
CHEMISTRY O F  HETEROCYCLIC COMPOUNDS 431 

RESEARCHES ON IMIDAZOLES 
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Reaction of 1,2-dialkylbenzimidazoles with ~-halogenoketones 
followed by cyclization of the 1, 2-dialkyl-3-8-ketoalkyl(aralkyl)- 
benzimidazolinium halides in aqueous solution, in the presence of 
bases, leads to the synthesis of a number of derivatives of a new 
aromatic trieyclic system, 4H-pyrrolo[1, 2-ajbenzimidazole. 

The literature describes the preparation of 2, 3- 
dihydropyrrolo[l, 2-a]-benzirnidazole [I-6], and its 
1-oxo derivative [7]. The corresponding aromatic 
system, pyrrolo[l, 2-a]benzimidazole, is not known. 

In continuation of previous research [8], it was of 
interest to synthesize derivatives of pyrrolo[1, 2-a]- 
benzimidazole. The starting materials used were the 
following known compounds: 1, 2-dirnethylbenzimidaz- 
ole (XXVI) [9-12], 1-ethyl-2-methylbenzimidazole 
(XXVII) [11, 14-16], and 1-methyl-2-benzylbenzimid- 
azole (XXVIII) [12], prepared by alkylating the ac- 
cessible compounds 2-methylbenzimidazole [17] and 
2-benzylbenzirnidazole with certain alkylating agents 
(esters of benzenesulfonic acid or alkyl halides). 

Heating XXVI-XXVIII with ~-halogenoketones in 
acetone gives good yields of the hitherto undescribed 
I, 2-dialkyl- 3- [/3-ketoalkyl(aralkyl)]-benzirnidazolinium 
halides (I-XI, Table I). Treatment of halides V and 
VI with picric acid, or treatment of salt I (in the 
cold) with an equivalent quantity of sodium hydroxide, 
followed by addition of picric acid, gives the picrates 
of 1, 2 - d i a l k y l - 3 - [ f l - k e t o a l k y l ( a r a l k y l ) ] b e n z i r n i d a z o -  
l in ium p i c r a t e s  (XII -XIV) .  go f a r  i t  has  not  been  
p o s s i b l e  to i s o l a t e  the f r e e  b e n z i m i d a z o i i n i u m  q u a t e r -  
n a r y  b a s e s ,  o r  the c o r r e s p o n d i n g  e n o l b e t a i n e s ,  a s  
the compounds  i n v e s t i g a t e d  w e r e  w a t e r - s o l u b l e .  

When the q u a t e r n a r y  s a l t s  ( I -XI )  a r e  r e f l u x e d  
with  aqueous  sod ium b i c a r b o n a t e ,  a s  r e c e n t l y  d e s -  
e r i b e d  [18], they a r e  c y e l i z e d  to d e r i v a t i v e s  of 4H- 
p y r r o l o [ 1 ,  2 - a ] b e n z i m i d a z o l e  {XV-XXV, Tab le  2). 
8 . m e  of t h e s e  compounds  (XV, XXII) a r e  ob ta ined  by 
r e a c t i n g  the q u a t e r n a r y  s a l t s  (I, VIII} with sodium 
hyd rox ide  so lu t ion  in the co ld  

, "o, , �9 

R,, 

Unlike d e r i v a t i v e s  of p y r r o l [ 1 ,  2 - a ] i m i d a z o l e  [8], 
compounds  X V - X X V  a r e  ob ta ined  in high y i e ld ,  and 
are m o r e  s t a b l e ,  p r o b a b l y  as  a r e s u l t  of the  b e n z e n e  
r i n g  be ing  fused  to the  i m i d a z o l e  one. 

* F o r  P a r t  XXXII see  [8].~ 

EXPERIMENTAL 

1, 2-Dimethylbenzimidazole (XXVI). a) 10 g (0.0712 
mole)  2 - M e t h y l b e n z i m i d a z o l e  [16] was  added to a 
so lu t ion  of 4.4 g (0.0786 mole)  KOH in 135 rnl M e . H ,  
the m i x t u r e  hea ted  to effect  solut ion,  cooled,  and 11.5 
g (0.0794 mole)  MeI added d ropwise .  The whole was  
r e f luxed  for  8 hr ,  cooled ,  the so lvent  d i s t i l l e d  off, 
and the r e s i d u e  e x t r a c t e d  with e the r .  The e t h e r  
e x t r a c t  was  washed  with w a t e r ,  d r i e d  o v e r  NazSO 4, 
the so lven t  d i s t i l l e d  off, and the r e s i d u e  r e c r y s t a l -  
l i z ed  f r o m  200 rnl w a t e r .  Yie ld  2.2 g (20%) XXVI, 
mp  109~ ~ C (112" [9]). P i c r a t e  rnp 2340-236 . C 
(237 ~ C [11]). 

