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GENERAL METHODOLOGY FOR CE-HYDROISOQUINOLINE SYNTHESIS. 3. A  SIXTEEN 

STEP SYNTHESIS OF R E S E R P I N E ~ , ~  

P a u l  A.  Wender,* John  M .  ~ c h a u s , ~  and Alan W .  White 

D e p a r t m e n t  o f  C h e m i s t r y ,  S t a n f o r d  U n i v e r s i t y ,  S t a n f o r d ,  C a l i f o r n i a  

9 4 3 0 5 .  U.S.A. 

A b s t r a c t  - A c o n c i s e  s y n t h e s i s  o f  r e s e r p i n e  is  d e s c r i b e d  based  o n  a 

D i e l s - A l d e r  c y c l o a d d i t i o n ,  Cope r e a r r a n g e m e n t  sequence  f o r  h y d r o i s o -  

q u i n o l i n e  s y n t h e s i s  and on a new p r o c e d u r e  f o r  r e g u l a t i n g  s te reochem-  

i s t r y  a t  C-18. 

D e d i c a t e d  t o  G i l b e r t  S t o r k ,  a s p e c i a l  f r i e n d  and  s c h o l a r ,  on t h e  

Occas ion  o f  h i s  6 5 t h  b i r t h d a y .  

R e s e r p i n e  (1) h a s  f i g u r e d  p r o m i n e n t l y  d u r i n g  t h e  l a s t  t h r e e  d e c a d e s  as a  

compound o f  c o n s i d e r a b l e  m e d i c i n a l  impor tance ,  d u e  l a r g e l y  t o  i t s  e x t e n s i v e  use  

i n  t h e  t r e a t m e n t  o f  h y p e r t e n s i o n  and m e n t a l   disorder^.^ T h e s e  and  o t h e r  b i o -  

l o g i c a l  a c t i v i t i e s  h a v e  drawn c o n s i d e r a b l e  a t t e n t i o n  t o  t h i s  compound and a l k a -  

l o i d  c l a s s  and h a v e  a c c o u n t e d  i n  p a r t  f o r  t h e  e a r l y  r e p o r t  o f  t h e  f i r s t  s y n t h e -  

s i s  o f  r e s e r p i n e  by  Woodward and c o ~ o r k e r s . ~  The d i f f i c u l t y  o f  t h i s  s y n t h e t i c  

p r o b l e m  and t h e  i m p r e s s i v e n e s s  o f  t h i s  f i r s t  s o l u t i o n  a r e  b o t h  u n d e r s c o r e d  by 

t h e  a b s e n c e  o f  a n o t h e r  s y n t h e t i c  s u c c e s s  i n  t h i s  a r e a  f o r  more t h a n  20 y e a r s .  

I n  t h e  p a s t  s e v e n  y e a r s ,  t h i s  s i t u a t i o n  h a s  c h a n g e d .  I n  1 9 7 9 ,  P e a c l m a n 6  

r e p o r t e d  t h e  s e c o n d  s y n t h e s i s  o f  r e s e r p i n e .  The  t h i r d  s u c c e s s f u l  e f f o r t  was 

r e p o r t e d  from o u r  l a b o r a t o r y  i n  1 9 8 0 ' ~  and ,  more r e c e n t l y ,  M a r t i n  and coworkers7  

h a v e  recorded  t h e i r  n o v e l  s o l u t i o n  t o  t h i s  p rob lem.  C o n c u r r e n t l y ,  s y n t h e s e s  of 

d e s e r p i d i n e  h a v e  b e e n  d e s c r i b e d  b y  t h e  g r o u p s  o f  s z a n t a y e a  and  N i n ~ m i y a . ~ ~  

