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BICYCLO[3 .1 .0 ]HEX-(1 ,5 ) -ENE AND BICYCLO[4 .1 .0 ]HEPT- (1 ,6 ) -ENE 

S 
K e n n e t h  B. Wibe rg  and George  B o n n e v i l l e  

D e p a r t m e n t  of  C h e m i s t r y ,  Ya le  U n i v e r s i t y  
New Haven,  C o n n e c t i c u t  06511 

Summary: The f o r m a t i o n  and t r a p p i n g  o f  b i c y c l o [ ~ . l . 0 ] h e x - ( 1 , 5 ) - e n e  
b i c y c l o [ 4 . 1 . 0 ] h e p t - ( 1 , 6 ) - e n e  from the  c o r r e s p o n d i n g  v i c i n a l  d i b r o m i d e s  i s  d e s c r i b e d .  

and 

S m a l l  r i n g  b i c y c l i c  a l k e n e s  have  r e c e n t l y  r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n ,  Wagner e t .  a l .  I 

have  c a l c u l a t e d  t he  g e o m e t r i e s  o f  t h e  c y c l o p r o p e n e  d e r i v a t i v e s  ~ - 4  and found  a l l  f o u r  t o  have  a 

b e n t  s t r u c t u r e .  S z e i m i e s  e t . a l .  2 have  p r e s e n t e d  good e v i d e n c e  f o r  the  f o r m a t i o n  of  a d e r i v a t i v e  

of  1 v i a  t h e  e l i m i n a t i o n  of  h y d r o g e n  c h l o r i d e  f rom a l - c h l o r o b i c y c l o [ 1 . 1 . 0 ] b u t a n e  d e r i v a t i v e .  A 

more complex  p o l y c y c l i c  d e r i v a t i v e  of  2 a l s o  was o b t a i n e d  by t h e  d e h y d r o h a l o g e n t i o n  o f  

l - c h l o r o q u a d r i c y c l a n e .  3 A d i m e t h y l  d e r i v a t i v e  o f  4 was o b t a i n e d  by C l o s s  and B o l l  v i a  t h e  

p h o t o l y s i s  o f  t he  c o r r e s p o n d i n g  3 - H - p y r a z o l e ,  4 and Gassman,  e t .  a l .  s h a v e  p r e s e n t e d  e v i d e n c e  t h a t  

4 i s  an i n t e r m e d i a t e  i n  t he  r e a c t i o n  of  2 - m e t h y l c y c l o h e x e n y l - 1  c h l o r i d e  w i t h  n - b u t y l l i t h i u m .  A l l  

o f  t h e s e  compounds have  p r o v e n  to  be q u i t e  u n s t a b l e  and were  i n  mos t  c a s e s  i d e n t i f i e d  v i a  t r a p p i n g  

as  D i e l s - A l d e r  a d d u c t s .  

1 2 5 4 
We w i s h  t o  r e p o r t  some e x p e r i m e n t a l  r e s u l t s  c o n c e r n i n g  t h e  f o r m a t i o n  of  ~ and 4.  The mos t  

a t t r a c t i v e  r o u t e  t o  t h e s e  compounds i s  v i a  an e l i m i n a t i o n  r e a c t i o n .  I n  o r d e r  t o  a v o i d  p o s s i b l e  

a m b i g u i t i e s  c o n c e r n i n g  t h e  d i r e c t i o n  of  e l i m i n a t i o n ,  we have  c h o s e n  to  use  t he  r e d u c t i v e  

e l i m l n a t i o n  of  h a l o g e n  from a v i c i n a l  d i b r o m i d e .  As a t e s t  o f  t h i s  m e t h o d ,  

1,2-dibromo-l,2-dimethylcyclopropane ( e i t h e r  c i s  o r  t r a n s )  was t r e a t e d  w i t h  t - b u t y l l i t h i u m  i n  

t e t r a h y d r o f u r a n  a t  - 7 8  ° C. The r e a c t i o n  was q u e n c h e d  by t he  a d d i t i o n  of  m e t h a n o l ,  and t h e n  

d i p h e n y l i s o b e n z o f u r a n  was a d d e d .  An 80% y i e l d  of  t h e  D i e l s - A 1 d e r  a d d u c t  was o b t a i n e d .  6 In  t he  nmr 

s p e c t r u m ,  one of  the  c y c l o p r o p y l  CH 2 p r o t o n s  was found  a t  r e l a t i v e l y  low f i e l d  (5 = 2 . 2 5 )  
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s u g g e s t i n g  t h a t  t h e  CH2 g r o u p  was  s y n  t o  t h e  o x y g e n  i n  t h e  a d d u c t .  ~ 

Me Me "lV~e 
Me 

The d i b r o m i d e s ,  6 a n d  ~,  c o u l d  r e a d i l y  be  p r e p a r e d  f r o m  c o r r e s p o n d i n g  d i c a r b o x y l i c  a c i d s  I v i a  

m o d i f i e d  H u n s d i e c k e r  r e a c t i o n s .  ~ When 6 was  t r e a t e d  w i t h  t - b u t y l l i t h i u m  i n  THF o r  e t h e r  a t  - 7 8 0  , a 

r a p i d  r e a c t i o n  was  o b s e r v e d .  On w o r k u p ,  t h e  m a j o r  p r o d u c t s  w e r e  f o u n d  t o  be  a d i m e r  and  

