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THERMAL REACTION OF l - P H E N Y L - 2 - E T H O X Y C A R B O N Y L - 3 -  

B E N Z O Y L - A 2 - P Y R R O L I N E - 4 , 5 - D I O N E  W I T H  OLEFINS' 

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  s u b s t i t u e n t s  t h e r m a l l y  

c y c l o a d d e d  t o  1-phenyl-2-ethoxycarbonyl-3-benzoyl-A'- 

p y r r o l i n e - 4 , 5 - d i o n e  i n  r e g i o -  and  s t e r e o s p e c i f i c  manne r  

t o  g i v e  [ 4+21  c y c l o a d d u c t s ,  w h i l e  o l e f i n s  w i t h  e l e c t r o n  

d e f i c i e n t  s u b s t i t u e n t s  d i d  n o t  r e a c t  a t  a l l .  T h e s e  f a c t s  

i n d i c a t e d  t h a t  t h e  d o n o r - a c c e p t o r  i n t e r a c t i o n  p l a y e d  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 .  

H e r e  we p r e s e n t  a new e x a m p l e  o f  c y c l o a d d i t i o n  o f  o l e f i n s  w i t h  

3 - a c y l - d i o x o p y r r o l i n e  b y  c h o o s i n g  l-phenyl-2-ethoxycarbonyl-3- 

benzoyl-b2-pyrroline-4,5-dione (1) as  a  m o d e l ,  w h i c h  was p r e p a r e d  

f r o m  e t h y l  b e n z o y l p y r u v a t e  by  t h e  r o u t e  shown i n  c h a r t  1 .  
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The compound ( 1 )  was o b t a i n e d  a s  d e e p  o r a n g e  c r y s t a l s ,  m.p. 165-168 ' ,  - 
IR: 1 7 8 0 ,  1 7 4 0 ,  1 7 3 0 ,  1 6 4 0 ,  1600  cm- ' ,  U V  ( i n  d i o x a n e ) :  p e a k s  

a t  230-275 ( E  1 2 , 6 0 0 - 1 4 , 0 0 0 ) ,  b road  peak c e n t r e d  a t  410 n m  

( E  3 , 0 0 0 ) .  

O n  h e a t i n g  l- w i t h  e t h y l  v i n y l  e t h e r  i n  t o l u e n e  a t  8 0 - 1 0 0 ~ ,  

r a p i d  r e a c t i o n  t o o k  p l a c e  t o  a f f o r d  1 : l  c y c l o a d d u c t  ( 2 )  i n  a  - 
q u a n t i t a t i v e  y i e l d .  D i h y d r o p y r a n ,  v i n y l  a c e t a t e ,  i s o p r o p e n y l  

a c e t a t e ,  and s t y r e n e  a l s o  gave  t h e  s i m i l a r  c y c l o a d d u c t s ,  (3) .  (A), 
( 6 ) ,  ( )  r e s p e c t i v e l y  i n  s a t i s f a c t o r y  y i e l d s ,  t h e  r e s u l t s  b e i n g  - 
summarized i n  T a b l e  I  

4R HX+ H;$ Me+; (1) - 
N 0 : Ph ph Ac0' P h 

H'B COOEt COOEt COOEt 

The s t r u c t u r e  and s t e r e o c h e m i s t r y  o f  t h e  c y c l o a d d u c t s  were  

e s t a b l i s h e d  a s  i l l u s t r a t e d  i n  c h a r t  2  from t h e i r  s p e c t r a l  d a t a .  

