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Abstract----- Photolysis of the N-cycloalkenylphthalimide 4 

(m> 11 in methanol gave spiro-nitrogen multicyclic products 5 .  
In the case of m=l, pyrrolo[2,1-alisoindole derivatives (6.11 

were obtained. This support a mechanism involving an electron 

transfer followed by the anti-Markownikoff addition of methanol. 

The photochemical reactions of phthalimides have been studied extensively.' The 

system undergoes a variety of photoreactions common to carbonyl compounds including 

inter- and intramolecular photoaddition of 01efins.~ We have recently reported 
4 

that photolysis of N-3-alkenylphthalimides 1 in methanol gave pyrrolol2.1-aliso- 
indole 2 and/or pyrido12,1-alisoindole 2 systems depending on the degree of - 
substitution at the olefin carbons(o,B) of &,and an electron transfer mechanism was 

proposed. 
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Based on t h e  formulat ion given i n  Scheme I toge the r  wi th  t h e  mechanism proposed, 4  

it was a n t i c i p a t e d  t h a t  N-cycloalkenylphthalimides ( ; R 1 -  R2= r i n g ,  R3= H )  w i l l  - 
l ead  t o  a  photochemical syn thes i s  of sp i ro - r ing  systems ( 2 ; R'- R~ = r i n g ) ,  which 

a r e  o therwise  r a t h e r  d i f f i c u l t  t o  access .  I n  t h e  p r e s e n t  work we have examined 

t h i s  idea  and found t h a t  t h i s  was r e a l l y  t h e  case .  

A s e r i e s  of  N-cycloalkenylalkylphthalimides 4 were prepared and t h e i r  p h o t o l y s i s  

was performed wi th  a  500 W high-pressure mercury lamp i n  methanol i n  an atmosphere 

of n i t rogen.  The r e s u l t s  a r e  summarized i n  Table I and Scheme 11. 

Table I. Photoproducts from 4 - 

S u b s t r a t e s  4 Products SM ( % )  

m n  - 5 ( % )  (mp 'C) 

a 1 3  - - - - 6 28 (213 - 214) 32 

1 16 (183 - 185) - 

Scheme I[ 
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I r r a d i a t i o n  of fg a f fo rded ,  a f t e r  s i l i c a  g e l  TLC, two products ,  2 and 2 ,  whose. 

t e t r a c y c l i c  s t r u c t u r e s  were ass igned based on t h e  e lementa l  a n a l y s i s  and s p e c t r a l  

p r o p e r t i e s .  On t h e  t r ea tmen t  wi th  a  t r a c e  of hydroch lo r i c  a c i d ,  both  of them were 

conver ted  i n t o  a pyr ro lo i so indo le  2 (mp 113-115°C) i n  a  q u a n t i t a t i v e  y i e l d  i n  

suppor t  of t h e i r  s t r u c t u r e s .  

However, p h o t o l y s i s  of t h e  o t h e r  s u b s t r a t e s  4 b g  proceeded t o  g i v e  t h e  d e s i r e d  ---- 

cyc l i zed  s p i r o  compounds 5bze,  ---- r e s p e c t i v e l y  (Table I ) .  For example, two isomers 

5ba and 5bg were i s o l a t e d  from t h e  r e a c t i o n  of 4h. The i r  'H-NMR s p e c t r a  were i n  --- --- 

agreement wi th  t h e  ass igned s t r u c t u r e s .  Also i n  t h e  "C-NMR s p e c t r a ,  a l l  t h e  

peaks were reasonably  ass igned f o r  t h e  carbons;  e . g . ;  I&, qua te rna ry  C 59 ppm ( s ) ,  --- 

MeOp 91 ppm ( d ) ;  ZkB, qua te rna ry  C 53 ppm ( s ) ,  MeOzH 83 ppm ( d l .  The isomerism i s  --- 
apparen t ly  due t o  d i f f e r e n t  c o n f i g u r a t i o n  of t h e  Me0 groups wi th  r e s p e c t i v e  t o  t h e  

hydroxyl group, b u t  t h e  s t e reochemis t ry  i s  no t  y e t  determined.  Likewise,  s i m i l a r  

m u l t i c y c l i c  s p i r o  s t r u c t u r e s  were ass igned f o r  a l l  of t h e  photoproducts if=;. 
The r e a c t i o n  i s  r a t i o n a l i z e d  by t h e  same mechanism a s  p rev ious ly  proposed.4 Thus 

t h e  e l e c t r o n  t r a n s f e r  from t h e  double bond t o  t h e  imide i s  mainly followed by a n t i -  

Markownikoff a d d i t i o n  of methanol, 3 a r 4 ' 5  forming a more s t a b i l i z e d  b i r a d i c a l  2, - 
which, w i t h  t h e  t e r t i a r y  branched carbon of t h e  s i d e  cha in  r i n g  inGolved, "ill 

u l t i m a t e l y  l ead  t o  5 (Scheme m ) .  The reason f o r  t h e  format ion 5 and 7 from 4s i s  - - 

uncer t a in .  Presumably wi th  t h e  s u b s t r a t e  Ag, i n  which t h e  double bond carbon i s  -- 
r e l a t i v e l y  c losed  t o  t h e  imide carbonyl ,  a  competing in t r amolecu la r  p ro ton  

t r a n s f e r  becomes p r e f e r r e d  t o  t h e  a d d i t i o n  o f  methanol, and t h e  r e s u l t i n g  

b i r a d i c a l  i p  would l e a d  t o  8 and 2, wi th  o r  wi thout  t h e  p a r t i c i p a t i o n  of methanol. -- - 

Minor involvement of an oxetane  i n t e r m e d i a t e s 3  however, can n o t  be  excluded.  

Scheme m 
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