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o-Phenylaminoamides  with different  s t ruc tu res  were obtained by reac t ion  of N-phenyl-sub-  
sti tuted mono- or bis(o-phenylenediamines) with aromatic  carboxyl ic  acid chlor ides .  The 
corresponding N-phenylbenzimidazoles were  obtained by cyclodehydrat ion of the o-phenyl-  
aminoamides.  The dependence between the s t ruc ture  and the rmal  cha rac te r i s t i c s  of the 
synthesized compounds was studied. 

It has been shown [1, 2] that poly(N-phenyl)benzimidazoles obtained under the conditions of the Marvel  
react ion by reac t ion  of N,N'-diphenyl-subst i tuted bis(o-phenylenediamines)with diphenyl e s t e r s  of d icarboxyl-  
ic acid in a melt  are cha rac te r i zed  by high the rma l  stabil i ty and sa t i s fac tory  solubility in organic solvents .  
However,  the po lymers  obtained by this method have molecular  weights that are too low, and this h inders  
the manufacture of ar t ic les  with high s t rength proper t ies  f rom them, To eliminate this deficiency of poly- 
(N-phenyl)benzimidazoles,  we undertook a study of the possibil i ty of obtaining these polymers  by two-s tep 
polycyclizat ion,  i .e . ,  by car ry ing  out low- tempera tu re  polycondensation in a solution of dicarboxylic  acid di-  
chlor ides  with N,N'-diphenyl-subst i tuted bis(o-phenylencdiamines) in the f i r s t  step with subsequent cyc lo-  
dehydrat ion of the resul t ing po lymers .  

To determine  the optimum conditions for the synthesis  of the polymers  arid to es tabl ish the i r  s t r uc -  
ture ,we studied the conditions for  the synthesis  of model compounds and synthesized a number of previous ly  
undescr ibed bis(o-phenylaminoamides)  and bis(N-phenylbenzimidazoles) .  In addition, we made a p re l imi -  
n a r y e s t i m a t e  of the dependence of the the rmal  stabil i ty of N-phenylbenzimidazoles on thei r  s t ruc ture .  

A study of the conditions for  the synthesis of o-phenylaminoamides demonst ra ted  that it is most  ex-  
pedient to use low- tempera ture  condensation in N,N-dimethylacetamide (DMA) or  N-methylpyrrol idone to 
obtain these compounds.  The o-phenylaminoamides were cycl ized to N-phenylbenzimidazoles by the rmal  
cyclodehydrat inn in vacuo above 250 ~ or  by catalytic cycl izat ion in the presence  of HC1. 

In cont ras t  to the method descr ibed  in the l i t e ra ture  [3], the s implest  model compounds - N-phenyl-  
N' -benzoyl-o-phenylenediamine (I) and 1,2-diphenylbenzimidazole (II) - were obtained in 90-95% yield by 
reac t ion  of o-aminodiphenylamine with benzoyl chloride in DMA and subsequent the rma l  cycl izat ion of the 
reac t ion  product .  An investigation of the thermodynamics  of the cyclodehydrat ion of I [4] demonst ra ted  that 
reac t ion  I ~ H is thermodynamical ly  permiss ib le  even at 400.6~ but proceeds  with an appreciable ra te  
only above 500~ 
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ll|-VaaAr=l,4-CoH4;b Ar=I,3-CeH4; C Ar=4,4'-(CeH4)2~ d Ar=2,6-C,oH6; 

OAr : 4,4'-C6H4OC6H4; f Ar~4,4'-C6H4SO2CGH 4 

Institute of Heteroorganic  Compounds, Academy of Sciences of the USSR, Moscow. Trans la ted  f rom 
Khimiya Geterots ikl ieheskikh Soedinenii, No. 2, pp. 252-255, February ,  1973. Original ar t ic le  submitted 
November 25, 1971. 

