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A study was made of the action of primary and secondary u-halogen 
ketones on 1,2- di- and 1, 2, 5,6-tetrasubstituted derivatives of ben- 
zimidazole. The peculiarities of the structure of the residues of the 
ketone in position 3 of the quaternary salts of benzimidazole affected 
the process of their intramolecular cyclization under the action of sodium 
bicarbonate. A number of new di-, tri-, and tetrasubstituted de- 
rivatives of pyrrolo[1,2- a]benzimidazole were obtained. 

In continuing studies [1, 2] with the object  of obta in-  
ing new di - ,  t r i - ,  and t e t r a - s u b s t i t u t e d  de r iva t i ve s  of 
p y r r o l o  [1, 2-a] benz imidazo le  for  b io logica l  t e s t s ,  it 
was of i n t e r e s t  to inves t iga te  in m o r e  detai l  the qua-  
t e rn i za t ion  by p r i m a r y  and seconda ry  a -ha logen  ke -  
tones of 1, 2-di  and 1, 2, 5, 6 - t e t r a subs t i t u t ed  d e r i v a -  
t ives  of benz imidazo le ,  and a lso  to e lucidate  the effect  
of the pecu l i a r i t i e s  of the s t r u c t u r e  of the ketone r e s i -  
due in posi t ion 3 of the qua te rna ry  sa l ts  of b e n z i m i d a -  
zole on the p r o c e s s  of c l o su re  of the p y r r o l e  r ing.  

It was found that  dur ing the in te rac t ion  of 1, 2 -d i -  
and 1, 2, 5, 6 - t e t r a subs t i t u t ed  d e r i v a t i v e s  of b e n z i m i d a -  
zole  (XXXVII-XL, XLII) both with p r i m a r y  and secon-  

dary  a - b r o m o k e t o n e s  of the al iphat ic ,  a l i p h a t i c - a r o m a t i c  
and he t e roeyc l i c  s e r i e s  in acetone,  the co r respond ing  
quat 'ernary sui ts  of benz imidazo le  (I-XIX, Table 1) 
a r e  fo rmed .  In ce r t a in  cases  with secondary  b r o m o -  
ketones t he r e  is a d e c r e a s e  in the y ie lds  of the sa l t s  
up to 28-36% (VI,X, and XV) which is  apparent ly  on 
account  of the lower s tabi l i ty  of these  halogen ketones 
or  spat ia l  d i f f icu l t ies .  The reac t ion  does not p roceed  
so r ead i ly  with the a - c h l o r o  ketones ,  and prolonged 
boi l ing is r e q u i r e d  (up to 20 h rs  in compar i son  with 
1 - 3  h r s  in the case  of b romo  ketones) to produce  a 
yield of approx imate ly  50% (V). 

The s t r u c t u r e  of the ketone r e s idue  in posi t ion 3 of 
the benz imidazo le  sa l t s  has a much g r e a t e r  effect  on 
the p roce s s  of the i r  i n t r a m o l e e u l a r  condensat ion in an 
aqueous solut ion of NaHCO 3 and on.the phys icochemiea l  
p r o p e r t i e s  of the p y r r o l o b e n z i m i d a z o l e s  obtained. 
Thus halogenides  of 3 -phenacy lbenz imidazo le  (IV-VI,  
XI-XII I ,  XVI, XV1TI, and XIX), i r r e s p e c t i v e  of the na-  
t u re  of the subst i tu tes  in the n -pos i t ion  of the benzene  
nucleus of the ketone, r ead i ly  undergo cyc l iza t ion  with 
the fo rma t ion  of the co r respond ing  2 -a ry l subs t i tu t ed  
py r ro lobenz imidazo l e s  (XXII-X'XIV, XXVIII-XXX, 
XXXIII, XXXV, and XXXVI, Table 2). 

B romides  of benz imidazo le  (I, II, VII - IX,  XIV, and 
XVII, Table 1), containing r e s i d u e s  of a l iphat ic  and 
h e t e r o e y c l i e  ketones in posi t ion 3 a r e  a lso  conver ted  

*For par t  XXXIX, see  [11]. 

into a lky lpyr ro lobenz imidazo les  with sa t i s f ac to ry  
y ie lds .  These  subs tances ,  as d is t inct  f rom the a ry lpy r -  
r o l o b e n z i m i d a z o l e s ,  have low mel t ing  points or  a r e  
l iquid compounds unstable  in a i r .  Fo r  the analys is  they 
w e r e  c h a r a c t e r i z e d  in the f o r m  of hydroeh lo r ides  or 
p i e r a t e s  (X'X, XXI, XXV-X'XVII, XXXI, XXXII, and XXXIV, 
Table 2). 

