
lized from petroleum ether.  The remaining compounds were obtained as very  viscous liquids. The physico-  
chemical  constants  of the synthesized compounds a re  presented in Table 3. 
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R E S E A R C H  IN T H E  I M I D A Z O L E  S E R I E S  

LXXXIX.* REACTION OF 1-ALKYL-2-CYANO(ALKOXYCARBONYL)METHYL 

DERIVATIVES OF IMIDAZOLE AND BENZIMIDAZOLE WITH a,-HALO KETONES 

P .  M. K o c h e r g i n ,  A.  A.  D r u z h i n i n a ,  
a n d  R .  M. P a l e i  

UDC 547.785.5 

The react ion of 1-alkyl-2-cyano(alkoxycarbonyl)rnethyl  derivatives of imfdazole  and benzimidazole 
with a -ha lo  ketones was studied. It was established that the presence  of e lec t ron-acceptor  sub- 
stituents (CN, COOC2H 5) in the methyl group in the 2 position of the imidazole r ing markedly facil-  
itates cyclizat ion of the intermediate  imidazolium and benzimidazolium halides to the co r respond-  
ing cyano (alkoxycarbonyl) der ivat ives  of pyrrolo[1 ,2-a] imidazoles  and pyrrolo[1 ,2-a]benzimida-  
zoles. 

We have established that the react ion of 1-alkyl-2-cyano(alkoxycarbonyl)methyl  derivatives of imidazole 
and benzimidazole with a -ha lo  ketones, which opens up a route to the synthesis of the previously undescribed 
carboxylic acid derivat ives of the pyrrolo[1 ,2-a] imidazole  and pyrrolo[1,2-a]benzimidazole  se r ies ,  does not 
always proceed unambiguously, in cont ras t  to the analogous react ion in the case  of 1,2-dialkyl-substi tuted imid- 
azoles and benzimidazoles [1]. In some cases  qua ternary  salts,  which are  readily cyclized to 7-cyano deriva-  
tives of pyrrolo[1 ,2-a] imidazole  (IX-XI) without the application of an alkaline agent when they are  refluxed in 
water,  are  formed when 2-cyanomethyl  derivatives of imidazole (I, II) are  heated with a -ha lo  ketones in ace-  
tone. Trea tment  with an alcohol solution of sodium ethoxide in the cold was necessary  only for the cyclization 
of bromide VII. 

* See [6] for communicat ion LXXX~'III. 
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R 4 Br- 
i + 4 R - ~  ~ R  4 

R. . -~N /~CH2R2 R ~ --R= 
[ i H 2 0  R, R ~ 

CHa CH 3 R ~ CH 3 R~ 

I -IV V-VIII IX-XYl 

[ R = R  ~= H, R 2 - C N ;  II R = H ,  R l - C 1 ,  R2=CN;  III R + R I = - C H = C H - C H = C H  - ,  
R- '=CX; IX," R - R I = - C H = C H - C H = C H  - ,  R2=COOC2H5; V R2=CX,  Ra=C6Hs. 
R=R~-R4=H; VI R=R4=H, R~=CI, R2=CN, R3=CHa: VII R=H, RI=CI, R2=CN, 
Ra=R4=CH:. VIII R=R4-H, Rl=C1, R~=CN, Ra=C6H~; IX R=RI=R4=H, R2=CN, 
R3=CcH5; X R=R~=H, RI=CI, R~=CN, Ra=CH3: XI R-R4=H, R~=C1. R2=CN, Ra=C~H3: 
XlI R=H, RI=CI. R~-=CN, Ra=R4=CHa; XII[ R=RI=R4=H, R2=CN, Ra=CH;: XIV 
P,-i} '-H. R2=CN, R3=R4=CH3; XV R--RI=--CH--CH--CH--CH - .  R2=CN, Ra-CCH> 

R~=H: XVI R+R ~ = - C H - C H - C H = C H - ,  Re=COOC:Ha, Ra=CGH> R4=H 

In o t h e r  c a s e s  the  r e s u l t i n g  q u a t e r n a r y  i m i d a z o l i u m  and b e n z i m i d a z o l i u m  s a l t s  p r o v e d  to be so uns t ab le  
tha t  they  i m m e d i a t e l y  unde rwen t  c y c l i z a t i o n  to p y r r o l o [ 1 , 2 - a ] i m i d a z o l e  (VIII, X1u and p y r r o l o [ 1 , 2 - a ] b e n z i m i d a -  
zo le  (XV, XVI) d e r i v a t i v e s .  F o r  p r e p a r a t i v e  p u r p o s e s ,  t h i s  r e a c t i o n  is m o r e  c o n v e n i e n t l y  c a r r i e d  out with 2 
m o l e s  of s t a r t i n g  i m i d a z o l e  p e r  m o l e  of halo  ke tone ,  s i n c e  1 mo le  of the  s t a r t i n g  b a s e ,  as  in the  e a s e  of 2-  
c y a n o ( a l k o x y e a r b o n y l ) m e t h y l p y r i d i n e s  [2], is  c o n s u m e d  in t y ing  up the h y d r o g e n  ha l ide  l i b e r a t e d  in the  r e a c t i o n .  