Works- in-progress  h o l d  t h e  p o t e n t i a l  f o r  f u r t h e r  major  a d v a n c e s  i n  s o l v i n g  t h e  

g e n e r i c ' a l k a l o i d  s y n t h e s i s  p r o b l e m s  embodied  i n  t h e  p e n t a c y c l i c  s k e l e t o n  of 

r e s e r p i n e .  8  

A  c e n t r a l  p r o b l e m  a d d r e s s e d  q u i t e  d i f f e r e n t l y  i n  t h e  a f o r e m e n t i o n e d  

a p p r o a c h e s  t o  r e s e r p i n e  i s  f o u n d  i n  t h e  c o n s t r u c t i o n  o f  i t s  s t e r e o c h e m i c a l l y  



complex E-ring. The Woodward s y n t h e s i s 5  s o l v e d  t h i s  p r o b l e m  t h r o u g h  t h e  u s e  o f  

a  guinone-methyl  p e n t a d i e n o a t e  D i e l s - A l d e r  r e a c t i o n ,  which a f f o r d e d  t h e  r e s e c -  

p i n e  E - r i n g  w i t h  t h r e e  (C-15,  C-16 and  C-20) o f  i t s  f i v e  s t e r e o g e n i c  c e n t e r s .  

P e a r l m a n ' s  approach6  o r i g i n a t e d  from a  p re formed  E-r ing and proceeded  w i t h  i t s  

f u r t h e r  f u n c t i o n a l i z a t i o n ,  i n v o l v i n g  a t  one  s t a g e  a  n o v e l  i n t r a m o l e c u l a r ,  pho to-  

induced 12t21 c y c l o a d d i t i o n  which was used t o  s e t  s t e r e o c h e m i s t r y  a t  C-15 and C- 

20 r e l a t i v e  t o  C-18. I n  t h e  M a r t i n  s y n t h e s i s 7  t h e  s t e r e o c h e m i s t r y  a t  C-15 and 

C-16 was e s t a b l i s h e d  t h r o u g h  an i n t r a m o l e c u l a r  D i e l s - A l d e r  r e a c t i o n  which s i m u l -  

t a n e o u s l y  and  e f f i c i e n t l y  p r o d u c e d  t h e  D -  and  E - r i n g s  o f  t h e  t a r g e t .  Our  own 

s t u d i e s 2  i n  t h i s  a r e a  e v o l v e d  f r o m  t h e  r e c o g n i t i o n  t h a t  r e s e r p i n e  c o u l d  b e  

e l a b o r a t e d  f r o m  a  - - h y d r o i s o q u i n o l i n e  s u c h  a s  2 w h i c h  i n  t u r n  c o u l d  b e  p r o -  

duced i n  one  o p e r a t i o n  t h r o u g h  a D i e l s - A l d e c K o p e  r e a r r a n g e m e n t  sequence .  I n  

OMe 2 

p r a c t i c e ,  t h i s  s e q u e n c e  was more r e a d i l y  a c h i e v e d  i n  s e p a r a t e  o p e r a t i o n s  which 

a d d i t i o n a l l y  a l l o w e d  f o r  g r e a t e r  c o n t r o l  o v e r  s u b s t i t u e n t  i n t r o d u c t i o n .  As 

p r e v i o u s l y  r e p o r t e d , '  t h i s  a p p r o a c h  r e s u l t e d  i n  a  s e v e n  s t e p  s y n t h e s i s  o f  

h y d r o i s o q u i n o l i n e  2 f  rom which r e s e r p i n e  was s u b s e q u e n t l y  p r e p a r e d .  We d e s c r i b e  

h e r e i n  a  s i g n i f i c a n t l y  s i m p l i f i e d  v e r s i o n  o f  t h i s  s t r a t e g y  w h i c h  more f u l l y  

c a p i t a l i z e s  on t h e  a b o v e  method f o r  h y d r o i s o q u i n o l i n e  s y n t h e s i s  and i n t r o d u c e s  a  

new method f o r  c o n t r o l  l i n g  s t e r e o c h e m i s t r y  a t  t h e  C-18 c e n t e r  o f  r e s e r p i n e .  

