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STUDIES OF BENZIMIDAZOLE DERIVATIVES 

XX. T r a n s f o r m a t i o n s  During the React ion Between Ni t rosyl  Sulfuric  Acid and 
2-Aminobenz imidazo le*  

A. M. Smi rnov  and S. N. Kolodyazhnaya 
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It was found that the formation of 2, 5'- and 2, 6'-azobenzimidazoles, 
formed during the action of nitxosyl sulfuric acid on 2-amino-l-alkyl 
(phenyl, benzyl) benzimidazoles, occurs by azo combination of the 
extremely active salt of benzimidazole-2-diazonium obtained at 
first with the original amine. The azo compound is formed from 2- 
aminobenzimidazole substituted in position 5 and 6 only in the pre- 
sence of 2-dimethylaminorl-methylbenzimidazole o~ other azo con- 
stituents. In the presence of substitutes, which hinder azo combination, 
2,2'-diazoaminobenzimidazoles stable also in strongly acid medium 
may comtitute the product of the reaction. 

It has r ecen t ly  been shown [2] that dur ing  the in -  
t e rac t ion  between n i t rosy l  su l fur ic  acid (NSA) and 2- 
amino -me thy lbenz imidazo le  (I) in med ium of su l fur ic  
acid and phosphoric  acids [3] the de r iva t ives  of 2, 5 ~- 
and 2, 6 ' - azobenz imidazo le  (IIa and IIb) a re  obtained. 

I I I 
] CH3 CH 3 I l a , b  CH 3 

I [ a  2 , 5 ' - a z o  compound 
lib 2,6'-azo compound 

When the study of this convers ion  was continued,  
it was es tab l i shed  that the r eac t ion  proceeds  in an 
analogous m a n n e r  if NSA reac t s  on a mix tu re  of equi -  
molecu la r  quant i t ies  of I and 2 - d i m e t h y l a m i n o - l - m e t h -  
y lbenzamidazole  (III). The la t te r  does not i n t e rac t  with 
the above-ment ioned  reagent ,  which e l imina t e s  the 
poss ib i l i ty  that the p roces s  involves  condensat ion of 
the n i t ro sode r iva t ives  of I or III with the in i t ia l  amine.  
As a r e s u l t  of the r eac t ion  four azo compounds a re  
formed,  IIa, IIb, IVa, and IVb.  

V ~N 
[ [ [ 

Ill CH a CH 3 IVa,b CH 3 

IVa, 2 ,5 ' -azo  c o m p o u n d  
IVb,  2,6 ' -a~o c o m p o u n d  

One might  suggest  that dur ing  the r eac t ion  2 - a m i n o -  
1 -methy lbenz imidazo le  is conver ted  into the diazo 
compound** which p o s s e s s e s  such high act ivi ty  that un -  
der  the exper imen ta l  condit ions it rap id ly  pa r t i c ipa tes  
in azo combinat ion  with the second molecule  of I or 
HI in pos i t ion  5 and 6. However,  the poss ib i l i ty  that 
the second stage of the r eac t ion  p roceeds  r e q u i r e s  

conf i rmat ion ,  as compound III does n o t r e a c t w i t h  such 
an act ive diazo compound as,  for example,  the sal t  
of 2, 4 -d in i t robenzened iazon ium.  

In o rde r  to provide  evidence for  the a b o v e - m e n -  
t ioned suggest ion,  NSA was introduced into a solution 
of mix tu re  of two amines*:  2 - a m i n o - 5 ,  6 - d i m e t h y l - 1 -  
e thy lbenzamidazole  (V), which may  par t ic ipa te  in the 
convers ion  only as a diazo const i tuent ,  and compound 
III(azo consti tuent) .  Two azo compounds were  obtained 
(Via and VIb). The s t r u c t u r e  of compound Via was 
demons t r a t ed  by reduct ive  cleavage,  and the s t r u c -  
tu re  of compound VIb was es tab l i shed  by convers ion  
of the mix tu re  of these  i s o m e r s  (by,methyla t ion and 
hydro lys i s  of the product  of quaternizatf0n)  into the 
5(6)-azo de r iva t ive  of benz imidazolone  (VII), a lso ob-  
tained by counter  syn thes i s .  

CH3~ ~ N h .N 

L I 
C2H 5 V la ,b  CH a 

Via ,  2 ,5 ' - azo  c o m p o u n d  
VIb,  2 ,6 ' -azo  compound 

N CH~ 
C H 3 ~  " ~ ~ . I 

C2H 5 Vii [ 
CH 3 

These  data indicate  that the sa l t s  of benz imidazo le -  
2 -d iazon ium have the abi l i ty  to undergo combinat ion,  
which apparen t ly  is  de t e rmined  by the high e l ec t roph i l -  
ic na tu re  of the r ad ica l  assoc ia ted  with the diazo group. 
The la t te r  apparent ly  is  caused by pro tonat ion  of the 
imidazole  r ing  of the sa l t  in a med ium of concent ra ted  
acids (see VIII). 

