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SYNTHESIS AND CHARACTERIZATION OF ISOMERIC 2,3,3a,4-TETRAHYORO-1H- 

P Y R R O L O [ l , Z - a ] B E N Z I M I D A Z O L - 1 - O N E S  FROM I,?-PHENYLENEOIAMINES AND 

3-ACYLPROPIONIC ACIDS 

A1 ba C h i m i r r i ,  S l l v a n a  Grasso,  P i e t r o  M o n f o r t e ,  G i o v a n n i  Romeo, and 

M a r i a  Zappal .3 

D i p a r t i m e n t o  Fa rmaco -Ch im ico ,  U n 1 v e r s i t . 3 ,  V i a l e  SS. A n n u n z i a t a ,  

98100 Mess ina ,  I t a l y  

A b s t r a c t  - S y n t h e s i s  and i d e n t i f i c a t i o n  o f  i s o m e r i c  2 , 3 , 3 a , 4 - t e t r a h y d r o -  

1H-pyrrolo[l,Z-a]benzimidarol-1-ones a r e  d e s c r i b e d .  A  mechan ism f o r  t h e i r  

f o r m a t i o n  i s  s u g g e s t e d  by  e v a l u a t i n g  t h e  e f f e c t s  o f  s u b s t i t u e n t s  on  t h e  

p h e n y l e n e d i a m i n e  r i n g  i n  t h e  r e a c t i o n  o f  1 . 2 - p h e n y l e n e d i a m i n e s  a n d -  

3 -  a c y l p r o p i o n i c  acid: .  The s t r u c t u r e s  o f  o b t a i n e d  a d d u c t s  have bean 

a s s i g n e d  by  means o f  'H  nmr s p e c t r a  a s s i s t e d  by  NOE measu remrn t s .  

I n  a p r r v i o u s  p a p e r 1  we have a s c e r t a i n e d  t h a t  t h e  r e a c t i o n  between o - p h e n y l e n e -  

d i a m i n e  and 3 - b e n z o y l p r o p i o n i c  a c i d  a f f o r d s  a p y r r o l o b e n z i m i d a z o l o n e  a d d u c t ,  t o  

w h i c h  t h e  s t r u c t u r e  o f  5 - p h e n y l - 3 , 4 - d i h y d r o - l , 6 - b e n r o d i a r o c i n - 2 l H - o n e  had been 

p r e v i o u s l y  a t t r i b u t e d 2 .  T h i s  compound e x h i b i t s  i n t e r e s t i n g  e f f e c t s  i n  mcmmals and 

o n  c e n t r a l  n e r v o u s  sys tem (CNS) i n  p a r t i c u l a r 2 .  

To our knowledge very l i m i t e d  data concerning der iva t ives  of the 1H-pyrrolo[l,2-8]benrimidazol-1-one 

sys tem have appea red  i n  l i t e r a t u r e 3 ;  i n  p a r t i c u l a r  t h e  p r e s e n c e  o f  s u b s t i t u e n t s  on 

t h e  p h e n y l e n e d i a m i n e  r i n g  i n  t h e  r e a c t i o n  o f  1 , t - p h e n y l e n e d i a m i n e s  and 3 - a c y l -  

p r o p i o n i c  a c i d s  has n o t  oeen i n v e s t i g a t e d .  I n  f a c t ,  t h e  c o n d e n s a t i o n  o f  an 

u n s y m m e t r i c a l  a r o m a t i c  d i a m i n e  w i t h  a Y -ke to  a c i d  i s  i n h e r e n t l y  c o m p l i c a t e d  due t o  

t h e  f o r m a t i o n  o f  p o s s i b l e  i s o m e r i c  p r o d u c t s ,  whose d i f f e r e n t i a t i o n  and s e p a r a t i o n  

c a n  be a  d i f f i c u l t  and t i m e  consuming t a s k .  However,  t h e  p r e s e n c e  0 f e l e C t C O n -  

w i t h d m w i n g  g r o u p s  such as c h l o r o  and n i t r o  i n  t h e  sys tem c a n  be  i m p o r t a n t  f o r  t h e  

pharmacodynamic  a c t i v i t i e s  on  CNS. 

