide an d  m eth an e  (expressed in  mol) fo rm ed  from  1 m ol o f  n -octane fed , 
as a fu n c tio n  o f th e  te m p e ra tu re .

F igu re  14 also shows th e  eq u ilib riu m  p ro d u c t d is tr ib u tio n  correspond ing  
to  F ig . 13.

W hen  th e  m easu rem en ts w ere m ade a t  s till h igher conversions, th e  d if
ference  from  equ ilib rium  was even  m ore m ark ed  (Figs 15 an d  16).

Reaction o f propane and water vapour

T he resu lts  of ex perim en ts w ith  p ro p an e  w ere v e ry  s im ila r to  those  o b 
serv ed  in  th e  decom positions of th e  o c tan es w ith  w a te r v ap o u r.

A t low  conversions, w hen m ain ly  carb o n  dioxide and  h y d ro g en  arc fo rm ed  
in  th e  reac tio n , th e  contro lling  step  of th e  reac tio n  is on ly  th e  decom posi
tio n  o f  th e  h y d ro ca rb o n ; th e  co n cen tra tio n s  of th e  p ro d u c ts  are  close to  th e  
e q u il ib r iu m  p ro d u c t d is trib u tio n .
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Fig. 15. V ariation of th e  degree of conversion w ith the tem perature  in the decomposition 
of n-octane} by w ater vapour on a m agnesium  silicate-supported catalyst. Feed ra te : 

1030 cm3/min; H ,0  : C =  3.1 : 1; cata lyst: 5.0 g

—I ____ I 
350 400 450 500

t  ° C

Fig. 16. Tem perature dependence of the am ounts of carbon dioxide and m ethane formed 
from  1 mol n-octane fed on a magnesium silicate-supported cata lyst. Feed rate: 1030 cm3/m in;

H 20  : C =  3.1 : 1; catalyst: 5.0 g

W ith increasing conversion, how ever, the com position of the product 
in the decom position o f  propane on the m agnesium  silicate supported ca t
a ly st does not correspond to the equilibrium  com position either. Compared 
to  the equilibrium  am ounts, the cata lyst produces more carbon dioxide and 
hydrogen and less m ethane.

Figures 17 and 18 show the am ounts o f carbon dioxide and m ethane  
form ed from 1 m ol propane on 5.0 g ca ta lyst at tw o different feed com positions, 
and the amounts corresponding to equilibrium . The corresponding conversions 
are given in Fig. 19, as a function o f the tem perature.
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Fig. 17. Tem perature dependence of the am ounts of carbon dioxide and m ethane formed 
from  1 mol propane fed on a magnesium silicate-supported catalyst. Feed ra te : 950 cm3/m in;

H 20  : C =  2.7 : 1; cata lyst: 5.0 g

Fig. 18. Tem perature dependence of the am oun ts of carbon dioxide and m ethane formed 
from  1 mol propane fed on a  magnesium silicate-supported catalyst. Feed ra te : 920 cm3/m in;

H20  : C =  3.9 : 1; ca ta lyst: 5.0 g

Fig. 19. T em perature dependence of conversion values corresponding to  Figs 17 and 18

3 ActaChim. (Budapest) 88,1976



2 5 0 TRAPLY et al.: REACTION OF OCTANES AND PROPANE W ITH WATER VAPOUR

D iscussion

F rom  th e  e x p e r im e n ta l resu lts  o b ta in e d  on th e  m agnesium  silica te -sup 
p o r te d  ca ta ly s t i t  m a y  b e  concluded  th a t  fo r all o f th e  h y d ro ca rb o n s  exam ined  
th e  reac tio n  of th e  h y d ro c a rb o n  w ith  w a te r  v a p o u r is com posed  of tw o steps. 
I n  th e  firs t step  o f th e  re a c tio n , th e  h y d ro ca rb o n  an d  w a te r  v ap o u r in te ra c t 
in  a strong ly  e n d o th e rm ic  process to  give h y d ro g en  an d  ca rb o n  dioxide w ith  a 
l i t t le  carbon m onox ide . T h en , in  th e  second  s tep  th e  p r im a ry  reac tio n  p ro d u c ts  
in te ra c t ,  w ith  th e  fo rm a tio n  of m e th an e  an d  w a te r  v a p o u r .

The assum ed re a c tio n  steps are th u s :

CnH 2„+2 +  2n  H 20  =  n C 0 2 +  (3n +  1) H 2 (5)

C 0 2 +  4 H 2 =  C H 4 +  2 H 20  (7)

The sm all a m o u n ts  of carbon  m onoxide  alw ays p re se n t in th e  re a c tio n  
m ix tu re  a t the  te m p e ra tu re s  em ployed  m ay  be fo rm ed  from  th e  h y d ro ca rb o n  
in  parallel to  th e  c a rb o n  dioxide:

CnH 2n+ 2  +  n  H 20  =  n  CO -f- (2n -f- 1) H 2 (6)

o r in  th e  w ate r gas re a c tio n :

C 02 +  H 2 =  CO +  H 20  (9)

I t  is very  d iff ic u lt to  estab lish  w hich of th e  oxides o f carbon  is fo rm ed  
f irs t , for th e  c a ta ly s t  p rom otes n o t on ly  th e  h y d ro c a rb o n  -  w a te r v a p o u r , 
b u t  also the  w a te r  gas reac tio n . In  th e  te m p e ra tu re  in te rv a l u n d e r co n sid 
e ra tio n , how ever, th e  equ ilib rium  o f th e  w a te r  gas re a c tio n  is sh ifted  in  th e  
d irec tion  of c a rb o n  d iox ide  and  h y d ro g en , an d  ev en  a v e ry  sm all a m o u n t o f 
ca rbon  m onoxide is su ffic ien t for eq u ilib riu m  to  be estab lish ed . N ot even th is  
gives exact in fo rm a tio n  as to  th e  excess o f th e  a p p ro p ria te  oxide of ca rb o n  
com pared  to  th e  eq u ilib riu m  a m o u n t, as th e  u n c e r ta in ty  of th e  analysis is 
com parable to  th e  a m o u n t of carbon  m onoxide.

O verall, i t  m a y  be s ta te d  th a t  in  th e  decom positions of these h y d ro c a r
bons b y  w ater v a p o u r  carbon  d ioxide, h y d ro g en  an d  a sm all q u a n tity  o f ca rb o n  
m onoxide f irs t  le av e  th e  surface o f th e  c a ta ly s t, th e ir  re la tiv e  co n cen tra tio n s  
rough ly  co rresp o n d in g  to  th e  values ca lcu la ted  from  th e  w a te r  gas eq u ilib riu m .

In  th e  second  s tep  of the  reac tio n , m e th an e  is fo rm ed  according to  e q u a 
tio n  (7) as a r e s u lt  o f  th e  in te ra c tio n  o f ca rb o n  dioxide and  hydrogen  fo rm ed  
in  th e  firs t s tep . N a tu ra lly , th e  carb o n  m onoxide to o  m a y  re a c t w ith  h y d ro g en  
to  yield m e th an e :

CO +  3 H 2 =  CH4 +  H 20  (8)
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b u t  because  of th e  low  equ ilib rium  c o n c e n tra tio n  of ca rb o n  m onoxide th is  
a m o u n t is in sig n ifican t in  p rac tice .

T he ex p erim en ts  on th e  tw o ty p es  o f c a ta ly s ts  there fo re  e x h ib it a s u b s ta n 
tia l  d ifference in  th e  ra te  o f fo rm atio n  o f  m e th an e . On th e  a lum in ium  oxide 
su p p o rte d  c a ta ly s t th e  ra te s  of th e  w a te r  gas reac tio n  an d  th e  m e th an e  fo r
m a tio n  re a c tio n  follow ing decom position  o f th e  h y d ro ca rb o n  are  h igh , a n d  
e q u ilib riu m  of th e  p ro d u c t com ponen ts an d  th e  u n reac ted  w a te r  v ap o u r is 
e s tab lish ed  even  a t  th e  h ighest h y d ro c a rb o n  conversions. O n th e  m agnesium  
silicate  su p p o rted  c a ta ly s t  th e  e q u ilib riu m  o f th e  w a te r gas re a c tio n  is w ell 
a p p ro x im a ted  to , even  a t  h igh h y d ro ca rb o n  conversions, h u t  th e  app roach  o f  
th e  m e th an e  fo rm a tio n  reac tio n  to  eq u ilib riu m  is slow, an d  a t  h igh  h y d ro c a r
bon  conversions th e  d ev ia tio n  from  th e  eq u ilib riu m  of reac tio n  (7) is s ign ifican t. 
F ro m  th e  resu lts  of m easu rem en ts on th e  m agnesium  silicate  su p p o rted  c a ta 
ly s t, w here  th e  a m o u n t o f carbon  dioxide in  th e  p ro d u c t m ix tu re  increases 
co m p ared  to  th e  eq u ilib riu m  value w ith  th e  increase of th e  conversion , w hereas 
th a t  o f m eth an e  decreases, i t  n a tu ra lly  does n o t follow th a t  w ith  th e  increase 
o f th e  conversion  th e  d e p a rtu re  from  eq u ilib riu m  is all th e  g ra te r .

F o r th e  ex p erim en ts  illu s tra ted  in  F igs 17 an d  18, th e  a p p a re n t eq u ilib 
r iu m  c o n s ta n t ca lcu la ted  from  th e  com position  of th e  d e p a rtin g  gas:

]£y  _ _  yCHj ‘ Унгр2 
Усо2 ‘  Ун*.

is co m p ared  in  T ab le  I  w ith  th e  th e rm o d y n a m ic  equ ilib riu m  co n stan ts  a t  
v a rio u s  degrees o f conversion .

I t  is read ily  seen th a t  th e  q u o tie n t K meaSdl K p increases w ith  th e  te m p e r
a tu re , an d  th u s  th e  com position  ap p ro ach es th a t  a t  eq u ilib riu m . E v en  a t  a 
h y d ro c a rb o n  conversion  o f 88% , how ever, th e  a p p a re n t eq u ilib riu m  c o n s ta n t 
is on ly  a b o u t one te n th  o f w h a t w ould  be ex p ec ted  a t  th e  g iven  te m p e ra tu re .

N o difference w as fo u n d  in  th e  ex p e rim en ts  w ith  n-octane an d  iso -octane. 
A ccord ing ly , i t  m ay  be assum ed th a t  o th e r  isom eric  para ffin s  also behave sim -

Table I

t °c X -Knieasd KP H20/Cfeed -^measd

k p

400 0.35 42.4 1340 0.032
425 0.47 18.7 417 2.7 0.045
450 0.56 9.5 140 0.068
450 0.71 11.5 140 0.082
475 0.82 4.2 50.3 3.9 0.085
500 0.88 2.1 19.2 0.111
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ila rly . This is a p p a re n tly  n o t su p p o rted  b y  th e  find ings o f P h il l ip s  et al. [2 ], 
w ho m ixed u n sp ec ified  ‘b ran ch ed -ch a in  h y d ro ca rb o n s’ to  an  equ im olar m ix tu re  
o f hexane an d  h e p ta n e , an d  th e n  decom posed  th is  re a c tio n  m ix tu re  w ith  w a te r  
v ap o u r. A t p a r t ia l  conversions i t  w as fo u n d  th a t  h y d ro ca rb o n s  w ith  m olecular 
w eights low er t h a n  th o se  o f th e  feed  h y d ro ca rb o n s ap p ea red  in th e  reac tio n  
m ix tu re . The h y d ro c a rb o n  frag m en ts  w ere re p o rte d  to  com prise on ly  a sm all 
frac tio n  of th e  p ro d u c ts . The o th e r co n d itio n s of th e  e x p e rim en t do n o t em erge 
from  th e  a rtic le , h o w ev er, and  it  is possib le , th e re fo re , t h a t  th e  crack ing  o f one 
o r o th e r of th e  co m p o n en ts  began u n d e r  th e  given co n d itions, and  th is  re su lte d  
in  th e  ap p earan ce  o f  th e  h y d ro carb o n  frag m en ts .

In  th e  la b o ra to ry  th e  ca ta ly s ts  can  be s tu d ied  m ore conven ien tly  w ith  
p u re  h y d ro ca rb o n s  th a n  w ith  h y d ro c a rb o n  m ix tu res . In d u s tr ia l reac to rs  fo r 
th e  decom position  o f  h y d rocarbons, how ever, are g enera lly  fed  w ith  m ix tu re s . 
O n th e  basis o f th e  investig a tio n s re p o r te d  i t  can  be s ta te d  th a t  from  stu d ies  
w ith  a m odel su b s ta n c e  (e.g. p ropane) conclusions m ay  be d raw n  w ith  c e r ta in ty  
on th e  ra te  o f tra n s fo rm a tio n  of a h y d ro c a rb o n  m ix tu re , fo r a t  th e  te m p e ra tu re  
m ost favourab le  fo r  th e  reac tio n  (450 °C) th e  p ro d u c ts  w ere form ed a t  th e  sam e 
ra te  from  all fo u r h y d ro ca rb o n s  ex am in ed , in  th e  case o f a fixed  H 20 /C  ra tio .
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Reactions of tin(IV ) chloride w ith  Schiff bases of the general form ula 
CH3C (O H )=C H C (C H 3)= N R O H  (where R  =  (CH2)2, CH2CH(CH3), (CH2)3 and CH- 
-(C2H 5)CH2 have been investigated a t  d ifferent stoichiom etric ratios. The resulting 
products SnCl4(SR H 2) and SnCl4(SB H 2)2 (where SB H 2 represents the Schiff base 
molecule) have been isolated in alm ost qu an tita tiv e  yields. T entative structures are 
proposed on the basis of elemental analyses, IR  spectra  and conductivity m easurem ents.

In tro d u c tio n

The reac tio n s  o f tin (IY ) chloride w ith  n itro g e n  con ta in ing  ligands h av e  
been s tu d ie d  [1 — 3]. I n  earlie r co m m u n ica tio n s [4 —5] from  th is  la b o ra to ry , 
the  reac tio n s  o f tin (IV ) chloride w ith  th e  S ch iff bases derived  from  benzal- 
dehyde or o -hydroxyace tophenone  a n d  am inoalcoho ls have been  rep o rted  an d  
several new  d e riv a tiv e s  iso la ted  for th e  f ir s t  tim e . H ow ever, th e  reac tions o f 
tin (IY ) ch lo ride  w ith  th e  Schiff bases d eriv ed  from  pen tane-2 ,4 -d ione an d  
am inoalcohols have n o t been  in v es tig a ted  so fa r . I t  w as, th e re fo re , considered  
of in te re s t to  u n d e rta k e  stud ies of th e  re su ltin g  tin (IV )-S cliiff base  deriv a tiv es  
of general fo rm ulae  SnCl4(SB H 2) and  SnCl4(S B H 2)2 (where S B H 2 is a Schiff 
base (I) o b ta in e d  b y  th e  condensation  o f  p en tan e-2 ,4 -d io n e  w ith  am inoalcohols 
such as 2 -a m in o e th a n o l- l, l-am in o p ro p an o l-2 , 3 -a m in o p ro p an o l-l an d  2-am ino- 
bu tano l-1 ) h av in g  th e  c e n tra l  m etal a to m  in  a 6- an d  8 -coord inate  en v iro n m en t 
respective ly .

HsC

HC

G— OH

4C = N —R — OH

H3C

(where R  =  (C H 2)2, C H 2C H (C H 3), (CH2)3 a n d  CH(C2H 5)CH 2)

* Chem istry D epartm en t, R. B. S. College, A gra, Ind ia
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E x p e r i m e n t a l

All reactions were carried out in a glass appara tu s w ith interchangeable qu ickfit jo in t, 
u nder strictly anhydrous conditions. Benzene (B D H ) was first refluxed over sodium  wire 
for several hours and  th en  distilled azeotropically w ith ethanol. Tin(IV) chloride (Reidel) 
w as kep t over copper turn ings and redistilled before use. D im ethylform am ide (B D H ) was 
purified  as described earlier [4]. The middle frac tion  boiling a t 55 +  1 °C/35 mm was collected 
an d  stored in blackened and  stoppered pyrex  flasks. The specific conductivity of the solvent 
w as found to be 0.5— 1.5 X 10-7 ohm -1 a t  25 +  1°C.

Preparation of Schiff bases

Schiff bases of pentane-2,4-dione were p repared  by mixing the reactan ts, i. e. pentane- 
-2,4-dione and an am inoalcohol in a 1 : 1 mole ra tio  in  the presence of benzene and refluxing 
fo r several hours, followed by the rem oval o f w ater-benzene azeotrope. These were distilled 
before use and the ir analyses and physical characteristics are listed in Table I.

Table I

Physical properties and analyses o f the S ch iff bases

A n aly sis  (% )

N o. S ch iff  b ase S ta te  a n d  m .p .  (°C) B . p . (°C /m m ) c
F o u n d  

(Cal cd.)

H
F o u n d

(C alcd .)

N
F o u n d

(C alcd .)

l . Pentane-2,4-dione-2- 
-hydroxyethylimine
(C7H 13N 0 2)

Yellow solid 
71—72

114-115/0.2 58.83
(58.72)

9.25
(9.15)

9.58
(9.77)

2. Pentane-2,4-dione-2- 
hydroxy-l-propylim ine
(C8H 15NOj)

Viscous yellow 
liquid 112/0.3 61.35

(61.12)
9.86

(9.62)
8.83

(8.90)

3. Pentane-2,4-dione-3- 
hydroxy-l-propylim ine
(C8H 15N 0 2)*

Pale yellow 
crystalline 

solid 81—82

110—111/0.3 61.01
(61.12)

9.78
(9.62)

8.78
(8.90)

4. Pentane-2,4-dione-l- 
hydroxy-2-bu ty  limine 
(C9H I7N 0 2)

Deep yellow 
liquid

111/0.4 62.97
(63.16)

9.81
(9.94)

8.01
(8.18)

* Used for distinguishing between compounds of the same molecular form ula

Preparation of tin (IV ) complexes

The reactions of tin(IY) chloride w ith  the Schiff bases have been carried o u t a t  mole 
ratios of 1 : 1 and 1 : 2. Tin(IV) chloride was dissolved in benzene and the calculated  am oun t 
of the Schiff base was then slowly added w ith  shaking. An exothermic reaction  took place 
and the solid com pound separated im m ediately. A fter decanting the solvent, th e  resu lting  
solids were repeated ly  washed w ith d ry  benzene and the products dried under reduced

Eressure. These have been found to be insoluble in  m ost of the common organic solvents 
u t  soluble in DM F. The details of the ir analyses, their physical properties and m olar con

ductance are reported  in Table II.
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Table П

Synthesis and characteristics o f tin (IV ) Schiff base complexes

N o.
T in  t e t r a 

chloride 
(g)

S ch iff base  (g) M ole ra tio
C o m pound , y ie ld  (g) 

n a tu re

A nalysis  (%) M olar
co n d u c tan ce  
(o h m -1  cm 1 

m o l-1 )
Sn

F o u n d  (Calcd.)
Cl

F o u n d  (Calcd.)
N

F o u n d  (Calcd.)

l. 1.25 c7h 13n o 2 1 : 1 SnCl4(C7H13N02) 28.78 35.37 3.44 8.31
0.68 (1.93), white solid (29.43) (35.20) (3.47)

2. 0.76 C7Hl3N02 1 : 2 SnCl4(C7H13N02)2 21.41 25.64 4.88 7.11
0.97 (1.73), brown semisolid (21.72) (25.98) (5.12)

3. 1.58 c8h 15n o 2 1 : 1 SnCl4(C8H15N02) 28.00 34.38 3.20 6.72
0.95 (2.53), white solid (28.44) (34.02) (3.35)

4. 1.57 c8h 15n o 2 1 : 2 SnCl4(C8H 15N02)2 20.98 24.97 4.64 6.85
1.90 (3.4), yellow semisolid (20.66) (24.72) (4.87)

5. 1.18 c8h 15n o 2* 1 : 1 SnCl4(C8H16N02)* 27.99 33.42 3.45 8.41
0.71 (1.75), yellow semisolid (28.44) (34.02) (3.25)

6. 0.74 C8H[6N02* 1 : 2 SnCl4(C8H15N02)2* 20.40 24.49 4.82 8.60
0.89 (1.59), yellow semisolid (20.66) (24.72) (4.87)

7. 1.35 c9h 17n o 2 1 : 1 SnCl4(C9H17N02) 27.12 32.48 3.33 8.31
0.88 (2.23), white solid (27.51) (32.92) (3.24)

8. 1.05 c9h 17no2 1 : 2 SnCl4(C9H17N02)2 19.50 23.11 4.60 8.81
1.38 (2.27), pale yellow solid (19.70) (23.57) (4.64)
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A nalytical methods and physical measurem ents

T in was determ ined gravim etrically as tin  oxide, chlorine as silver chloride and 
n itrogen  by K jeldahl’s m ethod.

Conductance m easurem ents were m ade using a Tesla RLC bridge, using a cell w ith 
a constan t of 0.74 cm -1 .

The infrared spectra of the ligands and  th e  complexes were recorded is nujol mull 
on a Perkin E lm er 337 G rating 1R Spectrophotom eter in the 4000—400 cm -1 range.

R esults an d  discussion

The low m o la r conduc tance  v a lu es  fa lling  in  th e  ran g e  o f  6 .72—8.81 
o h m -1  cm 2 m o l-1  (T able I I ) ,  d e te rm in e d  in  D M F a t  1 0 ~ 3 M  c o n c e n tra tio n  
a n d  25 +  1 °C in d ica te  th e  n o n e lec tro ly te  n a tu re  of th e  com plexes. T h e ir lim ited  
so lu b ilitie s  in  com m on organic so lv en ts , how ever, d id  n o t p e rm it th e  d e te rm i
n a tio n  of th e ir  m o lecu la r w eights.

All th e  ligands have  been  show n to  form  1 : 1 a n d  1 : 2 com plexes, 
SnC l4 (SB H 2) an d  SnCl4(SB H 2)2, w h en  th e  benzene so lu tions o f th e  r e a c ta n ts  
a re  m ixed  to g e th e r . T he reac tions a t  m ole ra tio s  of 1 : 3 a n d  h ig h er have b een  
fo u n d  to  give SnCl4(S B H 2)2 ty p e  of d e riv a tiv e s  only.

The I R  sp e c tra  o f th e  Schiff b ases  show  a ca rb o n y l ab so rp tio n  w ith in  
th e  range  of 1680— 1660 cm -1  c h a ra c te r is tic  of the  k e to  fo rm . A n o th e r m ed iu m  
in te n s i ty  b a n d  is observed  a t  ~  1601 c m -1  and  th is  m a y  be  due to  th e  co n ju 
g a te d , hydrogen  b o n d ed  carbony l, th e  C =  C and  th e  C =  N  v ib ra tio n s . In  th e  
m e ta l -S c h if f  base com plexes th ese  p eak s  a re  observed  in  n e a r ly  th e  sam e reg ion .

As th e  S chiff bases possess th e  fu n c tio n a l group N O H  an d  if  on ly  th e  n i
t ro g e n  is co o rd in a ted  to  th e  m e ta l a to m , th e  1 :1  com plex will be p e n ta c o o rd in a te . 
H ow ever, in  th e  case o f tin (IV ), h ex aco o rd in a te  com plexes have  been  re p o rte d  
[6, 7] to  be m ore s tab le  and  K o g a n  et al. [8] have show n th e  fo rm a tio n  o f a 
1 : 2 com plex on ly  in  th e  reac tio n  b e tw een  tin (IV ) ch loride an d  th e  Sch iff 
b ases  of p en tane-2 ,4 -d ione  w ith  a ro m a tic  am ines.

A sim ilar hex aco o rd in a te  e n v iro n m e n t for tin (IY ) can  be p o s tu la te d  in  
th e  d e riv a tiv es  syn th esized  d u rin g  th e  course of th e  p re se n t in v estig a tio n s. 
T h is  is only  possib le i f  th e  oxygen o f th e  alcohol g roup  m a y  also coo rd in a te  to  
th e  m e ta l a to m  fo rm ing  a Sn-<— 0 b o n d . T h is is re flec ted  in  th e  4 0 0 —460 c m '1 
reg io n  o f th e  I R  sp ec tra  of tin (IY ) com plexes w ith  oxygen  donor ligands 
[9 —12]. H ow ever, owing to  th e  lack  o f facilities for reco rd in g  th e  sp e c tra  in  
th is  ran g e , th is  could  n o t be o b serv ed  in  these  com plexes.

T hus in  th e  SnCl4(SB H 2) ty p e  com plexes, a co o rd in a tio n  n u m b e r o f six  
w ith  an  o c tah ed ra l geo m etry  seem s to  be possible (II).
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-O H

Cl Cl
\  /

Cl— Sn— Cl

A
=N —R -O H

II

I n  th e  SnCl4(S B H 2)2 type  d e r iv a tiv e s , th e  ce n tra l m e ta l a to m  m a y  
p ro b a b ly  be o c taco o rd in a ted  [4, 5 , 13 —16] an d  can  be re p re se n te d  b y  th e  
fo llow ing s tru c tu re  (III).
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An equation  for the polarization curve of the ionization of a m etal and  the 
neu tra liza tion  of the metal ion proceeding by  a m ultistep mechanism is given for 
the case when a complex-forming agent is present in the solution and the consecutive 
steps involving electrochemical and  chemical reactions as well as diffusion of the 
p roduct, occur a t rates of the same order of m agnitude. The kinetic param eters 
corresponding to a given rate-determ ining step have been derived.

In  a fo rm er com m unication  [1] we have  given a re la tio n sh ip  fo r th e  
p o la riz a tio n  curve  o f m  consecutive e lec trode  processes. We have assum ed  th a t  
th e re  is an  excess o f in e rt e lec tro ly te  in  th e  so lu tion  and  th e  in te rm e d ia te s  of 
th e  re a c tio n  p ra c tic a lly  do n o t diffuse aw ay  from  th e  electrode surface a n d  do 
n o t re a c t w ith  each  o th e r or w ith  th e  com ponen ts of th e  so lu tio n . T hese 
cond itions en su re  th a t  only consecutive processes occur and  th e  in te rm e d ia te s  
are  co n su m ed  on ly  in  firs t o rd e r reac tio n s . U n d e r these  cond itions s te a d y - 
s ta te  p o la r iz a tio n  curve can be described  eq u a tio n  (1).

m
2
i= i

1 ~ Ц - г СтI=1 щ
i - 1 i )-11ni J/ hi /7  h

j =о 1=1

( 1 )

w here k ko — 1, k ki an d  k a< are th e  ra te  c o n s ta n ts  o f th e  corresponding  e lec tro d e  
processes w h ich  are  exponen tia l fu n c tio n s  o f th e  electrode p o te n tia l.

E q u a tio n  (1) is va lid  also fo r consecu tive  processes in  w hich one or sev e r
al s teps are  n o t electrochem ical b u t  chem ical reac tio n s. This exp ression  leads 
to  co rrec t re su lts  also w hen th e  f irs t  o r th e  la s t o f th e  consecutive p rocesses is 
th e  d iffusion  o f th e  s ta r tin g  su b stan ce  or o f th e  fin a l p ro d u c t. H ow ever, for 
these  n o n -e lec tro ch em ica l steps is n (- =  zm.

In  an  e lec tro ly te  conta in ing  a com plex  fo rm ing  substance  i t  is u n lik e ly  
th a t  th e  io n iz a tio n  of th e  m eta l or th e  n e u tra liz a tio n  of th e  m e ta l ion  in  th e  
com plex  sh o u ld  occur in  one step  if  th e  co o rd in a tio n  n u m b er of th e  com plex  
in  so lu tio n  a n d  also th e  charge n u m b e r o f th e  c e n tra l m eta l a to m  are  h ig h er 
th a n  one [2, 3]. A ccording to  th e  F ra n c k -C o n d o n  effect, it  is to  be ex p ec ted  
th a t  th e  a c t iv a te d  com plexes of th e  ca th o d e  an d  th e  anode processes (p a rtié i-
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p a tin g  in  th e  gain  o r loss of the  e lec tron) w ill h av e  th e  sam e s tru c tu re  [4]. 
O n th e  basis o f th is  assu m p tio n  and  consid erin g  th a t  possible ad so rp tio n  of 
th e  lig an d s on th e  m e ta l surface before th e  io n iza tio n  o f th e  m eta l, th e  io n iza
tio n  o f th e  m e ta l an d  th e  n e u tra liza tio n  o f th e  m e ta l com plexes can be described  
b y  th e  follow ing co nsecu tive  processes [5],

M + v ,  К " -  Д  ( M  K%n~)0 ( I )
К

(M  K*»~)0 ^  (M  +)0 +  zxe (II)nr.в K2

(M  X < f - ^ ) +)0 +  (v2 -  Vl) K n~ Д  (M  * < Г " п)+)0 ( I I I )
£

(M  K £ - * > +)0 ^  (M  X g -* * )+),0 +  (* ~  *i) e (IV )

( M K M +)0 +  (v -  v2) K n (M  K iz~vn)+)0 (V)
к

(.M  K lz~vn)+)0 M  А г“‘"0+ (V I)

w here M  is th e  m e ta l o r th e  m eta l ion , is th e  ligand  ion (n =  0, 1, 2) an d  
Vj, v2 an d  v are th e  n u m b ers  of ligands b o u n d , z1 a n d  z are th e  charge n u m b ers  
o f  th e  m e ta l ion ; th e  r a te  constan ts*  are  w r it te n  above th e  arrow s th a t  in d ica te  
th e  d irec tio n  of th e  rea c tio n s , th e  su b sc rip t ‘о’ refers to  th e  com ponen ts a t  th e  
su rface  o f th e  e lec tro d e . The overall p rocess (I) — (VI) involves consecutive 
chem ical (I), ( I I I )  a n d  (V), e lec trochem ical ( I I )  an d  (IV ), and  diffusion  p ro 
cess (V I). O bv iously , all th e  consecutive processes occur on th e  su rface o f th e  
e lec tro d e  an d  if  K n is p re se n t in h igh  c o n c e n tra tio n , th is  c o n cen tra tio n  does 
n o t change d u rin g  th e  process. T h erefo re , s te p s  (I), ( I I I )  and  (V) can  be r e 
g a rd ed  as f irs t o rd e r reac tio n s and th e  lig an d  c o n cen tra tio n  ck can  be in c lu d ed  
in to  th e  ra te  c o n s ta n t. I f  expression (1) is ap p lied  to  process (I) — (V I), th e  
e q u a tio n  of th e  p o la riz a tio n  curve can  be g iven  as

z X  (fcj каг ks kaa k- cvk — k x kki k 3 k ki k s cMK)

X k 3k J 5c<r')(zklH +  z j t x)  +  X k 1kk ksciP 'z)(zkai +  (z— zx) k3) +  к1ккЪгкк1 ( z X + \ )

(3)
w here cmk is th e  b u lk  co n cen tra tio n  o f th e  com plex  ion produced .

* The rate  constan t of diffusion is zX .  In  the case of a ro tating  disc electrode

X  =  0.62 F D 2,3 v~lle (2я / ) 1'2 (2)

where D  is the diffusion coefficient of the product, v is the kinem atic viscosity of the 
solution and /  is the num ber of revolutions of th e  electrode [6].
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E q u a tio n  (3) is va lid  if all th e  r a te  constan ts  are o f  th e  same o rd e r o f 
m ag n itu d e  and th e  re a c ta n ts  are a d so rb e d  only  on an  in s ig n ifican t fra c tio n  of 
th e  electrode su rface . I f  th e  ra te  c o n s ta n t  o f an y  step is s ig n ifican tly  low er th a n  
th o se  of the  o th e r s te p s , th is  ‘slow  s te p ’ will de term ine  th e  k inetics o f  th e  
p rocess and  for th e  reac tions p re c e d in g  th e  slow step  an  equ ilib rium  w ill be 
e stab lish ed . The k in e tic  p a ra m e te rs  fo r  process (I) —(Y I) (k inetic  o rder w ith  
re sp e c t to  the  lig an d  and  th e  a p p a re n t  tran sfe r coeffic ien t) are show n in 
T ab le  I  for various ra te -d e te rm in in g  s te p s . I t  is clear t h a t  conclusions co n cern 
ing  th e  ra te -d e te rm in in g  step  of th e  p ro cess  m ay  be d raw n  fro m  th e  slope o f  th e  
p o la riza tio n  curve a n d  from  th e  re a c tio n  o rd e r w ith  re sp ec t to  th e  ligand  ev en  
in  o n ly  the  anodic o r ca thod ic  p o la r iz a tio n  curve is s tu d ie d . I t  c an n o t be 
d ec id ed  on the basis  o f  th e  p a ra m e te rs  in  Table I  w h e th e r s tep  (Y) or (V I) is 
ra te -d e te rm in in g . H ow ever, even in  th is  case a decision is possible accord ing

Table I

Slow reac tio n  
s tep

K in e tic  o rd er w ith  re s p e c t  
to  K * ~

A p p aren t t ra n s fe r  
coeffic ien t

an o d ic c a th o d ic anod ic c a th o d ic

I n — n ) 0 Z

i i v i —(v— v i) “ 2 *1 ( z  Z 1 (X2 )

h i *2 — O’— v2) (*—*i)
IV V 2 - ( v - v 2) +  (*—*i)<*4 ( 1 —  a l )  (*—* l )

V V 0 Z 0
VI V 0 z 0

to  how  th e  po lariza tio n  curve is a ffec ted  b y  th e  stirring  o f  th e  so lu tion . I f  th e  
ra te  increases w ith  increasin g  speed  o f  s tir r in g  or upon  fa s te r  ro ta tio n  o f  a 
disc e lec tro d e , th e n  th e  p o la riza tio n  is o f  th e  diffusion ty p e , w hereas th e  la ck  
o f su ch  an  effect p o in ts  to  reac tio n  p o la r iz a tio n . Thus in  th e  fo rm er case s tep
(VI) a n d  th e  la tte r  case s tep  (V) is ra te -d e te rm in in g .

I f  in  a so lu tion  o f  th e  ligand , th e  io n iza tio n  of the m e ta l an d  the  n e u tra l
iz a tio n  o f  th e  m eta l io n  occur via  one charge tran sfe r re a c tio n , th e n  th e  
p rocess can  often  be described  [7] b y  re a c tio n s  (I), (I I ) , ( I I I )  an d  (VI). O n 
a p p ly in g  re la tionsh ip  (1) or (3) to  th is  fo u r-s te p  process, th e  follow ing e q u a tio n  
is o b ta in e d  for th e  p o la riza tio n  cu rv e .

. =  Ма,й3с£ —  k i k k , h c M K

-  -  -  к  k  k  (4)
h  +  k j  +  к x k k, +  - 4 ^
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if  2  =  2 j, v2 =  v an d  a 2 =  a . In  T able I I  a re  lis ted  th e  k in e tic  p a ram ete rs  
re fe rr in g  to  reac tio n  series o f (I), ( I I ) , ( I I I )  and  (YI) fo r  th e  case w hen  
one o f  th e  steps is ‘slow ’. O n th e  basis o f th e  k inetic  p a ra m e te rs  i t  can  be 
d ec id ed  also in  th is  case w hich o f th e  re a c tio n  steps de te rm in es th e  ra te  
o f th e  process. Possib le d ev ia tio n s from  th e  p a ram e te rs  show n  in  Tables I  an d  
I I  m a y  be caused n o t  o n ly  b y  th e  c ircu m stan ce  th a t  sev e ra l processes h av e  
co m p arab le  ra te  c o n s ta n ts  b u t  also th e  fa c t  th a t  th e  su rface  co n cen tra tio n  o f 
th e  a c tiv a te d  com plex o f  th e  charge tra n s fe r  reac tio n  is a ffec ted  b y  th e  e lectrode 
p o te n tia l  [7].

Table II

Slow rea c tio n  
s tep

K in e tic  o rd er w ith  re sp e c t  
to  K ~ n

A p p a re n t t ra n s fe r  
coeffic ien t

an o d ic ca th o d ic anodic ca th o d ic

I n —  ( v — V i ) 0 2

i i - ( * — ■v l ) a z ( ! — “ )*

h i V 0 2 0

VI V 0 2 0

E xpressions (3) a n d  (4) d em o n stra te  t h a t  in th e  case o f  a process occurring  
via  s tep s  (I) — (Y I), th e  effect o f d iffu sion  can  alw ays be  e lim inated  b y  th e  
w ell-know n ro ta tin g  d isc e lectrode [8, 9, 10] since jt'“ 1 w ill a lw ays be given b y  
co rre la tio n .

Г 1 =  A  +  B f - ” * (5)

w here  th e  rec ip rocal o f  A  defines th e  e q u a tio n  of th e  p o la riza tio n  curve d e te r 
m in ed  by  process [(I) — (V I)] u n affec ted  b y  diffusion.

As we have show n p rev iously  [10], th e  anodic d isso lu tio n  of copper in  
an h y d ro u s  acetic  ac id  con ta in in g  ch lo ride  ions p roceeds via the  sequence
( I ) — ( I I ) —( I I I ) —(V I).
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INFRARED SPECTROPHOTOMETRIC INVESTIGATION 
OF ALKOXYSILANE-CHLOROSILANE CONDENSATION

REACTIONS, I
IR  M ETHO D  FO R ANALYSIS OF REA CTION  M IX TU R ES 
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(H ungarian Academy o f  Sciences, Central Research Institute fo r  Chemistry, Laboratory fo r
Inorganic Chemistry, Budapest)
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IR  spectrophotom etry was used  for the determ ination  o f all components in 
th e  condensation reaction  of dim ethyldichlorosilane w ith  dim ethyldiethoxysilane, 
dime t,hyldi-/t-pro poxy silane or dim ethyldi-sec-butoxysilane. The spectra of the com
ponents expected in  th e  course of th e  reactions were recorded separately and in the ir 
respective m ixtures. A nalytical bands suitable for their determ ination  were selected 
and  characterized from  the point of view  of quan tita tive  applicability  too.

Introduction

O rganosilicon com pounds w ith  d iffe ren t g roups, e.g. a lkoxysilanes an d  
chlorosilanes condense in  th e  p resence  of c a ta ly s t acco rd in g  to  th e  follow 
ing  eq u a tio n :

= S i —O R  +  C l - S i =  - catalyst-> = S i —O —S i =  +  RC1 (1)

T his re a c tio n  is called  som etim es as h e te ro fu n c tio n a l co n d en sa tio n  and  leads 
to  th e  fo rm ation  of s iloxane  polym ers w hile a b y -p ro d u c t o f sm all m olecular 
w eig h t e lim inates. T he m eth o d  is a re a so n a b ly  sim ple w ay  fo r th e  p rep a ra tio n  
of polysiloxanes even  in  th e  case of a  special — e.g. a sy m m e tric a l — s tru c 
tu re  to o  [1].

In  connection w ith  th is  process th e  m ain  asp ec ts  o f  in v estig a tio n s w ere 
th e  sea rch  of the m o st ad v an tag eo u s c a ta ly s t  on one side a n d  th e  clearing up  
th e  w ay  of action  of th e  c a ta ly s t on th e  o th e r side [2, 3]. T he p a th  of th e  p ro 
cess, th e  d ifferent re a c tio n  steps, how ever, are s till obscure  p ro b a b ly  because 
o f th e  lack  of an a p p ro p ia te  an a ly tica l m e th o d .

Som e an a ly tica l m e th o d s  have b e e n  applied  to  in v e s tig a te  th is  ty p e  of 
reac tio n s , th e y  did n o t  g ive, how ever, su ffic ien t in fo rm a tio n  in  deta ils  on th e  
process, m oreover th e y  re q u ire d  a t th e  sam e tim e  som e le n g h ty  p rep a ra tio n s . 
A n d r ia n o v  et al. fo llow ed th e  re a c tio n  o f  organosilicon a c e ta te s  w ith  ch lo
rosilanes b y  conven tiona l chem ical m e th o d s , nam ely  b y  th e  t i t r a t io n  each of th e  
fu n c tio n a l groups of th e  s ta r tin g  m a te ria ls  and  those  o f th e  e x p e c te d  p ro d u c ts  
in  each  sam ples [4]. Cs á k v á r i and  o th e rs  s tu d ied  th e  co n d en sa tio n  of a lkoxy-
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ch lo rosilane  w here th e  evo lved  p ro d u c t  w as gaseous a lk y lch lo rid e . The 
p ro cess  was follow ed b y  m e a su re m e n t o f th is  only  p ro d u c t b y  rep ea ted  
w e ig h tin g  a fte r freezing  i t  o u t in  a d eep ly  cooled receiver [3, 5 ]. I n  o th e r  cases 
o n ly  th e  com position  o f  th e  e n d -p ro d u c t w as analyzed  b y  m ean s o f  gas ch ro m a
to g ra p h y , NM R or I R  sp ec tro sco p y  a n d  from  these  re su lts  conclusion  w as 
d ra w n  on the  p a th  o f  th e  reac tio n  o r on  th e  side reac tio n s [2, 6 ].

O ur aim  was to  develop  an  I R  sp ec tro p h o to m e tric  m e th o d  fo r th e  sim ul
ta n e o u s  d e te rm in a tio n  o f  as m a n y  com ponen ts of th e  re a c tio n  m ix tu re  as 
possib le  all over th e  p rocess. In f ra re d  sp ec tro p h o to m e try  offers a  lo t  of a d v a n 
ta g e s . I t  is reaso n ab ly  ra p id , easy  to  p e rfo rm  and  is su itab le  fo r  b o th  q u a lita tiv e  
a n d  q u a n tita tiv e  a n a ly tic a l p u rp o ses . F ro m  th e  p o in t o f v iew  o f k in e tic  m eas
u re m e n ts  it  has an  a d d itio n a l a d v a n ta g e ; an  IR  m easu rem en t does n o t in te r 
fe re  w ith  the  re a c tio n  ex am in ed  u n lik e  e.g. to  gas c h ro m a to g ra p h y .

H ere we re p o r t  on  an  in f ra re d  an a ly tic a l m eth o d  w o rk ed  o u t fo r th re e  
sy s tem s , nam ely  fo r  d im eth y ld ich lo ro silan e(D )— d im e th y ld ie th o x y silan e  
(D oEt): d im ethy lch lo rosilane— dim ethy ld i-ii-p ropoxysilane(D opr)?  an d  di-
m eth y ld ich lo ro silan e— dim ethyld i-sec-butoxysilane(D oB ut) sy stem s.

In  these sy stem s we h ad  to  co n sid e r th e  presence o f  th e  follow ing com 
p o n e n ts :  One of th e  s ta r t in g  m a te r ia ls  in  ev ery  case w as D , th e  o th e r p a r tn e r  
w as DoEfo DoPr a n d  DoButi re sp e c tiv e ly . The ad d itio n a l co m p o n en ts  ex p ec ted  
w ere  d im ethylethoxychlorosilane(D oE t,ci)5  d im ethy l-re-p ropoxych lo rosilane 
(Dopr.ci) and  d im ethyl-sec-butoxychlorosilane(D oB ut.ci) re sp ec tiv e ly , fu r 
th e rm o re  e th y l ch lo rid e , n -p ro p y l ch lo ride  or sec-butyl ch lo ride  as well as th e  
siloxane polym er p ro d u c e d  in d e p e n d e n tly  of th e  s ta r t in g  m ix tu re .

2 6 6  MÁTRAI, DOBOS: ALKOXYSILANE—CHLOROSILANE CONDENSATION REACTIONS, I

Experim ental

Instrum entation

AH infrared spectra  were taken  b y  a P erk in—Elm er Model T yp 225 infrared spectro
photom eter. The spectra  o f the m aterials in cyclohexane solution were recorded in the region 
of 1400—400 cm -1 .

The error of the w ave num ber d a ta  was smaller than  + 1  cm -1 for sharp bands.
The samples exam ined were placed in Csl-liquid cell of 0.05—0.1 mm p a th  w idth. 

The reference cell was a Csl-m icrom eter cell which contained only the solvent.
As the samples were corrosive and hydrolyzed readily the cell has to  have been stoppered 

tig h t. The cell constructed  was covered b y  a th ick  silicone rubber gasket p u t between the 
tw o metallic plates a t  the  spacer around th e  side of the windows. The vulcanized silicone 
rubber made a perfect proof and it  did n o t d istu rb  the m easurem ents because it  was soluble 
neither in cyclohexane nor in the organosilicone compounds. I t  could be pulled off easily 
from  the plates a t th e  disassembling of th e  cell.

M aterials

Dimethyldichlorosilane was ob tained  from commercial sources and  it  was fu rther 
purified by distillation using a frac tionating  column. D im ethyldiethoxysilane, dim ethyldi-n- 
-propoxysilane and dim ethyldi-see-butoxysiiane were prepared according to  N a g y  et al. by  
trea tm en t of dim ethyldichlorosilane w ith  the suitable alcohol in  the presence of pyridine

ActaChim. (Budapest) 88,1976
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or aniline [7]. D im ethylalkoxychlorosilanes were obtained by  the partia l alcoholysis of 
dim ethyldichlorosilane w ith the respective alcohol. n-Propyl chloride and sec-butyl chloride 
were synthetized by  the m ethod of Copenhaver from the suitable alcohol and cone, sulphuric 
acid and zinc chloride [8]. R eagent grade cyclohexane was used as a solvent bo th  in IR - 
measurem ents and in  the condensation reaction.

Spectra and analytical bands of the com ponents

In  o rder to  follow  th e  p a th w a y  o f all th e  co m p o n en ts  d u ring  th e  reac tio n  
in d ep en d en t a n a ly tic a l b an d s h ad  to  be found  fo r each  of th e  m a te ria ls . 
H ow ever, due to  th e  s im ila rity  of th e  chem ical com position  an d  sp ec tra  of

Fig. 1. Spectrum  of (CH3)2SiCl, in  cyclohexane solution (cD: 0.2 M )

th e  re a c ta n ts  i t  w as n o t an  easy  ta sk . The sp ec tra  o f th e  com ponen ts ex p ec ted  
in  th e  reac tio n s o f th e  th ree  system s s tu d ied  arc to  be seen on Figs 1, 2, 3 an d  
4. The an a ly tica l b an d s  of th e  m a te ria ls  are designed w ith  b lack  on th e  figures. 
One of th e  com ponen ts of th e  e th o x y -sy stem , e th y l ch loride leaves th e  reac tio n  
m ix tu re  being  gaseous a t  room  te m p e ra tu re ; fo r th is  we did  n o t care fo r its  
IR  d e te rm in a tio n . On th e  o th e r h an d  in  th e  course o f th e  condensation  reac tio n  
a m ix tu re  of lin ea r an d  cyclic siloxanes of d iffe ren t p o ly m eriza tio n  degree is 
form ed th u s , th ese  siloxanes also could n o t be m odelled  in  advance .

C om pounds ex am in ed  belong  to  th e  m ost fu n d a m e n ta l m a te ria ls  o f th e  
organosilicon ch em is try , th e re fo re  th e y  have been  ex am in ed  a lread y  from  a lo t 
o f aspects. The IR  sp ec tra  of all these  m ateria ls  are k n o w n  ex cep t d im e th y la l
koxychlorosilanes. N um erous com m unications deal w ith  th e  assignm en t of 
th e ir  IR  sp ec tra .

A bsorp tions ch a ra c te ris tic  o f D are th e  a sy m m etrica l an d  sy m m etrica l 
S i—Cl s tre tch in g  frequencies a t  535 c m -1 and  a t  465 c m “ 1. The S i—Cl b an d s  
were th e  basis o f th e  an a ly tica l m e th o d  for th e  d e te rm in a tio n  of D as im p u rity  
in  trim e th y lch lo ro silan e  [9].
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2 6 8 MÁTRAI, DOBOS: ALKOXYSILANE—CHLOROSILANE CONDENSATION REACTIONS,!

Fig. 2. Spectra of (CH3)2Si(OC2H5)2 and (CH3)2Si(OC2H5)Cl in cyclohexane solution
(cDOBt;0 .2 M ; cD0Bt cl: 0 .2 M )

The C H -rock ing  freq u en cy  o f th e  Si—O R  group is su itab le  fo r analysis 
w h ich  appears in  th e  reg ion  o f 1150 —1170 c m " 1 in  th e  sp ec tra  o f  every  D or 
ex am in ed  [10, 11, 12].

The D 0 r ,ci- s  h av e  th ree  a n a ly tic a l b an d s  su itab le  fo r an a lysis  in  these 
sy stem s. The S i—Cl s tre tc h in g  freq u en cy  ap p ears  a t  485 c m -1  in  th e  case of 
D o r ,ci'S an d  th e  C H -rock ing  freq u en cy  a t  q u ite  th e  sam e w ave n u m b e r like in  
th e  spectra  of th e  re sp ec tiv e  D o r - s . D o r ,ci com pounds have one b a n d  m ore 
a t  660—650 c m “ 1 w h ich  seem s to  be su itab le  for an a ly tic a l p u rp o se . This 
b a n d  can p ro b a b ly  be assigned to  th e  SiC2 s tre tc h in g  freq u en cy  on  th e  basis o f 
assignm en t o f o th e r  com pounds w ith  sim ilar —Si(CH 3)2 sk e le ton .

The a n a ly tic a l b an d s  of th e  a lk y l chlorides to  be m easu red  are  th e  C—Cl 
s tre tc h in g  freq u en c ies  in  th e  reg ion  o f 730 — 560 c m -1 [13, 14]. I n  th e  case 
o f  га-propyl ch loride th e  C — Cl s tre tc h in g  v ib ra tio n  usable lies a t  730 c m “ 1 and  
in  th e  case of sec-b u ty l chloride a t  610 c m -1 .

In  spite  o f i ts  u t i l i ty  IR  m e th o d  is n o t v e ry  sensitive , how ever, to  d is
tin g u ish  in  m o lecu la r w eigh t o f th e  siloxane po lym er. T here  w as no unique 
an a ly tica l b a n d  fo r th e  q u a n tita tiv e  d e te rm in a tio n  of siloxanes in  these  sys-
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Fig. 3. Spectra of (CH3)2Si(OC3H 7)2 and (CH3)2Si(OC3H 7)Cl and C3H 7C1 in cyclohexane solution 
(cDorr: 0.2M; C ß 0 P r  C1: 0.2M;  C p r _ c i :  2M)

terns. Q ualitatively  th ey  could be fo llow ed  in the region of 1000—1100 cm -1 , 
in  the range o f the asym m etrical S i— O ^-Si stretching frequencies, as it  w ill 
be shown in the second part.

The spectra taken on the syn th etic  m ixtures of different com position  
show the absence of any interm olecular in teractions either w ith the so lvent or 
other com ponents. The analytical bands chosen follow  Berr’s law, th u s, th ey
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2 7 0 MÁTRAI, DOBOS: ALKOXYSILANE—CHLOROSILANE CONDENSATION REACTIONS, I

Fig. 4. Spectra o f (CH 3)2Si(OC4H9)2, (CH3)2Si(OC4H9)Cl and C4H9C1 in cyclohexane solution 
(cD0But‘ 0.2M ; CooBut.ci- 0.2M', CßUt- c i : 2JVÍ)

are usable for q u antitative m easurem ents. Lower detection lim it was deter
mined in the respective m ixtures at each analytical bands. The analytical bands 
and the d etection  lim it belonging to  them  are summarized in Table I. F igs 
5, 6, and 7 show  the spectra o f the synthetic  m ixtures of D —DoEb D — Dopr 
and D — DoBut system s. The analytical bands are designed w ith  black and  
w ith the letters o f  Table I.
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Table I

Analytical bands o f  the compounds

C o m p o u n d s B a n d  (cm -1 ) In te n s ity
L o w er d e tec tio n  

lim it (c[M ])*

(C H 3)2S iC l, 5 3 5 (E ) vs 9  • 1 0 - 4

4 6 5 (F ) m 3  ■ i o - 3

(C H 3)2S i(O C 2H 5) , 1 1 6 5 (A ) m 5 • 1 0 - 3

(C H 3)2S i(O C 2H 5)C l 1 1 6 5 (B ) m 1 • IO“ 2

6 6 0 (C) m 5 • IO“ 3

4 8 5 (D) s 2 • IO“ 3

(C H 3)2S i(O C 3H 7) 2 1 1 5 0 (A ) m 2 • IO “ 2

(C H 3)2S i(O C 3H 7)CI 1 1 5 0 (B ) m 2  • I O - 2

6 6 5 (C) m 5 • IO“ 3

4 8 5 (D) s 2  • IO“ 3

C3H 7C1 7 3 0 (G ) m 2  • I O ' 2

(C H 3)2S i(O C 4H 9)2 1 1 7 0 (A ) m 3  • i o - 3

(C H 3)2S i(O C 4H 9)C l 1 1 7 0 (B ) m

CO1ОCO

6 6 0 1 (C) m 6  ■ i o - 3

6 5 0 J

4 8 5 (D) s

CO1ОCO

C4H 9C1 6 1 0 (G ) m 1 ■ 1 0 - 2

* Calculated for 0.1 m m  path  width

The analytical bands o f n-propyl chloride and sec-butyl chloride (band G) 
appear separately in  th e  synthetic m ixtures. The analytical band of D at 
535 cm -1  (band E) also appears separately in  the spectra o f the three system s, 
thus D can be easily  and exactly  determ ined at th is band. The band at 465  
cm -1  o f D (band F) and th a t of D q r .ci at 485 cm -1  (band D) overlapp par
tia lly , thus the determ ination of these tw o com pounds encounters difficulties  
at the m entioned bands. Fortunately there is another analytical band for 
D o r ,ci at 660 cm -1  (band C) like for D at 535 cm -1  (band E). D or-s have  
only one analytical band at 1150—1170 c m -1  unfortunately at quite the sam e 
wave num ber like the respective D o r .cd For th is reason D o r -s can be deter
mined q u an titatively  b y  using the concentration o f the respective D q r ,ci 
calculated at another iso lated  peak e .g .  at 660 cm “ 1. (The absorbance at band  
В calculated from the know n concentration o f D o r ,ci was substracted from  
the to ta l absorbance determ ined at band A, B.)
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Fig. 5. Spectrum of a  synthetic  m ixture o f th e  components of D —D qeí system  in cyclo
hexane solution (cD: 0.1 M ; cD0Et: 0.2M ; CooEt,ci: 0.2M )

Fig. 6. Spectrum of a synthetic  m ixture of th e  com ponents of D —DoPr system  in cyclohexane 
solution (cD: 0.1M; Сд0Рг: 0.2M ; C[)0rr,ci: 0.2M ; cpt -Q\: Ó.66M )

•} (cm-1)

Fig. 7. Spectrum  of a synthetic m ixture of th e  components of D —D But system  in cyclohexane 
solution (eD: 0.15M; cD0But: 0.2M ; cDOEut,ci: 0.2M : cBut_ cl: 0.66ЛГ)
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MÁTRAI, DOBOS: ALKOXYSILANE^CHLOROSILANE CONDENSATION REACTIONS, I 2 7 3

The in fo rm atio n s  o b ta in ed  il lu s tra te  th e  u t i l i ty  of IR  sp ec tro p h o to m e try  
fo r th e  analysis o f  these  re a c tio n  m ix tu res , an d  th is  m e th o d  seem s to  be 
applicab le  to  s tu d y  th e  co n d en sa tio n  processes.

[1] USP 2 542 641 (1947) Doyle, C. D.
USP 2 485 928 (1947) Servais, P . C.
French P at. 1 037 111 (1947) P hy lip , C. S.|

[2] Szé k e l y , T., R ö s n e r , P., Gömöry',  P.: A cta Chim. Acad. Sei. H ung., 61, 233 (1969)
[3] Csáxváhi, В., F á b r y , L., Gö m ö r y , P., K eö m ley , G.: Radiochem . Radioanal. L ett.,

15/6, 393 (1973)
[4] A n d ria n o v , K. A ., Sokolov, N. N ., K h ru sta lev a , E . N.: Zhurn. Obschtch., Chim.,

26, 1102 (1956)
[5] A n d ria n o v , K . A ., Ga n in a , T. N ., S okolov , N. N.: Zhurn. O bschtch. Chim., 26, 1961

(1956)
[6] A n d ria n ov , K . A., V a silev a , T. V ., D y ach en k o , R. A., D y a c h e n k o , B. I., Y a st r eb o v ,

V. V., R a if e l b , J . E .: Zhurn. O bschtch. Chim., 41/5, 1090 (1971)
[7] N a gy , J ., F e r e n c z i-G resz , S., B a r t a , I., B o rbély -K u sz m a n n , A.: A cta Chim. (B uda

pest), 69, 397 (1971)
[8] W h a l e y , A. M., Co pe n h a v e r , J .  E .:  J .  Am. Chem. Soc., 60, 2497 (1938)
[9] B ro w n , P ., Sm it h , A. L.: Anal. Chem., 30, 1016 (1958)

[10] R ic h a r d , R. E .,  T h om son , H. W .: J .  Chem. Soc., 1949, 124
[11] Marcha n d , A., V a l a d e , J.: J .  O rganom etal. Chem., 12, 305 (1968)
[12] Sm ith , A. L.: Spectrochim . A cta, 16, 87 (1959)
[13] Mizu shim a , S.: S tructure  of Molecules and In ternal R o ta tion , Academic Press, New

York (1954)
[14] Sh ipm a n n , J . J . ,  F o l t , V. L., K r im m , S.: Spectrochim. A cta, 18, 1603 (1962)

R E FE R E N C E S

E rzséb e t M á t r a i 
S án d o r D obos

B u d a p e s t, B udaörsi ú t  45.

Acta Chim. (Budapest)  88,1976





Acta Chimica Academiae Scientiarum Hungaricae, Tomus 88 (3), pp. 275—286 (1976)

INFRARED SPECTROPHOTOMETRIC INVESTIGATION 
OF ALKOXYSILANE-CHLOROSILANE CONDENSATION

REACTIONS, II
T H E  COURSE O F T H E  CONDENSATION REA CTION  OF 

D IM ETH Y LD IC H LO RO SILA N E W IT H  DIM ETHYLDI-sec-BUTOXYSILANE

E . M á t r a i , S . D o b o s  and T. S z é k e l y

(Hungarian Academy o f Sciences, Central Research Institute fo r  Chemistry, Laboratory fo r
Inorganic Chemistry, Budapest)
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Fe-Cl3-catalyzed condensation of dim ethyldichlorosilane w ith dimethyldi-sec- 
-butoxysilane was studied. In fra red  spectrophotom etry was applied to  follow the 
process. I t  was found th a t  th e  reaction  consists of two steps. The first is a very  rapid  
radical exchange between th e  difunctional alkoxysilane and  chlorosilane producing 
dim ethylalkoxychlorosilane. This com pound is the starting  m onom er of the consecutive 
condensational step. I t  has been established th a t the condensation is irreversible and 
practically  absent of side-reactions.

Introduction

In  th e  f ir s t  p a r t  of th is  series we have  described  an  in fra red  spec tropho to - 
m e tric  an a ly tic a l m eth o d  fo r th re e  alkoxysilane—chlorosilane system s. The 
m eth o d  is su itab le  for th e  d e te rm in a tio n  of th e  co m pounds ex p ec ted  in  th e  
condensation  reac tio n . In  o u r p re se n t w ork  th is  m e th o d  w as app lied  to  follow 
th e  FeCl3-ca ta ly zed  con d en sa tio n  o f d im ethy ld ich lo rosilane  (D) w ith  d im eth y ld i- 
sec-butoxysilane (D obuí)-

Considerations on the possible reaction path

F rom  th e  p o in t of v iew  o f p re p a ra tio n  of longer ch a in  lin ear or cyclic 
siloxanes m onom ers a t  le a s t d ifu n c tio n a l have of p ra c tic a l im p o rtan ce . F o r 
th is  reason  we s tu d ied  the  c o n d e n sa tio n  of d ifu n c tio n a l com pounds.

The sp ec tro p h o to m e tric  m e th o d  en ab led  us to  s tu d y  th e  d iffe ren t p ro 
cesses occurring  in  th e  re a c tio n  m ix tu re . F o r th is  rea so n  i t  seem ed to  be 
adv isab le  to  th in k  over th e  p ro b ab le  re a c tio n  steps an d  side-re  ac tions as w ell as 
th e  p ro d u c ts  ex p ec ted  in  th e ir  course.