H 
R-.. A -N + 

R /  v ~N 2 2 
l 
R VIII 

The reac t ion  with NSA is p reva len t  with other 2- 
aminobenz imidazo les .  It was found that the na tu re  of 
the subs t i tu t ions  in pos i t ion  1 and in the benzene nu-  
cleus e s sen t i a l ly  inf luences  the course  of the given 
t r ans fo rma t ion .  In the p r e s e n c e  of a n i t ro  group or 

*For  pa r t  XIX, see [1]. 
**It may  be found at the beginning of the expe r imen t  

(before the fo rmat ion  of the deep color) by combina-  
tion with the R - s a l t .  

*Diazonium sal t ,  fo rmed f rom V and ex t r eme ly  non-  
stable.  The y ie ld  fai ls  if compound III is in t roduced 
into the r eac t i on  mix tu re  a shor t  t i ~ e  after  the addi-  
tion of NSA. 
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azo  g r o u p  in p o s i t i o n  5 o r  6 the  r e a c t i o n  d o e s  no t  p r o -  

c e e d .  T h e  ac t i on  of NSA on 2 - a m i n o - i ,  5 - d i m e t h y l b e n -  
z i m i d a z o l e  l e a d s  to the  f o r m a t i o n  of t he  6 - a z o  d e r i v a -  

t i v e s  (IX), and 2 - a m i n o - l - b e n z y l b e n z i m i d a z o l e  i s  

c o n v e r t e d  in to  a m i x t u r e  of azo  c o m p o u n d s  (Xa a n d X b ) .  

2 - A m i n o - l - p h e n y l b e n z i m i d a z o l e  f o r m s  a m i x t u r e  of  

two a z o b e n z i m i d a z o l e s  (XIa and XIb) and 2, 2 ' - d i a z o -  

a m i n o  c o m p o u n d s  (XII). A d e r i v a t i v e  of t r i a z e n e  (XIII) 

i s  o b t a i n e d  a l s o  f r o m  c o m p o u n d  V, of only  0.5 m o l e  

NSA is  i n t r o d u c e d  in to  the  r e a c t i o n  m i x t u r e .  

N = N - - N H - -  

v - N N ~ v 

J 

CaH 5 Xll C6H 5 

A s  d i s t i n c t  f r o m  2, 5 ~- and 2, 6 ' - a z o b e n z i m i d a z o l e s ,  

2, 2 ' - d i a z o a m i n o  c o m p o u n d s  of the  b e n z i m i d a z o l e  s e -  

r i e s  on d i s s o l v i n g  in  c o n c e n t r a t e d  HaSO 4 do no t  f o r m  

an  i n t e n s e  d a r k - b l u e  c o l o r  w h i c h  i s  c h a r a c t e r i s t i c  of 

the  f o r m e r  c o m p o u n d s * .  T h e i r  s t a b i l i t y  in s t r o n g l y  

ac id  m e d i u m  is  w o r t h y  of  no te .  T h i s  s t a b i l i t y  i s  p r o b -  

ab ly  an a c c o u n t  of the  f a c t  tha t  p r o t o n a t i o n  of t he  d i a z o -  

a m i n o  g r o u p ,  g i v i n g  r i s e  to t he  p o s s i b i l i t y  of c l e a v a g e  

[5], i s  h i n d e r e d  h e r e  the  e f f e c t  of the  p o s i t i v e l y  c h a r g e d  

i m i d a z o l e  r i n g .  D u r i n g  the  i n t e r a c t i o n  wi th  I and  III 

and a l s o  wi th  f l - n a p h t h o l  in s u l f u r i c  a c i d  c o m p o u n d s  

XII  and  XlI I  do no t  f o r m  a z o  c o m p o u n d s .  T h u s ,  p a r t i c i -  

p a t i o n  of d i a z o a m i n o c o m p o u n d s  as  i n t e r m e d i a t e  p r o d -  

u c t s  d u r i n g  azo  c o m b i n a t i o n  in t h i s  c a s e  s h o u l d  be c o n -  

s i d e r e d  a s  b e i n g  e x c e p t i o n a l .  

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

Preparation of azobenzimidazoles, a) A O.Ol mole quantity of the 
2-amino derivative of benzimidazole** was dissolved on cooling with 
ice in 5-10 ml of cone HzSO 4, and during vigorous shaking a solution 
of 0.005-0.01 mole nitrosyl sulfuric acid in cone  H2SO4~" and 10-12 ml 
phosphoric acid (d. 171) was added. The mixture was agitated on cool- 
ing for a further 15 rain, and it was then left for 3-4 hr at 20* C, after 
which it was poured onto ice, and made alkaline with soda. The solu- 
tion was heated almost to boiling and filtered hot. The precipitate was 
washed with water and dried at 60-70* C. 

b) A 1 mole quantity of NSA was allowed to react with a mixture 
of equimolecular quantities of 2-amino- and 2-dimethylamino deriva- 
tives of benzimidazote. Subsequent procedures were similar to those 
described above. 

Separation of i~omerlc azo compounds. In order to separate IVa 
and IVb:~ and Via and V lb the mixture was dissolved in benzene with 
heating and slowly cooled. The precipitate which was almost pure 

* T h e  r e c e n t l y  o b t a i n e d  2, 2 ~ - a z o b e n z i m i d a z o l e s  [4] 
a l s o  do no t  f o r m  a s i m i l a r  c o l o r .  

