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CONFORMATlONAL STUDIES OF 1 -  AND 3 - E T H Y L - 1 , 2 , 3 , 4 , 6 , 7 , 1 2 , 1 2 b -  

O C T A H Y D R O l N O O L O [ 2 , 3 - a ] Q U I N O L I Z I N E S  

M a u r i  L o u n a s m a a , *  R e i j a  J o k e l a ,  a n d  T a r j a  T a m m i n e n  ( n e e  R a n t a )  

T e c h n i c a l  U n i v e r s i t y  o f  H e l s i n k i ,  D e p a r t m e n t  o f  C h e m i s t r y ,  

L a b o r a t o r y  f o r  O r g a n i c  a n d  B i o o r g a n i c  C h e m i s t r y ,  

S F - 0 2 1 5 0  E s p o o  1 5 ,  F i n l a n d  

A b s t r a c t  - A m a i n l y  I 3 C  NMR b a s e d  c o n f o r m a t i o n a l  s t u d y  o f  t h e  

1 -  a n d  3-ethyl-1,2,3,4,6,7,12,12b-octahydroindol0[2,3-a]quino- 

l i z i n e s  1-4 i s  p r e s e n t e d .  

I n  c o n n e c t i o n  w i t h  s y n t h e t i c  s t u d i e s  o n  t h e r a p e u t i c a l l y  v a l u a b l e  v i n c a m i n e  and 

p s e u d o v i n c a m i n e  d e r i v a t i v e s  we became i n t e r e s t e d  i n  1 -  a n d  3 - e t h y l - 1 , 2 , 3 , 4 , 6 , 7 ,  

1 2 , 1 2 b - o c t a h y d r o i n d 0 l 0 [ 2 , 3 - a ] q u i n o l i z i n e s  I-?* as  p o t e n t i a l  m o d e l  c o m p o u n d s .  

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

 detail^,"^ a  m a i n l y  I 3 c  NMR b a s e d  c o n f o r m a t i o n a l  s t u d y  o f  t h e m  w a s  h i g h l y  

d e s i r a b l e .  

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

a r e ,  o f  c o u r s e ,  r a c e m i c .  



T h e  f o u r  ethyl-1,2,3,4,6,7,12,12b-octahydroindolo[2,3-a]quinolizines 1 - 4 :  

A l k y l a t i o n  o f  3 - e t h y l p y r i d i n e  w i t h  t r y p t o p h y l  b r o m i d e 3  y i e l d e d  t h e  c o r r e s p o n d i n g  

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

e t h y l p i p e r i d i n e ,  w h o s e  i n d o l e  N was p r o t e c t e d  b y  t h e  a c i d  l a b i l e  t - b u t y l o x y -  

c a r b o n y l  ( B o c )  g r o u p .  T h e  c o r r e s p o n d i n g  N - o x i d e  was s u b j e c t e d  t o  t h e  m o d i f i e d  

P o l o n o v s k i  r e a c t i o n 4  c o n d i t i o n s  a n d  t h e  i n t e r m e d i a t e  i r n i n i u m  s a l t s  w e r e  r e a c t e d  

w i t h  KCN t o  g i v e  t h e  c o r r e s p o n d i n g  a - a m i n o n i t r i l e s .  T r e a t m e n t  o f  t h e  m i x t u r e  o f  

a - a m i n o n i t r i l e s  w i t h  AgBF4,  a n d  t h e n  HCI IMeOH,  y i e l d e d  t h e  i n d o l o [ 2 , 3 - a l q u i n o -  

l i z i n e s  1' a n d  36 w h i c h  w e r e  s e p a r a t e d  b y  p r e p a r a t i v e  TLC. W o l f f - K i s h n e r  

r e d u c t i o n  o f  t h e  e a r l i e r  d e s c r i b e d  I - a c e t y ! i n d o l o [ Z , 3 - a l q u i n o l i z i n e  ( R e f .  7 ,  

c o m p o u n d  - 8 )  a f f o r d e d  1 - e t h y l i n d o l o [ 2 . 3 - a l q u i n o l i r i n e s  l5 a n d  L~ ( d u e  t o  a 

p a r t i a l  e p i m e r i z a t i o n  a t  C ( 1 )  b e f o r e  t h e  r e d u c t i o n ) ,  w h i c h  w e r e  s e p a r a t e d  b y  

p r e p a r a t i v e  TLC. 