F rom  th e  m onom ers w ith  a lk o x y  an d  chlorine fu n c tio n a l g roups poly- 
siloxanes arise , th e  respective a lk y l ch loride elim inates accord ing  to  th e  sim plest 
reac tio n  p a th  described  in  som e p u b lic a tio n s  [1, 2, 3].
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сн3 сн3
I I

n R O  —Si —O R  +  re Cl S i - C l  c a ta ly s t

I I '
CH3 C H 3

C H 3 C H 3
I I

(2n  -  1) RC1 +  R 0 - [ S i - 0 ] ( 2 ^ r j r S i - C l  (1)
I I

C H 3 C H 3

Beside th is  an  o th e r  co n d en sa tio n  p rocess can  also be su p p o sed  from  these  
s ta r t in g  m ateria ls. F eC l3 has b een  w idely  u sed  as a c a ta ly s t  in  th e  fie ld  of 
o rganosilicon  ch em is try . T h u s, i t  can  be supposed  th a t  th is  c a ta ly s t offers 
ad v an tag eo u s  co n d itio n s to  th e  re a c tio n  of m onom ers c o n ta in in g  id en tica l 
fu n c tio n a l groups, n a m e ly  to  th e  se lf-condensation  of d ia lkoxysilanes. T hey  
re a c t  w ith  the  e lim in a tio n  o f e th e r :

C H 3
c a ta ly  s t

n RO Si O R -------*■ (n

C H S

C H 3 C H 3
I I

1 )R 20  +  R O  [ S i - O ^ S i  O R
I !
C H 3 C H 3

( 2)

U nder th e  a p p lie d  e x p e rim e n ta l cond itions th is  re a c tio n  m ay  p roceed  
fu r th e r .  E th ers  an d  ch lo rosilanes, w hich  are p re se n t in  th e  re a c tio n  m ix tu re , 
m a y  re a c t w ith each  o th e r  p ro d u c in g  siloxanes an d  a lk y l ch lo ride  [4]:

C H , C H , C H , CH,

n R .,0 +  n C l— [S i— 0]^— Si-
I I

I I
n RC1 +  n R O  — [S i-O ]— [ S i -  (3)

C H , C H , C H , CH ,

Thus tw o d iffe re n t p a th s  w ith  th e  sam e e n d -p ro d u c ts  can  be supposed  
fo r  th e  fo rm ation  o f  siloxanes.

In  add ition  a n  o th e r  ty p e  of re a c tio n  w as observed  in  th e  course of some 
investig a tio n s p e rfo rm ed  from  o th e r  aspects  in  sim ilar o rganosilicon  system s. 
I t  w as estab lished  t h a t  o rganosilicon  com pounds co n ta in in g  b o th  th e  chlorine 
a n d  alkoxy groups in  th e  sam e m olecule d isp ro p o rtio n a te  a lre a d y  a t  room  
te m p e ra tu re  [5, 6 ] . V a n  W a z e r  an d  M o e d r it z e r  p o in te d  o u t  th a t  a rad ica l 
exchange occurs in  th e  m ix tu re  o f di- or tr ifu n c tio n a l o rganosilicon  halides 
a n d  d im ethy lam ino- o r  m e th o x y - or e th o xysilanes w ith o u t a ca ta ly s t, an d  
th is  reac tio n  reach es an  eq u ilib riu m  a fte r  8 —17 hrs an d  a t  h igh  te m p e ra tu re  
(120°C) [7, 8]. In  o u r sy s tem  also a c a ta ly s t is p re sen t an d  th is  fa c t m ay  m odify
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th e  re su lts  m en tio n ed  above. I n  sp ite  of th a t  follow ing rad ica l exchange  
re a c tio n  h ad  to  be p resum ed;

CH3 C H 3 C H 3
I I I

n R O - S i ~ O R  +  r e C l - S i  Cl 2re R O - S i - C l  (4)
I I I
CH3 C H 3 C H 3

A n ad d itio n a l reac tio n  sh o u ld  be ta k e n  in to  co n sid e ra tio n , n am e ly  th e  
h y d ro ly sis  of ch lorosilanes. This u n d e s ira b le  sid ereac tio n  u su a lly  occurs in  a 
few  p e r  cen t even  in  sp ite  of th e  m o s t ca re fu l m an ip u la tio n .

F ro m  th e  scope of th e  d ifu n c tio n a l system s th e  FeC l3-ca ta ly zed  co n d en 
sa tio n  o f D w ith  DoBut was chosen  as a m odel process. T he reason  fo r th is  
choise w as th a t  in  th is  system  th e  low -m olecu la r p ro d u c t o f th e  co n d en sa tio n , 
sec -b u ty l chloride o f re la tiv e ly  h ig h  bo iling  p o in t (67.3 °C) does n o t leave  th e  
sy s tem  a t  th e  te m p e ra tu re  (60 °C), w h ere  th e  reac tio n  p roceeds w ith  a m o d era te  
ra te .

Experim ental

The condensation reaction was carried  ou t under constant stirring in  a 100 cm 3 
jacke ted  reaction vessel therm ostated to  60°C. The reaction m ixture contained the cyclo
hexane solution of the starting  materials, D and DoBut in 2 M  concentration each and 1 w eight 
per cen t anhydrous FeCl3. In  six hrs the reaction  had completed. Time by  tim e samples were 
w ithdraw n from the reaction  mixture, w ith o u t opening the vessel, by  a hypoderm ic syringe 
th rough  a silicon rubber stopper. To stop  the reaction, samples in  a small vessel were 
quenched by  pu tting  them  into melting ice.

The process was followed by in frared  spectrophotom etry. The concentration of the 
com ponents were calculated from the IR -sp ec tra  on the basis of B eer’s law. Calibration 
curves were taken  for each components a t  the ir respective analytical bands (see P a r t  I). 
The peak  height was determ ined by th e  base-line technique, only in  one case we had  to  
characterize the band in tensity  by integral absorbance which was calculated m athem atically . 
The adsorbance data  were corrected to  0.1 m m  cell w idth  in every case. These values were 
p lo tted  against the concentration of the com pounds. Figs 1, 2, 3 and 4 show the calibration 
curves.

The linear dependence of the absorbance on the concentration da ta  was characterized 
by the correlation coefficient (r) calculated b y  the m ethod of least squares. By this m ethod

Table I

Correlation coefficients o f calibration curves, standard and mean deviations o f  measured data

Compound Analytical band, 
cm-1 r (%)

4
(%)

(CH3)2SiCl2 535 (E) 0.9957 7.9 2.99
465 (F ) 0.9965 7.1 2.54

(CH3)2Si(OC4H9)2 1170 (A) 0.9987 8.3 3.16
(CH3)2Si(OC4H9)Cl 1170 (B) 0.9973 9.6 3.63

660 (C) 0.9986 3.6 1.30
485 (D) 0.9974 5.6 1.89

C4H 9C1 610 (G) 0.9983 2.6 1.01
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we calculated also the equation  of the stra igh t line of best f it of the m easured data  points. 
The linearity  of our calib ration  curves indicates the valid ity  of Beer’s-law, for each compound 
r >  0.99 was obtained. (Table I)

The standard deviations (s) and the m ean deviations (s/t.) of the  da ta  were calculated 
to  estim ate the precision of the  analytical m ethod outlined and the reliability  of a typical 
analy tica l application.

The data are given in  Table I.

Fig. 1. C alibration curves of dim ethyl 
dichlorosilane

Fig. 3. C alibration curves of 
dim ethyl-see-butoxy chloro silane

Fig. 2. Calibration curves of dim ethyldi- j 
sec-butoxysilane

Fig. 4. Calibration curves 
of bu ty l chloride
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R esu lts a n d  discussion

T he reac tio n  b e tw een  D an d  DoBut w as carried  o u t u n d e r  th e  co n d itions 
d esc rib ed  in  th e  ex p e rim en ta l p a r t .  In  th e  th e rm o s ta te d  re a c tio n  m ix tu re  th e  
re a c tio n  was s ta r te d  b y  th e  a d d itio n  o f th e  ca ta ly s t. We checked  th e  sp e c tra  
o f th e  reac tio n  m ix tu re  tim e b y  tim e  a n d  tr ie d  to  in te rp re t th e  changes o f th e  
sp e c tra  b y  ta k in g  in to  considera tion  th e  supposed  side-reactions too .

Fig. 5. Spectra on the sam ples w ithdrawn from  th e  reaction m ixture of D and D0But a. Oth 
m inute, b. 2 th  m inute, c. 90th m inu te , d. a t  the end of the reaction

O n p a r t  a of F ig . 5 spectrum  o f  th e  sam ple  can he seen w hich  w as ta k e n  
from  th e  m ix tu re  b efo re  adding th e  c a ta ly s t ,  on b th a t  in  th e  2, on  c th a t  in  
th e  9 0 th  m in u te  and  fin a lly  on d a t  th e  e n d  o f th e  reaction . T he c h a ra c te ris tic  
a n a ly tic a l h an d s are designed  w ith  b la c k  a n d  w ith  th e  le tte rs  o f T ab le  I.

T he follow ing changes on th e  s p e c tra  w ere observable:
A t th e  beg inn ing  o f  th e  reac tio n  o n ly  D  an d  DoBut w ere in  th e  m ix tu re  

(sp ec tru m  a). C om paring  spectrum  a w ith  b, how ever, i t  could  be seen th a t
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th e  ch a rac te ris tic  p e a k  o f  D a t  535 c m -1  (b an d  E ) d isap p eared  alm ost com 
p le te ly  in  th e  second  m in u te , a lth o u g h  no  b u ty l  ch loride has been form ed y e t. 
F u rth e rm o re  th e  b a n d  a t  1170 c m -1  (h a n d  A, B) ch a ra c te ris tic  o f th e  CH- 
v ib ra tio n s  of sec -b u to x y  group seem ed to  he u n ch an g ed . S im u ltaneously  a 
s tro n g  b an d  a p p e a re d  a t  485 c m -1  (b a n d  D) an d  a d o u b le tt  h an d  a t  660 — 
650 c m -1  (b an d  C). T hese  tw o new  b a n d s  an d  th e  C H -rock ing  freq u en cy  a t  
1170 c m -1  c o n tin u o u s ly  decreased, th e n  e n tire ly  d isap p eared  d u rin g  th e  
re a c tio n  (sp ec tra  c a n d  d), while th e  c h a ra c te r is tic  b a n d  o f b u ty l chloride a t  
610 c m -1  (b an d  G) ap p e a re d  and  in c reased . The s tro n g  an d  wide peak  in  th e  
reg ion  of 1100— 1000 c m -1  show ed th e  fo rm a tio n  of Si — 0 —Si bonds.

I t  could be co n c lu d ed  th a t  s im u ltan eo u sly  w ith  th e  d isappearing  o f  th e  
an a ly tica l b a n d  o f D a new  com pound w as fo rm ed  im m ed ia te ly  a fte r th e  b e g in 
n in g  of th e  re a c tio n . T h is com pound w as recogn ized  as d im ethy l-sec-bu toxy- 
ch lorosilane (DoBut,ci)- O ne ° f  its a n a ly tic a l h an d s  lies a t  1170 cm -1  (b an d  B), 
th e  o th e r  tw o one a t  660 c m -1  (band  C) a n d  a t  485 c m -1  (band  D).

This re su lt is co n sis ten t w ith  th e  find ings o f  th e  au th o rs  m en tio n ed  
above [7, 8]. A lth o u g h  th e y  in v e s tig a te d  system s co n ta in in g  com pounds o f 
h ig h er re a c tiv ity  (e.g. e th o x y -, m e th o x y - or d im eth y lam in o  com pounds) th a n  
th e  sec-butoxy  s u b s ti tu te d  one, we h av e  found  th a t  th e  rad ica l exchange 
reac tio n  p roceeded  also  in  th e  m ix tu re  o f  D an d  DoBut w ith o u t an y  c a ta ly s t , 
an d  i t  also led  to  a n  equ ilib rium . T he re a c tio n  is described  b y  eq u a tio n  (4) 
w here  R  =  C4H 9. W e de te rm ined  th e  eq u ilib riu m  c o n s ta n t a t 60 °C a p p ro a c h 
ing  th e  eq u ilib riu m  fro m  b o th  sides; its  va lu e  w as fo u n d  to  be ab o u t 1 0 -4  fo r 
th e  process s ta r t in g  fro m  th e  com pound  in  th e  r ig h t-h a n d  side of eq u a tio n  (4). 
O bv iously  th e  e q u ilib riu m  lies well in  th e  d irec tio n  of th e  conversion to  DoBut,ci-

U nder th e  co n d itio n s of th e  co n d en sa tio n  th a t  is a t  60 °C in  th e  presence  
o f th e  c a ta ly s t th e  ra d ic a l exchange re a c tio n  p ro ceed ed  m uch m ore ra p id ly . 
T he system  a t ta in e d  sim ilar s ta te  w ith  th e  c a ta ly s t in  ab o u t tw o m in u te s  as 
w ith o u t a c a ta ly s t  in  ab o u t f if ty  h o u rs . In  th e  p resence  of th e  c a ta ly s t th e  
rad ica l exchange ev en  m ore p rogressed  since th e  q u a n t i ty  of DoBut,Cl fo rm ed  
was im m ed ia te ly  consum ed  b y  co n d en sa tio n . D ue to  its  high ra te  th e  f irs t  
s tep , th e  ra d ic a l ex ch an g e , could n o t be follow ed b y  th e  IR -m eth o d . H ow ever 
th e  consecutive co n d en sa tio n  o f its  p ro d u c t, DoBut,Cl was a m uch slow er 
s tep , th u s  i t  cou ld  be follow ed easily .

W e p e rfo rm ed  th re e  ex p erim en ts  w hich  a im ed  to  verify  w h e th e r th e  
fo rm ed  DoBut,Cl w as th e  s ta r tin g  m o n o m er o f th e  co n densa tion  p ro d u c in g  
siloxane-po lym ers. I n  th e  firs t e x p e rim e n t th e  m ix tu re  of D and  DoBut w as 
th e rm o s ta te d  a t  60 °C for 60 hrs befo re  ad d in g  th e  c a ta ly s t. W ith in  th is  tim e  
th e  eq u ilib riu m  w as se t up . The eq u ilib riu m  m ix tu re  con ta ined  p ra c tic a lly  
on ly  DoBut,ci- T h e  co n densa tion  w as in it ia te d  b y  th e  ad d itio n  of th e  c a ta ly s t .

In  th e  seco n d  exp erim en t th e  c a ta ly s t  an d  th e  re a c ta n ts  w ere ad d e d  
to g e th er to  th e  re a c tio n  m ix tu re .
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In  th e  th ird  case the s ta r t in g  m a te ria l w as a sy n th e tiz e d  DoButCb 
co n seq u en tly  th e  m ix tu re  did n o t c o n ta in  D and  D obuí a t  all.

The course o f th e  three re a c tio n s  is illu s tra te d  in  F ig . 6. The co n su m p tio n  
o f b u to x y  groups w as calculated  fro m  th e  p eak  h e ig h t a t  1170 c m -1 . T he 
curves going u p w ard s  show the  rise  o f  b u ty l  chloride ca lcu la ted  from  th e  p e a k  
h e ig h t a t  610 c m -1 . T he three cu rv es  co rrespond  sa tis fac to rily  w hich in d ic a te  
th e  id e n ti ty  of th e  reactions. The m o n o m er is DoBut,ci in  all th e  th ree  cases.

Fig. 6. P a th s  of reactions of D with D0But a r |d th a t  of D0But C l---------------- — reaction in
the equilibrium  m ixture of D and D0But, -------------- - reaction of D w ith  D 0But w ithou t

the previous se tting  of the equlibrium , — • — • — reaction of 1)<j вut Cl

DoBut,Cl m onom er can  follow th e  sam e ro u tes  as th e  m onom ers c o n ta in 
ing tw o  id en tica l fu n c tio n a l groups. I t  is also supposed  th a t  i t  ta k e s  p a r t  in  
reac tio n s analogous to  reac tio n  (1) o r (2) — (3), i.e.:

I I I
n R O —Si—Cl catalysí R O - t S i - O J ^ S i - C l  +  (n -  1) RC1 (5)

I I I

I I I
n R O —S i—Cl “ t,ly£  n/2 C l - S i — O - S i - C l  +  n/2 R ,0  (6)

R 20  +  C l - [ S i —0 ] „ - S i -  catalŷ  R 0 - [ S i - 0 ] „ - S i  +  RC1 (7)
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I f  th e  tw o  s te p s  o f  th e  h o m o fu n c tio n a l co n d ensa tiona l ro u te  [reactions 
(6) — (7)] occur, d i-sec -b u ty le th e r(B u t20 )  an d  chlorine te rm in a te d  oligom ers 
a lso  shou ld  be fo u n d  in  th e  reac tio n  m ix tu re . F igure 7 show s th e  sp ec tru m  of 
th e  cyclohexane so lu tio n  of B u t20 .  T he b a n d  a t  1330 c m -1  is th e  on ly  one 
w h ich  does n o t o v e rla p  an y  bands o f th e  o th e r  com ponen ts, th u s  i t  w ould be 
su ita b le  for analysis  in  th is  system . B u t  u n d e r th e  co n cen tra tio n  cond itions

o f th e  reac tio n  th is  b a n d  was n o t sh a rp  an d  s tro n g  enough  to  s ta te  u n a m b ig 
u o u sly  from  th e  I R  sp ec tra  alone w h e th e r  B u t20  w as in  th e  reac tio n  m ix tu re  
ev en  in  a sm all q u a n t i ty  a t all.

To solve th is  q u estio n  we p e rfo rm ed  low  te m p e ra tu re  IR  m easu rem en ts . 
A t th e  te m p e ra tu re  o f  liqu id  n itro g en  (— 190 °C) th e  p e a k  h e ig h t co n sid e rab ly  
grow s an d  th e  o v e rlap p in g  bands sp lit  in  some cases, th u s , th e  s tro n g er b a n d s  
o f  B u t20  m ig h t b e  n o ticed  in th e  case o f  sm all co n cen tra tio n . The low  te m p e ra 
tu re  m easu rem en ts  show ed th a t  no  B u t20  was p re se n t in  th e  m ix tu re . T h is  
re su lt  was su p p o r te d  b y  gas c h ro m a to g rap h ic  m easu rem en ts  to o . F o r th e  GC 
m easu rem en ts th e  quenched  sam ples o f  th e  reac tio n  m ix tu re  could be u se d  
o n ly  a fte r e x tra c t in g  th e  ca ta ly s t a n d  th e  corrosive com ponen ts w ith  w a te r . 
I n  th e  m ix tu re  B u t20  could be d e te c te d  b y  gas c h ro m a to g rap h y , its  q u a n t i ty ,  
how ever, was o n ly  o f  0.01 per cen t re fe rre d  to  cyclohexane.

This re su lt  v e r ify  the  absence o f  th e  h om ofunc tiona l condensation  s te p .
On th e  o th e r  h a n d  it  could be  n o ticed  from  th e  su b seq u en t sp e c tra  o f  

th e  reac tio n  m ix tu re  th a t  all of th e  th re e  an a ly tica l b an d s  o f  D or,ci d ec rea sed  
in  th e  course o f  th e  reac tio n , how ever, w ith  n o t th e  sam e ra te . The SiC2 f r e 
quency  a t  660 c m -1  decreased m ore slow ly th a n  th e  ch a rac te ris tic  b a n d  o f S iO R  
a t  1170 cm -1 . B esid e  its  decrease th e  Si—Cl b a n d  a t  485 c m -1  w idened  to w a rd s
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Fig. 8. The shift of the Si—Cl stretching frequency in  the course of the condensation of 
dim ethyl-sec-butoxychlorosilane. a. curve 1: Oth m inute, curve 2: 60th m inute, curve 3: 240th 

m inute, b. differential spectrum  belonging to curve 2

th e  sm alle r w av en u m b ers , and  th e n  sh ifted  to  470 c m -1 . (F igure  8 a). A t 
th e  en d  o f th e  re a c tio n  all o f these b an d s  d isap p eared .

I n  ag reem en t w ith  p rev ious fin d in g  [9], th e  h a n d  a t  470 c m -1  w as fo u n d  
to  be th e  S i-C l s tre tc h in g  frequency  of th e  lin ea r  o ligom er form ed in  th e  con
d en sa tio n . T he sh if t o f th e  S i-C l b a n d  in  th e  course o f p o ly m eriza tio n  p ro v id ed  
us w ith  th e  p o ss ib ility  to  determ ine th e  c o n c e n tra tio n  of th e  m onom er a n d  th e  
oligom ers se p a ra te ly .

T he in te n s ity  o f th e  overlapp ing  peak s a t  485—470 c m “ 1 was p ro p o rtio n 
al to  th e  to ta l  q u a n t i ty  of th e  S i-C l g roups. T hese tw o Si-C l h an d s  n ev e r 
se p a ra te d  in  th e  course o f th e  reac tio n , th e re fo re  th e  to ta l  co n cen tra tio n  o f 
th e  S i-C l g roups w as p ro p o rtio n a l to  th e  a rea  of th e se  ab so rp tio n a l b a n d s , t h a t  
is to  th e  in te g ra l ab so rb an ce . This was ca lcu la ted  from  th e  d a ta .

T he a m o u n t o f th e  te rm in a l Si—Cl g roups o f th e  lin ea r oligom er chains 
was d e te rm in ed  b y  d iffe ren tia l spec tra . W e reco rd ed  th e  sp ec tra  of th e  re a c tio n
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m ix tu re  aga in st th e  cyclohexane so lu tio n  o f D o B u t.c i  (m onom er) and  b u ty l 
ch lo ride . In  th e  re fe ren ce  so lu tion  th e  c o n c e n tra tio n  of DoBut.ci w as chosen 
e q u a l to  th a t  of th e  sam ple . Thus, th e  p e a k  h e ig h t a t  470 c m -1  w as p ro p o rtio n 
al to  th e  c o n c e n tra tio n  of th e  o ligom er Si—Cl group because of th e  com plete 
co m p en sa tio n  of th e  p e a k  a t 485 c m -1 . In  F ig . 8b th e  d iffe ren tia l sp ec tru m  
can  be^seen co rresp o n d in g  to  curve 2 of F ig . 8a.

The c o n c e n tra tio n  of th e  S i-C l g roups p re se n t in  th e  m onom er equals 
to  th e  difference b e tw een  the  tw o fo rm er ones.

The a n a ly tic a l b a n d  a t  1170 c m -1  (b an d  B) w as su itab le  fo r th e  q u a n ti
ta t iv e  d e te rm in a tio n  o f D o r ,ci w ith o u t a n y  d ifficu lties all over th e  course of 
th e  reac tio n . The th i r d  b a n d  a t  660 c m -1  (b an d  C) could be also u sed  u p  to  a 
60 p e r  cen t conversion . The w av en u m b er an d  in te n s ity  of th e  SiC2 s tre tc h in g  
v ib ra tio n s  also dep en d s on th e  degree of p o ly m eriza tio n  [9]. F o r th e  la s t th ird  
p e rio d  of th e  re a c tio n  th e  con tinuous sh if t of th is  b a n d  ex ten d ed  to  a v e ry  
w ide region, an d  m eanw hile  th e  b a n d  w as overlap p in g  o th e r ones.

In  th e  la s t p e rio d  of th e  re a c tio n  th e  eq u ilib ra tio n  of th e  fo rm ed  silox- 
anes could be observ ed . This process w as n o ticed  in  th e  reg ion  of 1000 —1100 
c m -1  w here th e  a p p ea red  S i-O —Si v ib ra tio n s  w ere s till chang ing  w hen  th e  
fu n c tio n a l g roups h a d  been  used  u p  a lread y . The changes o f th e  S i-O -S i 
v ib ra tio n s  could n o t  be followed a c c u ra te ly , how ever, in  th is  sy stem  because 
o f  overlapp ing  o f th e  bands.

F in a lly  th e  rev e rs ib ility  o f th e  co n d en sa tio n  step  was s tu d ied . W e 
m odelled  th e  b a c k w a rd  reac tio n  in  tw o  system s.

M ixtures o f a cyclic siloxane (o c tam e th y lcy c lo te tra s ilo x an e) an d  b u ty l  
ch loride as w ell as t h a t  o f a lin ear siloxane an d  b u ty l  chloride were th e rm o s ta te d  
u n d e r  th e  co n d itio n s of the  co n d en sa tio n  in  th e  presence of th e  c a ta ly s t  fo r 
five  hours. P rocess in d ica tin g  re v e rs ib ility  d id  n o t occur, b an d s c h a ra c te r is tic  
o f  Si—Cl or Si—O R  groups did n o t a p p e a r. T he on ly  effect w hich  could  be d e 
te c te d  was th e  eq u ilib ra tio n  of th e  o rig ina lly  hom ogeneous siloxane b y  th e  
ac tio n  of th e  c a ta ly s t .

On th e  basis  o f  th is  re su lt we su p p o sed  th a t  th e  con d en sa tio n  o f DoBut.ci 
fo rm ed  b y  ra d ic a l exchange follows o n ly  th e  h e te ro fu n c tio n a l ro u te  [reac tio n  
(5)]. This fa c t m a y  be ta k e n  as p ro v ed  if  th e  co n cen tra tio n  of th e  com ponen ts 
co rresponds to  th e  m a te ria l ba lance  c h a ra c te ris tic  th e  of h e te ro fu n c tio n a l ro u te . 
T h is can  be w r itte n  b y  tw o e q u a tio n s:

c to tal S i-C l =  c to tal S i-O R  ( 8 )

c to ta i S i-C l +  CRC1 =  c to ta i S i-O R  +  CRC1 =  c o n s ta n t (9)

In  F ig . 9 th e  changes o f c o n cen tra tio n s  of th e  m a te ria ls  are p lo tte d  
a g a in s t tim e . T he q u a n ti ty  of S i-O R  g roups w as m easured  a t  1170 c m “ 1, th e  
to ta l  co n cen tra tio n  of Si-Cl b o n d s w as ca lcu la ted  b y  in te g ra l ab so rb an ce .
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A m o u n t of Si-Cl bonds being  in o ligom ers was de te rm in ed  from  d iffe ren tia l 
sp e c tra , and  th e  c o n cen tra tio n  of m o n o m er S i-C l was g iven  b y  th e  difference 
of th e  tw o form ers. C oncen tra tion  o f  fo rm ed  b u ty l ch lo ride w as m easu red  
a t  610 c m -1 .

I t  can  be seen th a t  th e  curve i l lu s tra tin g  th e  change o f th e  co n cen tra tio n  
o f b u to x y  groups co rresponds well to  th e  curve illu s tra tin g  th e  to ta l  co n cen tra -

Fig. 9. Change of concentration of functional groups during the reaction of DoBut Cl> curve 1: 
concentration  of Si—OR, curve 2: concentration of to ta l Si—Cl, curve 3: concentration of 
monomer Si—Cl, curve 4: concentration of oligomer Si—Cl, curve 5: concentration of bu ty l 

chloride, curve 6: balance of m aterials of the reaction

tio n  o f S i-C l groups. This show s th a t  e q u a tio n  (8) holds all o v e r th e  course o f 
th e  re a c tio n , w ith  o th e r w ords th e  q u a n ti ty  of Si—Cl groups eq u a ls  th a t  o f th e  
S i-O R  g roups.

C urve 6 illu stra te s  th e  cu rren t sum  o f th e  co n cen tra tio n  of th e  to ta l  
ch lorosilanes and  th a t  of th e  form ed b u ty l  ch loride. Table I I  co n ta in s  th e  
sam e d a ta . I t  can he seen t h a t  th e  sum  o f  th e  co n cen tra tio n  o f th e  s ta r tin g  
m ate ria ls  a n d  end -p roduc ts is rea lly  c o n s ta n t d u rin g  th e  re a c tio n  ex cep t th e  
firs t few  m in u tes . (In  th e  f irs t  m inu tes a sm all p ercen tage  o f th e  ch lorosilanes 
h y d ro ly zed  as i t  could be expected .)

T he re su lts  o b ta ined  can  be ex ten d ed  to  th e  reactions o f d im eth y ld ich lo - 
rosilane w ith  o th e r d ifu n c tio n a l a lkoxysilanes, n am ely  w ith  d im e th y ld ie th o x y - 
silane a n d  d im ethy ld i-n -p ropoxysilane . Som e q u a lita tiv e  ex p e rim en ts  w ere 
p erfo rm ed  in  these  system s to o . I t  was p o in te d  o u t th a t  th e  s ta r t in g  dichloro- 
silane an d  d ialkoxysilane w ere tran sfo rm ed  to  th e  respective  a lkoxych lo ro - 
silane b o th  u n d e r th e  cond itions of th e  co n d en sa tio n  and  w ith o u t th e  c a ta ly s t.
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Table П

Material balance fo r  the heterofunctional route

Time, min ctotal S1C1 
M

«ВО1
M Sum

0 3.27 — 3.27

í 3.00 0.31 3.31

7 2.39 0.51 2.90

15 2.07 0.74 2.81

30 1.39 0.98 2.91

60 1.40 1.36 2.76
92 1.27 1.44 2.71

124 1.13 1.62 2.75

180 0.86 1.86 2.72

210 0.68 (1.78) (2.46)

270 0.33 2.49 2.82

333 — 2.78 2.78

393 — 2.74. 2.74

T his process is also  an  eq u ilib riu m  re a c tio n  sh ifted  con sid erab ly  to  th e  d ire c tio n  
o f  a lkoxychlorosilanes. Also in  th e  case o f  th ese  system s th e  form ed a lk o x y - 
chlorosilanes ta k e  p a r t  in  th e  co n d en sa tio n  reac tio n .
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Syntheses o f N-(3-Carboxy-4-hydroxyphenylsulfonyl)-Gly and  the corresponding 
derivatives of Ser, T yr and Orn ( I I—V), as well as their O -acetyl, carbom ethoxy and 
some hydrazide derivatives (VI—ХУЛ) are described. I l l ,  IV, V II and  VIII were found 
to  be active against a num ber of microorganisms.

Introduction

P rev iously  sa licy la tes a n d  som e salicylsulfonam ide d e riv a tiv es  w ere 
fo u n d  to  have hypog lycaem ic  a n d  o th e r  pharm aco log ical a c tiv itie s  [1—8]. 
R e c e n tly  we have re p o rte d  th e  sy n th es is  o f some N -salicy lsu lfony l-am ino  
acids w hich  were ex p ec ted  to  possess som e biological a c tiv itie s  [9]. H ow ever, 
th e  e ffec t of v a ria tio n s  o f th e  fu n c tio n a l g roups in  b o th  th e  salicy lic  and  am ino  
ac id  m oieties on th e  biological a n d  pharm aco log ical a c tiv itie s  has n o t y e t  
b een  s tu d ied .

T he p resen t in v es tig a tio n  in v o lv ed  th e  synthesis o f  som e O -acety l, 
C arb o m eth o x y  an d  C arboxyhydraz ide  d e riv a tiv es  ( I I—X V II) a n d  stud ies o f  
th e ir  m icrobiological ac tiv ities.

Results and discussion

N -(3 -C arboxy-4 -hydroxypheny lsu lfony l)-am ino  acids ( I I —V) were re a d 
ily  p re p a re d  b y  th e  reac tio n  of 5-ch lo rosu lfony l salicylic ac id  (I). [10] w ith  
th e  a p p ro p ria te  am ino  acid  in  e th e r-so d iu m  hydroxide m ed iu m . A ll N -salicyl- 
su lfony l-am ino  acid  deriv a tiv es  w ere ch ro m ato g rap h ica lly  hom ogeneous 
(d e tec tio n  w ith  benzid ine), and  gave a v io le t colour w ith  FeC l3. IR  (II) v„aXr : 
1180, 1175, 1360 (S 0 2): 3390, 3420 (S 0 2N H ); 1690 (A r -C O O H ); 1310, 1360, 
(R  — CO O H ); 1120, 3420 (A r—OH) a n d  O H /C O O H  hydro g en  b o n d , and  1080, 
1030, 910, 840, 800, 720, 610 c m -1  (1 ,2 ,4 -tr isu b s titu ted  benzene) confirm ing 
th e  s tru c tu re  of (II). The IR  sp e c tra , ch rom ato g rap h ic , e lec tro p h o re tic  an d  
e lem en ta l analyses o f  I I —V w ere c o n s is te n t w ith  th e  s tru c tu re s  given (cf.
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Table I

iV- (  3 - ( , u  r b o x y -4 - h y d r o  X V p h e n y l  s u l f a n y  I ) - a  n i i  n o

C om pound
(T ype) R R.

R 2 a n d  am in o  ac id  
res id u e Y ie ld , % M. p ., °c

I I —(A) H OH H ; Gly- 84 309-310°

I I I— (A) H OH — CH2OH; DL-Ser- 72 340°
charred

I V -  (A) H OH P— CH2— C6H4— OH; L-Tyr- 66 292—294°

V - ( B ) H OH DL-Orn- 80 282—284°

V I - (A ) COCH3 OH H ; Gly- 81 350°

V II - (A ) COCH3 OH — CH2OCOCH3; DL-Ser- 60 6 0 -6 4 °
hygroscopic

V III- (A ) COCH3 OH P  ■ CH2— C6H„— OCOCH3 
L-Tyr-

73 350°

I X - ( B ) COCH3 OH DL-Orn- 70 295-298°

X - (A ) H OCH3 H ; Gly- 92 290-294°

X I—(A) H OCH3 — CH2OH; DL-Ser- 60 280-282°

X II - (A ) H OCH3 P—CH2— CcH4—OH; L-Tyr- 66 277—280°

X I I I - ( P ) H OCH3 DL-Orn- 61 350°

X IV -(A ) COCH3 OCH3 H; Gly- 73 269-271°

X V -(A ) H n 2h 3 H ; Gly- 78 196-200°

X V I-(A ) H n 2h 3 — CH2OH; Ser- 75 200-202°

X V II-(B ) H N ,H 3 Orn- 67 207—210°

[a]o For IV: — 9.8 (c =  0.5, m ethanol); УШ : - 1 2  (c =  1, DMF); ХП: -1 6 .5  c =  1,

T ab le  I). C om plete acid  hyd ro lysis  of I I  [9] gave a n in h y d rin -p o sitiv e  spo t o f 
g lycine.

N -(3 -C arboxy-4 -ace toxypheny lsu lfony l)-G ly  (VI) w as p rep ared  b y  th e  
a ce ty la tio n  of I I .  I n  th e  case of Ser and  T y r, a c e ty la tio n  o f  I I I  and IV req u ired  
th e  use of excess ace tic  an y h d rid e , w hen  th e  h y d ro x y l g roups of b o th  th e  sa l- 
icy l and  am ino  ac id  residues w ere a c e ty la ted . S p o t te s ts  for com pounds 
V I—IX  show ed th e  absence o f h y d ro x y l, and  th e  s tru c tu re s  of th e  com pounds 
w ere confirm ed b y  e lem en ta l analysis an d  IR  sp ec tro scopy .

N -(3 -C arbom ethoxy-4-hydroxypheny lsu lfony l)-G ly-O M e (X) w as p re 
p a re d  b y  d isso lv ing  I I  in  a cooled so lu tio n  of d ry  m e th a n o l, and add ing  p u re  
th io n y l ch loride. E s te r if ic a tio n  of I I I  an d  IV c o n ta in in g  Ser and  T y r  w as 
effected  using  th e  sam e cond itions as in  th e  syn thesis  o f X. The m eth y l e s te rs
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acid derivatives

Я/ ^cm F o rm u la  (M ol. w t.)
A nalysis  % , C alcd ./F ound

C H N

0.57 5 c9h 9n o ,s 39.2 3.25 5.09
(275.23) 39.5 3.55 5.12

0.47 7 C10H uNO8S 39.34 3.60 4.57
(305.26) 39.85 3.61 4.59

0.49 5.3 C16H 15N 08S 50.31 3.92 3.66
(371.35) 50.64 4.21 3.92

0.5 5 42.85 3.75 5.26
(500.49) 42.95 3.86 5.27

0.85 11 C „H uN 08S 41.63 3.46 4.40
(319.27) 41.65 3.63 4.45

0.71 10.5 c I4h 15n o 10s .h 2o 41.27 4.17 3.44
(407.33) 41.35 4.19 3.54

0.83 6.8 51.53 4.79 3.06
(465.42) 51.63 4.95 3.11

0.83 7 44.80 3.89 4.54
(616.56) 45.01 3.99 4.68

0.53 6 CuH 13N 07S 43.56 4.29 4.62
(303.29) 43.86 4.59 4.65

0.54 6.3 c ,l,h 15n o 8s 43.15 4.49 4.19
(333.31) 43.25 4.50 4.21

0.63 5.5 c ,8h 19n o 8s 52.8 4.64 3.42
(409.41) 53.11 4.65 3.45

0.58 7.4 C „H ,eN20 12S2 45.97 4.52 4.87
(754.57) 46.15 4.75 5.11

0.64 6 c 12h i5n o 8s 43.23 4.50 4.20
(333.31) 43.33 4.60 4.45

0.65 — c 19h 13n 5o 5s 35.64 4.29 23.10
(303.29) 35.75 4.32 23.75

0.7 — 36.03 4.53 21.02
(333.32) 36.26 4.68 21.13

0.72 — C 19H 26N 80 9S 2 39.72 4.52 19.51
(574.58) 39.83 4.56 19.63

dioxane)

(X —X II) w ere show n to  be hom ogeneous an d  no side reac tio n s w ere observ ed . 
IR  (X) t£ ax : 1 4 4 0 -1 3 3 0  (COOCH3); 1130, 1305, 1360 (S 0 2); 3440 (S 0 2N H ); 
1220 — 40, 3440 (A r—O H ); 1080. 1030, 910, 840, 800 and  720 c m -1  confirm ing  
th e  s tru c tu re  of X. A ll th e  m ethy l e s te rs  gave positive h y d ro x a m a te  reac tio n s .

T h e  synthesis o f  N -(3 -C arbom ethoxy-4 -acetoxy-pheny lsu lfony l)-G ly - 
OMe (XIV) was ach ieved  b y  a ce ty la tio n  o f  th e  m e th y l e s te r X. T he a t te m p te d  
e s te rif ic a tio n  of th e  ace to x y  deriva tive  V I failed ; th e  re a c tio n  led  to  p a r t ia l  
d e a c e ty la tio n  and  a m ix tu re  co n ta in in g  th re e  d iffe ren t u n sep arab le  com po
n en ts  w as ob ta ined . T he m eth y l e s te r X  w as read ily  a c e ty la te d  to  give XIV 
in 73%  y ie ld ; the  p ro d u c t con ta ined  n e ith e r  free h y d ro x y l n o r ca rb o x y l 
groups.

P rev io u sly  several su lfohydrazides have  been  in v e s tig a te d  and  fo u n d  
to  be effec tive  as an titu b e rcu lo sis  d rugs [11 — 13]. T herefo re, som e N -salicyl-
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su lfo n y l am ino acid h y d ra z id e s  were p re p a re d  and  in v e s tig a te d  in  our la b o 
r a to ry . H ydrazino lysis  o f  th e  m ethy l e s te r  X gave th e  h y d raz id e  XV co n ta in 
in g  tw o  hydrazide g ro u p s in  b o th  the  salicy lic  an d  am ino ac id  m oieties. The 
sy n th e s is  of th e  h y d ra z id e  derivatives o f serine  was easily  ach ieved  an d  th e  
h y d ro x y l groups o f th e  se ry l or salicyl re s id u es were n o t a ffec ted . S im ilarly , 
th e  serine pep tide  h y d ra z id e s  were p re v io u s ly  sy n th esized  using  th e  sam e 
p ro ced u re  [14].

Com pounds I I  —X V II are now p re p a re d  an d  ch a rac te rized  for th e  f irs t
tim e .

N -(3-carboxy-4-hydroxypheny lsu lfony l)-D L -S er (III)  an d  L-Tyr (IV) 
a n d  th e  co rrespond ing  O -ace ty l de riv a tiv es  (VII and  V III) w ere found  to  be 
ac tiv e  against Bacillus subtilis, Esch. coli, Staphilococcus aureus, b u t inac tive  
a g a in s t Proteus vulgaris a n d  Azotobacter crococcum. The rem ain in g  ca rb o m eth o x y  
a n d  hydrazide  d e r iv a tiv e s  were found to  be inactive  a g a in s t all th e  te s te d  
m icroorganism s. O th e r  pharm aco log ical s tu d ie s  are still in  progress.

E xperim en ta l

R fx [15]: n -bu tanol-pyrid ine-acetic  ac id -w ater (15 : 10 : 3 : 12). E : pyrid ine-acetate 
buffer pH  5.6 600 V, 2 hr. [15].

N-(3-Carboxy-4-hydroxyphenyIsulfonyl)-GIy ( I I)

Glycine (1.7 g; 0.023 mole) was dissolved in  w ater (20 ml) and 2N  sodium hydroxide 
(25 ml) was added to the  solution. The reaction m ix ture  was cooled to  0 °C, and a solution 
of 5-chlorosulfonylsalicylic acid (I) [10] (5.4 g; 10.023 mole) in 25 ml e ther was added dropwise 
during 30 min. The tem p era tu re  of the reaction m ixture was m aintained a t 0 °C until th e  
add ition  had been com pleted and the reaction m ix ture  was shaken for additional 4 hrs a t  
20 °C. The solution was cooled a t 0 °C and acidified w ith 6N  HC1 to Congo Red indicator. 
Some crystalline m ateria l w as filtered off and th e  solution concentrated  in vacuum . The 
residual m aterial was crystallized from m ethanol and  the soluble N-(3-carboxy-4-hydroxy- 
phenylsulfonyl)-Gly p rec ip ita ted  from m ethanol-ether.

N-(3-Carboxy-4-hydroxyphenyIsulfonyl)-DL-Ser (II) and -L-Tyr (IV)

These compounds were prepared as described for II.

N2,N5-D i-(3-carboxy-4 -hydroxypheny lsu lfony l)-D L -O rn  (V)

DL-Ornithine HC1 (3.369 g; 0.02 mole) was dissolved in  w ater (30 ml), 2N  sodium  
hydroxide (40 ml) was added  and the m ixture cooled to 0 °C. A solution of 5-chlorosulfonyl
salicylic acid (I) (9.8 g; 0.042 mole) in ether (50 ml) was added in portions, while m aintain ing 
the tem perature of th e  reaction  m ixture a t 0 °C and  the pH  a t  9— 10. The reaction m ix ture  
was shaken for add itional 4 hrs and processed as described for П.

N-(3-Carboxy-4-acetoxyphenylsulfonyl)-Gly (VI)

Compound П  (1.9 g; 0.007 mole) was dissolved in acetic anhydride (15 ml) and 5 drops 
o f cone. H2S04 were added. The reaction m ix ture  was heated to 50—60°C .The m ixture w as 
allowed to cool, w ater (50 ml) was added, and  after stiring the solvent was evaporated  in  
vacuum . The crude p ro d u c t which separated  was filtered off and recrystallized from  
m ethanol-ether.
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N-(3-Carboxy-4-acetoxyphenylsulfonyl)-DL-Ser (A c) (VII); -L-Tyr (A c) (VIII) and di-DL-Orn
(IX)

These com pounds were prepared starting  from  Ш —V (0.007 mole) acetic anhydride 
(25 ml) and cone. H 2S04 (8 drops), using the procedure described for VI. The products 
(VII—V ili) gave negative tests for hydroxyl.

N-(3-Carbomethoxy-4-hydroxyphenylsulfonyl)-Gly-OMe (X) -DL-Ser-OMe (X I), -L-Tyr-OMe
and N2,N 5-di-DL-Orn-OMe (Х1П)

П —V (0.001 mole) was dissolved in  absolute m ethanol (60 m l), cooled to — 1 0 °C an d  
pure thionyl chloride (0.022 mole) was added by  drops. The tem peratu re  of the the reaction  
m ix tu re  was kep t a t  —5 °C during th e  process of addition and stirring  was continued for 
additional 3 hrs, a t  room  tem perature. The m ixture was allowed to  stand  for 24 hrs a t  20 °C 
and  the solvent evaporated  in vacuum . M ethanol was added and re-evaporated  several tim es, 
th en  the crude p roduct was recrystallized from  m ethanol-ether. The products (X—XIII) 
were chrom atographically homogeneous (detection w ith  benzidine) and  had  positive hydrox- 
am ate  reactions.

N-(3-Carbomethoxy-4-acetoxyphenylsulfonyl)-Gly-OMe (XIV)

Compound X (2.1 g.; 0.007 mole), was added to  a mixture of acetic anhydride (12 ml) 
cone. H 2SO,; (5 drops); the rest of the  procedure was described for (VI).

The m aterial was crystallized from  m ethanol to give white needles.

N-(3-Carboxyhydrazide-4-hydroxyphenylsulfonyl)-Gly-N2H 3 (XV)

Compound X (0.006 mole) was added  gradually  to hydrazine hyd ra te  (8 ml) and  the 
reaction  m ixture was refluxed for 2 hrs. The solution was concentrated in vacuum  and  the 
residual material poured into crushed ice. The crude product was filtered  off and recrystallized 
from  w ater-acetic acid. The product (XV) was chrom atographically homogeneous (detection 
w ith  benzidine and silver nitrate).

N-(3-Carboxyhydrazide-4-hydroxyphenylsulfonyl)-DL-Ser-N2Hi> (XVI)

Compound XI (0.8 g; 0.025 mole) was dissolved in  dry m ethanol (30 ml) and hydrazine 
h y d ra te  (2.5 ml) was added. After stand ing  for 24 hrs a t room tem peratu re  and 5 hrs a t  
0°C, th e  solvent was evaporated in  vacuum , ano ther portion of m ethanol was added and 
then  re-evaporated. The residual m ateria l was crystallized from m ethanol-acetone ( 1 : 1 ) .

N2,N5-(3-Carboxyhydrazide-4-hydroxyphenylsulfonyl)2-Orn-N2H 3 (XVIII)

Compound ХП1 (1.1 g; 0.002 mole) was added gradually to w arm  hydrazine hyd ra te  
(10 m l); and the re s t o f the procedure was as described for XV.
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SY NTHESIS OF 2,3-D IH Y D R O -2,4-D IPH E N Y L -l,5-B E N ZO T H IA Z EPIN E S BY T H E  
REA CTION  OF 2-A M IN O TH IO PH EN O L W IT H  CHALCONES SUBSTITUTED IN  R IN G  В

A. L é v a i  a n d  R . B o g n á r
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The reactions w ith 2-am inothiophenol of sixteen chalcones (I—XVI), variously 
substitu ted  in  ring  B, have been stud ied  in hot, anhydrous toluene. In  the m ajo rity  
of the cases, i. e. w ith  I —X, the /?-phenyl-/?-(2-aminophenylmercapto)propiophenones 
(XVII—XXVI) are formed: w ith X I and XH m ixtures of the corresponding propio- 
phenone (XXVII and XXVHI) an d  2,3-dihydro-2,4-diphenyl-l,5-benzothiazepine 
derivatives (XXXIX and XL) are ob ta ined : the presence of strongly electron-w ith
draw ing substituen ts (XIII XVI) leads to 1,5-benzothiazepines (XLI—XLIV). Boiling 
of the /?-phenyl-/S-(2-aminophenylmercapto)-propiophenones (XVlI—XXVIII) in  the 
presence of acetic acid catalyst in  m ethanol, converts these compounds into 2,3-di- 
hydro-2,4-diphenyl-l,5-benzothiazepines (XXIX—XL).

T he sy n th esis  o f  d ih y d ro -1 ,5 -benzo th iazep ines b y  th e  reac tio n  o f 2-am i- 
n o th io p h e n o l w ith  a , /1 -unsatu ra ted  ke to n es is described  in  th e  l i te ra tu re  
[2— 5 ]. R ie d  and M a r x  [2] s tu d ie d  th e  reac tio n  of 2 -am ino th iopheno l w ith  
th ie n y l analogues o f chalcones. T h e y  fo u n d  th a t  in  th e  presence of p ip erid in e  
c a ta ly s t  a nucleoph ilic  add ition  o c c u rre d  be tw een  th e  /1-carbon a to m  o f th e  
u n s a tu ra te d  ketone  a n d  th e  m ercap to  g ro u p  to  give /l-(2 -am inopheny lm ercap - 
to )-k e to n es  w hich cou ld  be co n v erted  b y  m eans of hyd roch lo ric  acid c a ta ly s t  
in to  th e  co rrespond ing  d ihyd ro -1 ,5 -b en zo th iazep in es . W hen  th e  h y d ro ch lo rid e  
o f 2 -am in o th io p h en o l w as m ade to  r e a c t  w ith  a, /З-u n sa tu ra te d  k e to n es, th e  
th iazep in es  were o b ta in e d  in  a single s te p . M u s k a l o  [3] p rep a red  N -su b s titu te d  
d ihydro -1 ,5 -b en zo th iazep in es  w hich c o n ta in e d  an  u n s a tu ra te d  b o n d  in  p o s i
tio n  A 3, b y  th e  re a c tio n  of N -su b s titu te d  2 -am ino th iopheno ls w ith  a, /?-unsat- 
u ra te d  k e to n es . H id e g -H a n k o v s z k y  a n d  H id e g  [4] syn thesized  2 ,3 -d ihydro - 
1 ,5 -benzo th iazep ine d e riv a tiv es  b y  b o ilin g  /?-m ethy l-v iny l-py ridy l k e to n es , 
h e te ro cy c lic  ac ry lophenones, p y rid y l-a c ry lo n a p h to n es  and  2 -ac ry lid en e te tra -  
lin e -l-o n es  w ith  2 -am ino th iopheno l in  x y len e  so lu tion .

S t e p h e n s  and  F i e l d  [5] d esc rib ed  th e  re a c tio n  of u n s u b s titu te d  chal- 
cone (I) w ith  2-am ino th iopheno l. T h e  tw o  com pounds w ere allow ed to  r e a c t  
in  m e th an o lic  so lu tion  in  th e  presence o f  p ip erid in e  c a ta ly s t, to  o b ta in  /S-phenyl- 
/9 -(2 -am inopheny lm ercap to )-p rop iophenone (XVII) (m .p. 134— 135°C, v С =  О 
1670 c m -1 ). Boiling o f  X V II in m e th a n o lic  so lu tion  con ta in in g  a c a ta ly tic

* P a r t  I, see Ref. [1]
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a m o u n t of acetic  ac id , converted  XVII in to  2 ,3 -d ihydro -2 ,4 -d ipheny l-l,5 - 
b en zo th iazep ine  (XXIX) (m .p . 1 1 4 -1 1 5  °C, v C =  N 1613 c m - 1).

In  th e  course o f  ea rlie r  w ork concern ing  th e  chem ical tran sfo rm a tio n s  
[6, 7] an d  th e  sp ec tra l ch a rac te ris tic s  [8, 9] o f  chalcones an d  chalcone epoxides, 
we s tu d ied  th e  effect o f  th e  su b stitu en ts  o f th e  a ro m atic  rin g  upon  th e  e lec tro n 
ic s tru c tu re  of th ese  m olecules and, th ro u g h  th is , u p o n  th e  d irec tion  of th e ir  
chem ical reac tions. P a r t ly  in  connection  w ith  these  w orks, p a r t ly  as a c o n tin 
u a tio n  of o th e r in v e s tig a tio n s  on th e  sy n th es is , s tru c tu re  e lu c id a tio n  and  
chem ical conversions o f  b en zo th iazep ines, we have  now  s tu d ied  th e  reac tio n s 
o f  l-am in o -2 -m ercap to  com pounds w ith  chalcones. In  th is  p a p e r  th e  reac tio n s 
o f  2 -am ino th iopheno l w ith  chalcones, v a r io u s ly  su b s titu te d  in  th e ir  rin g  B, 
w ill he repo rted .

I, XVII, XXIX: R  =  H 
П, xvni, XXX: R  =  4-CH3 
Ш , XIX, XXXI: R  =  З-ОСН3
IV, XX, ХХХП: R  =  4-OCH3
V, XXI, X XXIII: R  =  3,4-(OCH3)2
VI, XXII, XXXIV: R  =  3,4,5-(OCH3)3 
vn, XXIII, XXXV: R  =  3,4-0CH20  
vm , XXIV, XXXVI: R  =  3-C1

IX , XXV, XXXVII: R  =  4-C1
X, XXVI, X X X V ni: R  =  2.6-(Cl)2
XI, XXVII, XXXIX: R =  2-OCH3 
ХП, XXVIII, XL: R  =  2-C1
X III, XLI: R  =  3-N 02
XIV, XLII: R  =  4-N 02
XV, ХЫ П: R  =  2,4-(Cl)2
XVI, XLIV: R  =  3,4-Cl))2

The p r im a ry  a im  of these e x p e rim e n ts  w as a s tu d y  of th e  effect o f s u b 
s ti tu e n ts  in  rin g  В o f th e  chalcone on th e  p a th w a y  o f th e  reac tio n . The reac tio n s  
h a d  to  be ca rried  o u t  w ith o u t ca ta ly sis  since, as show n b y  th e  re su lts  re p o r te d  
b y  R ie d  and  M a r x  [2 ], th e  presence o f  c a ta ly s t  can  m ark ed ly  a lte r  th e  course 
o f  these  reac tio n s , a n d  th is  effect h a d  to  be p rec luded . This is w hy  we chose 
reac tio n  co n d itions s im ila r to  tho se  described  b y  H id e g -H a n k o v s z k y  a n d  
H id e g  [4].
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Table I

Physical constants and analysis data o f ß-phenyl-ß-(2-aminophenylmercapto)-propiophenones

A nalysis , %

M. p . ,  °c Y ie ld , % O v era ll fo rm u la
M olecular

w e ig h t C alcu la ted F o u n d

C H N C H N

x v n 1 4 2 — 1 4 3 7 2 .0 C2lH19ONS 3 3 3 .3 6 7 5 .6 7 5 .7 0 4 .2 0 7 5 .6 0 5 .7 9 4 .2 9

x v i n 1 4 9 — 1 5 0 6 3 .4 c22h 21o n s 3 4 7 .3 9 7 6 .0 8 6 .0 5 4 .0 3 7 5 .9 6 6 .0 2 4 .1 4

X I X 1 0 6 — 1 0 7 6 3 .8 C22H210 2NS 3 6 3 .3 9 7 2 .7 2 5 .7 8 3 .8 5 7 2 .6 3 5 .8 8 3 .9 4

X X 1 2 4 - 1 2 5 6 8 .8 c22h 21o2ns 3 6 3 .3 9 7 2 .7 2 5 .7 8 3 .8 5 7 2 .2 8 5 .7 4 3 .9 9

X X I 1 4 3 - 1 4 4 7 1 .7 3 9 3 .4 1 7 0 .2 2 5 .8 5 3 .5 6 7 0 .6 1 5 .9 1 3 .6 4

X X I I 1 2 5 - 1 2 6 6 4 .2 c24h 25o4n s 4 2 3 .4 4 6 8 .0 8 5 .9 1 3 .3 0 6 8 .0 4 5 .9 3 3 .4 1

x x m 1 2 8 — 1 2 9 7 0 .2 c22h 19o3ns 3 7 7 .3 7 7 0 .0 2 5 .0 3 3 .7 1 7 0 .4 9 5 .1 1 3 .5 8

X X I V 1 0 7 — 1 0 8 7 0 .8 C2IHisONSC1 3 6 7 .8 0 6 8 .4 7 4 .9 3 3 .8 3 6 8 .9 7 5 .0 7 4 .0 1

X X V 1 3 8 — 1 3 9 6 3 .8 c21h 18onsci 3 6 7 .8 0 6 8 .4 7 4 .9 3 3 .8 3 6 8 .8 0 5 .0 4 3 .8 1

X X V I 1 7 8 — 1 7 9 6 2 .5 c21Hl7O N sa2 4 0 2 .2 6 6 2 .6 8 4 .2 2 3 .4 8 6 2 .5 4 4 .3 2 3 .5 9

x x v n 9 2 —  9 3 1 6 .6 c22h 21o2ns 3 6 3 .3 9 7 2 .7 2 5 .7 8 3 .8 5 7 2 .5 8 5 .9 2 3 .9 4

x x v n i 1 0 1 - 1 0 2 2 1 .7 c21h 18onsci 3 6 7 .8 0 6 8 .4 7 4 .9 3 3 .8 3 6 8 .8 7 4 .9 8 3 .8 9
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Six teen  chalcones vario u sly  s u b s titu te d  in  rin g  В w ere boiled  each  for 
3 h ou rs in  an h y d ro u s  to lu en e  w ith  a sm all excess o f  2 -am in o th io p h en o l an d , 
d epend ing  on th e  s u b s titu e n t, th e  fo llow ing com pounds w ere o b ta ined . F ro m  
u n su b s titu te d  chalcone (I), from  chalcones w ith  e le c tro n  donor su b s titu e n ts  
( I I -V I I )  or from  th o se  w ith  s lig h tly  e lec tro n -w ith d raw in g  su b s titu e n ts  
(V III—X) only  /S -phenyl-/S -(2-am inophenylm ercapto)-propiophenones (XVII 
XXVI) were o b ta in e d . F ro m  com pounds w ith  a m e th o x y l group (XI) or ch lo 
rin e  (XII) in  p o s itio n  C-2, a m ix tu re  o f th e  p ro p iophenone  (XXVII, XXVIII, 
a n d  2 ,3 -d ih y d ro -2 ,4 -d ip h en y l-l,5 -b en zo th iazep in e  (X X X IX , XL) was fo rm ed  
due in  p a r t,p ro b a b ly , to  s teric  effects. H ow ever, in  th e  case of s trong ly  e lec tron - 
w ith d raw in g  s u b s titu e n ts  (XIII XVI) on ly  th e  1 ,5 -benzo th iazep ines (X LI— 
XLIV) were iso la ted . T hese d ifferen t p a th w ay s  of th e  re a c tio n  w ith  2 -am ino
th io p h en o l, show n b y  chalcones w ith  su b s titu e n ts  o f  d ifferen t e lec tro n ic  
c h a ra c te r  can  be in te rp re te d  as be ing  due to  th e  s ig n ifican t change in  e lec tro n  
d e n s ity  on th e  /З-ca rb o n  caused b y  th e  su b s titu e n t [8, 9] w hich th u s  en h an ces, 
o r w eakens, n uc leoph ilic  add itio n  on th e  m ercap to  g roup  and  also a ffec ts  th e  
r a te  of th e  co n d en sa tio n  step . T hus, in  th e  presence o f s tro n g  e lectron  accep to r 
su b s titu e n ts  (XIII —XVI) condensation  is also accom plished  during  bo iling  in  
to luene .

The /3-phenyl-/3-(2-am inophenylm ercapto)-propiophenones (X V II— 
XXVIII) were c o n v e rte d  in to  2 ,3 -d ih y d ro -2 ,4 -d ip h en y l-l,5 -b en zo th iazep in es  
(XXIX —XL) b y  b o ilin g  th em  in an h y d ro u s  m e th an o l in  th e  presence o f ace tic  
ac id  ca ta ly s t.