As p a r t  of  o u r  p r o g r a m  on t h e  c h e m i s t r y  o f  h e t e r o p o l y c y c l i c  sys tems as p o t e n t i a l  

p h a r m a c o l o g i c a l  a g e n t s 4 ,  we h a r e  e x t e n d e d  t h e  i n v e s t i g a t i o n  t o  t h e  r e a c t i o n  of  

v a r i o u s l y  s u b s t i t u t e d  a r o m a t i c  d i a m i n e s  w i t h  3 - a c y l p r o p ~ o n i c  a c i d s ,  w i t h  t h e  a im o f  

c l a r i f y i n g  t h e  i n f l u e n c e  o f  added s u b s t i t u e n t s  on  t h e  r e a c t i o n  c o u r s e .  We r e p o r t  

h e r e  t h e  s y n t h e s i s ,  t h e  r p e c t r o s c o p ~ c  c h a r a c t e r i z a t i o n  and t h e  s e p a r a t i o n  o f  some 

i s o m e r i c  pyrrolobenrimidazolones. The o b t a i n e d  d e r i v a t i v e s  have been c h a r a c t e r i z e d  

o n  t h e  b a s i s  o f  s p e c t r o s c o p i c  d a r a ;  i n  p a r t i c u l a r  NOE measurements  gave a  v e r y  

v a l u a b l e  a i d  i n  t h e  unambiguous ass ignmen t  of  t h e  s t r u c t u r e s .  



RESULTS A N D  DISCUSSION 

S y n t h e s e s  w e r e  c a r r i e d  o u t  b y  t h e  r e a c t i o n  o f  I , ? - p h e n y l e n e d i a m i n e s  1 w i t h  3 - a c y l -  

p r o p i o n i c  a c i d s  2,  a s  shown i n  Scheme 1 .  

The  r e a c t i o n  o f  4 - c h I o r o - l , Z - p h e n y l e n e d i a m 1 n e  w i t h  3 - a c y l p r o p i o n i c  a c i d s  i n  b o i l i n g  

t o l u e n e  w i t h  a z e o t r o p i c  r e m o v a l  o f  w a t e r  a f f o r d e d  a y ~ l l o w  c r u d e  p r o d u c t  w h i c h ,  

a g t e r  f l a s h  c h r o m a t o g r a p h y 5 ,  was s e p a r a t e d  i n  t w o  i s o m e r s  a and b i n  t h e  

a p p r o x ~ m a t i v e  2 : l  r a t i o .  S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  f r o m  4 - m e t h y l - 1 . 2 - p h e n y l e n e -  

d l a m i n e  a n d  3 - a c e t y l p r o p ~ o n i c  a c i d .  

On t h e  c o n t r a r y ,  t h e  r e a c t ~ o n  b e t w e e n  4-nitro-1,2-phenylenediamine a n d  3 - a c e t y l -  

p r o p i o n i c  a c i d  l e d  t o  a m i x t u r e  o f  t h e  t w o  i s o m e r i c  a d d u c t s  I@ a n d  %I i n  t h e  

r e v e r s e d  r a t i o  1 : 3 .  

The s t r u c t u r e s  o f  a d d u c t s  w e r e  d e d u c e d  f r o m  spectroscopic d a t a  l i r ,  ' H - n m r ,  Ins1 a n d  

s u p p o r t e d  b y  s a t i s f a c t o r y  e l e m e n t a l  a n a l y s i s .  

The i r  s p e c t r a  o f  a l l  t h e  s y n t h e s i z e d  compounds show t h e  c a r b o n y l  a b s o r p t i o n  i n  t h e  

r a n g e  o f  1 6 8 6 - 1 7 3 0  c m - I  and  t h e  N H  b a n d  i n  t h e  r a n g e  o f  3 2 4 0 - 3 3 7 0  c m - l l v i d e  i n f r a ) .  

The  ' H - n m r  p a r a m e t e r s  a r e  r e p o r t e d  i n  T a b l e  I. I n  p a r t i c u l a r  t h e  c h a r a c t e r i z a t i o n  

o f  i s o m e r s  a a n d  b f o r  e a c h  p a i r  o f  a d d u c t s  was o b t a i n e d  b y  a c a r e f u l  e x a m i n a t i o n  

o f  t h e  r e s o n a n c e  p a t t e r n  o f  t h e  a r o m a t i c  m o i e t y .  

