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REACTIONS WITH AALEINIOES: SYNTHESIS OF SEUERAL N E W  FUSED PYR- 

A Z O L I D I N E S ,  n2-PYRAZOLINE A N D  P Y R A Z O L E  D E R I V A T I V E S  

Sami  5. G h a b r i a l *  a n d  Hussein H. moha r r am 

N a t i o n a l  O r g a n i s a t i o n  f o r  Drug C o n t r o l  a n d  R e s e a r c h ,  P.O. B o x  

29, C a i r o ,  R . R .  Egyp t  

Suzan I. Aziz  

D e p a r t m e n t  o f  C h e m i s t r y ,  F a c u l t y  o f  S c i e n c e ,  C a i r o  U n i v e r s i t y ,  

G i z a ,  A.R.  Egypt  

A b s t r a c t  - S e v e r a l  new p y r r o l i d i n o p y r a z a l i d i n e d i o n e ,  p y r r o l i d -  

i n o -  ~ ' ~ ~ ~ r a z o l i n e d i o n e  a n d  p y r r o l ~ p ~ r a z o l e d i o n e  d e r i v a t i v e s  

were s y n t h e s i s e d  v i a  t h e  r e a c t i o n  o f  d i f f e r e n t  a r y l h y d r a z o n e s  

w i t h  N - a r y l m a l e i m i d e s .  T h e  s t r u c t u r e s  o f  t h e  s y n t h e s i z e d  h e t -  

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

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

1-3 T h e  c o n s i d e r a b l e  b i o l o g i c a l  a c t i v i t i e s  Of p y r a r o l e  d e r i v a t i v e s  a s  a n t i p y r e t i c  , 
a c t i v e  CNS r e g u l a n t s 4 - 6 ,  b a c t e r i o s t a t i c ,  b a c t e r i o c i d a l  a n d  f ~ n g i c i d a l ~ - ~  a g e n t s  

s t i m u l a t e d  o u r  i n t e r e s t  f o r  t h e  s y n t h e s i s  o f  s e v e r a l  new d e r i v a t i v e s  o f  t h i s  r i n g  

s y s t e m .  I n  p r e v i o u s  work f r o m  t h i s  l a b o ~ a t o r ~ ' ~  we h a v e  r e c e n t l y  r e p o r t e d  a new 

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  p y r r ~ l i d i n o p ~ r a r o l i d i n e  a n d  p y r r o l i n o p y r a z o l  e der- 

i v a t i v e s .  Owing t o  t h e  g r e a t  b i o l o g i c a l  a c t i v i t i e s  o f  t h e  compounds  c o n t a i n i n g  t h e  

(-CO-NH-CO-) and  (-cO-NR-CO-) m o i e t i e s ,  a s  v e r y  e f f e c t i v e  a n d  p e r s i s t e n t  f o l i a g e  

f u n g i c i d e s 1 1 9 1 2 ,  c e r t a i n  s a m p l e s  o f  t h e  s a t u r a t e d  p y r r o l i d i n o p y r a r o l l d i n e  d e r i v a t -  

i v e s  were r e q u i r e d  f o r  a m e d i c i n a l  c h e m i s t r y  programme.  I n  c o n j u n c t i o n  w i t h  o u r  

p r e u i o u s  work1° ' 13  we r e p o r t ,  h e r e ,  o n  t h e  r e a c t i o n  o f  N - a r y 1 m a l e i m i d e s  w i t h  d i f f -  

e r e n t  a r y l h y d r a z o n e s  a s  & - e l e c t r o n  t h r e e  a t o m i c  c e n t e r s  i n  d i p o l a r  c y c l o a d d i t i o n  

r e a c t i o n s .  T h u s ,  i t  h a s  b e e n  f o u n d  t h a t  t h e  p h e n y l h y d r a z a n e  d e r i v a t i v e s  2 - d  re- 

a c t e d  w i t h  N-p-methonyphenylmale imide ( 2 a )  i n  b o i l i n g  t o l u e n e  o r  by  f u s i o n  o f  t h e  
m, 

r e a c t a n t s  t o  g i u e  t h e  two r e a c t i o n  p r o d u c t s  3 a n d  4  i n  e a c h  case. Compounds 3a-d 
4 - -, 



w e r e  a s s i g n e d  t h e  p y r r o l i d i n a [ 3 , 4 - d ] p y r a r o l i d i n e - 2 , 6 - d i o n e  s t r u c t u r e ,  w h i l e  comp- 

