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Under the influence of n i t rosylsul fur ic  acid, 5- and 6-bromo-subst i tu ted  2 -amino-1-  
methylbenzimidazoles  are  converted,  as a result  of self-coupling,  to, respect ively,  
2 ' ,5 -  and 2 ' ,6-azobenzimidazoles ,  which are  res i s tan t  to reductive cleavage.  5,6- 
D ib romo-2-amino- l -me thy lbenz imidazo le  forms s imi la r ly  constructed azo compounds 
by splitting out of one of the bromine atoms.  The behavior of bromo-subst i tu ted  2- 
aminobenzimidazoles toward ni t rosylsulfur ic  acid in the presence  of arenes was studied. 

It has been shown that unstable highly active benzimidazole-2-diazonium salts (II) are formed during 

the action of nitrosylsulfurie acid (NSA) on 2-amino-l-alkylbenzimidazoles (I) in concentrated sulfuric acid. 

If R = R' = H,or R = CH 3 and R' = H, self-coupling [2,3] may then occur to give derivatives of 2' ,5- or 2',6- 

azobenzimidazoles (IV, for example); when R = R' = C H 3, II can undergo azo coupling with arenes, previous- 

ly introduced into the reaction mixture [4], to give 2-areneazobenzimidazoles (III). Moreover, the activity 

of II proved to be so high that they could-be introduced into react ion with toluene and benzene, which, up 
until now, could not be used as azo components (see [5,6]). 

During a fur ther  study of these t ransformat ions ,  it was found that the possibili ty of the preparat ion of 
III in the ease  of 5- or 6-unsubstituted I (R = R' = H; R = CH3, R' = H) is determined by the ratio of the 
ra tes  of two competi t ive react ions :  self-coupling and coupling with the arene.  It turned out that benzene 
and toluene give only t races  of III, while the react ion gives appreciable yields of III with both xylene and 
mesi tylene (Table 1). 

The data presented in the table demonst ra te  that the activities of the 5 and 6 positions An the 2-amino-  
benzimidazolium cation are  comparable  to that of mesitylene,  while a methyl group in the 5 position lowers 
the yield of areneazobenzimidazole  by facilitating self-coupling.  
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TABLE I. 2-Areneazo-5-R-6-R'-benzimidazoles (III)* 

R R' Ar 

H H 2,4,6- (CHa) aCsH= 
H H CHal H 2,4-(CHa)~C6Ha 

2,4,6- (CHa) aC6H2 
CHa H 2,4-(CHa)~C6Ha 
CHa CHa 2,4,6-(CHa)~Cd-I2 

Mp, ~ 
(from pe- Empirical 
troleum formula 

 l"l"  1"1 ,H 

Found, % Calc., % Yield, % 

IV 

139--140 
130144131 
136--137 
157--158 

20,2 73,4i6,5 20,1[ 40 
21,5172,716,ll21,21 21 
19,3[73,916,9119,2 / 18 
20,4 73,416,5 20,1 12 
8,1174,5172 l ,  , 183 l ,  73 

CITHI8N4 73,6[6,3] 
C~6HwN4 73,2 6,2 
ClsH2oN4 ] 74,2 i 7,3 I 
CzTH~sN4 73,3 0,5 / 
CIgH2~N4 74,8 7,6 

43 
49 
57 
6O 

* The  compounds  w e r e  ob ta ined  v i a  the  me thod  in [4]. A f t e r  e x t r a c -  
t i on  of the  azo  compound  (III) wi th  b e n z e n e ,  the  i n s o l u b l e  IV was  
w a s h e d  wi th  a l coho l ;  the  be nz e ne  e x t r a c t  was  c h r o m a t o g r a p h e d  wi th  
a c o l u m n  f i l l ed  wi th  A1203. 