Scheme 1  0 0 n + ~ 0 - j  - 
R NHz O ~ R ,  R \  mQ N R '  H I + RmQ \ N  H 1 R' 

R  ' T o t a l  R e l  . 
Compd R  Y i e l d  1%) R a t i o  1%) 
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F o r  compounds 3-7, t h e  s i g n a l s  o f  t h e  hyd rogen  atoms i n  o r t h o  t o  t h e  NH appeared 

u p f i e l d  i n  b o t h  i s o m e r s  as a  consequence o f  t h e  mesomeric e f f e c t  o f  t h e  amino g roup .  

On t h i s  b a s i s  and by  c o n s i d e r a t i o n  o f  t h e  c o u p l i n g  p a t t e r n ,  t h e  a t t r i b u t i o n  o f  

o t h e r  a r o m a t i c  p r o t o n s  was s t r a i g h t f o r w a r d ,  w i t h  t h e  8-H r e s o n a t i n g  a t  l o w e r  f i e l d s  

f o r  t h e  d e s h i e l d i n g  e f f e c t s  of t h e  a m i d i c  n i t r o g e n  a t  p o s i t i o n  9 o f  t h e  sys tem.  

I n  compounds x, t h e  n i t r o  g roup  s h i f t s  d o w n f i e l d  t h e  resonances  o f  t h e  a d j a c e n t  

p r o t o n s :  i n  f a c t  t h e  p r o t o n  a t  C-5 i n  g appeared a t  7.466 as a  d o u b l e t  o f  d o u b l e t s  

(J=2.0 and 0.4 Hz)  w h i l e  t h e  p r o t o n  a t  t h e  same p o s i t i o n  i n  r e s o n a t e d  a t  6.596 as 

a  d o u b l e t  of d o u b l e t s  (J.8.5 and 0.36 Hz ) .  

On t h e  o t h e r  hand, t h e  a p p l i c a t i o n  o f  n u c l e a r  Overhauser  e f f e c t  d i f f e r e n c e  

s p e c t r o s c o p y  ( N O E D S )  i n  c o m b i n a t i o n  w i t h  a n a l y s ~ s  o f  p r o t o n  c o u p l ~ n g  c o n s t a n t s  

a l l o w e d  a  f a c i l e  d e t e r m i n a t i o n  o f  t h e  s t r u c t u r e  o f  t h e s e  2 , 3 , 3 a , 4 - t e t r a h y d r o - 1 H -  

pyrrolo[l,Z-albenrimidazol-1-ones. I n  f a c t ,  t h e  i r r a d i a t i o n  t o  t h e  NH p r o t o n  i n  both 

i s o m e r s  f o r  a l l  t h e  s y n t h e s i z e d  compounds r e s u l t e d  i n  an enhancement 123%) o f  t h e  

s i g n a l s  f o r  5-H. These r e s u l t s  a r e  i n d i c a t i v e  o f  i t s  c l o s e  p r o x ~ m i t y  t o  t h e  a m i n i c  

p r o t o n ;  t h e  e x a m i n a t i o n  o f  r e l a t e d  c o u p l i n g  p a t t e r n  s u p p o r t e d  unamb iguous l y  t h e  

a s s i g n e d  s t r u c t u r e .  

I n  t h e  'H nmr s p e c t r a  o f  compounds 4-6 t h e  a l i c y c l i c  r e g i o n  was c h a r a c t e r i z e d  by 

an ABCD- l ike  s p i n  sys tem,  w h i l e  a s u b s t a n t i a l  d i f f e r e n c e  was o b s e r v e d  i n  t h e  case  

o f  compounds 3, 1 and 8: t h e i r  s p e c t r a  e x h i b ~ t e d  an ABCM system f o r  t h e  f o u r  

hyd rogen  atoms. These resonance  p a t t e r n s  were a n a l y z e d  by means o f  LAOCN3 p rog ram7 .  