2  
o u n d s  4a-d  were a s s i g n e d  t h e  p y r r o l i d i n o  [3,4-dl-  A - p y r a z o l i n e - 2 , 6 - d i o n e  s t r u c t u r e  - 
based  o n  e l e m e n t a l  a n a l y s e s  a n d  s p e c t r o s c o p i c  d a t a .  T h u s ,  t h e  I R  s p e c t r a  o f  3a-d  

0 

r e v e a l e d  a b s o r p t i o n  b a n d s  a t  1790-1720 a n d  1710-1690 cm-I a t t r i b u t e d  t o  t h e  p r e s -  

ence  o f  t h e  (-CO-NR-CO-) g r o u p i n g  b e s i d e s  t h e  b a n d  r e l a t e d  t o  t h e  p r e s e n c e  o f  t h e  

NH g r o u p  a t  a b o u t  3 Z 0  cm-I. T h e  ' H  NRR s p e c t r a  o f  b a t h  3J a n d  4 c ,  a s  t y p i c a l  ex- 
m 

a m p l e s  o f  t h e  s e r i e s ,  r e v e a l e d  s i g n a l s  a t  ( 6 ppm) 2.38 ( 5 ,  3H, 0CH3);  3.4 ( 5 ,  3H, 

U C H ~ ) ;  3.8 ( s ,  3 H ,  UCH3); 7.25-7.95 (m, I Z H ,  Rr'Hs); 8.5-8.7 (m, 3H, p y r a z o l i d i n e  

H-3, H-4 a n d  H-5) a n d  9.1 ( 5 ,  b r ,  IH, NH). On t h e  o t h e r  h a n d ,  t h e  I R  s p e c t r a  o f  

4a-d  r e v e a l e d  o n l y  a b s o r p t i o n  p e a k s  r e l a t e d  t o  t h e  p r e s e n c e  o f  t h e  (-CO-NR-CO-) -, 
g r o u p i n g  w h i l e  t h e  band  a t t r i b u t e d  t o  t h e  p r e s e n c e  o f  t h e  NH g r o u p  was e n t i r e l y  

a b s e n t .  T h e  ' H  N m R  s p e c t r a  o f  b o t h  4 b  a n d  $c r e v e a l e d  s i g n a l s  a t  ( 6 p p m )  2.42 ( s ,  

3H, 0CH3); 3.38 ( 5 ,  3H, 0CH3); 3.75 ( 5 ,  3H, 0CH3);  4.8 ( d ,  l H ,  p y r a z o l i n e  H-4); 

5.2 ( d ,  l H ,  p y r a z o l i n e  H-5) a n d  6.5-7.7 ( m ,  12H, Ar'Hs). 

Rn u n e q u i v o c a l  s u p p o r t  o f  t h e  s t r u c t u r e  o f  48-d was a c h i e v e d  by t h e i r  s y n t h e s i s  

t h r o u g h  a n o t h e r  r o u t e  by b o i l i n g  t h e  s o l u t i o n  o f  compounds  3a-d i n  b r o m o b e n z e n e  
?" 

f o r  4 h  ( c f .  e x p e r i m e n t a l  p a r t ) .  M o r e o v e r ,  b o t h  compounds  3a-d a n d  ha-d w e r e  con- - ,., 
u e r t e d  i n t o  t h e  same p y r r o l i n o  [ 3 , 4 - d l p y r a z o l e - 2 , 6 - d i o n e  d e r i v a t i v e s  58-d o n  b o i l -  

?" 

i n g  t h e i r  s o l u t i o n s  i n  n i t r o b e n z e n e  f o r  4  h. 

I n  c o n t r a s t  t o  t h e  b e h a v i o u r  o f  l a - d  t o w a r d  2a ,  t h e  a r y l h y d r a z o n e  d e r i v a t i v e s  
& ,., 

l e , f  r e a c t e d  w i t h  Za, u n d e r  t h e  s i m i l a r  e x p e r i m e n t a l  c o n d i t i o n s ,  t o  y i e l d  o n l y  t h e  
", a 

p y r r o l i d i n o [ 3 , 4 - d ] p y r a r o l i d i n e - 2 , s - d i o n e  d e r i v a t i v e s  3e . f  r e s p e c t i v e l y .  T h e  str-  
," 

u c t u r e  a s s i g n e d  f o r  3 e , f  was b a s e d  o n  t h e  s ame  g r o u n d s  a s  p r e v i o u s l y  d e s c r i b e d  
d 

