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The reaction of thionyl chloride with arylamides of aromatic acids, 
which usually gives rise to stable imidoyl chlorides, leads in the case 
of N-(o-din3ethylaminophenyl)benzimide and N-(o-piperidinophenyl)- 
benzimide to the formation of a benzimidazole ring, which is accom- 
panied by the cleavage of the nitrogen-carbon bond. This reaction and 
the reaction of chloral oxime with o-dialkylaminoanilines studied pre- 
viously, which also leads to the formation of a benzimidazole ring, 
are compared with the Braun reaction. It has been shown that when 
thionyl chloride reacts with N-(o-dimethylaminophenyl)isonitroso- 
aeetamide, no formation of a benzimidazole ring takes place and only 
N-(o-dimethylaminophenyl)carbamoyl cyanide is formed. 

We have  r e c e n t l y  found that  the r e a c t i o n  be tween  
ch lo r a l  o x i m e  and N , N - d i -  and N , N , N ' - t r i s u b s t i t u t e d  
o - p h e n y l e n e d i a m i n e s  l e a d s  to the  f o r m a t i o n  of a b e n z -  
i m i d a z o l e  r ing ,  which  is  a c c o m p a n i e d  by the c l e a v a g e  
of a n i t r o g e n - c a r b o n  bond and the  f o r m a t i o n  of a c a r -  
b o n - c h l o r i n e  bond. It was  a s s u m e d  that  the c o n v e r s i o n  
of  I into n-I o r  IV (see  s c h e m e )  t akes  p l ace  th rough  
i n t e r m e d i a t e  im idoy l  c h l o r i d e s  of type  I I  o r  V [ 1 - 3 ] .  

i s o n i t r o s o a c e t a m i d e  (VI, R" = CH=NOH)  c o m p l i c a t i o n s  
connec ted  with the h igh  s e n s i t i v i t y  of the  h y d r o x y i m i n o  
g roup  to th i s  r e a g e n t  m i g h t  be expec t ed .  In fac t ,  the  
ac t ion  of  th ionyl  c h l o r i d e  on N- (o -d ime thy laminopheny l )  
i s o n i t r o s o a e e t a m i d e  (VI, R = CHa, R '  = I-I, R"  = 
= CI-I=NOH) gave  on ly  the dehyd ra t i on  p r o d u c t - - N - ( o -  
d i m e t h y l a m i n o p h e n y l ) c a r b a m o y l  cyanide  (VII)-- in 
a l m o s t  quan t i t a t i ve  y ie ld .  The s t r u c t u r e  of the l a t t e r  
was  c o n f i r m e d  by i t s  r e a d y  h y d r o l y s i s  to o - d i m e t h y l -  
a m i n o a n i l i n e  (VIII). The ana logous  cyan ide  is  f o r m e d  
by the ac t ion  of th ionyl  c h l o r i d e  on i s o n i t r o s o a c e t a n -  
i l i de  [8]. It m u s t  be  s t r e s s e d  tha t  this  r e a c t i o n  f o r m s  
n e i t h e r  the  o x i m e  of 2 - f o r m y l - l - m e t h y l b e n z i m i d a z o l e  
(III, R"  = CH~---NOH) no r  the  p r o d u c t  of  i ts  t r a n s f o r m a -  
t i o n - - 2 - c y a n o - l - m e t h y l b e n z i m i d a z o l e  (IX) [9]. The 
f o r m a t i o n  of the  l a t t e r  could be  expec t ed  not  o n l y f r o m  
the  o x i m e  (IH - -  IX) but  a l so  as  a r e s u l t  of the f u r t h e r  
c o n v e r s i o n  of  the  cyan ide  VII  v i a  the c o r r e s p o n d i n g  
i m i d o y l  c h l o r i d e  II. P e r f o r m i n g  the r e a c t i o n  under  
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Imidoyl  c h l o r i d e s  a r e  g e n e r a l l y  obta ined  f r o m  
a m i d e s  by the ac t ion  of  phospho rus  p e n t a c h l o r i d e ,  
th ionyl  c h l o r i d e ,  o r  phosgene  [4, 7]. Our  hypo thes i s  
r e l a t i n g  to the m e c h a n i s m  of r i n g - c l o s u r e  could  thus  
be c o n f i r m e d  by the independen t  s y n t h e s i s  of the b e n z -  
i m i d a z o l e  r i n g  f r o m  the c o r r e s p o n d i n g  a m i d e s  under  

eondi f ions  l e a d i n g  to the f o r m a t i o n  of the im idoy l  
c h l o r i d e s  (VI -* II ~ HI o r  IV). H o w e v e r ,  in the e a s e  
of m o r e  s e v e r e  condi t ions  l eads ,  h o w e v e r ,  to r e -  
s i n i f i c a t i on  of  the  m i x t u r e ,  a l though 2 - c y a n o - 1 -  
m e t h y l b e n z i m i d a z o l e  i s  s t ab l e  unde r  t h e s e  c o n d i -  
t ions  [9]. 
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In v i e w  of t h i s ,  to  s o l v e  the  p r o b l e m  p r e s e n t e d  we 
u s e d  m o d e l  c o m p o u n d s - - b e n z a n i l i d e  d e r i v a t i v e s  c o n -  
t a i n i n g  t e r t i a r y  a m i n o  g r o u p s  in the  o r t h o  p o s i t i o n  of 
t he  N - p h e n y l  n u c l e u s  (VI, R '  = H; R "  = CGHa ; R2 = 