F o r  Compounds 2, 1 and 8, p r o t o n s  HI and HZ ( s e e  T a b l e  1 )  can  be a s s i g n e d  a s  t h e  

m e t h y l e n e  p r o t o n s  n e x t  t o  t h e  c a r b o n y l  g roup ,  on t h e  b a s i s  of t h e i r  s m a l l e r  g e m i n a l  

c o u p l i n g  and o f  t h e i r  h a v i n g  t h e  h i g h e s t  v a l u e  o f  t h e  c h e m i c a l  s h i f t .  Moreover ,  t h e  

consequen t  ass ignmen t  of h i g h  f i e l d  resonances  t o  p r o t o n s  H j  and Hq was c o n s i s t e n t  

w i t h  t h e  b r o a d e r  h a l f - h e i g h t  w i d t h s  o f  t h e  peaks,  because H3 and Hq have a s m a l l  

u n r e s o l v e d  c o u p l i n g  c o n s t a n t  w i t h  t h e  m e t h y l  g r o u p .  

I n  o r d e r  t o  a s s i g n  t h e  m e t h y l e n e  p r o t o n s  o f  3 a - a r y l  s u b s t i t u t e d  compounds 4-6, 
e x p e r i m e n t s  u s i n g  l a n t h a n i d e  complex  E ~ ( f o d ) ~  w e r e  a l s o  p e r f o r m e d .  I n  f a c t ,  t h e  

a C d i t i o n  of a s m a l l  q u a n t i t y  o f  t h e  l a n t h a n i d e  i o n  i n d u c e d  a  c o n s i d e r a b l e  d o w n f i e l d  

s h i f t  f o r  t h e  m e t h y l e n e  p r o t o n s  HI and Hz l u p f i e l d  i n  undoped s p e c t r a )  as a  

consequence o f  the  c o m p l e x a t i o n  a t  the c a r b o n y l  g roup .  The u p f i e l d  c h e m i c a l  s h i f t s  o f  

p r o t o n  HI i n  compounds 4-6, compared w i t h  t h e  ana logous  s h i f t s  i n  compounds 

3 a - m e t h y l  s u b s t i t u t e d  ( 2 ,  1 and 8 )  c a n  be e x p l a i n e d  as b e i n g  due t o  i t s  p o s i t i o n  

i n t o  t h e  s h i e l d i n g  cone o f  t h e  a r y l  s u b s t i t u e n t ,  w h i l e  t h e  d o w n f i e l d  s h i f t s  o f  t h e  

p r o t o n s  H3 and Hq can be a t t r i b u t e d  t o  t h e  d e s h i e l d i n g  e f f e c t s  of t h e  same g roup .  

These a t t r i b u t i o n s  were c o n f ~ r m e d  by N O E  measurements.  In f a c t ,  t h e  i r r a d i a t i o n  t o  

NH gave a  p o s i t i v e  NOE f o r  t h e  s i g n a l s  c o r r e s p o n d i n g  t o  t h e  m e t h y l e n e  p r o t o n s  a t  C-3: 

t h e s e  r e s u l t s  i n d ~ c a t e d  t h a t  t h e  a m i n i c  NH i s  c l o s e  enough t o  i n d u c e  enhancements 

i n  t h e i r  r e s p e c t i v e  resonances .  



T a b l e  1  - ' H  nmr s p e c t r a l  d a t a  f o r  compounds 3-8 
!? 
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I n  t h e  mass s p e c t r a  o f  a l l  t h e  s y n t h e s i z e d  compounds t h e  m o l e c u l a r  i o n  peak was 

a lways  p r e s e n t .  F o r  compounds 3, 1 and 8, t h e  base  peak was a t  MI -15,  c o r r e s p o n d i n g  

t o  t h e  l o s s  o f  t h e  m e t h y l  g r o u p .  

The f r a g m e n t a t i o n  shown i n  Scheme 2  a c c o u n t s  f o r  t h e  peak a t  M + - 5 5  w h i c h  i s  t h e  

base peak f o r  compounds 4-6. 
Scheme 2 

R e g a r d l e s s  o f  t h e  e x a c t  mechan~sm by w h i c h  t h e s e  a d d u c t s  a r e  f o rmed  d u r i n g  t h e  

c o n d e n s a t i o n  r e a c t i o n ,  t h e  ass ignmen t  o f  t h e  s t r u c t u r e s  i m p l i e s  t h a t  t h e  f i r s t  s t e p  

i n v o l v e s  t h e  c o n d e n s a t i o n  o f  t h e  k e t o - c a r b o n y l  f u n c t i o n  o f  t h e  y - k e t o  a c i d  w i t h  t h e  

