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Abstract - N-Methylphthalimide in the presence of N-acylindole 
derivatives underwent a photochemical [2+2lcycloaddition to give more 

sterically hindered oxetanes in moderate yields. Some reactions of these 

imide-oxetanes are also described. 

2 Phthalimides undergo a variety of photoreactions with alkenes , including addition 

to the C(O)N bond, electron transfer, photoreduction and , only in few cases, 

imide-oxetane formation. Dnring the course of systematic studies on imide photo- 

chemistry, we have found the first example of the oxetane formation of this aromatic 

imide system by intramolecular photolysis OF N-(o-ind0l-3-ylalkyll~hthalimides~~. 

TO explore this reaction more extensively, we now have examined further the inter- 

molecular photocycloaddition of N-methylphthalimide with a series of N-acylindole 

derivatives 2 , a good Paterno-Bkhi 
A solution of 1 and 2 (mole ratio 1:ll in acetone (10 mM) was irradiated under a 

nitrogen atmosphere with a Pyrex-filtered 500W high-pressure mercury lamp. As 

4 listed in Table I , compounds 2a,&e,c underwent [2+2lcycloaddition to give 
oxetanes g,$,c , f ,  respectively, after alumina column chromatography. In place of 

oxetane , compound 2b - gave an enamide 5 - and a spiro oxazepine derivative 6, while - 
2 5  afforded ring expanding products 7 and 8. These products 5-8  probably arised - 

from the initially formed imide-oxetanes by hydrolysis followed by subsequent ring 

opening of the indoline ring (Scheme 

The structures of photogroducts were assigned on the basis of microanalytical 

4 
results and spectroscopic properties . For example, in the 'H-NMR spectrum of 3a - 



a  methine* p r o t o n  on t h e  oxe tane  r i n g  showed a  s i g n a l  a t  6.40 ppm, t h e  chemical  

s h i f t  v a l u e  of  which is c l o s e  t o  t h a t  of t h e  methine  p r o t o n  a d j a c e n t  t o  t h e  

n i t r o g e n  and oxygen atoms i n  t h e  p r e v i o u s l y  r e p o r t e d  oxe to12 .3 -b l indo le  sys t em 2e ,  5. 

I n  t h e  ' 3 C - ~ ~ ~  s p e c t r a  o f  oxe tanes  &,d,e,c, s i g n a l s  of a methine  ( i n  g) and a 

q u a t e r n a r y  ( i n  carbon* appeared a t  94.5-100 ppm, and t h o s e  of  o t h e r  two 

q u a t e r n a r y  ca rbons  on t h e  o x e t a n e  r i n g  appeared a t  59.5-66.3 ppm and 102.7-103.6 

ppm, r e s p e c t i v e l y ,  s u g g e s t i n g  t h a t  r e g i o s e l e c t i v e  [ 2 + 2 l c y c l o a d d i t i o n  r e a c t i o n  o f  1 

and - 2 has  o c c u r r e d .  Fur thermore ,  i n  &,&,erg, two p r o t o n s  o f  a r o m a t i c  r i n g  showed a  

pronounced s h i e l d i n g  e f f e c t  (5.95-6.60 ppm), i n d i c a t i n g  t h e  s t e r e o c h e m i c a l  

s t r u c t u r e  3 a s  i l l u s t r a t e d  i n  Scheme 1. 

I t  is noteworthy t h a t  t h i s  r e a c t i o n  a f f o r d e d  e x c l u s i v e l y  t h e  more s t e r i c a l l y  

h inde red  oxe tane  3  a s  a  s i n g l e  s t e r e o i s o m e r ,  i n  which t h e  a romat i c  r i n g s  of  t h e  - 

i s o i n d o l o n e  and t h e  i n d o l i n e  moie ty  o v e r l a p  each o t h e r .  Such a h inde red  o x e t a n e  

fo rma t ion  was a l s o  observed i n  t h e  n a p h t h a l i c  anhydr ide- indene sys tem,  r e s u l t i n g  

from t h e  e x c i t e d  complex t h a t  h a s  t h e  same c o n f i g u r a t i o n  w i t h  n-over lapping a s  t h e  

6 ground s t a t e  complex . These r e s u l t s  would s u g g e s t  a  p o s s i b l e  involvement  of 

c e r t a i n  s t a c k i n g  i n t e r a c t i o n ,  such a s  an  e x c i t e d  complex, between t h e  a r o m a t i c  

r i n g s  of  p h t h a l i m i d e  1 la  good e l e c t r o n  a ~ c e p t o r ) ~  and i n d o l e  d e r i v a t i v e s  2 ,  - 

a l though  none o f  the s p e c t r o s c o p i c  ev idence  i s  s o  f a r  o b t a i n e d .  I n  p a r a l l e l  t o  t h i s  

i n f e r e n c e ,  when t h e  N-acyl group i n  Z i s  a  e l e c t r o n - a t t r a c t i v e  methoxycarbonyl 

group IZf) t h e  y i e l d  o f  3 dec reased ,  and no oxe tane  was o b t a i n e d  when N - t r i f l u o r o -  

acetyltetrahydrocarbazole was used.  

The i n t e r m o l e c u l a r  p h o t o c y c l o a d d i t i o n  r e a c t i o n s  o f  t h e  imides  and v a r i o u s  Pa te rno-  

Biichi a c c e p t o r s  (oxetane-forming p a r t n e r s ) ,  a s  i l l u s t r a t e d  i n  t h e  p r e s e n t  example,  

would l e a d  t o  i n t e r e s t i n g  t r a n s f o r m a t i o n s  by way of t h e  i n t e r m e d i a t e  imide-oxetane .  

The d e t a i l e d  mechanism of t h i s  r e a c t i o n  i s  under i n v e s t i g a t i o n .  
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S c h e m e  I 

T a b l e  I P h o t o p r o d u c t s  f r o m  t h e  R e a c t i o n  of 1 w i t h  2 

2  S u b s t r a t e  
Time P r o d u c t  

Y i e l d  R e c o v e r y  o f  
- R I  Rz Rn ( h )  ( % )  mp "' l ( % l a n d  ? ( % I  - 

a - COMe H Me 2  3 a  1 8  1 9 6 - 1 9 8  7 3  5 6  - 

b** COMe Me H  2  - 5  - 1 6  2 6 5 - 2 6 6 . 5  2 5  1 4  

6  - 3 2  1 2 3 . 5 - 1 2 4 . 5  

C - COMe - ( C H s I a -  3  7  - 4 1  2 7 3 . 5 - 2 7 5 . 5  34 11 

8  - 6  2 8 6 - 2 8 7  

d  - COMe - ( C H ~ ) U -  2  - 3 d  6 2  1 8 4 - 1 8 6  20 1 4  

e - COMe C H I -  2  3 e  - 3 9  2 0 1 - 2 0 5  54 2 2  

f - CO2Me - ( C x 2 1  "-  4  - 3 f  3 4  1 8 5 - 1 8 7 . 5  1 9  2 1  

* * A f t e r  i r r a d i a t i o n  t h e  p h o t o l y s a t e  w a s  t r e a t e d  w i t h  TsOH. 
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