The  e a s e  of e y e l i z a t i o n  of 1 - a l k y l - 2 - e y a n o ( e t h o x y c a r b o n y l ) m e t h y l - a - a c y l a l k y l i m i d a z o l i u m  and b e n z i m i d a -  
zo l i um b r o m i d e s  to p y r r o l o i m i d a z o l e  and p y r r o l o b e n z i m i d a z o l e  d e r i v a t i v e s  is  exp la ined  by the high r e a c t i v i t y  
of the m e t h y l e n e  g roup  in the  2 p o s i t i o n  of the  i m i d a z o l e  r i n g  a c t i v a t e d  by s t r o n g  e l e e t r o n - a c c e p t o r  s u b s t i t u e n t s  
(CN and C00C2H5). 

The  s t r u c t u r e s  of the  s y n t h e s i z e d  compounds  w e r e  c o n f i r m e d  by the r e s u l t s  of e l e m e n t a r y  a n a l y s i s  and 
the IR s p e c t r a .  

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

The  IN s p e c t r a  of m i n e r a l - o i l  s u s p e n s i o n s  of the  compounds  w e r e  r e c o r d e d  with a UR-10  s p e c t r o m e t e r .  

l - M e t h y l - 2 - c y a n o m e t h y l i m i d a z o l e  (I). Th i s  compound  was ob ta ined  by the method  in [3]. 

l - M e t h y l - 2 - c y a n o m e t h y l - 5 - c h l o r o i m i d a z o l e  (II). A hot so lu t ion  of  55 g (0.275 mole)  of l - m e t h y l - 2 - c h l o r o -  
m e t h y l - 5 - c h l o r o i m i d a z o l e  h y d r o c h l o r i d e  [4] in 450 ml  of d i m e t h y l f o r m a m i d e  (DMF) was added  with s t i r r i n g  and 
c o o l i n g  to a s u s p e n s i o n  of 27.5 g (0.56 mole)  of NaCN in 50 ml  of DMF at such  a r a t e  tha t  the  t e m p e r a t u r e  of the  
m i x t u r e  did not e x c e e d  18-20 ~ a f t e r  which the  m i x t u r e  was s t i r r e d  at  the  s a m e  t e m p e r a t u r e  for  5 h. The  p r e -  
c i p i t a t e d  NaC1 was r e m o v e d  by f i l t r a t i o n ,  the  s o l v e n t  was  r e m o v e d  by vacuum d i s t i l l a t i o n ,  and the  r e s i d u e  was 
washed  with  w a t e r  to g ive  31 g (72%) of a p r o d u c t  with mp 142-143 ~ ( f rom benzene)  (mp 110-128 c [4]). Found :  
N 23.0%. C6H6C1N 3. C a l c u l a t e d :  N 22.8%. 

l - M e t h y l - 2 - e y a n o m e t h y l b e n z i m i d a z o l e  (III) and l - M e t h y l - 2 - e t h o x y c a r b o n y l m e t h y l b e n z i m i d a z o l e  (IV). 
T h e s e  c o m p o u n d s  w e r e  ob ta ined  by the method  in [5]. 

l - M e t h y l - 2 - c y a n o m e t h y l - 3 - a c y l m e t h y l i m i d a z o l i u m  B r o m i d e s  (V-VIII ,  T a b l e  1). T h e s e  compounds  w e r e  
s y n t h e s i z e d  f r o m  I and II and the a p p r o p r i a t e  a , - b r o m o  ke tones  in a c e t o n e  by the method  in [1]. 

l - M e t h y l - 6 - p h e n y l - 7 - e y a n o p y r r o l o [ 1 , 2 - a ] i m i d a z o l e  (IX). A s u s p e n s i o n  of 1 g of b r o m i d e  V in 10 m l  of 
w a t e r  was r e f l u x e d  for  15 min ,  a f t e r  which  it was  c o o l e d ,  and the so l id  m a t e r i a l  was  r e m o v e d  by f i l t r a t i o n  and 
washed  with  w a t e r .  Compounds  X and XI w e r e  s i m i l a r l y  ob ta ined .  T h e i r  c h a r a c t e r i s t i c s  a r e  p r e s e n t e d  in 
T a b l e  1. 

