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NMR SPECTROSCOPIC STUDIES OF TRYPTOPHAN DERIVATIVES 
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A b s t ~ a c t  - P r o t o n  a n d  c a r b o n - 1 3  n u c l e a r  m a g n e t i c  resonance s p e c t r a  - - - - - - - - 
o f  some t r y p t o p h a n  d e r i v a t i v e s  a r e  r e p o r t e d  a l o n g  w l t h  t h e i r  a n a l y s i s .  

T h e  s p e c t r a l  p a r a m e t e r s  r e v e a l  n e w  sensitive p r o b e s  f o r  s t r u c t u r e  

elucidation o f  l n d o l e  alkaloids. 

I n  a p u r e l y  synthetical c o n t e x t 1  we r e q u i r e d  a f a c i l e  m e t h o d  f a r  t h e  i d e n t ~ f l -  

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

of t h e  t y p e  1. S i n c e  c o m p o u n d s  of t h i s  t y p e  h a v e  n o t  previously b e e n  a p t l y  

c h a ~ a c t e r i s e d  b y  n u c l e a r  m a g n e t i c  resonance, we became i n t e r e s t e d  i n  s t u d y i n g  

t h e l r  N M R  s ~ e c t r a l  c h a r a c t e r i s t i c s .  

O u r  s t u d i e s  p r o v e d  e x t r e m e l y  f r u l t f u l  y i e l d i n g  new l n f o r r n a t l o n  n o t  o n l y  on  

t h e  c o m p o u n d s  s t u d l e d  per 2% b u t  a l s o  o n  some new a n d  c h a r a c t e r i s t i c  s e n s i t ~ v e  

p r o b e s  f a r  s t u d y ~ n g  t h e  s u b s t i t u t i o n  p a t t e r n s  in various i n d a l e  a l k a l o i d s .  



'H N M R  s p e c t r o s c o p y  ------------------- 

The o n l y  r e p o r t e d  ' H  NMR spectrum f o r  compounds o f  t h e  t y p e  1 was i n  a r e c e n t  

p u b l i c a t i o n  by Rapoport2  f o r  compound 2 .  E v e n  t h l s  p a p e r ,  however ,  l e f t  t h e  

NMR s h i f t s  u n a s s i g n e d  in m p l l c i t  form.  Comparison o f  t h e  b N M R  s p e c t r a  

of 3a. 4a  and 5a w l t h  t h o s e  o f  3b. 4b and 5b p r e s e n t e d  i n  Tab le  1 ,  respectively, 

reveal t h a t :  

T A B L E  1. 'H N M R  d a t a  o f  compounds 3 - 5 .  
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- t h e  l n d o l ~ c  N - H  a b s o r b s  a t  l o w e r  field i n  t h e  b s e r i e s  indicating i n c r e a s e d  

a c l d l t y  o f  t h e  p r o t o n .  T h e  high-field s h i f t  of t h e  a s e r i e s  i s  explained 

by t h e  e n h a n c e d  p o a s i b l l l t y  o f  h y d r o g e n  b o n d l n g  b e t w e e n  t h e  l n d o l e  N - H  a n d  

t h e  c a r b o m e t h o x y  g r o u p .  I n  t h e  b  s e r i e s ,  s u c h  h y d r o g e n  b a n d l n g  i s  prohibited 

a n  s t e r l c  g r o u n d s .  

- t h e  e s t e r  m e t h y l  s i g n a l  is s h l f t e d  t o  h l g h e r  field i n  t h e  a series a s  c o m p a r e d  

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

o f  t h e  a r o r n a t l c  i n d o l e  nucleus. T h i s  observation i s  c o m p r e h e n s i b l e  on  t h e  

same r e a s o n i n g  as t h e  p r e v i o u s  i t e m .  

- t h e  H-2 o f  t h e  l n d o l e  u n l t  e x h i b i t s  s h a r p e r  d o u b l e t  fine s t r u c t u r e  o r  e v e n  

s l n g l e t  ( 3 b )  i n  t h e  b series. T h l s  phenomenon  i s  e x p l a i n e d  b y  t h e  d i r n l n i s h e d  

f o u r - b o n d  H-C=C-C-H c o u p l i n g :  T h e  e s t e r  c a r b o n y l  t e n d s  t o  a l l g n  t h e  C=O 

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

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

2 
t h e  4 ~ H H  w h l c h  i s  a f u n c t i o n  o f  cos @ ( 0  = t h e  t o r s i o n  a n g l e  b e t w e e n  t h e  

n - s y s t e m  a n d  t h e  axis o f  t h e  C-H b o n d ] .  
3  

- I" t h e  a s e r ~ e s .  H-R, 1 . e .  t h e  p r o t o n  a t o  t h e  e s t e r  u n i t ,  r e s o n a t e s  a t  

83.55 w l t h  i t s  f i n e  s t r u c t u r e  partially h l d d e n  u n d e r  t h e  e s t e r  m e t h y l  s i g n a l .  