0 1975 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. 
No part o[ this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

2 3 2  



TABLE 1. Charac ter i s t i c s  of Ary lamides  IV and VII and Benz imidazo l e  
D e r i v a t i v e s  V and VIII  

Comp. 

lVa 
IVb 
IVe 
IVd 
IV,e 
IVf 

VIIa 
VIIb 
VIIc 

Va 
Vb 
Vc 
Vd 
Ve 
Vf 

Villa 
VIIIb 
VIIIc 

mp, "C* 

238--243 
230--23,5 
260--266 
253 --258 
202--'206 
240--244 
238--242 
260--265 
2~0--2~4 
291 --292 
247 --248 
308--309 
290---29 l 
235--237 
267--269 
283--2'83 
293--295 
218--220 

Empirical 
formula 

C32H2~N402 
Ca2H~N402 
CaaH3oN402 
C36H28N402 
C3sH3oN4Oz 
CssH3oN4SO4 
Ca~H2~N4Oe 
C3sH3oN402 
C3sH3oN4SO4 
Ca2H22N4 
C32H2~N4 
CasH~N4 
C36H24N4 
C3sH2~N40 
Ca~H28N4SO2 
C~2H22N4 
CaaH2~N4 
CasH26N4S02 

Found, % Calc., % 

c 11 I N C H 

77,3 5,4 11,1 I 77,0 5,2 
76,8 5,2 ll,l] 77,0 5,2 
79,3 5,2 9,9] 79,4 5,2 
79,1 5,9 10,3 I 78,8 5,1 
77,1 5,0 9,51 77,2 5,0 
71,6 4,6 8,6 ] 71,4 4,7 
77,2 5,2 11,4 77,0 5,2 
79,5 5,2 9,9 79,4 5,2 
71,2 4,6 8,8 71,4 4,7 
83,3 4,6 12,1 ] 83,0 4,7 
83,2 4,9 12,4 I 83,0 4,7 
84,4 4,7 10,2 I 84,7 4,8 
83,3 4,6 10,8 84,3 4,7 
82,1 4,6 10,0 82,2 4,7 
75,5 4,6 8,9 75,7 4,3 
82,8 4,7 12,2 83,0 4,7 
84,7 4,7 10,5 84,7 4,8 
75,8 4,3 9.2 I 75,7 4,3 

ITt~ermal 

N | Y~ T~ 

ii,21 -- - -  

11,2 
9,7 

10,2 
9,4 
8,7 

11,2 -- --  
9,7 -- - -  

8,7 
12,1 3~5 470 
12,1 350 460 
10,4 340 510 
I0,9 340 489 
10,1 340 490 
9,3 340 510 

12,1 350 465 
10,4 360 485 
9,3 370 510 

Y ie l d ,  

% 

90 
99 
92 
90 
85 
70 
80 
85 
65 
80 
80 
75 
75 
65 
65 
70 
82 
55 

* B i s ( o - p h e n y l a m i n o a m i d e s  IV and VII  do not have  s h a r p  m e l t i n g  po in t s ,  
s i n c e  t hey  c y c l i z e  wi th  the a r o d u c t i o n  of w a t e r  o v e r  the  i n d i c a t e d  t e m -  
p e r a t u r e  r a n g e .  
t T1 i s  the t e m p e r a t u r e  of the  onse t  of d e c o m p o s i t i o n ,  and T 2 i s  the t e m -  
p e r a t u r e  of m a x i m u m  r a t e  of d e c o m p o s i t i o n .  

L ike  I and II ,  N , N ' - a r y l e n e d i c a r b o n y l b i s ( 2 - a m i n o d i p h e n y l a m i n e s )  ( I V a - f ) a n d 2 , 2 ' - a r y l e n e b i s ( 1 - p h e n y l -  
b e n z i m i d a z o l e s )  ( v a - f )  w e r e  ob t a ined  f r o m  o - a m i n o d i p h e n y l a m i n e  and a r o m a t i c  d i c a r b o x y l i c  a c i d  d i c h l o r i d e s .  

B is  ( o - p h e n y l a m i n o a m i d e  s) (VIIa-c )  and the  p r o d u c t s  of t h e i r  c y c l i z  a t i on  - 1,2,5,  6 - t e t r a p h e n y l b e  n z o -  
[ 1 , 2 - d ; 4 , 5 - d ' ] d i i m i d a z o l e  (VIIIa) and 1 , 1 ' , 2 , 2 ' - t e t r a p h e n y l d i b e n z i m i d a z o l e s  (VIIIb,c) - w e r e  ob t a ined  by 
b o n z o y l a t i o n  of N , N ' - d i p h e n y l b i s ( o - p h e n y l e n e d i a m i n e s )  (Via-c)  in DMA wi th  s u b s e q u e n t  t h e r m a l  c y c l o d e -  
h y d r a t i o n  of the  r e a c t i o n  p r o d u c t s  in  v a c u o .  