It s e e m e d  of  i n t e r e s t  to a s c e r t a i n  how the  r e a c t i o n  wi th  NSA would  p r o c e e d  wi th  a m i n e s  con ta in ing  a 
r i n g - d e a c t i v a t i n g  s u b s t i t u e n t ,  fo r  e x a m p l e ,  a b r o m i n e  a tom in the  5 o r  6 p o s i t i o n  (V) [7]. I t  was  found tha t ,  
in  t h i s  c a s e ,  the  r e a c t i o n  p r o c e e d s  m o r e  s l o w l y  and tha t  i t  is  n e c e s s a r y  to i n c r e a s e  the  e x p e r i m e n t a l  t i m e  
to 8 - 1 0 h .  In the  a b s e n c e  of o the r  azo c o m p o n e n t s ,  the  r e a c t i o n  p r o d u c t s  a r e  b r i g h t l y  c o l o r e d  s u b s t a n c e s ,  
to  which  the azo compound  s t r u c t u r e  VI ( i . e . ,  s e l f - c o u p l i n g  p roduc t s )  shou ld  b e  a s s i g n e d  on the b a s i s  of the  
r e s u l t s  of  a n a l y s i s  and UV s p e c t r o s c o p y .  

r ' , r - -T.~ I I f l  - '~ B ~ - ( : , ~ f , ~  - N =  " - - N t t  2 

I 
CH 3 qH z ~H~ 

v a,b vl a,b 
va  5-bromo derivative Via 5, 5'-dibromo-2',6-azo derivative 
Vb 6-bromo derivative Vlb 6,6'-dibromo-2',5-azo derivative 

Al though  VI do not  g i v e  the  c h a r a c t e r i s t i c  b lue  c o l o r a t i o n  when they  a r e  d i s s o l v e d  in  c o n c e n t r a t e d  
s u l f u r i c  ac id ,*  the  f o r m  of the a b s o r p t i o n  c u r v e s  and,  p a r t i c u l a r l y ,  the  p o s i t i o n  and c h a r a c t e r  of the  l o n g -  
wave  band  a r e  in a g r e e m e n t  wi th  the  s p e c t r a l  d a t a  of p r e v i o u s l y  s t u d i e d  azo  compounds  [3] (F ig .  1). We 
note  tha t  the  p o s i t i o n  of the  l o n g - w a v e  m a x i m u m  of a z o b e n z i m i d a z o l e s  i s  r e l a t i v e l y  s l i g h t l y  dependen t  on 
the  n a t u r e  of the  s u b s t i t u e n t s  in  the  b e n z e n e  r i ng  and t h o s e  a t t a c h e d  to the  N a tom of the  i m i d a z o l e  r i n g  
and i s  d e t e r m i n e d  p r i n c i p a l l y  by  the  p o s i t i o n  of the  azo  g r o u p  (405-420 nm for  5 - a z o -  and 440-470 nm for  
6 - a z o - s u b s t i t u t e d  c o m p o u n d s ) .  

R e s i s t a n c e  of the  azo g roup  to r e d u c t i v e  c l e a v a g e  i s  c h a r a c t e r i s t i c  fo r  azo compounds  VI.  Ref lux ing  
of VI wi th  s t annous  c h l o r i d e  in h y d r o c h l o r i c  a c id  so lu t i on  fo r  m a n y  h o u r s  g i v e s  a h y d r a z o  d e r i v a t i v e ,  which  
i s  r a p i d l y  o x i d i z e d  in  a i r  to  the  s t a r t i n g  azo  compound .  The  s t a r t i n g  a m i n e  (Vb) and a d i f f i c u l t - t o - s e p a r a t e  
m i x t u r e  of d i a m i n e s  VII and VIII  (with p r e d o m i n a n c e  of the  l a t t e r )  cou ld  be  ob ta ined  only  by  v i g o r o u s  r e d u c -  
t ion of VIb wi th  t in  in h y d r o c h l o r i c  a c i d .  N u m e r o u s  c r y s t a l l i z a t i o n s  of the  m i x t u r e  gave  VIII  as  the  d i -  
h y d r o b r o m i d e ;  the  f o r m a t i o n  of VII was  p r o v e d  by  c o n v e r s i o n  of the  m i x t u r e  of d i a m i n e s  to the  p r e v i o u s l y  
d e s c r i b e d  m o n o -  (Va) and,  r e s p e c t i v e l y ,  d i b r o m o - s u b s t i t u t e d  (IX) compounds  by  the S a n d m e y e r  r e a c t i o n .  
T h e s e  o b s e r v a t i o n s  d e m o n s t r a t e  tha t  the  r e d u c t i v e  c l e a v a g e  of azo compounds  VI wi th  t in  m e t a l  p r o c e e d s  
p r i m a r i l y  wi th  s p l i t t i n g  out of the  b r o m i n e  a tom in the  o p o s i t i o n  r e l a t i v e  to the  azo g roup  ( s ee  [9]). 
S i m i l a r  r e s u l t s  a r e  a l so  ob ta ined  in the  r e d u c t i o n  of  VI wi th  s o d i u m  h y d r o s u l f i t e ,  excep t  tha t  the  f ina l  p r o d -  
uc t s  of t he  r e d u c t i o n  a r e  m a r k e d l y  c o n t a m i n a t e d ,  p r o b a b l y  b e c a u s e  of the  s i d e  p r o c e s s e s  s o m e t i m e s  o b -  
s e r v e d  when s o d i u m  h y d r o s u l f i t e  is  u s e d .  

