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Unexpected Diastereoselect ivi ty  in the Formation of 3,5-Disubstituted 

Indolizidines by Intramolecular Reductive Amination 
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Abstract: The r e d u c t i v e  a m i n a t i o n  o f  a p p r o p r i a t e  k e t o p y r r o l i d i n e s  

l e a d i n g  to  3 , 5 - d i a l k y l i n d o l i z i d i n e s  u sua l l y  g ives  s t e r e o s e l e c t i v e l y  the  

i n d o l i z i d i n e  wi th  a cis r e l a t i v e  s t e r e o c h e m i s t r y  on the  p i p e r i d i n e  

mo ie ty .  We r e p o r t  he re in  u n e x p e c t e d  r e su l t s  c o n c e r n i n g  the e f fec t  o f  

the  n a t u r e  o f  the  C3 s u b s t i t u e n t  on th is  s t e r e o s e l e c t i v i t y .  
Copyright © 1996 Elsevier Science Ltd 

The i n d o l i z i d i n e  a l k a l o i d s  have  been  d e t e c t e d  in an ima l s  I as wel l  as in 

v e g e t a b l e s  2. We have  been  i n t e r e s t e d  in p r e p a r i n g  na tu ra l  i n d o l i z i d i n e s  e x t r a c t e d  from 

the skin  o f  n e o t r o p i c a l  f r o g s  3. One way to bu i ld  the  i n d o l i z i d i n e  f r a m e w o r k  is an 

i n t r a m o l e c u l a r  r e d u c t i v e  a m i n a t i o n  unde r  c a t a l y t i c  h y d r o g e n a t i o n  c o n d i t i o n s .  This  

m e t h o d  has o f t en  been  used  in the  s y n t h e s i s  o f  na tu r a l  3 , 5 - d i s u b s t i t u t e d  i n d o l i z i d i n e s  4 

f rom a p p r o p r i a t e  k e t o p y r r o l i d i n e s  ( S c h e m e  1). The main s t e r e o m e r  (de  > 70%) has a 

cis a r r a n g e m e n t  o f  C-5 and C-9 h y d r o g e n s  ( i n d o l i z i d i n e  n u m b e r i n g ) .  Only  the  cen t e r  

C-9 seems  to d i r e c t  the  c o n f i g u r a t i o n  o f  C-5 s ince  th is  cis r e l a t i o n s h i p  b e t w e e n  C-5 

and C-9 h y d r o g e n s  t a k e s  p l ace  s e l e c t i v e l y  w h a t e v e r  the  C-3 a b s o l u t e  c o n f i g u r a t i o n  

is 4. This  s t e r e o s e l e c t i v e  c y c l i s a t i o n  is p r e s u m e d  to p r o c e e d  v i a  a c a t a l y t i c  r e d u c t i o n  

o f  the  imin ium i n t e r m e d i a t e  f o r m e d  in  s i t u  f rom the f ree  k e t o a m i n e  ( S c h e m e  1). 
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Within the context  of  our search to use the (S)-proline as a ehiral building 

block in the synthesis of  (-) indolizidine 195B 5 we considered two slightly different 

routes both start ing from the common pyrrolidine 1. In route A, we first decided to 

construct  the indolizidine skeleton by intramolecular  reductive amination from 

substrates 4 (R = CH2OAc) or $ ( R = COzMe) before the C-3 appendage elongation. 

In route B, the C-3 n-butyl substituent elaboration from the carbomethoxy group 

should be performed before the final reductive amination step (Scheme 2). 
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Scheme 2 

The pyrrolidine 1 was synthesized in a stereoselective manner (de > 90%), in four 

steps from L-prol ine using the acyliminium methodology 5. 

Route A was first examined starting from the trans ketopyrrol idine 4 (R = 

CHzOAc). Chemoselect ive reduction 6 of  the ester moiety of  1 and subsequent 

acylation of  the resulting alcohol 2 gave acetate 3. This latter was submitted to the 

Wacker oxidation process providing the desired pyrrolidine 46. Exposure of  this 

compound to an atmosphere of  hydrogen in the presence of  palladium on charcoal 

(5%) as catalysts  in methanol, caused the amine deprotect ion,  annulation and finally 

the reduct ion of  the resulting iminium, leading to a mixture of  6a 7 along with its C5 

epimer 6b in quanti tat ive yield (Scheme 3). The diastereomeric ratio of  6a and 6b 

(64:36) was determined by gas chromatography.  This diastereoseleet ivi ty (de = 28%) 

was low compared to the known results with alkyl substituent at the C-3 posit ion (de 
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> 70%)  4. A t t e m p t s  to  i m p r o v e  th is  s t e r e o s e l e c t i v i t y  by us ing  v a r i o u s  s o l v e n t s  and 

p a l l a d i u m  c a t a l y s t s  we re  u n s u c c e s s f u l .  