~ ~ s t r a t e a v B r o v i d e s ~ i a a ~ 1 ~ ~ s e a u e n c e ~ L ~ ~  

wnnDvridinea&.startinqmaterial. 

The s y n t h e s i s  of  t h e  k e y  i n t e r m e d i a t e  2, t h e  f i r s t  s u b g o a l  i n  o u r  r e s e r p i n e  

s y n t h e s i s ,  was r e a d i l y  a c h i e v e d  t h r o u g h  t h e  g e n e r a l  s t r a t e g y  f o r  h y d r o i s o q u i n o -  

l i n e  s y n t h e s i s  o u t l i n e d  i n  Scheme I .  The  s e q u e n c e  s t a r t s  w i t h  t h e  ~ o w l e r ~  

r e d u c t i o n  o f  p y r i d i n e ,  employs  t h e  r e s u l t a n t  1 , 2 - d i h y d r a p y r i d i n e  ( 3 )  as  a v e r s a -  

t i l e  d i m e l o  f o r  t h e  s e l e c t i v e  c o n s t r u c t i o n  o f  e s t e r  4, and s t e r e o s p e c i f i c a l l y  

p r o v i d e s  h y d r o i s o q u i n o l i n e  2 from 7 t h r o u g h  a  Cope r e a r r a n g e m e n t  which is geo-  

m e t r i c a l l y  c o n s t r a i n e d  t o  p r o c e e d  t h r o u g h  a  b o a t - l i k e  t r a n s i t i o n  s t a t e .  

O v e r a l l ,  t h i s  s e q u e n c e  p r o d u c e s  m u l t i g r a m  q u a n t i t i e s  o f  t h e  h i g h l y  f u n c t i o n -  

a l i z e d  h y d r o i s o q u i n o l i n e  i n  s e v e n  s t e p s  and 20% y i e l d  based  on p y r i d i n e .  

I n t e r m e d i a t e  2 is imbued b y  d e s i g n  w i t h  a t t r i b u t e s  needed f o r  its d e s t i n e d  
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Scheme I 

C02tB" 

76% 87% 
C O ~ C H ~  COICH, &,CH~ 

r 9 R - 0  
UL R  - DOH, n-H 
il R -  "-OH, 8-H 

a n - 0 H . R - H  
b R = H . R - O H  
c :  R = OTMB. R = H  



r o l e  i n  t h e  s y n t h e s i s  o f  r e s e r p i n e .  I n  a d d i t i o n  t o  p o s s e s s i n g  t h e  r e q u i r e d  

s t e r e o c h e m i s t r y  a t  C-15, C-16 and C-20 ( r e s e r p i n e  number ing) ,  it h a s  d i f f e r e n -  

t i a t e d  o x y g e n  f u n c t i o n a l i t i e s  a t  C-17 and  C-18 and  a n  o x i d a t i o n  l e v e l  a t  C-3 

a p p r o p r i a t e  f o r  e v e n t u a l  r e g i o s e l e c t i v e  i n d o l i z a t i o n .  I n  o u r  f i r s t  s y n t h e s i s  o f  

r e s e r p i n e ,  e f f o r t s  t o  e x p l o i t  t h e s e  f e a t u r e s  were p a r t i a l l y  f r u s t r a t e d  b y  t h e  

d i f f i c u l t y  of p e r f o r m i n g  s e n s i t i v e  r e a c t i o n s  on s u c h  a  d e n s e l y  f u n c t i o n a l i z e d  

framework. T h i s  p r o b l e m  was a m e l i o r a t 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  of t h e  D- 

r i n g  d o u b l e  bond ( 2  + 8) w h i c h  u l t i m a t e l y  p r o v e d  more e f f i c a c i o u s  t h a n  h e r o i c  

a t t e m p t s  t o  r e t a i n  i t  t h r o u g h  a n  o p e r a t i o n a l l y  p r o t r a c t e d  e x e r c i s e  i n  p r o t e c t i n g  

g r o u p  c h e m i s t r y .  E f f o r t s  t o  p r e s e r v e  t h e  o x i d a t i o n  l e v e l  o f  t h e  C-16 e s t e r  were 

a l s o  c u r t a i l e d  when it was found t h a t  r e d u c t i o n  o f  t h i s  g r o u p  under  c o n d i t i o n s  