T h e  1 3 c  NMR d a t a  o f  t h e  m i s s i n g "  e t h y l i n d o l o [ 2 , 3 - a l q u i n o l i r i n e  [ c o m p o u n d  4) 
h a v e  b e e n  d e s c r i b e d  r e c e n t l y  i n  t h e  l i t e r a t u r e . '  T h e  d a t a  p r e s e n t e d  h e r e  f o r  

c o m p o u n d  4'' a r e  t a k e n  f r o m  R e f s .  1  a n d  9 .  

C o n f o r m a t i o n a l  c o n s i d e r a t i o n s :  - 

T h e  1 -  o r  3 - s u b s t i t u t e d  1,2,3,4,6,7,12,12b-0ctahydroindolo[2,3-a]quinolizine 

s y s t e m s  c a n  e x i s t  i n  s i x  c o n f o r m a t i o n s  ( t w o  c o n f i g u r a t i o n s )  w i t h  e q u i l i b r a t i o n  b y  

n i t r o g e n  i n v e r s i o n  a n d  c i s - d e c a l i n  t y p e  r i n g  i n t e r c o n v e r s i o n  ( S c h e m e  1 ) .  R i n g  C  

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

D a r e  c o n s i d e r e d  

Compound - 2  ( t o  a v o i d  s t e r i c  i n t e r a c t i o n s  b e t w e e n  a n  e q u a t o r i a l  e t h y l  g r o u p  a n d  

t h e  i n d o l i c  p a r t )  a n d  c o m p o u n d  4 ( t o  h a v e  a n  e q u a t o r i a l  e t h y l  g r o u p )  c a n  b e  

expec ted  t o  e x i s t  p r e d o m i n a n t l y  i n  t h e  - - f u s e d  C I D  r i n g  c o n f o r m a t i o n  ( c o n -  

f o r m e r  ;) w h e r e a s  f o r  c o m p o u n d  ?_ ( t o  a v o i d  s t e r i c  i n t e r a c t i o n s  b e t w e e n  a n  e q u a -  

t o r i a l  e t h y l  g r o u p  a n d  t h e  i n d o l i c  p a r t )  a n d  c o m p o u n d  i ( t o  h a v e  a n  e q u a t o r i a l  

e t h y l  g r o u p )  t h e  c o n t r i b u t i o n  o f  c o n f o r m e r  c t o  t h e  c o n f o r m a t i o n a l  e q u i l i b r i u m  

s h o u l d  be m o r e  p r o n o u n c e d .  
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S t e r e o c h e m i c a l  r e s u l t s :  

T h e  s t e r e o c h e m i c a l  r e l a t i o n s h i p  p r o p o s e d  f o r  1-4 w e r e  m a i n l y  d e t e r m i n e d  b y  I 3 c  
NMR s p e c t r a l  a n a l y s i s .  T h e  f u l l y  p r o t o n - d e c o u p l e d  s p e c t r a ,  t a k e n  i n  CDCI3 ,  showed  

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

c o n f i r m e d  b y  r e c o r d i n g  s i n g l e  f r e q u e n c y ,  o f f - r e s o n a n c e  d e c o u p l e d  ( s f o r d )  s p e c t r a  

a n d  t h r o u g h  r e f e r e n c e  t o  t h e  e a r l i e r  s h i f t  a s s i g n m e n t .  11,13 

A g e n e r a l  c o m p a r i s o n  o f  t h e  c h e m i c a l  s h i f t s  f o u n d  f o r  c o m p o u n d s  1-4 w i t h  t h o s e  o f  

1 , 2 , 3 , 4 , 6 , 7 , 1 2 , 1 Z b - o c t a h y d r o i n d o l 0 [ 2 , 3 - a ] q u i n o l i z i n e  ( R e f .  1 1 ,  c o m p o u n d  G), 
t a k i n g  i n t o  a c c o u n t  t h e  c o n f o r m a t i o n a l  c o n s i d e r a t i o n s  ( v i d e  s u p r a )  a n d  t h e  

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

s t r u c t u r e s  d e p i c t e d  i n  t h e  f o r m u l a e  1-4. 