Thus  the  da ta  on the  r e d u c t i o n  of the  azo  compounds  a l so  c o n f i r m  the s t r u c t u r e  of VI .  The  e n t r a n c e  
of the  azo  g r o u p  into the  o p o s i t i o n  r e l a t i v e  to  the  b r o m i n e  a t o m  is  s o m e w h a t  u n e x p e c t e d  and,  a l though  i t  
ha s  not b e e n  o b s e r v e d  p r e v i o u s l y ,  is  in  a g r e e m e n t  wi th  the  known c a s e s  of e l e c t r o p h i l i c  s u b s t i t u t i o n  in 2 -  
a m i n o b e n z i m i d a z o l e s  [7, 10, 11]. 

* T h e  a z o n i u m  f o r m  p r o d u c e d  by  p r o t o n a t i o n  of the  azo g r o u p  [8], which  for  azo compounds  of  the  III o r  IV 
t y p e  i s  p o s s i b l e  only in c o n c e n t r a t e d  s u l f u r i c  ac id ,  is  a p p a r e n t l y  r e s p o n s i b l e  for  the  a p p e a r a n c e  of the  b lue  
c o l o r .  I t  m i g h t  be  a s s u m e d  tha t  p r o t o n a t i o n  of VI i s  h i n d e r e d  by the  e f fec t  of the  b r o m i n e  a tom,  as  a c o n -  
s e q u e n c e  of which  no c o l o r a t i o n  i s  o b s e r v e d ,  
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?, ' ,5-azobenzimidazole [2]; 2) 1 ,1 ' -d imethy l -2 -  
amino-2 ' ,6 -azobenzimidazole  [2]; 3) 6 ,6 ' -d i -  
b romo-1 ,1 '  -d ime thy l -2 -amino-2 ' ,  5-azobenzimid-  
azole; 4) 5 , 5 ' - d i b r o m o - l , l ' - d i m e t h y l - 2 - a m i n o -  
2 ' ,6-azobenzimidazole .  
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Continuing our search  among 2-aminobenz-  
imidazoles for compounds that are  capable of r e a c t -  
ing with NSA only as diazo components,  we subjected 
5 ,6 -d ib romo-2-amino- l -me thy lbenz imidazo te  (IX) to 
this t ransformat ion.  In this case ,  the react ion t ime 
was increased  to 80-90 h.* Although both the 5 and 
6 positions are  substituted, in this case  one also ob- 
serves  the self-coupling and the formation of i someric  
t r ib romoazo  derivatives (X and XI), which are  s imilar  
in proper t ies  to azo compounds VI. 

The formation of X and XI is a resul t  of "dis-  
placement" self-coupling and should be accompanied 
by splitting out of a posit ively charged bromine atom. 
Relatively little study has been devoted to react ions 
involving replacement  of halogen by an azo group: 
they have been noted in the thiophene [12] and thiazole 