NH~-- --NH~ C6HsCOHN--Ar--N HCOC6H5 ~' ~ ~N / \N/, / o 

VI ~t-C V l l a - C  V I I I  a - c  

VI-VIII a At'= 1,2, 4,5-C6H2; b Ar'=3,3~4,4'-(CaH3)2; a At'=3,3',4,4'-C6H3SO 2 C6H 3 

The s t r u c t u r e s  of the  s y n t h e s i z e d  c o m p o u n d s  w e r e  p r o v e d  by  IR s p e c t r o s c o p y ,  A b s o r p t i o n  m a x i m a  
at  3200-3400 c m  -I  (NH group)  and at  1520-1540 and 1635-1660 c m  -1 (NHCO group)  a r e  o b s e r v e d  in the IR 
s p e c t r u m  of a l l  of the  o - p h e n y l a m i n o a m i d e s .  A b s o r p t i o n  bands  at 1620, 1600-1605,  1500-1510~ 1460, 1420, 
960-980,  and 760-770 c m  -1, which  w e r e  a s s i g n e d  to b e n z i m i d a z o l e  r i n g s  [5], and at 1380 c m  -1, which  is  
c h a r a c t e r i s t i c  fo r  the  t e r t i a r y  n i t r o g e n  a tom,  a r e  o b s e r v e d  in the IR s p e c t r a  of a l l  of the  N - p h e n y l b e n z -  
i m i d a z o l e s .  

The  t h e r m a l  c h a r a c t e r i s t i c s  of the  c o m p o u n d s  ob t a ined  w e r e  s t u d i e d  by d i f f e r e n t i a l  t h e r m a l  a n a l y s i s  
and t h e r m o g r a v i m e t r i c  a n a l y s i s .  The  i n v e s t i g a t i o n  d e m o n s t r a t e d  tha t  a l l  of the  b is  ( N - p h e n y l b e n z i m i d -  
azo le s )  b e g i n  to d e c o m p o s e  at 340-370~ the m a x i m u m  r a t e  of the  d e s t r u c t i o n  p r o c e s s e s  of t h e s e  c o m p o u n d s  
a r e  o b s e r v e d  at  460-510  ~ A c c o r d i n g  to  the  d a t a  ob ta ined ,  the  d e s t r u c t i o n  of b i s ( N - p h e n y l b e n z i m i d a z o l e s )  
i s  an  e x o t h e r m i c  p r o c e s s .  It p r o b a b l y  c o m m e n c e s  wi th  d e s t r u c t i o n  of the  N - p h e n y l  bond,  as  e v i d e n c e d  by 
the c o m p o s i t i o n  of the  p r o d u c t s  of d e s t r u c t i o n  of p o l y - N - p h e n y l b e n z i m i d a z o l e s  [6], in  which  the m a j o r  p r o d -  
uc t  in the i n i t i a l  s t a g e s  of the  d e s t r u c t i o n  is  b e n z e n e .  The m o l e c u l a r  d i a g r a m  of 1 , 2 - d i p h e n y l b e n z i m i d a z o l e ,  
which  was  o b t a i n e d  as  a r e s u l t  of c a l c u l a t i o n  of th i s  c o m p o u n d  by  the LCAO MO m e t h o d  wi th  the H~ickel 7r- 
e l e c t r o n  a p p r o x i m a t i o n ,  a c c o r d i n g  to  which  the l o w e s t  bond o r d e r  is  o b s e r v e d  fo r  the  p h e n y l - N  bond,  a l s o  
i n d i c a t e s  the s a m e  th ing .  S i m i l a r  d a t a  w e r e  ob ta ined  in  a c a l c u l a t i o n  of  N - p h e n y l i m i d a z o l e  [7]. The  r e -  
s u l t s  a r e  in a g r e e m e n t  wi th  the  p r e v i o u s l y  e x p r e s s e d  a s s u m p t i o n  of the l o w e r  c o n j u g a t i o n  be tw e e n  the b e n z -  
i m i d a z o l e  r i n g  and the pheny l  g r o u p s  in  the  1 p o s i t i o n  as  c o m p a r e d  wi th  the  pheny l  g r o u p s  in  the  2 p o s i t i o n  
[8] (the c a l c u l a t i o n  was  c a r r i e d  out wi th  n e g l e c t  of the c o p l a n a r i t y  of the pheny l  and b e n z i m i d a z o l e  r i n g s ) .  
The  p r i n c i p a l  p r o p e r t i e s  of the  s y n t h e s i z e d  o - p h e n y l a m i n o a m i d e s  and N - p h e n y l b e n z i m i d a z o l e s  a r e  p r e -  
s e n t e d  in T a b l e  1.  
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EXPERIMENTAII 