(LAH) which c o n v e r t e d  t h e  e n 0 1  a c e t a t e  t o  t h e  c o r r e s p o n d i n g  e n o l a t e  r e s u l t e d  i n  

a n  e n h a n c e d  s e l e c t i v i t y  f o r  t h e  e x p e c t e d  a x i a l  p r o t o n a t i o n  a t  C-17. T h u s ,  

r e d u c t i o n  o f  8 g a v e  a s i n g l e  k e t o n e  isomer 9 and minor amounts of  a  1:l m i x t u r e  

of o v e r - r e d u c t i o n  p r o d u c t s  1 0  and 11. While  t h e  p r e c i s e  m e c h a n i s t i c  b a s i s  f o r  

t h e  e x c l u s i v e  f o r m a t i o n  o f  one  s t e r e o i s o m e r  c o r r e s p o n d i n g  t o  9 was n o t  p u r s u e d ,  

i t  is r e a s o n a b l e  t o  a s s u m e  t h a t  t h e  i n h e c e n t  a x i a l  p r o t o n a t i o n  s e l e c t i v i t y  

e x p e c t e d  f  tom c o n v e n t i o n a l  s t e r e o e  l e c t r o n i c  c o n t r o l  was augmented i n  t h i s  c a s e  

e i t h e r  b y  a  c o o r d i n a t i v e  d e l i v e r y  o f  a  p r o t o n  f r o m  t h e  r e d u c e d  C-16 r e s i d u e  

d u r i n g  workup o r  b y  c o m p l e x a t i o n  of  t h i s  r e s i d u e  t o  t h e  C-17 methoxy g r o u p  v i a  

an  aluminum b r i d g e .  The l a t t e r  would t h e n  l e a d  t o  a t r a n s i e n t  t r i c y c l i c  i n t e r -  

m e d i a t e  w i t h  enhanced p r o c l i v i t y  toward a x i a l  p r o t o n a t i o n .  The p o s s i b i l i t y  t h a t  

f o r m a t i o n  o f  9 was t h e r m o d y n a m i c a l l y  c o n t r o l l e d  was e x c l u d e d  by  t h e  f i n d i n g  t h a t  

e x p o s u r e  o f  9 t o  sodium methoxide  g i v e s  a  6 : l  m i x t u r e  of  9 and its C-17 epimer.  

I n  v iew o f  t h e  c o m p l e t e  s e l e c t i v i t y  o f f e r e d  by  t h e  k i n e t i c  a x i a l  p r o t o n a t i o n  and 

t h e  o p e r a t i o n a l  s i m p l i f i c a t i o n  p r o v i d e d  by  r e d u c t i o n  o f  t h e  D-r ing o l e f i n ,  we 

e l e c t e d  t o  i n c o r p o r a t e  t h e s e  m o d i f i c a t i o n s  i n t o  o u r  approach  t o  r e s e r p i n e .  

The n e x t  s u b g o a l  i n  our d e s i g n  c e n t e r e d  on t h e  i n t r o d u c t i o n  o f  s t e reochem-  

i s t r y  a t  C-18. The a b s e n c e  o f  s t e r e o c o n t r o l  i n  t h e  f o r m a t i o n  o f  o v e r - r e d u c t i o n  

p r o d u c t s  1 0  and  11 when e s t e r  8 was t r e a t e d  w i t h  L A H p r o v i d e d  f o r e w a r n i n g  o f  t h e  

d i f f i c u l t y  i n  s e t t i n g  t h e  p r o p e r  C-18 c o n f i g u r a t i o n .  T h i s  c o n c e r n  was f u r t h e r  

a f f o c c e d  b y  t h e  f i n d i n g  t h a t  r e d u c t i o n  o f  t h e  a c e t a t e  of  9 w i t h  sodium borohy- 

d r i d e  g a v e  p r e d o m i n a n t l y  t h e  u n d e s i r e d  alpha-C-18 a l c o h o l  i somer  ( a 1 p h a : b e t a  = 

