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A b s t r a c t  - A f o r m a l  t o t a l  s y n t h e s i s  o f  ( A ) - c a m p t o t h e c i n  ( 1 )  was 

a c h i e v e d  t h e  key s t e p s  o f  enaminc a n n e l a t i o n  a n d  i u b s e q u c n t  d y e -  

s e n s i t i z e d  p h o t o o x y g e n a t i o n .  

U s i n g  t h e  r e a c t i o n  bc tween  a 3 , 4 d i h y d r o - 1 - a e t h y  lisoqulnoline and  a . 8 - u n s a t u r a t e d  

e s t e r s ,  we d e v e l o p e d  a onc s t e p  s y n t h e s i s  o f  h e n z ~ [ ~ l q u i n a l i r i n e s ~  a n d  l a t c r  a p p l i e d  

2 
t h i s  enamine  a n n e l a t i o n  f o r  a  t o t a l  s y n t h e s i s  o f  e m e t i n c  . F u r t h e r  work a l o n g  t h i s  

l i n e  l e d  t o  an  e f f i c i e n t  synthesis o f  t h e  i n d o l o [ a ] q u l n a l i z i n e  s k e l e t o n  f rom a 

3 substituted 3 , 4 - d i h y d r o - 1 - n ~ e t h y l B c a r b a l i n c  . iVc now w i s h  t o  r e p o r t  h e r e  a f a c i l e  

4  
f a r m a l  t o t a l  s y n t h e s i s  o f  ( r ) - c a m p t o t h e c i n  ( 1 )  u s i n g  t h i s  enamine a n n e l a t i o n  a p -  

p r o a c h .  

C o n d e n s a t i o n  o f  3,4-dihydro-1-methyl-B-carboline ( 2 )  w i t h  a  m i x t u r e  o f  t h e  t e t r a  

e s t e r  (3 )  ( p r e p a r e d  f rom methoxymethy lene  d i m e t h y l m a l o n a t e  a n d  d i - E - b u t y l  

m a l o n a t e  i n  benzene  i n  t h e  p r e s e n c e  o f  sod ium h y d r i d e )  i n  t e t r a h y d r o f u r a n  a t  room 

t e m p e r a t u r e  f a r  2  days  a f f o r d e d  t h e  M i c h a e l  a d d u c t  ( 4 ) .  T h i s  i n t e r m e d i a t e  ( 4 ) ,  

w i t h o u t  p u r i f i c a t i o n ,  was r e d u c e d  w i t h  sod ium b o r o h y d r i d o  i n  m e t h a n o l  a t  room tem- 

p r a t u r e  t o  g i v e ,  w i t h  c o n c u r r e n t  c y c l i s ? t i o n ,  t h e  indalo[a]quinolirin-4-ones (5) 

(m/e 512) i n  8 0 . 1  % o v e r a l l  y i e l d .  A l t h o u g h  c y c l i s a t i o n  t o o k  p l a c e  selectively on 

t h e  m e t h y l  e s t e r ,  t h e  p r o d u c t  was a n  e p i m e r i c  m i x t u r e  a t  t h e  C 3 - p o s i t i o n .  T rans -  

i o r m a t i o n  o f  t h e  i n d o l o [ a ] q u i n o l i r i n o n e  r i n g  t o  an  indolizino[l,Z-blquinolone r i n g  
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5  was a c h i e v e d  by a m o d i f i c a t i o n  o f  W i n t e r f e l d t ' s  method . P h o t o o x y g e n a t i o n  o f  5  i n  
c: 

t h e  p r e s e n c e  o f  Rose Bengal  a s  s e n s i t i z e r  i n  m e t h a n o l  u s i n g  a 500 W h a l o g e n  lamp a t  

20 a 2 5 ' ~  f o r  2  h  y i e l d e d  t h e  k e t a  amide ( 6 ) ,  which was s u b s e q u e n t l y  s u b j e c t e d  t o  

a r e c y c l i z a t i o n  r e a c t i o n .  Namely, s t i r r i n g  t h e  k e t o  amide ( 6 )  i n  m e t h a n o l - w a t e r  

w i t h  s a t u r a t e d  sod ium h y d r o g e n  c a r b o n a t e  s o l u t i o n 6  gave t h e  i n d o l i z i n o [ l , 2 - b ] -  

q u i n o l o n e  (7 )  i n  56 .9  % o v e r a l l  y i e l d  f r o m  5 .  A l t h o u g h  t h i s  p r o d u c t  was shown t o  

b e  homogeneous by t h i n  l a y e r  c h r o m a t o g r a p h i c  a n a l y s i s ,  i t s  s t e r e o c h e m i s t r y  r e m a i n s  

u n d e f i n e d .  T r e a t m e n t  o f  7  w i t h  t h i a n y l  c h l o r i d e  i n  d i m e t h y l f o r m a m i d e  a t  0°c5  

a f f o r d e d  t h e  c h l o r i d e  ( 8 )  wh ich  was d e h a l o g e n a t e d ,  by h y d r o g e n o l y s i s  a v e r  p a l l a d i u m  

5  on b a r i u m  s u l f a t e  i n  m e t h a n o l  , t o  g i v e  t h e  q u i n a l i n e  ( 9 )  i n  f a i r  o v e r a l l  y i e l d .  

D e h y d r o g e n a t i o n  o f  9 w i t h  2,3-dichloro-5,6-dicyano-p-benzo9uinane i n  r e f l u x i n g  

d i o x a n e 7  p r o d u c e d ,  i n  m o d e r a t e  y i e l d ,  t h e  p y r i d o n e  ( l o ) ,  t h e  s p e c t r a l  d a t a  o f  which  

5 were  c o n s i s t e n t  w i t h  t h o s e  o f  t h e  e t h y l  e s t e r  (11)  p r o v i d e d  by P r o f e s s o r  E .  

W i n t e r f e l d t .  

S i n c e  t h i s  p y r i d o n e  (10)  h a s  a l r e a d y  b e e n  c o n v e r t e d  t o  lSb ,  t h e  p r e s e n t  work con-  

s t i t u t e s  a f o r m a l  t o t a l  s y n t h e s i s  o f  ( ? )  - c a m p t o t h e c i n .  
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