= (CH3)2, (CH2)5).  A l though ,  l i ke  o t h e r  p u r e l y  a r o -  

m a t i c  i m i d o y l  c h l o r i d e s ,  N - p h e n y l b e n z i m i d o y l  c h l o -  
r i d e  is  t h e r m a l l y  s t a b l e  [4, 5], i t s  o - a m i n o  a n a l o g s  
p r o v e d  to be  u n s t a b l e ,  a s  w as  e x p e c t e d .  T he  a c t i o n  of 
t h iony l  c h l o r i d e  on N - ( o - d i m e t h y l a m i n o p h e n y l ) -  and  
N - ( o - p i p e r i d i n o p h e n y l ) b e n z a m i d e s  and  s u b s e q u e n t  
t r e a t m e n t  w i th  w a t e r  y i e l d e d  1 - m e t h y l -  and 1-(5 '-  c h l o -  
r o p e n t y l ) - 2 - p h e n y l b e n z i m i d a z o l e s  w i th  y i e l d s  of 64 
and  58%, r e s p e c t i v e l y ,  ( V I -  II  ~ lII  and  IV, R"  = 

= C6H5). We d e t e c t e d  no a p p r e c i a b l e  a m o u n t s  of the  
i n i t i a l  a m i d e s ,  w h i c h  could  h a v e  b e e n  f o r m e d  by  the  
h y d r o l y s i s  of the  i m i d o y l  c h l o r i d e s  if  t he  l a t t e r  w e r e  
s t a b l e  u n d e r  the  c o n d i t i o n s  of the  p r o c e s s .  

The  p r o d u c t i o n  of a b e n z i m i d a z o l e  r i n g  t a k i n g  

p l a c e  wi th  the  i n t e r m e d i a t e  f o r m a t i o n  of i m i d o y l  chlo-  
r i d e s  and  a c c o m p a n i e d  by  the  c l e a v a g e  of a N - C  and  
t he  f o r m a t i o n  of  a C - C 1  bond  i s  a p e c u l i a r  v a r i a n t  of 
t he  B r a u n  r e a c t i o n  [4, 5, 7, 10]. 

P C I ~ , S O C I 2  t ~ 

R - - N H C O R '  ~ R - -  N = C C 1 - - R ' - - - + R C 1  + R'CN 

(R =Alk,  R ' = A r )  

S ince  the  c l e a v a g e  of i m i d o y l  c h l o r i d e s  by  t he  B r a u n  
r e a c t i o n  i s  c a r r i e d  ou t  u n d e r  m o r e  s e v e r e  c o n d i t i o n s  

t h a n  t h o s e  w h i c h  we u s e d  in the  p r e s e n t  and  p r e v i o u s  
i n v e s t i g a t i o n s  [ 1 - 3 ] ,  i t  i s  o b v i o u s  t h a t  t he  c l o s u r e  of  
t he  r i n g  t a k e s  p l a c e  c o n s i d e r a b l y  m o r e  r a p i d l y .  T h i s  
c o n c l u s i o n  i s  s t r i k i n g l y  c o n f i r m e d  b y  t h e  r e s u l t s  of 
an  i n v e s t i g a t i o n  of t he  r e a c t i o n  of c h l o r a l  o x i m e  wi th  

N , N , N ' - t r i m e t h y l - o - p h e n y l e n e d i a m i n e  [21. In t h i s  
c a s e ,  o n l y  the  o x i d e  of 2 - f o r m y l - 1 ,  3 - d i m e t h y l b e n z -  
i m i d a z o l i u m  c h l o r i d e  was  i s o l a t e d  ( I -  I I -  X) and 

no 1 - f o r m y l - l - m e t h y l b e n z i m i d a z o l e  o x i m e  was  de -  
t e c t e d .  The  l a t t e r  cou ld  b e  f o r m e d  (I ~ II ~ V - -  

