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J a p a n  

A b s t r a c t  - A  g e n e r a l  method f o r  t h e  s t e r e o s e l e c t i v e  s y n t h e s i s  

o f  t h e  n o n - t r y p t a m i n e  components o f  r e s e r p i n e  and yohimbine 

t h e  same compound ( 4 )  is  d e s c r i b e d .  T h i s  common i n t e r m e d i a t e  was 

r e a d i l y  o b t a i n e d  by D i e l s - A l d e r  r e a c t i o n  o f  t h e  f u r f u r a l  d e r i v a t i v e  

(10) w i t h  m a l e i c  a n h y d r i d e .  

1 We r e c e n t l y  r e p o r t e d  a s t e r e o s e l e c t i v e  s y n t h e s i s  o f t h e  i n t e r m e d i a t e s  ( 1 )  and (2)  

i n  t h e  s y n t h e s i s  o f  Rauwol f ia  a l k a l o i d s ,  and c y c l i z a t i o n  o f  (2)  f o l l o w e d  by sodium 

b o r o h y d r i d e  r e d u c t i o n  t o  form t h e  unexpec ted  l a c t a m  ( 3 ) .  

I n  c o n t i n u i n g  e f f o r t s  towards  t h e  t o t a l  s y n t h e s i s  of  r e s e r p i n e  ( 6 j l Z 2  and yohimbzne 

( 9 j 3 ,  we r e q u i r e d  a p r e p a r a t i v e  r o u t e  t o  t h e  b r o m o l a c t o n i c  homoes te r  ( 5 )  and t h e  

n i t r i l e  (8 )  which were c o n s i d e r e d  t o  be p o t e n t i a l  i n t e r m e d i a t e s  i n  t h e  s y n t h e s i s  o f  

Rauwol f ia  a l k a l o i d s  and yohimbine .  I t  was e n v i s a g e d  t h a t  b o t h  of  t h e s e  compounds 

c o u l d  be d e r i v e d  from t h e  same compound. 

Our s t r a t e g y  f o r  t h e  p r e p a r a t i o n  o f  homoes te r  ( 5 )  was b a s i c a l l y  t h e  same o f  t h a t  

p r e v i o u s l y  r e p o r t e d  by us1, whereas  t h a t  f o r  n i t r i l e  (8 )  i n v o l v e d  sadlum b o r o h y d r i d e  

r e d u c t i o n  o f  t h e  D i e l s - A l d e r  a d d u c t  ( 4 )  f o l l o w e d  by c a t a l y t i c  h y d r o g e n a t i o n ,  t r e a t -  

ment o f  t h e  r e s u l t a n t  y - b u t y r o l a c t o n e  ( 7 )  w i t h  p o t a s s i u m  c y a n i d e  and f i n a l l y  e p i -  

m e r i z a t i o n .  

D i e l s - A l d e r  r e a c t i o n  of  m a l e i c  a n h y d r i d e  w i t h  t h e  p r o t e c t e d  f u r f u r a l  (10) i n  d r y  

benzene gave t h e  d e s i r e d  ends a d d u c t  ( 4 ) ,  m.p. 118 - 120°, i n  47.9 % y i e l d .  Hy- 

d r o l y s i s  o f  t h i s  a d d u c t  ( 4 )  w i t h  H20 f o l l o w e d  by h a l o l a c t o n i z a t i o n l  a f f o r d e d  a  
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a )  Hydroquinone(cat.), dry benzene, r.t. 

b) H20, r.t. c )  NaHC03, Br2, r.t. 

d)(COC1)2, d r y  benzene, reflux e )  CH2N2, Et20, r.t 

f) a b s o l u t e  MeOH, dioxane, A g 2 0 ,  r e f l u x  



a )  N ~ B H ~ ,  d r y  DMF,  r . t .  b )  2 N - H 2 S 0 4 ,  . r . t .  

C )  S % P d - C ,  MeOH, r . t .  d )  KCN, DMSO, 1 6 0 ~  

e )  CH2N2, E t 2 0  f )  K 2 C 0 3 ,  a b s o l u t e  MeOH, r . t .  
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m i x t u r e  o f  t h e  b r o m o l a c t o n i c  a c i d  (11) and i t s  i somer  (12)  i n  a l m o s t  q u a n t i t a t i v e  

y i e l d .  T h i s  m i x t u r e  was c o n v e r t e d ,  by t r e a t m e n t  w i t h  e x c e s s  d iazomethane ,  t o  a  

r e a d i l y  s e p e r a b l e  m i x t u r e  o f  t h e  c o r r e s p o n d i n g  methyl  e s t e r s  ( 1 3 ) ,  m.p. 149 - 150°, 

and ( 1 4 ) .  m.p. 187 - 18g0,  i n  t h e  approximate  r a t i o  of 5.5 : 1. 