b) 19 g (0.11 mole)  2 - M e t h y l b e n z e n e s u l f o n a t e  was  
added  in po r t i ons ,  with s t i r r i n g ,  to 13.2 g (0.1 mole)  
2 - m e t h y l b e n z i m i d a z o l e  at  200"-210" C. The t e m p e r a -  
t u r e  was  then r a i s e d  to 240~ ~ C, and held  t h e r e  for  
45 rnin, hea t ing  be ing  by m e a n s  of an o i l - b a t h .  The 
p r o d u c t s  we re  then cooled  to 70 ~ C, 100 m l  w a t e r  added,  
the m i x t u r e  cooled  to 15"-16~ C, and n e u t r a l i z e d  with 
40% NaOH, the pH be ing  brought  to pH 9. The so lu-  
t ion was  then e x t r a c t e d  with CHC13 (700 ml) ,  the 
e x t r a c t  washed  with w a t e r ,  and d r i e d  ove r  Na2SO 4, 
The so lven t  was  d i s t i l l e d  off, and the r e s i d u e  r e -  
c r y s t a l l i z e d  f r o m  250 rnl w a t e r .  Yie ld  4.6 g (31.5%), 
rnp 106~ ~ C (4- 2~ 

1 - E t h y l - 2 - m e t h y l b e n z i m i d a z o i e  (XXVII). a) 40 g 
(0.3 mole)  2 - M e t h y l b e n z i m i d a z o l e  was  added  to a 
so lu t ion  of 25.4 g (0.45 mole)  KOH in 350 ml  EtOH, 
a f t e r  which 87.3 g (0.6 mole)  EtI  was  added.  The 
m i x t u r e  w a s  r e f luxed  fo r  8 h r .  cooled ,  the p r e c i p i t -  
ate of KI f i l t e r e d  off, the f i l t r a t e  e v a p o r a t e d  unde r  
vacuum,  and ace tone  added  to the r e s i d u e .  The  p r e -  
c ip i t a t e  of 1 - e t h y l - 2 - m e t h y l b e n z i r n i d a z o l e  e th iod ide  
(XXIX) was  f i l t e r e d  off, c o l o r l e s s  c r y s t a l s ,  rap 
197~ ~ C (ex d ry  Et�9 r e a d i l y  so lub le  in w a t e r  
and EtOH, in so lub le  in e t h e r ,  ace tone ,  and benzene .  
Found: I 39.77; N 9.21%. Ca lcu la t ed  for  C12H1;INa: 
I 40.13; N 8.86%. A f t e r  r e m o v i n g  XXIX, the ace tone  
so lu t ion  was  e v a p o r a t e d  unde r  vacuum,  the r e s i d u e  
d i s s o l v e d  in CHC1 a, the so lu t ion  washed  with w a t e r ,  
d r i e d  o v e r  Na~SO4, the so lven t  d i s t i l l e d  off,  and the 
r e s i d u e  v a c u u m - d i s t i l l e d ,  to give  31 g (64%) XXVII, 
bp 124~ ~ C (1 mm) ,  which c r y s t a l l i z e d  on cool ing.  
C o l o r l e s s  c r y s t a l s ,  mp 51~ . C (ex p e t r o l  e the r ) .  
Found:  C74 .74 ;  H 7.32; N 17.55%. Ca lcu la t ed  for  
Ci0HIzN2: C 74.94; H 7.54; N 17.48%. P i c r a t e  rnp 
237~ ~ C. A c c o r d i n g  to the l i t e r a t u r e  [11] the c o m -  
pound is a liquid bp 110~ ~ C (0.3-0.4 turn), 
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p i c r a t e  mp  236~ ~ C; a c c o r d i n g  to [15, 16], un-  
doubtedly  e r r o n e o u s ,  i t  has  mp 178~ ~ C. 

b) P r e p a r e c t  by a lky la t ing  2 - m e t h y l b e n z i m i d a z o l e  
with e thy lbenzenesu l fona te ,  a s  d e s c r i b e d  for  XXVI 
(b). Y i e l d  50%, bp  135~ ~ C (3mm) ,  mp  47~ ~ C 
(• 2~176 

1-Methyl-2-benzylbenzimidazole (XXVII). Pre- 
pared by alkylating 2-benzylbenzimidazole with 
methyl benzenesulfonate, as described for XXVI (b). 
Yield 61.5%, bp 208~ ~ C (3ram), mp 69~ ~ C 
(ex petrol ether) (77~ ~ C [12]). Found: C 81.37; 
H 6.36; N 12.54%. Calculated for CIsHI4N2: C 81.04; 
H 6.35; N 12.60~. 

