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PHOTOCHEMICAL CYCLOADDITION OF 2 - P H E N Y L - 3 - E T H O X Y C A R B O N Y L -  

A'-PYRROLINE-4,5-DIONE WITH.OLEFINS '  

P h o t o c y c l o a d d i t i o n  o f  2-phenyl-3-ethoxycarbonyl-A2- 

p y r r o l i n e - 4 , 5 - d i o n e  w i t h  o l e f i n s  c a r r y i n g  e l e c t r o n  r i c h  

g r o u p  p r o c e e d s  i n  h i g h l y  r e g i o -  and  s t e r e o s e l e c t i v e  

manner  t o  g i v e  [ 2 + 2 ]  c y c l o a d d u c t s ,  w h i l e  o l e f i n s  subs -  

t i t u t e d  b y  e l e c t r o n  w i t h d r a w i n g  g r o u p  gave  no c y c l o -  

a d d u c t ,  s u g g e s t i n g  t h a t  d o n o r - a c c e p t o r  i n t e r a c t i o n  

b e t w e e n  two  r e a c t a n t s  may p l a y  an  i m p o r t a n t  r o l e  i n  

t h i s  r e a c t i o n .  

V e r y  1  

d o u b l e  b 

t t l e  i s  h i t h e r t o  known a b o u t  t h e  r e a c t i v i t y  o f  t h e  

2  nd i n  ~ ' - ~ ~ r r o l  i n e - 4 , 5 - d i o n e s  ( d i o x o p y r r o l  i n e s )  . We 

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

w i t h  2 - p h e n y l - 3 - e t h o x y c a r b o n y l - ~ ~ - p y r r o l i n e - 4 , 5 - d i o n e  (L), deep  

y e l l o w  c r y s t a l s ,  m.p.  185.186' w h i c h  was p r e p a r e d  b y  r e a c t i o n  o f  

o x a l y l  c h l o r i d e  w i t h  e t h y l  B - a m i n o - c i n a m m a t e .  

I r r a d i a t i o n  o f  a  m i x t u r e  o f  1  and  s t y r e n e  i n  d i m e t h o x y e t h a n e  - 
w i t h  h i g h  p r e s s u r e  m e r c u r y  l a m p  a t  0' f o r  3 0  m i n  gave  t h r e e  

p r o d u c t s :  A, m.p.  202-204' ,  C21H,904N; B, m.p. 1 8 0 - 1 8 3 " ,  C2 iH190bN,  



( s p e c t r a l  d a t a  s e e  T a b l e  11) ;  and C, m.p. 134-135 ' ,  C21H1909N,  

IR ( N u j o l ) :  3 2 0 0 ,  3 1 0 0 ,  1 6 9 0 ,  1 6 7 0 ,  1640  cm-' , U V  hmax: 285 nm 

( E  1 0 , 0 0 0 ) .  

The f o r m u l a  and s p e c t r a l  d a t a  o f  t h e  m a j o r  p r o d u c t  (A) r e v e a l e d  

t h a t  i t  i s  t h e  [2+2] c y c l o a d d u c t  (2) o f  t h e  two r e a c t a n t s .  

The r e g i o -  and s t e r e o c h e m i s t r y  o f  t h e  s u b s t i t u e n t  was e l u c i d a t e d  

by a n a l o g y  w i t h  t h e  s t r u c t u r e  o f  p h o t o - c y c l o a d d u c t  ( 7 )  o f  1 - r 4 ' -  - 
b r o m o p h e n y l ] - 2 - p h e n y l - 3 - e t h o x y c a r b o n y l - ~ ~ - p y r r o l i n e - 4 , 5 - d i o n e  w i t h  

s t y r e n e ,  whose s t r u c t u r e  h a s  been d e t e r m i n e d  by X-ray a n a i y s i s 5 .  

The s p e c t r a l  d a t a  o f  2 were  s i m i l a r  t o  t h o s e  o f  7. - 
c w t  c a t  EtOOC EtOOcmOd p h  ,tj 0 h~ H& + H*q-$--: + j$, 

P h H  R "  P h H  
, 

R 

The a n a l o g o u s  [2+2] p h o t o - c y c l o a d d u c t s  (3)-(2) were  s i m i l a r y  

o b t a i n e d ,  i n  m o d e r a t e  y i e l d  by r e a c t i o n  o f  l- w i t h  e t h y l  v i n y l  

e t h e r ,  v i n y l  a c e t a t e ,  b u t a d i e n e ,  and i s o p r o p e n y l  a c e t a t e ,  r e s p e c -  

t i v e l y ,  t h e  r e s u l t s  and t h e  p r o p e r t i e s  o f  t h e  p r o d u c t s  b e i n g  
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T a b l e  I P h o t o - c y c l o a d d i t i o n  o f l  w i t h  O l e f i n s  