Table II

JR  and U V  spectral data o f ß-phcnyl-ß-(2-aminophenylmercapto)-propiophenones

In fra re d
U ltra v io le t

v  C =  0  [cm"1] v  N H 2 [cm-1] ■*max [n m J P °g  «)

XVII 1682 3 3 4 9 , 3 4 4 2 31 0  ( 3 .7 5 ) ,  2 4 2  (4 .3 1 )

XVIII 1680 3 5 3 0 , 344 5 31 0  ( 3 .7 0 ) ,  2 42  (4 .3 8 )

XIX 1682 3 3 5 4 , 3 4 4 4 30 8  (3 .6 9 ) ,  2 8 4  (3 .7 3 ), 24 2  (4 .2 9 )

XX 1680 3 3 6 0 , 3 4 6 0 31 0  (3 .6 6 ) ,  23 8  (4 .4 5 )

XXI 1676 3 3 4 4 , 344 3 30 8  ( 3 .6 6 ) ,  28 2  (3 .8 1 ), 242  (4 .4 2 )

XXII 1677 3 3 3 9 , 342 0 31 2  ( 3 .6 7 ) ,  24 2  (4 .3 9 ), 20 4  (4 .7 7 )

XXIII 1677 3 3 4 6 , 3443 29 4  ( 3 .8 8 ) ,  2 42  (4 .3 8 ), 2 04  (4 .7 7 )

XXIV 1677 3 3 6 0 , 346 0 30 8  (3 .8 2 ) ,  2 4 4  (4 .3 0 )

XXV 1680 3 3 6 0 , 3461 31 2  (3 .9 8 ) ,  2 28  (4 .5 1 )

XXVI 1682 3 3 5 9 , 346 2 32 0  (3 .6 2 ) ,  243  (4 .3 8 )

XXVII 1680 3 3 4 1 , 344 0 30 8  (3 .6 8 ) ,  2 82  (3 .8 1 ) , 242  (4 .3 7 )

XXVIII 1679 3 3 5 7 , 3442 31 0  (3 .7 9 ) ,  2 42  (4 .3 8 )
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Table III

Physical constants and analysis data o f 2,3-dihydro-2,4-diphenyl-l,5-benzothiazepines

M. p . ,  °c Y ield , % O vera ll fo rm u la
M olecular

w eig h t C alcu la ted

A naly sis, %

F o u n d

c H N c H N

XXIX 1 1 5 — 116 7 4 .4 C2lH I7N S 3 1 5 .3 5 7 9 .9 6 5 .3 9 4 .4 4 7 9 .8 6 5 .4 5 4 .3 8

XXX 1 1 4 — 116 8 4 .6 C22H19NS 3 2 9 .3 7 8 0 .2 4 5 .7 7 4 .2 5 7 9 .7 8 5 .9 3 4 .1 9

XXXI 1 0 4 - 1 0 5 7 5 .4 c 22h 19o n s 3 4 5 .3 7 7 6 .5 2 5 .5 0 4 .0 5 7 6 .3 2 5 .6 6 3 .9 9

ХХХП 1 2 7 — 128 6 3 .8 c 22h 19o n s 3 4 5 .3 7 7 6 .5 2 5 .5 0 4 .0 5 7 6 .5 1 5 .6 7 4 .0 2

XXXTII 1 1 8 — 119 6 5 .9 c 23h 21o 2n s 3 7 5 .4 0 7 3 .6 0 5 .6 0 3 .7 3 7 3 .8 6 5 .7 4 3 .8 2

XXXIV 1 4 5 - 1 4 6 7 0 .2 c 24h 23o 3n s 4 0 5 .4 2 71 .11 5 .67 3 .4 5 7 1 .0 6 5 .7 5 3 .51

XXXV 13 3 — 134 6 5 .9 c 22h 17o 2n s 3 5 9 .3 6 7 3 .5 4 4 .7 3 3 .8 9 7 3 .1 1 4 .8 4 3 .8 2

XXXVI 1 0 4 - 1 0 5 7 4 .4 c 2Ih I6n s c i 3 4 9 .7 9 7 2 .0 1 4 .5 7 4 .0 1 7 1 .7 1 4 .6 4 3 .9 8

XXX v n 12 8 — 129 7 4 .7 c 2Ih 16n s c i 3 4 9 .7 9 7 2 .0 1 4 .5 7 4 .0 1 7 2 .6 2 4 .6 3 3 .9 3

x x x v r a 1 1 9 — 120 6 8 .0 c 21h 15n s c i 2 3 8 4 .2 4 6 5 .6 2 3 .9 0 3 .6 4 6 5 .5 9 3 .9 8 3 .7 7

XXXIX 1 6 8 — 169 35 .3 c 22h 19o n s 3 4 5 .3 7 7 6 .5 2 5 .5 0 4 .0 5 7 6 .4 0 5 .6 3 4 .0 4

XL 1 4 8 — 149 2 0 .4 C21H leN S C l 3 4 9 .7 9 7 2 .0 1 4 .5 7 4 .01 7 1 .1 0 4 .6 2 4 .0 8

XLI 1 6 8 — 169 5 2 .7 C2lH 160 2N 2S 3 6 0 .3 4 6 9 .9 7 4 .4 4 7 .7 7 6 9 .7 4 4 .5 6 7 .6 2

XLII 1 8 0 - 1 8 1 7 7 .7 ^2lHi60 2N2S 3 6 0 .3 4 6 9 .9 7 4 .4 4 7.77 7 0 .3 4 4 .51 7 .6 9

XLIII 1 8 1 — 182 7 0 .3 c 21h 15n s c i 2 3 8 4 .2 4 6 5 .6 2 3 .9 0 3 .6 4 6 5 .3 2 3 .9 3 3 .6 3
x u v 1 7 2 — 173 7 3 .0 c 21h 15n s c i 2 3 8 4 .2 4 6 5 .6 2 3 .9 0 3 .6 4 6 5 .8 4 4 .01 3 .5 9
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In  Table I I  in fra re d  an d  u ltra v io le t  sp ec tra l d a ta  o f th e  /S-phenyl-/S-(2- 
am in o p h en y lm ercap to )-p ro p io p h en o n es (X V II- XXVIII), an d  in  T ab le  IV  
th o se  of th e  2 ,3 -d ih y d ro -2 ,4 -d ip h en y l-l,5 -b en zo th iazep in es  (X X IX —XLIV) 
a re  show n. The C =  О and N H 2 b a n d s  ap p earin g  in  th e  in fra red  sp e c tra  of 
X V II—XXVIII, a n d  th e  —C =  N — b an d s  o f X X IX —XLIV u n eq u iv o ca lly  
p ro v e  th a t  these  com pounds have th e  s tru c tu re s  ascribed  th e m . In  th e  in fra red  
sp e c tra  of X X IX —XLIV no N H  b a n d  is fo u n d : th is  also p roves th a t  th e  double  
b o n d  is no t in  th e  /Im position.

The assigned  s tru c tu re s  o f com pounds XVII, XXI, XXV, X X X I an d  
XXXVI have also b een  confirm ed b y  1H —N M R  spectroscopy : th e  d a ta  are 
show n in Table V.

Table IV

IR  and U V  spectral data o f 2,3-dihydro-2,4-diphenyl-l,5-benzothiazepines

In fra re d  
v  C =  N  [cm -1 ]

U ltra v io le t 
Ащах [nm ] (log e)

XXIX 1608 336 (3.63), 260 (4.27)
XXX 1610 336 (3.72), 261 (4.32)

XXXI 1608 338 (3.62), 262 (4.27)

XXXII 1609 335 (3.75), 261 (4.34), 231 (4.33)

XXXIII 1608 335 (3.67), 291* (4.01), 261 (4.32), 237 (4.29)

XXXIV 1606 330 (3.65), 261 (4.32)

XXXV 1604 330 (3.75), 296* (4.09), 261 (4.36)

XXXVI 1609 335 (3.64), 261 (4.29)

XXXVII 1609 340 (3.64), 262 (4.30)

XXXVIII 1610 335 (3.57), 262 (4.22)
XXXIX** 1608 335 (3.70), 264 (4.35)

XL 1610 335 (3.66), 262 (4.24)

XLI 1611 342 (3.66), 262 (4.39)

XLII** 1611 323 (3.96), 265 (4.46)
XLIII** 1610 340 (3.56), 265 (4.18), 236 (4.18)

XLIV** 1610 340 (3.62), 264 (4.25), 236 (4.25)

* shoulder
** UV da ta  recorded in dioxane

Experim ental

M. p.’s are uncorrected.
The UV spectra  were recorded in ethanolic solutions, w ith the exception of XXXIX, 

XLII—XLIV, w ith  a UNICAM SP 800 instrum ent: the IR  spectra were obtained (in K B r 
pellets) w ith a UNICAM  SP 200G instrum en t, The NMR spectra were recorded w ith  a JE O L  
MH 100 instrum en t in deuterochloroform (in ternal standard  TMS <5 =  0 ppm ), a t  room  
tem perature.
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Table V

1H -N M R  spectra (6 ppm )

A ro m atic — CH— — C H , — — N H , 2 O C H ,

XVH 6.40—7.92 m 4.73 t 3.62 q 4.20 s —

XXI 6.32—7.79 m 4.61 t 3.60 q 3.95 s 3.68 s and 3.75 s

XXV 6.39—7.88 m 4.68 t 3.56 q 4.18 s —

The N H 2 signal is extinguished by D20

A ro m atic J h- — С Н ,— O CH,

XXXI 6.78—8.04 m 4.90 q 2.84—3.40 m 3.68 s

XXXVI 6 .8 5 -8 .0 2  m 4.86 q 2 .78 -3 .37  m —

These spectra are n o t affected by D20

The chalcones were prepared by  the condensation of acetophenone and substitu ted  
benzaldehydes in aqueous ethanolic solution in the presence of sodium hydroxide catalyst, 
as described in  the lite ra tu re  [10— 14].

/l-P h eny l-/?-(2 -a in inopheny lm ercap to )-p rop iophenones

The chalcone (I—X) (10 mmoles) and 2-am inothiophenol (12 mmoles) were dissolved 
in  dry toluene, and refluxed for 3 hrs in an apparatus provided w ith  a w ater separator: the 
solvent was then  rem oved under reduced pressure. The residue was recrystallized from 
m ethanol: in  this way th e  com pounds XVII—XXVI were obtained (Tables I and II).

The chalcones XI and  XII gave a m ixture of the corresponding propiophenone (XXVII 
and XXVIII) (Tables I and  I I )  and 1,5-benzothiazepine (XXXIX and XL) (Tables I I I  and 
IV): th is m ixture was separa ted  by  fractional crystallization from  m ethanol. From the
chalcones XIII—XVI the 1,5-benzothiazepines (XLI XLIV) were prepared (Tables I I I  and IV ).

2 ,3 -D ih ydro -2 ,4 -d ipheny l-l,5 -benzo th iazep ines

iS-Phenyl-j3-(2-aminophenylmercapto)-propiophenone (XVII—XXVIII) (0.5 g) was 
refluxed for 1 h r in a m ix tu re  of anhydrous m ethanol (20 ml) and glacial acetic acid (1 ml). 
The product which separated  after cooling was recrystallized from  m ethanol: in this w ay 
compounds XXIX—XL were obtained (Tables I I I  and IV).

*

The authors’ thanks are due to Drs. É . R. D á v id , S. Szabó and L. Szilág y i for 
recording the spectra and for their help in the interpre tation: to  Mrs. E . H a jn a l  for her 
technical assistance and to th e  staff of our A nalytical L aboratory  for the  micro analyses. 
Thanks are expressed to  the  H ungarian  Academy of Sciences for g rants in support of these 
studies.
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The synthesis of oligo-/?-L-aspartic acid derivatives (la, b) containing up to  
six aspartic  acid residues is described. Benzyloxycarbonyl and i-bu ty l ester groups 
were used to  protect the amino and  carboxyl groups, respectively. The peptide bonds 
were form ed by the dicyclohexylcarbodiimide m ethod. Column chrom atography on 
silica gel was used to purify th e  pro tected  peptides w ith 4—6 aspartic acid residues 
(IVc—e). Free oligopeptides (Vila—e) were prepared by  trea tm en t w ith  trifluoroacetic 
acid followed by catalytic hydrogenation. The protected derivatives (IVa—e) were 
characterized by TLC. The p u rity  of the free oligo-/S-L-aspartic acids was checked 
by  m eans of TLC and high voltage paper electrophoresis.

The dem and for m onotone oligopeptides of well-defined structure con
tain ing y-glutam ic acid or /9-aspartic acid residues has been increased recently  
in  the fields o f biochem ical and physicochem ical investigations. Pteroyl- 
oligo-y-L-glutam ic acids are the m ajor forms o f folic acid (vitam in Be) [1] and 
the biological and pharm acological a ctiv ity  of pteroyl-L-aspartic acid is also 
w ell known [2]. The syntheses b y  different m ethods of oligo-y-L-glutam ic 
acids w ith up to  seven glutamic acid residues have been described in a previous 
paper [3]. From  a comparison o f the optical rotatory dispersion spectra o f these  
m odel com pounds w ith that o f natural poly-y-D-glutam ic acid, conclusions 
have also been drawn concerning the secondary structure of th is m acro
m olecule [4].

In order to  obtain more detailed  inform ation about the chiroptical prop
erties o f m onotone oligopeptides bu ilt up from y- or /1-linked amino acid 
residues, we have synthesized a series o f oligo-/?-L-aspartic acid derivatives 
(Ia,b). The preparation of pteroyl-oligo-/?-L-aspartic acids is also in progress.

The synthesis of Д-L-aspartyl-L-aspartic acid via tribenzyl N -benzyl- 
oxycarbonyl-/?-L-aspartyl-L-aspartate has been described by Y oung  et al. [5]. 
N o oligo-/S-L-aspartic acids w ith more th an  tw o aspartic acid residues, however, 
have been reported as yet.

On the basis o f experiences in the syntheses of oligo-y-L-glutamic acids 
[3], we have chosen the benzyloxycarbonyl and i-butyl groups for the protection  
o f the amino and carboxyl term inals, respectively.

D eriv a tiv e s  o f  a sp a rtic  ac id  u sed  as s ta r tin g  m ateria ls  in  th e  syn th eses  
w ere a -i-b u ty l N -b en zy lo x y carb o n y l-L -asp arta te  d icyclohexy lam m onium  sa lt
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X — N H —C H —COOY

CH2
I

с о -  “ n h - c h - c o o y '

C H ,

la : X  =  Z, Y  =  B u 1; n =  0 4 
lb: X  =  Y  =  H ; n =  0 - 4

I
CO — N H - C H - C O O Y

I
C H , I

COOY

(II) [6] and  d i- t-b u ty l L -asparta te  h y d ro ch lo rid e  (III) [7,8]. The syn thesis  of 
th e  oligo-/?-L-aspartic acids was accom plished  accord ing  to  the  general schem e 
sum m arized  below  [9].

-A sp—O B u
I

Z — A sp—O B u1 I HC1 • H  Asp —  O B u1 d c c i  Z -r *— A D ‘
!_OH • D C H A +  i-O B u 1 (c h . c n )

II III IYa, n =  1
tT

-OBu*

Z —Asp O B u 1 HC1 • H  —
L O H  • DCHA 

II

z -

A sp —O B u
I

DCCI

—O B u1 (C H SCN )

V a—d, n =  2 — 5

-A sp O B u1
I

n + i O B u1

IVb—e, n =  2 — 5

z - -A sp — O B u1 9 0 % T F A -Asp O H
1 —  O B u1 -------

n -и
1 O H

H ,/P d

IYa e, n =  1 — 5 

------ > H -

n + 1
V ia — e, n =  1 — 5

-A sp OH

- m + l

V l l a - e ,  n =  1 - 5

O H

Selective fission  o f  th e  benzy lo x y carb o n y l group  o f th e  p ro tec ted  o ligopeptide 
deriv a tiv es  IV a—e w as effected b y  c a ta ly tic  h y d ro g en a tio n  (pa llad ium (10% )- 
on-charcoal) in  th e  presence o f h y d ro ch lo ric  ac id , and  th e  ap p ro p ria te  oligo
p ep tide  e s te r  h y d ro ch lo rid e  sa lts  (Va—d) w ere o b ta in ed  in  good y ields (85 — 
100% ). A fte r fa ilin g  in an a t te m p t a t  p rep arin g  th e  p ro tec ted  d ipep tide  d e riv 
a tiv e  (IVa) b y  m ean s of « -i-b u ty l N -carbobenzoxy-L -asparta te  pen tac lilo ro -
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p h en y l e s te r  [10] as a c y la tin g  ag en t, we chose th e  d icyclohexy lcarbod iim ide  
m eth o d  [11] fo r b u ild in g  th e  p ep tide  b o n d . W hile th e  p ro te c te d  d e riv a tiv e s  
IV a an d  IVb w ere o b ta in e d  in  high ch ro m a to g rap h ic  p u r i ty  a fte r c ry s ta lliz a 
tio n , th e  p ro te c te d  o ligopeptides w ith  4 —6 asp artic  ac id  residues (IV c—e) h a d  
to  be p u rif ied  b y  co lum n ch ro m a to g ra p h y  on silica gel. T he free o ligopeptides 
V i la —e w ere p re p a re d  b y  rem oving  th e  i-b u ty l an d  benzy lo x y carb o n y l 
groups o f th e  p ro te c te d  d e riv a tiv es  IVa — e b y  tre a tm e n t w ith  90%  triflu o ro ace - 
t ic  acid fo r 3 5 hrs [3], follow ed b y  c a ta ly tic  h y d ro g en a tio n .

Table I

Synthesis o f oligo-ß-i-aspartic acids (V ila—e)

C om pound
S ta rtin g  m ate ria ls  

IVa —e (m m ole)
In te rm e d ia te s  
Via —e E f (b) Y ie ld , %

V ila 2.18 0.35 92.5
Vllb 1.11 0.30 74.5
Vile 1.34 0.25 93.5
VUd 0.56 0.20 90
Vile 0.49 0.15 87

C harac te riza tio n  an d  p u rity  contro l o f  o ligo-/?-i.-aspartic acid derivatives

(a) t-B utyl N-benzyloxycarbonyl-oligo-ß-h-aspartates (IV a—e)

The p ro te c te d  oligo-/J-L-aspartic acid  d e riv a tiv es  are c rysta lline  su b stan ces 
w ith  well d efin ed  m elting  p o in ts . T h e ir p u r i ty  was checked  b y  TLC (F ig . 1) 
on silica gel (DC-A lufolien, K ieselgel 60 F 254, M erck), u sing  a so lvent m ix tu re  
o f e th y l a c e ta te —cyclohexane (1 : 1) cap ab le  of sep a ra tin g  th e  p ro te c te d  
d e riv a tiv es  c o n ta in in g  d iffe ren t num bers o f  a sp a rtic  acid  residues. E ach  p ro 
te c te d  p ep tid e  show ed one single ch lo rine-positive  sp o t o f s ign ifican tly  d if
fe ren t R f  v a lu e  in d ica tin g  th e  h om ogeneity  o f th ese  su b stan ces. The an a ly tic a l 
d a ta  w ere also in  good ag reem en t w ith  th e  ca lcu la ted  values.

(b) t-B utyl oligo-ß-L-aspartate hydrochlorides (V a—d) (Table I I )

The hydro ch lo rid e  sa lts  a re  gel-like su b stan ces  h av in g  no defin ite  m e ltin g  
p o in ts . As th e y  could  n o t be  o b ta in ed  as c ry sta llin e  su b stan ces, th e ir  p u r i ty  
w as con tro lled  in  an  in d ire c t w ay . S ta r tin g  from  th e  hom ogeneous p ro te c te d  
deriv a tiv es  IV a —e, th e  rem o v a l of th e  b e n zy lo x y ca rb o n y l group  was follow ed 
b y  TLC on silica gel (D C-A lufolien, K ieselgel 60 F ^ ,  M erck), using  th e  above 
so lven t m ix tu re . In  th is  m ix tu re  th e  h y d ro ch lo rid e  sa lt d e riv a tiv es  show ed only 
one n in h y d rin e -p o sitiv e  sp o t o f a low er R f  va lu e  th a n  th e  chlorine-positive 
spo t of th e  a p p ro p ria te  p ro te c te d  d e riv a tiv e , in d ica tin g  th e  com pleteness of the

Acta Chim. (Budapest) 88,1976



304 KAJTÁR et al.: OLIGO-JS-l-ASPARTIC ACID DERIVATIVES

F ig . 1. Thin-layer chrom atogram  of i-butyl N-benzyloxycarbonyl-oligo-/S-L-aspartates (IVa—e) 
on silica gel (DC-Alufolien, Kieselgel 60 F254, Merck) in ethyl acetate—cyclohexane (1 : 1), 
detec ted  by the chlorine-tolidine test. K t values: IVa 0.57, IVb 0.49, IVc 0.39, IVd 0.32 and

IVe 0.25.

c a ta ly tic  h y d ro g e n a tio n  in  each  case. T he gel-like hyd roch lo ride  sa lts  w ere 
th o ro u g h ly  d ried  in  a v acu u m  d esicca to r over cone. H 2S 0 4 an d  K O H , a n d  
ch a rac te rized  b y  chlorine analysis an d  TLC  using  d iffe ren t so lven t m ix tu re s .

Table II

Chromatographic and analytical data o f t-butyl oligo-ß-1 -aspartate hydrochlorides (Va—d)

C om pound F o rm u la M ol. w t.
Cl О/

/О C h ro m ato g rap h y  (i? /)*

Calcd. F o u n d S o lv en t f S o lv e n t g

Va C20H 36N 2O7 • HC1 452.7 7.85 8.10 0.52 0.58
Vh c28h 49n 3o 10 • HC1 624.0 5.70 6.20 0.43 0.48
Vc C36H 62N40 13 • HC1 795.3 4.45 4.80 0.36 0.43
Vd C44H 75N50 le • HC1 966.6 3.65 4.40 0.23 0.31

* Kieselgel G nach Stahl, Merck

(c) Oligo-ß-b-aspartic acids (V ila —e) (T able I I I )

The oligo-/?-L-aspartic acids are  am orphous solids w ith  som e w a te r  co n 
te n t  h o u n d  so s tro n g ly  th a t  i t  could  n o t be rem oved  even  a t  100°C in  a v a c u u m  
d esicca to r over cone. H 2S 0 4 (or P 20 5) an d  K O H . The d a ta  o f e lem en ta l an a ly sis ,
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Table III

Physical constants and analytical data o f oligo-ß-i-aspartic acids (V ila—e)

Com 
p o u n d

[«Id
(0.5IV HC1)

T L C  (R f)
H ig h  v o ltag e  

e lectrophor.

F o rm u la Mol. w t.

C, % H, % N. %
so lv en t

b c (RfY
p H  1.8* p H  6.5s Calcd. F o u n d Calcd. F o u n d Calcd. F o u n d

c„h 12n 2o 7 248.2 38.7 4.85 11.3
V ila +  18.5 (c 2.0) 0.30 _ 0.50 1.17 38.0 5.7 9.4

C8H 12N20 7 • 1/2H20 257.2 37.35 5.10 10.9

C12H l7N30 1() 363.3 39.65 4.7 11.55
VIII. + 6 .0  (c 2.0) 0.25 0.50 0.40 1.30 38.9 5.05 9.7

C12H 17N3O10 • l/2H zO 372.3 38.7 4.85 11.3

C1GH 22N,On 478.3 40.15 4.65 11.7
Vile +  16.1 (c 1.0) 0.10 0.45 0.30 1.30 39.85 5.05 10.65

C16H 22N40,3 • l/2HoO 487.3 39.4 4.75 11.5

C20H 27N5Ole 593.4 40.5 4.6 11.8
V lld + 6 .1  (c 1.0) _ 0.40 0.20 1.30 39.3 4.9 10.4

C20H 27N5Ole ■ 1/2H ,0 602.4 39.85 4.7 11.6

708.5 40.7 4.55 11.85
Vile +  8.7 (c 2.0) _ 0.35 0.15 1.30 39.8 4.95 11.0

C21H 32N60 19 • 1/2H20 717.5 40.2 4.65 11.7

1 Relative to  aspartic acid
2 Acetic acid-form ic acid-w ater (80 : 20 : 900)
3 Pyrid ine-acetic acid-w ater (100 : 3 : 894)
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ra n g in g  over re la tiv e ly  sm all in te rv a ls  (C 38 .7—4 0 .7 % ; H  4 .8 5 —4 .5 5 % ; 
N  11.3 —11.85% , ca lc u la ted  for th e  w a te r-free  substances) are n o t c h a ra c te ris 
t ic  o f th e  p u r ity  o f th e  free acids V i la —e w ith  w a te r  c o n te n t. In  consequence 
o f  th is  d ifficu lty , th e  о 1 i go - /3 - l  - a s p a r  t  i c acids were ch a rac te rized  b y  TLC using  
d iffe re n t so lven t m ix tu re s  and  esp ec ia lly  h igh v o ltag e  e lec trophores is  on 
W h a tm a n  3MM p a p e r  a t  1500 V, p H  1.8 an d  6.5. A ccord ing  to  th e se  in v es ti
g a tio n s , th e  free acids m ay  be said  to  be  sa tis fac to rily  p u re , m ean in g  th a t  
d e g ra d a tio n  p ro d u c ts  due  to  p ep tid e  b o n d  cleavage in  th e  course o f th e  90%  
tr if lu o ro a c e tic  acid  t r e a tm e n t, or o th e r  co n tam in a tio n s  c o n ta in in g  t-b u ty l 
g ro u p s, can  only be d e te c te d  to  a v e ry  sm all e x te n t. A n a ly tica l d a ta  a n d  R j 
v a lu e s  are sum m arized  in  T able I I I  to g e th e r  w ith  th e  va lu es  o f o p tica l ro ta tio n . 
T h e  in v estig a tio n  o f th e  ch irop tica l p ro p e rtie s  of th e  sy n th esized  oligo-/S-L-as- 
p a r t ic  acid  d e riv a tiv es  w ill be re p o r te d  elsew here.

E x p e r i m e n t a l

M. p.’s are uncorrected  and were ta k e n  on a Tottoli appara tus. The optical ro tations 
were measured w ith an O PTO N-REPM  12 spectropolarim eter (X enon high pressure lamp). 
Before microanalyses, the samples were dried in  a vacuum  desiccator over P20 5 for 8—10 hrs 
a t  a tem perature selected according to th e  m elting point of the substance in question. Thin- 
layer chrom atograms were made on silica gel (Kieselgel-G nach Stahl, Merck) or DC-Alufolien 
(Kieselgel 60 F254, Merck) using the following solvent m ixtures:

a) n-butyl alcohol—pyridine—acetic acid—w ater (30 : 20 : 6 : 24)
b) n-butyl alcohol—pyridine—acetic acid—w ater (3 : 5 : 3 : 3)
c) n-butyl alcohol—pyridine—acetic acid—w ater (4 : 7 : 4 : 9)
d) n-butyl alcohol-acetic acid-w ater ( 4 : 1  : 1)
e) ethyl acetate-cyclohexane (1 : 1)
f) ethyl acetate—cyclohexane (3 : 2)
g) acetic acid—w ater (1 : 9)

S ta rtin g  m aterials
ос-г-Butyl N-benzyloxycarbonyl-L-aspartate dicyclohexylammonium salt (II)

From  57.5 g of a-t-bu ty l /З-m ethyl N -benzyloxycarbonyl-L-aspartate, prepared by 
th e  m ethod of Gregory  et al. [6], 45 g (52% ) of a-i-butyl N -benzyloxycarbonyl-L-aspartate 
dicyclohexylam m onium  sa lt was obtained, m. p. 118—119 °C; [a]i) —2,4° (c 1.0, ethanol). 
The physical constants reported  in the lite ra tu re  [6] are: m. p. 119—120 °C; [a]B —2.5° 
(c 1.0, ethanol).

Di-t-butyl (.-aspartate hydrochloride (III)

S tarting from  13.3 g (0.1 mole) of L-aspartic acid — according to the m ethod of R oeske 
[8] — 11.0 g (39% ) of the hydrochloride I I I  was obtained, m. p. 149—150 °C. (The m. p. 
reported by Taschner et al. [7] is 151— 152 °C.)

Tri -a-i-butyl N-bcnzyloxycarbonyl-/?-di-L-aspartate (IVa)

15.5 g (30.7 mmoles) of a-i-butyl N -benzyloxycarbonyl-L-aspartate dicyclohexyl
am m onium  salt was dissolved in acetonitrile (120 ml) and a suspension of 9.4 g (33.4 mmoles) 
of di-t-butyl L-aspartate hydrochloride in 80 ml acetonitrile was added to the solution. After 
2 hrs stirring the dicyclohexylam m onium  hydrochloride was filtered off and, a t 0 °C, 6.32 g
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(30.7 mmoles) o f dicyclohexylcarbodiimide was added to the filtra te . A fter 2 hrs stirring 
a t room  tem pera tu re  the reaction m ixture was allowed to stand  overnight. D icyclohexylurea 
was filtered off and the solution evaporated  under reduced pressure. The rem aining oil was 
dissolved in  e th e r (120 ml), washed w ith  ice-cold 0.5N  H2S04 (2 x  40 ml), 10% N aH C 03 
solution (3 x 4 0  ml) and 10% NaCl solution (40 ml), then  dried (Na2S04) and evaporated  
to dryness. The rem aining oily substance was recrystallized from a m ixture of e ther (35 ml) 
and petroleum  e th e r (60 ml) to give 11.4 g (67.5% ) of the protected dipeptide (IVa); m. p. 
70—72 °C, [<x] d — 23.0° (c 1.0, dim ethylform am ide).

CtgH41N2Oe (550.65). Calcd. C 61.05; H  7.7; N 5.1. Found C 60.7; H  7.65; N  5.15% .

General methods
(A) Preparation of t-butyl oligo-/S-L-aspartate hydrochlorides (Va—d) (Table II).

The t-bu ty l N-benzyloxycarbonyl-oligo-/i-i.-aspartates (IVa—e) were dissolved in 
m ethanol (5—10 m l per mnrole) and hydrogenated a t room tem perature and atm ospheric 
pressure over prehydrogenated palladium  (10% )-on-charcoal cata lyst (50— 100 mg per 
mmole) in th e  presence of 1.2 equivalent of hydrogen chloride, until the  evolution of car
bon dioxide ceased (2—5 hrs). A fter rem oval of the catalyst, the  solution was evaporated  
to diyness and the rem aining solid gel-like substance dried in a vacuum  desiccator over 
cone. H 2S04 and K O H . The yields ranged from  85 to 100%.

(B) Syntheses of i-butyl N-benzyloxycarbonyl oligo-/i-I.-aspartates (IVb— e)

10 mm oles of i-butyl N -benzyloxycarbonyl-L-aspartate dicyclohexylam monium 
salt (II) was dissolved in acetonitrile (30 ml per 10 mmoles) and a solution of 10 mmoles 
of the appropriate t-butyl oligo-/?-L-aspartate hydrochloride (Va—d) dissolved in acetonitrile 
(20—30 ml per 10 mmoíes), was added to  the first solution. A fter stirring a t room  tem per
ature for 2 hrs the dicyclohexylam monium hydrochloride w'as filtered off and 10 mmoles 
of dicyclohexylcarbodiim ide were added to the filtra te  a t 0 °C. A fter another 2 hrs stirring 
a t  room tem peratu re , the m ixture was allowed to stand overnight. The dicyclohexylurea 
was filtered off and the filtra te  evaporated  under reduced pressure. The rem aining oil was 
dissolved in  e ther (100—150 ml) and the solution washed w ith ice-cold 0.51V H 2S 04 (3 x 5 0  
ml), 10% N aH C 0 3 (3 x 5 0  ml) and w ater (50 ml), then  dried (Na2S04) and evaporated  to  
dryness.

Protected tripeptide derivative (IVb, n =  2)

The crude product prepared from 38.5 mmoles of the starting  m aterials II and  Va 
as described above, was purified by crystallization from a m ixture of ether and petroleum  
ether. Yield: 21.0 g (75.5%), m. p. 93—95 °C, [a]fj —22.1° (c 1, dim ethylform amide).

C30H55N 3O12 (721.85). Calcd. C 59.9; H  7.65; N 5.8. Found C 60.55; H  8.50; N 5.95% .

Protected tetrapeptide derivative (IVc, n =  3)

From  16 mmoles of the starting  m aterials II and Vb, a crude product (13.6 g) was 
obtained, w hich was purified by column chrom atography on silica gel (Kieselgel 60, Merck; 
4 2 x 2 .5  cm), using a m ixture of ethy l acetate-cyclohexane ( 1 :1 )  as eluant. The fractions 
containing th e  chrom atographically pure p roduct were collected to  obtain, after crystallization 
from  a m ixture o f ethy l acetate, ether and petroleum  ether, 9.8 g (68.5% ) of the crystalline 
te trapep tide, m. p . 97—99 °C, [a] d — 19.3° (c 1.0, dimethylformamide).

C44H68N40 15 (893.05). Calcd. C 59.2; H  7.65; N 6.25. Found C 59.3; H  7.9; N 6.85% .

Protected pentapeptide derivative (IVd, n =  4)

From  10 mmoles of the starting  m aterials II and Vc, 9.8 g of a crude p roduct was 
obtained w hich was purified by column chrom atography on silica gel (Kieselgel 60, Merck; 
4 0 x 2 .5  cm), using a m ixture of ethy l acetate-cyclohexane (1 : 1) as eluant. The fractions 
containing the chrom atographically pure p roduct were collected and evaporated to  dryness 
to  give 8.0 g (75% ) of an amorphous substance, m. p. 121—123 °C, [a]o  — 18.7° (c 1.0, 
dim ethylform am ide).

C52H81N50 18 (1064.25). Calcd. C 58.7; H. 7.65; N 6.6. Found C 58.9; H  7.85; N 6.85% .
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Protected hexapeptide derivative (IVe, n =  5)

From  4Л5 mmoles of th e  starting m aterials II and Vd, after evaporation of the aceto
nitrile solution, a solid p ro d u c t was obtained, w hich could only be dissolved in chloroform. 
According to  the general procedure described above, ano ther solid (3.6 g) was obtained which 
was purified by column chrom atography on silica gel (Kieselgel 60, Merck; 42 x2 .5  cm) using 
the above m ixture as e luan t. The fractions containing the chrom atographically pure product 
were collected to  yield 3.2 g (54% ) of IVe, m. p. 157— 162 °C; [os] d —20.0 (c 1.0, dimethyl- 
formamide).

C«0H mO21N , (1235.44). Calcd. 58.5; H  7.7; N  6.8. Found  C 57.65; H  7.8; N 7.15%.

(C) Preparation o f the oligo-/S-L-aspartic acids (V ila—e) (cf. Table I)

The appropriate i-b u ty l N-benzyloxycarbonyl oligo-/S-L-aspartate (0.4—2.5 mmoles) 
was dissolved in ice-cold 90%  trifluoroacetic acid (15—25 ml per mmole) and kep t a t 0 °C 
for 1 h r, and a t room tem pera tu re  for fu rther 2—4 hrs. The cleavage procedure was followed 
by m eans of TLC (Table III), and continued un til a single chlorine-positive spot could only 
be detected  on the layer. T he solution was then  evaporated  under reduced pressure (bath  
tem perature  35 °C) and th e  residue taken up in  dry  ether. The precipitated solid was filtered 
off, washed w ith ether and  dried  in a vacuum  desiccator over cone. H 2S04 and KOH.

The N-benzyloxycarbonyl-oligo-/5-L-aspartic acids were dissolved in m ethanol (30—50 
ml per mmoles) and hydrogenated  a t room tem peratu re  and pressure over prehydrogenated 
palladium  (10% )-on-charcoal cata lyst (100—150 mg per mmoles) un til the evolution of carbon 
dioxide ceased (1—3 hrs). A fter removal of th e  ca ta lyst, the  solution was evaporated under 
reduced pressure and th e  rem aining solid dried in  a vacuum  desiccator over cone. H 2S04 
and K O H . The overall yields ranged from 75 to  95% . Physical constants and analytical da ta  
of th e  oligo-/S-L-aspartic acids V ila—e are sum m arized in Table III.

*

W e wish to th an k  Mrs. H. Me d z ih r a d s z k y -Sc h w e ig e r , Mrs. J . K a jt á r , Mrs. S. 
K u t a ss i, Mrs. M. D e r c s é n y i  and Mrs. A. L ovász for the m icroanalyses. Technical assistance 
by L. M o h a i is greatly  appreciated.
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THE REACTIVITY OF THE CARBONYL GROUP IN 
FLAVONOID COMPOUNDS, II

BASICITY O F T H E  ANALOGUES OF FLAVONE AND FLAVANONE 
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The basicity  of the carbonyl group in 1-thiaflavones, 1-azaflavones and -flavan- 
ones, and  the ra tes  of form ation of th e  1,2-dinitrophenylhydrazones have been de te r
mined. In  the com pounds studied th e  basicity  of the carbonyl group increases in  the 
sequence О <  S <  N H , while the n itrogen  in  1-azaflavanone lowers the basicity  of 
the carbonyl group owing to  its precedence during protonation . The rates of form ation 
of the 2,4-dinitrophenylhydrazones decrease in the order О >  S >  N H ; in  the 
a ttem p ted  proton-catalyzed reaction  of 1-azaflavone, owing to  the presence of the 
enolic tau tom er form , the hydrazone is no t formed a t all. g|

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 88 (3), pp. 309 — 318 (1976)

T hiaflav o n o id s  an d  azaflavono ids (2-phenyl-4-quinolone and  2 -pheny l- 
2 ,3 -d ihydro-4 -qu ino lone) are  analogues o f th e  n a tu ra l f lav o n o id  com pounds 
w idely  d is tr ib u te d  in  th e  vege tab le  k ingdom . The in flu en ce  of th e  S a n d  N  
a to m  in  th e  h e te ro  r in g  on  th e  U V  sp e c tra l ch a rac te ris tic s  [1] and  on th e  
re a c tiv ity  o f th e  c a rb o n y l group in  th e se  com pounds [2] h as  b een  stud ied .

F ew  d a ta  can  be  found  in  th e  l i te ra tu re  on th e  p h y sica l and  chem ical 
p ro p ertie s  o f th ia -  a n d  azaflavono ids. F o r  th e  c h a ra c te riz a tio n  o f th e ir  r e a c tiv 
i ty  we h av e  u tilized  th e  dependence o f  th e  basic ity  o f  th e  C =  0  group a n d  
th e  re a c tio n  ra te  o f 2 ,4 -d in itro p h en y lh y d razo n e  fo rm atio n  [3] on th e  h e te ro  
su b s titu tio n , d e te rm in ed  accord ing  to  th e  m eth o d  described  in  an  earlie r co m 
m u n ica tio n  [4].

As i t  is know n, a ro m a tic  k e tones a re  coloured w hen  d isso lved  in  a s tro n g  
m inera l acid . This phen o m en o n , h a lo ch ro m y , is due to  th e  ion ic  form  re su ltin g  
from  p ro to n a tio n  o f th e  ca rbony l g roup  [5, 6, 11].

T he p ro to n  accep to r ch a ra c te r  o f  th e  C =  0  group , i.e. its  b asic ity , is a 
m easure  o f its  p o la riza tio n  depend ing  on  th e  s tru c tu re  an d  su b s titu tio n s , th u s  
i t  allow s th e  d e te rm in a tio n  o f th e  re la tiv e  electron d e n s ity  o f  th e  ca rb o n y l 
group .

Experim ental

Of the compounds studied, the th ia  analogues were prepared according to [7], the aza 
derivatives according to [8] or [9]. The UY spectra were recorded w ith  a UNICAM SP 800 
instrum ent a t  concentrations of 1 • 10-4 or 5 • 10-5 M . The spectral d a ta  of the compounds 
studied are shown in Table I. The 2,4-dinitrophenylhydrazones of the  compounds were
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p repared  as described in a fo rm er comm unication [3]. The rate  of hydrazone formation was 
also determ ined according to  th e  m ethod described previously.

The melting points, th e  spectral data of th e  2,4-dinitrophenylhydrazones, and the 
reac tion  rates are shown in T able II.

Table I

U V  spectral data o f  flavanone, flavone, and the 1-thia- and 1-aza analogues

C om pound
^max (e th a n o l)

b a n d  I  (e) b a n d  I I  (g) b an d  I I I  (g)

Flavanone 320 (3650) 252 (9400) 214 (30800)
l-Thiaflavanone 348 (3400) 256 (7850)* 240 (30300)
1 - A zaf lavanone
(2-phenyl-2,3-dihydro-4-quinolone) 373 (3450) 260 (8000)* 235 (26500)
F lavone 298 (21600) 252 (17400) 215 (17000)*
l-Thiaflavone 345 (7600) 265 (15200) 225 (11500)
l-A zaflavone (2-phenyl-4-quinolone) 333 (9400) 256 (38200) 210 (35500)

* shoulder

Table II

M elting points and spectral data o f 2,4-dinitrophenylhydrazones; reaction rate constants
determined at 25 °C

C om p o u n d Mp., °c Amax (dioxane) f c /e - 1 . 1 0 - 3

Flavanone-2,4-DNPH 250-252* 383 (27400) 255.00
1-Thiaflavanone-DNPH 235—237 385 (24600) 153.00
l-Azaflavanone-D NPH 2 4 2 -2 4 4 408 (21400) 316.00
Flavone-2,4-DNPH 283—285 425 (26400) 0.18

* R. M o z i n g o ,  H. A d k i n s : J .  A.m Chem. Soc., 60, 669 (1938) mp. 254—255 °C 
F. K á l l a y ,  G. J a n z s ó ,  I. K o c z o r , T etrahedron , 23, 417 (1967) 252—255 °C

Determination of basicity constants

The ethanolic (5%  ethanol) aqueous sulfuric acid solution were freshly prepared by 
d ilu tion  of analytical grade 99.5%  sulfuric acid. The H 0 values for th e  various sulfuric acid 
concentrations given in g/1 were calculated using the original H am m ett base, the unsubstitu ted  
chalcone related to the flavonoids [6]; these being known, the basicity  of the flavonoids and 
of the ir analogues were ob tained  by means of the  formula [6, 10]:

P K BH+ =  H 0 +  log ÍB H Í. =  H 0 +  log - ± r SB .
C B £ b h +  —  6

where H 0 is the acidity  value of the ethanolic aqueous sulfuric acid solution, and the quotient

■ is the ratio betw een the concentrations of the protonated  form  and the free base a t
t-B

a given value of H 0.
These concentrations were determined by  spectrophotom etry since there is an essential 

difference between th e  absorptions of the ionic and non-ionic form s (Table III).



Table III

Absorption spectral data and calculated basicity constants o f the neutral (B )  and the protonated 
(B H + ) form s o f flavonoids and flavonoid analogues

C om pound
В form * BH+ form **

Рк вп+
^max W *max

Flavanone 255 (11000) 325 (3800) 295 (18200) 410 (3600) — 6.5 +  0.02
l-Thiaflavanone 235 (29000) 265 (9000)*** 255 (18000) 307 (9000)

355 (3400) 480 (4000) — 5.65 ±  0.05
1 - Azaf lavanone 235 (25000) 260 (8000)*** 250 (14000) 285 (2000) — 6.75 ±  0.09 (a)

375 (4000) — 0.65 +  0.05 (b)
Flavone 253 (22000) 302 (23600) 250 (20000) 348 (30000) — 1.52 +  0.05
1-Thiaflavone 265 (20000) 350 (8000) 265 (38000) 380 (9200) -1 .1 5  +  0.05
1-Azaflavone 255 (3400)- 320 (12000) 265 (30000) 315 (18000) +  1.82 +  0.06

* 1.985% H2S04 ** 96.5% H 2S04 • pH  = 2
* * * shoulder
(a) p.KßЦ+ calculated a t 250 nm
(b) p X ßH+ calculated a t 235 um  and 310 nm
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3 1 2 DÁVID et al.: FLAVONOID COMPOUNDS, II

Figs 1, 2, 3, and 4 show the changes in the spectra due to  p ro tonation , i. e. to the 
em ergence of the ionic form . The curves obtained a t  various sulfuric acid concentrations 
in te rsec t a t an isosbestic po in t, proving the existance of an  equilibrium  system  [6, 10].

In  this system, th e  equilibrium  is shifted tow ard complete p ro tonation  when the 
concentration  of the sulfuric acid is increased, rem aining then unaffected by  fu rther increase 
o f th e  concentration. (In  th e  case of flavanone we found th a t the curve recorded a t 99.5% 
sulfuric  acid concentration did no t pass th rough  the isosbestic po in t; also the character of 
th e  curve was entirely d ifferen t from the spectra recorded in more dilute sulfuric acid solutions. 
T his curve certainly has no connection w ith  protonation .)

225 2 5 0  275 3 0 0  3 2 5  3 5 0  4 0 0  4 5 0  nm

F ig. 1. Effect of the concentration  of sulfuric acid on the spectrum  of flavanone (1 • 10-4 M

Fig. 2. Effect of th e  concentration of sulfuric acid on the spectrum  of 1-thiaflavanone
(1 • 10~4 M )
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Fig. 3. Effect of the concentration of sulfuric acid on the spectrum of flavone (5 ■ 10 5 M )

Fig. 4. E ffect of the concentration of sulfuric acid  on the spectrum  of 1-thiaflavone (5 • 10-5 M )

W hen the extinction values read a t a g iven wavelength on the curves th a t pass th rough  
the isosbestic point are p lo tted  as a function o f H„, a so-called titra tion  curve can be draw n. 
The H 0 pertinen t to the bisection point (inflexion) of this curve gives the p K BH+ value 
sought. The basicity constants thus calculated and  the molar extinction values a t the w ave
lengths used in these calculations are shown in  Table II I .

7 Acta Chim. (Budapest) 88,1976
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D iscussion

A ccording to  th e  d a ta  in  Table I  re p la c e m en t o f th e  h e te ro  oxygen in 
f lav an o n e  b y  su lfur o r  n itro g en  causes a b a th o ch ro m ic  sh ift o f all the  th ree  
b a n d s  as com pared  w ith  flav an o n e , w hile th e  in ten s itie s  change only  sligh tly .

M ost conspicuous a re  th e  b a th o ch ro m ic  sh ift o f b a n d  I  an d  its  b ro ad en 
ing ; th is  is due to  in c re a se d  p a rtic ip a tio n  o f  th e  non -bond ing  elec trons of th e  
h e te ro  a to m  in c o n ju g a tio n . S u b s titu tio n  b y  S an d  N H  causes a sh ift o f —)— 28 
n m  a n d  -)-53 nm , re sp ec tiv e ly .

T he changes in  th e  sp ec tra  of th e  analogues of flavone  are n o t so u n e 
q u iv o ca l. The ‘tw o -b a n d  sp ec tru m ’ can  be  fo u n d  also here in  every  case, y e t 
su b s ti tu tio n  p roduces n o t  only a b a th o ch ro m ic  sh ift, b u t  also th e  in te n s ity  
ra tio s  are changed, th u s  sp ec tra  of d iffe ren t c h a ra c te r  are o b ta in ed . S u b s titu 
tio n  b y  S and  N H  cau ses  a sh ift o f o n ly  48 n m  an d  36 n m , respective ly , of 
b a n d  I , while th e  in te n s i ty  of b an d  I I  is m ore th a n  doub led  as com pared  w ith  
th e  in te n s ity  of b a n d  I I  o f  flavons.

A sim ilar a n o m a ly  is observed as a re su lt of su b s titu tio n  w ith  N H , in  
th e  re a c tiv ity  of th e  C =  0  group. F lav an o n e  an d  th ia flav an o n e  have re la 
tiv e ly  low b asic ity . 5 0 %  ion iza tion  is ach iev ed  w ith  sulfuric acid  co ncen tra tions 
as h ig h  as abou t 7 0 % . T h is low b a s ic ity  m u s t be due — as suggested  b y  th e  
sp e c tra  tak en  in  su lfu ric  acid, (Figs 1 a n d  2) — to  so lv a ta tio n  o f a non-bond ing  
e le c tro n  pair of th e  h e te ro  atom  in f lav an o n e  an d  1 -th ia flavanone, in add ition  
to  p ro to n a tio n  o f th e  С =  0  group. A ccord ing ly , th e  sp ec tra  rev ea l th e  p re s 
ence of tw o e q u ilib riu m  system s, one o f  th e m  correspond ing  to  so lv a ta tio n  
(low er H 2S 0 4 co n cen tra tio n s) , and  th e  o th e r  to  p ro to n a tio n  o f th e  С =  О 
g ro u p  higher c o n c e n tra tio n s :

HOSOaOH HOSOaOH

a b c

A ccording to  T ab le  I I I  th e  p ro to n  a ffin ity , i.e. th e  b asic ity , o f th e  
С =  О group in  th e  flavanone series changes in  th e  sequence N H  ]> S ]> O. 
T he abnorm ally  h ig h  b as ic ity  of th e  com p o u n d  con ta in in g  th e  N H  group  is 
conspicuous, and  its  ex p lan a tio n  w as fo u n d  b y  a de ta iled  s tu d y  of the  sp ec tra . 
In  co n trad is tin c tio n  to  the  cases of f lav an o n e  and  1 -th iaflavanone increasing  
co n cen tra tio n s o f su lfu ric  acid d id  n o t  cause a sh ift an d  h igher in te n s ity  o f  
b a n d  I  (longer) w av e len g th s  of 1 -azaflav an o n e ; on th e  c o n tra ry , th e  in te n s ity
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decreased , and  in c o n cen tra ted  su lfu ric  ac id  th e  b a n d  com plete ly  d issappeared . 
(F ig . 5). This we ascribe to  th e  c ircu m stan ce  th a t  th e  p ro to n a te d  n o n-bond ing  
e lec tro n  p a ir  of th e  n itro g en  a tom  c a n n o t p a rtic ip a te  in  th e  co n ju g a tio n  (c). 
T h is su p p o rts  our ea rlie r view  [3] a cco rd in g  to  w hich, an d  a t  v a rian ce  w ith  
G a f f i l d ’s [14] O R D  an d  CD in v e s tig a tio n s , b an d  I in all th e  flav an o n e  a n a l
ogues is an  ‘ortho charge tra n sfe r’ b a n d . The р Х в н +  values ca lcu la ted  from  
th e  in te n s ity  changes o f b an d  I a n d  I I I  th u s  re flec t th e  p ro to n a tio n  of th e

Fig. 5. E ffect of the concentration of sulfuric acid on the spectrum  of 1-azaflavanone
(1 • 10 - 4 M )

N H  g ro u p  p K x =  —0.65 in stead  of t h a t  o f  th e  С =  О group , w hereas p K 2 =  
=  —6.75 o b ta in ed  from  th e  in te n s ity  v a lu e s  of th e  250 nm  b a n d  gives th e  
b a s ic ity  o f  th e  С =  О group .

T he basic ities o f th e  com pounds in  th e  flavone series are  m uch  h igher 
th a n  th o se  of the  flav an o n e  hom ologues, a n d  th is  supports  th e  id ea  of a q u asi
a ro m a tic  ch a ra c te r  o f th e  y-pyrone a n d  th ia p y ro n e  s tru c tu re s  [13, 15]. This 
h igh b a s ic ity  well rep re sen ts  th e  change in  th e  energy  s ta te  o f th e  я -electron  
sy stem  d u rin g  p ro to n a tio n . A t th e  sam e  tim e , no change in  th e  sp ec tru m  of 
1 -azaflavone is d e tec tab le  w hen the  c o n c e n tra tio n  o f sulfuric acid  is increased ; 
in th is  w ay  th e  b as ic ity  o f th is  com p o u n d  c a n n o t be dete rm in ed  e ith e r .

S im ila rly  n egative  resu lts  w ere o b ta in e d  w hen th e  p re p a ra tio n  of th e  
2 ,4 -d in itro p h en y lh y d razo n e  of 1 -azaflav o n e  w as a tte m p te d . As show n in 
Table I I ,  ev en  1 -th ia flav o n e-D N P H  co u ld  n o t  be iso lated , th o u g h  an  increase 
of its  c o n cen tra tio n  in  th e  course of k in e tic  m easurem ents could  be c learly
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follow ed. T hus, in  th e  case of d e riv a tiv es  w hich co n ta in  sulfur, th e  re a c tio n  
ra te s  in  th e  flavone  a n d  flavonone series are as ex p ec ted . T he sulfur a tom , ow ing 
to  its  e lectron  d o n o r ch a ra c te r , increased  th e  charge d en sity  on th e  ca rb o n  
a to m  of th e  c a rb o n y l group , th ere fo re  i t  decreased  th e  ra te  of th e  p ro to n - 
ca ta ly zed  nucleoph ilic  reac tio n . In  th e  case o f 1 -th ia flavone  th is  ra te -d e c re a s 
ing  effect is so s tro n g  th a t ,  th o u g h  th e  progress of th e  re a c tio n  can be d e te c te d

Fig. 6. E ffect of pH  on the spectrum  of 1-azaflavone (5 • 10-5 M )

b y  spectroscopy, th e  reac tio n  w ould req u ire  severa l w eeks, therefo re  th e  c a l
cu la tio n  of its  r a te  is n o t feasible.

In  spite o f its  e lec tro n  donor ch a ra c te r , th e  N H  group  caused an in c rea se  
o f th e  ra te  of th e  re a c tio n  betw een  1-azaflavanone an d  2 ,4 -d in itro p h en y ih y d ra - 
zine. This can be ex p la in ed  b y  th e  fa c t th a t  in  th e  p ro to n -ca ta ly zed  re a c tio n  
also th e  N H  g ro u p  is p ro to n a te d , th ere fo re  th e  h e te ro  a to m  plays no p a r t ,  o r 
has a positive ro le , d u rin g  th e  h yd razone  fo rm atio n .

The sam e e ffec t should  be ex p ec ted  in  th e  case of 1-azaflavone. H e re , 
how ever, th e  fo rm a tio n  of hydrazone w as n o t d e te c te d  e ith e r b y  p re p a ra tiv e  
or b y  k inetic  m e th o d s . S im ilarly  n eg a tiv e  re su lts  w ere ob ta ined  in  ev e ry  one 
o f th e  usual co lour te s ts  for flavono ids, as well as in  reac tions used  for th e  d e 
te c tio n  of th e  С =  О group [11, 12, 13]. These n eg a tiv e  experim en ts as w ell 
as irregu larities in  th e  basic ity  d e te rm in a tio n s  an d  in  th e  u ltrav io le t s p e c tra  
ta k e n  in  e th an o l, p ro m p te d  us to  s tu d y , w ith in  n a rro w  p H  in te rv a ls , th e  p H -  
dependence o f th e  sp ec tru m  of 1-azaflavone. As show n in Fig. 6, th re e  p H
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reg ions can  be d is tin g u ish ed  on th e  b a s is  o f these  sp ec tra , w hich  o b v io u sly  
co rresp o n d  to  d iffe ren t s tru c tu ra l fo rm s. I f  th e  in te n s ity  m easu red  a t  th e  
Яшах p o in ts  is p lo tte d  as a fu nc tion  o f  p H , th e  ex istence  o f th e se  th re e  s ta te s  
is q u ite  conspicuous (F ig . 7).

A ll th is  and  th e  neg a tiv e  re su lts  m en tio n ed  above su p p o rt ou r view : th e  
p resence  o f th e  enolic ta u to m e r  form  m u s t  be ta k e n  in to  co n sid e ra tio n  in  th e se

Fig. 7. Change of the in tensity  a t Amax 265 nm  and  310 nm of the spectrum  of 1-azaflavone
as a function of the pH.

co m p o u n d s, and  th e  p H -d ep en d en t ch an g es in  th e  sp ec tru m  su g g est th e  fo llow 
ing s tru c tu ra l  tra n sfo rm a tio n :

P H  < 3  3 PH -= 12 Ph ^  12

In  F ig . 6 the  curves d raw n  for p H  1 a n d  p H  2 show  th e  p ro to n a te d  B H + 
form , th e  curves for p H  3 —12 are those  o f  th e  enolic ta u to m e r  fo rm , an d  th e  
curves fo r p H  12 and  p H  14 suggest d isso c ia tio n  o f th e  enolic  form . On th e  
basis o f th e  curves o b ta in ed  in  buffers, th e  b a s ic ity  o f th e  ca rb o n y l group is 
+  1-82, w hich  is v e ry  h ig h  com pared  w ith  th e  b as ic ity  of flav o n e . This h igh  
value ex p la in s  th e  read iness fo r en o liza tion .
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Concurrent rearrangem ents o f 2-(N -m ethyl)-(15N )-nitram inothiazole and 2-N- 
-(D 3-m ethyl)-nitram inothiazole, as well as of 2-(N-m ethyl)-nitram inothiazole w ith  
na tu ra l isotope content and 2-(N-D3-m ethyl)-(15N)-nitram inothiazole have been 
studied. The results indicate a p a rtia lly  interm olecular, pa rtia lly  in tram olecular 
m echanism  of rearrangem ent of 2-thiazolylnitram ines to give the corresponding 5-nitro 
derivatives.

T h e detec tio n  o f so lven t and  s u b s tra te  isotope effects a n d  genera l acid  
ca ta ly s is  in  th e  rea rra n g em e n t of N -2 -th iazo ly ln itram in es [1] h a s  show n th a t  
th e  re a rra n g em e n t o f th e se  h e te ro a ro m a tic  n itram in es , y ield ing  th e  co rrespond
ing 5 -n itro  deriv a tiv es , involves a  sp ec ia l m echanism  d iffe ren t from  th a t  o f  
th e  a ro m a tic  n itram in e  rea rra n g em e n t. T he p resen t pap er reco rd s  th e  re su lts  
o f a n  in v es tig a tio n  on th e  m echanism  o f  th e  rearran g em en t o f  th ia z o ly ln itra -  
m ines.

T h e  in tra -  or in te rm o lecu la r c h a ra c te r  is one of th e  m o s t in te re s tin g  
q u es tio n s  o f a rom atic  rea rran g em en ts , th u s  also of the  n itra m in e  re a rra n g e 
m e n t. R e c e n t in v estig a tio n s have sh o w n  [2] th a t  for th e  a ro m a tic  n itram in e  
re a rra n g e m e n t b o th  in te r-  and in tra m o le c u la r  pa th w ay s c a n  be  c laim ed. 
A m ong th e  p rev ious s tu d ies  on th e  re a rra n g e m e n t of h e te ro a ro m a tic  n i t r a 
m ines in  th e  pyrid ine series an  in tra m o le c u la r  p a th w ay  w as in d ic a te d  in  th e  
p resence  o f  15N -labelled  N 0 2 ions [3]. N itr a t io n  of the  ad d ed  m esity len e  [4], 
or ta k in g  th e  m olecular d istances in to  co n sid e ra tio n  [5] led th e  in v es tig a to rs  
to  th e  conclusion th a t  th e  n itram ine  re a rra n g e m e n t in th e  th iazo le  series w as 
an  in te rm o lecu la r  reac tio n .

H ow ever, recen t in v estiga tions o f  a ro m a tic  rea rran g em en ts  h av e  show n 
th a t  th e  above m en tioned  d a ta  are in su ff ic ie n t for decision o f  th e  in tra -  or 
in te rm o lecu la r  ch a rac te r. The 15N la b e llin g  techn ique c a n n o t be  u sed  as a 
c rite rio n  fo r d istingu ish ing  in  th is  re sp e c t i f  th e  ra te  of an  ex ch an g e  reac tio n  
b e tw een  th e  su b stra te  a n d  th e  labelled  io n  is fa r  g rea ter th a n  t h a t  o f th e  r e a r 
ra n g e m e n t [6]. On th e  o th e r  hand , n i t r a t io n  o f th e  added  scav en g er is also 
a t tr ib u ta b le  to  e lectroph ilic  a tta c k  b y  th e  p ro to n a te d  su b stra te  [7].
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The q u estio n  can  be se ttle d  b y  c o n cu rren t rea rra n g em e n ts  of tw o d if
fe re n t deriva tives o f  th e  sam e com p o u n d  [2]. A re q u ire m e n t in  using  th is  
m e th o d  is th a t  th e  r a te s  of re a rra n g em e n t of th e  tw o  derivatives m u s t be  
sim ilar. For th is  re a so n , co n cu rren t re a rra n g em e n ts  o f iso top ic  isom ers o f  th e  
sam e com pound la b e lled  in  tw o d iffe ren t positions [8] can  be expecially  in s tru c 
tiv e . Therefore th e  15N 0 2- an d /o r CD3-labelled  an a lo g u es of 2 -(N -m ethy l)- 
n itram in o th iazo le  h a v e  been  sy n th esized  an d  re a rra n g e d  concu rren tly . T h e  
com pounds are l is te d  in  T able I .

Table I

R Z Mol. w t.

1 CH3 n o 2 159
2 H 1sN 02 146
3 CH3 15n o 2 160
4 CD3 15N 02 163
5 CD3 n o 2 162

A pu re ly  in tra m o le c u la r  re a rra n g e m e n t o f a n  equ im olar m ix tu re  o f  
3 and  5 will n o t a l te r  th e  d is tr ib u tio n  o f th e  m o lecu la r w eights, w hich can  
be  well followed b y  M S, as th e  re a rra n g e d  sam ple w o u ld  also contain  th e  co m 
p o n en ts  of m ol. w t. 160 and  162 in  1 : 1 p ro p o rtio n . O n th e  o th e r h a n d  if  th e  
N 0 2 m igration  is o n ly  in te rm o lecu la r, th e  co m p o n en ts  of mol. w t. 159, 160, 
162 and  163 w ill be  fo rm ed  w ith  eq u a l p ro b a b ility . T h u s th e  ap p earan ce  o f  
th e  com ponents o f  m ol. w t. 159 and  163 is c h a ra c te r is tic  o f the  in te rm o lecu la r 
ch a ra c te r  o f th e  p ro cess , an d  from  th e ir  re la tiv e  ab u n d an ce  th e  ‘degree o f  
in te rm o lecu la rity ’ [2] can  be concluded .

Sim ilarly, in  th e  course of th e  c o n cu rren t in tra m o le c u la r  re a rra n g em e n t 
o f  an  equim olar m ix tu re  of 1 an d  4, th e  d is tr ib u tio n  o f th e  m olecular w e ig h ts  
w ould  n o t change (159 : 193 =  1 : 1 ) ,  w hereas a p u re  in te rm o lecu la r r e a r r a n 
gem en t process cou ld  p roduce th e  sam e d is tr ib u tio n , as th e  above m e n tio n e d  
in te rm olecu la r re a c tio n . H ere th e  in te rm o lecu la r c h a ra c te r  of the  process a n d  
its  degree can be  d e te c te d  by  th e  ap p earan ce  an d  re la tiv e  abundance o f  th e  
com ponents o f m ol. w t. 160 and  162.
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E xp erim en ta l

2-(N-methyl)-nitraminothiazole (1)

This compound was prepared according to D i c k e y  et al. [5]; m. p. 269 °C (lit. m. p. 
269 °C).