This  d r o p  in s e l e c t i v i t y  s eemed  to be due  to the  p r e s e n c e  o f  the 

m e t h y l e n e a c e t a t e  g r o u p .  B e f o r e  we u n d e r t o o k  the  s y n t h e s i s  o f  ( - )  i n d o l i z i d i n e  195B 

a c c o r d i n g  to  r o u t e  B, we d e c i d e d  to c a r r y  ou t  the  r e d u e t i v e  a m i n a t i o n  on the 

s u b s t r a t e  S b e a r i n g  a c a r b o m e t h o x y  g r o u p  on C3 c a r b o n  in o r d e r  to  check  the e f fec t  

o f  such a s u b s t i t u e n t .  

O x i d a t i o n  o f  the  key  i n t e r m e d i a t e  I s unde r  the  W a c k e r  t y p e  p r o c e d u r e  

[PdC12(PhCN)2/CuCI /O2]  f u r n i s h e d  the k e t o p y r r o l i d i n e  5 in 88% i s o l a t e d  y ie ld  s . The 

r e d u c t i v e  a m i n a t i o n  o f  5 u n d e r  c a t a l y t i c  h y d r o g e n a t i o n  c o n d i t i o n s  was  c a r r i e d  out  in 

e thyl  a c e t a t e  as so lven t .  The c rude  ana lys i s  (GC / MS)  showed  the p r e s e n c e  o f  four  

d i a s t e r e o m e r s  o f  7 among  which  the  p r e d o m i n e n t  r e p r e s e n t e d  more  than  90%. 

The  p r e s e n c e  o f  fou r  i s o m e r s  was not  s u r p r i s i n g  s ince  the  s t a r t i n g  m a t e r i a l  5 

was c o n t a m i n e d  wi th  i ts  cis  i s o m e r  s . M o r e  s u r p r i s i n g  was the  r e l a t i v e  s t e r e o c h e m i s t r y  

o f  the  m a j o r  i n d o l i z i d i n e  i s o l a t e d  f rom the mix tu r e  o f  7. I n d e e d  the  NOE e x p e r i m e n t s  

o f  th is  s t e r e o m e r  9 i n d i c a t e d  a cis  r e l a t i v e  a r r a n g e m e n t  o f  C-5 and C-3 h y d r o g e n s .  No 

s igna l  e n h a n c e m e n t  was  o b s e r v e d  n e i t h e r  b e t w e e n  C-9 and C-3,  nor  b e t w e e n  C-9 and 

C-5 h y d r o g e n s .  These  NOE r e s u l t s  were  in f avo r  o f  the  e p i m e r  7b for  the  ma jo r  

i n d o l i z i d i n e  o b t a i n e d  ( S c h e m e  3). M o r e o v e r  a s econd  i s o l a t e d  d i a s t e r e o m e r  1° was 

shown to have  a cis  a r r a n g e m e n t  b e t w e e n  the C-3,  C-5 and C-9 h y d r o g e n s  on the 

bas i s  o f  N O E  e x p e r i m e n t s .  The f o r m a t i o n  o f  th is  s t e r e o m e r  cou ld  r e su l t  f rom the 

r e d u c t i v e  a m i n a t i o n  o f  the  cis  i s o m e r  o f  5 s. 
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Scheme  3 

To c h e c k  th i s  u n e x p e c t e d  s t e r e o e h e m i s t r y  o f  the  m a j o r  s t e r e o m e r  7b,  we 

d e c i d e d  to  t r a n s f o r m  i ts  e s t e r  m o i e t y  in to  a m e t h y l e n e a e e t a t e  g r o u p  and to  c o m p a r e  
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the  o b t a i n e d  p r o d u c t  w i th  6a and 6b.  The ma jo r  e s t e r  i s o l a t e d  f rom the  mix tu r e  o f  7 

was q u a n t i t a t i v e l y  r e d u c e d  11 in to  i ts  p r i m a r y  a l c o h o l  9 which  was  then  p r o t e c t e d  as 

an a c e t a t e  12 in 93% i s o l a t e d  y ie ld .  The a c e t a t e  thus  o b t a i n e d  was  found  to be 

i d e n t i c a l  to 6b in all  r e s p e c t s  ( S c h e m e  4). 

~ CO2M e LiAIH4 ~ , , , ~ ' ~  OH A~O / NEt 3 A % l ~  OAe 

7b 9 6b 

Scheme  4 

This  r e s u l t  c o n f i r m e d  the a b s o l u t e  s t e r e o c h e m i s t r y  o f  the  m a j o r  s t e r e o m e r  7b 

and hence  the  s u r p r i s i n g  s t e r e o s e l e c t i v i t y  in the  r e d u c t i v e  a m i n a t i o n  o f  5. At this  

s t a g e  we have  no s e r i o u s  e v i d e n c e s  to exp l a in  th is  u n e x p e c t e d  s t e r e o s e l e c t i v i t y .  

As we see,  r o u t e  A gave  low or  r e v e r s e  s t e r e o s e l e c t i v i t y  d e p e n d i n g  on the 

n a t u r e  o f  the  C-3 s u b s t i t u e n t .  F ina l l y  the  s y n t h e s i s  o f  ( - )  i n d o l i z i d i n e  195B was 

a c h i e v e d  5 a c c o r d i n g  to r o u t e  B v ia  the  t r ans  k e t o p y r r o l i d i n e  8 wi th  72% 

d i a s t e r e o s e l e c t i v i t y  ( S c h e m e  3). 
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