[13] se r ies  and have been studied somewhat more  extensively for ~ -b romo(ch lo ro ) -  3-naphthols  [14, 15]. 
In the latter case ,  it was shown that the highly active bromine cation that is split out undergoes side r e a c -  
tions (for example, it is reduced to the bromide ion). However, we were unable to detect either bromide 
ions or appreciable amounts of side products in our experiments .  Considering the possibili ty of the fo rma-  
tion of complexes of Br + with t e r t i a ry  bases  of the pyridine type [16], it might be assumed that the bromine 
cation is tied up with the s tar t ing amine (IX). Decomposit ion of the complex with freeing of the s tar t ing 
amine (IX) probably occurs  when the react ion mass  is poured over ice and the react ion products a re  subse-  
quently t rea ted  with alcohol. In fact, about 30% of amine IX is recovered  in all of the experiments ,  and the 
yield of IX does not decrease  as the experimental  t ime is increased.  In addition, if the step involving 
t rea tment  of the react ion products with alcohol (the ro le  of which apparently reduces to reduction of Br + 
[12, 13]) is omitted, a markedly  contaminated and ha rd - to - s epa ra t e  mixture of substances is formed; this 
is probably associa ted with secondary  p rocesses  induced by the bromine cation during thermM trea tment  
of the react ion products (drying and recrys ta l l iza t ion) .  

Y Ir 
B r / ~  CH~ 

Br~ A J N - -  . -  

g ~ 
Br S 

CH3 GH a 
XI 

The presence  of one or two bromine atoms in the 5 and 6 positions of 2-aminobenzimidazoles ,  con-  
t r a r y  to expectations, does not promote  azo coupling with arenes .  In the case  of more  active arenes - 
mesi tylene and m-xylene - interact ion of the hydrocarbons themselves  with NSA apparently predominates  
[17] because of the difficulty in diazotization of bromo-subs t i tu ted  amines V and IX; as a result ,  a reneazo-  
benzimidazoles are  formed in low yields and are  markedly  contaminated. In addition, the ra te  of decom- 
position (probably under the influence of the arene introduced into the react ion mixture) of the unstable 
bromo-subs t i tu ted  benzimidazole-2-diazonium salts  apparently exceeds the ra te  of azo coupling (see [18]). 
An areneazo compound of the III type therefore  could not be obtained even in the case  of toluene and ben- 
zene, which are  passive to the action of NSA; repeated purification leads only to substances with a nitrogen 
content that is 6-7~ too low (for the t ime being these were not subjected to c loser  study). 

*We note that 4 (? ) ,5 ,6 - t r i b romo-2-amino- l -me thy lbenz imidazo le  does not react  with NSA under the condi- 
tions used. 
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I t  should  be  no ted  tha t  5 - b r o m o - l , 3 - d i m e t h y l - 2 - i m i n o b e n z i m i d a z o l i n e ,  in c o n t r a s t  to  the  u n s u b s t i -  
t u t e d  i m i n e  [19], does  not  u n d e r g o  r e a c t i o n  wi th  NSA even  in  the  c o u r s e  of 3 -4  d a y s ;  th i s  i s  in c o m p l e t e  
a g r e e m e n t  wi th  the  p a s s i v a t i n g  a c t i o n  of a b r o m i n e  a t o m  on the 2 - a m i n o  g roup ,  which  i s  a l so  o b s e r v e d  fo r  
a m i n e s .  

EXPERIMENTAL 

The UV spectra of methanol solutions of the azo compounds were recorded with an SF-4a spectro- 
photometer. 

Reaction of Bromo-Substituted 2-Aminobenzimidazoles with NSA. This reaction was carried out in 
concentrated H2SO 4 via the method in [I], except that the amount of concentrated H3PO 4 added was reduced 
to 4-5 ml per 0.01 mole of amine, 1.5 moles of NSA were used per mole of amine V, 3 moles of NSA were 
used per mole of amine IX, and the reaction time was increased to 8-10 h for V and to 80 h for IX. 

6,6'-Dibromo-l,l'-dimethyl-2-amino-2',5-azobenzimidazole (VIb). The precipitate that formed when 
the reaction mixture was poured over ice and treated with alkali was dried and treated with 30 ml of boil- 
ing alcohol. * The mixture was cooled, and the precipitated azo compound was removed by filtration to give 
677c of bright orange plates with mp 314 ~ (dec., from pyridine) that were only slightly soluble in alcohol, 
benzene, and ether; ~max, nm (log e): 255 (4.20), 282 (4.02), 405-420 (4.28). Found,~c: C 41.6; H 2.6; Br 
34.4; N 21.1. CI6HI3Br2N 7. Calculated,Z: C 41.5; H 2.8; Br 34.5; N 21.2. 