amino g roup  o f  t h e  o -pheny lened ia rn ine .  I n  t h e  second s t e p ,  t h e  n u c l e o p h i l i c  a t t a c k  

o f  NHz t o  t h e  C = N  d o u b l e  bond l e a d s  t o  an i n t e r m e d i a t e  b e n z i r n i d a z o l e  d e r i v a t i v e ,  

n o t  i s o l a t e d ,  w h i c h  unde rgoes  s u c c e s s i v e l y  r i n g  c l o s u r e  t o  2 ,3 ,3a ,4 - te t rahyd ro -1H-  

pyrrolo[l,2-a]benzimidazol-I-one (Scheme 3 1  

Scheme 3  
0 



The r e s u l t s  o b t a i n e d  c l e a r l y  p o i n t  o u t  t h a t  t h e  l a s t  s t e p  must  be t h e  i s o m e r  format ion 

d e t e r m i n i n g  o n e :  i n  f a c t ,  t h e  p r e s e n c e  o f  e l e c t r o n - w i t h d r a w i n g  s u b s t i t u e n t  as NO2 

p o p u l a t e s  t h e  r e a c t i o n  c h a n n e l  w h i c h  l e a d s  t o  i s o m e r  b as  t h e  m a j o r  p r o d u c t ,  

a c c o r d i n g  t o  a  r e a c t i o n  pathway w h i c h  i n v o l v e s  t h e  more  n u c l e o p h i l i c  NH2 i n  m e t a  w i t h  

r e s p e c t  t o  t h e  NO2 g r o u p .  C o n v e r s e l y ,  i n  t h e  same s t e p ,  t h e  c h l o r o  and  t h e  m e t h y l  

as  s u b s t i t u e n t s  i n c r e a s e ,  by  m e s o m e r i c  and  i n d u c t i v e  e f f e c t  r e s p e c t i v e l y ,  t h e  

n u c l e o p h i l i c i t y  of NH2 i n  p a r a  t o  t h e  s u b s t i t u e n t  so  g i v i n g  a  m a j o r  p e r c e n t a g e  o f  

i s o m e r  - a  i n  t h e  f i n a l  m i x t u r e .  

As a  f u r t h e r  s u p p o r t  t o  t h i s  h y p o t h e s i s ,  we h a v e  r e a c t e d  i n  s i m i l a r  c o n d i t i o n s  t h e  

2 , 3 - d i a r n i n o p y r i d i o e  w i t h  3 - a c e t y l p r o p i o n i c  a c i d 8 .  The 2 , 3 , 3 a , 4 - t e t r a h y d r o - I H -  

pyrrolo[l,2-a]imidazo[4,5-blpyridin-1-0" 9 was t h e  o n l y  i s o m e r  d e t e c t e d  i n  t h e  

r e a c t i o n  m i x t u r e ,  t o g e t h e r  w i t h  a l ~ t t l e  amount  o f  compound 10. 

H H 

9  - 1 0  - 

Even i f  t h e  more  n u c l e o p h i l i c  amino  g r o u p  a t  p o s i t i o n  3  i s  t h e  o n e  f a v o u r e d  i n  t h e  

f i r s t  s t e p  o f  t h e  r e a c t i o n ,  t h e  f o r m a t i o n  o f  9 i s  e x p l a i n a b l e  o n l y  on t h e  b a s i s  o f  

i t s  i n v o l v e m e n t  i n  t h e  s e c o n d  s t e p  o f  t h e  r e a c t i o n  w h i c h ,  t h e n ,  m u s t  c o n t r o l  t h e  

o v e r a l l  p r o c e s s .  M o r e o v e r ,  t h e  m i n o r  r e a c t i v i t y  e x p e r i e n c e d  w i t h  t h e  h e t e r o c y c l i c  

d i a m i n e  a g r e e s  w i t h  t h ~ s  r e a c t i o n  p a t h w a y ,  w i t h  a f i r s t  s t e p  c o n t r o l l e d  by  t h e  

s l i g h t l y  n u c l e o p h i l i c  NH2 a t  p o s i t i o n  2 .  

in c o n c l u s i o n  t h i s  n o v e l  h e t e r o c y c l i c  s y s t e m  has  b e e n  c h a r a c t e r i z e d  on  t h e  b a s i s  o f  

a n a l y t i c a l  and  s p e c t r o s c o p ~ c  d a t a .  The p r e s e n c e  o f  s u b s t i t u e n t s  on t h e  a r o m a t i c  

s u b s t r a t e  a l l o w s  t h e  e l u c i d a t i o n  o f  t h e  r e a c t i o n  p a t h w a y :  on t h i s  b a s i s  t h e  

e l e c t r o n i c  e f f e c t s  h a v e  b e e n  f o u n d  t o  i n f l u e n c e  p r e d o m i n a n t l y  t h e  d i s t r i b u t i o n  

p a t t e r n  o f  t h e  p o s s i b l e  i s o m e r s .  