The aromatic diearboxylic acid dichlorides (IIa-0 were obtained by treatment of the appropriate acids 
with thionyl chloride in the presence of catalytic amounts of py.ridine. After the excess thionyl chloride was 
removed by distillation, the dichlorides were purified by reerystallization from inert anhydrous solvents 
or by distillation. The dichlorides had the melting points indicated in [9-14]. 

1,5-Diamino-2,4-dianllinobenzene. This compound was obtained in 70~c yield by the method in [I] and 
had mp 215 ~ (alcohol, mp 210-211 ~ [I]). 

3,3'-Diamino-4,4'-dianilinodiphenyl. This compound was obtained in 91~c yield by the method in [14] 
and had mp 206-20T (alcohol, mp 203.5-204 ~ [15]). 

3,3 ' -Diamino-4 ,4 ' -d ian i l inodiphenyl  Sulfone. This  compound was obtai~ed in 68% yield by the method 
in [16] and had mp 186 ~ (alcohol). 

o -Pheny laminoamides  (I, IVa-f ,  and VIIa -c ,  Table 1). A 0.01-mole sample  of the acid chloride was 
added gradual ly  with s t i r r ing  at -10  ~ to a solution of 0.01 mole of amine in 30 ml  of DMA. The mixture  was 
then heated  to room t e m p e r a t u r e ,  s t i r r ed  for another  1 h, and poured into 200 ml  of dist i l led wa te r .  The 
resul t ing powdery o-phenylaminoamides  were  r emoved  by f i l t rat ion,  washed thoroughly with water ,  and r e -  
c rys t a l l i zed  f rom D M F - w a t e r .  

N-Phenylbenzyl imidazoles  (V and VIII,  Table 1). Thes.e compounds were  obtained by both t h e r m a l  
and chemica l  cyclodehydrat ion  of a ry lamides  IV and VII.  The t he rma l  cyclodehydrat ion  was accompl ished 
by heating IV and VII in condensat ion tes t  tubes in vacuo (1 mm) at 260-270 ~ for  6 h. The products  were  
purif ied by vacuum subl imat ion (1 mm} at 280-300 ~ . Chemical  cyclodehydrat ion was accompl ished by r e -  
fluxing IV and VII in alcohol in the p resence  of a cata lyt ic  amount of HC1 until  these  compoundshadd i s so lved  
comple te ly .  The resul t ing solution was ne t t r a l i zed  with ammonium hydroxide,  and the prec ip i ta ted  V or 
VIII was r emoved  by f i l t ra t ion,  washed thoroughly with hot dist i l led wa te r  until the washings gave a nega-  
t ive reac t ion  for  chlor ine ,  and r ec ry s t a l l i z ed  f rom D M F - w a t e r .  The thus-obtained N-phenylbenzimidazoles  
were  identical  to the t h e r m a l  cyclodehydrat ion  products .  

The t h e r m a l  c h a r a c t e r i s t i c s  of the N-phenylbenzimidazoles  were  de te rmined  with a Der iva tograph  in 
air  at a t e m p e r a t u r e - r i s e  ra te  of 4 .5~  

The authors thank I. V. Stankevieh for  pe r fo rming  the quantum mechanica l  calcula t ions .  
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