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Abstract - Upon photoexcitation of appropriately substituted oxiranes 
ring opening leads to carbonyl ylides which undergo intramolecular cyclo- 

addition reactions affording annelated and/or bridged tetrahydrofurans. 

The transformation of ene-oxiranes 1 into tetrahydrofuran derivatives 1/4 takes 

place in two steps involving C/C-bond cleavage of the epoxide ring and subsequent 

intramolecular cycloaddition of the 1,3-dipolar intermediate 2. 
* 

1 - - 2 - 3 L - 
We have studied this reaction in some detail using different types of carbonyl 

ylides which were generated so far by thermal ring opening of the oxirane precur- 

sors Although the cyclisation step 2--23/4 seems to be rate determining in 

many cases, the relatively high activation barrier to the formation of 2 not 

only complicates the mechanistic interpretation but might also be responsible for 

the formation of appreciable amounts of side products in certain examples  here- 
fore we undertook intramolecular cycloaddition experiments with carbonyl ylides 

which were obtained by electronic excitation of selected ene-oxiranes in the tem- 

4 perature range between -57 and +80 OC . 
In the present communication we describe our results with the compounds I -2  

5 as starting materials . 
According to the uv-spectra of the ene-oxiranes, which show the long- 

wavelength absorption maxima at about 280 nrn ( c*4000), direct excitation may 
0 

be performed either by the 253.7 A line of e low pressure mercury lamp or using 

the pyrex-/vycor-filtered radiation of a high pressure mercury light source. 



The p h o t o c o n v e r s i o n  of  t h e  0 - a l l y 1  d e r i v a t i v e  5 p r o c e e d s  v e r y  s l o w l y :  a f t e r  

i r r a d i a t i n g  a s o l u t i o n  o f  100  mg o f  2 i n  a c e t o n i t r i l e  f o r  8  h  (Hanau Q81, 80 W ,  

A ,280 nm) t h e  r e a c t i o n  m i x t u r e  c o n t a i n s  s t i l l  2. 30 mg o f  s t a r t i n g  m a t e r i a l  as 

well as  s. 10 mg o f  its g e o m e t r i c a l  i somer  2. Only o n e  f u r t h e r  monomeric p r o d u c t  

could be i d e n t i f i e d  a f t e r  careful t h i n  l a y e r  chromatography  ( t l c ) ,  namely t h e  a l -  , 

dehyde 2, t h e  y i e l d  b e i n g  z. 30%. No i n d i c a t i o n  was o b t a i n e d  f o r  t h e  f o r m a t i o n  

of  t h e  i n t r a m o l e c u l a r  c y c l o e d d u c t  8, even  when t h e  p h o t o l y s i s  was e x e c u t e d  a t  

80 OC. 

The occurrence of 9 and 10 as  p h o t o p r o d u c t s  may b e  b e s t  e x p l a i n e d  by t h e  i n t e r -  

mediacy of  c a r b o n y l  y l i d e  2 which e i t h e r  u n d e r g o e s  c o n r o t a t o r y  r i n g  c l o s u r e  t o  & Ftl 

8 - 
O\ *-C Q.y Ox N Q CHO 

.I 9 - 
OL 

10 - 

(conrot.) / 
hv 7 

k* 11 - - 

h v ( disrot 1 



HETEROCYCLES, Vol 20, No 8, 1983 

t h e  i somer  9 (g round  s t a t e  r e a c t i o n )  o r  p h o t o f r a g m e n t a t i o n  l e a d i n g  t o  10 and 

phenyl-cyano-carbene 4 '6.  v e r y  s i m i l a r  r e s u l t s  have been r e p o r t e d  by Huisgen and 

coworkers  w i t h  cis- and trans-diphenyl-cyano-stilbene o x i d e  3a,7.  On t h e  o t h e r  

s i d e ,  b i m o l e c u l a r  t r a p p i n g  s t u d i e s  w i t h  photochemica l ly  formed c a r b o n y l  y l i d e s  

l i k e  l l , c a r r i e d  o u t  by t h e  Munich w o r k e r s  a s  well a s  by o u r  own group  ', i n d i c a -  

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

o x i r a n e  d e r i v a t i v e s  s h o u l d  be s u b s t i t u t e d  by e l e c t r o n  wi thdrawing  g r o u p s  i n  o r d e r  

t o  r e d u c e  t h e  a c t i v a t i o n  e n e r g y  Ea2 ( s e e  e q u a t i o n  1). 