III) o n l y  if  B r a u n  c l e a v a g e  (II - -  V) took  p l a c e  

m o r e  r a p i d l y  o r  a t  a r a t e  c o m p a r a b l e  w i th  t h a t  of the  
d i r e c t  c l o s u r e  of t he  r i n g  (II ~ X).  T h e r e  i s  no 
doubt ,  h o w e v e r ,  t h a t  the  f o r m a t i o n  of a s t a b l e  a r c -  
m a t i c  r i n g  i s  c o n s i d e r a b l y  m o r e  f a v o r a b l e  e n e r g e t i -  
t a l l y  t h a n  B r a u n  l i n e a r  f r a g m e n t a t i o n .  The  p o s s i b i l -  
i ty  of t he  f o r m a t i o n  of a b e n z i m i d a z o l i u m  s a l t  by  t he  
q u a t e r n i z a t i o n  of a t e r t i a r y  b e n z i m i d a z o l e  (III - -  X) 
w i th  m e t h y l  c h l o r i d e  m u s t  b e  e x c l u d e d .  In a c t u a l  
f ac t ,  in the  r e a c t i o n  of c h l o r a l  o x i m e  wi th  o - d i m e t h -  
y l a m i n o a n i l i n e  (I - -  II - -  III) [1, 2], w h e r e  a t e r t i a r y  
b e n z i m i d a z o l e  and  m e t h y l  c h l o r i d e  a r e  f o r m e d ,  no 
q u a t e r n i z a t i o n  t a k e s  p l a c e  u n d e r  the  c o n d i t i o n s  of t he  
p r o c e s s .  

E X P E R I M E N T A L  

Reaction of N-(o-dimethylaminophenyl)isonitrosoacetamide (VI, 
R = CH3, R' = H, R" = Ctt=NOH) with thionyl chloride. In small por- 
tions, 0.17 g (0.0007 mole) of the hydrochloride of VI [11] was added 
to 0.5 ml of thionyl chloride. The hydrochloride dissolved at first, but 
a precipitate rapidly formed. The mixture was heated at 60 ~ C for 15 
min, the excess of thionyl chloride was distilled off in vacuum, and the 
residue was treated with ether and filtered. The yield of the hydro- 

chloride of N-(o-dimethylaminophenyl)carbamoyl cyanide (VII) was 
0.15 g (96%); mp 135 ~ C (decomp., from ethanol). The substance is 

readily soluble in water, moderately soluble in acetone, and insoluble 

in benzene and ether. Found, %: N 18.48, 18.80; C1 15.80, 15.85. 

'Calculated for C,0HIIN s �9 HCI, %: N 18.67; C1 15.76. When the reac- 

tion mixture was heated for a long time (80 ~ C, 3 hr), a dark resinous 

mass was formed from which no individual products could be isolated. 

Compound VII (0.15 g) was treated with i0 ml of 5% caustic soda 

solution and extracted with ether; the ethereal solution was dried and 

an ethereal solution of picric acid was added to it. The picrate, with 

mp 138 ~ C, was shown by a mixed melting point test to be identical 

with an authentic sample of the picrate of VIII. 

Reaction of N-(o-dimethylaminophenyl)benzamide and of N-(o- 

piperidinophenyl)benzamide (VI, R' = H, R" = CsH~, R z = (CHs) 2, 

(CH2)~) with thionyl chloride. The hydrochloride of compound VI 

(R = CHs) was obtained from the base [12] by the action of hydrogen 

chloride in ether. Mp 188-169 ~ C (from acetone). Found, %: CI 12.81, 

12.95. Calculated for ClsHlsNzO �9 HCI, %: CI 12.82. 

The hydrochloride of c_ompound VI (R2 = (CH2)s) was obtained by 

heating the free amide [13, 14] in IN HCI. Mp 191-192 ~ C (from a 

mixture of ethanol and ether). Readily soluble in chloroform, benzene 

and ethanol; insoluble in ether. It crystallizes from dilute hydrochlo- 
ric acid, Found, %: C1 11.17, 11.20. Calculated for ClsHz0NzO. HC1, 
0]0:C1 11.28. 

A mixture of 1.8 g (0.0065 mole) of the hydrochloride of VI (R = 
= CHs) and 2 ml of thionyl chloride was heated at 60-65 ~ C for 3 hr. 

The residue obtained after the distillation of the thionyl chloride in 
vacuum was dissolved in water, and the solution was neutralized with 
potassium carbonate to a weakly alkaline reaction, after which the 
precipitate was filtered off and washed with water. The yield of 1- 
methyl-2-phenylbenzimidazole (III, R" = CsHs) was 0.87 g (64%); mp 
97 ~ C (from ether). A mixture with an authentic sample [15] gave no 
depression of the melting point. The hydrochloride was isolated from 
a similar experiment by the dilution with dichloroethane of the residue 
obtained after the distillation of the thionyl chloride. After 2 hr, the 
precipitate was filtered off and washed with dichloroethane. Yield was 
63~ mp 200 ~ C (from dichloroethane). Similarly, 1-(5'-chloropentyl)- 
2-phenylbenzimidazole (IV, R" = Cr~ts, n = 5) was obtained in 58% 
yield from the hydrochIoride of VI (R z = (CHz)5). Mp 72 ~ C (from petro- 
leum ether). Found, %: N 9.53, 9.62. Calculated for CIsH19C1Nz, %: 
N 9.36. Hydrochloride mp 89 ~ C (from 1N HCI). Found, %: CI 10.47, 
10.51. Calculated for CIsHIsCIN2 �9 HC1, %: C1 10.59. 
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