On heat ing the b r o m i d e s  of 3- (a -phenylace tonyl )  
benz imidazo le  (III, VII, and X, Table 1) in an aqueous 
solut ion of NaHCO3, the r eac t ion  p roceeds  in a d i f f e r -  
ent manner .  In the case  of compound VIII py r ro loben -  
z imidazo le  (XXVI) was obtained with a sa t i s f ac to ry  
yield.  Compounds III and X undergo c leavage  with the 
fo rmat ion  of the co r respond ing  1, 2 -d iaky lbenz imida-  
zoles  (XXXVII and XL), as has been obse rved  for c e r -  
ta in halogenides  of 3 - f i -ke toa lky l (a ra lky l ) imidazole  
[3, 4]. One should note that e l ec t ron  donor subst i tu tes  
(CH~ group) in the benzole  r ing  of 1, 2-disubst i tu ted  
de r iva t i ve s  of benz imidazo le  have no effect  e i ther  on 
the i r  r eac t ion  of quatern iza t ion ,  or  on the p roce s s  of 
eyc l iza t ion  of benz imidazo le  sa l t s .  

After  the expe r imen ta l  par t  of our  a r t i c l e  had been 
completed,  a l e t t e r  to the edi tor  by F. S. Babiehev and 
A. F. Babieheva [5] appeared  in which it was r epo r t ed  
that these  authors ,  independently of our s tudies  [1, 2], 
synthes ized  ce r ta in  de r iva t i ve s  of pyrrolo[1 ,  2 -a ]ben-  
z imidazo le  by an analogous method.  

EXPERIMENT AL 

1,2=Dimethyl, l-Ethyl-2-Me~yl- and 1-Methyl=2-Benzylb~n- 
zimidazoles (XXXVII-XXXIX) were prepared previously [2]. 

1-Msthyl-2-ethylbenzimidazole CAL) was obtained by methylation 
of 2-ethylbenzimidazole [6] by two methods. With methyl iodide (as 
described for the synthesis of 1-methylbenzimidazole [q]) and with the 
methyl ester of benzosulfo acid (as described for the synthesis of 1,2- 
dimethylbenzimidazole[2]). Theyieldswere66% and 37% respectively. 
Bp 148-150 ~ C. Picrate, mp 245-246 ~ C. According to data in the 
literature [8], the mp is 54.6-55~ ~ C. The picrate has an mp of 235- 
236 ~ C. 

2, 5, 6- Trimethylbenzirnidazole (XLI) was obtained by boiling 4, 5- 
diamino-o-xyloi with acetic acid, as described for 2-methylbenzimida- 
zole [6]. Yield, 97%, rap. 235-237 ~ C (from dimethylformamide). 
According to data in the literature [9], the mp is 238-234 ~ C, and 
according to other data [10], the mp is 229-231 ~ C. 

1, 2, 5, 6-Te~zamethylbenzimidazole (XLII) was obtained by meth- 
ylation of compound XLI with methyl iodide in an analogous manner 
to compound XL. Yieid 86%, mp I65-167 ~ C. According to data in 
the literature [9], the mp is 164 ~ C. 

Halogenide~ of I, 2- dialkyl- 3- 5- ket oalkyl(aratkyl)benzimidazole 
(I-XIX, Table 1) were prepared by the interaction between compounds 
XXXVII-XL, XLII and c~-haIogenketones according to a previously de- 
scribed method [2]. 
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Pyrrolo[1, P.-B]benzimidazoles (XX-XXXVI, Table 2) were obtained 
by boiling compounds I, II, IV-IX, and XI-XIX in an aqueous solution 
of NaHCOa by previously described methods [1,2]. The bases of com- 
pounds XX, XXI, XXV-XXVII, XXXI, XXXII and XXXIV were ex- 
tracted with ether. Because of their instability they were characterized 
as hydrochlorides or picrates. On heating compounds HI and X under 
the same conditions, extraction of the reaction solutions with ether and 
addition of picric acid, picrates of 1, 2-dialkylbenzimidazoles XXXVII 
(rap 235-237 ~ C) and XL (rap. 245-246 ~ C) were isolated with yields 
of 35% and 77% respectively. 
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