However, i r r a d i a t i o n  e x p e r i m e n t s  w i t h  & and a f f o r d e d  mere ly  a  m i x t u r e  o f  

g e o m e t r i c a l  i s o m e r s  o f  and 2. It was o n l y  i n  t h i s  series which o n  photo-  

e x c i t a t i o n  was t r a n s f o r m e d ,  a t  l e a s t  t o  a small e x t e n t ,  t o  a  c y c l o a d d u c t :  b e s i d e s  

12c/13c as  t h e  main p r o d u c t s ,  t h e  b r i d g e d  t e t r a h y d r o f u r a n  d e r i v a t i v e  +4c c o u l d  be -- 
i s o l a t e d  i n  a b o u t  10% y i e l d .  

I n t e r e s t i n g l y  t h e  l a t t e r  compound (%) proved t o  b e  i d e n t i c a l  w i t h  t h e  major  

p r o d u c t  o b t a i n e d  o n  t h e r m o l y s i s  o f  & lb. T h e r e f o r e  t h e  c y c l o a d d i t i o n  s t e p  d u r i n g  

t h e  p h o t o r e a c t i o n  must b e  s l o w e r  t h a n  t h e  C/O-bond r o t a t i o n  i n  t h e  p r i m a r y  y l i d e  

(i.=. exo,endo- t o  = ,=- i somer i sa t ion  of  t h e  1 , ) - d i p o l e  ). 

~ o n s e q u e n t l y ,  e f u r t h e r  enhancement o f  t h e  c y c l o a d d i t i o n  p r o c e s s  s h o u l d  b e  

p o s s i b l e  u s i n g  e n e - o x i r a n e s  w i t h  a n  o l e f i n i c  u n i t  a c t i v a t e d  by two e l e c t r o n  a t -  

t r a c t i n g  s u b s t i t u e n t s .  T h i s  assumpt ion  t u r n e d  o u t  t o  b e  c o r r e c t :  t h e  p h o t o r e a c -  

t i o n s  o f  t h e  d e r i v a t i v e s  &-7c were found t o  proceed s i g n i f i c a n t l y  f a s t e r  t h a n  i n  

t h e  o t h e r  c a s e s  and t o  p r o d u c e  h i g h e r  amounts  o f  i n t r a m o l e c u l a r  c y c l o a d d u c t s  

( 3 5  - 4 4 % ) .  Depending on t h e  i r r a d i a t i o n  c o n d i t i o n s  ( s e e  t a b l e )  40 -50% c o n v e r s i o n  

was r e a c h e d  e f t e r  30 t o  60 m i " .  The p r o d u c t  a n a l y s i s  was c a r r i e d  o u t  by means o f  



detailed '~-nmr investigations, including double resonance experiments, of tlc 

9 fractions containing varying quantities of reaction products . 

1- intramolecular cycloadducts 

(see table) 

Table. Intramolecular Cycloadducts of the Ene-Oxiranes z, and 

Photolysis C. LzE 

Each run is performed with 100 mg of 1 in 100 ml solvent. b, Conversion. The 
re-isolated fractions of oxiranes consist of the respective ring and double bond 

isomers (see structure +5). C)~ield, related to conversion of 2. In addition to 
17-J , traces of the aldehydes 16 are formed as well as further adducts with - 
unknown stereochemistry in 3-4s yield. d, Numbers in %, related to the total 

yield of cycloadducts 2 - 2 3 .  Ar -oC6H4-0-, X =(CH2)", E =CO CH 3. e, structure 