For  e x a m p l e ,  t h e  a d d u c t  (2) f rom e t h y l  v i n y l  e t h e r  e x h i b i t e d  

h max 235 ( E  1 2 , 7 0 0 )  and 323 nm ( ~ 1 , 5 0 0 )  i n  t h e  U V  s p e c t r u m  ( i n  

d i o x a n e ) ,  and c a r b o n y l  a b s o r p t i o n s  a t  1730  and 1720  cm-' i n  t h e  

IR s p e c t r u m  ( N u j o l ) .  I n  N M R  s p e c t r u m ,  b e s i d e s  two phenyl  and two 

O E t  g r o u p s ,  s i g n a l s  d u e  t o  H A ,  H B ,  and H x  were  o b s e r v e d  a t  6 3 . 3 3  

( q . ) ,  1 . 9 8 ( q . ) ,  and a t  6 5 . 8 3 ( q . ) .  A p p r e c i a b l e  d i f f e r e n c e  i n  chem- 
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T a b l e  I .  C y c l o a d d i t i o n  of ; w i t h  O l e f i n s  and 

P h y s i c a l  Data o f  C y c l o a d d u c t s  

temp. t i m e  y i e l d  

( h r )  ( % I  
C H ~ = C H - O E ~  80-1 oo"  2  l o o  

c0 0 . 5  100 

CH2=CH-OAc 1  20° 1 5  7 6  
" 

c y c l o a d d u c t  * 
comp . m.p. 

* Al l  compounds gave  s a t i s f a c t o r y  e l e m e n t a r y  a n a l y s e s .  

t Ass ignment  of 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  11. N M R  S p e c t r a  o f  C y c l o a d d u c t s  ( 8  ppm, 60 M H z ,  CDC13) 

a d d u c t s  H X  
H~ 6 

2  
d 

5 . 8 3 q .  3 . 3 3 q .  1 . 9 8 q .  
J 1 = 4 .  J 2 = 1 0  Hz J 1 = 4 ,  J 2 = 1 3  Hz J 1 = l O ,  J 2 = 1 3  Hz 

6 
d 

6 . 1 0 d .  3 . 0 0 ~ .  
J = 5  Hz - 

3  
d 

6 . 9 3 q .  3 .10q .  2 . 0 8 q .  
J 1 = 5 ,  J 2 = 1 0  Hz J 1 = 5 ,  J 2 = 1 3  Hz J 1 = l O ,  J 2 = 1 3  Hz 

4  - 5 . 8 0 q .  3 .07q .  2 . 0 1 t .  
J 1 = 4 ,  J 2 = 1 3  Hz J = 4 , J 2 = 1 3 H z  J 1 = 1 3 , J 2 = 1 3 H z  1  

7 - - 3.53d.  2 . 6 7 d .  
J - 1 5  Hz J = 1 5  Hz 

5  - 4.85m. 2 . 8 7 q .  o v e r l a p p e d  
J 1 = 4 ,  J 2 = 1 3  Hz 



ical s h i f t  o f  HA and  HB i n d i c a t e d  t h a t  s t e r e o c h e m i c a l  s i t u a t i o n  

o f  t h e s e  t w o  p r o t o n s  t o  t h e  e t h o x y c a r b o n y l  and  t o  t h e  N - p h e n y l  

g r o u p  a r e  m a r k e d l y  d i f f e r e n t .  C o u p l i n g  c o n s t a n t s  b e t w e e n  HA and  

HX ( J = 4  H z )  and  b e t w e e n  HB and  HX ( J = 1 0  Hz )  i n d i c a t e d  t h a t  HX 

and  HB w e r e  d i a x i a l l y  o r i e n t e d  w h i l e  HX and  HA w e r e  i n  c i s - r e l a -  

t i o n s h i p .  

The  s t r u c t u r e  t h u s  e l u c i d a t e d  r e v e a l e d  t h a t  t h e  p r o d u c t s  a r e  

[ 4 + 2 ]  c y c l o a d d u c t s  i n  w h i c h  t h e  3 - a c y l - d i o x o p y r r o l i n e  p l a y e d  as 

a  d i e n e  ( e l e c t r o n  d e f i c i e n t )  and t h e  o l e f i n s  a s  d i e n o p h i l e s  