2-(15N)-nitraminothiazole (2)

2-Aminothiazole (1.0 g; mmoles) was dissolved a t  + 5 — + 1 0  °C in 1 ml of 96%  sulfuric 
acid; to  the solution there was added a solution of K 15N 0 3 (1.03 g; 10 mmoles) and 96%  
sulfuric acid (1 ml). The solution was m aintained a t 0—• — 5 °C for 10 min and stirred w ith  
1 ml of ethanol for 10 min. I t  was poured onto 5 g ice, the white crystals which separated  
were filtered off by suction, washed w ith  w ater and dried to  obtain  366 mg (2.5 mmoles) 
of th e  product m. p. 198 °C.

Dimethyl sulfate-Dc

2 ml of CD3OD was added by drops into 4.64 (40 mmoles) of chlorosulfonic acid a t 
—15 °C, then  the m ixture was fractionated . B. p .2tf; 124—126 °C. Yield: 1.92 g (14.5 mmoles).

2-(N-m ethyl)-(15N)-nitraminothiazole (3)

2-(15N)-nitram inothiazole (2) (182 mg; 1.25 mmole) was dissolved in a solution of 
0.2 g (2 mmoles) N a2C 03 in 5 ml of w ater, then  dim ethyl sulfate (274 mg; 2.16 mmoles) was 
added by  drops to the solution. I t  was th en  stirred  for 2 hrs. A fter standing overnight i t  was 
filtered by  suction, washed w ith w ater and  dried over P20 6. Yield: 153 mg (0.96 mmole), 
w hite crystals, m. p. 268 °C.

2-(N-D 3-m ethyl)-(15N)-nitraminothiazole (4)

2-(15jN)-Nitrarninothiazole (182 m g; 1.25 mmole) was dissolved in a solution of 0.2 g 
(2 mmoles) Na2C 03 in 5 ml of w ater, th en  D6-dim ethyl sulfate (280 mg; 2.12 mmoles) was 
added dropwise into the solution. I t  was stirred  for 2 hrs. A fter standing overnight i t  was 
filtered by  suction, washed w ith w ater and  dried over P20 5. Yield: 140 mg (0.86 mmole); 
m. p . 267 °C.

2-(N-D3-methyl)-nitraminothiazole (5)

2-N itram inothiazole (180 mg; 1.25 mmole) was dissolved in a solution of 0.2 g (2 mmoles) 
N a2C 0 3 in 5 ml of w ater, then Dc-dim ethyl sulfate (280 mg; 2.12 mmoles) was added in to  
the solution. After stirring 2 hrs, the m ix ture  was kep t overnight a t room  tem perature. 
The w hite crystals w hich separated were filtered  off, washed w ith w ater and dried over 
P20 5. Y ield: 148 mg (0.92 mmole), m. p. 268 °C.

Concurrent rearrangements of (1) and (4), and of (3) and (5)

A m ixture of the appropriate quan tities (0.31 mmole) of the two nitram ines was 
dissolved in  0.5 ml of 96%  sulfuric acid a t  0 °C, then  the solution was therm ostated  to  
25 +  1 °C for 2 hrs. I t  was then pured onto 3 g of ice, and naturalized to pH  7 w ith a sa tu ra ted  
solution of sodium carbonate. The yellow crystals were filtered off and recrystallized twice 
from glacial acetic acid.

Mass spectrometric measurements

The mass spectra of the starting  m aterials and those of the rearrangem ent products 
were obtained w ith an M H —1303 type, single-focussing mass spectrom eter. In  the experim ents 
50 eV ionizing electron energy and an ion accelerating potential of 2kV were used. The tem 
perature of the ionization chamber was abou t 150 °C. A direct sample inlet technique was 
applied; the tem perature of the sample holder was about 100—110 °C.
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Results and discussion

The p a r t ia l  50 eV  m ass sp ec tra  o f  th e  s ta r tin g  m a te ria ls  (1, 3, 4, 5), th e  
re a rra n g em e n t p ro d u c t  o f 1 (com pound 6 ) a n d  those  o f th e  com pounds re s u lt
in g  from  th e  c o n c u rre n t rea rran g em en ts  (7, 8) are reco rd ed  in  T able I I .

Table II

Partial (50 eV ) mass spectra o f compounds 1, 3, 4 and 5 and the rearrangement products (6, 7, 8)

Io n ic  a b u d a n c e s , %

Com 
po u n d s

HCH3
T y p e  o f ions

C X . 0 H
+ Г  n C

NO
0 2N ^

i X3

2

1 3  (16N 0 2) 5 (CD,)
(C D ,,

415NO,) 6 (fro m  1*)
7

(from  1 + 4)
8

(from  3 + 5)

M ol. w t. 159 160 162 163 159 159— 163 159— 163

165 2.5 1.3 l . i

164 2.9 3.2 2.9 1.7

163 3.8 48.1 29.9 14.2

162 2.5 53.4 2.9 15.8 35.3 M +

161 2.5 3.1 2.0 4.6 3.2 3.5

160 3.1 45.3 5.5 14.5 30.5

159 46.4 2.3 90.1 31.1 14.1

m/e

118 5.0 5.2 1.1 1.0

117 7.1 7.5 1.5 1.4

116 100.0 100.0 21.5 21.4 (M — N 0 2) +

115 4.9 5.7 4.5 3.5 2.8 3.3 3.4

114 6.4 7.0 3.7 2.1 1.9

113 100.0 100.0 51.3 22.5 23.5

* See Ref. [5]

T ak ing  th e  n a tu ra l  isotope a b u d an ce  in to  accoun t, i t  can  be e s ta b lish e d  
from  the  sp ec tra  t h a t  th e  d eu te rium  c o n te n t in  CD3 group  is ab o u t 9 8 .8 —99%  
a n d  th e  15N  la b e l o f  th e  N 0 2 group is a b o u t 96% . T he in te n s ity  o f  th e  peaks 
g iven for th e  N -n itro  com pounds is ex p ressed  in  percen tag e  o f th e  to ta l  ion 
c u rre n t of th e  (M — N 0 2) + ty p e  ions. F o r  th e  peaks of th e  re a rra n g ed  sam ples 
th e  abundances a re  g iven  in p e rcen tag e  o f th e  to ta l  ab u n d an ce  o f th e  m olecu lar 
ions w ith  d iffe re n t m/e ra tio s . The M +/ ( M —N 0 2) + ab u n d an ce  ra t io  is a b o u t 
0.5 for th e  s ta r t in g  N -n itro  com pound  an d  is ab o u t 1.8 for th e  re a rra n g ed

Acta Chim. (Budapest) 88,1976



p ro d u c ts . This d ifference is due to  th e  low er s ta b ili ty  of th e  m olecu lar ions of 
th e  fo rm e r isom ers a n d  gives an  o p p o r tu n i ty  to  follow  th e  p rogress o f th e  
re a rra n g e m e n t re a c tio n . I t  can be  e s ta b lish e d  th a t  b o th  sam ples (7 a n d  8) 
co n ta in  p ro d u c ts  ch a rac te ris tic  o f in te rm o le c u la r  rea rra n g em e n t, b u t  th e ir  
a b u n d an ce  is less th a n  th a t  of the  co m p o u n d s  hav in g  m olecular w eigh ts w h ich  
co rresp o n d  to  th e  s ta r t in g  m ateria l. T h u s  th e  re a rra n g em e n t show s a m ix ed , 
p a r t ia l ly  in fra - an d  p a r tia lly  in te rm o le c u la r  ch a rac te r.

T ab le  I I I  show s th e  calcu lated  io n ic  ab u n d an ces arisen  i f  th e  c o n c u rre n t 
re a rra n g e m e n t o f 3 a n d  5 would be o n ly  in te r-  or in tram o lecu la r, f in a lly  fo r 
th e  case w hen  th e  p ro p o rtio n  of th e  fre q u e n c y  o f th e  in tra -  or in te rm o le c u la r  
re a c tio n  is 1 : 1 .  As T ab le  I I I  shows, th is  la s t  ca lcu la ted  ra tio  ap p ro ach es w ell 
th e  m easu red  va lues.

Table III

Study o f  the intra- or intermolecular character o f  the rearrangement on the basis o f mass shifts
in  the mass spectrum o f compound 8

I TÓTH et aLs ACID-CATALYZED REARRANGEMENT, I I  323

m /e

Io n ic  a b u n d a n ce , %

M easured
C alcu la ted

in tr a m o l . in te rm o l. in tr a  : in te r  =  1:1

165 l . i l . i l . i

164 1.7 2.3 2.6 2.5

163 14.2 3.1 22.7 13.0
162 35.3 45.3 23.9 35.0

161 3.5 4.5 3.5 3.8

160 30.5 42.6 22.8 33.0

159 14.1 2.16 22.3 13.0

T he ab u n d an ce  ra t io  m easured  fo r  th e  co n cu rren t, re a r ra n g e m e n t 
p ro d u c in g  7 from  1 +  4  can  also be w ell a p p ro ach ed  b y  supposing th e  e q u a l 
freq u en cy  o f th e  in tra -  an d  in te rm o lecu la r re a rran g em en ts . T hus th e  degree  
of in te rm o le c u la rity  fo r th e  rea rra n g em e n t of 2 -(N -m eth y l)-n itram in o th iazo le  
is a b o u t 5 0 % .

T he p a r tia l  in tram o lecu la r m ech an ism  o f th e  reac tio n  can  be in te rp re te d  
s im ila rly  to  th e  case o f  N -m eth y l-N -n itro an ilin e  deriv a tiv es  [2]. T h u s th e  
in tra m o le c u la r  p a r t  o f  th e  rea rra n g em e n t ta k e s  place w ith in  a so lvate  cage, 
b y  d irec t collapse of th e  p ro to n a ted  am in o th iazo ly l-  an d  n itro n iu m -frag m en ts , 
while d issoc ia tion  an d  la te r  reco m b in a tio n  o f th e se  frag m en ts  re su lts  in  th e  
in te rm o lecu la r  p o rtio n  o f  th e  re a rra n g em e n t.

*

One of the authors (G. T .) thanks the H u m b o ld t S tiftung for a fellowship for 1973/74 
in Bochum, Germany.
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RECENSIONES

Extraction Chromatography

E dited  by  T. B r a u n , and G. Gh e r s in i . Journal of C hrom atography L ibrary; V olume 2 
(pp . 566, 629 references). Akadémiai K iadó, B udapest 1975

The actual research profile of a scientific or an operational dom ain cannot be always 
deduced ethym ologically from its designation. Itself an historical survival of pioneer days, 
the word ‘chrom atography’ was restricted  once to  the separation of coloured organic substances. 
On the o ther hand, the name ‘extraction  chrom atography’ looks like a synonym of the term  
‘partition  chrom atography’ used since abou t 30 years; in fact, it  is used for the designation 
of a m uch narrow er field, viz. of inorganic ion analyses by reversed phase partition  chrom a
tography. Here also the cause is to  he found in  an evolutionary process; it  was no t the profes
sional scientists of partition  chrom atography who have expanded their study to include 
inorganic ions b u t ra th e r the ‘extraction  analysis’ of inorganic analysts has taken  advantage 
of the excellent possibilities offered by  the chrom atographic colum n; thus the m ethod has 
become know n in the  literature under the name ‘extraction chrom atography’ and is the 
chrom atographic v a rian t of inorganic analysis by  extraction.

This we felt appropriate to explain by  w ay of in troduction  because the work to  be 
reviewed offers m uch more than  the ‘explained’ designation suggests: b u t those who — based 
upon a word for w ord evaluation of the title  — expect a comprehensive discussion o f the 
correlations of liquid-liquid  extrcation and chrom atography will no t be disappointed either.

Chapters 1 — 5, and 13—15, abou t 70%  of the book, will be of interest for every 
expert in chrom atography. Chapters 6, 11, and 12 deserve the a tten tion  of m any inorganic 
analysts; the rem aining 15% of the book deals w ith special topics: analytical problem s 
concerning the actinides, the lanthanides, fission products and radio-toxicology.

A lready in the first chapter a very laudable feature of this book leaps to th e  eye. 
Beyond the mere deduction of theoretical relationships, a very careful analysis of the signif
icance of the param eters, and of the influence of the constants involved in  the form ulae 
is given, no tab ly  of the influence exerted upon the numerical value of the quan tity  charac
terized by  the form ula. I t  draws a tten tion  to  factors th a t cause a significant change only 
when extrem e experim ental conditions prevail while w ithin a precisely circumscribed set 
of experim ents th ey  can be left ou t of consideration. Such a discussion method, w hich 
transcends the qualita tive presentation of th e  correlations, requires the knowledge of the 
num erical values of the physical constants involved in the equations. The various chapters 
of th is w ork are unusually  abundance in inform ation of this kind. F or da ta  no t included 
in  the re levan t Tables, references to the lite ra tu re  are given; finally, if no notice of the 
experim ental determ ination  of some factor has been published up to  the tim e the book w ent 
to  press, the authors draw  special a tten tion  to  such a deficiency. — Incidentally , in the f irs t 
chap ter a very clear and expert presen tation  is given of the changes in therm odynam ic 
activ ities due to the special circumstances preyailing in a chrom atographic column and of 
the dynam ic factors of the chrom atographic process.

The first ha lf of the second chapter shows the classical m athem atical approach to  
the chrom atographic operation proceeding via assumed static, theoretical plates of equilibria. 
For the reader who now enters this field the firs t tim e it  will be, perhaps, a b it inconvenient 
th a t the in terp re ta tion  of the theoretical num ber of plates is left to the second chapter, y e t 
the num erical value of the “ H E T P ”  and the sta tic  and dynam ic factors which affect i t  are 
m entioned in the first chapter already. — The second half deals w ith the  striking analogies of 
inorganic ‘ex traction  analysis’ and ex traction  chrom atography, and w ith the practical 
possibilities of an exchange of inform ation m ade possible by these analogies.

From  a general view of chrom atography, the th ird  chapter is a very w ealth of infor
m ations on useful techniques, devices and formulae. All the tricks can be learnt from  th is
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ch ap te r of w hat chrom atographers call the a r t  o f column packing. The m ethods of how to 
standard ize the support m ateria l, the approved m ethods of how to  apply the stationary 
phase, th e  selection of op tim um  overall dim ensions of the column an d  optim um  param eters 
for its  operation  are described, and in a m anner m ade very  inform ative by figures and tables.

The fourth  and th e  fif th  chapters describe, f irs t generally then  in  detail the  stationary  
p a r ts  of the device, i. e. th e  support m ateria l and  the ex trac tan ts on it. In  our opinion, 
th is  sequence would have been didactically preferable to the one in th e  book, i. e. stationary  
phase, then  support m aterial, for the discussion of the role of these two. Otherwise, 
these chap te rs  give a faultless exposition of th e  them e.

In  an im posing m anner the sixth chap te r evidences th a t  now adays for nearly every 
colum n in  the Periodic T able, from the alkalies to  the- halogens, an  ex traction  chrom a
tograph ic  technique has been elaborated for the separation  of the elem ents in  the group. Perhaps 
th e  a u th o rs  should have given in this chap te r a more detailed description of the preparation 
sam ples and  of the detection  of the various elem ents (ions), since w ith these details added, 
a w ider public would have been Table to critically evaluate  the complete chain of analytical steps, 
i. e. sam ple p reparation , chrom atography, de tec tion  and m easurem ent, and to  compare this 
technique w ith  other, trad itiona l or novel, analy tica l methods. As poin ted  ou t in the book, 
its  eleven th  chapter is, actually , related to  th e  them e of the fou rth , y e t presents in itself a 
fu ll p ictu re  of the equilibrium  and dynam ic aspects of the form ation of m etal chelates, of 
th e ir partitio n  in solvents, and of the chrom atographic u tilization of th is partition . The 
chap te rs which discuss the enrichm ent of trace  im purities by  a factor o f up to  10e, or those 
w hich inform  about redox reactions perform ed on a chrom atographic colum n, all m erit the 
a tten tio n  of analysts in general, while the studies described in the las t chapters on the use 
of closed-cell or perm eable solid synthetic foam s as supports, on the control of a p u lsa t
ing flow of the eluent, and on generally valid  theoretical and practical relationships 
betw een lam inar (paper, thin-layer)- and coium n-chrom atography em body valuable progress 
in  chrom atographic science as a whole.

In  connection w ith  th e  generally well balanced edition of this book some critical rem arks 
m igh t be appropriate. The reader misses th e  harm ony of the various nom enclatures used 
in  th e  individual chapters and a uniform list and  explanation of the symbols since this would 
have prevented  w riting th e  same correlation, e. g. for the num ber of theoretical steps, differently 
in  th e  various chapters; a t  the same tim e a given le tte r, e. g. the Greek beta  denotes various 
concepts in various chapters. Also the volume of th e  work is unnecessarily enlarged by  repeated 
defin ition , and sym bolization qf concepts. I t  w ould have been well to  use a uniform notation  
o f th e  valence of m etal ions: calcium is Ca2+. C a(II). or even Ca: th is last form, w ithout the 
charge given, leads to the  formula, to be seen on p. 98, bordering on the incorrect, viz. 
Ca <  N H 4.

The typographical aspect of the book conforms to  the pu ritan ic  forms now very m uch 
in  vogue. This seems to  be an unavoidable prerequisite of speedy production and tolarable 
price. E ven so, perhaps b y  the more frequent u tilization  of italics, some typographical varie ty  
an d  b e tte r  arrangem ent m ight have been a tta in ed . There are very  few typographical errors, 
and  only one of them  th a t  on p. 17, d istorts th e  sense: in the term  IIÍ lorgl II laq the slash is 
missing, thus К  seems to  be the product and  n o t the quotient o f the two concentrations. 
The te x t is easy to read , line drawings, and tab les are clearly p rin ted  and yield m axim um  
inform ation.

The book adds valuable knowledge, a  host of numerical d a ta  and correlations to our 
chrom atographic experience, thus helps the planning, control, and  evaluation of tests, by 
num erical calculation. N either are valuable h in ts  lacking on how operations might be best 
carried ou t in practice; also the description of the  substances used is nearly complete in the 
various chapters.

This thorough in troduction  to ex trac tion  chrom atography offers new possibilities 
for a  broad public of inorganic analytical chem ists; scientists in some special fields are spared 
th e  pains of collecting th e  vast, and often hard ly  accessible literature . Finally, its clear, 
sm ooth style should also be mentioned in  praise of this book.

A. U sk e r t
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Topics in  Current Chemistry, Vol. 53, Gas-Phase Electron Diffraction

Springer V erlag, Berlin—H eidelberg—New Y ork 1975

This book is an  excellent appraisal for the electron diffraction m ethod as a modern 
and efficient tool in s tru c tu ra l chem istry as it  presents an abundance of interesting and  well- 
organized structu ral inform ation collected by  th is technique. In  fact, the title  of the volume 
is som ewhat un fo rtuna te  and not in form ative enough since i t  is the results and no t the 
technique th a t are described and discussed.

The volume consists of three independent chapters th a t  are connected by  the expertise 
of the  authors in the fields reviewed and  the ir successful a ttem p ts  to  look for em pirical trends 
in th e  compound series discussed. The th ree  chapters are th e  following.

Arne H a a l a n d : Organometallic Compounds Studied by Gas-Phase Electron Diffraction, 
pp. 1 — 23 (with 114 references, 2 T ables, 11 Figures)

As stated  by  th e  author, selected groups of com pounds are dealt w ith in the Chapter 
and the  emerging s tru c tu ra l pa tterns are discussed in term s of simple molecular orbital 
theory , the valence shell electron p a ir repulsion model and  nonbond interactions. The 
com pounds of beryllium , magnesium, boron, and alum inium , cyclopentadienyl derivatives 
of o ther main-group elem ents, and also o f the transition  elem ents are considered. In  addition 
to presenting the s tru c tu ta l inform ation gained by  electron diffraction (and originating 
prim arily  from the Oslo school), correlation is sought and shown between the electron 
diffraction results and  inform ation from  o ther techniques including theoretical calculations, 
and also between s tru c tu ra l and physical-chem ical properties.

Lev V il k o v  and  L. S. K h a i k i n : Stereochemistry o f  Compounds Containing Bonds 
between S i, P, S, Cl and N  or 0 ,.pp . 25— 70 (with 234 references, 28 Tables, 12 Figures)*

The stereochem istry of a very large class of com pounds is covered, viz. molecules 
w ith Si—N, P —N, S—N , Cl—N, Si—О, P —O, S—O, Cl—О bonds. The unique character 
of the  structural properties of these com pounds originates from  w hat is in terp re ted  to  be 
djr—pjr interactions betw een the th ird  row  and second row elements.

A pparently  all th e  da ta  on gas-phase molecular geom etry obtained b y  either electron 
diffraction or m icrowave spectroscopy, and  published to  d a te , are collected. A concise 
p resentation  of the m ain  structural resu lts  on the basis of the  original papers is given. The 
au thors successfully a im  a t  classifying an d  generalizing the available da ta  in  term s of the 
classical structural th eo ry  ra ther than  presenting argum ents in favour of one or the other 
of th e  current theories. The Chapter is concluded by  a short discussion dealing w ith some 
interesting steieochem ical patterns show n by  the bond angles a t  three-coordinate nitrogen 
and two-coordinate oxygen. Some varia tions in the bond distances are also considered.

Akimichi Y o k o z e k i  and Simon H . B a u e r : The Geometric and Dynamic Structures 
o f Fluorocarbons and Related Compounds, pp. 71—119 (w ith 313 references, 26 Tables, 15 
Figures)

Gas-phase s tru c tu ra l data  on fluorocarbons and  re la ted  compounds are collected and 
discussed focusing a tten tio n  to the effects of fluorine for hydrogen substitu tion  in  hydro
carbons and related substances.

A fter a short review  of fluorine fo r hydrogen substitu tion  effects in di- and triatom ic 
species, a survey of C— F  bonds, which h ave  been investigated, is given. The effect of fluorine 
for hydrogen substitu tion  on the rest o f the molecule is also exam ined in detail. Special 
a tten tion  is paid to th e  im portan t phenom ena of intram olecular m otions and related  in ternal 
ro tations about single bonds. Comments on  selected inorganic fluorides conclude the Chapter.

One is surprised by  the abundance of struc tu ra l da ta  on C—F  bonds, and also, as 
a resu lt of the au thors’ careful work, w hich apparently  was an  investigation on its own, by 
the abundance of in teresting  patterns an d  correlations th a t  emerge as the changes in the 
num ber of fluorine a tom s attached to  th e  central carbon atom , the carbon hybridization 
sta te  and environm ental factors are exam ined.

The editors and  the publisher h ave  to be congratu lated  for compiling th is volume 
of au thorita tive, critical and  interesting reviews of very rap id ly  developing areas of structu ral 
chem istry and for publishing it  w ith a speed th a t favourably  com pares w ith journal articles.

I .  H a r g it t a i

* A more consisten t way of p u tt in g  the authors’ nam e would have been, e. g. Lev 
V. V ilkov and Leonid S. K ha ikin .
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РЕЗЮМЕ

Симуляция процесса зонного плавления с помощью ЭВМ на основе его
математической модели

Э. БРАНДТ-ПЕТРИК, Л. ЧЕР и Й. НАДЬ

Зонное плавление было использовано для очистки органических жидкостей. 
Используя пробные данные, была произведена простая симуляция зонного плавления. 

Метод позволяет предсказать вероятную эффективность дальнейших экспериментов.

Реакция октанов и пропана с водяным паром на никелевом катализаторе с 
носителем под давлением 1 атм

Г. ТРАПЛИ, ДЬ. ПАРЛАГ, ДЬ. РАЦ, П. ШТЕЙНГАСНЕР и ДЬ. СЕКЕЙ

Реакцией, определяющей скорость процесса разложения пропана, н-октана и 
изооктана с помощью водяного пара на никелевом катализаторе с носителем окиси алю
миния, является реакция углеводорода с водяным паром. При различных конверсиях 
углеводородов между продуктами реакции и непрореагировавшим водяным паром уста
навливается равновесие.

В экспериментах, проведенных на катализаторах с носителем силиката магния, 
состав газовых продуктов лишь в таких условиях соответствовал равновесному составу, 
при которых образованием метана практически можно пренебречь. Во всех других слу
чаях, как для октанов, так и для пропана, при разложении их водяным паром на катали
заторе, образуется гораздо больше — по сравнению с равновесными величинами — двуо
киси углерода, водорода и гораздо меньше метана.

Среди продуктов реакции, до определенной температуры, при различных степенях 
конверсии не было найдено соединения, содержащего более одного атома углерода. Т. о., 
нормальные и изопарафиновые углеводороды с длинной или короткой цепочкой, попадая на 
поверхность катализатора, удаляются с нее лишь в совершенно расщепленном состоянии, 
в виде соединения, содержащего единственный атом углерода.

Образование продуктов из исследованных углеводородов при 450°С протекает с 
одинаковой скоростью, и поэтому полагается, что на основе скоростей, измеренных на 
модельных соединениях, можно судить о скоростях реакций водяного пара со смесями 
углеводородов.

Реакция н-гексана с водяным паром на никелевом катализаторе с носителем
при давлении 1 атм

Г. ТРАПЛИ, ДЬ. ПАРЛАГ, ДЬ. РАЦ, П. ШТЕЙНГАСНЕР и ДЬ. СЕКЕЙ

На основе экспериментальных данных было установлено, что на изученном катализа
торе — независимо от размера зерен — в исследованном интервале температур и конверсий, 
состав продуктов-реакции, образующихся при разложении н-гексана с помощью водяного 
пара, соответствует равновесному составу, рассматривая неразложенный гексан в ка
честве разбавляющего газа.

Среди продуктов реакции, помимо метана, не были найдены соединения с числом 
углеродных атомов, меньшим чем в н-гексане, исключая крекинг, протекающий только при 
повышенных температурах, выше 570°С.

Ненасыщенные и ароматические углеводороды не оказывают влияния на работу 
катализаторов.



Соединения олова(1У) с шиффовыми основаниями, образованными из 
пентан-2,4-диона и аминоспиртов

О. П. С И Н Г и Д Ж . П. Т А Н Д О Н

Реакции хлорида олова(1У) с шиффовыми основаниями с общей формулой СН3С- 
-(ОН) : СНС(СН3) : NROH (где R =  -(С Н 2)2-, -СН2-С Н (С Н 3)-, -(С Н 2)3- и — СН(С2Н5) -  
СН2-) были исследованы, используя различные стехиометрические соотношения компо
нентов. Результатующие продукты SnCl4. SBH2 и SnCl4(SBH2)2 (где SBH2 представляет 
молекулы шиффового основания) были изолированы с почти количественными выходами. 
На основе результатов элементарного анализа, ИК спектров и кондуктометрических из
мерений предлагаются некоторые вероятные структуры.

О кинетических уравнениях многостадийных электродных процессов, II
Л . КИШ  и Л . М. В А РШ А Н И

Было выведено и рассмотрено уравнение кривой поляризации для многостадийной 
ионизации металлов и восстановления металлических ионов, для такого случая, когда 
раствор содержит комплексообразующие компоненты. На кинетику процесса влияют все 
последовательные стадии, среди которых имеются электрохимические и химические реак
ции, а также диффузия конечного продукта ионизации. Были определены кинетические 
параметры, получающиеся в случае одной замедленной стадии.

ИК спектрофотометрическое исследование реакции конденсации алкокеиси-
ланов с хлорсиланами, I

П рим енен ие м етод а  И К  д л я  а н а л и за  р еакц и о н н о й  смеси
Э. М АТРАИ и Ш . Д О Б О Ш

На основе ИК спектрофотометрии был разработан аналитический метод определе
ния всех компонентов в реакции конденсации, протекающей между диметилдихлорсила- 
ном и диметилдиэтоксисиланом, диметил-ди-н-пропоксисиланом, а также диметил-ди- 
втор-бутоксисиланом. Были сняты спектры чистых компонентов, ожидаемых в ходе реак
ции, а также их соответствующих смесей. Были выбраны полосы поглощения, пригодные 
для аналитических целей, которые и были охарактеризованы для количественных из
мерений.

ИК спектрофотометрическое исследование реакции конденсации алкоксиси-
ланов с хлорсиланами, II

Р е а к ц и я  кон д ен сац и и  д и м ети л д и х л о р си л ан а  с дим ети л -д и -втор -буток си -
си лан ом

Э. М АТРАИ, Ш. Д О Б О Ш  и T . С Е К Е И

Была исследована конденсация диметилдихлорсилана с диметил-ди-втор-бутокси- 
силаном, катализированная FeCI3. За процессом следили с помощью ИК спектрофото
метрии. Результаты указывают на то, что реакция протекает в двух ступенях. На первой 
ступени происходит очень быстрый обмен радикалов между бифункциональным алкок- 
сисиланом и хлорсиланом, который приводит к образованию диметилалкоксихлорсилана. 
Это соединение представляет собой исходный мономер для следующей ступени конденса
ции. Было установлено, что конденсация является необратимой реакцией. Практически не 
протекает других побочных реакций.



Синтез некоторых производных N-салицилсульфонил-аминокислот, II
А. М. ЭЛЬ-НАГГАР и М. М. ГААФАР

Б ы л описан синтез М(3-карбокси-4-гидроксифенилсульфонил) Gly и соответствую
щих производных Ser, Туг и Orn ( I I —V), а такж е их О-ацетил, карбометокси и некоторых 
гидразидных производных (V I—X V II). Было найдено, что соединения I I I , IV, V II и V III 
являю тся активными против многих микроорганизмов.

Синтез производных олипь/З-ь-аспарагиновой кислоты
М. КАЙТАР, М. ХОЛЛОШИ и Ж. РЕЙДЛ

Описывается синтез производных олиго-,6'-L-аспарагиновой кислоты (1а, Ь) с числом 
остатков аспарагиновой кислоты до шести. Бензилоксикарбонильная и т рет-бутил- 
зфирная группы были использованы для защиты амино и карбоксильных групп, соот
ветственно. Пептидные связи были образованы с помощью дициклогексилкарбодиимидного 
метода. К олонная хроматография на силикагеле была использована для очистки блокиро
ванных пептидов с остатками аспарагиновой кислоты от 4 до б (IVc— е). Свободные олиго
пептиды (V ila —е) были приготовлены обработкой трифторуксусной кислотой с последую
щим каталитическим гидрированием. Блокированные производные (IV a—е) были охарак
теризованы с помощью ТСХ. Чистота свободных олиго-/?-L-аспарагиновых кислот кон
тролировалась с помощью ТСХ и высоковольтного бумажного электрофореза.

Оксазепины и тиазепины, II

П олу ч ен и е  2 ,3-дигидро-2 ,4 -диф ени л-1 ,5 -бензотиазепи нов на  основе  р е а к ц и и  
взаи м од ей стви я  2 -ам и н оти оф ен ола  с «В» кольц ом  зам ещ ен н ы х

х а л к о н о в

А. ЛЕВАИ и Р. БОГНАР

Бы ла исследована реакция взаимодействия 16 халконов, замещенных различным 
образом в «В» кольце ( I—XVI), с 2-аминотиофенолом, протекающая в абсолютном толуоль- 
ном растворе. Было установлено, что в данных условиях реакции в большинстве случаев 
(I—X) образуется смесь /1-фснил-/'-(2-аминофенилмеркапто)-пропиофенонов (X V II—X X V I), 
в двух случаях (X I, X II) соответствующих пропиофенонов (X X V II, X X V III), с производ
ными 2,3-дигидро-2,4-дифенил-1,5-бензотиазепина (X X X IX , XL). При наличии сильных 
электроноакцепторных заместителей (X III  —X V I) образуются 1,5-бензотиазепины (X L I, 
XLIV). /?-Фенил-/3-(2-аминофенилмеркапто)-пропиофеноны (X V II—X X V III) в абс. ме- 
танольном растворе и в присутствии уксусной кислоты, как  катализатора, при кипячении 
превращаются в 2,3-дигидро-2,4-дифенил-1,5-бензотиазепины (X X IX —XL).

Исследование реакционной способности карбонильной группы флавоноидных
соединений, II

О сновность ф лаво н н ы х  и ф лаван о н н ы х  ан ал о го в

Р. Е. ДАВИД, Г. ЯНЖО, Й. БАЛИНТ и Р. БОГНАР

Были определены основность карбонильной группы 1-тиа- и 1-азафлавонов и фла- 
ванонов, а такж е скорость образования (2,4-динитрофенил)-гидразона. В изученных 
соединениях основность карбонильной группы увеличивается в следующем порядке 
О <  S <  NH, в то время как азот 1-азафлаванона, вследствие первичной протонизации 
уменьшает основность карбонильной группы. Скорость образования (2,4-динитрофенил)- 
гидразона, в свою очередь, уменьшается в следующем порядке О >  S >  NH, а в случае 
1-азафлавона, из-за присутствия энольной таутомерной формы, образование фенилгид- 
разона в протоннокатализированной реакции вообще и не протекает.



Перегруппировка N-нитропроизводных 2-аминотиазоля, катализированная
кислотами, II

Исследование характера перегруппировки 2-тиазолил нитраминов
Г. ТОТ, А. НЕМЕШ, Й. ТАМАШ и Й. ВОЛЬФОРД

Бы ла исследована конкурирую щ ая перегруппировка 2-(1\'-метил)-(№5)-нт 'ра- 
мннотиазоля и 2-М-(03-метил)-нитраминотиазоля, а такж е 2-(ГЧ-метил)-нитраминотиазоля 
с природным содержанием изотопа и 2-(1\'-0:Гметил)-(№ 5)-нитраминотиазоля. Результаты 
указывают на частично интермолекулярный и частично интрамолекулярный механизм 
перегруппировки 2-тиазолил нитраминов, приводящий к  образованию 5-нитропроиз- 
водных.
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GAS CHROMATOGRAPHIC ANALYSIS 
OF A MIXTURE OF N2, CO, C02, Cl2, HC1 AND 

COCl2 USING A GAS DENSITY BALANCE DETECTOR

G.  A l e x a n d e r  an d  G.  G a r z ó

(H ungarian Academy o f Sciences Central Research Institute
fo r  Chemistry Laboratory fo r  Inorganic Chemistry)  »

Received June 17, 1974

Separation of the title  compounds by injecting two sam ples on two columns is 
reported. Separation and detector conditions required by th e  corrosive nature of the 
m ixture are discussed.

Introduction

D uring  th e  re d u c tiv e  ch lo rin a tio n  o f a lum ina  c o n ta in in g  ores, m e ta l 
chlorides as A1C13, SiCl4 and  FeCl3 are re ta in e d  in  a cold t r a p . T he effluen t gas 
a f te r  th e  cold t r a p  is u su a lly  a m ix tu re  of n itrogen , ca rbon  d iox ide, hydrogen  
ch lo ride , chlorine an d  phosgene.

A ccording to  o u r p re sen t know ledge th e  com plete  se p a ra tio n  of th is  
m ix tu re  on a single co lum n a t am b ien t or h igher te m p e ra tu re s  is im possible. 
F o r th e  sep a ra tio n  o f a sim ilar gas m ix tu re  H . R u n g e  used [1] a 9 m  long colum n 
p ack ed  w ith  5%  A roclo r 1232 on H a lo p o rt F . No sep a ra tio n  w as o b ta in ed  for 
N 2 a n d  CO, se p a ra tio n  for (N 2 +  CO) an d  C 0 2 and  for C 0 2 a n d  HC1 resp . was 
ra th e r  poor even on th is  ex trem e ly  long colum n.

The m eth o d  p ro p o sed  by  P- K . B a s u  et al. [2] has u tiliz ed  th re e  colum ns 
an d  th ree  d e tec to rs  in  series for th e  sep a ra tio n  and  q u a n tita tiv e  d e te rm in a tio n  
o f argon , n itro g en , ca rb o n  m onoxide, ca rb o n  dioxide, chlorine a n d  phosgene.

T he f irs t  co lum n co n ta in ed  15%  K el F  on a P T F E  p ack in g . A rgon, n itro 
gen, ca rb o n  m onox ide , an d  carbon  dioxide w ere e lu ted  as one com bined  p eak  
w hile chlorine and  phosgene were sep a ra te d . The gases e lu ted  from  the  firs t 
co lum n passed  on to  th e  second colum n w hich was p acked  w ith  silica  gel and  
gave a com bined  p e a k  o f argon , n itro g en  an d  carbon  m onoxide an d  sep ara ted  
peaks for carbon  d ioxide and  chlorine. The argon , n itro g en  an d  carb o n  m on
oxide w ere th e n  se p a ra te d  b y  th e  th ird  colum n.

T he m ethod  reco m m en d ed  here for th e  sep a ra tio n  of th e  t i t le  com pounds 
req u ires  tw o in jec tions in to  tw o colum ns from  each  gaseous sam p le  and  th e  
ch ro m ato g ram s are d e te c te d  and  reco rded  sep ara te ly .

T he an a ly tica l m e th o d  rep o rted  u tilizes a gas d en sity  ba lan ce  d e tec to r in 
o rd e r to  avoid  f ilam en t corrosion  b y  Cl2 an d  especially  b y  HC1. T he G D B  detec
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to r  en ab les  fu rth e r th e  q u a n ti ta t iv e  e v a lu a tio n  of th e  ch ro m a to g ram  w ith o u t 
a n y  ca lib ra tion  p ro ced u re . D etails o f th e  q u a n tita tio n  o f th e  ch ro m ato g ram  
are  n o t  included in  th is  p ap er.

Experim ental

Analyses were perform ed on a Carlo E rba  Model C gas chrom atograph, modified accord
ing to  Fig. 1. Pressure regulator, gas sam pler, and column switching valve were Carlo E rba 
p roduc ts , while gas density  balance detector was a Gow Mac Model 11— 625 coupled to the 
TC power supply of the appara tu s. The filam ent current in the detector was 185 mA.

Separation conditions and their discussion

In fo rm ations on  th e  sep ara tio n  are  given in T ab le  I .
The m ix tu re  w as in jec ted  f irs t  to  co lum n A . W hen  th e  ch ro m ato g ram  has 

b e e n  recorded , th e  c a rr ie r  gas w as d irec ted  to  colum n В  an d  a second in jec tion  
w as perform ed.

Table I

C o lu m n  A C olum n В

Column material PTFE tubing P T F E  tubing

L en g th X ID 
Support material

3m X  4 mm 
Chromosorb WAW

4.3 m X  4 mm

Stationary phase 240 cm length
Aroclor 1232, 20% and 60 cm 

length nitrobenzene 20% in 
series

Porapak R

Column tem perature ambient am bient

Carrier gas 

Flow rate;

IIo-N 2 m ixture; volume ratio 
"l : 1

H 2-N 2 m ixture; volume 
ratio  1 : 1

measuring 70 inl/min 70 ml/min
reference 140 ml/min 140 ml/min

Separated: (Nj +  CO +  C02); HC1, Cl„; 
COC1,

N2; CO; C02

Irreversibly retained — IICl; Cl,; COC1,

A highly  in e r t  su p p o rt m a te ria l, p re fe rab lv  P T F E  is recom m ended  in  th e  
lite ra tu re  for th e  gas ch ro m a to g rap h y  of ch lorine an d  h y drogen  chloride [1, 2]. 
Successful use o f  a d ia tom aceous e a r th  su p p o rt w as also re p o r te d  [3]. A ccording 
to  our ex p e rim en ts  th e  sy m m etry  o f th e  ch lorine a n d  hydrogen  chloride peaks 
was a p p ro x im a te ly  th e  sam e on a h eav ily  loaded C hrom osorb  W  (acid w ashed) 
support and  on  a lig h tly  load ed  H a lo p o rt F  (P T F E ) su p p o rt. As pow dered  
P T F E  is so ft a n d  d ifficu lt to  p a c k  p ro p erly  in to  th e  co lum n , Chrom osorb W A W  
was chosen.
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The b e s t sep a ra tio n  for (N2 -f- CO -|- C 0 2)—hydro g en  c h lo rid e -c h lo 
rine a t am b ien t te m p e ra tu re  was achieved w ith  A roclor 1232 and  n itro b en zen e  
as th e  s ta tio n a ry  phases. H ow ever, on th e  fo rm er th e  sep a ra tio n  of th e  (N 2 -f- 
+  CO -f- C 0 2)—h y d ro g en  chloride, while on th e  la t te r  th a t  o f hyd ro g en  ch lo 
rid e -ch lo rin e  w as ra th e r  poor. M ixing th e  tw o ph ases , sep a ra tio n  could  be 
op tim ized . On th e  basis o f th e  a d d itiv ity  o f a d ju s te d  re te n tio n  d a ta  w hile 
m ix ing  th e  phases, th e  re la tiv e  leng th  of co lum n sections p acked  w ith  n i t ro 
benzene and  A roclor respec tive ly  — req u ired  for th e  op tim u m  se p a ra tio n  — 
w ere ca lcu la ted .

The sep a ra tio n  o f n itro g en  and  ca rb o n  m onoxide on P o ra p a k  R  is n o t 
com plete a t room  te m p e ra tu re  even on a 430 cm  long colum n. To achieve com 
p le te  sep a ra tio n , 0 °C colum n te m p e ra tu re  is needed .

The choice o f th e  ca rrie r gas is c ruc ia l p o in t fo r th e  m ethod  if  a G D B  
d e tec to r is used . T he d e te c to r  dem ands th e  use of a ca rr ie r  gas hav ing  co n sid e r
ab ly  d ifferen t M W  com pared  to  th e  com pounds to  be d e tec ted . T herefo re  th e  
use of co n ven tiona l ca rrie r gases, as n itro g en  (M W : 28) an d  argon  (M W : 40) 
should  he excluded . (M W c o : 28; MWC0 : 44 an d  M W HC1: 36.5).

F rom  th e  o p e ra tin g  princip les of th e  G D B  [4] i t  com es fu r th e r , th a t  th e  
o p tim u m  ca rrie r gas flow  ra te  for hyd rogen  an d  for he lium  is 300 m l/m in  an d  
fo r F reon  1.2 (M W : 121) 5 m l/m in. B o th  th e  ex trem e ly  h igh  and  ex trem e ly  low  
gas velocities are d isadv en tag eo u s for th e  sep a ra tio n . A h y d ro g en -n itro g en  gas 
m ix tu re  p roved  to  be a sa tis fac to ry  ca rrie r gas in  b o th  respec ts .

B ecause of th e  corrosive n a tu re  and  th e  w a te r  so lu b ility  of chlorine an d  
h y d ro g en  chloride a th o ro u g h ly  d ry  system  is needed  for th e  analysis. B esides 
th e  d rier tu b es  in d ic a te d  in  Fig. 1, traces of w a te r  w ere to  be rem oved from  tim e  
to  tim e  by  in jec tin g  SiCl4 in to  colum n A .  T h is w as especially  im p o rta n t, w hen  
sm all am oun ts of h y d ro g en  chloride were to  be d e tec ted . B esides th ere  w as also  
a colum n cond ition ing  effect w ith  hydrogen  ch loride. Several hydrogen  ch loride 
in jec tio n s (some h u n d re d  m icroliters) were re q u ire d  each  d a y  before co n sis ten t 
q u a n tita tiv e  values w ere o b ta in ed .

6
A ®  8

1 A В

Fig. 1. Block diagram  of the gas chrom atograph used. 1: Carrier gas supply; 2: drier tu b e  
filled w ith 5 A molecular sieve; 3: drier tube filled w ith Sicapent; 4,5: pressure regulators; 6,7: 
m anom eters; 8: flow regulator; 9: gas sampling valve; 10: sample injection port; 11: colum n 

switching valve, A , В  Columns; 12: GDB detector
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R esults

Fig. 2o shows ty p ic a l ch ro m a to g ram  o f a 0.9 m l sam ple co n ta in in g  n i t ro 
gen , ca rb o n  m onoxide, ca rb o n  d iox ide, h y d ro g en  chloride, ch lorine and  p h o s
gene on th e  A roclor—n itro b en zen e  co lum n . In  F ig . 2b th e  ch ro m a to g ram  of 
n itro g e n , carbon m onoxide an d  ca rb o n  d iox ide  on th e  P o ra p a k  co lum n a t 
a m b ie n t tem p era tu re  is d e m o n s tra ted .

Fig. 2. a) Chromagotram on column A :  1. N2 +  CO +  C02, , .  HC1, 3. Cl2, 4. COCl2. b)  Chro
m atogram  on column B : 1. N2, 2. CO, 3. CO„. Sample volume: 0.9 ml; tem perature: am

bient; carrier gas: 70 ml/min

Table II

S u b stan ce C olum n
E lu tio n  tim e  

(m in)

o
'

иОи+zT A 0.9
HCl A 1 .2

Cl2 A 2.3
СОС12 A 4.1
n 2 В 1 .2

CO В 2.3
co„ В 8.3
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A fte r th e  in jec tio n  of a p p ro x im a te ly  50 Cl2-co n ta in in g  sam ples, no d e te 
r io ra tio n  of th e  P o ra p a k  colum n w as observed .

O xigén and carb o n  m onoxide if  b o th  were p re se n t w ould  in te rfe re  w ith  
one a n o th e r. H ow ever, oxygen  is q u ite  un lik e ly  to  be p re se n t in  th e  p ro d u c t 
gases o f a red u c tiv e  ch lo rina tion .

T able I I  shows th e  e lu tion  tim es o b served  for th e  d iffe ren t com ponen ts.
The re la tiv e  am o u n ts  of th e  n itro g e n , carbon  m onox ide  and  carb o n  

d iox ide  were ca lcu la ted  from  th e  ch ro m a to g ra m  on co lu m n  B. This in fo rm a
tio n  enab led  the  q u a n ti ta t iv e  e v a lu a tio n  o f  the  ch ro m a to g ram  on co lum n A .

T he sam e sep a ra tio n  could have b een  perform ed w ith  one in jec tion  only  
if  tw o  colum ns and  tw o  d e tec to rs  h ad  b e e n  connected  in  series. H ow ever, in 
th is  case GDB should  have  been av o id ed  and  tw o TC-s to  be used.

The authors thank  Mr. F. T i l l  for his valuable technical help.
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Mixed chelate form ation in a system  containing vanady l ion, 8-hydroxyquino- 
line-5-sulfonic acid (HQSA) and tiron  o r chromotropic acid salt (CS) has been studied 
pH -m etrically a t an  ionic strength of 0.1 M  (K N 0 3) and 30 ± 0 .5  °C. S tability constants 
of the resulting 1 : 1 : 1  mixed ligand complexes have been determ ined and in term s 
of the secondary ligands found to decrease in the order: chrom otropic acid >  tiron .

Introduction

T he lite ra tu re  reco rd s  some s tu d ie s  on te rn a ry  chela tes w ith  8 -hydroxy- 
quinoIine-5-sulfonic ac id  as one of th e  ligands [1 — 7]. In  an  earlier com m uni
ca tio n  [8], p H -m e tric  s tud ies on th e  in te rac tio n  o f oxovanad ium (IY ) w ith  
salicylic  (SA), 5 -su lfosalicy lic  (SSA) a n d  8-hydroxyqu ino line-5 -su lfon ic  (HQSA) 
acids in  th e  p resence o f  SA, SSA, p h th a lic  and  m aleic acids were described. 
In  th e  p resen t p a p e r  th e s e  studies h a v e  been  ex ten d ed  to  th e  te rn a ry  system s 
V 0 2+-H Q S A -d ih y d ric  phenolic com pounds.

Experim ental

A stock solution of vanady l sulfate w as prepared. 8-Hydroxy-quinoline-5-sulfonic acid 
(K odak) was recrystallized from  water and weighed out directly for each investigation on 
account of its low solubility. Solutions of tiro n  (E. Merck) and chrom otropic acid salt (E. 
Merck) were prepared by d irect weighing; th e ir  pu rity  was checked by potentiom etric t i tr a 
tions against 0.1 M  KOH. T he titrations of solutions containing tiron  and CS were carried ou t 
under an inert atm osphere of purified nitrogen owing to their sensitivity  to atm ospheric oxi
dation. The pH  m easurem ents were carried o u t a t 30 ± 0 .5  °C w ith a Cambridge pH -m eter 
standardized w ith 0.05 M  potassium  hydrogen phthalate .

The following pH -m etric  titrations were performed:
1. 10 ml (0.025M )  ligand.
2. 10 ml (0.025 M )  each of the ligand and vanadyl sulfate [V 02k  : ligand, 1 : 1]
3. 10 ml (0.025 M )  each of the p rim ary  and secondary ligands and vanadyl sulfate 

[ y 0 2+ : prim ary ligand : secondary ligand, 1 : 1 : 1 ] .
The ionic strengths of all solutions were k e p t constant (ft =  0.1 K N 0 3) by adding 5 ml 

1 M  potassium  nitra te  to  each solution. The fin a l volume was increased to  50 ml before each 
titra tion .

Results and discussion

T he p o te n tio m e tric  titra tio n  cu rv es  for 8 -hydroxyqu ino line-5 -su lfon ic  
acid (C urve 1, Figs 1 a n d  2), tiron  (C urve 3, Fig. 1) and  ch rom otrop ic  acid sa lt 
(C urve 3, F ig . 2) e x h ib it w ell defined in flec tio n s  a t m =  1 (w here m rep resen ts
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per mole of metal ion
m = moles of base added 

per mole of metal ion

Fig. 1. F ig. 2.

th e  a m o u n t of base (m ole) added  p er m ole o f th e  m e ta l ion), fo llow ed b y  a n o th e r 
p o o r  in flection  a t  m  =  2 in  th e  case o f H Q SA  an d  long s teep  b u ffe r regions in  
th e  case of tiro n  an d  CS in  th e  h igh p H  reg ion , in d ica tin g  tw o  se p a ra te  n e u tra li
z a tio n  steps. The v a lu es  of th e  d issocia tion  co n stan ts  of these  ligands have been  
ta k e n  from  the  l i te ra tu re  (Table I).

Table I

Dissociation constants o f the ligands, and equilibrium and hydrolysis constants 
o f the 1 : 1 VO*+-HQSA chelate

L igand p fej рЦ — log K j — log K H

8-Hydroxyquinoline-5-sulfonic acid 4.06 [8] 8.49 [8] 2.07 [8] 5.79 [8]
Tiron 7.56 [12] 12.48 [2]
Chromotropic acid salt 5.34 [12] 15.60 [2]

As rep o rted  e a r lie r  [8, 9], th e  p o te n tio m e tric  t i t r a t io n  curves of v a n a d y l 
su lfa te  w ith K O H  in  th e  p resence of an  equ im olar c o n c e n tra tio n  of H Q SA
[8] (Curve 2, Figs 1 a n d  2), t iro n  [9] (Curve 4, Fig. 1) an d  ch rom otrop ic  ac id
[9] (Curve 4, F ig . 2) m ay  he ex p la in ed  on th e  basis o f th e  fo rm atio n  of th e  
n o rm a l 1 : 1 ch e la te  an d  its  fu r th e r  conversion  in to  th e  co rrespond ing  m ono- 
h y d ro x o  d e riva tive .
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A com parison o f  curves 5, F igs 1 and  2, re p re se n tin g  th e  p o te n tio m e tric  
t i t r a t io n  of v an ad y l su lfa te  in  th e  p resence of e q u im o la r co n cen tra tio n s  of 
H Q SA  (H 2A) and one o f  th e  d ih y d ric  phenolic  com pounds w ith  th e  com posite 
curve rep resen tin g  th e  t i tra tio n s  of th e  free ligand  an d  th e  b in a ry  system , in d i
ca tes th a t  the fo rm a tio n  of a 1 : 1 : 1 m ixed lig an d  ch e la te , M A L is th e  on ly  
p o ss ib ility  in th e  te rn a ry  system s s tu d ie d . F u r th e r , from  th e  analysis of th e  
p o ten tio m e tric  t i t r a t io n  curves and  th e  s ta b ility  c o n s ta n ts  i t  m a y  he in ferred  
th a t  th e  m ixed lig an d  chelate  fo rm a tio n  occurs th ro u g h  th e  fo rm a tio n  of a 
1 : 1 Y 0 2+-H Q S A  c h e la te .

T he low ering o f  cu rves, w hich is a m easure o f m ixed  lig an d  chela te  fo r
m a tio n , occurs a fte r  m  =  1.0 in  th e  sy stem , V 0 2+—H Q SA —tiro n  and m =  1.2 
in  th e  V 0 2+-H Q S A -C S  system . T h is p ro b ab ly  in d ica tes  t h a t  th e  fo rm atio n  
o f th e  m ixed  ligand  ch e la te  takes p lace  in  overlap p in g  steps. T h is receives su p 
p o rt from  the analysis o f the  p o te n tio m e tric  d a ta  given below .

T he fo rm ation  o f a 1 : 1 : 1 m ixed  ligand  ch e la te  in  th e  above system s m ay  
be described  as

YOA +  H 2L ^  Y O A L 2-  +  2H +  (i)

an d  th e  overall re a c tio n  for the  fo rm a tio n  of th e  1 : 1 : 1  te rn a ry  chelate  as 

V 0 2+ +  H 2A +  H ,L  ^  Y O A L 2-  +  4 H  + (ii)

I f  K ' an d  K" are th e  equ ilib riu m  c o n s ta n ts  of reac tio n s  (i) a n d  (ii), re spec tive ly , 
th e n

K , =  [Y O A L 2- ]  [H +]2 
[V O A ][H 2L]

and
E „ _  [V O A L 2~ ][H +]*

[V 0 2+][H 2A ][H 2L]

( 1 )

( 2)

I f T M, T A and T L re p re se n t the to ta l  co n cen tra tio n s  o f th e  m e ta l, th e  p rim ary  
an d  secondary  ligand  species, re sp ec tiv e ly , and  T 0H is th e  co n c e n tra tio n  of th e  
base ad d ed  to  the  re a c tio n  m ix tu re  d u rin g  the  t i t r a t io n , th e  follow ing m ateria l 
ba lan ce  equations are  ob ta ined .

T M =  [V 02+ ]+ [V O (O H )+ ] +  2[{V O (O H )}!+] +  [VOA] +
+  [Y O (O H ) A~] +  [V O A L2- ]

T A =  [H 2A] +  [H A -]  +  [VOA] +  [V O (O H )A -] +  [V O A L2- ]  (4)
T l =  [H 2L] +  [V O A L2- ]  (5)

T OH +  [H+] =  [V O (O H )+] +  2[{V O (O H )}2+] +  2[V O A ] +
+  3 [Y O (O H )A -]+ 4 [V O A L 2- ]  +  [H A “ ] (6)
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I n  th e  p H  range s tu d ie d , th e  co n c e n tra tio n s  of O H - , A 2 - , H L -  an d  L 2- were 
neg lig ib le  com pared  w ith  tho se  of th e  o th e r species p re se n t in  th e  reac tio n  
m ix tu re . H ow ever, th e  c o n cen tra tio n s  o f th e  h y d ro ly zed  species of th e  free 
v a n a d y l ions were ta k e n  in to  acco u n t, since chela tion  in  th e se  cases also occurs 
a t  p H  >  3.5. F o r th is  p u rp o se , v a lu es  o f th e  hydro lysis c o n s ta n ts  re p o rte d  by  
R ossotti and  R ossotti [10] have been  used.

In  th e  above 1 : 1 : 1  sy stem s, i t  m ay  be show n th a t :

w h ere

a[V 0 2 + ]3 +  6[V0 2 + ] 2 +  c[V0 2 + ] 

2 K p  , K „

d =  0 ( ? )

2 x  Ю - 6 -;

[H+]2 [Ш +
[ H + ]3

b =
2 X 1 0 - 6 8 - S

[H +]2
1 + 2 11

+------ — —
[ H +]

Ih
[H +] 

+  ( l +

+ 1 +
10

[H +]
2 K j  K „

1 0 - 6.0

[H +]

d =  (4 T M T OH [11+])

1 + 2 1

1 +

[H +]2 [H + ]3

К
j i  ,
l [H + ]

К

[H + ]

H ere  k 1 is the f irs t d issoc ia tion  c o n s ta n t o f HQSA, an d  K x an d  K H are th e  equ i
lib r iu m  and  h y d ro ly s is  c o n s ta n ts , re spec tive ly , of th e  1 : 1 V 0 2+— HQSA 
c h e la te . The e q u ilib riu m  c o n cen tra tio n  of th e  free v a n a d y l ions p re se n t in the 
re a c tio n  m ix tu re  m a y  be d e te rm in ed  b y  solving E q . (7) b y  N ew to n— R aphson 
m e th o d  [11]. The co n cen tra tio n s  o f o th e r  species in v o lv ed  in  th e  equ ilib rium  
re la tio n s  can th e n  be ca lcu la ted  from  th e  above e q u a tio n s  to g e th e r  w ith  the  
v a lu es  of equ ilib rium  c o n s ta n ts  K ' an d  K ".

S t a b i l i t y  o f  t h e  1 : 1 : 1  m i x e d  l i g a n d  c h e l a t e s

In  these sy stem s, th e  s ta b ili ty  co n stan ts  of th e  te rn a ry  com plexes can be 
d e fin ed  as:

[Y O A L2 -]

[V O A ][L 2T
LM A L ( 8)

К M A L
К '

k[ k't
(9)

w here  К / is the  eq u ilib riu m  c o n s ta n t defined  b y  E q . (i), an d  k[ an d  k!2 are the
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d issociation  c o n s ta n ts  o f th e  d ihydric  pheno lic  com pounds. F u r th e r , th e  
overall s ta b ility  c o n s ta n t o f th e  1 : 1 : 1  m ixed lig an d  chela te ,

к;M A L
[VOAL2- ]

[V 0 2+][A 2 - ][L 2 - ]

m ay be ca lcu la ted  from  th e  expression

K "к;M A L
Aq к, k[ к'.

( 10 )

( П )

w here К ' rep resen ts  th e  equ ilib riu m  co n stan t of th e  overall reac tio n  (ii). T he  
values o f th e  eq u ilib riu m  an d  chela te  fo rm atio n  c o n s ta n ts  of the  te rn a ry  com 
plexes are  p re sen ted  in  T ab le  I I .

Table II

E quilibrium  and chelate form ation  constants 
o f  m ixed ligand chelates

S y stem - l o g  K ' - l o g  K " log K m a l log K MAL

V 0 2+-H Q SA -tiron 4.48±0.07 6.55±0.07 15.56±0.07 26.04±0.07
V 0 3+-HQSA-CS 5.06 ±0.04 7.13±0.04 I5 .88±0.04 26.36±0.04

In  these  sy stem s, a poor in flec tion  a t m ~ 4  p ro b a b ly  ind ica tes th e  decom 
position  o f th e  m ix ed  lig an d  chela te  in to  a n o th e r  species, w hich is su p p o rted  
b y  a g rad u a l decrease in  th e  values of the  s ta b ility  c o n s ta n ts  o f th e  te rn a ry  che
la tes a t  2.0.

In  th e  p H  ran g e  o f 5 6, th e  t i t r a t io n  curves rise  above m =  4. This m ay
be ex p la in ed  b y  th e  fo rm a tio n  of th e  m onoh y d ro x o  d e riv a tiv e  (V O (O H )A ” ) 
of th e  1 : 1 V 0 2+—H Q SA  ch e la te  and  of th e  h y d ro ly zed  species of th e  free 
v an ad y l ions along w ith  th e  fo rm atio n  of th e  te rn a ry  chelates. The c o n c e n tra 
tions of th ese  species w ere also ta k e n  in to  acco u n t d u rin g  th e  ca lcu la tion  of th e  
te rn a ry  system s.

A com parison  o f th e  d a ta  given in Table IT in d ica tes  th e  follow ing s ta b il
ity  o rd er of th e  te rn a ry  com plexes w ith  reg ard  to  th e  secondary  lig an d : c h ro 
m otrop ic  acid >  t iro n ; th is  is in  accordance w ith  th e ir  re la tiv e  basic ities.

*

We thank  Prof. R. C. M e h r o t r a  and Prof. К. C. J o s h i  (Chemistry D epartm ent, U ni
versity of R ajasthan , Ja ipu r) for providing the necessary facilities and the authorities of J .  У. 
College, B arau t (Meerut) for encouragem ent.
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The IR spectra  of addition com pounds of some sym m etrical trin itrobenzene 
derivatives w ith arom atic com pounds are analysed in order to  investigate th e  type  
of interaction. The shifts in the N H 2 bands of arom atic amines and asym m etric N 0 2 
bands of the sym m etrical trin itrobenzene derivatives are considered to  d ifferentiate 
betw een CT complexes and m olecular complexes. Solvent effects is also studied  to 
clarify the natu re  of the reaction betw een picryl chloride and arom atic amines.