EXPERIMENTAL 

M e l t i n g  p o i n t s  w e r e  d e t e r m i n e d  o n  a  K o f l e r  h o t  s t a g e  a p p a r a t u s  and a r e  u n c o r r e c t e d .  

M i c r o a n a l y s e s  w e r e  c a r r i e d  o u t  on a  C .  E r b a  E l e m e n t a l  A n a l y z e r  mod. 1106.  

A n a l y t i c a l  t h i n - l a y e r  c h r o m a t o g r a p h y  was r u n  o n  M e r c k  s i l i c a  g e l  6 0  F Z 5 4  p l a t e s .  

F l a s h  c h r o m a t o g r a p h y  was p e r f o r m e d  w i t h  t h i c k - w a l l e d  g l a s s  c o l u m n  on s i l i c a  g e l  
5  

( M e r c k ,  32-63  mp l  a c c o r d i n g  t o  t h e  m e t h o d  o f  S t i l l  e t  a1  . 
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I n f r a r e d  s p e c t r a  we re  r e c o r d e d  i n  h e x a c h l o r o b u t a d i e n e  on a P e r k i n - E l m e r  mod. 257 

s p e c t r o p h o t o m e t e r .  'H nmr s p e c t r a  we re  o b t a i n e d  w l t h  B r i i k e r  WP 200 and AM 400 

s p e c t r o m e t e r s  i n  C O C I 3  ( i n t e r n a l  l o c k )  w i t h  TMS as i n t e r n a l  s t a n d a r d .  The p r o t o n  

NOE measurements  we re  p e r f o r m e d  b y  t h e  FT d i f f e r e n c e  me thod  o n  c a r e f u l l y  degassed  

C O C I 3  s o l u t i o n s  o f  a l l  compounds.  The d a t a  we re  o b t a i n e d  b y  t h e  PAPS sequence.  

F o u r  F I O ' s  we re  a c q u i r e d  w i t h  t h e  d e c o u p l e r  s e t  e x a c t l y  on a g i v e n  r e s o n a n c e ;  f o u r  

F I O ' s  w i t h  t h e  d e c o u p l e r  o f f - r e s o n a n c e  we re  t h e n  s u b s t r a c t e d .  T h i s  p r o c e d u r e  was 

r e p e a t e d  u n t i l  an a d e q u a t e  s i g n a l  t o  n o i s e  r a t i o  was a c h i e v e d .  

G e n e r a l  P r o c e d u r e  f o r  t h e  S y n t h e s i s  o f  2,3,3a,4-Tetrahydro-IH-pyrrolo[l,Z-a]- 

b e n z i m i d a z o l - I - o n e s ,  3a -8a  and 3b -8b  

A  s o l u t i o n  o f  t h e  a p p r o p r i a t e  1 , 2 - p h e n y l e n e d i a m i n e  ( 1 1  ( 0 .025  m o l e s l  i n  a n h y d r o u s  

t o l u e n e  ( 4 0  m l )  was added,  u n d e r  s t i r r i n g  a t  room t e m p e r a t u r e ,  t o  a  s o l u t ~ o n  of t h e  

3 - a c y l p r o p i o n i c  a c i d  ( 2 1  ( 0 .025  m o l e s l  i n  20 ml  o f  t h e  same s o l v e n t .  The r e a c t i o n  

m i x t u r e  was r e f l u x e d  f o r  6  h  u s i n g  a  D e a n - S t a r k  a p p a r a t u s .  A f t e r  r e m o v a l  o f  t h e  

s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e ,  t h e  r e s i d u e  was s u b j e c t e d  t o  f l a s h  c h r o m a t o g r a p h y  

on  a  s i l i c a  g e l  co l umn ,  u s i n g  as e l u a n t  C C I 4  w i t h  i n c r e a s i n g  amounts  o f  e t h y l  

a c e t a t e  t o  g i v e  t h e  i s o m e r i c  p r o d u c t s  as s t a b l e  a d d u c t s .  