The d i a z o k e t o n e  (16) a n d  i t s  p o s i t i o n  i somer ,  d e r i v e d  + t h e  c o r r e s p o n d i n g  a c i d  

c h l o r i d e  (15) and i somer  from t h e  b r o m o l a c t o n i c  a c i d s  ( 1 1  and 1 2 ) ,  were r e f l u x e d  i n  

a  m i x t u r e  o f  a b s o l u t e  methanol  and d i o x a n e  i n  t h e  p r e s e n c e  o f  f r e s h l y  made s i l v e r  

o x i d e  t o  p r o v i d e  t h e  d e s i r e d  homomethyl e s t e r  (51 ,  m.p. 130 - 132', i n  44.4 % y i e l d  

a f t e r  s e p a r a t i o n  and p u r i f i c a t i o n  by s i l i c a  g e l  chromatography.  

On t h e  o t h e r  hand,  sodium h o r o h y d r i d e  r e d u c t i o n 4  of  t h e  D i e l s - A l d e r  a d d u c t  (4)  i n  

d r y  dimethylformamide f o l l o w e d  by a c i d  t r e a t m e n t  a t  room t e m p e r a t u r e  a f f o r d e d  a  

s e p a r a b l e  m i x t u r e  o f  t h e  d e s i r e d  y - b u t y r o l a c t o n e  ( 7 ) ,  m.p. I 1 4  - 116'. i n  3 5 . 1  8 

y i e l d  and i t s  i somer  ( 1 7 ) ,  m.p. 115 - 116', i n  35 % y i e l d .  At tempts  t o  i n t r o d u c e  

t h e  cyano group a t  t h i s  s t a g e ,  by t r e a t m e n t  o f  y - b u t y r o l a c t o n e  ( 7 )  w i t h  p o t a s s i u m  

c y a n i d e  o r  sodium c y a n i d e  under  v a r i o u s  c o n d i t i o n s ,  r e s u l t e d  i n  t h e  f o r m a t i o n  of 

b u t e n o l i d e  and t h e  s t a r t i n g  f u r f u r a l  d e r i v a t i v e  (10) due t o  f a c i l e  r e t r o  D i e l s - A l d e r  

r e a c t i o n .  I n  o r d e r  t o  c i r c u m v e n t  t h i s ,  t h e  double  band was r e d u c e d .  C a t a l y t i c  

h y d r o g e n a t i o n  o f  (7)  on 5 % Pd-C i n  methanol  a f f o r d e d  t h e  d i h y d r o - y - b u t y r o l a c t o n e  

( l a ) ,  m.p. 8 3  - 8 j 0 ,  i n  89.2 % y i e l d .  Now i n t r o d u c t i o n  o f  t h e  cyano group  proceeded  

smoothly t o  g i v e  a  d i a s t e r e a i s o m e r i c  m i x t u r e  of  c a r b o x y l i c  a c i d s  ( 1 9 ) .  T r e a t m e n t  

o f  t h i s  m i x t u r e ,  w i t h o u t  f u r t h e r  p u r i f i c a t i o n ,  w i t h  an e x c e s s  o f  d iazomethane  p r o -  

v i d e d  a  s e p a r a b l e  m i x t u r e  o f  t h e  c o r r e s p o n d i n g  & m e t h y l  e s t e r  ( 2 0 ) ,  m.p. 96 - 98', 

and t h e  d e s i r e d  5 - m e t h y l  e s t e r  ( 8 ) .  m.p. 1 3 0  - 132 ' ,  i n  69  4 o v e r a l l  y i e l d  f r o m  t h e  

d i h y d r o - y - b u t y r a l a c t o n e  ( l a ) ,  t h e  r a t i o  o f  t h e  two compounds b e i n g  a p p r o x i m a t e l y  

1 : 1. E p i m e r i r a t i o n  o f  t h e  g - i s o m e r  (20)  t o  t h e  a - i s o m e r  (8 )  u s i n g  m e t h a n o l i c  

p o t a s s i u m  c a r b o n a t e  a t  room t e m p e r a t u r e  p roceeded  smooth ly  i n  a l m o s t  q u a n t i t a t i v e  

~ i e l d . ~ . ~  
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