1  f o r  3a-d. T h e  H NPlR s p e c t r u m  o f  2 r e v e a l e d  s i g n a l s  a t  ( 5 p p m )  2.38 ( s ,  3H, 0CH3); ," 
6.5-7.45 ( m ,  13H, Rr'Hs); 8.5-8.7 ( m ,  3H, p y r a z o l i d i n e  H-3, H-4 a n d  H-5); 8.9 ( 5 ,  

b r ,  IH, NH) a n d  9.3 ( s ,  IH, O H ) .  moreover ,  compound 3 e  c o u l d  b e  c o n v e r t e d  i n t o  t h e  -" 
p y r r o l i n o p y r a z o l e d i o n e  d e r i v a t i v e  5e  on b o i l i n g  i t s  s o l u t i o n  i n  n i t r o b e n z e n e  f o r  

?" 

4 h. T h e  ' H  NRR s p e c t r u m  o f  3 r e v e a l e d  s i g n a l s  a t  ( 6 p p m )  2.41 ( 5 ,  3H, 0CH3);  

6.8-7.9 ( m ,  13H, A ~ ' H S )  a n d  9 .8  ( s ,  IH ,  O H ) .  

I n  c o n t r a s t  t o  t h e  b e h a v i o u r  o f  2 a  t o w a r d  l a - f ,  t h e  N - a r y l m a l e i m i d e s  2 b , c  r e a c t e d  
w 4 ," 

w i t h  t h e  a r y l h y d r a z o n e  d e r i v a t i v e s  2-f i n  a m o l a r  r a t i o  o f  I : ?  t o  a f f o r d  t h e  

p y r r o l i d i n o  [ 3 , 4 - d ] p y r a r o l i d i n e 2 , 6 - d i o n e  d e r i v a t i v e s  2 - f  and La-f r e s p e c t i u e l y .  

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

S e v e r a l  new, o t h e r w i s e  d i f f i c u l t  t o  o b t a i n ,  p y r r o l i d i n o  [ 3 , 4 - d ] p y r a z o l i d i n e 4 , 6 -  
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l a - f  ,. 
1,2-H shift 

4 a-d 
A, 

Ph-NO2 

For 3 a n d  3_-2: 
a , ~ r = C ~ H ~ O ~ ( p i p e r o n y I )  
b , A r ~ c g H ~ - ( 0 C H ~ ) ~  -274 
~ , A r = C ~ t i ~ - ( o c H ~ ) ~  -3,L 
d,Ar=C6H2-(OCH3)3-3,4,5 
e,Ar=C6H4-OH-p 
~ , A ~ = c ~ H ~ - ( O C H ~ ) ( O H ) - ~ , ~  



2  
d ione ,  p y r r o l i d i n o  [3 ,4 -d l -  A - p y r a z o l i n e - 2 . 5 - d i a n e  and p y r r o l i n o [ 3 , 4 - d l p y r a z o l e -  

2.5-d ione d e r i v a t i v e s  w i t h  d i f f e r e n t  f u n c t i o n a l  s u b s t i t u e n t s  are now a v a i l a b l e  

f a r  b i o l o g i c a l  a c t i v i t y  s t u d i e s .  

EXPERIMENTRL 

m e l t i n g  p o i n t s  a r e  a l l  u n c o r r e c t e d .  I R  s p e c t r a  w e r e  r e c o r d e d  ( K B r )  o n  a Pye  Unicam 

SP-1100 s p e c t r o p h o t o m e t e r .  ' H  NNR s p e c t r a  w e r e  r e c o r d e d  o n  a V a r i a n  EN-390 90 flHz 

and  U a r i a n  XL-200 MHz s p e c t r o m e t e r s  u s i n g  DflSO-d6 a s  a s o l v e n t  and TmS as an i n t -  

e r n a l  s t a n d a r d .  Chemica l  s h i f t s  are e x p r e s s e d  as ppm u n i t s .  The m i c r o a n a l y s e s  

w e r e  p e r f o r m e d  by  t h e  m i c r o a n a l y t i c a l  c e n t r e  a t  C a i r o  U n i v e r s i t y .  

R e a c t i o n  o f  l a - f  w i t h  Za: 

R s o l u t i o n  o f  each o f  l a - f  (0 .01 m o l )  and Za (0.01 m a l )  i n  t o l u e n e  (30 m l )  was 
N 

h e a t e d  t o  b o i l i n g  u n d e r  r e f l u x  f o r  4 h, t h e n  t h e  s o l v e n t  was e v a p o r a t e d  i n  uacuo. 