1 .  T h i s  u n d e s i r e d  s e l e c t i v i t y  may r e s u l t  i n  p a r t  f rom t h e  s t e r e o e l e c t r o n i c  

i n f l u e n c e  o f  t h e  C-17 methoxy g r o u p  which f o r  some a l p h a - a l k o x y  k e t o n e s  h a s  been 
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shown t o  d i r e c t  r e d u c t i o n  p r e f e r e n t i a l l y  t o  cig p r o d u c t s . l l  S i n c e  c a t a l y t i c  

h y d r o g e n a t i o n s  o f  s u c h  s y s t e m s  a r e  e x p e c t e d  t o  b e  l e s s  i n f l u e n c e d  b y  t h i s  f a c -  

t o r ,  r e d u c t i o n  o f  9 was s t u d i e d  u s i n g  p l a t i n u m  o v e r  f e r r o u s  s u l f a t e  a s  c a t a -  

lys t . ' '  T h i s  a p p r o a c h  p r o v e d  m o d e r a t e l y  s u c c e s s f u l  i n  p r o v i d i n g  t h e  d e s i r e d  

b e t a - a l c o h o l  p r o d u c t  a s  t h e  m a j o r  i s o m e r  ( a 1 p h a : b e t a  = 1 : Z ) .  I t  was f u r t h e r  

r e a s o n e d  t h a t  t h i s  s e l e c t i v i t y  c o u l d  b e  e n h a n c e d  i f  t h e  f u n c t i o n a l i t y  b e i n g  

r e d u c e d  w e r e  more d i r e c t l y  i n £  l u e n c e d  b y  t h e  s t r u c t u r a l  e l e m e n t  w h i c h  was 

t h o u g h t  t o  c o n t r o l  t h e  d e s i r e d  s e l e c t i v i t y ,  i.e., t h e  --ring f u s i o n .  T h u s ,  

w h i l e  t h e  s t e r e o c h e m i c a l  d e s t i n y  o f  t h e  C-18 k e t o n e  c a r b o n  i n  9 is o n l y  r e m o t e l y  

(1.31 i n f l u e n c e d  b y  t h i s  r i n g  f u s i o n ,  t h e  f a t e  o f  t h e  C-18 c e n t e r  c o u l d  be  

c o u p l e d  t o  t h a t  Of t h e  more p r o x i m a t e  C-19 c e n t e r  t h r o u g h  f o r m a t i o n  o f  t h e  e n 0 1  

a c e t a t e  13 .  Reduc t ion  of  1 3  s h o u l d  t h e n  be  u n d e r  v i c i n a l  s t e r e o i n d u c t i v e  con-  

t r o l  which,  f o r  a syn a d d i t i o n  mechanism and convex  f a c e  approach  c o n t r o l ,  would 

r e s u l t  i n  e f f e c t i v e  1 . 3 - s t e r e o i n d u c t i o n .  I n  accord  w i t h  t h i s  a n a l y s i s ,  hydro-  

g e n a t i o n  o f  1313a o v e r  1 0 %  p a l l a d i u m  on a c t i v a t e d  c a r b o n  produced a  s i n g l e  C-18 

a c e t a t e  ( 1 4 1  i n  7 9 %  y i e l d  which  was s u b s e q u e n t l y  shown t o  h a v e  t h e  d e s i r e d  

c o n f i g u r a t i o n .  H y d r o g e n o l y s i s  p r o d u c t  1 5  was a l s o  o b t a i n e d  i n  14% y i e l d .  