5,5'-Dibromo-l,l'-dimethyl-2-amino-2' ,6-azobenzimidazole (Via). The solid that precipitated from 
the reaction mixture was treated with 150 ml of boiling water and washed on the filter with I0 ml of hot al- 
cohol to give 62~c of dark-claret-colored prisms with mp 328 ~ (dec., from pyridine or dimethylformamide); 

Xmax, nm (loge). 272 (3.73), 440-465 (4.32). Found,Z: C 41.4; H 2.9; Br 34.0; N 21.3. CI6HI3Br2N 7. Cal- 
culated,%: C 41.5; H 2.8; Br 34.5; N 21.2. 

6,6'-Dibromo-l,l'-diethyl-2-amino-2',5-azobenzimidazole. This compound was obtained in 51~ yield 
by the procedure used to prepare Vlb, except that the precipitate was treated with 20 ml of cold alcohol. 
The bright orange plates had mp 282-283 ~ (from alcohol or pyridine); ~max, nm (log e): 252 (4.25), 282 
(4.00), 408-420 (4.32). Foundyc: C 44.0; H 3.7; Br 32.3; N 19.9. CIsH~TBr2N 7. Calculated,Z: C 44.0; H 
3.5; Br 32.5; N 20.0. 

5',6,6'-Tribromo-l,l'-dimethyl-2-amino-2' ,5-azobenzimidazole (XI). The precipitate obtained as a 
result of the reaction of amine IX with NSA was dried slightly in air and treated with 30 ml of boiling alco- 
hol for 30-40 rain. The hot mixture was filtered, and isomeric azo compounds X and XI (59~ yield) were 
isolated and separated as described below. The alcohol was removed from the filtrate by distillation, and 
the residue was crystallized from aqueous alcohol (I : I) to give starting amine IX in about 30~c yield. The 
dried and powdered mixture of azo compounds was heated for 10-15 rain in 40 ml of boiling pyridine, and 
the mixture was cooled to 50 ~ and filtered. The insoluble residue was recrystallized successively from 
glacial acetic acid and from a large volume of pyridine to give bright orange plates with mp 324-326 ~ (dec., 
330-332 ~ on rapid heating.)$ According to the UV spectrum, the product was 5-azo-substituted XI: ~ max, 
nm (log e): 255 (4.30), 282 (inflection), 408-420 (4.32). Found,~. C 35.0; H 2.4; Br 44.3; N 18.6. 

CI6HI2Br3NT. Calculated,%: C 35.5; H 2.2; Br 44.2; N 18.1. 

5,5',6'-Tribromo-l,l'-dimethyl-2-amino-2',6-azobenzimidazole (X). The pyridine solution from the 
separation of the 5-isomer (XI) was allowed to stand for 24 h, and the resulting precipitate was removed by 
filtration. A triple volume of ether was added to the filtrate, and the precipitate that formed after 8-10 h 
was separated, crystallized from a small volume of pyridine, and combined with the major amount of pre- 
cipitate to give dark red crystals with mp 333-336 ~ (dec., from pyridine, glacial acetic acid); ~max, nm 
(loge): 272-274 (inflection), 440-465 (4.44). Found,q: C 35.2; H 2.6; Br 44.6; N 18.7. CI6HI2Br3NT. Cal- 
culated,%: C 35.5; H 2.2; Br 44.2; N 18.1. 

Reduction of Azo Compound VIb. A. A 1-mmole sample of VIb was heated for 3-4 h with 0.4 g of 
powdered tin and 15-20 ml of hydrochloric acid (I :I) on a boiling-water bath. The reaction was considered 
to be complete when a red coloration was no longer observed upon the addition of sodium nitrite to a sample. 

* H e r e  and in wha t  fo l lows ,  the  n u m e r i c a l  v a l u e s  g iven  a r e  b a s e d  on 0.01 m o l e  of the  s t a r t i n g  a m i n e .  
The  m e l t i n g  po in t s  ( decompos i t i on )  of X and XI canno t  be  u s e d  to p r o v e  the  c o m p l e t e n e s s  of  the  s e p a r a -  