1 - t e r t - b u t y l b i c y c l o [ 3 , 1 . 0 ] h e x a n e  ( 8 ) .  The s3C nmr s p e c t r u m  o f  t h e  d i m e r  i n d i c a t e d  a r e l a t i v e l y  

h i g h  s y m m e t r y  w h i c h  i s  c o m p a t a b l e  w i t h  t h e  s t r u c t u r e s  9 o r  i t s  s y n  i s o m e r .  Io  E s s e n t i a l l y  t h e  same 

r e s u l t s  w e r e  o b t a i n e d  i n  t h e  r e a c t i o n  o f  ~ w i t h  t e r t - b u t y l l i t h i u m .  

Br 

l -BuL i  

BF 

7 

t-BuLl; 

When t h e  r e a c t i o n  m i x t u r e s  d e r i v e d  f r o m  6 o r  ~ w e r e  t r e a t e d  w i t h  c a r b o n  d i o x i d e ,  

l - ~ e r t - b u t y l b i c y c l o [ 3 . 1 . 0 ] h e x a n e - 5 - c a r b o x y l i c  a c i d  and  l - t e r t - b u t y l b i c y c l o [ 4 . 1 . 0 ] h e x a n e - 6 -  

c a r b o x y l i c  a c i d  w e r e  o b t a i n e d .  

The d i m e r ,  9 ,  c o n t a i n s  t h e  [ 3 . 2 . 1 ] p r o p e l l a n e  s k e l e t o n ,  a n d  t h e r e f o r e  w o u l d  be  e x p e c t e d  t o  

r e a c t  r a p i d l y  w i t h  e l e c t r o p h i l e s  s u c h  a s  a c e t i c  a c i d  t o  c l e a v e  t h e  c e n t r a l  b o n d .  11 I t  was  f o u n d  t o  

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

shown  b y  i t s  nmr s p e c t r u m .  T h i s  o b s e r v a t i o n  p r o v i d e s  a d d i t i o n a l  e v i d e n c e  f o r  t h e  s t r u c t u r e  o f  as 

-HOA'CI 
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The p r o d u c t s  o f  t h e  r e a c t i o n s  o f  t h e  d i b z o m i d e s  w i t h  b u t y l l i t h i u m  s t r o n g l y  r e s e m b l e  t h o s e  o f  

t h e  b L c y c l o [ 1 . 1 . 0 ] b u t e n e  d e r i v a t i v e  s t u d i e d  by S z e i m i e s  and  s u g g e s t  t h a t  3 and 4 were  fo rmed  a s  

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

was t r e a t e d  w i t h  b u t y l l i t h f u m ,  a 71% y i e l d  o f  t h e  D i e l s - A l d e r  a d d u c t  fo rmed  f rom 4 was i s o l a t e d .  

When t h e  r e a c t i o n  was c a r r i e d  o u t  a t  -1200  C, and d i p h e n y l i s o b e n z o f u r a n  was added  a f t e r  t h e  

b u t y l l i t h i u m ,  no D i e l s - A l d e r  a d d u c t  was f o r m e d .  T h i s  i n d i c a t e s  t h a t  4 u n d e r g o e s  d i m e r L z a t i o n  v e r y  

r a p i d l y  even  a t  - 1 2 0  ° C. Our c a l c u l a t i o n s  12 i n d i c a t e  t h a t  4 has  e s s e n t i a l l y  t h e  same e x t r a  s t r a i n  

e n e r g y  as  b i c y c l o [ 2 . 2 . 0 ] h e x - ( l , 4 ) - e n e  8 .  However ,  8 does  n o t  u n d e r g o  d i m e r i z a t i o n  i n  d i l u t e  

s o l u t i o n  b e l o w  0 ° C. C a l c u l a t i o n s  s u g g e s t  t h a t  8 i s  p l a n a r  w h i c h  s h o u l d  l e a d  t o  s t e r i c  h i n d r a n c e  

t o  d i m e r i z a t i o n .  The n o n - p l a n a r  s t r u c t u r e  o f  4 i s  p r o b a b l y  a t  l e a s t  i n  p a r t  r e s p o n s i b l e  f o r  i t s  

h i g h e r  r e a c t i v i t y .  The i n t r o d u c t i o n  of  a g e m - d i m e t h y l  g r o u p  a t  t he  7 - p o s i t i o n  of  4 i s  known t o  

r e d u c e  i t s  r e a c t i v i t y ,  4 and t h i s  i s  i n  a c c o r d  w i t h  s t e r i c  a r g u m e n t s .  

Ph 

The c o r r e s p o n d i n g  r e a c t i o n  o f  6 l e d  t o  t h e  f o r m a t i o n  

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

o f  3 w h i c h  c o u l d  be t r a p p e d  w i t h  

I t  w a s ,  h o w e v e r ,  n o t  p o s s i b l e  t o  t r a p  

4 w i t h  f u r a n  or  d i m e t h y l f u r a n ,  p r e s u m a b l y  due t o  i t s  l o w e r  r e a c t i v i t y .  
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