* * S e e  [6] f o r  the  s y n t h e s i s  of 1 - s u b s t i t u t i o n s  of 2 -  
a m i n o b e n z i m i d a z o l e .  

J~The s o l u t i o n  w a s  p r e p a r e d  a s  d e s c r i b e d  in [7]. It 

c an  be  u s e d  o v e r  a long  p e r i o d .  

SAt f i r s t  IVa and 1Vb w e r e  s e p a r a t e d  f r o m  a m i x t u r e  
of 1-1a and l ib (44% yie ld)  f o r m e d  s i m u l t a n e o u s l y  by  e x -  

t r a c t i o n  wi th  b e n z e n e .  

2,5'-azo compound was separated, washed with benzene, recrystal- 
lized from benzene, and the stable solvate was disrupted by heating 
at 130-140 ~ C. The benzene mother liquor was diluted with petroleum 
ether, discarding the first normaiiy oily fractions. In the precipitate 
was the 2, 6'-isomer which was reerystallized from benzene with pe- 
troleum ether. 

In order to separate compounds Xa and Xb the mixture was crys- 
tallized from pyridine. In order to separate XIa and XIb the mixture 
was crystallized from alcohol. The more soluble 2, 6'isomer was ex- 
tracted with ether in both eases. 

The azobenzimidazotes are crystalline compounds and are dark 
red in color. 

5 -Nltro-2-dimethylamino- 1 -methylbcnzimidazole. 5-Nitro-2- 
chloro-l-methylbenzimidazole was heated with dimethyhamine and 
a small quantity of alcohol in a sealed ampul for 3 hrs at 90-95* C 
(see [6]). Yield, 89%. Bright yellow flakes with an mp of 149-150" C 
(from alcohol). Found, %: N 25.63. Calculated for CIoHIzN40 z, %: 
N 25.44. 

5-Amino-2-dlmethylamino-l-methylbenzimldazole. a) The ni- 
tro-derivatives was reduced with tin in hydrochloric acid. Dihydro- 
chloride. Snow-white needles with an mp of 322-~23' C (from a 
mixture of aIcohol and ether). Found, %: C1 26.767 Cal~culated for 
C10HIdN 4 �9 2HC1, %: C1 26.94. Dlpierate: Bright-yellow prisms with 
an mp of 179-180 ~ C (from alcohol). Found, %: N 21.38. Calculated 
for CIoHI4N 4.2CsHsNzOT, %: N 21.60. 

b) Compound Via was reduced with stannous chloride in hydro- 
chloric acid. From the reaction mixture were isolated compound V 
(yield, 85~ and a diamine in the form of the dipicrate (yield, 620]0), 
identical to the compound obtained according to method (a). 

1 ' , 3 ' ,  5 , 6-  Tetra m e t h y l -  l - e t h y l  - b e r m t m i d a z o l e - 2 - a z o - 5  ' ( 6 ' )-  
benztmldazolone (VII). a) NSA (1 mole) in a medium of~cone HzSO 4 
and phosphoric acid reacts with equimolecular quantities of compound 
V [8] and 1,3-dimethylbenzimidazolone. Yield, 79%. Darkredflakes 
(from benzene) with mp 245-246* C (after prolonged heating in order 
to disrupt the solvate). Found, %: C 65.89; H 6.34; N 23.23. Caleu- 
hated for Cz0HzzN~O, %: C 66.28; H 6.12; N 23.19. 

b) An alcoholic solution of compound Via and VIb and methyl 
iodide (1 mole) were gradually heated to boiling. The residue was 
dissolved in water, an equal volume of 20% alkali was added, and the 
mixture was heated in a boiling water bath until dlmethylamine ceased 
to be formed. Mp, 245-246* C (from benzene). Compounds, obtained 
according to method (a) and (b) were identical. 

I,  l'-Dlpheayl-2,2'-diazoaminobeazimidazole (XlI). l-Phenyl-2- 
aminobenzimidazole reacts with nitrosyl sulfuric acid (i mole) as 
described above, only the reaction proceeds at a slower rate (4-5 hr). 
The product of the reaction was treated with boiling alcohol and the 
precipitate of compound XII was removed by filtration. Yield, 31%. 
Shining yellow needles (from pyridine) with amp  of 812-313" C. 
Found, %: N 22.71. Calculated for CzGHlsN 7, %: N 22.88. Compounds 
XIa and XIb were isolated from the alcoholic solution in the form of 
red needles. 

5,5', 6,6'- Teuamethyl- 1, l '-diethyl-2, 2'-diazoaminobeazimid- 
azole (XIII). The compound was obtained from V by the action of 0.5 
mole NSA. Dark red flakes with an mp of 293-294* C. During vigor- 
ous reduction of the substance the original amine is formed with a 
yield of 68%. Found, %: C 68.20; H 7.16; N 25.26. Calculated for 
C2zHzTN~, %: C 67.84; H 6.99; N 25.17. 
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