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PBOTOCYCLIZAT'ION OF 4-SUBSTITUTED ISOQUINOLINONE. _ \ I e  

AN APPROACH TO THE SYNTHESIS OF PHENANTHRIDINE ALKALOIDS<?: 

Organic Chemistry Laboratory,  Cn ivers icy  of Amscerda~,  
Nieuwc Achrerqracht  1 2 9 ,  Amsterdav, The !;etherlands.  

A f a c i l e  convers ion of  N-methylisoquinolinone t o  

phenan th r id ine  d e r i v a t i v e s  i s  desc r ibed .  

Phenanthr id ine  a l k a l o i d s  have r e c e i v e d  a  g r e a t  amount of  

a t t e n t i o n  i n  view o f  t h e i r  an t i l eukemic  a c t i v i t y  p r o p e r t i e s  

2a 'brc .  S e v e r a l  approaches t o  t h e  s y n t h e s i s  o f  t h i s  c l a s s  of  

a l k a l o i d s  have been r e c e n t l y  r e p o r t e d  2 b r c r 3 .  1n connect ion 

wi th  o u r  i n t e r e s t s  i n  t h e  r e a c t i v i t y  p a t t e r n  of  f u n c t i o n a l i z e d  

enarnines4, we have examined t h e  r e a c t i o n  of  carbenes  (carben- 

o i d s )  w i t h  2 - s u b s t i t u t e d  i soqu ino l inone .  The a d d i t i o n  p roduc t s  

(3) of  e t h y l  d i a z o a c e t a t e  w i t h  2-methylisoquinolinone - 1 can 

be transformed t o  4 - s u b s t i t u t e d  i soqu ino l inone  2 i n  1-igh y i e l d .  

The l a t t e r  product  can  be conven ien t ly  conver ted  t o  benzophen- 

a n t h r i d i n e  d e r i v a t i v e s  5 and 2 v i a  a  sequence invo lv ing  a  photo- 

c y c l i z a t i o n  s t e p .  The f a c i l e  a v a i l a b i l i t y  of .?  makes t h e  over-  

a l l  convers ion t o  5 and 7 a  p o t e n t i a l l y  u s e f u l  p r a c t i c a l  

approach t o  phenan th r id ine  a l k a l o i d s .  

\I, 

;?;~edicated t o  P rof .  S. Sugasawa on h i s  80th  b i r t h d a y .  
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R e a c t i o n s  of 1 w i t h  e t h y l  d i a z o a c e t a t e  i n  t h e  p r e s e n c e  o f  a  

coppe r  c a t a l y s t  a f f o r d e d  a m i x t u r e  of t h e  s - a d d u c t  (&, 5 0 % ) ,  

t h e  w - a d d u c t  (&, 40%) and 4 (carboethoxymethyl )  i s o q u i n o l i n o -  

ne (3, 4 8 1 ,  which c o u l d  b e  s e p a r a t e d  or, a s i l i c a g e l  column. Iso- 

m e r i z a t i o n  o f  and  3 t o  j was accompl ished  i n  q u a n t i t a t i v e  

y i e l d s  by r e f l u x i n g  s o l u t i o n s  o f  e i t h e r  of t h e  i somers  i n  

EtOlI/HCl f o r  16 h o u r s .  

The a n i o n  o f  3 g e n e r a t e d  by r e a c t i o n  w i t h  L i th ium d i - i s o p r o -  

pylamide i n  THF, a t  -78' ,  w a s  a l k y l a t e d  w i t h  v e r a t r y l h r o m i d e  i n  

6 THF/HMFT a t  -50' t o  g i v e  4 i n  84% y i e l d ;  m.p. 1 1 6 - 1 1 7 ' ~ .  PMR 6 

1.08 t (3f1, COOCH CH ) ,  3.03  AA'B, JM,=14 Hz, JAB=6 H Z  ( l H ,  2- 3  

ClO-Ha), 3.35 AA'B, JAA,=14 Hz, JA,B=9 Hz, ( 1 H ,  C l O - H b ) ,  3.56 s 

(3H, N - C H 3 ) ,  3.77 and  3.81 2 x s (6B, 2 x 0CI13), 3.95 - 4.50 m 

(3Hr COOCJ2CH3, C9-II) , 6.55 - 6.80, (3H, C,-A, C,,-H, C -H) , R 
7.08 s ( l H ,  C3-H), 7.27 - 7.85 m ( 3 H ,  C5-H, C6-H, C7-H), 8 .43 - 

6 6 8.60 m ( l H ,  C8-H). I R  : 1600,  1620, 1640 and 1725 c m - l ;  UV : 