assignment still embiguous7) Hanau NK 6/12 (6 W); CH3CN as solvent. g ,  Hanau 

TQ 150 ( 150W); CH30H as solvent. 
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The r e s u l t s  w i t h  3 - a r e  summarized i n  t h e  t a b l e .  Whereas t h e  a n n e l a t e d  

t e t r a h y d r o f u r a n  d e r i v a t i v e s  11 and 21 a r e  formed as t h e  e x c l u s i v e  o r  p redominant  

c y c l o a d d u c t s  d u r i n g  t h e  p h o t o r e a c t i o n s  of  2 and 7b, p h o t o l y s i s  o f  l e a d s  p r e -  

f e r e n t i a l l y  t o  t h e  b r i d g e d  compounds 2 and z. The p r e v a l e n c e  o f  " c r o s s e d "  

a d d i t i o n  h a s  been l i k e w i s e  o b s e r v e d  f o r  t h e  ene-ox i rane  & lb ( v i d e  s u p r a ) .  

According t o  t h e  g e n e r a l  scheme f o r  i n t r a m o l e c u l a r  c y c l o a d d i t i o n s  o f  ene- 

o x i r a n e s  ( e q u a t i o n  11, i t  i s  r e a s o n a b l e  t o  s u g g e s t  t h a t  t h e  r e a c t i o n  t e m p e r a t u r e  

might  e x e r t  a  s t r o n g  i n f l u e n c e  on 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  ( f o r  i n s t a n c e ,  

t h e  t h e r m a l  c o n v e r s i o n  o f  t h e  d i p o l e  i n t e r m e d i a t e  of 2 t o  x/fs r e q u i r e s  a tem- 

p e r a t u r e  o f  a b o u t  120  OC) '. T h e r e f o r e  i t  was a  r a t h e r  s u r p r i s i n g  outcome o f  o u r  

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

t e m p e r a t u r e  i n d e p e n d e n t  ( s e e  t a b l e ) :  i n  t h e  r a n g e  between +20 and -57 OC n o t  o n l y  

t h e  t o t a l  y i e l d  b u t  a l s o  t h e  r e l a t i v e  amounts o f  c y c l o a d d u c t s  remained n e a r l y  un- 

changed ( t h e  s l i g h t  d e c r e a s e  of  t h e  a d d u c t s  (=+%I  i n  f a v o r  o f  t h e  i s o m e r s  

(2++c) a t  l o w e r  t e m p e r a t u r e  is i n  agreement  w i t h  t h e  e x p e c t e d  d i m i n u a t i o n  of  

t h e  r a t e  f o r  t h e  C/O-bond r o t a t i o n  p r o c e s s  z--Pz. T h i s  r e s u l t  may b e  e x p l a i n e d  

by t h e  a s s u m p t i o n  t h a t  t h e  c y c l o a d d i t i o n  s t e p  t a k e s  p l a c e  from a  v i b r a t i o n a l l y  

e x c i t e d  s t a t e  l1 o f  t h e  c a r b o n y l  y l i d e  i n t e r m e d i a t e  ( s e e  e q u a t i o n  5 w i t h  t h e  

I n  c o n c l u s i o n ,  w e  have  shown t h a t  photochemica l  r i n g  o p e n i n g  o f  a p p r o p r i a t e l y  

s u b s t i t u t e d  e n e - o x i r a n e s  l e a d s  t o  c a r b o n y l  y l i d e s  which s u b s e q u e n t l y  undergo  

i n t r a m o l e c u l a r  c y c l o a d d i t i o n  t o  t h e  o l e f i n i c  u n i t .  However, d u e  t o  v a r i o u s  s i d e  

r e a c t i o n s  t h e  y i e l d s  a r e  u s u a l l y  modest.  According t o  t h e  r e s u l t  a t  d i f f e r e n t  

t e m p e r a t u r e s ,  t h e  c y c l o a d d i t i o n  s t e p  i s  assumed t o  t a k e  p l a c e  from a v i b r a t i o -  

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