6-Chloro-3a-methyl-2,3,3a,4-tetrahydro-lH-pyrrolo[1,2-a]benrimidazol-l-one (21 

Mp 144-146°C ( f r o m  e t h y l  a c e t a t e ) .  I r :  3262,  1704  c m - I .  A n a l .  c a l c d .  f o r  CI~WI~CIN~O: 

C ,  59.33; H, 4 . 98 ;  N, 12 .58 .  Found:  C ,  59 .42 ;  H, 5.18; N ,  12 .42 .  Ms m/z ( % ) :  222 

(Mt,  311,  221 (41 ,  207 ( 1 0 0 1 ,  167 ( 4 6 ) .  166 ( 4 6 ) ,  165 ( 5 3 ) ,  126 ( 7 ) .  

7-Chloro-3a-methyl-2,3,3a,4-tetrahydro-lH-pyrrolo [1,2-a]benzimidazol-I-one (E) 
Mp 94-96'C ( f r o m  l i g h t  p e t r o l e u m ) .  I r :  3300, 1710  c K 1 .  A n a l .  c a l c d .  f o r  CIIH~ICI~O: 

C ,  59.33;  H, 4.98;  N, 12 .58 .  Found:  C ,  59.47;  !I, 5.21;  N, 12 .36 .  Ms m l z  ( % ) :  222 

(Mi,  3 4 ) .  221  ( 8 ) .  207  ( 1 0 0 1 ,  167 ( 5 6 ) .  166 ( 4 5 ) ,  165 ( 5 3 ) .  126  ( 1 0 1 .  

6-Chl0ro-3a-phenyl-2,3,3a,4-tetrahydro-lH-pyrrolo[1,2-a~benzimidazol-l-ane (el 
Mp 179-181'C ( f r o m  e t h y l  a c e t a t e ) .  I r :  3264,  1704 c m - I .  A n a l .  c a l c d .  f o r  C~~HI~CINZO: 

C ,  67.49;  H, 4.60;  N ,  9 .84 .  Found:  C ,  67.42;  H, 4.46;  N, 9.88. Ms m l z  ( % ) :  284 

(M', 361, 283 (161,  229 ( I O O l ,  228 ( 6 8 1 ,  207 (981 ,  165  ( 2 8 ) .  1 2 6  1 1 3 ) ,  77 (18). 6311%). 

7-Chloro-3a-phenyl-2,3,3a.4 tetrahydro)-IH-pyrrolo[1,2-albenzimidazol-1-one 1%) 

Mp 157-159'C ( f r o m  e t h y l  a c e t a t e ) .  I r :  3248, 1686 c n - I .  A n a l .  c a l c d .  f o r  C~~HI~CINZO: 

C ,  67.49;  H, 4.60; N, 9 .84 .  Found:  C ,  67 .57 ;  H, 4.72;  N,  9 .93 .  Ms m l z  1 % ) :  284 (Mi, 

351, 283 ( 1 9 1 ,  229 ( 1 0 0 1 ,  228 (511 ,  207 (741 ,  165 (201 ,  126  ( I ? ) ,  77 ( 1 3 1 ,  63 ( 1 4 1 .  

6-Chloro-3a-(4-chlorophenyl)-2,3,3a,4-tetrahydro-lH-pyrrolo[1,2-a]benzimidazol-I-one (%I 

Mp 176-178°C ( f r o m  e t h y l  a c e t a t e ] .  I r :  3366,  1696  c m - I .  A n a l .  c a l c d .  f o r  C16H12CI2f$O: 

C ,  60.20;  H, 3.79; N, 8 .78 .  Found:  C ,  60 .31 ;  H, 3.92; N, 9 . 1 3 .  Ms m / z  1 %  318 

M 361,  317 ( 1 6 1 ,  263 (1001 ,  262 (631 ,  207 ( 9 8 ) ,  192  ( l a ) ,  165 ( 3 4 1 ,  126 ( 1 5 1 ,  

111 ( 1 2 ) .  75 ( 1 6 ) .  63 ( 2 7 ) .  



