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By the cyctization of the formyl and acetyl derivatives of 2-(a- 
aminoethyl)-l-methylbenzimidazole under the action of phosphorus 
oxychloride we have synthesized, respectively, 3, 4-dimethyl- and 
1, 3,4-trimethylimidazo[5, 1-b]benzimidazoles. 2-(a-Aminoethyl)- 
1-methylbenzimidazole was obtained by reducing the oxime of 
2-acetyl-l-methylbenzimidazole. The latter was synthesized from 
1-methylbenzimidazole by an organolithinm synthesis. 

In  a p r e c e d i n g  p a p e r  [1] w e  h a v e  r e p o r t e d  t h a t  a c y l  
d e r i v a t i v  e s  of 2 - a m i n o m e t h y l - 1  - m e t h y l b e n z i m i d a z o l e  

h a v i n g  a p y r i d i n e  o r  p h e n y l  r e s i d u e  on  t h e  C a t o m  

of t h e  a m i n o m e t h y l  g r o u p  u n d e r g o  r i n g  c l o s u r e  on 

b e i n g  h e a t e d  w i t h  p h o s p h o r o u s  o x y c h l o r i d e  to  g i v e  

a t r i c y c l i c  s y s t e m  w i t h  t h e  f o r m a t i o n  of t h e  c o r r e s -  

p o n d i n g  d e r i v a t i v e s  of i m i d a z o [ 5 ,  1 - b ] b e n z i m i d a z o l e .  

In t he  p r e s e n t  p a p e r  w e  r e p o r t  t h e  s y n t h e s i s  of 

3, 4 - d i m e t h y l -  (V) a n d  1 , 3 ,  4 - t r i m e t h y l -  (VII) - i m i d a z o -  

[ 5 , 1 - b ] b e n z i m i d a z o l e s ,  w h i c h  w a s  e f f e c t e d  by  a 
s c h e m e  a n a l o g o u s  t o  t h a t  g i v e n  in  t h e  p r e c e d i n g  

c o m m u n i c a t i o n  [1] .  By a n  o r g a n o l i t h i u m  s y n t h e s i s ,  

f r o m  1 - m e t h y l b e n z i m i d a z o l e  [2] and  e t h y l  a c e t a t e  

w e  o b t a i n e d  2 - a c e t y l - l - m e t h y l b e n z a m i d a z o l e  {I), 

w h i c h  h a s  b e e n  s y n t h e s i z e d  p r e v i o u s l y  in  a d i f f e r e n t  

m a n n e r  [3] .  T h e  o x i m e  (II) of c o m p o u n d  I w a s  r e -  
d u c e d  w i t h  z inc  in  a q u e o u s  a m m o n i a  to  t h e  a m i n e  

(III). L i k e  t h e  a e y l  d e r i v a t i v e s  of o t h e r  s u b s t i t u t e d  

2 - a m i n o m e t h y l - l - m e t h y l b e n z i m i d a z o l e s  [1] ,  t h e  

f o r m y l  and  a c e t y l  d e r i v a t i v e s  of III  u n d e r w e n t  r i n g  

c l o s u r e  u n d e r  t h e  a c t i o n  of p h o s p h o r u s  o x y c h l o r i d e  

w i t h  t h e  f o r m a t i o n  of 3, 4 - d i m e t h y l -  and  1 , 3 , 4 - t r i m -  

e t h y l i m i d a z o [ 5 ,  1 - b ] b e n z i m i d a z o l e s ,  V and  VII ,  r e s -  
p e c t i v e l y .  T h e  s t r u c t u r e  of t h e  l a t t e r  w a s  c o n f i r m e d  

by  t h e i r  IR a n d  UV s p e c t r a .  T h e  IR s p e c t r a  of V a n d  

VII  ( the  IR s p e c t r a  of V w e r e  t a k e n  in  a t a b l e t  of 

K B r )  l a c k  t h e  a b s o r p t i o n  b a n d  of t h e  NH g r o u p  t h a t  

i s  c h a r a c t e r i s t i c  f o r  t h e  s t a r t i n g  m a t e r i a l s  IV and  

VI a n d  h a v e  s t r o n g  a b s o r p t i o n  b a n d s  a t  1635 a n d  

1645 c m  -~, r e s p e c t i v e l y ,  and  a b s o r p t i o n  b a n d s  a t  
1504 and  1505 c m  -~, r e s p e c t i v e l y ,  due  to  t h e  s t r e t c h -  

i ng  v i b r a t i o n s  of t h e  ~ C  and  C-~N b o n d s  of a r i n g .  