W h i l e  t h e  a b o v e  s e q u e n c e  p r o v e d  e f f e c t i v e  i n  c o m p l e t e l y  r e g u l a t i n g  t h e  

s t e r e o c h e m i s t r y  a t  C-18 and  p r o v i d i n g  a n  i n i t i a l  r o u t e  t o  r e s e r p i n e ,  i t  a l s o  

i n c r e a s e d  t h e  l e n g t h  o f  o u r  s y n t h e s i s .  D i f f e r e n t i a t i o n  o f  t h e  two h y d r o x y  

g r o u p s  and s e l e c t i v e  o x i d a t i o n  i n  t h e  p r e s e n c e  o f  t h e  s e n s i t i v e  i n d o l e  n u c l e u s  

r e q u i r e d  a number o f  s e q u e n c e - l e n g t h e n i n g ,  p r o t e c t i n g  g r o u p  m a n i p u l a t i o n s .  Sub- 

s e q u e n t  s t u d i e s  h a v e  r e c t i f i e d  t h i s  p r o b l e m  t h r o u g h  t h e  d e v e l o p m e n t  of a  d i r e c t  

method f o r  s t e r e o c o n t r o l l e d  alp,&.-face r e d u c t i o n  o f  t h e  C-18 k e t o n e .  Toward 

t h i s  e n d ,  h y d r o x y k e t o n e  9 ,  t h e  p r o d u c t  o f  t h e  n i n t h  s t e p  i n  o u r  s y n t h e s i s ,  was 

o x i d i z e d  w i t h  J o n e s  r e a g e n t  and t h e  r e s u l t a n t  a c i d  c o n v e r t e d  w i t h  d iazomethane  

t o  e s t e r  1 6  i n  79% o v e r a l l  y i e l d .  T h i s  racemic  e s t e r  (161 was s p e c t r o s c o p i c a l l y  

i d e n t i c a l  t o  e n a n t i o m e r i c a l l y  p u r e  m a t e r i a l  d e r i v e d  from ( - ) - r e s e r p i n e  i n  f o u r  

s t e p s . 1 3 b  B e c a u s e  o f  t h e  r e a d y  and  e a r l y  a v a i l a b i l i t y  o f  t h e  l a t t e r ,  i t  was 

u s e d  f o r  t h e  r e m a i n i n g  s t u d i e s .  As was f o u n d  w i t h  k e t o n e  9 ,  r e d u c t i o n  o f  1 6  

w i t h  s o d i u m  b o r o h y d r i d e  g a v e  p r e d o m i n a n t l y  t h e  u n d e s i r e d  a l p h a - C - 1 8  a l c o h o l  

17b13b ( a 1 p h a : b e t a  = 73:271. However, when t h i s  r e d u c t i o n  was c o n d u c t e d  in  t h e  

P r e s e n c e  o f  c e c 1 3 , 1 4  t h e  d e s i r e d  b e t a - C - 1 8  a l c o h o l  17a13b was o b t a i n e d  i n  90% 

y i e l d  a l o n g  w i t h  l e s s  t h a n  3% o f  i t s  a l p h a  isomer.  Thus,  t h i s  s i m p l e  c h a n g e  in 

r e a c t i o n  c o n d i t i o n s  r e s u l t e d  i n  a  r e v e r s a l  o f  s e l e c t i v i t y  f rom ca .  3: l  t o  1:30, 



( a l p h a : b e t a ,  r e s p e c t i v e l y ) .  

T h i s  new method f o r  r e g u l a t i n g  t h e  C-18 s t e r e o c h e m i s t r y  g r e a t l y  s i m p l i f i e d  

t h e  remaining r e q u i r e m e n t s  f o r  t h e  s y n t h e s i s  o f  r e s e r p i n e .  Thus, t r e a t m e n t  of 

h y d r o x y - e s t e r  17a w i t h  t r i m e t h o x y b e n z o y l  a n h y d r i d e  i n  t h e  p r e s e n c e  of D M A P ~ ~  

a l l o w e d  f o r  c o m p l e t i o n  of  t h e  E-r ing and p r o v i d e d  e s t e r  17c, s p e c t r o s c o p i c a l l y  