1,5,6-Trimethyl-2-chloro-7-cyanopyrroio[1,2-a]imidazoles (XII, T a b l e  1). A so lu t i on  of 0.17 g (2.5 mmole )  
of s o d i u m  e thox ide  in 0.5 ml  of a n h y d r o u s  e thano l  was added to a so lu t i on  of 0.6 g (2 mmole )  of b r o m i d e  VII in 
2 ml  of a n h y d r o u s  e thano l ,  and the  m i x t u r e  was  a l lowed  to s t and  at  18-20 ~ for  30 min .  The  r e s u l t i n g  p r e c i p i t a t e  
was  r e m o v e d  by f i l t r a t i o n  and washed  with  e thanol .  

1,6-DimethyI-7-cyanopyrrolo[1,2-a]imidazole (XIII). A so lu t ion  of 3.7 g (30 m m o l e )  of I and 1.5 g (15 
mmole )  of  b r o m o a c e t o n e  in 20 ml  of a ce tone  was  r e f l u x e d  fo r  2 h, a f t e r  which  it was c oo l e d ,  and the  p r e c i p i t a t e d  
h y d r o b r o m i d e  of  I was  r e m o v e d  by f i l t r a t i o n .  The  f i l t r a t e  was  a i r  e v a p o r a t e d  to g ive  p y r r o l o i m i d a z o l e  XIII .  

P y r r o l o t m i d a z o l e  XIV was  s i m i l a r l y  ob ta ined  f r o m  I and ~ - b r o m o e t h y l  m e t h y l  ke tone .  The  c h a r a c t e r i s -  
t i c s  of XIII  and XIV a r e  p r e s e n t e d  in T a b l e  1. 
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TABLE 1. Charac ter i s t i c s  of the Compounds Obtained 

Com- 
pound 

V 
VI 

VII 
VIII 

IX 
X 

XI 
XII 

XIII 
XIV 
XV 

XVI 

rap, ~ 

216--218T 
201--203T 
205--207T 
270~272T 
135--137 
127--128 
130--131 
138--140 
114~116 
lll--ll3 
160~161 
94--95 

Empirical form ula 

C,4HI4BrNsO 
C~HHBrCIN~O 
C,oHLsBrCINsO 
C14H,3BrCINsO 
C I 4 H I I N s  
CgHsC1Na 
C~4HtoCIN3 
CtoHloCIN3 
CgHgNa 
CIoH,N~ 
C,sHlsN3 
C~HIsN202 

Found. % 

ci.I  

75,! 5~ 19, 
55,[ 3,8 21,! 
66,( 3,9 16,z 
57,~ 5,1 
67+: 5,7 26,( 
6~,~ 6.5 24,, 
79,~ 5,0 15,} 
75,( 5,5 8,~ 

Hal C 

25, - -  
39,q 
37.' 
32,: 7-~,~ 
I i  55J 
13,1 65,~ 
16, 57,t 
- -  6 7 , !  

69,; 
79,~ 
75,~ 

Calc..% 

5,0 19,1 
4,2 21,' 
3,9 16,, 
4,9 
5.7 2"~.. 
6,4 24,; 
4,8 15,~ 
5,7 8J 

25,0 
39,4 
37,6 
32,5 

13,9 
17,0 

Yield 
% 

80 
48 
30 
75 
79 
38 
95 
74 
20 
45 
45 
41 

* The compounds  were  pur i f ied  for  ana lys i s  by c r y s t a l l i z a t i o n :  V, 
VI, and XVI f r o m  anhydrous  ethanol ,  VII-XIV f r o m  ethanol ,  and XV 
f r o m  m e t h a n o l - D M F  (4 : 1). IR s p e c t r a ,  c m - l :  V 1705 (CO), 2250 
(CN); VI 1728 (CO), 2250 (CN); VII  1730 (CO), 2190 (CN); VIII  1705 
(CO), 2260 (CN); IX 2210 (CN); XI 2200 (CN). 

With decompos i t i on .  

2-Phenyl-3-cyano-4-methylpyrrolo[1,2-a]benzimidazole (XV, Table I): A solution of 5.1 g (30 mmole) of 
Ill and 2.98 g (15 mmole) of phenacyl bromide in 30 ml of acetone was refluxed for 4 h, and the precipitated 
hydrobromide of Ill was removed by filtration. The filtrate was vacuum evaporated, and the residue was ex- 
tracted with chloroform. The chloroform solution was washed with water, the solvent was removed by distil- 
lation, and the residue was washed with water and methanol. 

2-Phenyl-3-ethoxycarbonyl-4-methylpyrrolo[l,2-a]benzimidazole (XVI, Table 1)_ A solution of 1.3.08 g 
(60 mmole) of IV and 5.97 g (30 mmole) of phenaeyl bromide in 60 ml of acetone was allowed to stand at 18-20 ~ 
for 96 h, after which the resulting precipitate was removed by filtration, washed with 10~ sodium bicarbonate 
solution and water, and crystallized from anhydrous ethanol. 

1 .  

2. 
3. 
4. 
5. 
6. 
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