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R E S E A R C H  ON B E N Z I M I D A Z O L E  D E R I V A T I V E S  

XL[.* SYNTHESIS OF 2-METHYLPYRROLO[1.2-a]BENZIMIDAZOLE 

DERIVATIVES 

P .  V. T k a c h e n k o ,  I .  I .  P o p o v .  
A.  M. S i m o n o v .  a n d  Y u .  V.  M e d v e d e v  

UDC 547.785.5'741.07 

It is shown that 1,2-dialkylbenzimidazoles react  with propargyl  bromide to give 1,2-dialkyl- 
3-(2-propynyl)benzimidazolium hydrobromides ,  the cyclization of which leads to 2-methyl-  
pyrrolo[  1,2-a]benzimidazole derivat ives.  

1.2-Dialkylbenzimidazoles (Ia-e) react  with propargyl  bromide in refluxing ethanol or  n-butanol to give 
1,2-dialkyl-3- (2-propynyl)benzimidazolium bromides  (IIa-e) in good yields,  l>yrrolo[ 1,2-a]benzimidazole 
derivatives (Ilia-e) are  formed in low yields (3-5%) when salts II are refluxed in aqueous sodium carbonate 
or bicarbonate solutions [2]. The yields of derivat ives III can be raised (to 30-40%) by refluxlng salts II in 
an aqueous sodium bicarbonate solution in the p resence  of sodium hydrosulfite,  which prevents  oxidation of 
the intermediately formed methylene bases  (see [3]). 

The use of a suspension of potass ium hydroxide in absolute te t rahydrofuran  (THF) at room tempera ture  
for  the cyclizat ion of salts II led to pyrrolo[1,2-a]benzimidazoles  IIId, e in good yields only in the case of lid, e 
(R' =C6H5); resinif icat ion of the react ion mixture  occurs  when R' =H, CH 3. 

C~'~r'~N BrCHoC~-CH f~---~ N/Ctf2C~CH ~-- - -~N.~ 
~[~J~ .N  [/~..C H~ R, - " I :  11 +H Br- NaHSO3 N 

~"~.....J~, N .-~- C H 2 R �9 Elf 3 
I " 1 
R R R R' 

I II I l l  

I - - I I I  a R=CH3, R ' = H ;  b R=C2Hs, R ' = H ;  c R=fC=CH~;  d R=CHa, R'.=C,~Hs; 
e R=CeHs, R'=U6H5 

Considerable amounts (up to 25~) of 1,2-dialkylbenzimidazoles Ia-e,  which are  formed as a result  of 
alkaline cleavage of start ing quaternary  salts II (see [4]), are  formed during the cycHzation. 

The mechanism of the convers ion of salts I Ia-e  to derivatives IIIa-e is evidently analogous to the mech-  
anism of the eycl izat ion of 1-a lkyl -2- imino-3-(2-propynyl)benzimidazol ines  to imidazo[1,2-a]benzimidazole 
derivat ives [5], which includes rea r rangement  of the propargyl  group to an allenic group. 

*See [1] for communicat ion XL. 
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The high y i e l d s  of I I ld ,  e (when R '  =C6H 5) a r e  e x p l a i n e d  by the  ef fec t  of the  pheny l  g roup ,  which p r o m o t e s  
s t a b i l i z a t i o n  of an ion  A, as  a c o n s e q u e n c e  of which i t s  c o n c e n t r a t i o n  in the  r e a c t i o n  m i x t u r e  i n c r e a s e s ,  and 
th i s  l e a d s  to an i n c r e a s e  in the  c y c l i z a t i o n  r a t e  and the  y i e l d .  On the  o t h e r  hand,  when R '  =H o r  CH 3. the  con-  
c e n t r a t i o n  of an ion  A is  low b e c a u s e  of i t s  low s t a b i l i t y ,  and th i s  p r o m o t e s  the  o c c u r r e n c e  of s ide  t r a n s f o r m a -  
t i ons .  

We w e r e  unable  to i s o l a t e  i n t e r m e d i a t e s  in the  c y c l i z a t i o n .  

T r e a t m e n t  of 1 - ( 2 - p r o p y n y l ) - 2 - b e n z y l b e n z i m i d a z o l e  (IV) [6] with a s u s p e n s i o n  of p o t a s s i u m  h y d r o x i d e  
in  T H F  at 20 ~ g ives  p y r r o l o [ 1 , 2 - a ] b e u z i m i d a z o l e  (V). the  IR s p e c t r u m  of which con ta in s  a band at  3455 c m  -1 
(= NH). M e t h y l a t t o n  of V with  m e t h y l  i od ide  in a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  so lu t i on  g i v e s  IIId.  