O l e f i n  R e a c t i o n  C o n d i t i o n s  P r o d u c t  ( Y i e l d ,  % )  

temp.  ( O c )  t i m e ( m i n )  - A  - B - C 

CH2=CH-Ph 0  3 0  ( 2 ) 3 7  ( 8 )  1  (2)  1  - 
CH2=CH-OEt 0  6  0  (3) 55 - ( 1 2 )  4  

CH2=CH-OAc 0  45  (4) 21 - - 

CH2=CH-CH=CH2 - 1 0  6  0  (5) 47 - - 

CH2=C(Me)-OAc 0  45  (6) 54+ - - 

t A s s i g n m e n t  o f  t h e  s t e r e o c h e m i s t r y  i s  t e n t a t i v e .  

T a b l e  I 1  S p e c t r a l  D a t a  o f  P h o t o c y c l o a d d u c t s  

Compound m.p. U V ( d i o x a n e )  I R ( N u j o 1 )  NMR(H* )  

( 3 )  149-152O 225 ( 5 , 1 0 0 )  1760 ,  1720  - 4.77q.  
2 5 5 s h  (3 ,300 )  5 1 4  52.7 Hz 

( 4 )  o  i 1  255 1 7 8 0 ,  1740"  5.88q.  
w 

J1=9  J 2 = 6  Hz 

(2) 146 -149 '  258  ( 3 , 8 0 0 )  1765 ,  1740 ,  1 7 0 0  o v e r l a p p e d  

( 6 )  164 -166 '  258 ( 3 , 4 0 0 )  1775 ,  1 7 3 0  - 
(7) 181 -183 '  223 ( 1 9 , 0 0 0 )  1762 ,  1740 ,  1 7 1 8  3 . 8 7 t .  J=10  Hz 

2 6 0 s h  ( 4 , 8 0 0 )  

3 1 0  ( 6 , 2 0 0 )  

r m e a s u r e d  i n  CH2C12 s o l u t i o n .  



summarized i n  T a b l e  I  and 1 1 .  The s t r u c t u r e s  o f  t h e s e  c y c l o a d d u c t s  

were  e l u c i d a t e d  by c o m p a r i s o n s  of t h e i r  s p e c t r a l  d a t a  w i t h  t h o s e  

o f  2. I n  most  c a s e s  t h e  compounds o f  t y p e  JZ and C- were  n o t  i s o -  

l a t e d .  

C o n t r a r y  t o  t h e  above  o l e f i n s ,  o l e f i n s  c a r r y i n g  e l e c t r o n  w i t h -  

d r a w i n g  g r o u p  ( e . q .  methyl  a c r y l a t e ,  a c r y l o n i t r i l e )  gave  no 

c y c l o a d d u c t ,  t h e  s t a r t i n g  m a t e r i a l  b e i n g  r e c o v e r e d .  T h i s  e v i d e n c e  

s u g g e s t s  t h a t  d o n o r - a c c e p t o r  i n t e r a c t i o n  be tween  e l e c t r o n  d e f i -  

c i e n t  d o u b l e  bond o f  1 and e l e c t r o n  r i c h  o l e f i n s  may p l a y  an im- 
4  p o r t a n t  r o l e  i n  t h e  above  p h o t o - c y c l o a d d i t i o n  . 

One o f  t h e  m i n o r  b y - p r o d u c t  (A) was e l u c i d a t e d  a s  a  s t e r e o i k o m e r  

(8) o f  compound ,& s i n c e  i t s  s p e c t r a l  d a t a  were  v e r y  s i m i l a r  t o  

t h o s e  o f 2  e x c e p t  t h a t  t h e  N M R  s i g n a l  of t h e  p r o t o n  w i t h  a s t e r -  

i s k  i n  compound& ( s e e  compound 8 i n  T a b l e  11) a p p e a r e d  a t  l o w e r  

f i e l d  by 0 . 6 6  ppm t h a n  t h a t  o f  L. T h i s  marked s h i f t  i n d i c a t e d  

t h a t  t h e  p r o t o n  and t h e  e t h o x y c a r b o n y l  g r o u p  i n  compound ( 8 )  ,.. a r e  

i n  c i s - a r r a n g e m e n t .  

The s p e c t r a l  d a t a  o f  compound $ were  p r o f o u n d l y  d i f f e r e n t  f rom 

t h o s e  o f  compounds A a n d B .  To t h i s  compound we t e n t a t i v e l y  

a s s i g n e d  t h e  d i h y d r o a z a t r o p o l o n e  s t r u c t u r e  (9) which w i l l  be  

d i s c u s s e d  i n  a  s e p a r a t e  communica t ion .  
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