The  r e m a i n i n g  s o l i d  p r o d u c t  was t r i t u r a t e d  w i t h  e t h a n o l  f o l l o w e d  by c r y s t a l l i z a t -  

i o n  f r o m  e t h a n o l  t o  g i v e  compounds 3a-f. C o n c e n t r a t i o n  and c o o l i n g  o f  t h e  m o t h e r -  - 
l i q u o r  gave compounds $-d ( c f .  T a b l e  1 ) .  

The same compounds 3a-f  and  $a-d c o u l d  a l s o  be o b t a i n e d  i n  good y i e l d s  by h e a t i n g  
," 

a s o l i d  m i x t u r e  o f  each o f  L a - f  and 2 a  i n  an o i l - b a t h  f o r  90 m i n  t h e n  p r o c e e d i n g  

as above ( b a t h  t e m p e r a t u r e ,  160-180 '~ ) .  

C o n v e r s i o n  o f  3a-d i n t o  ha-d: 

R s o l u t i o n  o f  each o f  38-d ( 1  9) i n  brornobenzene (30 m l )  was h e a t e d  u n d e r  r e f l u x  
," 

f o r  4  h  f o l l o w e d  by  e v a p o r a t i o n  o f  t h e  s o l v e n t  i n  uacuo. The  r e m a i n i n g  s o l i d  p r a -  

d u c t  was t r i t u r a t e d  f a l l o w e d  by  c r y s t a l l i z a t i o n  f r o m  e t h a n o l  t o  g i v e  4a-d. 

C o n v e r s i o n  o f  3a-d and 4.-d i n t o  5a-d: 

R s o l u t i o n  o f  each o f  3a-d and  $a-d ( 1  g)  i n  n i t r o b e n z e n e  ( 2 5  m l )  was h e a t e d  u n d e r  ,., 
r e f l u n  f o r  4  h. T h e  s o l v e n t  was  e v a p o r a t e d  i n  vacuo and t h e  s o l i d  t h a t  s e p a r a t e d  

was t r i t u r a t e d , t h e n  c r y s t a l l i z e d  f r o m  e t h a n o l  t o  g i v e  compounds ?a-d ( c f .  T a b l e  1 ) .  

A p p l y i n g  t h e  same p r o c e d u r e  compounds 3e,f c o u l d  b e  c o n v e r t e d  i n t o  compounds 5e,f 
?a -., 

r e s p e c t i v e l y  ( c f .  T a b l e  1). 

R e a c t i o n  o f  l a - f  w i t h  Zb,c: 

R s o l u t i o n  o f  each o f  l a - f  (0.01 m o l )  and  each o f  Zb,c (0 .01 m o l )  i n  t o l u e n e  (30 
M 

m l )  was h e a t e d  under  r e f l u x  f o r  4  h, t h e n  t h e  s o l v e n t  was e v a p o r a t e d  i n  uacuo. The  

s o l i d  p r o d u c t  t h u s  fo rmed  was t r i t u r a t e d  f rom e t h a n o l  f o l l o w e d  by c r y s t a l l i z a t i o n  
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T a b l e  1: C h a r a c t e r i z a t i o n  d a t a  o f  compounds 3a-f, 4a-d, 53-f, Ea-f and  7 s f  
a .-, a a w 

N.p. Y i e l d  % A n a l y s i s ,  Ca lcd .  (Found)  
Comp. mol. F o r m u l a  

( O C )  (%) C  H N C1 

* 
A l l  compounds are  c o l o u r l e s s  e x c e p t  4a-d, p a l e  y e l l o w  and 5a-f, l i g h t  brown. ,-. Z 

- 1 1 6 5 -  



f r o m  e t h a n o l  t o  g i v e  compounds 68-f  and  7a-f r e s p e c t i v e l y  ( c f .  T a b l e  1) .  
M N 

The  same compounds 6a - f  and 7a-f c o u l d  a l s o  b e  s y n t h e s i s e d  when a s o l i d  m i x t u r e  
Y ," 

o f  each o f  l a - f  and  each o f  z b , c  was h e a t e d  i n  an o i l - b a t h  a t  160-180°C f a r  90 
d 

m i n  t h e n  p r o c e e d i n g  as above. 
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