In tro d u c tio n

T h e  fo rm atio n  o f m olecular com plexes o f th e  ch a rg e -tran sfe r ty p e  w as 
p rev io u sly  s tud ied  b y  several a u th o rs  [1 — 4] ta k in g  a n u m b e r of a ro m a tic  
com pounds inc lud ing  am ines w ith  d iffe ren t basicities as donors, an d  t r in i t r o 
b en zen e  or p icric  acid  as accep to rs. T he re c e n t w ork on ch arg e -tran sfe r co m 
p lexes o f picric acid  [1] w ith  am ines rev ea led  th a t  th e re  is a p o ssib ility  fo r  th e  
fo rm a tio n  of p ro to n  tran sfe r com pounds w ith  m o d era te ly  basic  am ines. T he 
ty p e  o f  in te rac tio n  w ith  arom atic  am ines can  be disclosed b y  in v e s tig a tin g  th e  
N H 2, N 0 2 and yc_ H b an d s in  com p ariso n  to  those  of th e  in d iv id u a l m olecules.

In  the  p re se n t investiga tion  th e  p o ssib ility  of p ro to n  tra n sfe r  or sa lt fo r
m a tio n  is g rea tly  red u ced  b y  u sin g  2 ,4 ,6 -trin itro b en zen e  d e riv a tiv es  c o n ta in 
ing  C H 3, OCH3 or Cl su b s titu e n ts  in  p o sitio n  1 in s tead  of th e  O H  g ro u p  of 
p icric  acid.

Mulliken [5] on in v estig a tin g  th e  b enz id ine—1,3 ,5 -trin itrobenzene m o lec
u la r  com pound, show ed th a t  th e  s tru c tu re  of such com pound  is t h a t  th e  
— N H 2 group is po sitio n ed  be tw een  tw o —N 0 2 groups w hich  fav o u rs  b o n d in g  
b e tw e e n  th e  — N H 2 an d  — N 0 2 g roups.

N akamoto [6] attributed th e  absorption bands w ithin th e  400 —600 
nm  region in the visib le spectra o f  sym -trinitrobenzene-aniline derivatives to  
interm olecular charge-transfer resu lting from an inter-benzenoid overlap o f the  
jr-orbitals.

P owel and HuGSE [7] on stu d yin g  the hexam ethylbenzene-picryl ch lo
ride molecular com plexes found th a t both picryl chloride and hexam ethyl-

* T an ta  U niversity.
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benzene m olecules are  p la n a r  except for th e  ori/io-NO,, g roups of p icry l chloride 
w hich  are forced o u t o f p la n e  of the ring  due  to  ste ric  effect of th e  chlorine a to m .

In  the  p re se n t in v es tig a tio n , th e  I R  s p e c tra  of som e ad d itio n  p ro d u c ts  of 
sym -2,4 ,6 -trin itro b en zen e  derivatives w ith  a ro m atic  com pounds, essen tia lly  
am ines of d iffe ren t b a s ic itie s , are in v e s tig a te d .

E xperim en ta l

1. Trinitrobcn/.cne derivatives: 2 ,4,6-trinitrotoluene [8], 2,4,6-trinitroanisol [9] and
2,4,6-trinitrochlorobenzene [10] were prepared as described in the literature; they were purified 
by repeated crystallization from  an appropriate solvent.

2. Amines: the solid amines were obtained from  the commercial sources and purified 
by repeated crystallization from  the appropriate solvent till constant m.p. The liquid amines 
were purified by vacuum  distillation; the head and ta il portions were rejected.

3. The addition com pounds were prepared by mixing ho t sa tu ra ted  equimolar ethanolic 
solutions of the donor com pound (condensed ring hydrocarbon or arom atic amine) and the 
trinitrobenzene derivatives. F rom  the hot sa tu ra ted  solutions the compounds separated  as 
fine crystals having yellow, organe-yellow, organe or red  colour. Some compounds were crysta l
lized from solvents of d ifferen t polarities viz. acetone, chloroform, benzene, dioxane and 
m ethanol.

4. E thanol used as solvent was purified according to  the m ethod of Ma n sk e  [11]. 
O ther solvents were purified  by recommended procedures [12].

5. The IR  spectra of th e  addition products were recorded for solid th in  films between 
tw o NaCl plates or as K B r discs on a Unicam S.P. 200 infrared spectrophotom eter.

Results and  discussion

A detailed  s tu d y  o f  th e  d ifferent p a r ts  o f th e  sp ec tra  in  w hich changes 
occu r, due to  th e  a d d itio n  com pound fo rm a tio n , w ould  he discussed.

The accep to r m olecu les used are sy m -trin itro b en zen e  deriv a tiv es  an d  th e  
donor molecules a re  n a p h th a le n e , a n th ra c e n e , or su b s ti tu te d  aniline d e r iv a 
tiv e s  of v ary ing  b a s ic ity .

I П III

Com pound (I) co u ld  ac t as a good a c c e p to r  co m p ared  to  (II) since th e  
sym -trin itrobenzene p o r tio n  would suffer less e lec tro n  d o n a tio n  from  th e  —C H 3 
g roup  th a n  th e  O C H 3 g roup .

Salt fo rm atio n  in  th e  case of (I) a n d  (II) is h igh ly  im probab le  w hile 
w ith  (III) the  p o ss ib ility  for covalent co m p o u n d  fo rm a tio n  is liable w hen
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using  s tro n g ly  basic am ines. T h is suggestion  is based  on th e  s tu d y  ca rried  o u t 
by  R a y a n  and  H u m f r a y '  [13] w ho m easured  th e  ra te  of nucleoph ilic  su b s ti tu 
tio n  of th e  p icry l chloride using  a n u m b e r of am ines.

T he bond ing  in  th e  ad d itio n  com pounds form ed ta k e s  p lace th ro u g h  
jt —  jt* or n — jt* in te rac tio n s . T he la t te r  occurs w ith  a ro m a tic  am ines w hen 
th e  - N H 2 group is p o sitioned  fac ing  one of th e  —N 0 3 groups. T he ty p e  of ad d i
tio n  com pound  form ed will depend  on th e  charge d en sity  on th e  donor sy stem .

I t  is supposed th a t  th e  a ro m a tic  tr in itro  com pounds (I) , ( II)  an d  (I I I )  
could b o u n d  w ith  th e  am ines th ro u g h  tw o ty p e s  of in te rac tio n  n am e ly , n  j t *  

or jt — j t*  in  add ition  to  th e  n — j r * .  T he possib ility  for in te rm o le c u la r  h y d ro 
gen b o n d in g  betw een  th e  am ino and  n itro  groups should n o t be excluded .

(a) n  — jt* bond ing  (b) t i  —  jt* an d  n — jt* bonding

TNT, compound (I)

T he ad d itio n  com pounds o b ta in ed  are ty p ica l exam ples o f c h a rg e -tran s
fer com plexes in w hich  T N T  is a s tro n g  elec tron  acceptor.

i) B an d s due to  r CHj an d  r NHz are observed  w ith in  th e  2900—3000 
an d  3200 - 3500 c m ” 1 reg ions. T he vCHs are n o t a p p a re n tly  changed  w hile 
th e  pNH2 b a n d  acquire a s ligh t red  sh ift com pared  to  th e  free am ines in d ica tin g  
th e  fo rm a tio n  of a w eak  in te rm o lecu la r hyd rogen  bonding  b e tw een  th e  —N 0 2 
group  an d  — N H 2 g roup  of th e  am ine or an  in te rm o lecu la r charge  tra n s fe r  o f 
th e  n —  t i *  ty p e .

ii) B ands of th e  a s y m  —N 0 2 v ib ra tio n s  are m ore sp lit te d  in  th e  m olec
u la r  com plex . T hey  are  also sh ifted  to  h igher or lower frequencies . The b an d s  
due to  th e  syrn — N 0 2 v ib ra tio n s  are sp litte d  ind ica tin g  a g re a te r  d iffe ren tia tio n  
in  th e  ch a rac te ris tic  bond  energies o f th ese  group . The —N 0 2 groups invo lved  
in H -b o n d in g  w ith  th e  —N H 2 group  or tho se  d isp lay ing  increased  charge a c c e p t
ance from  th e  donor m olecule, especially  o f th e  n — jt* ty p e , w ould  lead  to  
b an d s  a t  low er frequencies. T he —N 0 2 groups lead ing  to  b a n d s  a t  h igher f re 
q u en cy  w ould be less po la rized  in  th e  m olecular com plex th ro u g h  decreased  
charge  tra n s fe r  to  th e m  from  th e  benzene ring . T his w ould  ta k e  place u n d e r 
specific  increased  charge m ig ra tio n  to  th e  — N 0 2 groups in v o lv ed  in the  in te r 
m o lecu la r hydrogen  bo n d in g  w ith  the  —N H 2 groups.
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F ig . 1. Potentiometrie titration curves of normal and mixed ligand chelate systems of VO (IV) 
having 8-hydroxyquinoline-5-sulphonic acid and tiron as ligands. Curve 1, HQSA; 2,1 : 1 
VO (IV) — HQSA; 3, tiron; 4., 1 : 1 VO (IV)-tiron; 5, 1 : 1 : 1 VO (IV) — HQSA-tiron

F ig. 2. Potentiometrie titration curves of normal and mixed ligand chelate systems of VO (IV) 
having 8-hydroxyquinoline-5-sulphonic acid and chromatotropic acid (CS) as ligands. Curve 1,

HQSA; 2, 1 : 1 VO (IV) — HQSA; 3, CS: 4, VO (IV)-CS; 5,1 : 1 : 1 VO (IV)-HQSA-CS
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iii) The r c _ N an d  yc_ H are s lig h tly  in flu en ced  in d ica tin g  a w eak  in te r 
ac tio n  betw een  com ponen ts of th e  ad d itio n  com pound .

The a d d itio n  com pounds fo rm ed  have low  m .p .’s w hich is ch a rac te ris tic ' 
o f m olecular com plexes. Also th e  com pounds d isp lay  d iffe ren t colours as show n 
in  Table I.

TNA, com pound (II)

This ty p e  o f  add ition  com pounds also re p re se n t an  exam ple of charge- 
tra n s fe r  com plexes. The sp ec tra  o f th e  a d d itio n  com pounds show som e sh ifts  
com pared  to  th e  in d iv idua l com ponen ts.

i) B ands d u e  to  the  v0CHa an<i vn h 2 are  s till o b serv ed  b u t those  fo r th e  
vNHi acquire s lig h t red  shifts as in  case o f th e  ad d itio n  com pounds w ith  (I) 
an d  can be e x p la in e d  on th e  sam e basis.

ii) The b a n d s  due to  th e  asym.  —N 0 2 v ib ra tio n s  are  m ore sp litte d  com 
p a re d  to  th e  p a r e n t  com pound (II). H ow ever th e  sym  —N 0 2 bands are  sh a rp  
as in  (II). The r c _ H and  yc _ N b an d s  are n ea rly  u n a ffec ted  ind ica tin g  w eak er 
in te rac tio n  th a n  (I). The sam e tre n d s  o f co lour o bserved  w ith  com ponen ts of 
g roup  (I) are o b ta in e d  in th e  case of g roup  (II). Also th e  m elting  p o in ts  of 
g roup  (II) are lo w er th a n  th e  p a re n t  com pound , (c . f ., T ab le  I).

The sp e c tra l sh ifts in (II) are  sm aller co m p ared  to  (I) ind ica ting  a w eaker 
accep to r c h a ra c te r  o f the  fo rm er. T his, as s ta te d  ab o v e , is due to  th e  h igher 
donor ch a ra c te r  o f  th e  OCH3 g roup  co m p ared  to  th e  —C H 3 group.

TNCB, compound (III)

From  th e  sp e c tra l changes w ith  th e  com pounds o b ta in ed , the  re a c tio n  of
(III) w ith  a ro m a tic  am ines w ould  lead  to  th e  fo rm a tio n  of tw o ty p e s  of 
com pounds.

i )  Compounds involving covalent bonding leading to derivatives o f  the di- 
phenylam ine type

R a y a n  a n d  H u m f r a y  [13] s ta te d  th a t  co v a len t a d d itio n  com pounds are 
fo rm ed  b y  th e  re a c tio n  of (III) w ith  a ro m a tic  am ines of m odera te  or h igh  
basicities. The N -a to m  of th e  am ine  w ould  a c t as an  a tta ck in g  nucleophile 
fo r th e  po larized  C -C l bond w hich  re su lts  in  th e  rem o v a l o f th e  Cl a to m  giving

N 0 2

NOo
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Table I

Some important I R  bands o f T N T  and T N A  and their

Acceptor TNT

Compound
complexed m.p.°C * Colour ! VNH2 VNO2 a s y m s y m

A. Condensed ring:
Anthracene 156 0 .  R. 1562 15 4 4 151 8 1353 —

Naphthalene — — — — — — —

B. Substituted aniline:
0-OCH3 79 О 3 4 5 0 31 2 5 1558 1545 1525 13 6 2 1343

p-OCH3 78 R 3 1 5 0 28 6 0 1562 1545 1532 1358 13 4 2

0-CH3 76 R 315 0 295 0 1563 1550 15 3 0 1364 13 4 5

m-CHj 77 0 3 1 2 0 294 0 1560 1545 1530 1360 134 0

p-CH3 74 R 310 0 290 0 — 1545 1520 1360 134 0

H 69 R 341 0 315 0 1560 1542 1526 1355 134 0

o-Cl 79 Y 350 0 311 0 1558 1545 1525 1560 134 2

m-Cl 77 0 3 5 0 0 311 0 1557 1543 152 2 1360 1341

p -CI 72 R 3 1 5 0 295 0 1560 1542 1522 1358 1 3 4 0

p-Br 61 0 31 1 0 2900 1560 1550 152 3 136 0 133 9

P -1 69 0 3 4 5 0 295 0 1562 1546 1530 1358 134 0

o-COOII 79 Y 31 2 5 299 0 1560 1540 152 9 1357 134 0

p-COOH 85 Y 3 5 0 0 310 0 1560 1545 1525 1365 134 5

m -N 02 — Y 3 5 0 0 295 0 1560 1545 1530 1360 13 4 6

p -N 0 2 71 Y 3495 2 9 9 0 1560 1545 1530 1362 13 4 2

o-NO, 75 Y 35 0 0 312 5 1560 1545 1525 13 6 0 13 4 2

C. Acceptor 86 — 1550 — 1520 1360 —

— =  not recorded; ? =  not read ily  identified * Y =  yellow; О =  orange, R  =  red

a s a lt  o f th e  ty p e , or a sim ilar so r t o f bo n d in g . This e x p lan a tio n  is accep ted  on 
ac c o u n t of th e  sp ec tra l changes observed  w ith  some com pounds inc lud ing  
s tro n g  basic  am in es these can be su m m arized  in the  follow ing.

i) The C -C l b a n d  a t 710 c n r 1 in  th e  sp ec tru m  of (III) isn o  m o re a p p a re n t.
ii) N H 2 b a n d s  are  sh ifted  to  low er va lu es  being those  of th e  —N H + — 

s tru c tu re .
iii) The asym  — N 0 2 b an d s are  sh ifted  to  h igher va lues due to  decreased  

m esom eric  sh ift from  th e  a ro m atic  rin g  to  th e  — N 0 2 groups u n d e r  th e  in fluence 
o f  th e  positive ch arg e  on th e  N H 2-cen tre .
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a d d itio n  p r o d u c ts  w ith  a ro m a tic  a m in es

Acceptor

Compound
complexed

T N A

m.p. °C Colour ^NH2 t>N02 asym I'NOz sym

A. Condensed ring:
A nthracene — — — — — — — — —

N aphthalene 7 9 Y 1560 1545 1522 1360 —

B. Substituted aniline:
o-OCH 84 R ? 3 1 6 0 1560 154 5 1525 1358 1 3 4 0

p-OCH3 77 R 3 3 6 0 3 1 4 0 1558 154 2 1530 1356 1 3 4 0

o-CH3 85 Y 345 0 3 1 2 0 9 153 8 1520 1355 1 3 2 0

m-CH., 79 R 350 0 3 1 2 0 1560 1538 1520 1357 1 3 3 8

p -c h 3 82 O.Y 3 4 5 0 3 1 1 0 1555 1537 1521 1352 ?

H 79 O.Y 3 1 5 0 2 9 5 0 1560 1542 1522 1355 1 3 2 0

o-Cl 83 Y — 2 9 4 0 1560 1540 1525 1356 1 3 1 8

m-Cl 74 0 312 0 2 9 3 0 1558 1540 1520 1357 1 3 2 0

p-Cl 75 0 345 0 2 9 8 0 — 1540 1520 1360 1 3 4 0

p-B r 85 0 350 0 310 0 1558 1538 1522 1355 —

P-I 79 0 340 0 2 9 5 0 1560 154 0 1518 1350 —
o-COOH 83 Y 340 0 3 1 2 0 1560 154 0 — 1357 —
p-CCOH 82 Y 9 3 1 2 0 1560 154 0 1525 1365 1 3 5 5

m -N 02 76 Y 340 0 3 1 2 0 — 154 0 — 1365 —
p-NO, 63 Y 3 4 0 0 3 1 1 0 1558 1540 — 1357 —

o-NO, 83 Y 3 5 0 0 2 9 5 0 1562 1542 1525 1357 1 3 4 0

C. Acceptor 68 — — 1560 1542 1520 1357 —

Wavenumber
F ig .  3 .
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Table II

Some I R  bands o f TN C B  and its addition

x
T N C B

I I I  ^  ^
O-OCH3 P-OCH3 O-CH3 m-CH3 p-CH, H 0-Cl m-Cl

3270 3200 2995 3300 3500 2780 3320 3380
2280 2320 — 2350 2575 2400 3100 2995

1560 — 1558 — — — — —
1556 1520 1543 1540 1540 1535 1550 1545 1545

1545 — _ — 1520 1520 1520 — —
1352 1328 1340 1340 1348 1338 1340 1345 1348

788 780 765 760 780 780 760 760 780

83 140 160 156 122 162 178 159 132

Y 0 R 0 R 0 O.Y. 0 Y

— =  not recorded; ? =  no readily identified; * R  =  red, Y  =  yellow; О =  orange

i i )  Addition compounds involving CT only

This com prises a d d itio n  com pounds fo rm ed  w ith  th e  n itro  d e riv a tiv e s  of 
an iline . The sp ec tra l b e h av io u r of su ch  com pounds precalls th a t  o bserved  
w ith  m olecular com plexes o f (I) and  (II).

The b ands due to  th e  —N H 2 g ro u p s are  still p re se n t an d  th e  —N 0 2 
b a n d s  are sp litted  as in  (III) itself. T he sam e tren d s  of colours o bserved  w ith  
com pounds (I) an d  (II) w ere also fo rm ed .

The re la tiv e ly  h igh  m .p ’s observed  fo r th is  group of ad d itio n  com pounds 
w h ich  is h igher th a n  th e  p a re n t com pound  su p p o rts  th e  id ea  of sa lt fo rm a tio n  
(T ab le  II) .

Solvent effect

To give fu r th e r  su p p o rts  for th e  n a tu re  of th e  reac tio n  be tw een  p ic ry l 
ch loride and  a ro m atic  am ines th e  re a c tio n  w as carried  o u t in  so lven ts of d iffe r
e n t  po larities. The I R  sp e c tra  of th e  re su ltin g  com pounds w ere reco rd ed  an d  
an a ly sed  in th e  lig h t o f th e  above fin d in g s. W ith  p -an is id in e  (h igh b asic ity ) 
a n d  p -n itro  aniline (low basic ity ) th e  re a c tio n  was fo u n d  to  be th e  sam e 
g iv ing  covalen t b o n d in g  fo r th e  fo rm er a n d  add itio n  com pounds w ith  th e  
la t te r .  On th e  c o n tra ry , aniline gave d iffe re n t p ro d u c ts  d epend ing  on th e  sol
v e n t  used. C om m only co v a len t bond ing  b e tw een  aniline an d  p ic ry l ch loride 
occurs in  po lar so lven ts while so lvents o f low  po larities y ie ld  m olecu lar com 
p lexes.
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products with aromatic amines

p - Cl p-Br p-1 0-COOH P-COOH m-N02 P-NO, o-NOj Assignment

3390 3308 ? 3500 3360 3300 3320 3374 »NH, (as)
3030 3087 2310 2380 3100 2320 2300 3090 vNH, (s)
1560 — — — — 1560 1555 1565
1540 1555 1545 1545 1555 1538 1540 1553 — N 0 2 (asym )
— ? ? — 1540 1520 1510 1517

1340 1340 1340 1355 1345 1345 1342 1345 — NO, (sym)
765 750 770 770 775 750 760 750 y-CH (I II)
168 186 179 — 197 218 78 m.p. °C
R Y 0 0 Y Y Y 0 Colour*
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MULTILAYER ADSORPTION OF GASES ON 
HETEROGENEOUS SOLID SURFACES: LOCAL BET 
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The influence of the  surface heterogeneity of the adsorbent on the form ation 
of a m ultilayer in gas adsorption is discussed, taking into account the full form of the 
B ET equation as the local adsorption isotherm. In numerical calculations, a new 
m ethod for evaluating the energy d istribution  function was used.

Introduction

T he B E T  equa tion  is s till reg a rd ed  as th e  basic eq u a tio n  describ ing  
m u ltila y e r  adsorp tion  of gases on hom ogeneous solid surfaces. A tte m p ts  have 
m ade also to  use th is e q u a tio n  in  describ ing  m u ltilay e r ad so rp tio n  on h e te ro 
geneous surfaces. McMillan  [1], Zettlemoyer  and  W alker  [2], an d  H ill 
[3] w ere th e  firs t to  in tro d u ce  th e  concep t of surface h e te ro g en e ity  in to  th e  
B E T  e q u a tio n . N ext, H onig  [4], Lev in  [5], Cerofolini [6, 7] an d  R udzniski 
et al. [8 10] in v estig a ted  m u ltila y e r  ad so rp tio n  on heterogeneous surfaces,
assu m in g  local B ET b e h a v io u r of th e  adsorbed  phase an d  som e an a ly tica l 
exp ressions for the  energy  d is tr ib u tio n  functions.

T he m ost recen t an d  th e o re tic a lly  m ost advanced  re su lts  are tho se  of 
D o r m a n t  and  A d a m s o n  [11] w ho used  a co rrect energy  d is tr ib u tio n  e v a lu a te d  
on g rou n d s of the  local B E T  iso th e rm . T hey  accep ted  th e  cu s to m ary  fo rm  of 
th e  B E T  eq u a tion ,

(9, (x, e) = c(e) ■ x
[1 x] ■ [1 -j- c(e) • x - x] ( 1 )

w here Qt(x,e) is the re la tiv e  surface coverage, c =  ( l/c ')e x p is th e

B ET constant, x is the relative pressure p/ps, e is the adsorption energy and the  
constant c' is connected w ith  the molecular partition functions of the m ole
cules adsorbed in the first and subsequent layers. U sing E q. (1) as the local 
adsorption isotherm in the H a l s e y  Taylor equation [8], the follow ing  
expression was obtained for the overall adsorption isotherm

emin

c(s)■ X ■ x{e)de______

x] • [1 -)- c(e) • x — x] (2 )
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w h ere  %(e) is th e  e n e rg y  d is tr ib u tio n  fu n c tio n  no rm alized  to  u n ity . I f  th e  a d 
so rb ed  am o u n t N t(x) is u sed  in s tead  of 0,(x)  in  E q . (2), th e  energy  d is tr ib u tio n  
o b ta in e d  is m u ltip lied  b y  th e  m onolayer c a p ac ity  N m, i.e. Xi(e) =  N mx(e).

The purpose o f th e  p a p e r  of D o r m a n t  an d  A d a m s o n  [11] was to  show  
how  th e  B E T  e q u a tio n  c a n  be used to  ch a rac te rize  th e  energe tic  h e te ro g en e ity  
o f  th e  adso rben t, an d  to  p rov ide  a d e ta iled  exam ple  of th e  e rro r in cu rred  
in  accepting  th e  p a ra m e te r  c' as giving a co rrec t energy  d is tr ib u tio n  fu n c tio n  
x(e,c'). N ext, th is  fu n c tio n  ^(e,c ') was u sed  fo r e v a lu a tin g  th e  average ad so rp 
tio n  energy accord ing  to  th e  following e q u a tio n :

emax

sx(e,  c’)de

emin

H ow ver, i t  is a w ell know n fac t th a t  th e  c u s to m ary  B E T  eq u a tio n  p ro 
v id es  a poor ag reem en t w ith  th e  ex p e rim en ta l d a ta  a t  h ig h er re la tiv e  ad so r
b a te  pressures even in  th e  case of h igh ly  hom ogeneous surfaces. This fa c t was 
d iscussed  by a g rea t n u m b e r  of in v estig a to rs , and  num erous m odifica tions of 
th e  B E T  equa tion  w ere m ad e  during  th e  la s t  th ir ty  years  [3, 12, 13].

W e shall be co n cern ed  here w ith  th e  theo ries offering  im provem en ts of 
th e  B E T  eq u a tion , b a se d  on m ore rea lis tic  m odels of th e  m echan ism  of m u lti
la y e r  fo rm ation . A m ong  th e  theories concern ing  th e  m echan ism  of secondary  
ad so rp tio n  and  a c c ep tin g  th e  B E T  ad so rp tio n  m odel, tho se  of A n d e r s o n

[12] and  B r u n a t j e r  et al. [13] seem to  be m ost in te re s tin g . T h ey  have d evel
o p ed , th ough  in d iffe ren t w ays, the  follow ing m od ifica tio n  o f th e  B E T  eq u a tio n

0,(x,  e)
c(s)kx

[1 -  - kx ] [1 c(e) • kx  — k x ]
(3)

w here  th e  fac to r 0 <[ к  1 is th e  co rrection  fo r a fin ite  n u m b e r of layers w hich 
can  be form ed on th e  a d so rb e n t surface. T his c o n s ta n t is a m easure of th e  a t t r a c 
tiv e  force field  of th e  a d so rb e n t. The basic  a ssu m p tio n  of th e  above m en tioned  
th eo rie s  can he ex p ressed  as follows: th e  th e rm o d y n am ic  p ro p ertie s  of th e  a d 
so rb a te  in the  m u ltila y e r  differ from  those  in  th e  h u lk  liqu id , owing to  th e  
long-range effect of th e  a d so rb e n t force fie ld . T h u s, it  m ay  be ex p ec ted  th a t  th e  
v a ry in g  force field  on a he terogeneous surface w ill a ffect th e  fo rm atio n  of m u lti
la y e r  on heterogeneous su rfaces.

The purpose of th is  p a p e r  is to  in v es tig a te  th e o re tic a lly  how  fa r  th e  m ech a
n ism  of m u ltilayer a d so rp tio n  is affected  b y  surface h e te ro g en e ity . In  our s tu d 
ies we shall use a sim ple  num erica l m e th o d  fo r e v a lu a tin g  th e  co rrec t energy  
d is tr ib u tio n  functions.
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T heoretical

In  o rd er to  in v e s tig a te  th e  in fluence  of h e te ro g e n e ity  on the  fo rm a tio n  
of th e  m u ltilay e r, we shall use th e  b e s t-f it  p rocedure . T he b es t-f it p ro ced u re  is 
o ften  u sed  in  th e o re tic a l inv estig a tio n s.

L e t us f irs t  consider a hom ogeneous surface an d  assum ed  E q . (3) to  h o ld  
for th is  surface. P a ra m e te rs  N m, с’ к can  be found  b y  f i t t in g  E q . (3) to  th e  
ex p e rim en ta l d a ta  fo r an  ad so rp tio n  system  in v es tig a ted .

N ow  consider E q . (2) w ith  E q . (3) as th e  local ad so rp tio n  iso therm . T a k 
ing som e se t of th e  p a ra m e te rs  N m, с', к (p a ra m e te r  c' is p ra c tic a lly  c o n s ta n t fo r 
d iffe ren t p a tch es  of th e  surface [141; we shall e v a lu a te  th is  value th e o re tic a lly  
[11, 15, 16], how ever, p a ra m e te r  N m is p rac tica lly  id e n tic a l w ith  th a t  e v a lu a te d  
for a hom ogeneous su rface  [6, 17]), we can  e v a lu a te  th e  co rresponding  en e rg y  
d is tr ib u tio n s  ^(e, c ', k), th e n  th e  th eo re tica l overa ll adso rp tio n  iso th e rm s 
0 t(x, c', k) re la te d  to  th e  energy  d is tr ib u tio n  o b ta in ed . In  th is  w ay we g e t a 
class o f th e  th e o re tic a l overall ad so rp tio n  iso therm s d e te rm in ed  b y  all p h y s i
cally  s ig n ifican t v a lu es  of th e  p a ram e te rs  к an d  c'. F ro m  th is  class we choose 
th e  iso th e rm  w hich gives th e  b es t ag reem en t w ith  th e  ex p erim en t. W e assum e 
th e  va lu es  к an d  c' an d  th e  co rrespond ing  energy  d is tr ib u tio n  as th e  co rrec t 
va lues fo r th is  a d so rp tio n  system . L a te r , we shall com pare th e  tw o к v a lu es  
o b ta in ed  in  th e  hom ogeneous and  heterogeneous surface a p p ro x im a tio n . 
F rom  th is  com parison  we shall deduce in fo rm a tio n  ab o u t th e  in fluence  of 
h e te ro g en e ity  on th e  fo rm a tio n  of m u ltilay e r on a heterogeneous su rface .

T here  rem ain s to  he considered  th e  m a th e m a tic a l p roblem  co n n ec ted  
w ith  th e  ev a lu a tio n  o f th e  energy  d is tr ib u tio n  %(e) from  th e  exp erim en ta l d a ta . 
The p ro b lem  of fin d in g  th e  energy  d is tr ib u tio n  ^(e) from  exp erim en ta l d a ta  has 
been  considered  b y  a n u m b e r of in v estig a to rs  [11, 15, 16, 18 20]. W e u sed  in
our ca lcu la tions a n u m erica l m ethod  w hich seem s to  be a little  sim pler th a n  
th e  p rev ious m e th o d s. In  p rincip le  i t  is s im ilar to  th e  w ell-know n m eth o d s for 
e v a lu a tin g  th e  fu n c tio n  %(e), i.e. tho se  of A d a m so n  [11, 2 1 ], V a n  D o n g e n  [18] 
and  re c e n tly  Ce r o f o l in i  [7] and  R u d z in s k i  an d  J a r o n ie c  [15, 16, 19, 20 , 2 2 ]. 
This m e th o d  is v e ry  co n v en ien t for th e  num erica l e v a lu a tio n  of p a ra m e te r  к 
for a he terogeneous su rface , w hich requ ires m u ltip le  calcu la tions of th e  en erg y  
d is tr ib u tio n  fu n c tio n .

L e t  us consider th e  general form  of th e  in te g ra l adso rp tion  iso th e rm

&t(x) =  [ 0,(x,  e) x(e) de (4)
ó

w here Q  is th e  ran g e  of possible v a ria tio n s  in th e  a d so rp tio n  energy  e. T o  th is  
p u rpose  we in tro d u c e  th e  follow ing tra n sfo rm a tio n :

£ = m  (5)
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w h e re /( t )  is a fu n c tio n  defined  in th e  in te rv a l ( -1 ,1 ), w hich m eets th e  follow 
in g  cond itions:

/ (  —  ! )  =  e min a n d  Л 1 ) =  «max ( 6 )

In  th e  above Q =  (emin, emax).
T hen , E q . (4) m ay  be re w ritte n  as

e t( x ) =  j  o ( x , № ) x {f{t )) f -{ t)dt (1)

L e t us suppose th a t  th e  local ad so rp tio n  iso th e rm  &t(x, f(t))  m ay  be tran sfo rm ed  
to  th e  following form

H(x)  S(t) 
B(x) t ( 8 )

w h ere  th e  functions B(x),  H(x) and  S(t) s a tis fy  th e  conditions:

I B{x) I >  1; H(x)  >  0 an d  S(t) >  0 (9)

B elow  we shall show  th a t  L an g m u ir’s m o n o lay er adsorp tion  iso th e rm , and  the  
m u ltila y e r  adso rp tio n  iso th e rm s based  on th e  B E T  model can  be tran sfo rm ed  
in to  form  (8). As k now n , these  iso th erm s are m ost often used in  th e  descrip tion  
o f lo ca l adso rp tio n  [6 —11, 15 —17, 19 — 23], therefo re , in  th e  m a th e m a tic a l 
co n sid era tio n s we shall lim it ourselves to  tra n sfo rm  (8).

We expand  th e  fu n c tio n  ^ (/( i))S (t) / '( i)  in to  a set of o rth o g o n a l Legendre 
po lyn o m ia ls  P ,(i)

X(f(t ))-S(t )  •/'(») =  2 c ' p M  (10)
1 =  0

w h ere  P z(i) have th e  form ,

p m
1

2 ' I !
2 1)' ( И )

F ro m  E qs (7) — (11) we ge t

=  f  Pj(t)dt
H(x) i — 0  ‘ J B(x)  — t 

-1
0 =  0

( 12)

T h e in teg ra ls  of E q . (12) m ay be e v a lu a te d  an a ly tica lly , using  th e  follow ing 
recu rs iv e  re la tion

-  2

iP . - i (B(x))
P j(B (x ))

P,-l ((*))
I i - i W  for i =  1 ,2 , .  . . (13)
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w here

and

l
P,(i) dt 

B(x)  — t

I Q(x) =  In
B(x)  1 

B(x)  1

F u r th e r , we shall rep lace  th e  sUm  in  E q . (12) hy  its  iV-th p a r tia l  sum

в ,{х )

H(x)

N

2  С/ Ii(x)
i=o

(14)

(15)

(16)

T he above eq u a tio n  y ie ld s a sy s tem  of linear eq u a tio n s if  we consider th e  fu n c
tio n  Ot{x) and  H(x) fo r d iffe ren t va lues of ж-

=  2  Ci W  for j  =  0 ,1 , . . . , N  (17)
B \ X j )  i = o

T he m a tr ix  system  of th e  Ij(Xj) (i, j  =  0, 1, . . N)  is ded u ced  from  recursive 
re la tio n  (13) -(15). F ro m  E q s (5) and  (10) we o b ta in  th e  follow ing expression 
fo r th e  adso rp tion  en e rg y  d is tr ib u tio n

1=0

C oefficients C; being found  from  th e  solu tion  of sy stem  (17).
L e t us now use tra n s fo rm  (8) for th e  L angm uir an d  B E T  ad so rp tio n  iso

th e rm s . F o r convenience of m a th e m a tic a l n o ta tio n  we sha ll express th e  m ono- 
lay e r and  m u ltilay e r a d so rp tio n  iso th erm s in  th e  fo rm  of one eq u a tio n . F o r th is  
p u rp o se , in stead  of u sin g  th e  re la tiv e  pressure x = p / p s (ran g in g  from  0 to  1) 
i t  is m uch  m ore co n v en ien t to  define and  use an “ e n h an ced  p ressu re“

У ( х ) ^  (kx)1 =  kx
i ' = i

[1 (fac)"]
[1 kx]

(19)

(rang ing  from  0 to  -)-oo). In  th e  above n is th e  n u m b e r o f adso rbed  lay ers . In  
fac t, th e  m onolayer a n d  m u ltila y e r  adso rp tion  iso therm s b ased  on th e  localized 
ad so rp tio n  m odel, ex p ressed  in  te rm s of y(x)  and  e, assum e th e  p a rtic u la r ly  
sim ple form

в ,  (x, e)
д 1пу(д:) 

d In x
У ( х )

y(x)  

c exp
— e 
R T

( 20)

T he la s t  eq u a tio n  fo r d iffe ren t p a ra m e te rs  n and  к gives th e  L an g m u ir e q u a tio n  
an d  th e  w ell-know n B E T  eq u a tio n s : for A; =  1 and  n =  1 E q . (20) reduces to
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th e  L angm uir e q u a tio n ; fo r к =  1 an d  n 1 i t  gives th e  B E T  eq u a tio n  for a 
f in ite  num ber o f lay e rs  and  fo r к =  1 and  n =  o o  th e  c u s to m a ry  B E T  eq ua tion . 
F o r  к £ (0,1), n =  o o  th e  m od ified  B E T  iso th e rm  (3) is o b ta in e d .

R ecen tly , S o k o l o w s k i et al. [15, 24] show ed th a t  th e  so lu tio n  of th e  in teg 
ra l  adsorp tion  e q u a tio n  in th e  ran g e  of average  and  h igh  p ressu res  is p rac tica lly  
in d ep en d en t of th e  m ax im u m  ad so rp tio n  energy  emax. T h u s , we assum ed th e  
in teg ra tio n  range  Q =  (e min, o o ) .  U sing E q . (20) and  th e  in te g ra tio n  range of 
(emin, °°)i an d  in tro d u c in g  th e  n o ta tio n  in  E q . 4

* = / ( * ) R T  In 1 1 L
2 a

( 21)

w here  a =  exp (emirl/R T ), we o b ta in  th e  fo llow ing ex p ressio n  fo r th e  overall 
adso rp tio n  iso th e rm

e l( . )  -  2 R T v M
f) ln y (x) f  

Ö In x  J
- l

_x(m)dt 
2oyW , 1 /

[1 t]

( 22)

I n  th e  above, tra n s fo rm  (21) is th e  re su lt of tra n s fo rm a tio n  o f th e  in teg ra tio n  
ra n g e  (emin, -|- o o )  to  th e  in te rv a l ( — 1,1) accord ing  to  co n d itio n s (6). I t  is 
k n o w n  th a t  in  th e  in te rv a l ( — 1,1) th e  o rth o g o n a l L egendre  po lynom ials are 
de fin ite . These po lynom ials  are  v e ry  conven ien t in  n u m erica l ca lcu la tions, b e 
cau se  in tegrals (14) can  be o b ta in e d  an a ly tica lly .

B y com paring  E qs (8) an d  (20), we f in d  th e  an a ly tic a l fo rm s of th e  func
tio n s  B(x), H(x)  an d  S(t)

B ( * > -  2ay{x) + 1 Ж » )  -  2“
c' c

/ '(* )  =  m  1 r 1 S(t) =  1

dy{x)
dx

(23)

I t  can  be seen th a t  th e se  fu n c tio n s sa tisfy  th e  req u irem en ts  o f E q . (9). These 
fu n c tio n s are used  to  e v a lu a te  th e  coefficients С,- in  lin ear sy s tem  (17). Consider
in g  E qs (18) and  (21), we o b ta in  th e  follow ing fin a l exp ression  fo r th e  adso rp 
tio n  energy d is tr ib u tio n

%(e) — 2a R T  exp
R T

N

У С . Р ,  1
1 = 1

2a exp
— e 

R T
(24)

R e s u l t s  a n d  d i s c u s s i o n

The num erica l m eth o d  fo r e v a lu a tin g  th e  energy  d is tr ib u tio n  function  
h as  been  applied to  tw o  a d so rp tio n  system s: argon  on ru tile  a t  85 K , and  argon 
on  A erosil a t 77.5 K .
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T he f irs t  of th ese  system s has b een  in v es tig a ted  ex ten siv e ly  b y  a n u m b e r 
of au th o rs  [11, 15, 16, 25] and  its  p ro p e rtie s  are w ell docum en ted . We h av e  
chosen th is  sy stem  to  com pare  th e  re su lts  p rov ided  b y  our num erica l m e th o d  
w ith  th e  re su lts  o b ta in ed  p rev io u sly  b y  o th e r in v es tig a to rs . A m ong th em , th e  
n u m erica l resu lts  of D o r m a n t  an d  A d a m s o n  seem  to  be th e  m ost a c cu ra te  
[11]. T he D o r m a n t — A d a m s o n  m eth o d  [11] is a m e th o d  of successive a p p ro 
x im atio n s , w hich has been  te s te d  b y  com paring  i t  w ith  th e  calorim etric  re su lts  
of D r a i n  and  M o r r i s o n  [25] e x tra p o la te d  to  th e  zero te m p e ra tu re  lim it. U n 
fo r tu n a te ly , th e re  are tw o  lim ita tio n s  of th is  m ethod . F irs tly , i t  is v e ry  tim e- 
consum ing  and  secondly , D o r m a n t  a n d  A d a m s o n  accep t th e  cu sto m ary  fo rm  
of th e  B E T  eq u a tio n ; in  o th e r  w ords, th e y  assum e th a t  p a ra m e te r  к in  E q . (3) 
is eq u a l to  u n ity . This is a ra th e r  c rude  assu m p tio n  an d  leads to  strong  d isag ree
m en t w ith  ex p erim en t a t  h igher re la tiv e  coverages. T his w as p ro b ab ly  th e  r e a 
son w h y  D o r m a n t  an d  A d a m s o n  have  ta k e n  th e  e x p e rim e n ta l po in ts from  th e  
coverage reg ion  co rrespond ing  m ain ly  to  m onolayer a d so rp tio n , i.e. th e  p o in ts  
below  1200 cm 3/g a t  S .T .P . W ith  su ch  lim ita tio n s on th e  ex p erim en ta l d a ta , 
our n u m erica l m eth o d  y ields e ssen tia lly  sim ilar re su lts  to  those  of D o r m a n t  

and  A d a m s o n . T his is show n in F ig  .1 w here th e  sh o rt-d a sh ed  line denotes fu n c 
tio n  Xi(e) ca lcu la ted  from  e x p e rim e n ta l po in ts  below  1200 cm 3/g accord ing  to  
E q . (24), th e  long -dashed  line co rresponds to  fu n c tio n  (e) calcu lated  from  all 
th e  ex p e rim en ta l p o in ts  an d  th e  solid  line rep resen ts  th e  fu n c tio n  of D o r m a n t  

and  A d a m s o n . In  n u m erica l ca lcu la tio n s of these  fu n c tio n s th e  co n stan t w as 
used  c' as e v a lu a te d  b y  D o r m a n t  an d  A d a m s o n  [11].

I f  all th e  ex p e rim en ta l d a ta , in c lud ing  th o se  in  th e  region of m u ltila y e r 
coverage, are ta k e n  in to  acco u n t, th e  energy  d is tr ib u tio n  tak es  a form  w hich  
is s lig h tly  d ifferen t from  th a t  show n in Fig. 1.

N ow  th e  questio n  arises of w hich  energy  d is tr ib u tio n  is m ore rea lis tic . 
F o r th is  reaso n  we h av e  e v a lu a te d  th e  ap p ro p ria te  th e o re tic a l adso rp tio n  iso 
th e rm s  fo r th e  w hole p ressu re  reg ion  using  b o th  o u r an d  th e  D o r m a n t  —  

A d a m s o n  energy  d is tr ib u tio n . T he com parison  of th e  th e o re tic a l and  e x p e ri
m e n ta l iso therm s is show n in  F ig . 2. I t  seem s th a t  ou r th e o re tic a l iso therm  y ie ld s 
th e  sam e ag reem en t in  th e  low -pressure region, an d  a m uch  b e tte r  one in  th e  
reg ion  o f v e ry  h igh  coverages. T herefo re , we feel th a t  th e  energy  d is tr ib u tio n  
e v a lu a te d  from  E q . (24) using  all ex p erim en ta l p o in ts  is m ore realistic .

F o r  a fu r th e r  illu s tra tio n  o f ou r m eth o d , we have  chosen  th e  system  argon  
on d e lta  a lu m in a  (A erosil) a t  77 .5K , in v es tig a ted  e x p e rim en ta lly  and  th e o re t i 
cally  b y  N i c o l a o n  an d  T e i c h n e r  [26]. The specific  surface area  of d e lta  
a lu m in a , consisting  o f d isc re te , sph erica l, nonporous p a rtic le s  (Aerosil D egussa 
P  110 С I), m easu red  b y  n itro g en  a d so rp tio n , w as eq u a l to  98.5 m 2/g.

T h u s th is  sy stem  involves th e  sam e ad so rb a te  (argon) b u t  a d ifferen t so lid  
surface. I n  ad d itio n , th e  system  w as in v es tig a ted  a t  v e ry  sim ilar te m p e ra tu re s . 
In  th e  case of th is  p a r tic u la r  system  our num erica l m e th o d  is illu s tra te d  in  m ore
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Fig. 1. The energy distribution  functions xA 8)  f ° r t îe adsorption system  argon-rutile a t 
85 K. Solid line: function  ^ 1(e) obtained by D o r m a n t  and A d a m s o n  [11], short-dashed line: 
function  ^ (e )  calculated from  the experim ental points below 1200 cm3/g a t S.T.P., long-dashed 
line: function x A e) calculated from the whole adsorption isotherm. The two last functions 
XAe)  were calculated according to  Eq. (24). All functions xA e) are norm alized to monolayer

capacity N m, i.e. Zl(e ) =  N mX(e)

- i g  *

Fig. 2. Theoretical adsorption  isotherm s N t(x) vs. log x for argon on ru tile  a t 85 K, obtained 
from  our function ^ ( e )  (long-dashed line) and from  the D o r m a n t — A d a m s o n  function x A e)

(solid line in  Fig. 1).

Acta Chim. (Budapest) 88,1976



JARONIEC, RUDZINSKI: MULTILAYER ADSORPTION OF GASES 359

Fig. 3. Energy d istribution  functions Xi(e) f°r th e adsorption system  argon-aerosil a t 77.5 K. 
Dashed lines: functions Xi(e) calculated for different numbers of layers formed, viz. n =  2, 3, 
5, oo; solid line: function xA 8) f ° r the best-fit param eter of к =  0.68. All functions Xi(e) are 

normalized to m onolayer capacity and have been calculated according to Eq. (24)

Fig. 4. Theoretical adsorption isotherm s for argon on aerosil a t  77.5 K, plotted for the whole 
pressure region. Solid line: N t(x) calculated from the function xA e) obtained for к =  0.68 (see 
Fig. 3), short-dashed line: theoretical isotherm  calculated according to  Eq. (1), long-dashed 

line: theoretical isotherm  calculated according to  the Eq. (3)
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d e ta il . We have ac c e p ted  th e  fo rm  of th e  B E T  eq u a tio n , assum ing  a fin ite  
n u m b e r  of layers fo rm ed  on th e  a d so rb e n t surface, i.e. th e  fo rm  w here p a ram e
t e r  к  does n o t ap p ear. In  th e  n u m erica l p rocedure  к in  E q . (20) is ta k e n  to  be 
e q u a l to  u n ity .

A ssum ing n =  2, 3, 5 an d  n =  o o ,  we have e v a lu a te d  th e  re la te d  energy  
d is tr ib u tio n  fu n c tions, w hich  are show n in  F ig . 3. U sing th e se  d is tr ib u tio n s , we 
h a v e  ev a lu a ted  th e  th e o re tic a l a d so rp tio n  iso therm s co rresp o n d in g  to  th e  
fu n c tio n s  ;jq(g) in  F ig . 3. I t  is in te re s tin g  to  no te  th a t  th e  b e s t ag reem en t w ith

X=P/Ps

Fig. 5. Theoretical adsorption isotherm s from Fig. 4 for the m onolayer pressure region

e x p e rim e n t w ould a p p e a r  for 2 <[ n <  3, if  th e  n u m b er o f lay e rs  were tre a te d  
s ta tis tic a lly . P a ra m e te r  n was t re a te d  in  th a t  sense in  th e  p a p e r  of N i c o l a o n  

a n d  T e i c h n e r  [26], w ho have fo u n d  th a t  th is  n u m b er does n o t exceed 2.52. 
T h is fa c t can be reg a rd ed  as a d d itio n a l su p p o rt for th e  re lia b ility  o f our m ethod .

N ex t we used  th e  m od ified  form  of th e  B E T  eq u a tio n , w hich  can be ob
ta in e d  from  E q . (20) fo r n =  o o  an d  к £ (0.1). I t  is n o te w o rth y  th a t  th e  best 
d is tr ib u tio n  fu n c tion , i.e., fu n c tio n  ^ ( e )  ca lcu la ted  for к =  0.68 (see F ig . 3), 
lies be tw een  those e v a lu a te d  fo r n =  2 an d  n =  3.

W hen  com pared  w ith  p rev ious re su lts , th is  is co n sis ten t w ith  th e  sugges
tio n s  o f N i c o l a o n  an d  T e i c h n e r . In  a d irec t w ay, th e  re lia b ility  of th is  resu lt 
c an  be  checked b y  co m p arin g  th e  a p p ro p ria te  th eo re tica l iso th e rm  w ith  th e  
e x p e rim e n ta l d a ta . F ig u res  4 an d  5 show  th a t  th e  ag reem en t is sa tisfac to ry . 
T h e  p a ram e te rs  of th e  th e o re tic a l a d so rp tio n  iso therm s show n in  Figs 4 and  
5 a re  sum m arized  in  T ab le  I.
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Table I

Parameters o f the theoretical adsorption isotherms 
shown in Figs 4 and 5

Iso th e rm  eq u atio n (m /g) к c o r c’

BET, Eq. (1) 37.05 1.00 c =  49
BET, Eq. (3) 41.10 0.71 c =  44
Eq. (22) 41.5 0.68 c '=  4000

T he n u m erica l d a ta  rep o rted  show  th e  im p o rtan ce  of th e  m odified  B E T  
e q u a tio n  in  th e  investig a tio n s of m u ltila y e r  adso rp tion  on heterogeneous su r
faces. T he w idely  used  m ethod  of D o r m a n t  and  A d a m s o n  does n o t allow  to  
in tro d u ce  th is  im p ro v em en t. This w as th e  reason  w hy  we have developed  a 
sim ple num erica l m e th o d  for e v a lu a tin g  h e te ro g en e ity  effects.

T he s tu d y  of argon  adso rp tion  on  A erosil, assum ing  hom ogeneous and  
heterogeneous surface ap p ro x im atio n s, gave b u t  slig h tly  d ifferen t va lu es  of 
p a ra m e te rs  к and  n (see Table I, an d  th e  discussion re fe rring  to  F ig . 3). T hus 
th e  h e te ro g en e ity  of th e  adso rben t su rface  has no defin ite  effect on th e  n u m b e r 
of ad so rp tio n  layers fo rm ed . The p ositive  a sp ec t of th is  conclusion is th a t  i t  m ay  
fa c ilita te  fu tu re  th e o re tic a l stud ies o f m u ltila y e r ad so rp tio n  on heterogeneous 
surfaces.
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N-(2-hydroxy-l-naphthalidene)-/5-alanine (H 2N/SA) forms solid chelates w ith 
L a(III), Ce(III), P r(III) , N d (III), S m (III) and G d(III). The magnetic m om ents and 
infrared spectra of these chelates are discussed. Some ligand-exchange reactions of 
these chelates have been studied.

In tro d u c tio n

M etal chela tes of som e t r id e n ta te  Schiff bases [1] have been s tu d ied  in  
th is  la b o ra to ry . A su rv ey  of th e  l ite ra tu re  [2] in d ica tes  th a t  no sy stem atic  
s tu d y  of th e  chela tes of N -(2 -h y d ro x y -l-n ap h th alid en e)-/? -a lan in e  w ith  L a (I I I ) , 
C e(III) , P r ( I I I ) ,  N d (I I I ) ,  S m (III)  an d  G d (III)  has been  carried  o u t. I t  was 
there fo re  considered  in te re s tin g  to  perfo rm  physicochem ical in v estig a tio n s 
on these  ch e la tes . The re su lt o f th ese  stud ies are discussed in  th is  com m uni
ca tion .

Fig. 1. W here M stands for L a(III), Ce(III), P r(III) , N d(III), S m (III) and G d(III)

E xperim en ta l

Materials

L a (lII) , C e(III), P r(III) , N d (III), S m (III) and G d(III) n itra tes and EDTA were of 
analytical reagent grade. 2-hydroxy-l-naphthaldehyde was a F luka /S-alanine (L .R .) a BDH 
product.

Molecular weights were determ ined ebulliom etrically, using a Gallenkamp semimicro 
ebulliom eter. M agnetic susceptibility m easurem ents were made on a Gouy apparatus, using
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Table I

Analyses, yields, molecular weights and values o f N-(2-hydroxy-l-naphthalidene)-

Com position of chelate*
Y ield

%

A nalysis

F o u n d  (% )

C H N M etal

H [L a C28H22N20 6] 76 53.92 3.61 4.42 22.22

H[Ce C28H22N A ] 74 53.81 3.63 4.44 22.39
H [P r C28H22N2Og] 69 53.76 3.59 4.45 22.47
H [N d C28H22N ,06] 79 53.49 3.59 4.45 22.88

H[Sm  C28H22N20 6] 77 52.91 3.60 4.39 23.61
H [G d C28H22N2Oc] 79 52.39 3.52 4.29 24.48

* Bis N-(2-hydroxy-l-naphthalidene)-/9-alanine M (III); where M represents La, Ce, Pr, 
Nd, Sm or Gd.

m ercury  (I I) tetra th iocyanatocobalta te  as a reference [3]. Infrared  spectra in nujol were recorded 
on a Perkin Elmer Spectrophotom eter using a sodium chloride prism.

Synthesis of H 2NjdA. E quim olar quantities of 2-hydroxy-l-napht,haldehyde (3.4 g) 
and /9-alanine (0.9 g) were dissolved in ethanol and w ater, respectively, and their solutions 
were mixed. Two drops of piperidine were added to the m ixture, which was then refluxed for 
2 hrs. The yellow solution ob tained  was allowed to stand overnight in a refrigerator for crystalliza
tion . The yellow crystals th u s  separated were recrystallized from ethanol. The yield was found 
to  be quantitative, m .p. 180 °C.

Analysis:
Calcd. for [C14H 13N 0 3] C 69.13; H 5.34; N 5.76.
Found C 68.92; H  5.11; N 5.69%.

Synthesis of rare ea rth  chelates. A solution of the rare earth  n itra te  (0.02 M ) in 80% 
ethanol was slowly added to  an ethanolic solution of H2N/9A (0.023 M )  and the m ixture was 
thoroughly  mixed. To th is m ix ture , dilute ammonia (1 : 20) was added dropwise till a flocculent 
yellow mass was formed. S tirring  was continued for 5— 6 hrs, and after allowing to stand, the 
solution was filtered, w ashed w ith ho t ethanol, dried and preserved in  a vacuum  desiccator. 
The yields, analyses and m agnetic m om ents are sum marized in Table I. The chelates prepared 
show a 1 : 2 metal-ligand stoichiom etry.

Ligand replacement reactions. The Bis N -(2-hydroxy-l-naphthalidene)-/Lalaninato- 
ine ta l chelate (0.01 M )  th u s  synthesized was added to a suspension of EDTA (0.01 M ) in 
w ater and the m ixture was heated on a w ater-bath  for 3 hrs. On cooling the solution, the 
H 2N/9A separated out was ex trac ted  into chloroform. On concentrating and cooling the aqueous 
solution, crystals of the EDTA -chelate were obtained which were separated, dried and pre
served in a vacuum desiccator.

On cooling the concentrated  chloroform ex trac t, crystals of H 2N/9A were obtained and 
th e  yield was found to  be alm ost quan tita tive  in all cases.

R esults and  discussion

The m etal ch e la te s  u n d e r in v estig a tio n  do n o t d isp lay  sharp  m elting  
p o in ts  b u t th e y  decom pose above 225 °C w ith o u t m eltin g , giving oxides a t  
460 490 °C. T hese co m pounds are insoluble in w a te r  as well as in com m on
organ ic  solvents.
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ß-alanine chelates o f  rare earths

M olecu lar w eig h t
p ef{ (B .M . a t  

303 K )
C alcd . (% )

c H N M etal F o u n d Calcd.

54.11 3.70 4.51 22.37 610 620.9 —

54.01 3.53 4.50 22.52 612 622.1 2.23
53.94 3.53 4.49 22.62 609 622.9 3.33

53.65 3.51 4.47 23.02 615 626.2 3.58

53.13 3.47 4.42 23.77 621 632.3 1.56
52.56 3.44 4.38 24.59 625 639.2 7.90

The b ro ad  b a n d  p resen t in the  IR  sp ec tru m  o f th e  ligand  a t 2575 c m -1  
a t tr ib u te d  to  th e  c a rb o n y l group is ab sen t in  th e  sp ec tra  of th e  chelates. S tro n g  
b an d s a t 1690 c m -1  a n d  1600 c m ”“1 are due to  rC =  0  an d  rC =  C resp ec tiv e ly . 
On che la tion , th e  lig an d  shows no sh ift in  th e  rC =  0  a lth o u g h  a decrease in  
th is frequency  on ch e la tio n  w ith  som e tr a n s it io n  m eta ls  has been re p o rte d  in  
the  lite ra tu re . H o w ev er, in the  sp ec tra  o f th e  ra re  e a r th  chela tes of sa licy lalde- 
hyde [4] and  ace to ace tan ilid e  [5] also, no  sh ift in  th e  ca rb o n y l frequency  is o b 
served on ch e la tio n .

Bis N -(2 -h y d ro x y -l-n ap h th a lid en e )-/3 -a lan in a to lan th am im (III)w as  fo u n d  
to  be d iam ag n etic . T h e  m agnetic  m om ents (spin-free v a lu es , T able I) o b ta in e d  
ex p erim en ta lly  for th e  rem ain ing  rare  e a r th  chela tes are in fa ir  ag reem en t w ith  
th e  values re p o rte d  fo r  ty p ica l la n th an id e  su lfa tes [6]. These values suggest 
th a t  th e  la n th a n id e  ion  resem bles a p p ro x im a te ly  th e  free ion as fa r as th e  f -  
electrons arc c o n ce rn ed .
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Drop volumes a t m oderate speed of drop form ation m easured in non-equilibrium  
systems were compared with those m easured in the equilibrium  systems and w ith  da ta  
calculated from  literatu re  correlations for the case of an equilibrium . The dependence 
of drop volum e upon the concentration of transferring solute was found to be the same 
in the equilibrium  as in the non-equilibrium  system under the experim ental conditions 
used.

D rop size is an  im p o rta n t fa c to r  d e te rm in ing  th e  r a te  of mass tra n s fe r  
across an  in te rface . D rop  fo rm atio n  as a process d e te rm in in g  th e  drop  size has 
been  s tu d ied  ex p e rim en ta lly  and  th e o re tic a lly  by  m an y  au th o rs . H ow ever, th e  
process is v e ry  com plex  and  is n o t y e t fu lly  u n d erstood . A lm ost all d a ta  av a ilab le  
in  th e  l i te ra tu re  re la te  to  system s w ith o u t m ass tra n sfe r . I t  is th e  p u rp o se  o f 
th e  p resen t w ork  to  p a r tly  fill th is  gap.

E xperim en ta l

The dependence of drop volume on the concentration of transferred solute was investi
gated in the system  w ater-acetic  acid-benzene (acetic acid as the transferred  component, was 
added to w ater only; w ater was the dispersed phase). W ater and benzene (originally of an a ly ti
cal grade) used in th e  experim ents have always been twice fractionally redistilled. The second 
redistillation has been performed no more then  two days before the  experim ent. Of course, 
bo th  liquids have been m utually  saturated . Benzene has been in contac t only w ith glass p a rts  
of the apparatus except the external walls of the nozzle. Great care was taken to avoid any 
contam ination of m aterials and of the apparatus.

The experim ental apparatus was of a conventional type. A vertical glass column of 90 
mm inner diam eter and approxim ately 400 mm in height was provided w ith a rec tangular 
jack e t for circulating benzene a t 25 °C tem perature . The drops were formed a t stainless steel 
nozzles made of hypoderm ic needles sharpened on a w atchm aker’s lathe. The nozzles were 
microscopically exam ined and were rejected if no t sharp and free from  defects under a 48-fold 
magnification. The inner diam eters of the nozzles were measured in the same way to  w ith in  
0.003 mm. The nozzle was connected w ith a glass syringe by polyethylene tubing and it  was 
subm erged in the fluid field 9 to 11 mm. The syringe was joined to  the apparatus which allows 
the  liquid of dispersed phase to flow a t a constan t and slow rate.

All drops were formed a t the volum etric flow-rate of the dispersed phase of 0.0121 cm’/s. 
Concentrations were determ ined a t the in s tan t of drop detachm ent from  the nozzle.

