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Cyclization of 5-substi tuted 2- (y-ehloroa lkyl )benzimidazoles  in the presence  of sodium eth- 
oxide gave some benzene-  and pyr ro ld ine- r ing-subs t i tu ted  2 ,3 -d ihydro - lH-pyr ro lo [1 ,2 -a ] -  
benzimidazoles .  

2 ,3 -Dihydro- lH-pyr ro lo[1 ,2-a ]benz imidazo le  derivat ives  that contain s t ruc tura l  elements  that are 
s imi la r  to the natural  alkaloid desoxypeganine [1] a re  of interest  as potential physiologically active substances.  
In o rde r  to make pharmacologica l  tes ts  we synthesized a number  of benzene-  and py r ro l id ine - r ing - sub-  
stituted 2 ,3 -d ihydro- lH-pyr ro lo[1 ,2-a ]benz imidazo le  derivat ives via the following scheme: 
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The s tar t ing 2- (y-hydroxyalkyl )benzimidazoles  (I) were obtained from the appropriate o-phenylene-  
diamines and ~/-lactones by refluxing equimoleeular  amounts of them [2] or  by condensation under the con-  
ditions in [31 (Table 1). 

On react ion with excess  thionyl chloride,  2- (y-hydroxyalkyl )benzimidazoles  are  converted to 2 - ( y -  
ehloroalkyl)benzimidazole hydrochlor ides  (II) (Table 2). The action of 2 moles  of sodium ethoxide on the 
la t ter  gave the corresponding 2 ,3-d ihydro- lH-pyr ro l lo [1 ,2-a ]benz imidazole  derivat ives (Ill), which were 
isolated as the hydrochlor ides  (Table 3). When we used the method in [3] to synthesize 1-substi tuted 2,3- 
d ihydro- lH-pyr ro lo[1 ,2-a ]benz imidazo le  derivat ives  we were able to obtain only the 1-methyl  derivative 
(Hie) but in lower yield (15%). 

The s t ruc tures  of the compounds obtained were confirmed by means of the mass  and PMR spectra .  

EXPERIMENTAL 

The PMR spectra were recorded with a C-60-HL spectrometer wRh an operating frequency of 60 

MHz and tetramethylsilane as the standard. The mass spectrum was recorded with an MKh-1303 mass 
spectrometer. 

2-(T-Hydroxyalkyl)benzimidazoles (I). A) A mixture of equimolecular amounts of o-phenylenediam- 

ine and the appropriate T-butyrolactone was heated in a flask equipped with a Dean-Stark trap. The mix- 
ture was heated to the boiling point in the course of 30 min and maintained at this temperature until water 
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T A B L E  1. C o m p o u n d s  I 

Com- 
pound 

Ib 
Ic 
Id 
Ie 
If 

rap, .~ 

163,5--164a 
167--170 b 
122--123 c 
138--139 
117--11~ 1 
115--116 

t N, % 

Empirical formul 
found calc. 

CmHI2N~O 
CIoHHCINzO 
CIlHI4N20 
CHHIsCI!N~O 
CITH26N~'O 
CIvH~sC1N~O 

Hydrochloride 
rap. ~ 

157,5--158,5 
188--189 

161,5--163 
176--178 
98--100 

171.5---174 

Yield, 

80 
60 
55 
30 
31 
28 

a A c c o r d i n g  to  [4], m p  161-163 ~ b A c c o r d i n g  to  [3], m p  160-164 ~ 
CAcco rd ing  to  [2], m p  115-116 ~ d A c c o r d i n g  to  [2], m p  111-112 ~ 

T A B L E  2. 2 - ( 7 - C h l o r o a l k y l ) b e n z i m i d a z o l e  H y d r o c h l o r i d e s  ffI) 

Com- 
pound 

IIa 
Itb 
l lc 
IId 
IIe 
IIf 

mp, ~ 

194--196 
212--213 
217--218 
232--233 
170--172 
200--201 

Empirical formula 

CmH,,C1N2-HC'I 
CIoHIoCI~N2-HCI 
C1,HIaCIN2-HCI 
CHH~CI2N2, HCI 
C17H25CIN2, HC1 
CITH24CI2N2. HC1 

found 

12,3 
i0,9 
11,5 
10,2 
9,0 
7,9 

N, % 

calc. 

12.1 
10,5 
11,4 
10,0 
8,5 
7,7 

Yield, % 

75 
80 
82 
74 
67 
74 

T A B L E  3. 2 , 3 - D i h y d r o - l H - p y r r o l o [ 1 , 2 - a ] b e n z i m i d a z o l e  
H y d r o c h l o r i d e s  (III) 

Com - 
pound 

IIIa 
IIlb 
IIIc 
IIId 
IIIe 
IIIf 

rap, ~ 

235--237 b 
236--237 
188--189 c 
236--238 
93--95 

176--178 

Empirical formula 

CloHIoN2- HC1 
CmHoCIN~. HCI 
CvHmN2.HC1 
CIIHI1CIN2.HC1 
ClvH24N2. HC1 
CIrH23C1N2- HC1 

N,% 

found calc. 

12q2 
13,7 13,4 
11,6 ll,5 
9,7 9,6 
8,9 8,6 

172 
206 
256 
290 

Yield, % 

70 
72 
85 
40 
38 
40 

a B y  m a s s  s p e c t r o m e t r y ,  bThe  b a s e  had  m p  115 .5-116 .5  ~ 
[3]. CThe b a s e  had m p  68 .5 -70  ~ 

s e p a r a t i o n  c e a s e d  (2-3 h). I t  was  t hen  a l l o w e d  to  s t a n d  o v e r n i g h t .  The  c r y s t a l l i z i n g  m i x t u r e  was  then  
t r e a t e d  wi th  e t h e r ,  and  the  p r o d u c t  was  p u r i f i e d  by  r e c r y s t a l l i z a t i o n  ( f rom m e t h a n o l - w a t e r  o r  d i o x a n e -  
hep t ane ) .  