204 (4.638) s h o u l d e r s  a t  228, 245 and  253, 285 (3.917) and 

When 4 was t r e a t e d  w i t h  6 e q .  of DDQ, i n  r e f l u x i n g  decal . in ,  

a  s i n g l e  dehydro p r o d u c t  (5) was i s o l a t e d .  PMR spec t rum o f  t h e  

compound e x h i b i t e d  v i n y l  p r o t o n s  a t  8.10 ( s ,  ClO-H) and 7.07 

(s,  C3-H). The dehydro  p r o d u c t  can  p o s s e s s  e i t h e r  t h e  E o r  Z 

c o n f i g u r a t i o n .  I n  t h e  absence  of t h e  seconc: i so r r e r ,  t h e  f o l l o a -  

i n g  i n f o r m a t i o n  throws l i g h t  upon t h e  c o n f i g u r a t i o n  of  t h e  

p r o d u c t .  I n  a  series o f  c innamic  a c i d  d e r i v a t i v e s  t h e  2-isomers 

show t h e  6-proton ( ana logous  t o  C l O - H )  i n  t h e  r ange  6 6.80 - 
6.96 w h i l e  t h e  same p r o t o n  i n  t h e  c o r r e s p o n d i n g  E-isomers 



7 
resona te  a t  a  s i g n i f i c a n t l y  lower f i e l d  ( 6  7.55 - 7.75 ) .  

Furthermore,  i n  a system c l o s e l y  r e l a t e d  t o  2, Onda and co- 

w o r k e r ~ ~ ~  have i s o l a t e d  bo th  t h e  Z and E isomers.  The Z - i s o m e r  

has  been shown t o  b e  pho to- lab i l e  and upon p h o t o l y s i s  undergoes 

t r ans format ion  t o  t h e  E-isomer. The dehydro p roduc t  ob ta ined  i n  

o u r  work i s  n o t  conver ted  to  t h e  second isomer  upon p h o t o l y s i s .  

On t h e  b a s i s  of t h e  aforementioned t h e  o x i d a t i o n  p roduc t  of 4 

i s  t e n t a t i v e l y  a s s i g n e d  t h e  E-conf igurat ion 2. 

P h o t o l y s i s  of a  benzene s o l u t i o n  of 2, i n  t h e  presence of 

iod ine ,  a f f o r d e d ,  a f t e r  chromatographic s e p a r a t i o n ,  phenanthr i -  

dones 5 (22%, m.p. 167/168' and 2 (63%, i s o l a t e d  a s  a n  o i l ) .  

T h e i r  s t r u c t u r e s  w e r e  confirmed by t h e  fol lowing s p e c t r a l  d a t a :  

6  PMR 1.32 t (3H, COOCH2g3), 3.99 s (3H, N - G I 3 ) ,  4.03 S (6H, - 
2 x OCH ) , 4 . 4 4  q(2H. C O O g 2 C H 3 ) ,  7.19 s ( l H ,  c l - H ) ,  7.49 s 

3  
( l H ,  c4-H), 7.84 s ( l H ,  C5-H) ,  7.40 - 7.80 m (3H, ClO-H, Cl l -H,  

C12-H), 8.45 - 8.58 m ( l H ,  Cg-H); I R  1620, 1635 and 1705 c m - l ;  

UV: 217 (4 .305) ,  288 (4.685),  322 ( 4 , 0 8 8 ) ,  364 (3.378) and 

378 nm (3 .405) .  1 PMR 1.28 t (3H, COOCH~B~),  3.47 s (3H, N-CH3),  

3.73 s (3H, C1-0CH3), 4.02 s (3H, c ~ - O C H ~ ) ,  4.43 q (2H, C O O g 2 -  

CH3), 7.35 AB, JAE=9 H Z  ( l H ,  C3-H), 7.65 AB, JAB=9 H Z  ( l H z ,  

C4-H), 7.81 s ( IH,  C5-H), 7.50 - 7.75 m (ClO-H, C 11 -H, C12-H), 

8.47 - 8.63 m ( l ~ ,  c ~ - H ) ;  IR 1645 and 1705 cml. 

P a r t i c u l a r l y  r e v e a l i n g  i n  t h e  PMR spectrum of 1 a r e  t h e  up- 

f i e l d  s h i f t s  of t h e  N-CH3(A6 0.55 ppm) and t h e  C1-0CH3 ( A 6  

0.30 ppm) r e l a t i v e  t o  6 .  These u p f i e l d  s h i f t s  can be accounted 

f o r  i n  terms of s t e r i c  h indrance between t h e  N-CK3 and t h e  

0-CB groups which f o r c e s  t h e s e  t o  l i e  above and below t h e  3  
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plane of t h e  aromat ic  system. This  i s  borne o u t  by i n s p e c t i o n  

of molecular  models. 

The abovementioned s y n t h e s i s  a f f o r d s ,  i n  f i v e  s t e p s ,  t h e  

phenanthridones 5 and ? i n  an o v e r a l l  y i e l d  of 8.8% and 25%, 

r e s p e c t i v e l y .  
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