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A b s t r a c t  - The c leavage  o f  c y c l i c  3 - s u b s t i t u t e d  t e t r a h y d r o p y r i d i n e  a c e t a l s  

under  t h e  m o d i f i e d  Po lonovsk i  r e a c t i o n  c o n d i t i o n s  i s  desc r ibed .  The method 

was a p p l i e d  t o  t h e  p r e p a r a t i o n  o f  a 1 - f o r r n y l i n d o l o [ 2 . 3 - a l q u i n o l i z i d i n e  

d e r i v a t i v e .  

1 I n  ou r  e a r l i e r  comnun ica t i on  we desc r ibed  a n i t r o g e n  a s s i s t e d  c y c l i c  a c e t a l  r i n g  opening d u r i n g  

t h e  sodium b o r o h y d r i d e  r e d u c t i o n  o f  3 - s u b s t i t u t e d  p y r i d i n i u m  a c e t a l s .  S a l t  1, f o r  example, y i e l d s  

t h e  eno l  e t h e r  ( c i s - t r a n s  isomers)  i n  a d d i t i o n  t o  t h e  n x m l l  r e d u c t i o n  p roduc t  2 (Scheme 1 ) .  

Scheme 1 

I n  t h i s  paper  we r e p o r t  t h e  behav iou r  o f  t e t r a h y d r o p y r i d i n e s  of t y p e  2 under t h e  mod i f i ed  

Po lonovsk i  r e a c t i o n 2  c o n d i t i o n s .  We found  t h a t  t h e  a c e t a l  group i s  e a s i l y  c leaved  and thus 

a ldehydes and ketones,  which o t h e r w i s e  a r e  s u s c e p t i b l e  t o  unwanted s i d e  r e a c t i o n s  under  these 

c o n d i t i o n s ,  can be u t i l i s e d  f o r  s y n t h e t i c  purposes.  These r e s u l t s  a r e  a p p l i e d  t o  t h e  p r e p a r a t i o n  

of synthons f o r  i n d o l e  a l k a l o i d  s y n t h e s i s .  

-- 
+FOP P a r t  I, see Re f .  1 



RESULTS AND DISCUSSION 

3 Our a t tempts  t o  p repare  an a - a m i n o n i t r i l e  from 2  i n  t h e  usual  manner f a i l e d  t o  g i v e  t h e  expected - 
4 

p r o d u c t  - 5, and gave i n s t e a d  t h e  enamine a ldehyde ( =  v iny logous  arnlde) 6 w ~ t h  t h e  cyan0 group i n  

t h e  4 - p o ~ i t i o n . ~  Fur thermore,  d u r i n g  t h e  column chromatography ( s i l i c a  g e l ,  CH2C12/Me0H), 

coinpound 6 was p a r t l y  t ransformed (60%) t o  a  4-methoxy d e r i v a t i v e  l6 (Scheme 2 ) .  
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Scheme 2 

The a t t a c k  of  t h e  cyano group a t  t h e  4 - p o s i t i o n  i n s t e a d  of a t  t h e  2 - p o s i t i o n  of t h e  imin ium 

spec ies  4 i s  p r o b a b l y  e x p l a i n e d  by  s t e r i c  reasons.  I n  t h e  c leavage  o f  t h e  a c e t a l  group, however, 

t h e  n i t r o g e n  e l e c t r o n  p a i r  p l a y s  t h e  key  r o l e  ( a s  i n  t h e  fo rma t ion  o f  compound 3 i n  t h e  NaBH4 
I r e d u c t i o n  o f  1 ) .  The mechanism f o r  t h e  f o r m a t i o n  o f  6 may be presen ted  as f o l l o w s  (Scheme 3 ) :  

Scheme 3 
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The enamine a c e t a l  i n t e r m e d i a t e  8 i s  n o t  i s o l a b l r ,  because t h e  a c e t a l  r i n g  i s  immed ia te l y  opened 

by  t h e  e f f e c t  o f  t h e  n i t r o g e n  l o n e  p a i r .  As t h e r e  a r e  no h y d r i d e  i ons  p r e s e n t  t o  reduce the 

im in ium spec ies  9, t h e  r e a c t i o n  proceeds t o  t h e  a ldehyde l e v e l .  