I, 2-Dialkyl(aralkyl)benzimidazolinium halides 
(I-Xl, Table I)o A solution of 0.01 mole 1, 2-dial- 
kylbenzimidazole and 0.01 mole c~-halogenoketone 
in 30-50 ml acetone was refluxed for 3-5 hr (1 hr 
for nitrophenacylbromides). The precipitate was 
filtered off, and washed with acetone. Colorless or 
dull white (in the case of nitro compounds) crystals, 
slightly soluble in cold water, readily soluble in 
EtOH, insoluble in ether, acetone, and benzene. Some 
salts were hygroscopic. 

1, 2 - D i a l k y l -  3-  [ f l - k e t o a l k y l ( a r a l k y l ) ] b e n z i m i d a z o -  
l i n ium p i c r a t e s  (XII -XIV) .  a) 0.0011 mo le  NaOH (as  a 
36% aqueous  solution) was  added  to a so lu t ion  of 0.001 
m o l e  b e n z i m i d a z o l i n i u m  ha l ide  1 in 30 ml  w a t e r ,  e x -  
c e s s  a lka l i  was  n e u t r a l i z e d  with AcOH, b r i n g i n g  the 
so lu t ion  to pH 5, an aqueous  so lu t ion  of p i c r i c  a c id  
was  added,  and the p r e c i p i t a t e  f i l t e r e d  off. The p r o d -  
uc t  was  1, 2 - d i m e t h y l - 3 - p h e n a c y l b e n z i m i d a z o l i n i u m  
p i c r a t e  (XII), ye l low c r y s t a l s  mp  167~ ~ C (ex 
wa t e r ) .  Mixed mp with the p i c r a t e  of XVa 130~ ~ C. 
Found:  C 56.16; H 4.26; N 14.17%. Ca lcu la t ed  for  
C23H19N5Os: C 55.98; H 3.88; N 14.19%. IR s p e c t r u m :  
1700 c m  - I  (VCO). 

b) An aqueous  so lu t ion  of p i e r i c  ac id  was  added  to 
a so lu t ion  of 0.001 mole  b e n z i m i d a z o l i n i u m  ha l i de  V 
or VI in water (30-50 ml), the precipitate filtered off, 

and recrystallized from water. 1-Ethyl-2-methyl-3- 
acetonylbenzimidazolinium picrate (XIII) yellow crys- 
tals mp 157~ ~ C. Mixed mp with picrate XIXa 
147~ ~ C. Found:  C 51.61; H 4.58; N 15.94%. Ca l -  
c u l a t ed  fo r  CI~HI~NsOs: C 51.23; H 4.30; N 15.72%. IR 
s p e c t r u m :  1747 cm-1 (VCO). l - E t h y l - 2 - m e t h y l - 3 -  
p h e n a c y l b e n z i m i d a z o l i n i u m  p i c r a t e  (XIV) ye l low c r y s -  
t a l s ,  mp  158~ ~ C, m i x e d  m p  wi th  p i c r a t e  XXa 
148~ ~ C. Found:  C 56.78; H 4.14; N 13.84%. Ca l -  
cu l a t ed  fo r  C24H21N5Oa: C 56.80; H 4.17; N 13.80~.  IR 
s p e c t r u m :  1698 c m  - i  (VCO). 

P y r r o l o [ 1 ,  2 - a ] b e n z o i m i d a z o l e s  (XV-XXV, Tab le  2). 
a) 0.0105 mo le  NaHCO 3 was  added  to a hot  so lu t ion  of 
0.01 m o l e  1, 2 - d i a l k y l - 3 - [ / ~ - k e t o a l k y l ( a r a l k y l ) ] b e n z -  
i m i d a z o l i n i u m  ha l ide  in w a t e r  (50 -500  ml) ,  and the 

whole refluxed for 2-8 hr. The reaction gave rise to 
a precipitate, which, after cooling, was filtered off, 
and washed with water. Colorless (XV), dull white 
(XVI, XX, XXI, XXIII, XXIV), or red (XVII, XVIII, 
XXII, XXV) crystals, soluble in most organic sol- 
vents, insoluble in water. 

b) 5-10 ml 36% Aqueous NaOH was added, in the 
cold, to a solution of 0.001 mole benzimidazolinium 
halide in 30-50 ml water. A precipitate quickly 
formed, and was filtered off, and washed with water. 
Compounds XV and XXII were obtained in good yield 
by this method. 

Soc., 83, 
5. R. 

1962. 
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