and c h r o m a t o g r a p h i c a l l y  i d e n t i c a l  w i t h  an  a u t h e n t i c  s a m p l e  o b t a i n e d  b y  degrada-  

t i o n  o f  rese rp ine .13b116  C o m p l e t i o n  o f  t h e  r e s e r p i n e  s y n t h e s i s  f r o m  1 7 c  

r e q u i r e d  o n l y  d e p c o t e c t i o n  o f  t h e  D - r i n g  n i t r o g e n ,  a t t a c h m e n t  o f  t h e  methaxy-  

t r y p t o p h y l  moie ty  and i n d o l i z a t i o n .  The f i r s t  t a s k  was accompl i shed  b y  r e a c t i o n  

of  17c w i t h  t r i m e t h y l s i l y l  i o d i d e 1 7  which g a v e  t h e  f r e e  amine 18 i n  90% y i e l d .  

I t  i s  n o t e w o r t h y  t h a t  o n l y  o n e  o f  t h e  s i x  m e t h o x y  g r o u p s  i n  17c was c l e a v e d  

under  t h e s e  c o n d i t i o n s .  The n e x t  s t e p  of  our  s e q u e n c e ,  a l k y l a t i o n  of  t h e  amine 

1 8 ,  p roceeded  b e s t  w i t h  6 -methoxyt ryp tophyl  t o s y l a t e  and g a v e  2 , 3 - s e c o r e s e r p i n e  

(19). which h a s  been p r e v i o u s l y  c o n v e r t e d  t o  r e s e r p i n e  i n  o n e  o p e r a t i o n  by S a k a i  

a n d  ~ g a w a ' ~ , ' ~  and more r e c e n t l y  b y  M a r t i n  a n d  coworkers . '  I t  i s  n o t e w o r t h y  

t h a t  t h e s e  i n d o l i z a t i o n s  p r e f e r e n t i a l l y  g i v e  r e s e r p i n e  w i t h  4:l  t o  8 : l  s e l e c -  

t i v i t y  a v e r  i s a r e s e r p i n e .  

I n  summary, t h e  above p l a n  a l l o w s  f o r  t h e  s y n t h e s i s  o f  r e s e r p i n e  i n  s i x t e e n  

s t e p s  f rom p y r i d i n e .  The key  i n t e r m e d i a t e  2 is  p r e p a r e d  i n  m u l t i g r a m  q u a n t i t i e s  

i n  s e v e n  s t e p s  w h i c h  p r o c e e d  i n  20% o v e r a l l  y i e l d .  T h i s  s e q u e n c e  c a n  a l s o  be 

r e a d i l y  ex tended  t o  o t h e r  h y d r o i s o q u i n o l i n e  syntheses. '  T r a n s f o r m a t i o n  o f  2 t o  

t h e  c o m p l e t e d  D -  and E - r i n g s  o f  r e s e r p i n e  i n  17c i n v o l v e s  a  s i x  s t e p  s e q u e n c e  

which p r o c e e d s  i n  53% o v e r a l l  y i e l d .  The s t e r e o c h e m i s t r y  a t  C-17 is c o m p l e t e l y  

c o n t r o l l e d  t h r o u g h  a x i a l  p r o t o n a t i o n  o f  a n  e n o l a t e  w h i l e  t h a t  a t  C-18 i s  s e t  

w i t h  97% s e l e c t i v i t y  b y  sodium borahydr ide-cer ium c h l o r i d e  r e d u c t i o n .  The l a s t  

t h r e e  s t e p s  o f  o u r  s y n t h e s i s  p r o c e e d  i n  22% y i e l d  w i t h  t h e  f i n a l ,  p r e c e -  

dented7r16r18 i n d o l i z a t i o n  s t e p  g i v i n g  r e s e r p i n e  i n  a p p r o x i m a t e l y  80-90% s e l e c -  

t i v i t y  o v e r  i ts  C-3 epimer. 
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