t ion  of the  i s o m e r s ,  s i n c e  t h e y  depend  only r e l a t i V e l y  l i t t l e  on th i s  f a c t o r .  The  i n d i v i d u a l i t y  of the  i s o m e r s  
was  e s t a b l i s h e d  on the  b a s i s  of a c o m p a r i s o n  of the  UV s p e c t r a  of  t h e s e  compounds  and " s t a n d a r d "  V ia  and 
VIb .  
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The mixture was evaporated to half its original volume and cooled, and the precipi tated complex was t reated 
with 8 m1 of boiling alcohol. The insoluble precipi tate  was t r i tura ted with 40~ sodium hydroxide solution, 
the mixture was fi l tered,  and the solid was c rys ta l l i zed  f rom aqueous alcohol (1 : 1) to give a product identi- 
cal to amine Vb in 66% yield. The hydrochlor ic  acid solution remaining after separat ion of the complex 
was combined with the res idue f rom the removal  of the solvent f rom the alcohol extract ,  and the mixture 
was diluted with water  and t reated with hydrogen sulfide to precipi tate  the tin. The tin sulfides were sepa-  
rated,  and the f i l t rate was evaporated to 2-3 ml, t rea ted  with 3-4 ml of concentrated HBr, and allowed to 
stand overnight in an open beaker .  The result ing precipi tate  was removed by fi l tration and washed with 
acetone to give 0.22 g of product.  Chromatography in a thin layer  of AI203 with a c e t o n e - c h l o r o f o r m -  
alcohol ( 1 : 1 : 0 . 2 )  indicated the presence  of two substances:  a major  product that was chromatographical ly  
identical to the dihydrobromide of VIII, and a second component, the nature of which as the dihydrobromide 
of VII was established by means of convers ion of the indicated mixture of dihydrobromides to IX and Va via 
the Sandmeyer react ion.  The mixture of VII and VIII could not be separated;  two crys ta l l iza t ions  f rom al-  
cohol gave only the quantitatively prevail ing dihydrobromide of VIII in the pure state with mp 318-319 ~ [2]. 

B. The reduction of VIb with sodium hydrosulf i te  was ca r r i ed  out by heating a mLxture of the r e -  
agents (1.5 g of the reducing agent per mil l imole of VIb) in aqueous alcohol (2 : 1) for 4 h. The oily p re -  
cipitate that formed after  the mixture  was cooled was t reated with 15 ml of 2 N H2SO4, and the mixture was 
f i l tered after  3-4 h. The f i l t rate  was evaporated to half its original volume and cooled with ice. The p re -  
cipitate was washed with 5 ml of hot acetone and made alkaline to isolate a base identical to amine Vb (58~ 
yield). The sulfuric acid mother  liquor was evaporated to dryness ,  and the residue was t reated (while 
heating) with three portions of acetone. The solvent was removed from the acetone extracts  by distillation, 
7 ml of concentrated HBr was added, and the  mixture was cooled. The precipi tate  was c rys ta l l i zed  f rom 
alcohol to give a product identical to the dihydrobromide of VIII. 

Attempts to Obtain Bromo-Subst t tuted 2-Areneazobenzimidazoles .  A. A 2-mmole  sample of amine 
V or  IX was dissolved in 10 ml of concentrated H2SO4, 0.3-0.4 ml of mes i ty lene  or  m-xylene  and 3 mmole 
of NSA were  added, and the mixture was shaken at 20 ~ for 6-10 h. After the usual workup of the react ion 
mixture  [4], the benzene extract  was chromatographed with a column filled with A1203; the fract ion c losest  
in chromatographic  behavior to the known 2-areneazobenzimidazoles  was separated.  The azo compounds 
could not be isolated in analytically pure form by repeated chromatography and crys ta l l iza t ion f rom hexane 
or b e n z e n e - p e t r o l e u m  ether .  

B. The reac t ion  of amines V or  IX with NSA in the presence  of toluene or benzene was ca r r i ed  out 
as descr ibed in part  A, except that ch loroform was used for the extraction. The chloroform-insoluble  
res idue  was washed with hot alcohol to give azo compound VI (26-28~c) or, respect ively ,  a mixture of X and 
XI (17-20%). The ch loroform extract  was chromatographed with a column filled with A1203; the colored 
fract ion that emerged f i rs t  was collected.  The solvent was removed by distillation, and the residue was 
c rys ta l l ized  f rom b e n z e n e - p e t r o l e u m  ether to give yellow substances containing 6-7~c less nitrogen than 
in the corresponding bromo-subst i tu ted  2-areneazobenzimidazoles .  
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