( e l e c t r o n  r i c h ) .  A l k y l  s u b s t i t u t e d  o l e f i n s  s u c h  as 1 - h e x e n e  a l s o  

gave  t h e  c y c l o a d d u c t  (2) b u t  i n  l o w e r  y i e l d .  C o n t r a r y  t o  t h e  

above  r e s u l t s ,  o l e f i n s  w i t h  e l e c t r o n  w i t h d r a w i n g  g r o u p  ( m e t h y l  

a c r y l a t e ,  c i s -  and  t r a n s - ]  , 2 - d i ~ h l o r o e t h ~ l e n e )  d i d  n o t  g i v e  

c y c l o a d d u c t  a t  a l l ,  b u t  o n  h e a t i n g  a t  160'  t h e r m o l y s i s  o f  1 
t o o k  p l a c e  t o  a f f o r d  t h e  q u i n o l i n e  d e r i v a t i v e  ( z ) ,  m.p.  2 3 3 - 2 3 b 0 ,  

( m e t h y l  e t h e r  10, m.p.  1 3 1 - 1 3 5 ' ) ,  w h i c h  p r o b a b l y  p r o c e e d e d  b y  

i n i t i a l  l o s s  o f  CO f o l l o w e d  b y  c y c l i z a t i o n  o f  t h e  r e s u l t i n g  a c y l -  

k e t e n e  t o  N - p h e n y l  g r o u p  as shown i n  c h a r t  3 .  S i m i l a r  t h e r m o l y s i s  

o f  1 , 2 - d i p h e n y l - 3 - b e n z o y l - ~ ~ - p y r r o l i n e - 4 . 5 - d i o n e  was r e p o r t e d  b y  

Z i e g l e r  e t  a 1 2 ,  b u t  h i g h e r  t e m p e r a t u r e  (250 ' )  was r e q u i r e d  i n  

t h e i r  c a s e .  
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T h e  c y c l o a d d i t i o n  h e r e  we p r e s e n t e d  i s  f o r m a l l y  e q u i v a l e n t  t o  

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

t i v e  c e n t r e  ( C 2 )  o f  d i o x o p y r r o l i n e ,  a l t h o u g h  t h e  mechan i sms  a r e  

e n t i r e l y  d i f f e r e n t  each  o t h e r .  Our  r e a c t i o n  was s l i g h t l y  a f f e c t e d  

b y  a c i d s  ( e . g .  TsOH, S n C l s ) .  However ,  i n  t h e  c a s e s  o f  e n o l a c e t a t e s  

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

a b l y  d u e  t o  d e c o m p o s i t i o n  o f  t h e  r e a c t a n t s .  Base ( N E t n )  d i d  n o t  

show c a t a l y t i c  a c t i o n  a t  a l l .  The  m a i n  f a c t o r  c o n t r o l l i n g  t h e  

r e a c t i o n  was t e m p e r a t u r e .  F o r  e x a m p l e ,  t h e  r e a c t i o n  o f  v i n y l  ace -  

t a t e  a t  120 '  a f f o r d e d  3 i n  70% y i e l d  w h i c h  d e c r e a s e d  t o  8% a t  8 0 ° ,  

and  o n l y  t r a c e  amount  o f  3 was f o u n d  i n  t h e  r e a c t i o n  a t  40'.  

We t h e r e f o r e  c o n c l u d e d  t h a t  t h e  r e a c t i o n  was a  c o n c e r t e d  t h e r m a l  

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

(1) -t 
Ph Ph 

COOEt COOEt 

I n t e r e s t i n g l y  t h e  r e a c t i o n  o f  trimethylsilyloxycyclopent-1-ene 4 

w i t h  i n  t o l u e n e  a t  100'  g a v e  t h e  compound (l2) [C25Hz306N,  

m.p. 203-205 ' ,  I R :  3200 ,  1 7 4 1 ,  1 6 9 7 ,  1 6 8 0 ,  and  1 6 4 8  cm-' ; U V :  h max 

258 ( E  11  , 3 0 0 ) ,  306  ( s h o u l d e r ,  E 6 ,000 )  and  354 nm ( E  3 ,000 ) ;  



N M R :  no SiMes g r o u p ;  me thy l  e t h e r  ( l L ) ,  m . u .  140-141 '1 ,  whose c y c l o -  

p e n t a n o n e  m o i e t y  would be  d i r e c t l y  i n s e r t e d .  T h i s  may be due  t o  

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

(9). 
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