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Abstract - The Pummerer reaction applied to indoloquinolizidine 

derivatives (2) led to compounds (91, (10) and (12) which are precur- 

sors of E p r c ~  and ke;$osg_er_~a derivatives. 

In the course of our total ayntheeis of &_spido_!psr_ma alkaloids vindorosine (&) 

and vindoline (2)' the Pumerer reaction w a s  used to induce a rearrangement 

leading to the pentacyclic ketone (2) from the indoloquinolizidine (2) according 

to Scheme I. 
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Scheme I 

This "retr~biomim~tic~~ rearrangement followed the reverse pathway affording 

2 vincamine (3 )  from vincadifformine ( 5 )  . 



Over the past twenty years, vlncamine (41 and related alkaloids such as eburna- 

monine (2) have been the subject of intense synthetic interest3 because of 
their therapeutic potential as cerebrovasodilators. In this context, we cons=- 

dered that indolo C 2 , j - a )  quinollzidine (Z), unsubstituted on the indolic ni- 

trogen could be a synthetic precursor of several analogues of vincamine (5) and 
eburnamonine (5) after cyclisation induced by the Pumnerer reaction and our 

study of this reaction is reported in the present paper. 
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When treated wlth dlmeyllithiwn4 in THF-Me2S0, the indoloqu~nol~zldine deriva- 

tzve (8)5 led to the expected P-ketosulfoxides (3) and as a mixture of 

diastereomers6 (96%) Refluxing a solution of (&I and (3) in tetrahydrofuran 

for five minutes in the presence of an excess (6 equiv.) of p-toluenesulfon~c 

acid furnished two epimeric Eburna derivatives (s) (17%) and (B) (8%) as well --.-.- 

as two isomeric Aspidosperma derivatives (10) (14%) and (11) (17%) (total - - - - - - - - . - - - 
yield : 56%) (Scheme 11). 

7 Compounds (&) and (9P_) which exhibited in their uv spectra an indolic chro- 

mophore werecharacterized peculiarly by the presence of a low field C2,-H 

nmr signal at 4.62 and 4.29 ppm respectively. which are in accord with a q k s  

quinol~zidin~ conformation for the C-D ring junction.8 These two compounds (&) 

and ('&) have been correlated during the following steps of the synthesis 

The uv spectra of he&b :pyma  derivatives (10) and (s17 were typical of a 

methylene indoline and an indolenine chromophore, respectively. In the nmr 

spectra of (10) and (11) one-proton dnglets at 2.99 and 2.94 ppm 

respectively were characteristic of a trans relationship between CZ1-H and the ----- 
lone pair of the adjacent nitrogen. 9 
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I t  i s  n o t e w o r t h y  t h a t  t h e  Pummerer r e a c t i o n ,  a p p l i e d  t o  i n d o l o q u i n o l i z ~ d i n e s  

(3) and (2) i n d u c e d .  yja t h e  c a t i o n l c  i n t e r m e d i a t e  (s), two t y p e s  o f  compe- 

t z t i v e  a l k y l a t i o n s  (Scheme 11). 

Schene I1 -- 
The C - a l k y l a t i o n  l e a d i n g ,  a f t e r  r e a r r a n g e m e n t ,  t o  Aapidoaperma d e r i v a t i v e s  (10) - - - - - - - - - - - - 
and  (2) rema ined  t h e  ma jo r  pathway ( p a t h  a )  compared w i t h  t h e  d l r e c t  N- 

a l k y l a t i o n  ( p a t h  b ) .  A c e t i c  a n h y d r i d e ,  a c e t y l  c h l o r i d e  and t r i f l u o r o a c e t i c  

a n h y d r i d e  which  a r e  commonly u s e d  i n  t h e  Pummerer r e a c t i o n  d i d  n o t  a f f o r d  s i g n i -  

f i c a n t  change i n  t h e  r a t i o  o f  t h e  p r o d u c t s .  The o r i e n t a t i o n  o f  t h e  r e a c t i o n  is 

p r o b a b l y  c o n t r o l l e d  a t  l e a s t  p a r t i a l l y  by s t e r i c  f a c t o r s .  A s  a  m a t t e r  of f a c t ,  

N - a l k y l a t i o n  ( p a t h  b )  i m p l i e s  t h e  switching o f  tr.ans q u i n o l i z i d i n e  i n t o  cjs 
q u i n o l i z i d i n e  c o n f o r m a t i o n  d u r i n g  t h e  c y c l i s a t i o n .  T h i s  c o n f o r m a t ~ o n a l  change  

10 
1s n o t  i n v o l v e d  i n  p a t h  a  l e a d i n g  t o  t h e  Aspidosperma framework.  ------------ 
The E+:.a d e r i v a t i v e s  (s) a n d  (B) were c l e a n l y  r e d u c e d  and  h y d r o g e n o l i ~ ~ d  

w i t h  Raney-Ni i n  r e f l u x i n g  a c e t o n e  and  a f f o r d e d  a s i n g l e  compound (a) (93%) 

i d e n t i f i e d  as 15-oxo-llt,l5-dihydroehurnamen1ne~~ (Scheme 111) t h e r e b y  i n d i c a t i n g  



Scheme I11 

t h a t  (&I and (s) were d ias te reomer rc  a t  CI6 .  

Careful hydrogenolyais of t h e  Aspidosperma ------------ d e r i v a t i v e s  (101 and (111 (Raney-Ni. 

cyclohexene, ace tone)  a f fo rded  compounds (14) and'tl5I7 (90% and 83%) whose 

reduc t ion  w i t h  sodium cyanoborohydride i n  a c i d i c  medium1' gave r i s e  to  a  s i n g l e  

45p&g2:peEma d e r i v a t i v e  (16) l3 (70%) (Scheme 1 1 1 ) .  

The p e n t a c y c l i c  ketone (2) h a s  a l s o  been p repared  by a n  unambiguous r o u t e  e t a r -  

t i n g  wi th  N-protected i n d o l o q u i n o l i z i d l n e  (x)14 which a f fo rded  a s  p rev ious ly  t h e  

P-keto su l fox ide  (2). This  compound submitted to  a  s e q u e n t i a l  t r ea tment  wi th  p- 

to luenesu l fon ic  a c i d  and aqueous hydroch lor ic  a c i d ,  gave r i s e  t o  t h e  . 4 e ~ ~ d o _ s p e ~ $  

d e r i v a t i v e  (2) ( o v e r a l l  y i e l d  from ( 2 1  : 69%) (Scheme I V ) .  

Scheme I V  

- 380- 
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