T h e  UV s p e c t r a  of V and  VII ,  l i k e  t h e  s p e c t r a  of 

o t h e r  i m i d a z o [ 5 , 1  - b ] b e n z i m i d a z o l e  d e r i v  a t iv  e s  d i f f e r  

m a r k e d l y  f r o m  t h e  s p e c t r a  of t h e  c o r r e s p o n d i n g  

s t a r t i n g  m a t e r i a l s  (IV and  VI) ( s e e  f i g u r e } .  

EXPERIMENTAL 

2-Acetyl-l-rnethylbenzimidazole (I). With stirring, at -60 = C, 
a solution of 13.22 g (0.1 mole) of 1-methylbenzimidazole in 400 ml 
of absolute ether was gradually added to a solution of butyllithium 

* F o r  p a r t  I, s e e  [1]. 

prepared from 2 1 . 6  g (0.312 mole) of lithium in 50 ml of absolute 
ether and 11.6 g (0.125 mole) of butyl chloride in 26 ml of absolute 
ether [4]. The reaction mixture was kept at -60 ~ C with stirring 
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UV s p e c t r a :  1) 2 - ( ~ - f o r m y l a m i n o -  
m e t h y l ) - 1  - m e t h y l b e n z i m i d a z o l e  (W) ; 

2) 3 , 4 - d i m e t h y l i m i d a z o [ 5 ,  1 - b ] b e n -  

z i m i d a z o l e  (V); 3) 2 - ( a - a c e t y l a m i -  

n o e t h y l ) -  1 - m e t h y l b e n z i m i d a z o l e  (VI); 
4) 1 , 3 ,  4 - t r i m e t h y l i m i d a z o [ 5 , 1 - b ] -  

b e n z i m i d a z o l e  {VII). 

for 3 hr, and a solution of 8.81 g (0.1 mole) of freshly-distilled 
anhydrous ethyl acetate in 40 ml of absolute ether was added slowly 
in drops. The reaction mixture was stirred at a temperature not 
higher than -53 ~ C for 3 hr and was then carefully poured into dilute 
(1 : 1) hydrochloric acid. The aqueous layer was separated off, 
treated with carbon, and, with cooling, made alkaline with aqueous 
ammonia. The precipitate that deposited was filtered off, washed 
with water, and dried. This gave 12.27 g (70.507Q of I, a white 

crystalline substance, mp 74~ ~ C (from 2507c aqueous ethanol); 

accordfng to the literature [3], mp 64~ ~ C. Found, ~c: N 16.29. 

Calculated for C10Hf~NzO, ~ N 16.08. 
Oxirne of 2-acetyl-l-methylbeazirnidazole (II). A solution of 

11 g (0.0631 mole) of I and 11 g (0.1581 mole) of hydroxylamine 
hydrochloride in 55 ml of absolute ethanol and 55 ml of anhydrous 
pyridine was heated in the boiling water bath for 3 hr. Then the 
solvent was distilled off in vacuum and the residue was Izirnrated 
with 55 ml of water. This gave 10.02 g (84070) of II, mp 218, 5~ ~ 
C (from absolute ethanol). Found, %; C 63.49; H 6.00; N 22.11. 
Calculated for C10HllNsO, %: C 63.47; H 5.86; N 22.21. 

2-(a-Arninoethyl)-l-methylbenzimidazole (Ill). A suspension 
of 8 g (0.0423 mole) of II in 100 ml of ethanol was boiled with 
8 g of zinc dust, 8 g of ammonium acetate, and 300 ml of aqueous 
ammonia with stirring for 1 hr. Then in two equal portions at 2-hour 
intervals, another 8 g of zinc dust and 400 ml of aqueous ammonia 
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were added. The hot solution was filtered, and the filtrate was 
treated with NaOH solution (44.5 g of NaOH in 68 ml of water) and 
extracted with benzene. After the solvent had been distilled off, 
7.18 g (97%0) of III was obtained in the form of an oily substance 
which was characterized in the form of the dihydrochloride. An 
ethereal solution of HC1 was added to an ethereal solution of 0.97 
g of IIL This gave 1.29 g (94%) of the dihydrochloride of III in the 
form of colorless crystals, mp 275.5~ ~ C (from absolute methanol). 
Found, %: C 48.38; H 6.28; N 16.911 C1 28.77, Calculated for 
C10HlaN s . 2HC1, %: C 48.40; H 6r081 N 16.931 CI 28.58. 