B) A m i x t u r e  of  0.1 m o l e  of  4 - c h l o r o - l , 2 - p h e n y l e n e d i a m i n e  and 0.1 m o l e  of  the  a p p r o p r i a t e  7 - b u t y r o -  
l a e t o n e  in 100 m l  of  4 N HC1 was  r e f l u x e d  fo r  5 h u n d e r  n i t r o g e n ,  a f t e r  which  i t  was  d e c o l o r i z e d  t h r e e  to  
fou r  t i m e s  wi th  a c t i v a t e d  c h a r c o a l .  N e u t r a l i z a t i o n  of  the  f i l t r a t e  wi th  a m m o n i u m  h y d r o x i d e  gave an o i l ,  
which  c r y s t a l l i z e d  on s t and ing .  The  p r o d u c t  was  p u r i f i e d  b y  r e c r y s t a l l i z a t i o n  ( f rom m e t h a n o l - w a t e r  o r  
d i o x a n e - p e t r o l e u m  e t h e r ) .  

2 -  (y - C h l o r o a l k y l ) b e n z i m i d a z o l e  H y d r o c M o r i d e s  riD. The  s t a r t i n g  m a t e r i a l  (II) was  r e f l u x e d  f o r  30 
ra in  wi th  a s e v e n f o l d  e x c e s s  o f  SOC12, a f t e r  which  the  e x c e s s  SOCI 2 was  r e m o v e d  by d i s t i l l a t i o n ,  and the  
s o l i d  r e s i d u e  was  t r e a t e d  wi th  e t h e r .  The  p r o d u c t  was  p u r i f i e d  by  r e p r e c i p i t a t i o n  f r o m  a Ieoho l  so lu t ion  
b y  the  a d d i t i o n  o f  e t h e r .  

2 , 3 - D i h y d r o - l H - p y r r o I o [ 1 , 2 - a ] b e n z i m i d a z o l e  H y d r o c h l o r i d e s  (HI). A) Compound  I I Ia .  A s o l u t i o n  of  
1.46 g (6.3 m m o l e )  of  I Ia  in 15 m t  of  e t h a n o l  was  a d d e d  wi th  s t i r r i n g  in the  c o u r s e  of  20 m i n  to  12.6 m m o l e  
o f  s o d i u m  e thox ide  in 15 m l  of  e t h a n o l ,  a f t e r  which  the  m i x t u r e  was  r e f l u x e d  fo r  2 h. I t  was  then  coo led ,  
and  the  p r e c i p i t a t e d  NaC1 (0.715 g) was  s e p a r a t e d .  The  f i l t r a t e  was  e v a p o r a t e d  to  d r y n e s s ,  and the  s o l i d  
r e s i d u e  was  r e c r y s t a l l i z e d  f r o m  e t h y l  a c e t a t e  to  give 0.7 g (70%7 of 2 , 3 - d i h y d r o - l H - p y r r o l o [ 1 , 2 - a ] b e n z i -  
m i d a z o l e  wi th  m p  115 .5-116 .5  ~ T r e a t m e n t  of  the  l a t t e r  wi th  g a s e o u s  h y d r o g e n  c h l o r i d e  in a l c o h o l  gave 
h y d r o c h l o r i d e  I t I a  a s  h y g r o s c o p i c  white  c r y s t a l s  w i th  m p  235-237  ~ ( a l c o h o l - - e t h e r ) .  
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PMR spect rum (in pyridine) of the f ree  base (6, ppm): two t r ip le t s  at 3.6 (J=6.7  Hz) (1-CH 2) and 
2.75 (J =6.7 Hz) (3-CH2) , a two-pro tonmul t ip le t  at 2.25 (2-CH2) , and mult iplets  at 7.0-7.7 (aryl protons) .  

B) 2 ,3 -Dihydro - l -hep ty l - lH-pyr ro lo [1 ,2 -a ]benz imidazo le  Hydrochlor ide  (Hie). A solution of 1.93 g 
(5.86 mmole)  of He in 15 ml of ethanol was added with s t i r r ing  in the course  of 20 m[n to 11.7 mmole of 
sodium ethoxide in 15 ml of ethanol,  a f te r  which the mixture  was s t i r r e d  for  2 h. The prec ip i ta ted  NaC1 
was separated,  and the f i l t ra te  was evapora ted  to dryness .  The oily res idue was dissolved in 20 ml of hex-  
ane, and the solution was separa ted  f rom the smal l  amount of NaC1 by f i l t rat ion.  The f i l t rate  was again 
vacuum evaporated,  the res idue was dissolved in 10 ml  of ethanol, and dry HC1 was passed  through it until 
it was sa tura ted.  The solvent was removed,  and the soil  res idue was purif ied by repreoipi ta t ion  from ben-  
zene solution by the addition of e the r  to give 0.65 g (38%) of hydrochlor ide  IIIe with mp 93-95 ~ 

The mass  spect rum contains a mo lecu l a r  peak at 256 and M-15, M-29, M-43, M-71, and M-85 peaks 
cor responding  to f ragmentat ion of the hydrocarbon side chain. The most  intense peak with m / e  157 c o r -  

responds to the ~ j ~ - - - ~ / ' ~  f ragment .  

lo 
2. 
3. 
4. 
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