7-Chloro-3a-(4-chlorophenyl)-2,3.3a,4-tetrahydro-1H-pyrrolo[l,2-a]benzimidazol-l-one (b) 
Mp 105-107'C (from light petroleum). Ir: 3250, 1692 c K 1 .  Anal. calcd.fonC16H12C12b0: 

C, 60.20; H, 3.79; N, 8.78. Found: C, 60.12; H, 3.86; N, 8.91. Ms mlz % :  318 

( M t ,  31), 317 (15), 263 (loo), 262 (42), 207 (76), 192 (18), 165 (30). 126 (221, 

111 (15). 75 (14), 6 3  (21). 

6 - C h l o r o - 3 a - ( 4 - f l u o r o p h e n y l  1-2,3,3a,4-tetrahydro-1H-pyrrolo[1,2-a] benzimidazol-1-one (e) 
Mp 160-162°C (from ethyl acetatel. Ir: 3244, 1695 cm-l. Anal. calcd. for 

C16HlZC1FN20: C, 63.48; H, 4.00, N, 9.25. Found: C, 63.42; H, 4.15; N, 9.27. Ms m/z 

(%) :  302 (Mt, 34), 301 (14), 247 (loo!, 246 (601, 207 (63). 165 (22). 126 (131, 95 (ll), 75 (9). 

7-Chloro-3a-~4-fluorophenyl)-2,3,3a,4-tetrahydro-1H-pyrrolo[1,2-a]benzimidazol-l-one (s) 
Mp 135-138" ( f r o m  light petroleum). I r :  3320, 3278, 1692 cm-l . Anal. calcd. for 

C 1 6 H l ~ C l F N 2 0 :  C, 63.48; H, 4.00; N, 9.25. Found: C, 63.72; H, 4.21; N, 9.18. Ms m/z 

% :  302 (M', 27), 301 (151, 247 (loo), 246 (46;. 207 (441, 165 (17). 126 (131, 

9 5  (81, 75 (81, 6 3  (16). 

3a.6-Dimethyl-2,3,3a,4-tetrahydro-lH-pyrrolo[1,2-a]benrimidazol-l-one ( 5 1  

Oil (from light petroleum). Ir: 3300, 1698 cm-l. Anal. calcd. for C12H14NzO: 

C, 71.26; H, 6.98; N, 13.85. Found: C, 71.43; H, 6.79; N, 13.67. Ms mlz ( % ) :  202 

(M', 35), 201 6 ,  187 (100), 159 (151, 147 (34), 146 (60). 145 (77). 

3a,7-Dimethyl-2,3,3a,4-tetrahydro-lH-pyrrolo[l,2-a]benzimidazol-l-one (2) 
Oil (from light petroleum). Ir: 3350, 1710 cm-l. Anal. calcd. for C12H14N20: 

C, 71.26; H, 6.98; N, 13.85. Found: C, 71.12; H ,  6.83; N, 13.75. Ms m/z ( % ) :  202 

(Mt, 33), 201 (8), 187 (loo), 159 (141, 147 (33), 146 (58). 145 (78). 

3a-Methyl-6-nitro-2,3,3a,4-tetrahydro-lH-pyrrolo[1,2-a]benzimidazol-l-one (@) 

Mp 183-185°C (from chloroform). Ir: 3340, 1750 cm-'. Anal. calcd. for CllHllN303: 

C, 56.65; H, 4.75; N, 18.02. Found: C, 56.52; H ,  4.79; N, 18.25. Ms mlz ( % ) :  233 

l M t ,  35). 232 (6), 2 1 8  (100). 178 (27), 177 (27), 176 (11). 172 (41), 147 (17), 

132 (29). 6 3  (20). 

3a-Methyl-7-nitro-2,3,3a,4-tetrahydro-lH-pyrrolo~l,2-a]benzimidazol-l one (&)  

MP 179-181°C (from chloroform). Ir: 3260, 1710 c m - l .  Anal. calcd. for CllHllN303: 

C, 56.65; H, 4.75; N, 18.02. Found: C, 56.87; H, 4.55; N, 18.15. Ms m/z ( % ) :  2 3 3  

(M', 32), 232 (5). 2 1 8  (100). 178 (421, 177 (24), 172 (481, 147 (201, 132 (38). 
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