Ten to tw elve drops were measured, b u t i t  was found th a t one drop is quite sufficient 
to  obtain reproducible results.
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Results and discussion

The m easured d ro p  volum es were co m p ared  w ith  th e  d a ta  calcu lated  
from  sem i-em pirical co rre la tio n s  given b y  Scheele  and  Meister  [1] and  b y  
Chazal and  Ryan  [2]. F u r th e r , the  th e o re tic a l dependence o f drop  volum e 
u n d e r  q u asi-sta tic  c o n d itio n s  (see Harkins an d  B rown [3]) w as included  in to  
th e  com parison. E q u ilib r iu m  values of p h y sica l p roperties o f th e  system  were 
u sed  w hen ev a lu a tin g  th e  d ro p  volum es fro m  th e  above co rre la tio n s in  sp ite  of 
th e  know n  fac t th a t  th e  in te rfac ia l ten s io n  o f  a non -eq u ilib riu m  system  m ay

Fig. 1. Comparison of m easured  and calculated drop volumes. C* Volumes given by the nozzle 
of th e  wetted inner d iam eter d =  0.1527 cm w ith  negligible concentration in  the continuous 
phase, cq =  0; О d — 0.1375 cm, system in equilibrium ; •  d =  0.1375 cm cq =  0; О  d =  
0.1068, cq =  0; 0  d =  0.0875, cq = 0. Line I represents the quasistatic volume, line II the 
C hazal-R yan correlation, line III th e  Scheele-M eister correlation. Full lines correspond to

d =  0.1375 cm

d iffer considerab ly  fro m  its  equ ilib rium  v a lu e , (cf. Valentine  [4]). We have 
u sed  th e  values o f in te r fa c ia l  tension  g iven  b y  H arkins an d  H umprey  [5] 
co rrec ted  so as th e ir  l im it  should coincide w ith  th e  value recom m ended  in 
In te rn a tio n a l C ritica l T ab les  [6] for th e  zero  co n cen tra tio n  level.

The com parison  o f  m easured  an d  ca lcu la ted  d a ta  is show n in Fig. 1. 
I t  can  be seen th a t  su rp ris in g ly , under th e  p re se n t ex p erim en ta l conditions th e  
d a ta  referring  to  eq u ilib r iu m  and n o n -eq u ilib riu m  system s do no t differ from  
one ano ther. T hus m ass tra n sfe r  has no e ffec t on the  vo lum e o f a drop form ed 
ex cep t in so fa r as i t  in fluences the p h y sica l p roperties of th e  system . S im u lta 
neously , all th ree  re la tio n sh ip s  chosen describe  the  tre n d  of th e  co n cen tra tio n  
dependence of th e  d ro p  volum e quite  w ell. T h u s it  is possible to  p red ic t th e  drop  
vo lum e in n o n -eq u ilib riu m  system s usin g  corre la tions derived  for equ ilib rium  
system s. This is im p o r ta n t  because th e re  are no corre la tions in the  l ite ra tu re  
dealing  w ith  n o n -eq u ilib riu m  system s, w hich  freq u en tly  occur in chem ical 
engineering p rac tice , w hile there  ex ist a n u m b e r of co rre la tions for equ ilib rium  
system s.
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Symbols

d inside d iam eter of nozzle,
C q  molar concentration  of acetic acid in benzene (continuous phase), 
Од molar concentration  of acetic acid in water (dispersed phase),
V p  drop volume
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The molecular interactions in  th e  binary systems chloroform—acetone and chloro
fo rm -m ethy l ethyl ketone were studied on the basis of ultrasound velocity m easure
m ents. The adiabatic compressibility, interm olecular free length and available volum e 
variations w ith the composition of the m ixture have been dem onstrated. The excess 
free length  and the excess com pressibility are found to  be negative.

Introduction

A tte m p ts  have been  m ade b y  F o r t  and  M o o r e  [1 ], P io t r o w s k a  [2 ], 
R e d d y  et al. [3], K a u l g u d  [4] an d  P r a k a s h  et al. [5] to  s tu d y  th e  b e h a v 
iou r o f b in a ry  liqu id  m ix tu res b y  m easu ring  sound v e lo c ity  and  ca lcu la tin g  
th e  a llied  p a ra m e te rs . We re p o rt th e  re su lts  o f a s tu d y  o f th e  liqu id  m ix tu re s  
c h lo ro fo rm -ace to n e  and  ch lo ro fo rm -m e th y l e th y l k e to n e . T he p a ra m e te rs  
re p o rte d  are a d iab a tic  com pressib ility , in te rm o lecu la r free len g th  an d  th e  
av a ilab le  vo lum e.

Experimental

The instrum en t and the method for the m easurem ent of sound velocity have beeen 
described previously [6]. The frequency used was 5 MHz and the tem peratu re  was m aintained 
a t 22 ± 0 .1  °C. The liquids were AR grade B D H  products and were fu rth er purified by standard  
methods. The densities compared well w ith  th e  literatu re  values. The liquid m ixtures of differ
ent mole fractions were prepared by adding the appropriate volumes to  dry volum etric flasks. 
A fter stabilization, the m ixtures were transferred  to  the ultrasonic cell and the velocity was 
m easured. The densities were measured by the pyknom etric technique. The probable error in 
the m easurem ent of sound velocity was 0.15% .

Results and discussion

T he a d ia b a tic  com pressib ility  (ß), th e  free len g th  (Lf) and  th e  availab le  
vo lum e ( Va) w ere ca lcu la ted  from  th e  follow ing eq u a tio n s:

1
ß =

v 2 p

Lf  - K ß 1'2

v„=v
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Mole fraction of chloroform

Fig. 1. Velocity and compressibility in the system s (CH3)2 CO—CHCI3 and m ethyl ethyl
ketone-C H C l3

w h e re  v is th e  so u n d  velocity  in  so lu tio n  a t  an y  c o n c e n tra tio n , v„ =  1600 
m /sec , V  the  m olar vo lum e and  К  a kn o w n  te m p e ra tu re -d e p e n d e n t c o n s tan t.

The resu lts a re  show n in th e  form  o f g rap h s. F igure  1 illu s tra te s  th e  v a r ia 
tio n s  in velocity  a n d  com pressib ility  w ith  th e  com position  o f th e  m ix tu re , 
w hile  in  Fig. 2 th e  free len g th  and av a ilab le  vo lum e are p lo tte d  aga in st th e  mole 
fra c tio n  of the  com m on liqu id  ch lo ro fo rm . T he n a tu re  o f th e  curves is such th a t  
it  d em o n stra te s  th e  n o n  linear b eh av io u r o f th e  m ix tu res  w ith  regards to  th e  
v a lu es  of v, ß, Lу an d  V a w ith  chang ing  com position  of th e  m ix tu res .

The availab le  vo lum e curve is concave  to  th e  mole fra c tio n  axis, show ing 
t h a t  th e  change is p o s itiv e . The free le n g th  decreases in  b o th  cases w ith  increas
in g  mole frac tion  of chloroform . W h ereas  in  th e  ch lo ro fo rm —acetone system  
th e  excess free le n g th  is negative , i t  is p ositive  in  th e  ch lo ro fo rm -m e th y l e th y l 
k e to n e  system . T he sign of excess co m p ress ib ility  for th e  fo rm er system  is 
n eg a tiv e , while th a t  fo r the  la t te r  is p o s itiv e  a t f irs t and  becom es negative 
la te r  on. A ccording to  F ort and  Moore  [1], th e  in te ra c tio n  is s tro n g er if  th e  
excess com pressib ility  is negative. T h is suggests th a t  th e re  is s tro n g  in te rac tio n

Acta Chim. (Budapest) 88,1976



PRAKASH et al.: INVESTIGATION OF MOLECULAR INTERACTIONS 373

Fig. 2. Free length  and available volume in the system s (CH3)2C0-CHC13 and m ethyl ethyl
ketone-C H C l3

betw een  ch lo ro fo rm  and acetone , th ro u g h  a hydrogen bond , a fac t w hich  is 
su p p o rte d  b y  th e  observations of M c G l a s h a n  and  R a s t o g i  [7], N i g a m  and  
M a h l  [8]. T h e  la t te r  have, d e m o n s tra te d  th e  existence of in te ra c tio n  b e tw een  
CHC13 an d  (C H 3)2CO on th e  basis of in te rch an g e  energy an d  v iscosity  v a lu es . 
T here  ex is ts  som e in te rac tio n  be tw een  ch loroform  and m ethy l e th y l k e to n e  too  
an d  i t  is s tro n g e r  w hen th e  mole fra c tio n  of chloroform  is h igher.
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M etallographie, electron microscopic and X -ray diffraction studies were made 
on Ni—Si, N i-A I-Si, Ni—Mg and N i-Z n alloys and on the non-pyrophoric skeleton 
catalysts prepared from  them .

I t  was found th a t , in spite of relatively rapid cooling, the phase structures of 
the alloys correspond to  th e  conditions depicted in the phase diagrams. The alkali used 
for dissolution purposes firs t a ttacks the phases containing th e  more inactive metals. 
In  the course of ca ta lyst p reparation  the inactive m etal is no t leached out completely, 
and interm etallic com pounds too rem ain in  the catalysts. The electron micrographs 
illustrate the indefinite surface geometries of the cata lysts w ith higher hydroxide 
contents.

The structure  of the skeleton ca ta lyst prepared from  the Ni Mg alloy differs 
from the other structures. I t  rem ains no t an interm etallic compound, b u t unalloyed 
magnesium unchanged after dissolution, and there is a large am ount of crystalline 
Mg(OH)2 in the catalyst.

Introduction

A p a rt from  th e  co n d itions of a lkaline leaching th e  p ro p ertie s  of skele ton  
c a ta ly s ts  depend  to  a large e x te n t on th e  s tru c tu re  of th e  in itia l alloy  an d  on 
th e  d is tr ib u tio n  of th e  alloy ing  elem ents. The a c tiv ity  o f c a ta ly s ts  p re p a re d  
from  alloys are  affec ted  ap p rec iab ly  b y  th e  n a tu re  and  p ro p o rtio n s  of th e  phases 
c o n s titu tin g  th e  alloy , th e  com positions and  p ro p erties  of th e  in te rm e ta llic  
com pounds an d  b y  th e  d im ensions of th e  ind iv idual c ry s ta llite s .

F o r exam ple , in  a s tu d y  of R a n e y  nickel Fasman and  P ushkarieva  
[1] found  th a t  a su b s ta n tia lly  m ore ac tiv e  c a ta ly s t can  be o b ta in ed  from  
alloys p red o m in a n tly  co n ta in in g  th e  in te rm e ta llic  co m p o u n d  NiA l3 th a n  from  
th o se  m ain ly  c o n ta in in g  Ni.,Al3: th e  a c tiv ity  was p ro p o rtio n a l to  th e  N iA l3 
c o n te n t of th e  a lloy  ( th e  ac tiv itie s  of th e  ca ta ly sts  w ere d e te rm in ed  in  th e  
h y d ro g en a tio n  of c in n am ic  acid  an d  o-n itropheno l). T he c a ta ly s t o b ta in ed  b y  
leach in g  an alloy  consisting  m ain ly  o f N i2A l3 sorbed m ore hydrogen  on its  su r
face . T he connection  b e tw een  th e  alloy  s tru c tu re  and  th e  c a ta ly tic  a c tiv ity  has 
b een  d ea lt w ith  b y  Mason  [2] an d  b y  Sassoulas and  T rambouze [3]. In  th e  
h y d ro g en a tio n  of ace tone , th e  la t te r  au th o rs  found  th e  c a ta ly s t  p rep a red  from  
th e  alloy  consisting  m ain ly  of N i2Al3 to  be m ore active th a n  th a t  p rep a red  from
N iA l3.
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P a rtic u la rly  w ell ap p licab le  to  th e  s tu d y  o f skeleton  c a ta ly s ts  are those 
m e th o d s  w hich p e rm it e x a m in a tio n  of b o th  alloys and  c a ta ly s ts :  X -ray  d if
fra c tio n , electron m icroscopy  an d  d e riv a to g ra p h y . O th er m e th o d s  can be used 
to  s tu d y  only th e  in itia l a lloys or th e  ca ta ly s ts . W hile m e ta llo g rap h y  is su itab le  
fo r d iscernm ent of th e  p h ase  s tru c tu re s  of th e  alloys (and  of th e  d iffe ren t so lubil
itie s  o f th e  phases in  a lk a li) , on ly  th e  c a ta ly s ts  can  be ex am in ed  w ith  th e rm o 
d e so rp tio n  and th e rm o m a g n e tic  m easu rem en ts .

In  earlier p ap ers  [4 6] we re p o rte d  s tu d ies  b y  th e rm a l m eth o d s on new
ty p e s  of ca ta ly sts  p re p a re d  from  Ni—Si, N i—Al—Si, N i—Mg an d  Ni—Zn alloys. 
W e now  wish to  re p o r t  a s tu d y  o f these  c a ta ly s ts  an d  of th e  s ta r tin g  alloys b y  
m eta llo g rap h y , e lec tro n  m icroscopy  and  X -ra y  d iffrac tion . F o r purposes of 
com parison , stud ies w ere also m ade on th e  D egussa В 113 c a ta ly s t ,  and on th e  
M erck  N i-A l alloy, w h ich  is su itab le  for p re p a ra tio n  of th e  tra d itio n a l, p y ro 
p h o ric  R aney  n ickel.

M etallographie e x a m in a tio n  [7] serves to  reveal th e  m ac ro s tru c tu res , 
p h ase  p roportions, c ry s ta llite  d im ensions, e tc . o f alloys. As reg a rd s  th e ir  p h y si
cal p roperties (h ard n ess , colour, lig h t re flec tio n , e tc .), th e  phases of a polished 
p iece of m etal differ from  one a n o th e r. D epend ing  on the  m e th o d  of ex a m in a 
tio n , ligh te r and d a rk e r , an d  possib ly  coloured areas can be observed  th ro u g h  
a m icroscope. I t  m ay  be  possib le to  d is tin g u ish  th e  phases m ore read ily  a fte r 
e tc h in g  in an a p p ro p r ia te  so lven t.

N um erous a u th o rs  have d ea lt w ith  th e  m e ta llo g rap h ic  ex am in a tio n  of 
N i—Al alloys co n ta in in g  40 — 50 w t %  n ickel, w hich  are su itab le  for c a ta ly s t 
p re p a ra tio n . I t  has b een  found  th a t  th e  alloy  is n o t hom ogeneous, b u t con
ta in s  phases co rrespond ing  to  th e  in te rm e ta llic  com pounds N iA l3 and  Ni2Al3 
a n d  a eu tectic  co n ta in in g  a b o u t 5 w t %  n ick e l [8 10]. A n in te rm eta llic  com 
p o u n d  NiAl also occurs in  alloys of h ig h er n ick e l co n ten t, b u t  th is  can n o t be 
decom posed w ith  a lk a li [3].

A num ber of a u th o rs  have found  th a t  th e  phases w ith  h ig h er a lum inium  
c o n te n ts  are m ore re a c tiv e  to w ard s a lkali th a n  are tho se  co n ta in in g  less a lu 
m in iu m  [3, 10, 11], w hile th e  fa s te s t to  dissolve is th e  eu tec tic  A l- N iA l3 
[9, 12]. On th is basis , F reel  et al. w ere even  able to  dissolve N iA l3 selectively
[10]. H ow ever, th e  v iew  also ex ists  th a t  th e re  is no difference betw een  the  ra te s  
o f d isso lu tion  of N iA l3 an d  N i2A l3 [13].

O pinions are ev en  m ore d iv ided  as reg a rd s  th e  changes occurring  in  th e  
course of the  a lka line  d isso lu tion . P resnyakov  et al. [9, 12] and  A leikina  
et al. [11] found  th a t  in te rm e ta llic  com pounds w ith  increasing ly  higher nickel 
c o n te n ts  are form ed d u rin g  th e  leaching  p rocess and  th e  p u re  n ickel is p roduced  
via  these . A ccording to  Mason [2], F reel et al. [10] an d  L ittman and  B liss

[14], how ever, new  in te rm e ta llic  com pounds are n o t fo rm ed ; d isso lu tion  
begins a t p re fe ren tia l s ites w ith in  th e  phases, progresses w ith  a sharp  b o u n d a ry  
lin e , and  g rad u a lly  e x te n d s  to  th e  en tire  p h ase . D epend ing  on th e  e x te n t of
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leach ing , th e  re m n a n ts  o f th e  o rig inal phase can be o bserved  even  in  th e  f in a l 
c a ta ly s t.

T he scann ing  e lec tro n  m icroscope [15 —17] is su itab le  fo r in v es tig a tio n  of 
th e  surfaces of solid su b stan ces , e.g. th e  m orphology  o f pow ders. A reso lu tion  
eq u a l to  th e  d iam e te r o f th e  e lec tro n  beam  scanning  th e  sam ple (ab o u t 10 nm  
in th e  average m odern  in s tru m e n t) , and  p ic tu res w ith  a v e ry  h igh d e p th  of 
focus can  be o b ta in ed .

T ransm ission  e lec tro n  m icrog raphs of tra d itio n a l R a n e y  n ickel were f irs t 
p u b lished  by  Schechter  [18]. T he p ic tu res  show pock-ho led  surfaces, w ith  
pores 50 —100 nm  in  size. Y asamura  [19] found  p a rtic le s  o f th e  fresh ly  p re 
p a red  c a ta ly s t to  be p y ra m id a l in  shape . A ccording to  K nappwost  an d  Mader  
[20], th e  sponge-like m acro p artic le s  o f R an ey  nickel consist o f n ickel partic les  
and  am orphous a lu m in iu m  oxide hyd ro x id e .

S y stem atic  s tu d ies  b y  scann ing  e lec tron  m icroscopy w ere carried  ou t b y  
R obertson  et al. [21]. T h e ir re su lts  show  th a t  tw o c ry s ta llin e  phases can  be 
found  in  R an ey  n icke l: n eed le -shaped  b a y e rite  (A120 3 • 3 H 20 ) ,  th e  am o u n t of 
w hich depends on th e  sto ich io m etric  p ro p o rtio n  of th e  a lka li u sed  for d issolu
tio n , is s i tu a te d  on th e  n ick e l p a rtic le s , w hich have no c h a ra c te ris tic  shape. To 
a ce rta in  e x te n t th e ir  re su lts  are in  co n trad ic tio n  w ith  th e  fin d in g s of Y asa
mura , an d  K nappwost  an d  Ma d e r , in  th e ir  view  because  changes ta k e  place 
in  th e  s tru c tu re  of th e  c a ta ly s t  as a re su lt of th e  h ea t in v o lved  u n d e r th e  condi
tions of tran sm issio n  m icroscopy.

The m ost in fo rm atio n  on th e  in te rn a l s tru c tu re  of th e  alloys and  ca ta ly s ts , 
th e  n a tu re  of the  in d iv id u a l phases, an d  th e  changes ta k in g  p lace d u rin g  disso
lu tio n , can  be o b ta in ed  from  X -ra y  d iffrac tio n  stud ies [22].

In  th is  w ay, L idorenko  et al. [23] found  th a t  h ig h -te m p e ra tu re  d issolu
tio n  leads to  th e  fo rm a tio n  o f fine c ry s ta ls  in w hich th e re  is a s tro n g  d isto rtio n  
of th e  la ttic e . A t low  te m p e ra tu re s , a s tru c tu re  d iffering  co n sid e rab ly  from  
th is  is p ro d u ced ; th e  o rig inal c ry s ta l la ttic e  of th e  N i2Al3 is re ta in e d  (in place 
of th e  face-cen tred  cubic la ttic e  ch a rac te ris tic  fo r n ickel). K lyuchnikov  et al. 
[24] follow ed th e  a lka line  leach ing  b y  X -ra y  d iffrac tio n . T h ey  found  th a t  
com plete  rem oval of th e  a lum in ium  from  th e  in te rm e ta llic  com p o u n d  Ni2Al3 is 
v e ry  d ifficu lt, b u t th e  presence  of N iA l3 prom otes th e  leach in g  process.

C om bined X -ray  d iffrac tio n  an d  m eta llog raph ic  s tu d ies  w ere used b y  
P resnyakov  et al. [12] to  follow  th e  changes occurring  d u rin g  d isso lu tion . 
T h ey  fo u n d  th a t  th e  p rocess of leach ing  consists of tw o stages. T he alkali f irs t 
a tta c k s  th e  eu tec tic  of h igh  a lum in ium  c o n te n t and  rem oves i t  com ple te ly  from  
th e  alloy. T he f irs t m icrodefects  an d  c racks n e x t ap p ea r on th e  c ry s ta llite s  of 
th e  phases co rrespond ing  to  th e  in te rm e ta llic  com pounds; w ith  th e  g row th  of 
these  defects, increasing ly  m ore sign ifican t la ttice  defects an d  d is to rtio n s  are 
p roduced , u n til  f ina lly  th e  la ttic e  of n ickel a tom s in th e  in te rm e ta llic  com pound 
collapses com pletely .
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Experimental

Optical micrographs were prepared on a Reichert Me F microscope, a t magnifications 
of 100 and 550 times. A ppropriate pieces of the alloys were ground and polished in two, m utu
ally perpendicular planes, and the reflections of the surfaces were then  exam ined. To enhance 
th e  differences between the phases and to  follow the alkaline leaching, th e  samples were also 
photographed after etching w ith  10 w t%  NaOH  solution. The samples were kep t in alkali 
solution a t about 60 °C for sufficient tim e for th e  change to  be readily  perceptible.

Electron micrographs were taken  w ith a JE O L  JSM-U3 scanning electron microscope, 
a t magnifications of 3000 and  10,000 tim es. An accelerating poten tia l of 25 kV and a current 
of (0.2—0.5) X 10~u  A were used. The setting angle of the sample holder was 45°. The alloy and 
ca ta ly s t powders were fixed to  the sample holder w ith conducting silver pain t, and were 
exam ined after coating w ith  a conducting layer of vaporized gold.

The X-ray diffraction patterns were recorded w ith a Philips PW-1050 large-angle 
pow der diffractometer fitted  w ith  a Geiger-Müller counter, in au tom atic  operating mode, w ith 
Cu K a radiation (A =  0.15418 nm) filtered w ith a nickel disc, in th e  in terval of 2 0  = 5 —60°. 
More im portant data on th e  recordings: scan ra te  2 0  =  0.5°/m in; tim e constant of the in
teg ra to r circuit 8 sec; chart paper flow ra te  800 mm /hr. Recordings on samples containing zinc 
and  nickel had to be m ade u p  to  2 0  =  100° in  order to obtain evaluable patterns.

Alloys of the new types of catalysts were prepared by m elting the components together 
in an induction furnace. Technical m etals were used as base substances. Alloys containing 
silicon can simply be m elted together w ithout any danger of oxidation, and can be heated well 
above their melting points. In  this way highly fluid alloy m elts were obtained, which can be 
poured into moulds w ithout any danger, or can be dripped into running w ater and thus cooled 
rap id ly  to  room tem perature .

In  the preparation of magnesium- and zinc-containing alloys, the  m elts were covered 
w ith  a protective layer because of the low boiling points and ready tendencies of these m etals 
to  undergo oxidation. In  th e  case of N i-M g alloys a protective salt m ix ture  [25] was used to 
im pede oxidation, while for N i-Z n alloys finely divided charcoal was employed. These alloys 
were always cooled down together w ith th e  crucible, under running w ater.

The alloys were ground to  the appropriate dispersity in  a v ib ration  mill: the fraction 
w ith  a particle size sm aller th a n  63 pm , separated on a sieve series, was used for catalyst prep
aration . The inactive com ponent was leached w ith NaOH solution betw een 40 and 120 °C, 
and  the catalyst was th en  washed un til neu tral, and stored under distilled water. The exact 
conditions of leaching were determ ined so th a t the catalysts should have maxim um  activ ity  
in th e  hydrogenation of m odel compounds [26]. The nickel contents of the alloys and catalysts 
were reported earlier [5].

Prior to m easurem ents, the cata lysts were dried a t room  tem peratu re  in air. Because 
of its  pyrophoric nature , th e  Degussa R aney nickel could no t be exam ined directly, and thus 
i t  was freed from hydrogen under silicone oil [6 ] as described by C s ű b ö s  et al. [27].

Results and discussion

The s ta rtin g  N i—Al alloy fo r th e  D egussa R an ey  n ickel could  n o t be s tu d 
ied  m eta llog raph ically , as it  w as ava ilab le  only in th e  fo rm  of pow der; acco rd 
in g ly , for co m p ara tiv e  purposes th e  lite ra tu re  d a ta  [10] w ere relied  upon.

I t  can be s ta te d  in general o f th e  phase com positions of our alloys th a t ,  
w ith  th e  excep tion  o f  th e  N i-Z n  alloy , th e y  a p p ro x im a te  to  th e  equ ilib rium  
s tru c tu re s  show n in  th e  phase d iag ram s [28] (eq u ilib riu m  could n o t be e s ta b 
lished com pletely  d u rin g  th e  ra p id  cooling). T he p h o to g ra p h s  c learly  d em 
o n s tra te  th a t  th e  s tru c tu re s  of th e  tw o  p e rp en d icu la r sec tions are th e  sam e; th e  
p h ase  proportions ag ree , and  a t m o st th e  dim ensions of th e  e lem en ta ry  c ry s
ta ls  differ a little . S am ples ta k e n  from  d ifferen t p a r ts  of th e  alloy b u lk  show  
th e  sam e p ic tu re , th u s  th e  alloys w ere hom ogeneous.
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Fig. 1. O ptical micrographs of a N i-Si alloy; a 100 X,  b 550 X,  c after NaOH  etching, 550 X

T he N i-S i alloy (F ig . 1) is p ra c tic a lly  a single, un ifo rm  p h ase ; only  a l i t t le  
e u te c tic  is p resen t b e tw een  th e  la rge , in te rg ro w n  cry sta ls , an d  few holes are 
v isib le . T he alkali dissolves p rim a rily  th e  d a rk  eu tec tic ; th e  lig h t, N iSi2-(f-) 
phase  is a tta c k e d  a t  th e  edges an d  a t th e  cracks betw een  th e  in te rg ro w n  c ry s 
ta ls .

T he N i-A l-S i a lloy  (w ith  a com position  of 40 w t %  N i-5 5  w t %  Al—5 
w t %  Si) has a c h a ra c te r is tic a lly  p e rite c tic  s tru c tu re  (F ig . 2): a lig h te r sh e a th  
is a rran g ed  around  a so m ew h a t d a rk e r  cen tra l nucleus (c ry sta ls  sep a ra tin g  o u t 
p r im a rily  from  th e  m elt) in  th e  lig h t ph ase ; th is  sh ea th  is fo rm ed  from  th e  
c ry s ta ls  w ith  p a rtic ip a tio n  of th e  m e lt in  a solid phase p e r ite c tic  reac tio n . T he 
e u te c tic  com prises 15 2 0%  o f th e  alloy . Com parison c a n n o t be m ade w ith
th e  eq u ilib riu m  s ta te , fo r th e  phase  d iag ram  [29] shows th e  cond itions on ly  
above 600 °C. In  th e  course of th e  e tch in g  th e  eu tec tic  an d  th e  p e ritec tic  phase  
d issolve rap id ly  and  s tro n g ly , and  because of th is th e  lig h t reflec tions of th e  
phases change and th e  p e rite c tic  p a r t  w ill be darker. T he a lk a li a tta c k s  th e  
p r im a ry  c ry sta ls  w hich have  becom e lig h t too  (on p rac tica lly  th e ir  en tire  s u r 
face), an d  sm all holes fo rm  on th em .
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C

Fig. 2. Optical micrographs of a N i-A l-Si alloy; a 100 X , b 550 X , c a fter NaOH etching, 550 X

a b

Fig. 3. O ptical micrographs of a Ni-M g alloy; a 100 X ,  b 550 X
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C

Fig. 4. Optical micrographs of a N i-Zn alloy; a 100 X ,  b 550 X,  c after NaOH etching, 550 X

a b

Fig. 5. Scanning electron micrographs of Merck N i-A l alloy powder; a 3000 X,  b 10,000 X
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a b

Fig. 6. Scanning electron micrographs of a Ni—Si alloy powder; a 3000 X ,  b 10,000 X

a b

Fig. 7. Scanning electron micrographs of a N i—AI—Si alloy powder; a 3000 X , b 10,000 X

In  th e  N i-M g a lloy  (F ig . 3), th e  lig h t c rysta ls  of N iM g2 are su rro u n d ed  by  
a p p ro x im a te ly  th e  sam e am o u n t of d a rk  phase , of a ty p ic a lly  eu tec tic  n a tu re . 
T h e  in te re s tin g  o rdering  of th e  lig h t c ry s ta ls  is strik ing . On a lkaline e tch in g  th e  
e u te c tic  begins to  d issolve; for a long perio d  the  large N iM g2 c rysta ls  rem ain  
u n ch an g ed , and  th e  overa ll p ic tu re  does n o t change.

The s tru c tu re  of th e  N i-Z n  alloy (F ig . 4) differs to  th e  g re a te s t e x te n t from  
t h a t  expected  on th e  basis  o f th e  ph ase  d iag ram . A lthough  th e  p h o to g rap h s  
show  tw o phases m acroscop ically , sm all inclusions are also p re sen t inside b o th  
p h  ases. One reason  for th e  fo rm atio n  of th e  inclusions m ay  be th a t  th e  m e lt can
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a b
Fig. 8. Scanning electron micrographs of a Ni-M g alloy powder; a 3000 X ,  b 10,000 X

a b
Fig. 9. Scanning electron micrographs of a N i-Z n alloy pow der; a 3000 X, b 10,000 X

be held o n ly  a little  above its  m elting  p o in t because o f th e  high vapour p ressu re  
of zinc. As th e  X -ra y  d iffrac tio n  resu lts  (F ig . 19) in d ica te  th e  presence o f o n ly  
tw o in te rm e ta llic  com pounds, it  is p ro b ab le  th a t  th e  inclusions are sm all u n its  
of the  o th e r  phase . O n e tch in g , th e  a lkali dissolves p rac tica lly  only th e  lig h t 
phase (th u s  th is  is th e  N iZ n 3-phase), an d  th e  reflec tio n s o f th e  phases th e re fo re  
change: a f te r  e tch ing  th e  lig h t phase will be d a rk , an d  vice versa.

B ased  on th e  e lec tro n  m icrographs, it  can  be said  in  general o f  th e  
d ispersity  o f th e  alloy pow ders th a t  th e y  are s tro n g ly  heterogeneous: p a rtic le s  
of every  size from  sev era l te n  fim  dow n to  below  1 /im  can  be found in  th e m .

Acta Chim. (Budapest) 88,1976



3 8 4 BÉKÁSSY et «1.: COMPLEX STUDY OF NICKEL SKELETON CATALYSTS, VI

a b

Fig. 10. Scanning electron micrographs of Degussa В 113 N i-A l catalyst; a 3000 X , b 10,000 X

b

Fig. 11. Scanning electron micrographs of a N i—Si catalyst; a 3000 X ,  b 10,000 X

T h e  Ni—Mg alloy is co m p ara tiv e ly  fin e r, c o n ta in in g  partic les sm alle r th a n  1 цт  
in  a higher p ro p o rtio n .

The shapes o f th e  ind iv idual p a r tic le s  an d  the  n a tu re s  of th e ir  surfaces 
d iffer in the  alloys o f d ifferen t ty p e s . T he pa rtic le s  of th e  M erck N i—A1 alloy  
(F ig . 5) are an g u la r; w ell-defined apices an d  edges develop on g rind ing , an d  a 
lam ella r s tru c tu re  can  he observed a t c e r ta in  sites. These signs o f b r ittle  f ra c 
tu re  can be seen ev en  m ore m ark ed ly  in  th e  v e ry  read ily  g rindab le  N i-S i alloy 
(F ig . 6): the  p a r tic le s  have glassy, co n ch o id a l, flaked  surfaces. T he surface of 
th e  N i-A l-S i alloy  pow der (Fig. 7) is s im ila rly  a little  conchoidal, h u t  th e  edges 
an d  apices are s tro n g ly  rounded . The p a r tic le s  of the  N i-M g alloy  (F ig . 8) have 
irreg u la r shapes; b o th  b rittle -fra c tu re d  a n d  ro u n d ed  fo rm atio n s are to  be oh-
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served  on th em . The sm all, fine  p artic les ten d  to  ad h ere  to g e th e r in to  la rg e r 
agg lom erations. The pow der of th e  N i-Z n  alloy (F ig . 9) con ta in s s tro n g ly  w orn- 
dow n p a rtic le s ; th e  alloy is h a rd , and  its  grind ing  la s ts  a long tim e. T he surface 
of th e  partic les is r ib b ed  in p laces; th is  m ay develop from  th e  essen tia lly  d iffe r
e n t hardnesses of th e  alloy phases.

W hen  a th ic k  suspension  of th e  ca ta ly s t s to red  u n d e r liqu id  was t r a n s 
ferred  on to  th e  sam ple ho lder, no su itab le  p re p a ra tio n  w as ob ta ined . D ry in g  of 
th e  caked  m a te ria l alw ays y ie lded  a com pact, c rack ed  layer, w hich  d id  n o t 
give in fo rm atio n  on th e  in d iv id u a l partic les. To p re v e n t caking, in d iv id u a l 
partic les  were tra n sfe rre d  on to  th e  surface of th e  sam ple  ho lder b y  deposition  
from  a h igh ly  d ilu ted  c a ta ly s t suspension.

a b

Fig. 12. Scanning electron micrographs of a Ni—Al-Si ca ta ly st; a 3000 X , b 10,000 X

T he shape an d  n a tu re  o f th e  partic les  of th e  D egussa R an ey  n ickel (F ig. 
10) were u n changed  com pared  to  tho se  of th e  alloy , b u t  th e y  were genera lly  
sm aller. The fine g ra n u la r ity  read ily  discernible on th e  la rg e r surfaces is c h a r
ac te ris tic : besides som e in d ep en d en t, p resu m ab ly  a d h e re n t pieces, th e re  are 
m an y  sm all partic les  w hich belong  to  th e  grain.

W ell-defined  in d iv id u a l p a rtic le s  could n o t be se p a ra te d  from  th e  N i-S i 
c a ta ly s t (F ig. 11) even  b y  sed im en ta tio n , i t  consists o f lum ps in  th e  su sp en d 
ing liqu id  too . In  sp ite  o f th is , i t  can  be well seen on th e  m icrograph  (e.g. a t 
th e  edges) th a t  th e  m a te ria l is an  agg lom eration  of v e ry  fine in d iv id u a l p a r 
ticles. The N i-A l-S i c a ta ly s t  (F ig . 12) consists o f a d h e re n t spherical pa rtic le s  
w ith  no d efin ite  g eo m etry ; th e  m eta llic  p a r t  is covered  b y  a m ass of h y d rox ides, 
th e  presence of w hich was also confirm ed by  d e riv a to g rap h ic  m easu rem en ts 
[6]. The Ni—Mg c a ta ly s t (F ig . 13) adheres in to  la rg e r p a rtic le s ; th e  su rfaces of 
these  are uneven  and  s tro n g ly  hydro x id ic . D eriv a to g ram s show  th a t  th e  ca ta -
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а Ь

Fig. 13. Scanning electron micrographs of a Ni-M g catalyst; a 6000 X , b 10,000 X

a b

Fig. 14. Scanning elec tron  micrographs of a N i-Z n cata lyst; a 3000 X , b 10,000 X

ly s t  con ta ins nearly  5 0 %  M g(O H )2 [6], an d  th e  X -ra y  d iffrac tio n  p a t te rn  (Fig. 
18b) reveals th a t  a co n sid erab le  p ro p o rtio n  o f th is  is p resen t in  th e  crystalline 
s ta te .

The N i-Z n  c a ta ly s t  (F ig . 14) can  be read ily  sep a ra ted  in to  ind iv idual 
g ra in s  b y  sed im en ta tio n . T he surfaces of th e  partic les  are s tro n g ly  fea tu red ; 
in  th e  course of th e  leach in g  th e  in ac tiv e  co m p o n en t was rem o v ed  to  various 
d e p th s . The p la te-like  p a r ts  form ed on th e  su rface  of th e  c a ta ly s t  g rains b reak  
dow n in places ow ing to  m echanical effects during  leach ing ; p a r t  of the  
m a te r ia l  consists o f fin e  p a rtic le s , w hich sed im en t o u t w ith  d ifficu lty . In  places 
c a v itie s  of g rea ter d e p th  too  can  be seen, th e ir  size being below  1 pm .
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T he X -ra y  d iffrac tion  p a tte rn s  (F igs 15 —19) are so a rran g ed  th a t  th e  
p a tte rn s  o f an  alloy  ty p e  and  th e  c a ta ly s t  p rep a red  from  it ap p ea r side by  side.

In  th e  p resence of th e  tw o in te rm e ta llic  com pounds in d ica ted  b y  th e  phase 
d iag ram  (N iA l3 an d  Ni2Al3), th e  p resence  o f N iAl can n o t be d e tec ted  in  th e  
M erck N i—Al alloy (Fig. 15a), for its  re flec tio n s coincide w ith  those  of Ni„Al3. 
T he m eta llic  a lum in ium  in th e  eu tec tic  is in d ica ted  by  th e  w eak reflec tion  
v isib le  a t 2 0  -  38.50° (d =  0.2338 nm ).

In  genera l te rm s, th e  X -ray  d iffrac tio n  p a tte rn s  of our ow n alloys co rre 
sp ond  to  th e  phase  d iagram s. W ith  th e  ex cep tio n  of th e  N i—Zn alloy , in  ev e ry  
case th e re  ap p ears  a reflec tion  of w eak  in te n s ity , ind ica tiv e  o f th e  presence 
of a sm all a m o u n t of residual u n a llo y ed  in ac tiv e  m eta l. This can  be regarded  
as n a tu ra l  on ly  for th e  N i—Al—Si an d  N i—Mg alloys, w here th e  in ac tiv e  com po
n e n t w ith  its  low er m elting  p o in t is one of th e  com ponen ts o f th e  eu tec tic .

In  th e  case of th e  N i-S i alloy (F ig . 16a), w here we w orked  w ith  th e  alloy  
of com p o sitio n  correspond ing  p ra c tic a lly  to  th e  in te rm eta llic  com pound  N iSi2, 
i .e . to  th e  lim it o f th e  Si-(%-) phase , th e  presence  of residual u n changed  silicon 
c a n n o t be e s tab lish ed  w ith  com plete c e r ta in ty , because of th e  coincidence w ith  
th e  lines o fN iS i2. T his is, how ever, s tro n g ly  suggested  b y  th e  double lines (reflec
tio n  coincidence) to  be seen a t 2 0  47.3° (d =  0.1922 nm ) an d  a t  2 0  =  56.45°
(d =  0.1630 nm ). H ow ever, nickel is p re se n t in  traces  in  th e  N i—Si alloy ; th is  
is in d ic a te d  b y  th e  sm all peak  a t 2 0  =  44.32° (d 0.2044 nm ).

On th e  above basis, th e  conclusion m u s t be d raw n th a t  in th e  case of th e  
N i—Si alloy , a lth o u g h  th e  h ighest te m p e ra tu re  a tta in e d  du ring  th e  alloy ing  is 
well above th e  liqu id u s cu rve, ho ld ing  a t  th is  m ax im um  te m p e ra tu re  for 
5 10 m in is p ro b a b ly  no t su ffic ien t for com ple tion  of th e  process. This find ing
agrees w ith  th e  o b serv a tio n s of O m a r o v  et al. [30]: an  alloying tim e  of 10 m in  
is n o t en ough  in  th e  p re p a ra tio n  of a N i—Al alloy , i t  being  adv isab le  to  keep  
th e  m a te ria l in  th e  m olten  s ta te  for 30 40 m in.

I t  is w o rth  m en tio n in g  th a t  th e re  are  on ly  N i—Al com pounds (N iA l3 and  
N i2Al3) in  th e  N i—A l-S i alloy (Fig. 17a); th e  d iffrac tion  p a tte rn  does n o t con
ta in  lines c h a ra c te ris tic  of e ith e r N i-S i or N i-A l-S i com pounds.

Special a tte n tio n  was paid  to  th e  s tru c tu ra l  ex am in a tio n  of th e  N i-Z n  
alloy , fo r th e  added  reason  th a t  on g rind ing  th e  co m p ara tiv e ly  h a rd  alloy sep a 
ra te d  in to  frac tio n s of d ifferen t n a tu re s . T he X -ra y  d iffrac tion  p a tte rn s  also con
firm ed  o u r o b se rv a tio n  th a t  th e  p a r ts  re la tiv e ly  richer in  zinc can  be g round  
m ore easily  (F ig . 19a). The frac tio n  w hich  is m ore d ifficu lt to  d isaggregate  
(F ig . 20a) is p o o re r in  zinc, and  in  m an y  cases is com plete ly  u n su itab le  for c a ta 
ly s t p re p a ra tio n .

O nly  th e  lines of th e  N iZn com pound  ap p ea r in  such ‘re s id u a l’ N i-Z n  
alloys. In  c o n tra s t  w ith  N iZ n3, th is  co m p o u n d  can  h a rd ly  be decom posed even 
w ith  s tro n g  a lkali. F o r com parison , th e  d iffrac tio n  p a tte rn  of th e  alloy c o n ta in 
ing 45 w t %  nickel is also show n (F ig. 20b). T his com position  corresponds al-
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Fig. 15. X -ray d iffraction  patterns of Merck Ni—Al alloy and Degussa В 113 ca ta lyst

Fig. 16. X -ray  diffraction p a tte rn s of a N i-Si alloy and catalyst
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Fig. 18. X -ray  diffraction p a tte rn s  of a Ni Mg alloy and cata lyst
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Fig. 20. X-ray d iffraction patterns of N i-Zn alloys; a grinding residue of alloy containing 35 
wt% nickel (nickel content about 40 w t% ), b alloy containing 45 w t%  nickel
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m o st e x a c tly  to  th e  lim it of th e  ß1 =  p h ase , an d  b a re ly  d iffers from  th e  sto ich io 
m etric  N iZn com position .

In  th e  d iffrac tio n  p a tte rn  of th e  D egussa R an ey  n ickel (Fig. 15b) only  
th e  tw o s trong  b an d s  ch a rac te ris tic  of nickel can  be seen; th e re  is no longer an y  
in te rm c ta llic  com pound  in  th e  ca ta ly s t.

I t  is a com m on fea tu re  of our ow n c a ta ly s ts  th a t  n o t even th e  s tro n g est 
l i r e  of nickel ap p ears  sh a rp ly  a t 2 0  =  44.54° (d =  0.2034 nm ) in th e  X -ra y  
d iffrac tio n  p a tte rn . In  th e  m a jo rity  of cases, only  a lo w -in ten sity , v e ry  b ro ad , 
diffuse h an d  is in d ica tiv e  of free n ickel, while for th e  c a ta ly s ts  p rep ared  from  
th e  N i-Z n  alloy  no n ickel bands can be seen a t all; th is  is p rim arily  due to  
s tro n g  overlap  from  th e  in tense , fa irly  diffuse line of th e  N iZn com pound  a t 
2 0  =  43.36° (d =  0.2087 nm ).

Such an u n c e rta in  occurrence of th e  nickel line can  be exp lained  in th a t  
th e  size of th e  n ickel c ry sta llites form ed on leaching  is ju s t  on th e  lim it 
o f  th e  X -ray -am o rp h o u s range, or below  it ,  and  as d e m o n s tra te d  by  th e rm o - 
m ag n etic  m easu rem en ts  [5], th e ir  a m o u n t is low. A p p ro x im ate  calcu la tions 
w ere carried  ou t to  e s tab lish  th e  size of th e  c ry s ta llite s  from  th e  b roaden ing  of 
th e  reflec tions. F o r o u r ow n ca ta ly s ts  th is  v a lue  lies in  th e  in te rv a l of 5 — 7 nm , 
w hile th e  size of th e  c ry sta llite s  of th e  D egussa R an ey  nickel is ab o u t 5 nm . L ite r 
a tu re  d a ta  [31 — 34] in d ica te  th a t  th e  c ry s ta llite  size o f R an ey  nickel is b e 
tw een  4 and  10 nm .

X -ray  d iffrac tio n  p a tte rn s  of our c a ta ly s ts  also show  th a t  in te rm cta llic  
com pounds also are  re ta in e d  a fte r leaching . In  th e  case of th e  N i-Z n  c a ta ly s t 
(F ig . 19b) only  N iZ n, w hich is poorly  soluble in  a lkali, rem ain s; N iZ n3 d isap 
p ea rs  com pletely  d u rin g  th e  leaching.

In  th e  N i-S i c a ta ly s t  (F ig. 16b) a p a r t  o f th e  N iSi2, w hich  dissolves well 
in  a lkali, rem ains un ch an g ed . L ines of N i2Al3 ap p ea r in th e  d iffrac tion  p a tte rn  of 
th e  c a ta ly s t p rep a red  from  th e  Ni—Al—Si alloy  (Fig. 17b), w hereas th e  n ickel is 
re leased  com plete ly  from  th e  com pound rich e r in  a lu m in iu m , N iAl3, d u rin g  
leach ing . In d ire c tly , th ese  resu lts  also p o in t to  th e  d iffe ren t so lubilities in  
a lk a li of N iAl3 an d  Ni2A l3.

The inactive com ponen ts rem ain ing  u nalloyed  w ere leached  com pletely  
from  these  alloys w ith  alkali.

S im ilarly  as w ith  th e  D egussa R an ey  n ickel, in  th e se  th re e  ca ta ly s ts  th e  
X -ra y  d iffrac tion  p a tte rn s  d id  n o t reveal h y d rox ides fo rm ed  from  th e  in ac tiv e  
m e ta l, a lth o u g h  th e  d e riv a to g ram s [6] in d ica te  th a t  th e re  are such hydrox ides 
in  th e  c a ta ly s ts , in  am o u n ts  a t  a round  th e  lim it of d e tec tio n  b y  X -ray  d iffrac
tio n .

R esu lts  d iffering  from  th e  above w ere o b ta in ed  for th e  ca ta ly s ts  p re 
p a re d  from  th e  N i-M g alloy (F ig. 18b). The in te rm c ta llic  com pound  NiMg., in 
th e  alloy d isappears com pletely  in th e  course of leaching , while a p ro p o rtio n  
o f  th e  unalloyed  m agnesium  in th e  eu tec tic  rem ains p re se n t in  th e  c a ta ly s t.
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T h e c a ta ly s t  also co n ta in s  a s ig n ifican t a m o u n t of M g(OH)2. T h is is a conse
q u en ce  of th e  fac t th a t  M g(O H )2 is n o t an  am pho teric  su b s ta n c e ; it  is on ly  
w eak ly  soluble in  a lkali, an d  on its  fo rm a tio n , therefo re , th e  b u lk  of i t  rem ains 
in sid e  th e  ca ta ly s t or sep a ra te s  o u t on th e  surface from  th e  so lu tion . E x a c tly  
th e  sam e resu lts  reg a rd in g  th e  s tru c tu re  o f th e  N i-M g c a ta ly s t  w ere o b ta in ed  
b y  th e rm a l stud ies [5, 6].

T he resu lts  o f ou r in v es tig a tio n s  show  th a t  th e  alloys su itab le  fo r th e  
p re p a ra tio n  of sk e le ton  c a ta ly s ts  are  n o t hom ogeneous sy stem s: various phases 
deve lop  in  th em , w hich  m ay  be in te rm e ta llic  com pounds o f th e  c a ta ly tic a lly  
ac tiv e  and  inac tive  co m ponen ts, e u tec tic s , or pcritec tic  fo rm atio n s. The n a 
tu re s  and  q u a n titie s  of th e  phases d ep en d  on th e  n a tu re  of th e  in ac tiv e  com po
n e n t an d , for a given alloy , on th e  q u a n ti ta t iv e  p ro p o rtio n s of th e  ac tive  and  
in a c tiv e  com ponen t. T he s tru c tu re  o f th e  alloy  is ap p rec iab ly  affec ted  b y  th e  
a llo y in g  p a ram e te rs  to o : th e  h ig h est te m p e ra tu re  a tta in e d , th e  d u ra tio n  of 
m a in ten an ce  a t th e  h ig h est te m p e ra tu re , an d  th e  ra te  of cooling.

The d ifferen t effects of th e  in ac tiv e  com ponen ts a lu m in iu m , silicon, m ag 
n es iu m  and  zinc used  to g e th e r  w ith  n ickel can be ex p la in ed  in p a r t  by  th e  
d ifferences in th e  s tru c tu re s  of th e  alloys. I t  was found  th a t  w hen d iffe ren t 
in a c tiv e  com ponen ts are  used , eu tec tic s  an d  in te rm eta llic  com pounds o f d if
fe re n t com positions (e.g. №A13, N iS i2, N iM g2, N iZ n3) are  fo rm ed , th e  p h ysica l 
a n d  chem ical p ro p ertie s  of w hich also d iffer. A ccording to  th e  su p e rsa tu ra tio n  
th e o ry , one of th e  sources of th e  excess free energy  accu m u la tin g  in  solid su b 
s ta n c e s  on p re p a ra tio n  is th e  presence o f d ifferen t phases, an d  th e  su p e rsa tu ra 
tio n  o f th e  phases. The c a ta ly tic  a c tiv ity  is freq u en tly  p ro p o rtio n a l to  th e  excess 
free  energy . The d iffe ren t c a ta ly tic  p ro p ertie s  of c a ta ly s ts  p rep a red  from  th e  
v a rio u s  alloys can  be a t t r ib u te d  in  p a r t  to  th is  reason , an d  in  p a r t  to  th e  d if
f e re n t  degrees of decom position  of th e  in d iv id u a l phases b y  alkali.

F rom  th e  re su lts , a co rre la tio n  can  be d em o n stra ted  b e tw een  th e  cond i
tio n s  of c a ta ly s t p re p a ra tio n  an d  th e  s tru c tu re  of th e  in itia l alloy . The g rea te r  
th e  am o u n t of an a lk a li-re s is tan t in te rm e ta llic  com pound in th e  in itia l alloy  
(e.g. N i,A l3), th e  h ig h er th e  te m p e ra tu re , th e  longer th e  tim e , and  th e  m ore 
c o n c e n tra ted  th e  a lka li req u ired  for lib e ra tio n  of th e  to ta l  a m o u n t of th e  ac tive  
co m p o n en t. O ur new  ty p es  of c a ta ly s ts  o ften  con ta ined  resid u a l undecom posed  
in te rm e ta llic  com pound , as a sign o f th e  insufficiency o f leaching  b u t  th is  
re s id u a l alloy p lays an  im p o r ta n t role in  th e  developm ent of th e  non -pyropho- 
ric  p ro p ertie s  of th e  c a ta ly s ts . I t  also em erged  from  our s tu d ies  th a t  th e  phase  
le a s t  decom posed b y  alkali is in  th e  N i—Z n alloy; th e  N iZ n—ph ase  is p ra c tic a lly  
u n su ita b le  for c a ta ly s t p re p a ra tio n .

A nalysis of th e  s tru c tu re  of a given alloy, and  of th e  c a ta ly s t p re p a re d  
fro m  it, in  accordance  w ith  th e  above aspec ts , b rings us n e a re r  to  an  u n d e r
s ta n d in g  of th e  processes occu rring  on p re p a ra tio n  of sk e le to n  c a ta ly s ts , and  
o f  th e  re su lting  c a ta ly tic  p ro p ertie s .
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The mechanism of th e  platinum -catalyzed isomerization of 2-m ethyloxacyclo- 
alkanes (2-methyloxirane, 2-m ethyloxethane, 2-m ethyltetrahydrofuran, 2-m ethyl- 
te trahydropyran) has been studied. A microreactor technique in com bination w ith  gas 
chrom atography, a pulse technique, served as the experim ental method. The model 
com pounds were studied in a carrier gas stream  of hydrogen and helium, on p la tinum  
cata lysts on therm olite and carbon supports, and also on ammonia-poisoned cata lysts. 
E xam inations were further carried out w ith the reaction products and w ith a num ber 
of com pounds assumed as interm ediates. The experim ental data  indicate th a t  the 
mechanism of isomerization of the oxacycloalkanes depends on the num ber of atom s 
in  the ring, on the catalyst and on the reaction conditions, and differences exist in  the 
mechanism s of form ation of aldehydes and ketones. In  the form ation of aldehydes a 
significant role is played by the ca ta lyst sites w ith electrophilic character. In  th e  for
m ation of ketones the role of the platinum  catalyst and the hydrogen chemisorbed on 
the ca ta lyst as well as the partic ipation  of secondary alcohols as interm ediates has been 
experim entally dem onstrated.

I n t r o d u c t i o n

E a rlie r  in v estiga tions co n firm ed  th e  general ch a ra c te r  o f th e  iso m eriza 
tio n  of oxacyc loa lkanes to  oxo com pounds [1 3]. I t  has also been fo u n d  th a t
o f th e  2 -a lky loxacycloalkanes, ox iranes and  o x e th an es in  th e  presence o f  h y 
d rogen  an d  a p la tin u m  c a ta ly s t give rise to  b o th  a ldehydes and  k e to n es ; in  
a d d itio n , isom eriza tion  is observed , leading to  th e  fo rm atio n  of u n s a tu ra te d  
alcoho ls, as is hydrogenolysis, re su ltin g  in th e  fo rm atio n  of sa tu ra te d  alcohols 
[3]. These processes are show n in  th e  following schem es for th e  case of 2 -m cth y l- 
ox irane  an d  2 -m e th y lo x acy c lo b u tan e :

c h i = c h - ( ’H í- o h  ------------—-------- * -  CH3—CH2—CH2—OH
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In  th e  five- and  six-m em bered  cyclic e th e rs  th e  isom eriza tion  leads 
m a in ly  to  th e  correspond ing  ketones.

E x a m in a tio n  o f th e  p e r tin e n t l i te ra tu re  reveals  th a t  only th e  f i r s t  s tep s  
have b een  m ad e  as regards th e  s tu d y  o f th e  m echan ism  of oxacycloalkane  iso 
m eriza tio n  [4, 5].

In v e s tig a tio n  of th e  m echanism  of th e  changes is com plicated  b y  th e  
fac t th a t  th e  fo rm a tio n  of th e  p ro d u c ts  in  th e  tra n s fo rm a tio n  of oxacycloal- 
kan es can  be ex p la in ed  b y  various p r im a ry  and  seco n d ary  processes, i.e., s im u l
ta n e o u s  an d  consecu tive  changes, as is illu s tra te d  b y  th e  schem e for 2 -m eth y l- 
oxacycl o b u ta n e .

In  th e  p re se n t p ap e r an  acco u n t is given of o u r s tud ies on the  m echan ism  
o f th e  p la tin u m -c a ta ly z e d  isom eriza tion  of 2 -m ethy loxacycloalkanes, u tiliz in g  
th e  possib ilities  affo rded  b y  th e  pulse tech n iq u e . T he tran sfo rm atio n s o f  fo u r 
m odel co m p o u n d s (1, 2, 3 and  4) w ere s tu d ied  on th e rm o lite  as a c a ta ly s t  
su p p o r t (in th e  follow ing T ; th is  is a su p p o rt of d ia tom aceous ea rth  ty p e  u sed  
in  GC (GC =  gas ch ro m ato g rap h y )), on P t /T  and  P t/C  ca ta ly sts  (C =  ac tiv e  
ca rb o n  su p p o rt)  in  hyd rogen  and  helium  as ca rrie r gas, and  on am m o n ia-p o i
soned c a ta ly s ts .

1 2 3 4

D e ta ile d  ex am in a tio n s  were also perfo rm ed  w ith  a n u m b er of com pounds 
assum ed as in te rm e d ia te s , u n d er th e  sam e ex p e rim en ta l conditions as fo r th e  
m odel co m p o u n d s: u n sa tu ra te d  alcohols, s a tu ra te d  alcohols and  the  e n d -p ro d 
u c ts . A s tu d y  w as sim ilarly  m ade of th e  tra n s fo rm a tio n  of 2 -m e th y lfu ran , 
u n d e r th e  sam e ex p e rim en ta l cond itions as fo r 3.

M e t h o d s

Compounds studied. Of these 1 was a product of BDH, while 2, 3 and 4 were prepared 
by known m ethods [6— 8]. Before use, the starting  materials were purified by distillation, and 
their purities were checked by GC and IR .

Catalysts. The cata lysts were prepared as described earlier [9]. In  the experim ental 
work 1 ml of th e  P t/T  cata lyst, containing 10% platinum  m etal, and 0.2 ml of the Pt/C ca ta ly st 
containing 18.5% p la tinum  metal, were used. The active m etal contents of these two ca ta lysts 
were approxim ately  th e  same. M easurements were made betw een the sixth and th ir tie th  
pulses, where the activ ities and selectivities of the catalysts were approxim ately constan t. 
They were nex t ac tiva ted  [9], and the m easurem ent series repeated .

Experim ental method. The examinations were performed by  a pulse m icroreactor 
technique. The previously described pulse technique [9] was modified only in th a t raso therm  
glass was selected as th e  m aterial for the construction of the m icroreactor. The internal d iam 
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eter of the  microreactor was 6 mm. The m icroreactor was attached to  a Carlo E rba GV gas 
chrom atograph. Chrom atography conditions:
Colum n: Two 1 m glass columns, 4 mm in in ternal diam eter, connected in  series; the first 

contained 15% polyethyleneglycol w ith a m olecular weight of 20,000, on therm olite 
w ith  a grain size of 0.2—0.3 mm; the second contained 15% tris(cyanoethoxy)propane 
(Fractonitrile I I I )  on the same support.

Carrier gas: 60 ml hydrogen/m in, or 60 ml helium /m in.
T herm osta t tem perature: 120 °C.
D etector current: 140 mA.
In jec ted  sample: 0.005 ml.

Peaks were identified using authentic substances, and were evaluated quantita tively  via 
calib ration  curves.

R e s u l t s

A t th e  b eg inn ing  of th e  ex p e rim en ta l w o rk  i t  was found  th a t  in  th e  te m 
p e ra tu re  in te rv a l em ployed  th e  c a ta ly s t su p p o rts  were p ra c tic a lly  inac tive  in 
th e  tra n s fo rm a tio n s  of 3 and  4. T h e rm o lite , how ever, was ac tive  in  th e  case of 
1 a n d  2, w hich a t 250 °C u n d erw en t a tra n s fo rm a tio n  of ab o u t 5 0 % , w ith  th e  
fo rm a tio n  of m a in ly  th e  co rresponding  a ld eh y d es and  u n s a tu ra te d  alcohols. 
O n P t /T  and  P t/C  th e  conversions w ere con sid erab ly  h igher, an d  large d iffer
ences could also be observed  in  th e  d irec tio n s  of th e  reac tions. F ro m  th is  re 
sp e c t th e re  can be no d o u b t as to  th e  co rrec tn ess  of th e  conclusions d raw n w ith  
re g a rd  to  th e  isom erizing  effects of th e  su p p o rte d  m eta l c a ta ly s ts . The v a r ia 
t io n  in  th e  a c tiv ity  of th e  P t /T  was s tu d ie d  as a function  of th e  n u m b er of 
pu lses . F rom  th e  f if th  up  to  ab o u t th e  th i r t ie th  pulse, th e  a c tiv ity  and  selec
t iv i ty  of th e  c a ta ly s t  p roved  p ra c tic a lly  c o n s ta n t. Since th e  a c tiv ity  of th e  
c a ta ly s t  was re la tiv e ly  co n stan t be tw een  tw o  ac tiv a tio n s, m easu rem en ts  could 

be  ca rried  ou t w ith  th e  necessary  accu racy . In  spite  of th e  fa c t th a t  th e  c a ta 
ly s ts  were a c tiv a te d  u n d e r sim ilar c o n d itio n s , i t  could be o b serv ed  th a t  effects 
a ris in g  in  th e  a c tiv a tio n  of th e  c a ta ly s ts  d id  have a su b s ta n tia l in fluence on 
th e ir  surface s ta te s , and  th u s  on th e ir  a c tiv itie s  and  selec tiv ities.

In  th e  case o f 2 on P t/T , a s tu d y  w as m ade of th e  effect of th e  c o n ta c t 
t im e  on th e  p ro d u c t com position . The c o n ta c t tim e was co n tro lled  b y  v a ry in g  
th e  len g th  of th e  c a ta ly s t  bed  and  th e  r a te  o f  flow  of th e  ca rrie r gas. The ex p e ri
m e n ta l d a ta  show  th a t  th e  se lec tiv ity  to  b u ty ra ld e h y d e  fo rm a tio n  is inverse ly  
p ro p o rtio n a l to  th e  c o n ta c t tim e  (see T ab le  I).

The n a tu re  o f th e  active cen ters responsib le  for isom eriza tion  to  aldehydes 
a n d  ketones w as in v es tig a ted  b y  s tu d y in g  th e  tran sfo rm a tio n  of oxacycloal- 
k an es  on am m onia-po isoned  P t/T  an d  P t/C . T he ex p erim en ta l d a ta  are  g iven 
in  T ables I I  Y.