The unexpected f o r m a t i o n  of 5 ( t hough  i n  low y i e l d )  l e d  u s  t o  examine t h e  r e a c t i o n  of  4 w i t h  
8 o t h e r  n u c l e o p h i l e s  such as malonate an ion .7  And indeed, smal l  amounts of malonate adduct  10 were 

i s o l a t e d  when t h e  im in ium spec ies 4 was g e n t l y  heated w i t h  sodium d ime thy lma lona te  i n  dirnethoxy- 

e thane (Scheme 4, r o u t e  a ) .  
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H e a t i n g  and s t r o n g l y  b a s i c  c o n d i t i o n s  p r o v i d e d  t h e  b a s i s  f o r  a s i d e  r e a c t i o n ,  L.s. c leavage  o f  

t h e  group i n t r o d u c e d  a t  t h e  4 - p o s i t i o n  and subsequent p r o t o n  a b s t r a c t i o n  f rom t h e  5 - p o s i t i o n  t o  

produce a 1,6-dihydropyridylaldehyde 11 (Scheme 4, route h ) ,  The f n r m n t i n n  nf t h e  1.6-dihydro- 

p y r i d y l  a ldehyde fl can a l s o  be fo rmu la ted  as a  d i r e c t  p r o t o n  a b s t r a c t i o n  f r o m  t h e  5 - p o s i t i o n  

o f  t h e  im in ium spec ies 5 ,  f o l l o w e d  by  t h e  a c e t a l  r i n g  c leavage.  Wi th  sodium methox ide as a 

n u c l e o p h i l e  a n d l o r  base t h e  y i e l d  of d i h y d r o p y r i d i n e  was about 40%.' 



The r e l a t i v e l y  s t a b l e  compound 2 was a l s o  formed ( i n  a d d i t i o n  t o  2 and 3) i n  t h e  NaBHq r e d u c t i o n  

o f  1 (G t h e  im in ium eno l  e t h e r  i n t e r m e d i a t e  z), when t h e  r e a c t i o n  was pe r fo rmed  i n  a l k a l i n e  

c o n d i t i o n s  (Scheme 5 ) .  10 

Scheme 5 

The f a c i l e  c leavage  of t h e  a c e t a l  group was u t i l i s e d  f o r  t h e  p r e p a r a t i o n  of  synthons wh ich  would 
1 l e a d  t o  eburnamine-v incamine t ype  i n d o l e  a l k a l o i d s .  The i n d o l e  d e r i v a t i v e  13 was conver ted  t o  

t h e  im in ium spec ies 14, which was t h e n  s u b j e c t e d  t o  a c i d  induced c y c l i s a t i o n  (Scheme 6 ) .  
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When c y c l i s a t i o n  of 14 was per formed i n  me thano l i c  h y d r o c h l o r i c  a c i d  and t h e  r e a c t i o n  was stopped 

p rematu re l y ,  t h e  expected enamine a ldehyde 15'' was i s o l a t e d  as an i n t e r m e d i a t e .  I t s  c y c l i s a t i o n  

p r o d u c t  16''. i n  which r e a c e t a l i s a t i o n  had occurred,  had a l s o  been formed in smal l  amounts. 
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Fig. 1 

I-Formylindolo[2.3-alquinoliridines a r e  d e s i r e d  synthons f o r  t h e  p r e p a r a t i o n  o f  i n d o l e  

a l k a l o i d s  of  eburnamine-vincamine type.13 T h e i r  s y n t h e s i s  i s ,  however, o f t e n  r a t h e r  ted ious .  

Acco rd ing  t o  our  obse rva t ions ,  t h e  normal Wenkert procedure ( c a t a l y t i c  hyd rogena t ion  of 

a p p r o p r i a t e  p y r i d i n i u m  s a l t s , f a l l o w e d  by  a c i d  induced c y c l i s a t i o n ) ,  which has been used success- 

f u l l y  f o r  t h e  s y n t h e s i s  o f  l-a~etylindolo[2.3-a]q~inoliridinei,~~ t u r n e d  o u t  t o  be l e i s  

s a t i s f a c t o r y  i n  t h e  a ldehyde case. The p resen t  method seemi t o  p r o v i d e  an a l t e r n a t i v e  t o  overcome 

these  d i f f i c u l t i e s .  The a n p l i c a t i o n s  of  t h e  p rocedure  t o  t h e  s y n t h e s i s  o f  i n d o l e  a l k a l o i d s  a r e  i n  

p rog ress .  
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