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ENTRY INTO THE ALLENE OXIDE-CYCLOPROPANONE SYSTEM V I A  VINYLSILANES 

I V .  REACTION OF ALLENE OXIDES WITH CYCLOPENTADIENE . ' 

Beng . - Soon 0 3  and Tak-Hag C h s *  - - -  - - - 
Department of Chemistry, McGill Univers i ty ,  Montreal, Canada 

Alky l - subs t i tu ted  a l l e n e  oxides  r e a c t e d  w i t h  cyclo- 

pentadiene t o  q ive  s u b s t i t u t i o n  products  whereas a r y l -  

s u b s t i t u t e d  a l l e n e  oxides  r e a c t e d  wi th  cyclopentadiene 

and r e l a t e d  he te rocyc les  t o  g ive  cyc loadd i t ion  products .  

The d i f f e r e n c e  is expla ined by a f a c i l e  rearrangement 

of a r y l - s u b s t i t u t e d  a l l e n e  oxides  t o  cyclopropanones. 

Al lene oxide  ( I )  may be considered a s  one o f  t h e  s m a l l e s t ,  and 

y e t  extremely r e a c t i v e ,  he te rocyc le .  Not much is known about t h e  

chemist ry  of t h i s  c l a s s  of c ~ m p o u n d . ~  Recent ly ,  w e  have developed 

a novel method f o r  t h e  genera t ion  o f  a l l e n e  oxides  (Scheme 1). 4 

With t h i s  method, 1 - t -bu ty la l l ene  oxide  (I,R=t-Bu) has  been prepared,  

i s o l a t e d  and ~ h a r a c t e r i s e d . ~  Other monosubsti tuted a l l e n e  oxides  

have been s i m i l a r l y  generated,  however, they were t o o  r e a c t i v e  t o  

s u r v i v e  i s o l a t i o n . 2  Their  e x i s t e n c e  was i n f e r r e d  by t rapp ing  wi th  

e x t e r n a l  nuc leoph i les .  From t h e  product  d i s t r i b u t i o n  (111 o r  I V )  

it was concluded t h a t ,  whereas a r y l - s u b s t i t u t e d  a l l e n e  oxides  ( I ,  

R=aryl) rearranged t o  t h e  corresponding cyclopropanones I1 p r i o r  t o  

r e a c t i o n  wi th  t h e  e x t e r n a l  nuc leoph i les  t o  q i v e  I V ,  a l k y l - s u b s t i t u t e d  



Scheme 1 

a l l e n e  oxides  (I, R=alkyl o r  H) r e a c t e d  a s  such t o  g ive  111. 
2 

We have now found t h a t  such a dichotomy of r e a c t i v i t y  a l s o  e x i s t s  

i n  t h e  r e a c t i o n  of a l l e n e  oxides  w i t h  cyclopentadiene and r e l a t e d  

heterocyclopentadienes .  

A l k y l - s u b s t i t u t e d  a l l e n e  ox ides  ( I  a -d) ,  when generated i n  t h e  
, 

presence of cyclopentadiene,  a f fo rded  t h e  s u b s t i t u t i o n  products  

v a-d (scheme 2 )  i n  moderate y i e l d s  (Table  I ) .  The assignment of 

t h e  s t r u c t u r e  of V was based on t h e  fol lowing cons idera t ions .  The 

i r  s p e c t r a  of V d i sp layed  t h e  expected s t r o n g  carbonyl band a t  ca .  

1705 cm-I .  The i r  UV s p e c t r a  showed hmax a t  245 and 290 nm f o r  t h e  

n m *  [ c f .  cyclopentadiene,  Xmax 239 nm I and n+n* t r a n s i t i o n s  

r e s p e c t i v e l y .  Their  nmr and mass s p e c t r a  were e n t i r e l y  c o n s i s t e n t  
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[ a .  R = M e  

'?. i - ~ r  
C. - n-C1~H21 Scheme 2 
d. - cyclo-c6C11 

with the proposed structure. Compounds V polymerised after standing 

3 days at room temperature. 

No reactions were observed between the alkyl-substituted allene oxides 

and furan or N-carbomethoxypyrrole; only 3-chloro-2-ketones (111, 

Nu=Cl) were isolated from the reaction mixtures. 

On the other hand,qeneration of aryl-substituted allene oxides 

(I, R=aryl) under identical conditions in the presence of cyclo- 

pentadiene gave exclusively the cycloadduct VI . The formation 

of VI is in agreement with a prior rearrangement of the aryl- 

substituted allene oxides to the cyclopropanones I1 which are known to 

undergo cycloaddition with cyclopentadiene. 6 
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9 
S i m i l a r  cycloadducts  ( V I ,  X = 0 ,  o r  N-C-OMe) w e r e  formed when 

t h e  a r y l - s u b s t i t u t e d  a l l e n e  oxides  were generated i n  t h e  presence 
6 

of fu ran  o r  N-carbomethoxypyrrole. 

These r e s u l t s  sugges t  t h a t  a l k y l - s u b s t i t u t e d  a l l e n e  oxides  a r e  

e l e c t r o p h i l i c .  They could r e a c t  wi th  nucleophi les  t o  g ive  111. 

I n t h e  presence o f  cyclopentadiene,  they could  r e a c t  t o  g i v e  t h e  

z w i t t e r i o n i c  in te rmedia te  V I I ,  thence t o  V. The r e g i o s p e c i f i c  n a t u r e  

of t h e  r e a c t i o n  ( i n  a l l  c a s e s ,  3 - subs t i tu ted  ketones  were ob ta ined  

from I) i s  c o n s i s t e n t  wi th  t h e  proposed mechanism. For a r y l -  

s u b s t i t u t e d  a l l e n e  ox ides ,  however, t h e i r  rearrangement t o  t h e  

cyclopropanones 11 is f a s t e r  and t h e  subsequent r e a c t i o n s  a r e  

then  t h o s e  expected of cyclopropanones. 6 

An i n t e r e s t i n g  conclus ion of t h e  p r e s e n t  work is  t h a t  t h e  

z w i t t e r i o n  s p e c i e s  V I I  can be  r u l e d  o u t  a s  t h e  i n t e r m e d i a t e  i n  

the cyc loadd i t ion  r e a c t i o n s  between cyclopropanone and t h e  c y c l i c  

1,3-diene.  Such a conclus ion i s  c o n s i s t e n t  w i t h  a  concer ted mechan- 

i s m  f o r  t h e  cyc loadd i t ion .  
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