CH2C~H: CH3 all3 K - - ~  III d 

C|I:~C~=-CH U tl C~H 5 .J C6H 5 

IV V 

T r e a t m e n t  of s a l t s  IIa with aqueous  p o t a s s i u m  o r  s o d i u m  h y d r o x i d e  so lu t i ons  l e a d s ,  as  one should  have 
e x p e c t e d  [7], to  p r o d u c t s  of opening  of the  i m i d a z o l e  r ing  - N - s u b s t i t u t e d  o - p h e n y l e u e d i a m i u e s  (VI) - which 
unde rgo  s u c c e s s i v e  h y d r o l y s i s  and c y c l i z a t i o n  to 1 , 2 - d i m e t h y l - ' l , 4 - d i h y d r o q u i n o x a l i n e  {VII) in T H F  so lu t ion  
in the  p r e s e n c e  of p o t a s s i u m  h y d r o x i d e .  

H I1 

~ , ~ . N - - C O  R THF N CH 3 
I I 

CH s CH 3 

VI a, b Yl! 

v t a  R=C.3;  b R~C2Hs 

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

The IR s p e c t r a  of m i n e r a l  oi l  s u s p e n s i o n s  of I I a - d  and Via,  b and a c h l o r o f o r m  so lu t i on  of V w e r e  r e -  

c o r d e d  with  a UR-20  s p e c t r o m e t e r .  

1 , 2 - D i a l k y l - 3 - ( 2 - p r o p y n y l ) b e u z i m i d a z o l i u m  H y d r o b r o m i d e s  (Ha-d;  T a b l e  1). A so lu t ion  of 0.01 m o l e  
of the  a p p r o p r i a t e  1 , 2 - d i a l k y l b e n z i m i d a z o l e  (Ia-d) in 5 ml  of e thanol  was r e f luxed  on a w a t e r  ba th  for  1 h. 
a f t e r  which  i t  was  coo led ,  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  was  r e m o v e d  by f i l t r a t i o n  and washed  s u c c e s -  
s i v e l y  with e thano l  and e t h e r  to g ive  c o l o r l e s s  c r y s t a l s  that  w e r e  qu i te  s o l u b l e  in w a t e r  and a lcohol .  IR s p e c -  
t r u m :  v ~ C - H )  3200 c m  -1. 

1 , 9 - D i a l k y l - 2 - m e t h y l p y r r o l o [ 1 , 2 - a ] b e u z i m i d a z o l e s  ( I I Ia-e ;  Tab le  1)._ A so lu t i on  of 0.01 m o l e  of the  ap -  
p r o p r i a t e  h y d r o b r o m i d e  H a - e ,  1.7 g (0.02 mole )  of sod ium b i c a r b o u a t e ,  and 0.5 g of s o d i u m  h y d r o s u l f i t e  in 
7 ml  of w a t e r  was  r e f luxed  fo r  4 h. a f t e r  which  it was  cooled ,  and the r e a c t i o n  p r o d u c t  was  e x t r a c t e d  with 
e the r .  The e t h e r  was  r e m o v e d  by d i s t i l l a t i o n ,  and the r e s i d u e  was c h r o m a t o g r a p h e d  with  a c o l u m n  f i l l ed  with 

AI203 (elut ion with e t h e r ) .  

9 H - l - P h e n y l - 2 - m e t h y l p y r r o l o [ 1 . 2 - a ] b e n z i m i d a z o l e  (V). A 1 .23-g  (5 m m o l e ) s a m p l e  of 2 - b e u z y l - l - ( 2 -  
p r o p y n y l ) b e n z i m i d a z o l e  (IV) [6] was  added to a s u s p e n s i o n  of 3 g of p o t a s s i u m  h y d r o x i d e  in 5 m l  of a b s o l u t e  
THF,  and the m i x t u r e  was  a l lowed  to s t and  at  r o o m  t e m p e r a t u r e  ove rn igh t .  It was  then  d i lu ted  with  w a t e r  
and e x t r a c t e d  with  c h l o r o f o r m .  Workup  of the  e x t r a c t  gave  1 g (81%) of l i g h t - y e l l o w  p r i s m s  with mp 64-65 ~ 
(from aqueous  e thanol ) .  Found:  C 82.5; H 6.0; N 11.3(~. C17H14N~. C a l c u l a t e d :  C 82.9; H 5.7; N 1].4~c. IR 
s p e c t r u m :  v ( = N - H )  3455 cm -~. The  p i c r a t e  was ob ta ined  as  y e l l o w  p r i s m s  with m p  251-253 ~  e thanol) .  
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T A B L E  1. 1 , 2 - D i a l k y l - 3 -  ( 2 - p r o p y n y i ) b e n z i m i d a z o l i u m  H y d r o b r o -  
m i d e s  and 2 - M e t h y l p y r r o l o [ l , 2 - a ] b e n z i m i d a z o l e s  

i"13 

~2 

IIa CH3t H 
IIb CHal CI-I~ 

" CH~/C,H. 