The resu lts  show  th a t  am m onia  does n o t affect th e  h y d ro g e n a tin g  a b il
itie s  o f th e  c a ta ly s ts , and  a t th e  sam e tim e  does no t poison th o se  ac tive  sites 
o f th e  c a ta ly s ts  w hich  are responsib le  fo r th e  fo rm ation  of k e to n es. A m m onia 
does have an  effec t, how ever, on th e  fo rm a tio n  of the  a ld ehydes. On th e  basis  
o f th ese  ex p e rim en ta l d a ta  i t  can  be s ta te d  th a t  th ere  is a ce rta in  d ifference
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Table I

Transformation o f 2-melhyloxethane as a function o f the length o f the catalyst bed

Selectivity (mol%)a

Catalyst Pt/Tb

Carrier gas Hydrogen

Temperature (°C) 230

Catalyst bed length (mm) 10 6 3 1
Conversion (%) 95 93 65 30

B utyr aldehyde 12 12 18 26

M ethyl ethyl ketone 9 9 10 12
1-Butanol 19 21 25 21
2-Butanol 5 5 6 8
Crotyl alcohol 0 2 3 0
Allyl carbinol 2 3 5 0
Decomposition products0 53 48 33 33

Symbols in  the Tables.
a Selectivity is based on 100 mol of the compound reacted 
b P t T  1 ml; Pt/C  0.2 ml; hydrogen flow 60 ml/min; injection 0.005 ml 
c Composition of gaseous decomposition products not examined 
d E xperim ental data before ammonia treatm en t 
e Experim ental data after ammonia tra tm en t 
f  Experim ental data after desorption of ammonia

Table II

Transformation o f 2-methyloxirane on ammonia-poisoned catalysts'’

Selectivity (mol%)a

Catalyst, temp. (°C) Pt/T, 250 Pt/C 250

Carrier gas Hydrogen Hydrogen

d e f d e

Conversion (%) 80 70 75 100 100

Propionaldehyde 33 21 30 0 0
Acetone 12 17 14 47 43
1-Propanol 12 10 12 0 0
2-Propanol 3 4 3 9 12
Decompn. products0 40 48 41 44 45

be tw een  th e  m echan ism s of iso m eriza tio n  of th e  cyclic e th e rs  to  a ldehydes and  
to  k e to n es. In  th e  isom erization  to  a ld eh y d es a sign ifican t role is p lay ed  b y  
th o se  ac tive  s ites of the  P t/T  w hich  can  he poisoned w ith  am m onia.

T he above find ings are su b s ta n tia te d  b y  th e  ex p e rim en ta l d a ta  in T ab les 
V I and  V II , w h ich  illu s tra te  th e  ro les of th e  p la tin u m  c a ta ly s t su p p o rts . On
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Table III

Transformation o f  2-methyloxacyclobutane on ammonia-poisoned catalystsb

Selectivity (mol%)a

Catalyst, temp. (°C) Pt/Т,  250 Pt/C, 250

Carrier gas Hydrogen Hydrogen

(1 e f d e

Conversion (%) 96 90 92 75 78

Butyraldehyde 15 10 16 3 min.
M ethyl ethyl ketone 9 9 9 30 26
Crotyl alcohol +  allyl carbinol 6 6 6 0 0
1-Butanol 16 19 15 17 20
2-Butanol 4 6 6 3 4
Decompn. products0 50 45 48 47 50

Table IV

Transformation o f  2-methyltetrahydrofuran on ammonia-poisoned catalysts''

Selectivity (mol%)a

Catalyst, temp. (°C) Pt/T, 300 Pt/C, 300

Carrier gas Hydrogen Hydrogen

d e f d e

Conversion (%) 80 76 75 77 87

M ethyl propyl ketone 54 54 56 64 66
Decompn. products0 46 46 44 36 34

Table V

Transformation o f  2-methyltetrahydropyran on ammonia-poisoned catalysts'5

Selectivity (mol%)a

Catalyst, temp. (°C) Pt/T, 300 Pt/C, 300

Carrier gas Hydrogen Hydrogen

d e f <1 e

Conversion (%) 74 80 80 87 92

M ethyl butyl ketone 
Decompn. products0

53
47

50
50

55
45

57
43

50
50
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Tabic VI

Effect o f the support on the transformation o f 2-methyloxirane

Selectivity (mol%)a

Catalyst Pt/Tb Pt/Cb

Carrier gas Hydrogen Hydrogen

Temperature (°C) 150 200 250 300 350 150 200 250 300 350

Conversion (%) 10 30 64 j 90 100 15 55 84 100 100

Propionaldehyde 33 30 33 : 32 7 0 5 0 0 0
Acetone 20 26 12 11 10 54 44 47 36 20
1-Propanol 35 21 12 7 3 0 5 0 0 0
2-Propanol 2 3 3 0 0 33 15 9 0 0
Decompn. product0 10 20 40 50 80 13 31 44 64 80

Table VII

Effect o f the support on the transformation o f 2-melhyloxelhane

Selectivity (mol%)a

Catalyst Pt/Tb Pt/Cb

Carrier gas Hydrogen Hydrogen

Temperature (°C) 200 250 300 200 250 300

Conversion (%) 60 94 100 45 75 90

Butyraldehyde 13 17 6 и 3 0
M ethyl ethyl ketone 8 8 6 33 30 34
1-Butanol 38 17 5 23 17 0
2-Butanol 5 2 0 7 3 0
Crotyl alcohol 5 3 0 0 0 0
Allyl carbinol 8 6 0 0 0 0
Decompn. products0 23 47 83 26 47 66

P t/C  n o t con ta in ing  cen te rs  po isonab le  w ith  am m onia, th e  iso m eriza tions of 
1 an d  2 are  sh ifted  to w ard s th e  fo rm a tio n  of th e  ketones. T he essence of th is  
fin d in g  is n o t affected  b y  th e  ex p e rim en ta l fa c t th a t  th e  ra te  of d eca rb o n y la tio n  
of th e  a ldehydes increases w hen  th e  te m p e ra tu re  is raised .

E x p erim en ts  on P t /T  an d  P t/C  w ere also carried  o u t to  isom erize th e  
oxacycloalkanes in th e  p resence of h e lium  as carrie r gas in  o rd er to  e s tab lish  
th e  effect of th e  hydrogen  used  as ca rr ie r  gas. The m ain  conclusions to  he d raw n 
from  th ese  inv estig a tio n s, a p a r t  from  th e  fa c t th a t  hydrogenolyeis does n o t 
p roceed  in  th e  absence of hyd rogen , are  as follows.

In  th e  presence of helium  as ca rr ie r  gas, tran sfo rm a tio n  is o bserved  only  
fo r  1 and  2, 3 and 4 a re  n o t u n dergo ing  isom erization  in th is  te m p e ra tu re
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Table VIII

Effect o f the carrier gas on the transformation o f 2-methyloxirane

Selectivity (mol%)a

Catalyst, temp. (°C) Pt/Cb, 250

Carrier gas Helium Hydrogen

Conversion (%) 75 84

Propionaldehyde 5 0

Acetone 65 47

1-Propanol 0 0

2-Propanol 5 9
Decompn. products0 25 44

Table IX

Effect o f the carrier gas on the transformation o f 2-melhyloxethane

Selectivity (mol%)a

Catalyst pt/yb Pt/Cb

Carrier gas Helium* Helium

Temperature (°C) 200 250 300 250 300 350

Conversion (%) 60 94 100 2 30 90

Butyraldehyde 22 17 8 0 0 0

M ethyl ethyl ketone 0 3 1 0 14 15

Crotyl alcohol 10 2 0 0 0 0

Allyl carbinol 30 30 15 0 0 0

1-Butanol 1 4 1 0 0 0

2-Butanol 0 0 0 0 0 0

M ethyl vinyl ketone 4 3 2 0 20 15

Decompn. products0 33 40 70 100 66 70

* Trace amounts of crotonaledhyde also is formed

ran g e  in  th e  absence o f  hyd ro g en . In fo rm a tio n  on th e  effects of th e  ca rrie r gas 
in  th e  case of 1 a n d  2 is given b y  th e  e x p e rim e n ta l d a ta  in  Tables V I I I  
an d  IX .

The absence o f h y d ro g en  did no t e x e r t an  ap p reciab le  effect on th e  ra te  
o f tra n sfo rm a tio n  o f 1. T h is ex p erim en ta l o b se rv a tio n  p o in ts  to  th e  role of 
in tram o lecu la r p rocesses in  th e  p la tin u m -c a ta ly ze d  isom eriza tion  oi 1.

The e x p e rim en ta l d a ta  in  Tables V II  an d  IX  deserve p a r tic u la r  a tte n tio n . 
In  th e  case of 2 the  conversion  too  is sm aller on P t/C  in th e  absence of h y d ro 
gen. S im ilarly  to  3 a n d  4 , th e re fo re , th e  presence of hyd rogen  is th e  d e te rm in ing  
fa c to r  as regards th e  fo rm a tio n  of th e  ke to n es. A lth o u g h  a little  m eth y l e th y l
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Table X

Transformation o f 2-methylfuran and 2-methyltetrahydrofuran

Selectivity (mol%)a

Catalyst Pt/Th

Carrier gas Hydrogen

Compound 2-methylfuran 2-methyltetrahydrofuran

Temperature (°C) 200 250 300 350 200 250 300 350

Conversion (%) 46 62 70 74 6 44 67 85

Methyl propyl ketone 54 60 33 13 50 64 70 43
2-Pentanol 9 3 0 0 35 9 0 0
Decompn. products0 19 27 63 83 15 27 30 57
2-M ethyltetrahydrofuran 18 10 4 4 — — — —

ketone  is fo rm ed , th is  is connected  w ith  the  p resence  of s tro n g ly -b o u n d  h y d ro 
gen w hich is n o t rem o v ed  from  th e  ca ta ly s t. T he s ign ificance  of hyd ro g en  is also 
su p p o rted  by  th e  fo rm a tio n  of m e th y l v iny l k e to n e , w hich appears in th e  a b 
sence of hyd ro g en . O n P t /T  th e  conversion does n o t decrease in  th e  presence of 
helium , w hich can  be ex p la ined  by  th e  fo rm atio n  o f b u ty ra ld e h y d e  and allyl 
carb inol, ca ta ly zed  b y  th e  electroph ilic  cen tres.

T he d e te rm in in g  role of th e  chem isorbed h y d ro g en  in  th e  isom eriza tion  
of oxacycloalkanes to  k e tones is fu r th e r  su p p o rted  b y  th e  course of th e  hydro- 
genolysis of 2 -m e th y lfu ran , w hich is sim ilar to  th e  iso m eriza tio n  of 3 (Tahié X ).

Since th e  u n s a tu ra te d  an d  sa tu ra te d  alcohols m a y  well be in te rm ed ia te s , 
u n d er th e  ex p e rim en ta l cond itions used  for 2 and  on th e  sam e ca ta ly s t, a s tu d y  
was m ade of th e  iso m eriza tion  of c ro ty l alcohol, a lly l ca rb in o l and  m eth y l v iny l 
carb inol, an d  of th e  d e h y d ro g en a tio n  of 1 -b u tan o l and  2 -b u tan o l to  b u ty ra l
dehyde an d  m e th y l e th y l ke to n e , respective ly  [10]. T he ex p erim en ta l d a ta  are

Fig. 1. V ariation of the bu tyraldehyde yield 
as a function of tem perature. (1: %  B uty ra l
dehyde from allyl carbinol; 2: %  b u ty ra l
dehyde from crotyl alcohol; 3: %  b u ty ra l
dehyde from  1-butanol; 4: %  butyraldehyde 

from 2-m ethyloxethane)

Fig. 2. V ariation  of the m ethyl ethyl ketone 
yield as a function  of tem perature. (1: °/0 
Methyl ethyl ketone from m ethyl vinyl car
binol; 2: °/0 m ethy l ethyl ketone from sec- 
butanol; 3: %  m ethyl ethyl ketone from 

2-m ethyloxethane)
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p re se n te d  in Figs 1 an d  2, w hich  show  th e  changes in  th e  y ields o f th e  tw o  oxo 
co m p o u n d s  as a fu n c tio n  o f th e  te m p e ra tu re .

D i s c u s s i o n

A n exam in a tio n  w as m ade of th e  re a li ty  of th e  four ro u te s  w h ich  can be 
assu m ed  in princip le to  ex p la in  th e  isom eriza tion  of th e  oxacy c lo a lk an es to  
oxo  com pounds. B y w ay  of in tro d u c tio n  these  four reac tio n  m echan ism s are 
o u tlin e d  below.

1. The fo rm atio n  o f oxo com pounds b y  th e  in tram o lecu la r  m ig ra tio n  of 
h y d ro g en  atom s or ions. A ccord ing  to  th is  m echan ism , w hich can  be reg ard ed  
as 1 ,3-hydrogen m ig ra tio n  via  a fo u r-cen te r tra n s itio n  s ta te , th e  fo rm a tio n  of 
b u ty ra ld e h y d e  and  m e th y l e th y l ke to n e  can  be p ic tu red  in  th e  fo llow ing w ay:

2. The fo rm atio n  of oxo com pounds can also be in te rp re te d  b y  m eans 
o f an  in term o lecu lar m echan ism , w ith  th e  p a rtic ip a tio n  of ch em iso rb ed  h y d ro 
gen . In  th is  m echan ism  th e  f irs t s tep  is th e  d issociative ch em iso rp tio n  of the 
s u b s tra te  m olecule. T h e  tra n s it io n  s ta te  is s tab ilized  b y  th e  a t ta c k  of chem i
so rb ed  hydrogen  on th e  sp a tia lly  less sh ielded  carbon  a to m  of th e  su b s tra te :
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3. The fo rm a tio n  of oxo com pounds can  in  p rinc ip le  also be ex p la in ed  
b y  th e  fu r th e r  isom eriza tion  of th e  u n s a tu ra te d  alcohols p roduced  in  th e  iso 
m eriza tion  of th e  oxacycloalkanes:

I t  should  be n o te d  th a t  th e  u n s a tu ra te d  alcohols undergo  m u tu a l isom e
riz a tio n  [10]. T his isom eriza tion  too  can ta k e  p lace accord ing  to  tw o m ain  ty p e s , 
in tram o lecu la rly  w ith  1 ,3-hydrogen m ig ra tio n  via a fo u r-cen te r tran s itio n  s ta te , 
an d  w ith  th e  p a r tic ip a tio n  of sorbed h y d ro g en  [10].

4. The fo rm a tio n  of th e  oxo com pounds can  fu r th e r  be exp lained  b y  th e  
c a ta ly tic  d eh y d ro g en a tio n  of th e  s a tu ra te d  alcohols p ro d u ced  in  th e  h y d ro - 
genolysis of th e  oxacycloalkanes:

On th e  basis of th e  exp erim en ta l re su lts , th e  isom eriza tion  of the  o xacyc lo 
a lkanes on P t /У  an d  on P t/C  can be a p p ro p ria te ly  in te rp re te d  b y  one or a n o th e r  
of th e  above four reac tio n  m echanism s.

T he iso m eriza tion  of oxiranes an d  o x e th an es to  a ldehydes can be e x 
p la in ed  b y  m echan ism  1. T hus, on am m onia-po isoned  c a ta ly s ts , th e  ra te  of 
a ldehyde  fo rm atio n  decreases. A gain, th e  fo rm a tio n  of a ldehydes is also o b 
served  in  th e  absence of hydrogen . N or is th e  possib ility  o f th is  m echanism  e x 
c luded  in the  isom eriza tion  of ox iranes to  ke tones.

A ccording to  o u r earlier exp erim en ta l w ork  [3], th e  a ssu m p tio n  of m ech a
n ism  3 is p a rtic u la r ly  rea listic  in  th e  case o f 2 -m eth y lo x e th an e . The th e rm o 
d y n am ic  d a ta  in d ica te  th a t  isom erization  accom pan ied  b y  th e  fo rm atio n  of th e  
corresponding  u n s a tu ra te d  alcohols is fav o u red  only  in  th e  case of 1 an d  2 . 
O ur ex p erim en ta l d a ta  show , how ever, th a t  th e  fo rm atio n  of u n sa tu ra te d  a lco 
hols can  be observed  on ly  in  th e  tra n s fo rm a tio n  of 2. I t  can  be seen from  th e  
ex p erim en ta l d a ta  in  Figs 1 and  2 th a t  th e  oxo com pounds are form ed a t  a 
h igher ra te  b y  th e  isom eriza tion  of a ,/3 -u n sa tu ra ted  alcohols th a n  by  th e  d e h y 
d ro g en a tio n  of th e  s a tu ra te d  alcohols. H ow ever, com parison  of these  ex p erim en 
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t a l  d a ta  w ith  th e  d a ta  of F igs 1, 6 an d  11 of an  earlier p a p e r  [10] does n o t 
p ro v e  conclusively th e  re a lity  of m echan ism  3, for on P t /T  in  th e  presence of 
h y d ro g en  th e  r a te  o f h y d ro g en a tio n  o f th e  u n sa tu ra te d  alcohols is v e ry  h igh . 
F u r th e r ,  in th e  te m p e ra tu re  in te rv a l fa v o u rin g  th e  isom eriza tion  of 2 th e  e q u i
lib r iu m  u n sa tu ra te d  alcohol + H 2 s a tu ra te d  alcohol is sh ifted  in th e  d irec
tio n  of fo rm atio n  o f th e  la t te r .

We have seen th a t  as reg a rd s  iso m eriza tio n  accom pan ied  by  th e  fo rm a 
tio n  of ketones th e  presence o f h y d ro g en  is favourab le  an d  in  ce rta in  cases is 
in d eed  the  d e te rm in in g  fac to r. T h u s, in th e  absence of h y d rogen  th e  isom eriza
tio n  process does n o t occur fo r 3 an d  4, w hich  qu ite  c lea rly  speaks aga in st 
m echan ism  1, w hile i t  confirm s th e  re a li ty  of m echanism s 2 or 4. The g re a te r  
p ro b a b ility  of th is  la t te r  m echan ism  can  be exp la ined  b y  th e  rap id  hydrogenol- 
ysis of th e  oxacy c lo a lk an es to  give seco n d ary  alcohols, an d  b y  th e  th e rm o d y 
n am ica lly  fav o u red  d e h y d ro g en a tio n  of th e  secondary  alcohols. This la t te r  is 
p ro v ed  no t on ly  b y  th e  ex p e rim en ta l d a ta  in  T able X , b u t  also b y  th e  IR  
d a ta  regard ing  th e  p la tin u m -c a ta ly ze d  isom eriza tion  of 2 -m e th y lte tra h y d ro - 
fu ra n  [11].

M echanism  4 is s im ila rly  su p p o rte d  b y  th e  ex p e rim en ta l d a ta  of F ig . 24 
in  R ef. [10]. I t  can  be seen th e re  t h a t  on P t/C  th e  ra te  of d e h y d ro g en a tio n  of 
2 -b u tan o l is h ig h er th a n  th e  ra te  of iso m eriza tio n  of m e th y l v in y l carb ino l.

On the  above basis th e  b u lk  o f our ex p erim en ta l d a ta  p e rm it to  propose 
th e  m echanism s below  for th e  iso m eriza tio n  of th e  four m odel com pounds.

The fo rm atio n  o f th e  aldehydes can  be exp lained  by  th e  p a r tic ip a tio n  of 
th e  electrophilic  cen te rs  of th e  c a ta ly s t. T h u s, on P t/C  th e  fo rm atio n  of a ld e 
hydes is m in im al, w hile on th e rm o lite , w hich  con ta ins m erely  electroph ilic  
cen te rs , th e  fo rm a tio n  of k e tones is of m ino r im p o rtan ce  in th e  presence of 
e lectroph ilic  cen te rs  th e  s tra in ed  th ree - an d  four-m em bered  cyclic system s sp lit 
m ore  easily along th e  С—0  b o n d  a d ja c e n t to  th e  su b s titu e n t, as a consequence 
o f  th e  -(-1 effect of th e  m e th y l g roup . T his sp littin g  is accom pan ied  b y  th e  fo r
m a tio n  of th e  co rrespond ing  a ldehydes. I t  should  be n o ted  th a t  our ex p e rim en 
ta l  d a ta  do n o t in v a lid a te  th e  re a li ty  o f m echanism  4.

Recause of th e ir  considerab le  s ta b ili ty , th e  five- and  six-m em bered  cyclic 
e th e rs  do no t sp lit on ch em iso rp tion  on th e  electroph ilic  cen te rs  of th e  c a ta ly s t. 
T hese system s can be opened  only  by  chem isorbed  hydrogen , w ith  th e  fo rm a 
tio n  of bydrogcno lysis  p ro d u c ts . T his p rocess is accom panied  by  the  fo rm atio n  
o f secondary  alcoho ls, w hich  for ste reochem ica l reasons are m ore fav o u red  as 
a consequence o f th e  a tta c k  on th e  p r im a ry  carbon  a to m . In  1 and 2 th e  fo r
m atio n  of th e  k e to n e  in  th e  presence of h y d ro g en  on b o th  P t /T  and  P t/C  can  in 
a ll p ro b ab ility  be ex p la in ed  w ith  th is  sam e m echanism .

H ow ever, o u r ex p erim en ta l o b se rv a tio n s  do no t ru le  o u t m echanism  2, 
especially  a t h ig h er te m p e ra tu re s . A t th e  sam e tim e, it  m u st n o t be fo rg o tten  
t h a t  in th e  absence of hyd rogen  (in th e  presence of helium  as carrie r gas) th e
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*: active center of the catalyst 

*: electrophilic center of the P t/T  cata lyst

(С’Нг),. .CH3

н с /  , /н,с с
о

r a t e  o f  i s o m e r i z a t i o n  o f  1  t o  a c e t o n e  i s  c o n s i d e r a b l e ,  n o r  t h a t  a  c e r t a i n  a m o u n t  

o f  h y d r o g e n  a l w a y s  r e m a i n s  o n  t h e  c a t a l y s t  a n d  m a y  f a c i l i t a t e  t h e  i s o m e r i z a 

t i o n  b y  a c t i n g  a s  a  c o c a t a l y s t .

O u r  e x p e r i m e n t a l  r e s u l t s  w e r e  a l s o  a n a l y z e d  o n  t h e  b a s i s  o f  t h e  B a l a n d i n  

m u l t i p l e t  t h e o r y .  I n  t h e  c o u r s e  o f  t h i s  w o r k  m a n y  p r o b l e m s  a r o s e ,  a n d  a t  t h e  

p r e s e n t  s t a g e  i t  i s  n o t  p o s s i b l e  t o  d r a w  u n a m b i g u o u s  c o n c l u s i o n s .  I n  a d d i t i o n ,  

f u r t h e r  c o m p l e x  s t u d i e s  a r e  n e c e s s a r y  t o  u n d e r s t a n d  t h e  f i n e r  m e c h a n i s m s  c a t a 

l y t i c  p r o c e s s e s  a n d  t o  i n t e r p r e t  t h e  c a t a l y t i c  a c t i v i t y .
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CONVERSIONS OF TOSYL AND MESYL 
DERIVATIVES OF THE MORPHINE GROUP, XIV*
A N EW  METHOD FO R  T H E  PR EPA R A TIO N  OF “ D EO X Y M O R PH IN E E** 

AND D IH Y D R O D EO X Y M O R PH IN E D”

S .  M a k l e i t , S .  B e r é n y i  and  R .  B o g n á r  
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A new convenient and mild m ethod has been developed for the preparation  of 
deoxymorphine E and dihydrodeoxym orphine D, by the reduction of 3-0-acetyl-6-0- 
tosylm orphine w ith LiAlH4 and by fu rther catalytic reduction of the deoxymorphine 
E thus obtained.

S i m p l e  a n d  e f f i c i e n t  m e t h o d s  a r e  k n o w n  f o r  t h e  s y n t h e s i s  o f  d e o x y -  

c o d e i n e  ( Z l7- d e o x y c o d e i n e ,  d e o x y c o d e i n e  E ) .  T h e  l i t h i u m  a l u m i n i u m  h y d r i d e  

r e d u c t i o n  o f  6 - 0 - t o s y l c o d e i n e  y i e l d s  d e o x y c o d e i n e  E  i n  a  r e a c t i o n  w i t h o u t  

a l l y l i c  r e a r r a n g e m e n t  [ 1 ,  2 ] .  O n  t h e  o t h e r  h a n d ,  t h e  L i A l H 4 r e d u c t i o n  o f  h a l o 

g e n  d e r i v a t i v e s  w i t h  p s e u d o c o d e i n e  s t r u c t u r e  ( / S - c h l o r o c o d i d e ,  b r o m o c o d i d e ,  

i o d o c o d i d e )  i n v o l v e s  a l l y l i c  r e a r r a n g e m e n t  t o  g i v e  d e o x y c o d e i n e  E  [ 3 ] ,  i n  a c 

c o r d a n c e  w i t h  t h e  s t e r i c  s t r u c t u r e s  o f  t h e  i n i t i a l  c o m p o u n d s  a n d  t h e  s t e r e o 

c h e m i c a l  r e q u i r e m e n t s  o f  r e a c t i o n s  o f  t y p e  S n 2 ’ .

I n  c o n t r a s t ,  o n l y  o n e  p r a c t i c a b l e  m e t h o d  h a s  b e e n  p u b l i s h e d  f o r  t h e  p r e p 

a r a t i o n  o f  d e o x y m o r p h i n e  E ;  t h i s  c o n s i s t s  o f  t h e  d e m e t h y l a t i o n  w i t h  p y r i d i -  

n i u m  c h l o r i d e  o f  d e o x y c o d e i n e  E ,  p r e p a r e d  b y  o n e  o f  t h e  a b o v e  r o u t e s  [ 4 ] .

H o w e v e r ,  i n  o u r  e x p e r i e n c e  d e m e t h y l a t i o n  r e a c t i o n s  a t t e m p t e d  i n  v a r i o u s  

w a y s  i n  t h e  c a s e  o f  m o r p h i n e  a l k a l o i d s ,  i n  g e n e r a l  d o  n o t  p r o c e e d  s a t i s f a c t o r i l y .

I n  t h e  c o u r s e  o f  o u r  i n v e s t i g a t i o n s  d e a l i n g  w i t h  t h e  s y n t h e s i s  a n d  n u 

c l e o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s  o f  t h e  6 - O - t o s y l  a n d  6 - O - m e s y l  d e r i v a t i v e s  o f  

t h e  m o r p h i n e  g r o u p ,  w e  r e p o r t e d  [ 5 ]  a  n e w  m e t h o d  f o r  t h e  p r e p a r a t i o n  o f  d i h y 

d r o d e o x y m o r p h i n e  D .  T h i s  b e c a m e  p o s s i b l e  a f t e r  a c h i e v i n g  t h e  s y n t h e s i s  o f

3 - 0 - a c e t y l - 6 - 0 - t o s y l d i h y d r o m o r p h i n e ,  u n k n o w n  u p  t o  t h e n ,  t h e  L i A l H 4 

r e d u c t i o n  o f  w h i c h  g a v e  d i h y d r o d e o x y m o r p h i n e  D .

3 - 0 - A c e t y l - 6 - 0 - t o s y l -  a n d  6 - O - m e s y l m o r p h i n e  h a v e  a l s o  b e e n  s y n t h e s i z e d  

e a r l i e r  [ 6 ] ,  a n d  t h e i r  n u c l e o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s  h a v e  b e e n  i n v e s t i g a t e d .

O u r  p r e s e n t  c o m m u n i c a t i o n  r e p o r t s  o n  t h e  l i t h i u m  a l u m i n i u m  h y d r i d e  

r e d u c t i o n  o f  3 - 0 - a c e t y l - 6 - 0 - t o s y l m o r p h i n e ,  w h i c h  c a n  b e  r e a d i l y  e f f e c t e d  a n d  

a f f o r d s  a  m i l d  m e t h o d  o f  p r e p a r i n g  d e o x y m o r p h i n e  E  (I). T h e  l a t t e r  c o m p o u n d

* P a rt X III :  R. B ogár, S. Ma k l e it , J . K n o l l , S. B e r é n y i, G. H o rv á th : Comm. D ept. 
Chem. Bulgarian Acad. Sei. 8, 203 (1975) and Kémiai Közi. 44, 1 (1975).

** 3-Hydroxy-4,5a-epoxy-7,8-didehydro-17-m ethylm orphinan.

6 Acta Chim. (Budapest) 88,1976



4 1 0 MAKLEIT et al.: TOSYL AND MESYL DERIVATIVES OF THE MORPHINE GROUP, XIV

c a n  b e  m e t h y l a t e d  w i t h  d i a z o m e t h a n e  t o  g i v e  d e o x y c o d e i n e  E  (II), o r  h y d r o 

g e n a t e d  t o  y i e l d  d i h y d r o d e o x y m o r p h i n e  D  (III).
T h e  r e d u c t i o n  o f  3 - 0 - a c e t y l - 6 - 0 - t o s y l m o r p h i n e  w i t h  L i A l H , ,  i n  t h e  

p r e s e n t  c a s e  t h e  e l i m i n a t i o n  o f  t h e  C - 6  h y d r o x y l  g r o u p ,  c a n  b e  e f f e c t e d  e a s i e r  

a n d  t h u s  i n  a  b e t t e r  y i e l d  t h a n  t h e  s i m i l a r  r e a c t i o n  o f  3 - 0 - a c e t y l - 6 - 0 - t o s y l -  

m o r p h i n e  a l s o  d e s c r i b e d  b y  u s ,  o w i n g  t o  t h e  p r e s e n c e  o f  t h e  a l l y l i c  s y s t e m .  I n  

v i e w  o f  t h e  f a c t  t h a t  t h e  c a t a l y t i c  r e d u c t i o n  o f  t h e  A 1 d o u b l e  b o n d  i s  q u a n t i 

t a t i v e ,  t h i s  m e t h o d  a f f o r d s  a t  t h e  s a m e  t i m e  a  n o v e l  a n d  i m p r o v e d  m o d e  o f  

p r e p a r a t i o n  o f  d i h y d r o d e o x y m o r p h i n e  D  ( D e s o m o r p h i n e ) .

T h e  r e a c t i o n s  m e n t i o n e d  a r e  s h o w n  i n  t h e  f o l l o w i n g  s c h e m e .

iiumOTs

HjC

OCOCH3

ОГНЗ

OH

III

Experimental

Deoxyinorphine E (I)

A solution of 3-0-acetyI-6-0-tosylm orphine (4.0 g) in dry T H F  (40 ml) was added drop- 
wise, w ith stirring and under nitrogen stream , to a solution of L iA lII4 (0.6 g) in dry T H F (40 ml), 
and the m ixture was refluxed for 3 hrs. The excess of LiAlH4 was decomposed first w ith ether 
sa tu ra ted  w ith w ater, th en  w ith  w ater saturated  w ith ether. The organic phase was separated 
and  the aqueous phase ex trac ted  w ith ether (2 X 30 ml). The combined organic phase was 
ex tracted  w ith 7.5% hydrochloric acid solution (3 x 4 0  ml). The combined acid solution was 
m ade alkaline w ith am m onium  hydroxide and extracted  w ith ether (3 X 50 ml). The ether 
ex trac ts were combined, dried, evaporated, and the residue crystallized from a small am ount 
of benzene to obtain 1.0 g (45% ) of the product, m.p. 140— 142 °C; lit. [4] m.p. 143— 144 °C 
(subl.); [a]D-65° (0.5, ethanol); lit. [4] [<x]d- 67.2° (1.31, ethanol).

Deoxycodeine E (II)

Deoxymorphine E  (100 mg) was dissolved in a small quan tity  of ether, and an excess 
of diazomethane in  e ther was added. The reaction m ixture was allowed to  stand 48 hrs in 
refrigerator. I t  was th en  evaporated  to dryness, the residue was dissolved in chloroform (20 ml),
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and washed w ith 5 ml of a 2% sodium hydroxide solution, th en  w ith 2 x 5  ml of w ater. A fter 
drying, the solution was evaporated to dryness. The gum  thus obtained had the same R f 
value as authentic deoxycodeine E in TLC. M.p. of hydrochloride: 238 °C; lit. [2] m.p. 239 °C.

Dihydrodeoxymorphine D (III)

Deoxymorphine (I) (1.0 g) was hydrogenated in m ethyl alcohol (30 ml) in the presence 
of P t0 2 (0.2 g) till sa tu ra tion  (1 hrs). The residue, obtained after the rem oval of the cata lyst 
by filtra tion  and evaporation of the solution, was crystallized from ether to yield 0.95 g of 
the product, m.p. 182- 185 °C; lit. [5] m.p. 184— 185 °C; [<x]D-76° (0.5, ethanol); lit. [a]p- 
-75.3° (1.46, ethyl acetate).

*
The authors wish to th an k  Section I of N atural Sciences of the H ungarian Academy of 

Sciences ai d the Chemical Factory  Alkaloida of T iszavasvári for sponsoring this research.
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PYRIMIDINES AND CONDENSED DERIVATIVES, IV* **
IV(2)-ACYLISOCYTOSINES, SOME RELATED 

IM ID A Z O [l,2-a]PY R IM ID IN E D IO N ES AND AZA ANALOGUES.
SYNTHESIS, SPECTRA AND TAUTOM ERIC STRUCTURES

G y . H o r n y á k , В. Á g a i , L. S z ő c s  a n d  K . L e m p e r t

(Institu te o f Organic Chemistry, Technical University, Budapest)

Received May 16, 1975

Series of potentially tau tom eric  and non-tautom eric JV(2)-acyIisocytosines, 
l-acyl-2 ,3-dihydro-5(lii)- and -7(lii)-im idazo[l,2-a]pyrim idinones, im idazo[l,2-a]pyri- 
midinediones and their aza analogues have been synthesized. The sites of acylations of 
isocytosines, 2,3-dihydro[l,2-o]pyrim idinones and the ir aza analogues have been estab 
lished by spectroscopic and/or chemical means. The predom inant tautom eric form s of 
the potentially  tautom eric com pounds have been established.

In  P a r t  I [2] we have rep o rted  on th e  UV an d  IR  sp ec tra  of isocy tosines 
(T ypes 1 3, R , R ', R 3 H), re la te d  im id a zo [l,2 -a ]p y rim id in o n es  an d  o f som e
of th e ir  aza analogues, all of fix e d  ta u to m e ric  s tru c tu re s , and  on th e  t a u to 
m eric s tru c tu re s  of p o ten tia lly  ta u to m e ric  com pounds of th e  above ty p e s  
(e.g. 1, R 3 =  H , and  2, R 1 =  H ). In  th e  p re sen t p a p e r  we wish to  discuss th e  
effects o f acyl g roups on th e  sp ec tra  of n o n -ta u to m e ric  (R ', R 1, R 3 ^  H) com 
p o u n d s of ty p es  1 3 (R  =  ac) as w ell as on th e  ta u to m e ric  s tru c tu re s  o f p o te n 
tia lly  ta u to m e ric  com pounds of ty p e s  1 (R  ac, R 3 =  H) and  2 (R  =  ac, 
R 1 =  H ). Since th e  site of a tta c h m e n t of acy l g roups in tro d u ced  b y  acy la tio n  
in to  isocy tosines an d  2 ,3 -d ih y d ro -5 (lH )- an d  -7 ( lli) - im id a z o [l,2 -a ]p y rim id i-  
n o n es (4, 5, R =  H) m ay he am biguous (see below ), several im id azo [l,2 -o ]- 
-p y rim id in ed io n es (6 8) and  aza analogues 9 (R  =  Ac), 10 (R  =  Ac) an d  11
have been  in c lu d ed  in to  th e  p re sen t s tu d y .

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 88 (4), pp. 413—432 (1976)

Syntheses o f  non-tautom eric compounds o f  types 2 ( R = a c ) ,
5 (R  =  ac), 6 ( R ^ H ) ,  8 ( R V H ) ,  11 and 19 ( R V H )

A ccord ing  to  th e  lite ra tu re  [3], acy la tio n  of isocytosines m ay  lead  to  0 -  
-acyl d e riv a tiv e s  in  ad d itio n  to  or in s tead  of th e  n o rm al iV (2)-acylation p ro d u c ts
[4 ].T he sy n th esis  o f com pound 2 (R 1 =  R 6 =  R ' =  Me, R  =  Ac) b y  a c e ty la 
tion  o f th e  isocytosine 2 (R 1 =  R 6 =  R ' =  Me, R  =  H) [1] is th e re fo re , in  
itself, n o t s tru c tu re  proving . Since, how ever, th e  IR  sp ec tru m  (K B r) o f th e  
p ro d u c t ex h ib its  tivo carbony l b an d s  (m erged in to  a single very  b ro ad  b a n d  
betw een  1670 a n d  1640 cm - 1 ), none of th e m  b e ing  sh ifted  above 1700 c m -1 ,

* P a rt I I I :  see [1]
** P artly  based on the Diploma Thesis of L. Szőcs, Technical U niversity, B udapest,1971.
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th e  p ro d u c t has to  be an  iV -acetyl d e riv a tiv e  in  w hich th e  new ly  in tro d u ced  
a c e ty l group is not a t ta c h e d  to  N (3). T he on ly  possible s tru c tu re  for th e  
p ro d u c t is, th e re fo re , 2 (R 1 =  R 6 =  R ' = Me, R  =  Ac).

A ce ty la tio n  o f 5 (R  =  H) [5], m en tio n ed  recen tly  b y  R e i t e r  et al. [6], 
does in itself n o t p ro v e  th e  s tru c tu re  of th e  p ro d u c t e ith e r b u t , in  co m bina tion  
w ith  IR  evidence (tw o  carbony l b a n d s , b o th  below  1700 c m 1), f irm ly  e s ta b 
lishes s tru c tu re  5 (R  =  Ac), a conclusion reach ed  earlie r on th e  basis  of N M R 
ev idence  [7].

2 ,5 (líí,3 1 í)-Im id azo p y rim id in ed io n es  6 (R  =  H) have been  syn thesized  
b y  R ussian  in v e s tig a to rs  b y  th ree  d iffe ren t m ethods: (1) am m o n ia-in d u ced  
{8, 9] or th e rm a l [10] cyclization  of iV(2)-(sc-halogenoacyl)-isocytosines (Type
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1, R 3 =  R ' =  H , R  =  a -halogenoacy l), (2) b a se -c a ta ly z e d  co n densa tion  of 
(3-oxo esters w ith  IV -unsubstitu ted  g lycocyam idines [11, 12], or (3) w ith  N -un- 
su b s titu te d  oc-guanidinoacids [8]. N one of th ese  sy n th eses  is s tru c tu re  p rov ing  
in  itself,*  nor does a n y  one o f th e m  es tab lish  th e  ta u to m e r ic  s tru c tu re s  of th e  
re su ltin g  p ro d u c ts . W hen , how ever, th e  gross s tru c tu re  6 is accep ted  for th e  
p ro d u c ts , th e ir  ta u to m e ric  s tru c tu re s  m ay  be deduced  from  th e  following obser
v a tio n s : (a) m e th y la tio n  o f 6 (R  = H , R 6 =  R 7 =  Me, R e =  E t)  tak es  place 
a t  N ( l) ,  as show n b y  th e  b ase -ca ta ly zed  d eg rad a tio n  of th e  p ro d u c t [13], 
an d  (6) th e  UV sp ec tru m  of th e  n o n -tau to m eric  m e th y la tio n  p ro d u c t 6 (R  =  
R :! =  R 7 =  Me, R 6 =  E t)  is p ra c tic a lly  id en tica l w ith  th o se  of th e  p o ten tia lly  
ta u to m e ric  com pounds 6 (R  =  H ) [14].

W e have dev ised  a s tru c tu re  p ro v in g  syn thesis  for T y p e  6 com pounds of 
fix ed  tau to m eric  s tru c tu re s  (i.e . R  ^  H ), based  on am ino lyses o f oxodihydro- 
p y rim id y lace tam id es 12 (R 5 =  H , R e =  Me and  R 5 -)- R 6 = [CH.,]4) or the  
correspond ing  e th y l es te rs  w ith  p rim a ry  am ines [1].

S ynthesis o f a 2 ,7 (3 H ,8 /i)- im id azo [l,2 -a ]p y rim id in ed io n e  (8, R :! =  H , 
R 8 =  Me) of fixed  ta u to m e ric  s tru c tu re  has been ach ieved  b y  ch lo ro ace ty la tio n  
of 1 (R  =  R ' =  R° =  H , R 3 =  R f> =  Me) [15], an d  ring  closure o f th e  re su lt
ing iV (2)-chloroacetyl d e riv a tiv e . A n essen tia lly  id en tica l syn thesis  o f 8 
(R 3 =  H , R 8 =  Me) w ith o u t iso lation  of th e  in te rm ed ia te  c lilo roacety l d e riv a 
tiv e  has been earlier p erfo rm ed  b y  R ussian  au th o rs  [10]. N one o f th ese  syntheses 
is s tru c tu re  p rov ing  in itse lf, because th e y  could have  eq u a lly  w ell led to  13. 
H ow ever, th e  o b se rv a tio n  th a t  th e  ring  closure p ro d u c t is co n v e rted  by  acid- 
or base-ca ta ly zed  h y d ro lysis  in to  th e  u rac il d e riv a tiv e  14 (R 3 =  Me) [10], fu r
n ishes th e  requ ired  p ro o f of s tru c tu re  b o th  for th e  e n d -p ro d u c t an d  th e  in te r 
m ed ia te  ch lo roacety l d e riv a tiv e . A d d itio n a l p roo f for th e  a t ta c h m e n t of th e  
ch lo roace ty l group to  N (2) in  th e  la t te r  comes from  th e  UV sp ec tru m  (Table 
IV , com pound No. 6) w hich is in  ag reem en t w ith  th e  p resence  o f a con juga ted  
chrom ophore system . F u r th e r  p ro o f com es from  reason ing  b y  ana logy : chloro-

13 14 15

* For the type (1) syntheses this becomes evident by considering th a t , in general, not 
even the site of a ttachm ent of the halogenoacyl groups has been rigorously proved. Thermal 
cyclization of the a-brom oacetyl derivative of 6-methylisocytosine (1, R  =  R ' =  R 3 =  R5 =  
=  H, R 6 =  Me), however, furnishes two isomeric im idazo[l,2-a]pyrim idinediones [10] — 
obviously one of Type 6 and the other of Type 7— , whence it  follows unequivocally th a t the 
a-brom oacetyl group is a ttached  to  iV(2) in the starting  compound.
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a c e ty la tio n  of 1 (R  =  R ' =  R 3 =  R° =  H , R® =  Me) also leads to  an  JV(2)- 
-ch lo ro acety l d e riv a tiv e  (com pound  N o. 2 of Table IV) in  w hich  th e  site  of a t 
ta c h m e n t of the  ch lo ro ace ty l g roup  has been rigorously  p ro v ed  b y  chem ical 
m ean s (see below).

C om pound 8 (R 3 =  R 8 =  Me) has been  o b ta in ed  sim ila rly  [10].
F o r the  syn th esis  o f  com pound  11 see Ref. [16].
T he syn thesis o f a 2 ,5 (3 H ,8 1 i)-im id azo [l,2 -a ]p y rim id in ed io n e  (19, 

R 7 =  R 8 =  Me) o f f ix e d  ta u to m e ric  s tru c tu re  has b een  ach ieved  b y  chloro- 
a c e ty la tio n  of com p o u n d  2 (R 1 =  R 6 =  Me, R  =  R ' =  H ), an d  rin g  closure 
o f  th e  resu lting  _/V(2)-chloroacetyl d e riv a tiv e  w ith o u t iso la tio n  of th e  la t te r .  
T h e  a lte rn a tiv e  s tru c tu re  for th e  p ro d u c t, w ith  th e  ca rb o n y l g roup  sh ifted  
from  position  2 to  p o sitio n  3, is ru led  o u t on th e  basis o f th e  IR  spectrum  
w h ich  exh ib its tw o  A m ide I  b an d s  a t  co m p ara tiv e ly  low  w ave n u m b ers .

UV spectra

The UV sp ec tra  o f th e  n o n -ta u to m e ric  com pounds m en tio n ed  in  th e  p re 
v io u s  section belong to  fo u r d iffe ren t classes. Fig. 1 show s th e  ch a rac te ris tic  
sp e c tra  corresponding  (1) to  th e  co n ju g a ted  chrom ophore  sy stem  oi th e  T ype
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Fig. Í.U V  spectra of a Type 2 N(2)-acylisocytosm e and some im idazo [1,2-a] pyrim idine deriv
atives of Types 5, 6 and 8 (non-tautom eric eompo
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U V  spectra and positions o f the vC = 0  bands o f compounds 4 ( R =  A c) and 6 (conjugated chromophore)
Table I

No. Type R R3 Ro R7 Solvent tmax (I°ge) A\oge
IR  (KBr)

t> C = 0 , c m -1

l  [6] Ac H Me H EtO H  or 
dioxane

240 (3.86); 282 (4.04) +  0.18 1690+1675

2 [18] 4* Ac OH H Me EtO H 234 (3.88); 283 (4.00) +  0.12 1695 +  1680

3 [18] Ac OH Br Me EtO H 244 (3.92); 296 (4.08) +  0.16 1695 +  1670

4 Ac H - ( C H 2)4- EtO H 244 (3.90); 287 (3.98) +  0.08 1665 (b)

5 [1] H H H Me
EtO H 228 (3.98); 280 (3.83) — 0.15 1780 +  1760 (d) and 

1710 (1695, sb); 
1765 (1790, sh) and 
1710***

buffer, 
p H =  6.1

238 (4.03); 278 (3.84) [14] - 0 .1 9

6 [1] H H - ( C H 2)4- EtO H 244 (4.12); 288 (3.88) — 0.24 1785 +  1765 (d) 
and 1700 

1785 +  1760 (d) 
and 1690****

7 H Me H Me buffer, 
pH  =  6.1

237 (4.06); 278 (3.86) [14] — 0.20

8
6

H Me E t Me buffer, 
p H =  6.1

246 (4.06); 281 (3.84) [14] -0 .2 2

9 Me* Me E t Me buffer,
p H =  2.1—
— 10.30

239 (4.06); 285 (3.92) [14] —  0.14

10 [1] n—  Bu* H H Me EtO H 230 (4.07); 280 (3.94)** —  0.13 1760 +  1710

11 HOC2H4— * H - ( C H 2)4- EtO H 236 (4.04); 282 (3.90) -0 .1 4 1750 +  1675

12 PhCH2— * H - ( C H 2)4- EtO H 236 (4.00); 282 (3.92) — 0.08 1750 +  1680

* Fixed tautom eric structure. All other compounds listed are potentially tautom eric, their predom inant tautom eric forms corresponding 
to structure 6 ** Shoulder a t 242 (3.74) *** DMSO solution **** CHC13 solution
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Table II

U V  spectra and positions o f the vC = 0  bands o f some Type 2 (R =  A c), 5 (R =  Ac) , 7, 9 (R = A c ) ,  10 and 11 compounds
(Cross-conjugated chromophore)

No Type Substituents Solvent ^max (löge) v C = 0  (KBr)

i. 2 R =  Ac, R 1 R '=  R c- Me
E tO H 242 (4.18)

1650 (b)
dioxane 242 (4.16)

2 . l-Methyl-4( 1 H)-pyrimidinone H „0 (pH  6) 240 (4.17) [171

3. 5 R = A c  [6]
EtO H 224 251, sh [61

1695 +  1665
dioxane 224 (4.41); 247 (4.03), sh

4.

7

R = R 3= H ,  R 5= M e

EtOH* 217 (4.36); 248 (3.95), sh
1795, w  +  1765 (d) and 
1715, v w  +  1665;
1765 (1795 sh) and 1710***

dioxane* 211 (4.36); 260 (4.06)

buffer (pH 4.1) ** 263 (3.92), sh [14]

5. R H, R 3= R 5= M e buffer (pH 6.1) ** 257 (3.89), sh [14]

6. R = R 5= M e, R 3= H
EtO H 220 (4.39; 258 (3.84)

1760 +  1660
dioxane 224 (4.26); 253 (3.81)
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Table II, continued

7. R = A c, R 2= R '= H ,  R 6= M e EtO II 219 (4.41); 236 (4.02), sh 1720 +  1645

8. 9 R = A c, R 2= H ,  R '=  — C2H4OAc, 
R "=M e EtO H 210 (4.38); 242 (3.90), sh 1740 (ester) +  1730 +  1665

9. R = A c, R 2=  R '=  R fi=  Me dioxane 246 (4.10) 1670 +  1650 (d)

10. 2,6-Dimethyl-5(2//)-as-triazinone EtO H 244 (4.07); 265 (3.81), 
sh [24]

11. 1C R = A c, R 7=  AcO EtO H 224 (4.44) 1730 (ester) +  1690 +  1660

12. 26 5-Acetyl-2-methyl-5,6,7i8-tetra- 
hydro-3//-pyrim ido [l,2-6]-as- 
-triazin-3-one dioxane 239 (4.37) 1695 +  1635

13. 11 EtO H 214 (4.35); 
sh

233 (4.15); 263 (3.85),

1770 +  1665
dioxane 214 (4.29); 

(3.86), sh
230 (4.10), sh; 265

* The considerable differences between the spectra taken in E tO H  and dioxane may be explained by assuming a tautom eric equilibri
um 7 (R = H ) г  8 (R 8= H )  which is shifted to the left in E tO H  and to the right in dioxane (cf. Table III)

** The spectra have not been determined below 230 nm, and the compounds have been assigned Type 8 structures in Ref. [14]
*** DMSO solution
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6 com pounds, (2) to  th e  chrom ophore sy s tem  o f th e  T ype 8 (R 8^  H ) com 
p o u n d s w hich  co n ta in  a sem icyclic C =  N doub le  b o n d  a tta c h e d  to  th e  p y rim i
dine ring , and  (3) to  th e  tw o ty p es of c ro ss-co n ju g a ted  sy stem s, 2 (R  =  Ac), 
an d  5 (R  =  Ac) an d  11 re spec tive ly . (See also T ab les I  I I I ) .  The difference 
betw een  th e  la t te r  tw o  ty p e s  is th a t ,  w hile th e  ca rb o n y l g roups of th e  five- 
-m em bered  rings in  5 (R  =  Ac) and  11 are , as a re su lt of rin g  fo rm atio n , ap p ro x 
im a te ly  cop lanar w ith  th e  p y rim id in e  rin g , th e  acy l g roup  of 2 (R  =  Ac) 
is fo rced  b y  steric  in te ra c tio n s  in to  a p lane  w hich  is a lm ost p e rp en d icu la r to  
th a t  o f th e  p y rim id ine  r in g . C onjugation  b e tw een  th e  double bo n d  system  of 
th e  r in g  and  th e  lone p a ir  of th e  acy lam ino  g roup  is there fo re  ste rica lly  p ro h ib 
ite d  an d , as a re su lt, th e  spectrum  of 2 (R  =  Ac) is id en tica l — b o th  as to  its  
sh ap e  an d  th e  2max (log s) values w ith  t h a t  of l-m e th y l-4 ( lf i) -p y rim id in o n e
[17]. The sp ec tra , o f 9 (R  =  Ac, R 2 =  R ' =  R e =  Me) and  2 ,6 -d im ethy l-5 - 
-(2 ii)-a s-triaz in o n e  [24] a re , of course, also id en tica l w ith  th e  la t te r  (see 
T ab le  I I ) .

In sp ec tio n  of th e  U Y  sp ec tra  of th e  fo u r T ype 6 com pounds of fixed  t a u to 
m eric  s tru c tu re s  (com pounds 9 -  12 in  T ab le  I) reveals t h a t  th e y  are ex trem e ly  
s im ila r  to  those of th e  n o n -acy la ted  T y p e  1 a n d  T ype 4 com pounds [2] b o th  as 
to  th e  positions an d  th e  in tensities of th e  ab so rp tio n  b an d s. The A log e ru le  
[2], deriv ed  for th e  n o n -a c y la te d  T ype 1 a n d  T ype 4 com pounds and  th e ir  a n a 
logues, is valid  also fo r th e  T ype 6 com pounds d e m o n s tra tin g , on th e  one h a n d , 
once again  th e  u n se n s itiv ity  of th e  c o n ju g a te d  chrom ophore  system  o f th e  
4 (3H )-py rim id inone rin g  to  v a ria tio n s  of th e  n a tu re  of th e  su b s titu e n ts  a tta c h e d  
to  C-2 [2], and  se rv in g , on th e  o th e r h a n d , as a firm  to o l fo r estab lish in g  th e  
ta u to m e ric  s tru c tu re  o f  p o ten tia lly  ta u to m e r ic  com pounds of Type 6 (com 
p o u n d s 5 8 in  T ab le  I ;  see below) an d  o f th e  p o in t of a tta c h m e n t o f th e  ace ty l
group  in  T ype 4 (R  =  A c) (com pounds 1 - 3  of T able I) an d  T ype 1 (R  =  Ac) 
co m pounds (Table IV ; see below).

The UY sp ec tra  o f  th e  n o n -tau to m eric  com pounds of T ype 2 (R  =  Ac), 
5 (R  =  Ac) and  11 ,as well as of l-m e th y l-4 -( lH )-p y rim id in o n e  w hich serves

Table III

U V  spectra and positions o f the vC = 0  bands o f Type 8 ( l \ ' M e) compounds

R3 S o lv en t Imai ( l°g e) Aloge t -C = 0  (KBr)

H
EtOH
dioxane
aq. buffer, pH  2— 9.85

215 (4.37); 269 (4.08)
214 (4.35); 262 (4.08)

* 267.5 (4.11) [14]

— 0.29
— 0.27

1745 vw, 1690 
(1720 eh) and 
1635 (1645 sh)**

Me aq. buffer, pH  2— 9.85 * 269 (4.11) [14]

* The spectra have no t been determined below 230 nm 
** Same in CHC13 solution
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as th e  m odel com pound  for 2 (R  =  Ac), are show n in T ab le  I I .  B oth  5 (R  =  Ac) 
and  11 have on ly  one w ell-developed ab so rp tio n  b a n d  (a ro u n d  220 nm ); one, 
re sp ec tiv e ly  tw o fu r th e r  bands m ay  be recognized as shoulders on th e  lo n g 
w ave side of th e  m ain  b an d . These sp ec tra  are ra th e r  s im ila r to  the  sp ec tra  of 
T ype 2 (R  ^  Ac), 5 (R  ^  Ac), 9 (R  ^  Ac) and  10 (R  =И= Ac) com pounds re 
p o rted  earlie r [2].

The UV sp ec tra  of tw o T ype 8 com pounds (R 8 =  Me) are shown in T ab le  
I I I .  Two well se p a ra te d  bands are p resen t as in  th e  sp e c tra  of th e  com pounds 
d iscussed in  T ab le  I  and  those of th e  T ype  15 and  16 com pounds described  
earlie r [2]. B o th  b an d s of th e  com pounds 8 (R 8 =  Me) are , how ever, hypso- 
ch rom ically  sh ifted  w hich, on th e  one h an d , p e rm its  th e  T ype 8 com pounds to  
be easily  d is tin g u ish ed  from  those  lis ted  in  T able I  an d , on th e  o ther h a n d , 
d em o n stra te s  th e  p ro fo u n d  effect of th e  acyl group a tta c h e d  to  the  im ino n i
tro g en  a tom  on th e  e lec tron  d is tr ib u tio n .T h e  positions o f th e  absorp tion  b an d s  
as well as th e  A  log e va lues of th e  T ype 8 com pounds a re  p rac tica lly  id en tica l 
w ith  those of com pound  17 [19], b u t  th e  A log e values o f th ese  com pounds are 
considerab ly  sm aller th a n  those  (— 0.52 — -0.74) fo u n d  earlie r for th e  T ype
15 and  16 com pounds.

О О О

The UY sp ec tra  o f th e  com pounds 8 (R 3 =  H , R 8 =  M e; see Table I I I )  
an d  19 (R 7 =  R 8 =  Me; see E x p erim en ta l) d iffer m ark ed ly  w hich  dem o n stra tes  
th a t ,  in sp ite  of th e  a p p a re n tly  id en tica l ch rom ophore sy stem s, th e  m ode of 
anella tio n  of th e  tw o rings has a m ark ed  influence  on th e  a c tu a l electron  d is tr i
b u tio n . Since th e  UV sp ec tru m  of 19 (R 7 =  R 8 =  Me) has th re e  absorp tion  b an d s 
in  th e  n ear UV reg ion , th e  A log s ru le can  n o t be ap p lied . A sim ilar b u t  less 
p ro n o u n ced  effect o f th e  m ode of an ella tion  on th e  UV sp e c tra  has earlier been  
observed  in  th e  case of th e  Type 15 and  16 com pounds [2].

O rien ta tion  in th e  acy la tio n  o f Type 1 (R  =  H ) isocytosines and 
Type 4 d ihydroim idazopyrim idinones (R  =  H )

A cy la tion  of T ype 1 (R  H) isocytosines m ay , in  p rin c ip le , yield an y  of 
th re e  or (if R 3 =  H ) fo u r isom eric p ro d u c ts  in  w hich th e  acy l g roup  is a tta c h e d  
to  iV (l), JV(2), IV(3) an d  0 (4 ), respective ly . T he 0 - an d  3 -acyl derivatives
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Table IV

U V  spectra and positions o f the vC = 0  bands o f N  (2 )-acylisocytosines 1 (R = a c)

N o 1 I t R ' I R 3 R s 1 R “ S olven t Zlloge vC = 0  (K B r)

1 [20] Ac H H H Me Dioxane 235 (4.00); 286 (3.88) — 0.12 1650 (b)

2* C1CHXO H H H Me
EtO H 226 (3.94); 286 (3.91) — 0.03

1645 (b)
Dioxane 238 (3.89); 278 (3.88) — 0.01

3* Ac H II n-Bn Me * * 244 (3.98); 292 (3.90) [3] 0.09

4* C1CH2C0 H II n-Bu Me ** 246 (3.95); 291 (3.95) [3] 0

5 [10| Ac H Me II Me
MeOH 274 (3.99) [3]

Dioxane 221 (4.18); 270 (4.14) -0 .0 4 1665 (b)

6 C1CH2C0 H Me H Me
EtOH 218 (4.21); 273 (4.15) — 0.06

1690 +  1645
Dioxane 224 (4.15); 272 (4.13) -0 .0 2

7 Ac Me Me H Me EtO H  1 224 (3.83); 278 (3.70) — 0.13 1650 (b), sh a t 1680

* For chemical proof of the site of attachm ent of the acyl group, see tex t 
** The solvent has not been stated in Ref. [3]
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shou ld  be easily  iden tifiab le  on th e  basis o f th e ir  UY and  IR  sp ec tra , since th e  
fo rm er co n ta in  an  arom atic  ch rom ophore  system  an d  no C = О g roup , w hile th e  
la t te r  have a d iacy lam ino  m oie ty  p a r t ly  in co rp o ra ted  in to  th e  p y rim id in e  rin g . 
A cy la tion  of T ype  4 d ih y d ro im id azo p y rim id in o n es (R  =  H ) can lead  o n ly  to  
1- an d  8 -acyl deriv a tiv es  w hich a re  th e  b icyclic analogues of N (2)- an d  1-acyl 
d e riv a tiv es  of th e  T ype 1 (R  =  H ) isocy tosines. T he UY sp ec tra  len d  th em se lv es  
as a to o l fo r d is tingu ish ing  be tw een  th e  tw o a lte rn a tiv e s  in  b o th  series since, 
d epend ing  on th e  site  of a tta c h m e n t of th e  acy l g roup , th e y  shou ld  resem ble  
e ith e r  th o se  of th e  com pounds lis ted  in  T ab le  I or th a t  of com pound  18 (see 
below ). T he la t te r  s ta te m e n t m ig h t, in p rinc ip le , be invalid  fo r p o te n tia lly  
ta u to m e ric  iV -acylisocytosines, e.g. 1 (R  =  acyl, R ' an d /o r R 3 =  П ), since th e  
la t te r  could  ex is t as th e  Type 2 (R  =  acyl) and  3 (R  =  acyl) ta u to m e rs  as well. 
C learly , th e  UV sp ec tra  should  p e rm it re a d y  d is tin c tio n  b e tw een  th e  la t te r  
th ree  a lte rn a tiv e s .

