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Abstract - Photolysi~ of N-3-alkenylphthalimides in methanol gave - 

tetrahydro-5H-pyrrolo~2,1-ali~~ind0l-5-ones 2 - andlor tetrahydropyrido[Z.l-a]- 

isoindol-6(2H)-ones _3 depending on the degree of substitution at the olefin - 

carbons of 1. Electron transfer followed by the anti-mrkownikoff addition 

of methanol is proposed as a possible mechanistic pathway. 

Recently there has been a great deal of interest in the photochemistry of cyclic irnide~,~ which 

undergo a variety of photoreactions common to simple earbonyl compounds including inter- and intra- 

molecular phoroaddition of ole fin^."^ We reported that N-alkenylphfhalimides undergo phoro- 

cyelization giving several 1,2,3,9b-retrahydro-5H-pyrro1o~2,1-a]isoid1-5- deri~arives.~~ 

During studies on the scope of these reactions, we investigated in the present work the photolysis 

of a set of N-3-alkenylphthalimides with all combination of methyl substituents. - 

The N-3-alkenylphthalimides laZf --.- were prepared in moderate yields by reacting potassium phthalimide 

with appropriate 1-halo-3-alkenes in dimethylformamide. In a representative example, iriadiation 

6 of a solution of &b in methanol (10 EM) afforded, after silica gel chromatography (chloroform : 

ethyl acetate = 8 : I), two diastereoisomers (Cl,HI,N03) 3;& and Zb_=ii in a good total yield. ---- 
1 Compound 2k;L showed : IR (KBr) 3230 (OH), 1670 (C=O) cm- ; 'H NMR (CDCls) 6: 0.50 (3H, s, C-Me), 

1.7-2.1 (2H, m, N-CHz%2), 2.2-2.7 (2H, m, E.OMe), 3.2-3.8 (ZH, m, N-CH,), 3.50 (3H, s ,  OMe), 4.10 

(lH, s, OH), 7.3-7.7 (4H. m, aromatic H). Compound 22;s showed : IR (KBr) 3350 (OH), 1690 (C=O) 

m ;  'H NMR (CDCld 6 : 1.30 (3H, s,  C-Me). The stereochemistry of 9 b 1  was assigned as shown --.- 

in Chart I on the basis of their 'H NNR spectra by considering the anisotropic shielding effects of 



the phenyl ring on the chemical shifts of the C-methyl, namely, C-Me (gig - &&) = 0.8 ppm. 

Similarly, irradiation was carried out on the N-3-alkenylphthalimides (&h,&l;f), and the results 

were summarized in Table I. Similar results as in the case of &b were observed on the compounds 

(la and id), thus forming only a stereomixture of the pyrroloisoindolones (z), while the pyridoiso- 

indolone (2) was the sole product from &. However, the reaction of &l and If afforded a mixture of 

Scheme I 

Table I. Photolysis of I and the Product Distribution . 
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61 % a f  &a was recovered. .. 
e f .  Ref. 5a 

A" unknown product (mp. 108-llO0C) was also formed. 

2 - Yield (%I (mp. 'C) 3 Yield ( X )  (mp. 'C) 
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It is i n t e r e s t i n g  t h a t  euch r a t h e r  l i t t l e  va r i a t i on  i n  t h e  s u b s t r a t e  s t r u c t u r e s  as the  exis tence  of 

a methyl group has profoundly influenced t h e  r eac t i on  s i t e s  mostly r e s u l t i n g  i n  predominant forma- 

t i o n  of e i t h e r  the  pyrroloisoindolones 2 . or pyr idoiso indolmes  2. The photoproducts cons i s t  of a 

mixture of stereoisomers which were separa ted  by s i l i c a  g e l  chromatography, and most of t h e i r  

s t ruc tu re s  were assigned based an the  analyses of t h e i r  'H NMR spec t r a  as i n  the  case of Zb. 
7a 

Mazzocchi &. extens tve ly  s tudied  the  intermolecular photochemical add i t i on  of dienes and 

ole fin^'^-^ to  N-methylphthalimide, and have s h o w  t h a t  the  r emarkb le  s e n s i t i v i t y  of t h e  add i t i on  

Process to  alkene i on i za t i on  p o t e n t i a l  is due t o  competi t ive e l ec t ron  t r a n s f e r  quenching of t h e  

phthalimide exci ted  s t a t e  by the  alkene." Analogous r e s u l t s  have been found by Maruyama g g. 5 

Although the  mechanism of the  r eac t i on  i s  s t i l l  open t o  ques t ion ,  t h e  gross f ea tu re s  may include 

such i n i t i a l  e l ec t ron  t r a n s f e r  a t  l e a s t  as one of the  important processes. The r e s u l t s  i n  the  

Table which were obtained w i th  t h e  i n t r a m l e c u l a r  add i t i on  may a l s o  be b e s t  r a t i ona l i zed  by 

considering such pathways. Thus the  e l ec r ron  t r a n s f e r  from t h e  double bond i n  the  s i d e  chain to  the 

imide is followed by the  anti-Markounikoif add i t i on  of forming a more s t a b i l i z e d  

b i r a d i c a l  intermediate among two poss ib le  ones. With t h e  subs t r a t e s  i n  which the  C, atom i s  more 

subs t i t u t ed  t h e  b i r a d i c a l  ( 5 )  would be formed and then give r i s e  t o  t h e  product Z(a,b,d), while  with 

t h a t  having the  Cg atom more subs t i t v t ed  the  b i r a d i c a l  i s  5 . leading  to  l(e) (Scheme 1 ) .  When the  - - 

C, and C g  atoms +re s u b s t i t u t e d  t o  the  equal ex t en t  as i n  the ease of and f ,  both products indeed - 

were formed. The above f o r m d a t i o n  provides reasonable i n t e r p r e t a t i o n  i n  a l l  cases f a r  the  product 

d i s t r i bu t ion .  
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