T h e  c h e m i c a l  s h i f t  o f  C ( 7 )  r e f l e c t s  t h e  c o n t r i b u t i o n  o f  d i f f e r e n t  c o n f o r m a t i o n s  

t o  t h e  c o n f o r m a t i o n a l  e q u i l i b r i u m  ( m a i n l y  d u e  t o  t h e  i n v o l v e m e n t  o f  C ( 7 )  w i t h  

C ( 4 ) ) .  T a k i n g  t h e  s h i f t  v a l u e s  ( 6  2 1 . 8  a n d  1 6 . 8  ppm)  as  a  b a s i s 1 2 ,  t h e  p r e s e n t  

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

f o r m e r  k i s  c o n s i d e r e d  n e g l i g i b 1 e ) c a n  b e  e s t i m a t e d  w i t h  a r e l a t i v e l y  h i g h  

d e g r e e  o f  a c c u r a c y .  C o r r e l a t i o n  o f  t h e  s h i f t  v a l u e s  1 9 . 4  a n d  19 ,O ppm, f o u n d  f o r  

t h e  s i g n a l  o f  C ( 7 )  i n  c o m p o u n d s  1 a n d  1, w i t h  t h e  v a l u e s  2 1 . 8  a n d  1 6 . 8  ppm 

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

b e t w e e n  a a n d  c i s  a b o u t  4 8 %  a n d  56%.  r e s p e c t i v e l y .  T h e  v a l u e s  2 1 . 4  a n d  2 1 . 8  ppm 

f o u n d  f o r  C ( 7 )  o f  c o m p o u n d s  2 a n d  4 u n d e r l i n e  t h e  s t r o n g  p r e p o n d e r a n c e  o f  c o n -  

f o r m a t i o n  _?. 



T h e  predominance of c o n f o r m a t i o n  q in c o m p o u n d s  2 and is also supported b y  'H 

NMR spectroscopy. T h e  p r e s e n c e  of t h e  C(12b)H signal upfield f r o m  6 3.4 ppm 

( 6 3.34 and 3.20 ppm, respectively) is characteristic of c o n f o r m a t i o n  a (trans- - -  
q u i n o l i z i n e  juncture). T h e  c o u p l i n g  c o n s t a n t  J = 2 H z  f o u n d  f o r  t h e  C(12b)H 

signal of - 2 is in excellent agreement with t h e  proposed s t r u c t u r e  t a k i n g  into 

account t h e  conformational c o n s i d e r a t i o n s  ( v i d e  supra). 

O w i n g  to t h e  diamagnetic displacement e f f e c t  of t h e  e l e c t r o n  pair o f  t h e  basic 

nitrogen (cf. - conformational considerations), t h e  C(12blH s i g n a l s  of 1 and ,! 
appear at lower field ( 6  3.63 and 3 . 3 0  ppm, respectively), in a g r e e m e n t  with t h e  

proposed structures. 

M o r e o v e r ,  t h e  relatively strong intensities of t h e  B o h l m a n n  b a n d s  in t h e  I R  
s p e c t r a  of c o m p o u n d s  2 and 4 and t h e i r  weakness in t h e  I R  s p e c t r a  of c o m p o u n d s  1 
and 3 are  in full agreement with t h e  conformational c o n c l u s i o n s  presented. 

T h e  present results put t h e  s t e r e o c h e m i s t r y  u f  the f o u r  p o s s i b l e  1 -  and 3-ethyl- 

i n d o l o [ 2 , 3 - a l q u i n o l i z i n e s  1.4 on  a f i r m  basis and give v a l u a b l e  d a t a  for 

stereochemical c o n s i d e r a t i o n s  of s y n t h e t i c  vincamine and p s e u d o v i n c a m i n e  inter- 

mediates. 
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