T he UV sp ec tra  of acyl d e riv a tiv e s  of a series of T ype  1 (R  =  H ) iso c y to 
sines and  o f T ype  4 (R  =  H) d ih y d ro im id azo p y rim id in o n es are show n in  T ab les 
IV  an d  I , re sp ec tiv e ly . The sp ec tra  are  essen tia lly  id en tica l w ith  tho se  of com 
p ounds 9 — 12 of T ab le  I  for w hich  th e  presence o f a con ju g a ted  ch ro m o p h o re  
system  has been  p ro v ed  by  syn thesis  (see above), an d  differ sh a rp ly  from  t h a t  of 
com pound  18 (see below). C onsequen tly , ace ty la tio n  of com pounds 1 (R  =  H ) 
an d  4 (R  =  H ) has ta k e n  place a t iV(2) an d  JV(1),* respective ly , an d  even  th e  
p o te n tia lly  ta u to m e ric  N (2)-acylisocytosines do ex is t, a t  leas t p re d o m in a n tly , 
as th e  ta u to m e rs  of s tru c tu re  1 (R  =  acyl). A possib le excep tion  to  th e  la t te r  
g en era liza tio n  is fu rn ished  b y  com pound  6 of T ab le  IV  w hose ab so rp tio n  b an d s  
are  sh ifted  hypsochrom ically  as co m p ared  w ith  th o se  of th e  rem ain in g  com 
p ounds of T ab les I and  IV  to  such  an  e x te n t th a t  th e ir  positions a lm o st co in 
cide w ith  th o se  of th e  com pounds 8 (R 8 = Me) (T able I I I ) .  M oreover, one of 
th e  A m ide I  b an d s  of th e  com pound in  question  is also sh ifted  to w ard s h ig h er 
w ave n u m b ers  w hich  w ould be d ifficu lt to  ra tio n a lize  on th e  basis o f a T y p e  1 
s tru c tu re . T he p o ssib ility  of com pound  6 of T ab le  IV  to  ex is t a t  le a s t in p a r t  
as th e  T ype 3 ta u to m e r  can n o t, th e re fo re , be ru led  o u t.

A ce ty la tio n  m ay  again be seen n o t to  affect th e  v a lid ity  of th e  A log  e 
ru le [2] h u t, in  some instances, a c e ty la tio n  appears to  cause a sligh t b a th o ch ro - 
mic sh ift of th e  sh o rte r, or a slight hypsochrom ic  sh ift of th e  longer, w av e len g th  
ab so rp tio n  b an d .

A d d itio n a l ev idence for th e  site  o f a tta c h m e n t of th e  acyl g roups in  co m 
po u n d s 3 an d  4 of Table IV  comes from  th e  o b se rv a tio n  th a t  su lfo n a tio n  o f th e  
la t te r  fu rn ish es  h e te ro a ro m atic  O -sulfonyl d e riv a tiv es  w hich can occur on ly  
if  th e  acy l g roups were a tta ch ed  to  N (2) [3]. The site  of a tta c h m e n t of th e  chlo-

* A similar conclusion has been derived for compound No. 1 of Table I on the basis of 
NMR evidence [7].
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ro a c e ty l group in c o m p o u n d  No. 2 of T ab le  IV , on th e  o th e r h an d , follow s from  
th e  re su lt of ring  c losure o f th is  com pound , w hich  leads to  com pound  7 (R  =  
=  R 3 =  H , R 5 =  Me) o b ta in e d  also b y  s tru c tu re  p ro v in g  syn th esis  (see below ).

Synthesis and tautom eric structures o f further imidazopyrimidinediones

T he p o te n tia lly  ta u to m e ric  2 ,5 ( li i ,3 ii) - im id a z o [l,2 -a ]p y rim id in e d io n e s  
6 (R  =  H) (com pounds 5 and  6 of T ab le  I)  h av e  been  ob ta in ed  [1] sim ilarly  
to  th e ir  analogues o f f ix e d  tau to m eric  s tru c tu re s  (com pounds 10 —12 of Table 
I) — b y  am m onolysis o f T ype 12 o x o d ih y d ro p y rim id y lace tam id es  o r th e  co r
re sp o n d in g  e th y l es te rs .*  The o b se rv a tio n s t h a t  th e  UV sp ec tra  (1) of th e  
p ro d u c ts  o b ta ined  b y  th e  am m onolysis m e th o d  an d  b y  ring  closure of iV-chloro- 
acety lisocy tosines [8 10], and (2) o f th e  n o n -tau to m eric  an d  p o te n tia lly
ta u to m e ric  T ype 6 com pounds are id e n tic a l, p rove  th a t  th e  iV -chloroacetyliso- 
cy tosines are IV(2)-acyl d e riva tives, a n d  th a t  th e  p re d o m in a n t fo rm  of th e  
p o te n tia lly  ta u to m e ric  2 ,5 (lif ,3 f i) - im id a z o [l ,2 -a ]p y rim id in o n e s  (com pounds 
5 8 of T able I) a re , indeed , of T ype 6.

The IR  sp e c tra  o f  th e  p o te n tia lly  ta u to m e r ic  and  n o n -tau to m eric  com 
p o u n d s  of Type 6 (T ab le  I) differ in  t h a t  th e  la t te r  ex h ib it tw o  sing le t vC =  0  
b a n d s , while in  th e  sp e c tra  of th e  la t t e r  a t  le a s t th e  h igher w ave n u m b er 
vC =  0  b an d  is a d o u b le t. This m ay  in d ic a te  th a t  th e  p o te n tia lly  ta u to m e ric  
com pounds ex ist p a r t ly  in  the  form  o f th e  T ype  19 tau to m ers .

The p o te n tia lly  ta u to m e ric  2 ,7 -im idazopyrim id ined ione  7 (R  =  R 3 =  H) 
^  8 (R 3 =  R 8 =  H ) (com pound  N o. 4 o f T ab le  I I )  has been  o b ta in e d  b y  ring  
closure of JV (2)-cb loroacety l-6-m cthylisocytosine 1 (R  =  C1CH2C 0 , R ' =  R 3 =  
R 5 =  H , R° =  M e; com pound  No. 2 o f T ab ic  IV ) as well as b y  am m onolysis 
o f th e  e th y l o x o d ih y d ro p y rim id in eacc ta te  (21). T he la t te r  has been  o b ta in ed  b y  
th e  reac tio n  of e th y l th io u re id o a c e ta te  [21] w ith  d iketene  (cf. [22]), an d  m eth y la - 
t io n  of th e  re su ltin g  2 -th iou racil d e r iv a tiv e  20. Since reac tio n  of d ik e ten e  w ith  
m o n o su b s titu ted  th io u reas  m ay fu rn ish  e ith e r  1- or 3 -su b s titu te d  2-th iouracils

* For an a lternative  mode of synthesis of compound No. 5 of Table I, see Ref. [8]; 
for the syntheses of com pounds No’s 7—9, see R ef’s [8— 10, 12, 13].
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[1, 22], th e  o rie n ta tio n  in  th e  reac tio n  w ith  e th y l tliio u re iilo ace ta te  h ad  to  be 
e s tab lish ed . T his w as accom plished  b y  hydro lysis o f 21 to  th e  u rac il d e riv a tiv e  
14 (R 3 =  H) w hich p ro v ed  d iffe ren t from  th e  know n isom eric 6 -m ethy l-3 -u racil- 
ace tic  acid [1].

T he UY sp ec tru m  of com pound  No. 4 of T able I I  is d ep e n d e n t on  th e  
n a tu re  of th e  so lv en t: in e th an o l it co rresponds to  th e  c ro ss-co n ju g a ted  form  
7, w hile in d ioxane it  ex h ib its  th e  ch a rac te ris tic s  of th e  T ype 8 com pounds, 
b o th  as to  th e  positions an d  th e  in ten sitie s  of th e  ab so rp tio n  b an d s  (and , o f 
course, th e ir  A log e va lues). Since in  th e  K B r- an d  DM SO IR  sp ec tra  b o th  
A m ide I  bands ap p e a r as do u b le ts , com pound  No. 4 o f T ab le  I I  a p p a re n tly  
ex is ts  as a m ix tu re  o f th e  T ype  7 an d  T ype  8 ta u to m e rs , b o th  in  th e  c ry sta llin e  
s ta te  an d  in DMSO so lu tion .

T he 1 -m ethyl d e riv a tiv e  7 (R  =  R 5 =  Me, R 3 =  H) (com pound No. 6 of 
T ab le  I I )  was o b ta in ed  b y  allow ing to  re a c t 6 -m eth y l-2 -m eth y lam in o -4 (3 I/)-  
-py rim id inone (1, R  =  R e =  Me, R ' =  R 3 =  R 5 = H) an d  ch lo roacetic  a n 
h y d rid e . The s tru c tu re  of th e  p ro d u c t o f th is  n o n -s tru c tu re  p ro v in g  sy n th esis  
follow s b y  analogy  an d  from  sp ec tra l p ro p e rtie s  (see T ab le  I I ) .  In  ag reem en t 
w ith  its  f ix ed  s tru c tu re , th e  A m ide I b an d s  of th is  com pound  are n o t sp lit 
in to  d o u b le ts , and  th e  UY sp ec tru m  rem ain s essen tia lly  un ch an g ed  w hen  th e  
so lv en t e thano l is rep laced  b y  d ioxane.

A za analogues o f the  N (2)-acylisocytosines 2 (R  =  ac) 
and  d ihydroim idazopyrim idiiiones 4 (R  —- A c)

T he 6-aza analogues of th e  isocytosines ex is t p re d o m in a n tly  in  th e  cross- 
co n ju g a ted  form , w ith  th e  ex cep tio n  of such  cases in  w hich th e  co n ju g a ted  or 
exocyclic form  is fixed  b y  su b s titu tio n  o f th e  m obile h y d ro g en  atom s [2]; 
com pound  17 m ay  serve as an  exam ple  fo r such  an  ex cep tion . A cy la tion  of th e  
c ross-con jugated  6-azaisocytosines or, nam ed  m ore sy s tem a tica lly , 3-am ino-5- 
-(2 if)-a s-triaz in o n es 9 m ay  lead , if  R , R 5 =  H , in  p rincip le  to  no less th a n  fou r 
isom eric d e riv a tiv es: th e  N (2)-, iV(3)-, IV(4)- an d  O -acylation  p ro d u c ts . The 
la t te r  tw o  should  be easily  id en tifiab le  on th e  basis o f th e ir  IR  sp ec tra  (c f. 
th e  analogous acy la tio n  of isocytosines discussed above).

A ce ty la tio n s of 9 (R  =  R ' =  R 2 =  H , R° =  Me) and  of 9 (R  =  R 2 =  H , 
R ' =  C H 2CH2O H , R 6 =  Me) fu rn ish  ace ty l d e riv a tiv es  in  w hich th e  new ly 
in tro d u c e d  ace ty l group is, accord ing  to  th e  IR  sp ec tra , a tta c h e d  n e ith e r  to  
IV(4), n o r to  0(5). (In  th e  second case a c e ty la tio n  of th e  side chain  h y d ro x y l 
group ta k e s  place in  a d d itio n  to  7V -acetylation.) The choice b e tw een  th e  re m a in 
ing a lte rn a tiv e  s tru c tu re s  9 (R  =  Ac, R 2 =  H , R e =  Me, R ' =  H  an d  

-C H ,C H 20 A c, respec tive ly ) an d  9 ( R 2 =  Ac, R  =  H , R 6 =  Me, R ’ =  H  and  
— CH2C H 2OA c, respective ly ) can  be m ade b y  com parison  o f th e  UY sp ec tra  of
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Fig. 2. UV spectra of 2-acyl-5(2ff)-as-triazinones

th e  p ro d u c ts  w ith  t h a t  o f  th e  acety l d e riv a tiv e  of 9 (R  -j- R ' =  [CH2]4, R 2 =  H , 
R° =  Me). The l a t te r  is show n by  its  IR  sp ec tru m  to  be n e ith e r  an  1V(4)-, no r 
an  0 (5 )-ace ty l d e r iv a tiv e , w hence 18 follows as th e  only  accep tab le  s tru c tu re . 
Since th e  UV sp e c tra  o f th e  tw o a c e ty la tio n  p ro d u c ts  (com pounds 7 an d  8 of 
T ab le  I I )  m en tio n ed  above are to ta lly  d iffe ren t from  th a t  o f 18, th e y  are ce r
ta in ly  iV (3)-acetyl d e riv a tiv e s  (9, R  =  Ac, R ', R 2 an d  R 6 as s ta te d  above).

The considerab le  differences be tw een  th e  UV sp ec tra  of 18 and  th e  ty p e  
9 (R  =  Ac) co m p o u n d s are an o th er in d ica tio n  of th e  sen s itiv ity  of th e  e lec tron  
d is tr ib u tio n  of th e  c ross-con jugated  chrom ophore system  to  v a ria tio n s  of th e  
n a tu re  and  p o sitions o f th e  ring  su b s titu e n ts . The sp ec tra  of com pounds 18 
an d  2 2 -  24 [23] -  w h ich , in a b ro ad  sense, all are 2 -acy l-5 (2H )-as-triaz inones 
-  are, on the  o th e r  h a n d , qu ite  sim ilar (see F ig . 2).

A ce ty la tio n  o f  10 (R  =  H , R 8 =  O H ) fu rn ishes a d iace ty l d e riv a tiv e  in 
w hich  one of th e  a c e ty l groups is a tta c h e d  to  th e  oxygen  a to m  w hich has o rig
in a lly  been p a r t  o f th e  h y d ro x y l g roup , while th e  o th e r  is, accord ing  to  th e  
IR  spectrum , not a t ta c h e d  to  th e  o th e r  oxygen  a to m , n o r to  N (4). As a conse
quence, 10 (R  =  A c, R 8 =  OAc) is th e  on ly  accep tab le  s tru c tu re  for th is  com 
p o u n d  (No. 11 of T ab le  I I ) ,  and th is  s tru c tu re  is in  ag reem en t also w ith  th e  UV 
spectrum .
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10 ( R  =  H ,  R s =  O H ) ,  t h e  c y c l i c  a m i n o c a r b i n o l  f o r m  o f  t h e  a l d e h y d e  9  

( R  =  -  C H . , C H O ,  R 2 =  R '  =  H ,  R 6 =  M e )  h a s  b e e n  o b t a i n e d  b y  a c i d - c a t a 

l y z e d  h y d r o l y s i s  o f  i t s  d i m e t h y l  a c e t a l  a t  r o o m  t e m p e r a t u r e . *  N o  s p e c t r o s c o p i c  

i n d i c a t i o n s  a r e  a v a i l a b l e  f o r  t h e  e x i s t e n c e  o f  a p p r e c i a b l e  a m o u n t s  o f  t h e  a l d e 

h y d e  f o r m .  T h e  a l d e h y d e  9 ( R  C H 2C H O ,  R 2 =  R '  = H ,  R °  =  M e ) ,  o r  i t s  

c y c l i c  f o r m ,  c o u l d  n o t  b e  o b t a i n e d  b y  o x i d a t i o n  o f  t h e  c o r r e s p o n d i n g  9 ( R  =  

—  C 2H 4O H ,  R 2 =  R '  =  H ,  R °  =  M e )  [ 1 6 ] ,  s i n c e  t h e  l a t t e r  s u f f e r e d  a  g l y c o l  

t y p e  c l e a v a g e  t o  9 ( R  =  R '  =  R 2 =  I I ,  R 6 =  M e )  w h e n  t r e a t e d  w i t h  h o t  

a q u e o u s  K M n 0 4 o r  t h e  P b ( O A c ) 4- p y r i d i n e  c o m p l e x  [ 2 7 ] .

T h e  t e t r a h y d r o p y r i m i d o [ l , 2 - 6 ] - a s - t r i a z i n o n e  25 [ 1 6 ]  i s  a l s o  a c e t y l a t e d  

a t  N ( o )  s i n c e ,  a c c o r d i n g  t o  i t s  I R  s p e c t r u m ,  t h e  r e s u l t i n g  p r o d u c t  i s  n o t  a n  

O - a c e t y l  d e r i v a t i v e ,  n e i t h e r  d o e s  i t  c o n t a i n  a  d i a c y l a m i n e  m o i e t y .  I n  a g r e e 

m e n t  w i t h  t h e  g r e a t e r  d e p a r t u r e  f r o m  p l a n a r i t y  o f  t h e  h e x a h y d r o p y r i m i d i n e  

r i n g  a s  c o m p a r e d  w i t h  t h a t  o f  t h e  i m i d a z o l i d i n e  r i n g s  o f  t h e  T y p e  5 ( R  =  A c )  

a n d  T y p e  11 c o m p o u n d s ,  t h e  U V  s p e c t r u m  o f  t h e  a c e t y l a t e d  p r o d u c t  26 
( c o m p o u n d  N o .  1 2  o f  T a b l e  I I )  r e s e m b l e s  t h o s e  o f  c o m p o u n d s  1 ,  2  a n d  1 0  o f  

T a b l e  I I .

E xperim en tal

3,6-D im ethyl-2-m ethylam m o-4(3H )-pyrim idinone(l, R =  R 5 =  H, К =  R 3 =  R ‘! =M e)
A m ixture of 3,6-dim ethyl-2-m ethylthio-4(3if)-pyrim idinone [29] (1.7 g; 10 mmoles) 

and m ethylam m onium  acetate  (4.5 g; 50 mmoles) was kep t for 2 hrs a t 140—150 °C (bath  
tem perature). On cooling, m ost of the m ixture turned crystalline. The product was filtered off 
and washed w ith ether to yield 1.3 g (85% ) of the title  compound, m .p. 213— 214 °C (EtO H ).

C,H u N30  (153.2). Calcd. C 54.88; H 7.24; N 27.43. Found C 54.85; H  7.25; N 27.05%.

N(2)-Acyl-isoeytosines 1 (R  =  a c )a n d 2 ( R  =  ac)

(a) A m ixture of 6-methylisocytosine 1 (R =  R ' =  R 3 =  R 5 =  H , R° =  Me) [15] 
(2.5 g; 20 mmoles), anhydrous dioxane (20 ml) and chloroacetyl chloride (5 ml; 63 mmoles) 
was refluxed for 30 min and evaporated to dryness in vacuum . The residue was dissolved in 
w ater (20 ml), and the solution was trea ted  w ith N aH C 03 until neu tral, to  yield 2.0 g (50% ) 
of 1 (R  =  ClCH2CO, R ' =  R3 =  R5 =  H , R 6 =  Me), m.p. 197 °C (d.) (from DMF; second m.p., 
after resolidification, above 260 °C (d.).

C,H8C1N30 2 (201.6). Calcd. C 41.70; H 4.00; N 20.84. Found C 41.92; H  4.22; N 20.62%.

* A t elevated tem peratures the aminocarbinol is readily dehydrated  by aqueous HC1 
to 2-m ethyl-3(5H )-im idazo[l,2-6]-as-triazinone, see Experim ental.

7* Acta Chim. (Budapest) 88,1976



428 HORNYÄK et al.: PYRIMIDINES AND CONDENSED DERIVATIVES, IV

NM R (DMSO-d0): ö ^  9.5 (bs, 2H, disappears on addition of D.,0, N H ’s); 6.0 (s, 1H,
5-H ); 4.45 (s, 2H, COCH2Cl); 2.2 (s, 3H, 6-Me).

(b) 3,6-DimethyIisocytosine (1, R  =  R ' =  R 3 =  H, R 3 =  R 6 =  Me) [15] (2.8 g; 
20 mmoles), N aH C 03 (2.1 g) and  chloroacetyl chloride (10 ml) were thoroughly mixed, and the 
m ix tu re  was allowed to stand  2 hrs a t room tem perature . The excess chloroacetly chloride was 
d istilled  off in vacuum. The oily residue tu rned  crystalline when tr itu ra ted  w ith  w ater (20 ml) 
and  furnished 1.7 g (39% ) of 1 (R  =  ClCH2CO, R ' =  R 5 =  H, R 3 =  R 6 =  Me), m.p. 177 °C 
(from  MeOH; second m .p., a fte r resolidification, above 215 °C (d.).

C8H 10ClN3O2 (215.6). Calcd. C 44.56; H , 4.67; Cl 16.44. Found C 45.18; H  4.38; Cl 16.71%.
The NMR spectrum  in DMSO-de is in agreem ent with the presence of two tautom eric 

form s (Type 1 г  Type 3): d 6.05 +  5.65, (bo th  s, summing up to  1H, 5-H ’s); 4.4 (s, 2H; 
COCH2Cl); 3.4 +  3.3 (both s, summing up to  3H , IV-Me’s); 2.3 +  2.1 (both  s, summing up to 
3H, 6-Me’s).

(c) IV(2)-Acetyl-6-methylisocytosine (R  =  Ac, R ' =  R 3 =  R 5 =  H , R 6 =  Me) has 
been obtained as described in Ref. [20].

NMR (DMSO-d6): <5 ~  13 (bs, 2H, d isappears on addition of D20 ,  N H ’s); 5.98 (s, 1H,
5-H ); 2.2 (s, 6H, 6-Me +  Ac).

(d )  JV(2),3,6-Trimethylisocytosine (1, R  =  R 5 =  H, R ' =  R 3 =  R G =  Me) (1.0 g; 
6.5 mmoles) was refluxed for 2 hrs w ith Ac20  (10 ml) containing 1 drop of cone. HC1. The 
m ix tu re  was evaporated to  dryness in vacuum  and the residue recrystallized from CC14 to 
yield 1.1 g (87%) of 1 (R  =  Ac, R ' =  R 3 =  R G =  Me, R 5 =  H), m .p. 129— 130 °C.

C9H 13N30 , (195.2). Calcd. C 55.37; H  6.71; N 21.53. Found C 55.57; H  6.71; N 21.58%.
(e) i,IV(2),6-Trimethylisocytosine (2, R  =  H , R 1 =  R ' =  R G =  Me) [ l j  (1.53 g; 

10 mmoles) was refluxed for 2 hrs. w ith acetic anhydride (20 ml). The excess anhydride was 
distilled off in vacuum  and th e  residue tr itu ra te d  w ith ether to  yield 1.5 g of 2 (R  =  Ac, 
R 1 =  R ' =  R G =  Me), crystalline powder, m .p. 196 °C (from CHC13—light petroleum).

C9H 13N30 2 (195.2). Calcd. C 55.38; H 6.71; N 21.53. Found C 55.43; H  6.79; N 21.39%.

l-Acetyl-2,3,6,7,8,9-hexahydro-5(lH )-im idazo[2,l-b]quina7.oline 4 (R  =  Ac, R 3 II,
R° +  R 7 =  [CH2]4).

4 (R  =  R 3 =  H , R 6 - f  R 7 =  [CH2]4) [1] (3.0 g; 13 mmoles) was refluxed for 1 hr 
w ith  acetic anhydride (10 ml) to  yield, after th e  solution had been allowed to  cool, 1.0 g (31%) 
of th e  title  compound, m .p. 214 °C (from Ac20 ).

C12H 15N30 2 (222.3). Calcd. C 61.79; H  6.48; N 18.02. Found C 61.55, H  6.36, N 18.09%.

3-A cetylam ino-6-m ethyl-5(2H )-as-triazinone (9, R  - Ac, R 2 =  R ' =  H, R G =  Me).
A mixture of acetic anhydride (20 ml) and 3-am ino-6-methyl-5(2H)-as-triazinone [19] 

(0.5 g; 4 mmoles) was refluxed for 20 min to yield, after the m ixture had  been allowed to 
cool, 0.4 g (61.5%) of th e  title  compound, colourless crystals, m.p. 303 °C (from Ac00).

C6H8N40 2 (168.15). Calcd. C 42.84; H  4.79; N 33.32. Found C 42.71; H 4.86; N 32.66%.
3-[!V-(2-A cetoxyethvl)-N-acetylainino]-6-m ethvl-5(2H )-as-triazinone (9. R =  Ac, R 2=

=  H , R ' =  —C2H4OAc, R g =  Me).
A mixture of acetic anhydride (5 ml) and 3-(2-hydroxyethylam ino)-6-methyl-5(2H)-as- 

-triazinone [16] (0.34 g; 2 mmoles) was refluxed for 20 min and evaporated  to dryness in 
vacuum . The residue was crystallized from  gasoline to yield 0.4 g (78% ) of the  title  compound, 
m .p. 108—109 °C (from gasoline).

C10H 14N4O4 (254.25). Calcd. C 47.24; H  5.55; N 22.04. Found C 47.14; H 5.61; N 22.48%.
3-(N-A cetyl-N -m ethylam ino)-2,6-dim ethyl-5(2H)-as-triazinoiie (9, R  =  Ac, R- =  R ' =

R 6 =  Me).
9 (R =  H, R 2 =  R ' =  R G =  Me) [26] (0.7 g; 4.5 mmoles) was refluxed for 2.5 hrs 

w ith  acetic anhydride (5 ml) to which one drop of cone. aq. HC1 had been added. The solution 
was evaporated to dryness in  vacuum  and the crystalline residue tr itu ra te d  w ith ether to  yield 
0.5 g (57%) of the title  com pound, m .p. 94— 96 °C (from CC14).

C8H 12N40 2 (196.2). Calcd. C 48.97; H  6.17; N 28.56. Found C 48.84; H  6.29; N 28.25%.
Ethyl 6-m ethyl-4-oxo-2-thioxo-3,4-dihydro-l(2H )-pyrim idineacetate (20)
Diketene (9.1 m l; 120 mmoles) was added by drops to a refluxing solution of ethyl 

th iohydantoate [21] (8.7 g; 54 mmoles) in  AcOH (40 ml). The m ixture was refluxed for further 
10 min and allowed to  cool. W ater (5 ml) was added by drops to  p recip itate 7.1 g (58% ) of 20, 
colourless plates, m.p. 210 °C (from w ater).

C9I I ]2N20 ,S  (228.3). Calcd. C 47.35; H  5.30; N 12.28, S 14.05. Found C 47.36; H 5.56; 
N  12.15; S 14.21%.

UV (EtO H ): 219 (4.16); 274 (4.13).
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6-M ethyl-4-oxo-2-thioxo-3,4-dihydro-l(2H)-pyrim idineacetic acid
The above ethyl ester (1.0 g; 4.4 mmoles) was refluxed for 15 hrs w ith 20% aq. HC1 

(40 ml) to yield 0.6 g (68% ) of the acid, colourless crystalline powder, m.p. 263—265 °C (from 
water).

C7H 8N20 3S (200.2). Calcd. C 41.89; H  4.02; N 13.99; S 16.01. Found C 41.97; H 4.31; 
N 13.67; S 15.“51%.

am ido-N -Butyl-6-m ethyl-4-oxo-2-thioxo-3,4-dihydro-l(2H )-pyrim idineacetam ide
The ester 20 (1.14 g; 5.0 mmoles) was refluxed for 4 hrs w ith butylamine (10 ml). The 

excess amine was distilled off in vacuum  and the oily residue crystallized from D M F -H 20  to 
yield 1.0 g (78% ) of the butylam ide, m.p. 244— 245 °C.

Cn H 17N30 2S (255.3). Calcd. C 51.75; H 6.71; S 12.56. Found C 51.70; H 6.72: N 12.70%.
UY (E tO H ): 220 (4.26); 276 (4.18).
IR  (K B r): vC =  0  1695 and 1665 c m " 1.

6-M ethyl-2,4-dioxo-3,4-dihydro-l(2H)pyrim idineacetic acid (14, R3 =  H).
A solution of 20 (0.3 g; 1.3 mmole) in a m ixture of I N  NaOH (1.4 ml) and w ater (3 ml) 

was trea ted  w ith M el (0.2 ml; 3.2 mmoles) under continuous stirring at room tem peratu re  
(2 hrs). The m ixture was evaporated to dryness, and the residue (a mixture of 21 and N al) 
was refluxed w ith  20% HC1 (4 ml) for 8 hrs. The solvent and excess reagent were distilled off 
in vacuum  and the oily residue crystallized from  w ater in  the presence of charcoal to  yield 
0.18 g (75% ) of 14 (R 3 =  H), colourless needles, m.p. 263— 264 °C (d.) (from H 20).

C7H8N20 4 (184.2). Calcd. C 45.64; H 4.38; N 15.21. Found C 45.72; H 4.24; N 15.65% .
UV (E tO H ): 208 (3.91); 264 (4.02).
IR  (K B r): vC =  0  1745, m, 1700, b vs.
M.p. of the isomeric l,2-dihydro-4(3H ) derivative 254— 255° [1]; UY (E tO H ): 206 

(3.94); 260 (3.96).
2,5(1H , 3H )-Im idazo[l,2-a]pyrim idinediones (6)
(a )  For the syntheses of compounds 5, 6 and 10 of Table I by ammonolysis and buty l- 

aminolysis of the appropriate Type 12 compounds, see Ref. [1]. 2-Hydroxyethyl- and benzyl- 
aminolysis of the e thy l ester corresponding to  12 (R 5 R 6 =  [CH2]4) did not furnish the  ex
pected Type 6 com pounds; instead, the isocytosine derivatives 1 (R  =  H; R 5 -f- R 6 =  [CH2]4, 
R  =  HOC2H4— and PhCH2—, R3 =  — CH2CONHC2H4OH and — CH2CONHCH2Ph, respec
tively) were obtained [1].

(b) The solutions of the above isocytosine derivatives in 20% aq. HC1 (10 parts) 
were refluxed for 30 min and evaporated to dryness in vacuum . The residues were tr itu ra te d  
w ith 10% aq. N a2C 03 to  yield 90—92% of the corresponding Type 6 compounds.

6, R  =  HOC2H4—, R 3 =  H, R 6 -|- R 7 =  (CH2)4, m .p. 176.5 °C (from w ater). 
Ci2H i5N30 3 (249.3). Calcd. C 57.82; H 6.07; N 16.86. Found C 57.91; H 6.20; N 17.09%.

6, R =  P hC H ,—, R 3 =  H, R 6 +  R 7 -  (CH2)4, m. p. 177 °C (from i-P rO H ).
C17H 17N30 2 (295.4). Calcd. C 68.66; H 6.44; N 14.13. Found C 68.77; H 6.12; N 14.18%.

5-M ethyl-2 ,7(lH , 3H )-im idazo[l,2-a]pyrim idinedione (7, R  — R 3 =  H, R 5 =  Me)
(a )  Sodium (0.46 g; 20 mmoles) and, subsequently, com pound 20 (4.56 g; 20 mmoles) 

were dissolved in anhydrous E tO H  (20 ml). Mel (2 ml; 32 mmoles) was added, and the m ix ture  
was allowed to stand  overnight a t room tem perature  and evaporated to dryness in  vacuum . 
The colourless residue (compound 21 -(- N al) was dissolved in anhydrous E tO H , and  the 
solution was sa tu ra ted  a t 0 °C w ith dry N H 3. B F3-etherate (0.2 ml) was added as a ca ta lyst, 
and the m ixture was heated in a sealed tube for 10 hrs. a t 145— 150 °C to yield, after being 
allowed to  cool, 2.9 (79% ) of 7 (R  =  R3 =  H , R 5 =  Me), colourless crystalline powder, m. p. 
305—306 °C (d.; from  H 20).

The product contained one molecule of w ater of crystallization which was not rem oved 
even by sublim ation a t 250 °C/0.1 torr.

C7H7N30 o • H.,0 (183.2) Calcd. C 45.90; H 4.95; N 22.94. Found C 45.77; H 4.99; 
N 23.08%.

(b) 1 (R  =  ClCH2CO, R ' =  R3 =  R 5 =  H , R 6 =  Me; see above) (0.5 g; 2.5 mmoles) 
was refluxed for 30 min w ith dry tetraline (10 ml). The solvent was distilled off in vacuum  
and the crystalline residue tr itu ra ted  w ith ether to yield 0.2 g (44% ) of 7 (R =  R 3 =  H , 
R 5 =  Me), m .p. 305 °C (d.) which, according the IR  spectra, proved identical w ith the p roduct 
obtained as described under (a ) .

1,5-D im ethyl-2,7(1H , 3H )-im idazo[l,2-a]pyrim idinedione (7, R  =  R 5 =  Me, R 3 =  H).
A m ixture of 1 (R  =  R 6 =  Me, R ' =  R 3 =  R 5 =  H) [15] (1.4 g; 10 mmoles) and chloro- 

acetic anhydride (2.0 g; 12 mmoles) was kep t for 3 hrs a t 130— 140 °C (bath  tem perature).
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The resolidified melt was dissolved in MeOH (20 ml) and trea ted  w ith ethereal diazom ethane 
solution in order to liberate th e  product from its HC1 salt. The solvents were distilled off in 
vacuum , and the residue was recrystallized from MeOH to yield 0.6 g (34% ) of the title  com
pound, m. p. 322°C (d.).

C8H 9N30 2 (179.2). Calcd. C 53.68; H 5.07; N 23.47. Found C 53.43: H 5.06; N 23.64%.
NM R (DMSO-d6): Ő 2.20 (s, 3H, 5-Me); 3.06 (s, 3H, 1-Me); 4.68 (s, 2H, CH.CO); 5.74 

(s, 1H, 6-H).
5 .8 - Dimethyl-2,7(3H, 8H )-im idazo[l,2-a]pyrim idinedione (8, R 3 =  H , R 8 =  Me).
1 (R  =  C1CHXO—, R ' =  R 5 =  H, R3 =  R 6 =  Me; see above) (0.8 g; 3.7 mmoles) 

was heated  for 5 min a t 180 °C (bath  tem perature). The m elt solidified on cooling. I t  was 
thoroughly  pulverized and sublim ed a t 200 °C/0.1 to rr to  yield 0.3 g (45% ) of 8 (R 3 =  H, 
R H =  Me), m.p. 258—260 °C (d.), lit. [10] m.p. 261— 262 °C.

C8H 9N30 2 (179.2). Calcd. C 53.62; H 5.06; N 23.45. Found C 53.74; H 5.44; N 23.68%.

7 .8 - Dimethyl-2,5 (3H, 8H )-inúdszo[l,2-a]pyrim idinedione (19, R 7 =  R 8 =  Me).
(a )  l,6-D im ethyl-2-m ethylthio-4(lH )-pyrim idinone [1] (1.7 g; 10 mmoles) was added 

to  am m onium  acetate (3.85g; 50 mmoles) preheated to  120 °C, and the m ixture was kep t a t 
160—170 °C (hath tem perature) un til the evolution of m ethanethiol ceased (about 2 hrs). 
The m elt gradually solidified during this period. The product was pulverized and washed 
w ith  acetone to yield 1.1 g (85% ) of the title com pound, colourless crystals, m.p. above 350 °C 
(d.; aqueous acetone), lit. [30] m.p. 329 °C (d.). (The synthesis described in the literatu re  was 
no t structure-proving.)

(b) A m ixture of the above product (1.0 g; 7 mmoles) and chloroacetic anhydride (1.3 
g; 7.5 mmoles) was heated for 3 hrs a t 130— 140 °C (bath  tem perature). The resulting crystal
line p roduct was dissolved in m ethanol (60 ml). F reshly  prepared ethereal diazom ethane was 
added  in portions until the  to ta l am ount of the title  com pound was liberated from its hydro
chloride. P a rt of the solvent was evaporated, and th e  m ixture was filtered to yield 0.7 g (56% ) 
of th e  title  compound, colourless crystals, m.p. 275— 277 °C (d.; DMF).

C8H9N30  (197.2). Calcd. C 53.62; H 5.06; N 23.45. Found C 53.64; H 5.09; N 23.53% .
IR  (KBr): 1745 and 1700 c m '1 (b). UV (dioxane): 242 (4.08); 274 (3.71). UV (E tO H ): 

210 (3.91); 246 (3.96); 272 (3.66).

7 -Acetoxy-5-acetyl-2-m ethyl-6,7-dihydro-3(5H )-im idazo[l,2-b] -as-triazinone 
(10, R  =  Ac, R 7 AcO).

(a )  A m ixture of 6-m ethyl-3-m ethylthio-5(2fi)-as-triazinone (1.57 g; 10 mmoles), 
anhydrous ethanol (10 ml) and 2,2-dim ethoxyethylam ine (1.2 g; 11.4 mmoles) was refluxed 
for 4 hrs and evaporated to  dryness in vacuum . The oily residue was tr itu ra ted  w ith light 
petro leum  to yield 2.6 g (99% ) of 2,2-dim ethoxyethylam m onium  6-m ethyl-3-methylthio-as-triazin- 
-5-olate,* colourless needles, m.p. 112—120° (d. (from F tO H -ligh t petroleum ).

C9H 18N40 3S (262.3). Calcd. C 41.21: H 6.92. Found C 41.32; H 6.25% .
(b) When the above product (or the original oily residue) was heated a t 150 °C (bath  

tem pera tu re) for 1 hr, vigorous evolution of m ethanethio l took place. The solid product was 
recrystallized from a small am ount of methanol to yield 1.1 g (52%) of 3 -( 2 ,2-dim ethoxyethyl- 
am in o )-6 -m eth y l-5 (2 H ) -as-triazinone  (9, R 2 =  R ' =  H , R =  [MeO]2CH2CH2—, R 6 =  Me) 
colourless crystalline pow der m.p. 220—222 °C.

C8H 14N40 3S (214.2). Calcd. C 44.86: H 6.59; N 26.16. Found C 44.98; II 6.42; N 26.09% .
UV (EtO H ): 210 (4.38); 244 (3.84).
IR  (KBr): vC =  0  1660 c m " 1.
(c) The above p roduct (2.0 g; 9.4 mmoles) was stirred with N  aq. HC1 (25 ml) for 10 

h rs room  tem perature. The m ixture was evaporated  to  dryness in vacuum , and the brownish 
oily residue was tr itu ra ted  w ith  acetone until it tu rned  crystalline. The resulting hydrochloride 
was tritu ra ted  w ith 10% aq. N a2C 03 to yield 0.6 g (77% ) of 7-hydroxy-2-m ethyl-6J-dihydro- 
~3(5H )-im idazo  [ 1,2-b] -as-triazinone (10. R =  H , R v =  OH), colourless crystalline powder, 
m .p . 240—241 °C (d.) (D M F-acetone).

C6H8N40 o (168.15). Calcd. C. 42.85; H 4.79; 33.32. N Found C 42.96; H  4.82; N 33.18%.
UV (EtO H ): 208 (4.38); 250 (3.84).
(d) The above p roduct (0.3 g; 1.8 mmole) was refluxed for 30 min w ith a m ixture of 

AcOH and Ac20  (3 ml, each). The resulting brown solution was evaporated to  dryness in v a 
cuum , and the residue was recrystallized from a sm all am ount of w ater to yield 0.17 g (37% ) 
of 10 (R  =  Ac, R 7 =  AcO), colourless crystalline powder, m.p. 180- 181 °C.

C10H 12N4O4 (252.23). Calcd. C 47.61; II 4.79; N 22.21. Found C 47.49; H 4.87; N 22.07%.

* С/. Ref. [16].
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2-M ethyl-3(5H )-im idazo[l,2-b]-as-triazinone
(a )  3-(2,2-Dim ethoxyethylam ino)-6-m ethyl-5(2H)-as-triazinone (1.0 g; 4.7 mmoles) 

was refluxed for 10 hrs w ith 20% aq. HC1 (15 ml). The m ixture was evaporated to  dryness 
in vacuum  to  yield 0.45 g (64% ) of the title  compound, colourless crystalline powder, in.p. 
above 300 °C (from water).

Cf)H6N40  (150.14). Calcd. C 47.99; H 4.03. Found C 47.52; H  4.00% .
UV (E tO H ): 212 (4.22); 246 (3.82); 308 (3.69).
IR  (K B r): v УС— H (five-membered ring) 3100, vC =  0  1630 cm -1 .
(b) 10 (R =  H, R 7 =  OH) (0.3 g; 1.8 mmole) was refluxed for 1.5 hr w ith  20% 

aq. HC1 (10 ml). The m ixture was evaporated to dryness in vacuum . The residue was tr itu ra ted  
w ith  a small am ount of 10% aq. Na2C 03 and slightly acidified w ith AcOH to yield. 0.2 g 
(75% ) of a product which, according to m .p’s and IR  spectra, proved identical w ith the sub
stance obtained as described under (a).

2-Acetyl-6-m ethyl-3-pyrrolidino-5(2H)-as-triazinone (18)
(a) A m ixture of 6-m ethyl-3-m ethylthio-5(2fi)-as-triazinone (1.57 g; 10 mmoles) and 

pyrrolidine (10 ml) was refluxed for 20 hrs and allowed to stand overnight to yield 1.6 g (89% ) 
of 9 (R 2 =  H , R I  R ' =  [CH2]4, R 6 =  Me), m.p. 298—300 °C (d.) (from MeNO.,).

C8H 12N40  (180.2). Calcd. C 53.32; H 6.72; N 31.09. Found C 53.52; H 6.63; N 31.20%.
(b) The above product (1.5 g) was refluxed for 1 hr w ith a m ixture of Ac20  (20 ml) 

and pyridine (0.5 ml). 1.1 g of unchanged starting  compound was recovered when the m ixture 
was allowed to  cool. The filtra te  was evaporated to dryness in vacuum  and the resulting yellow 
gum was extracted  with boiling gasoline (20 ml). The product, 0.1 g (20% , based on unrecovered 
starting  m aterial), crystalline needles, m.p. 104— 105 °C (from gasoline), separated on cooling.

Ci 0H i4N4O9 (222.2). Calcd. C 54.05; H  6.35; N 25.22. Found C 54.11; H 6.44; N 25.66; 
24.95%.

UV (anhydrous dioxane): 222 (4.04); 244 (4.05); 257 (4.08).
IR  (K B r): vC =  0  1725 -f  1708/1700, d.
For comparison [23]:
22, UV (anhydrous dioxane): 242 (4.18); 264 (4.19).

IR  (KBr): vC =  0  1745 -f- 1685.
23, UV (anhvdrous dioxane): 238 (4.14); 264 (4.24).

IR  (KBr): vC —О 1765 +  1675.
24, UV (anhydrous dioxane): 232 (4.18); 255 (4.06).

IR  (KBr): vC = 0  1760 +  1690.

5-Acetyl-2-methyl-5,6,7,8-tetrahyclro-3H -pyrim ido[l,2-b]-as-triazin-3-one (26)

A m ixture of 25 [16] (0.32 g; 2 mmoles), acetic anhydride (5 ml) and one drop of cone. 
HC1 was refluxed for 1 hr and evaporated to dryness in vacuum . The crystalline residue was 
tr itu ra ted  w ith ether to yield 0.25 g (62% ) of 26, m.p. 127— 128 °C (from CC14).

C9H i2N40 2 (208.2). Calcd. C 51.92: H 5.81; N 26.91. Found C 51.81; H 6.04; N 27.07% .
*

The authors are indebted to Mrs. I. B a l o g h - B a t t a  and staff for the m icroanalyses, to 
Drs. P. K o l o n it s  and P. S o h á r  and staffs for the IR , to Dr. P. S o h á r  for the NMR and to 
Dr. L . L á n g  and Dr. F. R u f f  and staffs for the UV spectra.*
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THE SYNTHESIS OF ISOFLAYONE GLYCOSIDES,
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T H E  SY NTHESIS OF FORM ON ON ETIN -7-ß-GEN TIOBIO SID E 
AND -7-/5-SOPHOROSIDE

L. F a r k a s , A. K á l m á n  and A. W o l f n e r

(Institute o f Organic Chemistry, Technical University, Budapest and Central Research 
Institute o f the Hungarian Academy o f Sciences, Budapest)
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The 7-0-/S-gentiobioside and 7-0-/S-sophoroside of form ononetin have been 
synthesized and found to be different from  a formononetin-7-0-glucosyl-glucoside isolated 
from Cladrastis platycarpa.

F rom  th e  b a rk  of Cladrastis platycarpa, a tree  grow ing in  J a p a n , I m a m u r a  
et al. re c e n tly  iso la ted  a g lucosyl-glucoside of fo rm o n o n e tin  (1) w ith  th e  s tru c 
tu re  of th e  d isaccharide  unspecified  [2]. Since am ong th e  num erous possible 
glucosyl-glucoscs only  gentiob iose (6-0-/3-D -glucopyranosyl-glucose) and  sopho- 
rose (2-0-/?-D -glucopyranosyl-glucose) have been re p o r te d  to  be associated  
w ith  flavono ids [3], i t  w as p lausib le  t h a t  one of these  m ay  be th e  sugar m oie ty  
of th e  above m en tio n ed  glycoside.

In  o rd er to  v e rify  th is  assu m p tio n , we have p re p a re d  form ononetin-7-O - 
/5-gentiobioside (2) an d  -7-O -sophoroside (3) b y  coup ling  fo rm ononetin  (1) 
w ith  th e  co rrespond ing  oc-acetobrom osugars, followed b y  sapo n ifica tio n  of th e  
re su ltin g  glycoside ac e ta tes  (4 and  5, respective ly ). B o th  2 an d  3 were c learly  
d is tin c t from  th e  n a tu ra l p ro d u c t b o th  b y  m .p ., IR  an d  ch ro m ato g rap h ic  
m obility . D r. H . I m a m u r a  k in d ly  p rov ided  us w ith  th e  in fo rm atio n  th a t  he 
h ad  o b ta in ed  evidence show ing th e  sugar com ponent of th e  n a tu ra l p ro d u c t 
to  be lam inarib iose  (3-0-/?-D -glucopyranosyl-glucose). Since he also inform ed 
us th a t  a syn thesis  of form ononetin -7 -0 -/2 -lam inarib ioside w as in  progress, we 
did  n o t pu rsu e  our in v es tig a tio n s  an y  fu rth e r .

1 : R  =  H
2 : R  =  /S-gentiobiosyl
3 : R  =  jS-sophorosyl
4 : R  =  hepta-O-acetylgentiobiosyl
5 : R  =  hepta-O-acetylsophorosyl

* For P a rt X II, see Ref. [1]
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E xperim en ta l

7-Hydroxy-4’-methoxyisoflavon-7-0-/?-gentiobiosideheptaacetate (4)

A solution of 1 [4] (0.30 g) and a-acetobrom ogentiobiose [5] (0.5 g) in anhydrous pyridine 
(610 ml) was stirred w ith silver oxide (0.20 g) and anhydrous calcium sulfate (Drierite) a t room 
tem p era tu re  for 3 hrs. The reaction  m ixture was filtered into 15% aqueous acetic acid (30 ml). 
The precip itate was collected, dried and tr itu ra ted  w ith chloroform (20 ml). The undissolved 
aglycon was separated, th e  chloroform evaporated, and the residue crystallized first from 
ethano l and then from ethanol-chloroform  to afford the product (0.17 g; 17%) as colourless 
prism s, m.p. 215—215.5 °C.

C42H,60 21 (886.8). Calcd. C 56.77; H  5.23. Found C 56.72: H 5.25% .

7-H ydroxy-4’-methoxyisofSavoiie-7-0-/?-genlio!]iaside, Formononetin-7-0-/?-gentiobioside (2)

Compound 4 (123 mg) was boiled w ith 0.01 N  sodium m ethoxide (5 ml) for 10 min. 
A fter neutralization w ith acetic acid the solution was filtered and evaporated  to about 1/3 of 
its  original volume. The p roduc t was collected and recrystallized from m ethanol to afford 2 
(12 mg) as small, colourless needles, m.p. 188— 191 °C.

C2SH320 14 • 2HoO (628.57). Calcd. C 53.50; H 5.77. Found C 53.86; H 5.59%.

6-Hydrox-4’-methoxyisofIavone-7-0-/?-sophoroside heptaacetate (5)

Coupling of 1 (0.3 g) w ith a-acetobrom osophorose [6] (0.5 g), as described for 4. afforded 
5; a fte r repeated recrystallizations from ethanol the product was colourless needles, m.p. 
199 201°.

C42H4G0 2i (886.8). Calcd. C 56.77; H 5.23. Found C 56.70; H 5.34% .

7- Hydroxy-4’-m ethoxyisofIavone-7-O-jÖ-sophoroside (3)

Deacetylation of 5, as described for 2, gave 3 as colourless needles (from MeOH), m.p. 
2 1 3 - 216 °C.

C2SH320 14 • 2H20  (628.57). Calcd. C 53.50; H 5.77. Found C 53.24: H 5.47%

*

We are indebted to  Dr. I m a m u r a  for a sample of the the natu ra l product and for com
m unicating his unpublished results.
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NOVEL TYPE PHOTOISOMERS 
FROM iV-(4-METHYL-3-QUINAZOLINIO)-AMIDATES*

( P R E L I M I N A R Y  C O M M U N I C A T I O N )

J .  F e t t e r /  K . L e m p e r t “1 and J .  М 0 ь ь е к ь

( “D e p a r t m e n t  o f  O r g a n ic  C h e m is t r y ,  T e c h n ic a l  U n i v e r s i t y ,  B u d a p e s t ,  H u n g a r y  u n d  
0D e p a r t m e n t  o f  C h e m i s t r y , O d en se  U n i v e r s i t y , O d en s e , D e n m a r k )
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Irrad ia tion  in ethanol of the title  compounds gives rise to the form ation of 
isomers by form al 1,3-shifts of the acylnitrene groups from  nitrogen to carbon.

The p h o to c h e m is try  of iV -(3-quinazolin io)-am idates (I), such as com pound  
1A ( =  I, R 2 =  R 4 - Me, R =  O E t), has been  described  in  Ref. [1]. W e h av e  
now iso la ted  a p h o to iso m er IIIA  ( I I I ;  R 2 =  Me), m. p . 160— 162°C, in 5%  y ield  
in ad d itio n  to  Н А  ( I I ;  R 2 =  Me) on ir ra d ia tio n  of A r p u rged  e th an o l so lu tions 
of IA  w ith  a h igh  p ressu re  H g im m ersion  lam p th ro u g h  P yrex . A nalogous 
p ro d u c ts , viz. IIB  (II; R 2 = H) (23% , m . p . 165°C) an d  IIIB  (III; R 2 =  H) 
(7% , m . p . 176 — 177°C) have been o b ta in e d  on ir ra d ia tio n  of IB (I; R 2 =  H , 
FA =  Me, R  =  O E t) .

T h e  s tru c tu re  assignm ent of com pounds IIIA  an d  В is based  (1) on th e  
presence of hands a t  3420, 1730. 1225 an d  1035 cm ” 1, and 3400, 1725, 1215 and  
1035 cm ” 1, re sp ec tiv e ly , in th e  K B r I R  sp ec tra ; (2) on th e  v ir tu a l id e n tity  of 
th e  E tO H  UV sp e c tra  o f com pounds IIA . IIB . IIIA  an d  IIIB ; (3) on the N M R  
and  (4) m ass sp ec tra .

N R-

I I I :  Z CH„

z H 2C C 02E t 
II 1

^ A n ^ n h

< 0 -
II: 7; =  Me IV

N H -C O O E t

<5 7.35, s , 5-H  +  8-H ; 6 .45, bs, exchangeable ,
4.5 Hz (s, a f te r  a d d itio n  of D 20 ), 4 -C H 2N ;

4.30, q, +  1.35, t ,  J  =  7 H z, C O O Et; 2.85, s, 2-Mo. IIIB  (DM SO - d e +  CDC13):

* P a rt X I of E lectron  Deficient Heterocyclic A mmonioamidates, and P a rt I I I  of 
JV-(3-Quinazolinio)-amidates, For Parts X  and II , respectively, see Ref. [ 1J.
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d 8 .97 , s, 2-H ; 7.60, s, 5 -H ; 7.30, s, 8 -H ; 6.25, s, 0 C H 20 ;  4.75, s - f  d , J  =  3 .5H z,
4 -C H 2N (w ith  N H  p a r t ia l ly  d e u te ra te d ); 4 .07 , q, +  1-2, t ,  J  =  7 H z, CO O Et.

Mass spectra (70 eY, 100 °C). IIIA : m/e 289: 93%  (M), m/e 288: 6%  (a), 
m/e 260: 8%  (b), m/e 244: 12% , m/e 242: 6 %  (c), m/e 216: 100%  (d), m/e 202: 
7 9 %  (e), m/e 189: 13%  (f), m/e 188: 2 0 % , m/e 187: 25% , m/e 174: 2% , m/e: 
161: 3 % . II IB : m/e 275: 7 8%  (M), m/e 274: 6 %  (a), m/e 246: 8 %  (b), m/e 230, 
1 4 % , m/e 228: 10%  (c), m/e 202: 100%  (d), m/e 188: 32%  (e), m/e 175: 16%  (f), 
m/e 174: 24% , m/e 173: 12% , m/e 160: 13% , m/e 147: 12% ; w ith  m e tastab le  
p e a k s  corresponding to  th e  processes M - • — M+- -+d, M r * —re, a —rb, b—>c, 
b —►d and  d—>-f in b o th  series.

The fo rm ation  o f th e  ty p e  I II  p h o to ly s is  p ro d u c ts  is w ith o u t precedence 
in  th e  p h o to ch em istry  o f  heterocyclic  am m o n io am id a tes , an d  only  a single 
co m p arab le  reaction  is kn o w n  in th e  re la te d  iV-oxide series, i.e. th e  gas phase 
p h o to isom eriza tion  o f 2-picoline-iV -oxide in to  2 -py rid in em eth an o l induced  b y  
ir ra  d ia tio n  w ith  3261 Á lig h t [2]. T  wo m ech an ism s m ay  be considered  in o rder 
to  ra tio n a lize  th e  fo rm a tio n  of th e  ty p e  I I I  p ro d u c ts : (a) p ho to lysis  of th e  N —N 
b o n d  of the  s ta r tin g  com pounds I (R 1 =  Me), and  insertion  of th e  re su lting  
e x c ite d  singlet n itre n e  in to  a C — H  b o n d  o f th e  4 -m ethy l group o f th e  qu ina- 
zo line fragm en t I I  (Z =  M e); (b) ta u to m e riz a tio n  of th e  s ta r tin g  com pound (the  
h y d ro g en  atom s of th e  4 -m ethy l g roup  o f IIIA  are ra p id ly  exchanged  in  
C D 3OD solution a t ro o m  te m p e ra tu re  [3]), an d  subsequen t sigm atrop ic  [1, 3] 
sh if t  of the  e th o x y carb o n y lam in o  group o f th e  resu lting  ty p e  IV tau to m ers .
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РЕЗЮМЕ

Газовохроматографический анализ смеси N2, СО, СО.,, Cl2, НС1 и СОС12, 
используя детектор газовой плотности

Г. АЛЕКСАНДЕР и Г. ГАРЗО

Было описано разделение заглавных соединений подачей двух образцов на две 
колонны. Обсуждаются условия разделения и детектирования, предъявляемые вследст
вие корродирующей природы смеси.

pH-Метрическое исследование тройных систем: оксованадий(1У) 
8-гидроксихинолин-5-сульфоновая кислота -  дигидрофенольные соединения

С. П. СИНГ и ДЖ. П. ТАНДОН

Образование смешанного хелата в системе, содержащей ванадильный ион, 8-гид- 
роксихинолин-5-сульфоновую кислоту и тирон или соль хромотроповой кислоты, было 
исследовано pH-метрически при ионной силе, равной 0,1 (KN03) и 30 ±  0,5° С. Были 
определены константы стабильности образующегося комплекса со смешанными лигандами, 
с составом 1 : 1 : 1 .  Было найдено, что, с точки зрения вторичных лигандов, стабильность 
уменьшается в следующем ряду: хромотроповая кислота >  тирон.

ИК спектрофотометрическое исследование комплексов с переносом заряда 
некоторых производных симметричного тринитробензола с ароматическими

соединениями
А. М. ХИНДАВЕЙ, А. М. Г. НАССАР и Р. М. ИССА

ИК спектры продуктов присоединения некоторых производных симм. тринитро
бензола с ароматическими соединениями анализируются с целью выясения типа взаимо
действия. Сдвиги полос NHj ароматических аминов и асимметричных полос N02 производ
ных симм. тринитробензола позволяют отличить кпз от молекулярных комплексов. Был 
исследован также эффект растворителя для выяснения природы реакции между пикрил- 
хлоридом и ароматическими аминами.

Многослойная адсорбция газов на гетерогенных твердых поверхностях: 
местное БЭТ поведение адсорбированной фазы

М. ЯРОНЕЦ и В. РУДЗИНСКИ

Было обсуждено влияние гетерогенности поверхности адсорбента на образование 
многомолекулярного слоя в газовой адсорбции, используя полную форму уравнения 
БЭТ в качестве местной адсорбционной изотермы. В численных расчетах был использо
ван новый метод определения зависимости распределения энергии.



Хелаты редкоземельных металлов с М-(2-гидрокси-1-нафталиден)-/?-аланином
Д. Д. ОЗА, Б. Р. СИНГВИ и Р. К. МЕХТА

Ы-(2-Гидрокси- 1-нафталиден)-/(-аланин образует твердые хелаты с La(III), Ce(III), 
Pr(III), Nd(III), Sm(III) и Gd(III). Обуждаются величины магнитных моментов и ИК- 
спектры этих хелатов. Были исследованы также некоторые реакции лигандного замеще
ния этих хелатов.

Комплексное исследование никелевых катализаторов, VI

И ссл ед о в ан и е  м етал л и ч еск о й  стр у к ту р ы  н еп ироф орны х н и к ел евы х
к а т а л и за т о р о в  нового  т и п а

Ш. БЕКАШШИ, Й. ПЕТРО, Э. КРИШТЬЯК, А. ЧАНАДИ и А. КАЛЬМАН

Металлографическим, электронно-микроскопическим и рентгено-диффракционным 
методами были изучены сплавы Ni—Si, Ni—Al—Si, Ni—Mg и Ni—Zn и приготовленные 
из них непирофорные катализаторы.

Несмотря на относительно быстрое охлаждение, фазовая структура сплавов со
ответствует условиям, указанным на диаграмме состояний. Щелочь сначала атакует фазы, 
содержащие большие количества неактивного металла. При приготовлении катализаторов 
неактивный металл не выщелачивается полностью, так что в нем остаются и интерме
таллические соединения. Электронно-микроскопические съемки наглядно показывают 
неопределенную поверхностную геометрию катализаторов, содержащих большие коли
чества гидроокиси.

Структура катализатора из сплава Ni—Mg отклоняется от остальных. После выще
лачивания остается неизменным не интерметаллическое соединение, а нелегированный 
магний, и в катализаторе находится большое количество Mg(OH)2 кристаллической 
структуры.

Исследование превращений диолов и циклических эфиров, XXXVIII

М ех ан и зм  изом еризации  о к с а ц и к л о а л к а н о в , к ата л и зи р о в а н н о й  плати н ой

М. БАРТОК

Был исследовани механизм изомеризации 2-метилоксациклоалканов (2-метилокси- 
ран, 2-метилоксетан, 2-метилтетрагидрофуран, 2-метилтетрагидропиран), катализирован
ной платиной. В качестве экспериментального метода была использована микрореактор- 
ная техника, комбинированная с газовой хроматографией, техника импульса. Модельные 
соединения были исследованы в токе газа-носителя водорода и гелия, в присутствии плати
новых катализаторов на термолитном и угольном носителях, а также в присутствии ката
лизаторов, отравленных аммиаком. Были проведены исследования продуктов реакции, а 
также ряда соединений, полагаемых промежуточными продуктами. Экспериментальные 
данные указывают на то, что механизм изомеризации оксациклоалканов зависит от числа 
атомов в кольце, от используемого катализатора и от условий проведения реакции. Было 
также установлено, что в механизмах образования альдегидов и кетонов существуют 
различия. Важную роль в образовании альдегидов играют такие центры на катализаторе, 
которые обладают электрофильным характером. Экспериментально также была под
тверждена важная роль платинового катализатора, водорода, хемисорбированного на 
катализаторе, а также участия вторичных спиртов в качестве промежуточных продуктов в 
процессе образования кетонов.



Исследование тозильных и мезильных производных в морфиновом ряду, XIV

Н о вы й  м етод п о л у ч ен и я  д езо к си к о д еи н а-Е

Ш. МАКЛЕЙТ, Ш. БЕРЕНИ и Р. БОГНАР

Был разработан новый, легко осуществимый метод получения дезоксиморфина-Е и 
дигидродезоксиморфина-D путем восстановления 3-0-ацетил-6-0-тозилморфина LiAlH4 
и дальнейшим каталитическим восстановлением полученного дезоксиморфина-Е.

Пиримидины и их конденсированные производные, IV

М (2)-ацилизоцитозины , некоторы е родственны е им идазо  [1 ,2 -а]-п и ри м и - 
диндионы  и а за -а н а л о ги . С интез, спектры  и тау то м ер н ы е с тр у к ту р ы

ДЬ. ХОРНЯК, Б. АГАИ, Л. СЁЧ и К. ЛЕМПЕРТ

Были синтезированы серии потенциально таутомерных и нетаутомерных N(2)- 
ацилизоцитозинов, 1-ацил-2,3-дигидро-5(1Н)- и -7(Ш)-имидазо [1,2-а] пиримидинонов, 
имидазо [1,2-а] пиримидиндианов и их аза-аналогов. На основе спектроскопических 
данных и/или химическим путем были определены места ацилирования изоцитозинов, 
2,3-дигидро [1,2-а] пиримидинонов и их аза-аналогов. Была определена также доминирую
щая таутомерная форма потенциально таутомерных соединений.

Синтез изофлавонглюкозидов, XIII

С интез ф орм ононетин-7-/?-генциобиозида и -7-/?-софорозида
Л. ФАРКАШ, А. КАЛЬМАН и А. ВОЛЬФНЕР

Были синтезированы 7-0-/3-генциобиозид и 7-0-/?-софорозид формононетина. Было 
найдено, что они отличаются от формононетин-7-0-глюкозилглюкозида, изолированного 
из Cladrastis platycarpa.
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