2-(a-Formylaminoethyl)-l-methylhenzimidazole (IV). A solution 
of 4.9 g 0.028 mole) of III in 18 ml of 88% formic acid was boiled 
for 3 hr and was then made alkaline to give 5.38 g (94.790) of IV 
which was a white crystalline substance with mp 168%169.5 ~ C 
(from methanol). Found, fro: C 65.171 H 6.45; N 20.35. Calculated 
for Ct~HlsNsO. Calculated for C 65.00; H 6.45; N 20.68. IR spectrum: 
VNH 3230 cm-1; Vco 1650 cm "I. 

3, 4-Dimethylimidazo[5, 1-bJbenzimidazole~V). In drops, with 
stirring, 8.4 ml of phosphrous oxychloride was added to a suspension 
of 3 g (0.0148 mole) of IV in 36 ml of anhydrous benzene, whereupon 
the IV dissolved almost completely and a new precipitate deposited. 
The reaction mixture was slowly brought to the boil, boiled until 
the evolution of hydrogen chloride ceased, and then cooled. The 
precipitate (4.21 g) was filtered off, washed with anhydrous benzene, 
and treated with 5% sodium bicarbonate solution. The oily substance 
that separated out was extracted with ether. The ethereal solution 
was washed, dried, and evaporated in vacuum. The residue (1.52 g, 
55%) was dissolved with heating in 5-7 ml of absolute methanol, 
,and the solution was cooled and separated from a small amount of 
oily matter that had not dissolved. The methanolic solution was 
evaporated in vacuum and the residue was distilled. This gave V 
in the form of a light yellow viscous oil, bp 149 ~ C (0.3 ram), which 
rapidly crystallized. Mp 99~ ~ C. Found, 90: C 71.251 H 6.181 
N 22.34. Calculated for CIlHllNa, %: C 71.331 H 5.991 N 22,69. 
Readily soluble in chloroform, ethyl acetate, and ethanol, and 
sparingly soluble in ether, On standing in the air it deliquesces and 
becomes dark green. An ethereal solution is stable but a chloroform 
solution rapidly becomes dark green. It dissolves readily in dilute 
hydrochloric acid. Picrate, yellow crystals, mp 197.5%199.5 ~ C 
(from acetone). Found, %: C 49.011 H 3.43. Calculated for 
CllHIINs �9 Cd:t3NsOT, %: C 49.28; H 3.41. 

2-(a-Aeetylaminoethyl)-l-methylbenzimidazole (g~rI). A solution 
of 1.31 g (0.00746 mole) of III in 6.5 mI of acetic acid and 3.5 ml 

of acetic anhydride were heated in the boiling water bath for 2 hr 
and then it was evaporated in vacuum and the residue was triturated 
with 2 ml of water. This gave 1.22 g (75.4%) of a white crystalline 
substance with mp 176.5~ ~ C (from benzene). Readily soluble 
on heating in ethanol and water. Found, %; C 66.49; H 6.711 N 19.37. 
Calculated for CI2HI~N30, %: C 66.33; H 6.96; N 19.34. IR spectrum: 
VNH 3300 cm-1; v c o  1642 cm "1. 

1, 3, 4-Trimethylimidazo[5, 1-b]benzimidazole~(VII). The reaction 
was carried out with 1 g (0.0046 mole) of VI, 12 ml of anhydrous 
benzene, and 2.8 ml of phosphorus oxychloride as in the case of V. 
The precipitate (1.43 g) was filtered off, washed with anhydrous 
benzene, and treated with 5% sodium bicarbonate solution. The 
residue (0.79 g) was filtered off, washed with water, and dried. 
For purification, the substance was dissolved in a small amount of 
ethanol, and the ethanolic solution was filtered and evaporated 
several times. This gave 0.61 g (74.69~) of a cream-colored crystal- 
line substance with mp 119~ ~ C (from a 1 : 1 mixture of 
benzene and hexane). Found, 90: C 72.34; H 6.40; N 20.98. Cal- 
culated for CI2HlsN ~, %: C 72.33; H 6.57; N 21.09. Readily soluble 
in chloroform, ethanol, and benzene, more sparingly in ether. 
Stable on storage. Readily soluble in dilute hydrochloric acid. 
Picrate,yellow crystals with an orange tinge, mp 213.5%214.5 ~ C 
(from acetone). Found, %: C 50.84; H 3.56; N 19.83. Calculated 
for C~HlaN s �9 Ct, I-IaNsOT, %: C 50.47; H 3.77; N 19.62. 
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