IIIa CH~/ H 
Illb CH~I CH: 
IIlc :~I-I~/ H 
Illd CH~/C~H., 
IIle 3~H~iC~HI 

Found, % 
mp, ~ Empirical formula 

C 

!11--243 C,2HI~.X'.~ �9 HBr 154,3! 
246 I C~3H~4K=. HBr 55,7 

96--198 I CIsH~4N2- HBr 55,5 
244--245 I C~sH~GN-+. HBr 63.5 
203--204 [ C:~H~sN2- HBr 164,0 
88--89 i'r ~ I C,~Hi_~X2 
99--100 "l "la I CI3HI+N2 

178--179 t} s I Cl3Hl~N, �9 C6H3N3Ovl - -  
151--152 1"3 ~ CIsI-It6N2"C6H3N30,[ - -  
132--133J'J~ ClgHlsN2"C6H~NsOr] - -  

H Br 

$,l 29.~ 
~,3 28,,?: 
$,813o,1 
1,8 23,{ 
$,8 2-9,1 

--I-- 

N C 

10,9 5 
9.6 5 

10,315 

Calc., % 

H Br 

~,9 30, 
5,4128, 
5,4i28, 

t0,~ q9 
io,c ~,7 
10.c 92 
8.2 96 
8.C 95 
--  32 

30 
41 
7~ 
?3 

*Compounds [la-e were purified for analysis by crystallizationfrom 
ethanol. 
tWith decomposition. 

1-Phenyl-2,9-dimethylpyrrolo[1,2-a]benzimtdazole (IIId). A) A solution of 0.47 g (4 mmole) of methyl 
iodide in I ml of ethanol was added dropwise to a solution of 1 g (4 mmole) of V and 0.3 g (4 mmole) of potas- 
sium hydroxide in 5 ml of ethanol, and the mixture was stirred for 1 h. It was then diluted with 30 ml of water 
and extracted with ether. Removal of the ether from the extract by distillation gave 0.7 g (68%) of IIId. 

B) A l -g  sample of hydrobromide lid was added to a suspension of 5 g of potassium hydroxide in 4 ml 
of absolute THF, and the mixture was allowed to stand at 20 ~ for 4 h. Water (20 ml) was added, and the reac- 
tion product was extracted with chloroform. Workup of the extract gave IIId in 76% yield. 

The picrates of the compounds obtained by methods A and B were identical and had mp 151-152 ~ 

N-Methyl-N'-acetyI-N'-(2-propynyl)-o-phenylenediamine (Via). A 2o65-g (0.01 mole) sample of hydro- 
bromide IIa was treated with i0 ml of 40% aqueous sodium hydroxide solution, the mixture was triturated thor- 
oughly, and the solid material was removed by filtration to give 1.9 g (94%) of colorless needes, with mp 121- 
123 ~ (from ethanol), that were quite soluble in acetone, chloroform, and alcohol. Found: C 71.6; H 7.1; N 14.1%, 
CI2HI4N20. Calculated: C 71.3; H 6.9; N 13.S~c. The IR spectrum contained the following bands: y(C =O) 1650; 
u(N-H) 3375; and u(-  C-H) 3200 cm-l. 

N-Methyl-N'-propionyl-N'-(2-propynyl)-o-phenylenediamine (VIb). This compound, with mp 104-105 ~ 
(from ethanol), was obtained as colorless needles in 91% yield from hydrobromide IIc by the method used to 
prepare Via. Found: C 72.0; H 7.6; N 13.2%. CI3HI6N20. Calculated: C 72.2; H 7.4; N 13.0~. IR spectrum: 
v(C =O) 1650; u(N-H) 3372; and u(-  C-H) 3200 cm -I. 

1.2-Dimethyl-l,4-dihydroquinoxaline (VII). A 1-g sample of potassium hydroxide was added to a solu- 
tion of 0.0J mole of Via or VIb in 5 m] of absolute THF. after which the mixture was allowed to stand at room 
temperature for 4 h. Water (20 ml) was added, and the reaction product was removed by filtration to give 
1.16g(73%) of light-yellow plates with mp 161-162 ~ (from aqueous ethanol). Found: C 75.4; H 7.2; N 17.4~. 
CIoHI2N2. Calculated: C 75.0; H 7.5; N 17.5%. 
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