T h e  H - o  p r o t o n s  r e s o n a t e  a t  6 3.15 a n d  i r e  v i r t u a l l y  u n d l f f e r e n t l a t e d .  

- t h e  c l e a r e s t  d i s t l n c t l o n  b e t w e e n  t h e  a a n d  b  serles can b e  made o n  t h e  

o b s e r v s t l o n  o f  t h e  s i g n a l  d u e  t o  H-a in t h e  b  series a t  l o w e r  f l e l d  a p p r o x l -  

m a t e l y  a t  s 4 . 2 5  with t h r e e  b o n d  35HH c o u p l i n g  c o n s t a n t s  4 HZ a n d  10 HZ t o  

t h e  R - h y d r o g e n s  a t  a p p r a x l m a t e l y  S 2.60 a n d  6 3 . 3 0 .  

P e a k  a s s i g m e n t s  a r e  b a s e d  o n  chemical s h i f t  c o r r e l a t i o n 4  a n d  SFORD s p e c t r a  

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

resonances v e r e  assigned b a s e d  o n  e s t a b l i s h e d  l i t e r a t u r e  d a t d  , a n d  t h e  p i p e r l -  

6 d i n e  c a r b o n s  vere identified by t h e  u s e  o f  m o d e l  compounds  . F o r  t h e  t e t r a h y d r o -  

p y r l d i n e  derivative 6 ,  t h e  c a r b o n s  2  a n d  6 v e r e  d i f f e r e n t i a t e d  by t h e  e n d o c y c l i c  

h o m o a l l y l  e f f e c t 7  e x h i b ~ t e d  by C-6. 



T h e  13c N M R  s p e c t r a  o f  t h e  c o m p o u n d s  3a, 4a ,  Sa, 3b, 4b a n d  5 b  a r e  p r e s e n t e d  

I" T a b l e  2 

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

t u t i a n  in t h e  s i d e  c h a i n .  C a r b o n s  2 a n d  Ja make a n  e x c e p t i o n ,  h o w e v e r ,  in 

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

T h e  e f f e c t  i s  l e s s  d l a g n o s t l c  f o r  C-2 b u t  t h e  o b s e r v e d  A S  ; - 1 ppm f o r  C-ja. 

- I n  t h e  b  series, t h e  c h e m i c a l  s h l f t  o f  t h e  e s t e r  c a r b o n y l  is s h i f t e d  2 . 5  

ppm t o  l o w e r  f l e l d  a n d  t h e  e s t e r  m e t h y l  1 . 0  ppm t o  l o w e r  f i e l d .  T h e s e  e f f e c t s  

a r e  also t a k e n  a s  t h e  m a n i f e s t a t l o "  of t h e  a r o m a t l c  r i n g  c u r r e n t  e f f e c t  ( v i d e  supra). 
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- ~ i s r e g a r d l n g  t h e  e f f e c t s  o n  t h e  multiplicities o f  t h e  s l g n a l s  d u e  t o  CT+ 

a n d  C-R, t h e  m o s t  d r a m a t i c  e f f e c t  i s  o b s e r v e d  in t h e  h e t e r o c y c l i c  c a r b o n s  

a t o  t h e  " o n - i n d o l i c  n i t r o g e n ,  1 . e .  C-2'  a n d  C-6' e q u a l l i n g  A d  r r 3 . 5  ppm. 

T h l s  e f f e c t  1s a t t r i b u t a b l e  t o  t h e  release o f  s t e r i c  c o n g e s t ~ o n  c a u s e d  by 

t h e  c a r b o m e t h o x y  g r o u p  i n  t h e  m e m b e r s  o f  t h e  a s e r l e s 4 .  

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

c a r b o n s  C-o a n d  C-R i n  a r e g u l a r  m a n n e r .  A p a r a m a g n e t i c  s h l f t  o f  1 5 - 1 6  ppm 

i e  o b s e r v e d  f o r  C - a .  a s  one w o u l d  e x p e c t  f ram s l r n p l e  considerations o f  

a a n d  8 - e f f e c t s  On t h e  o t h e r  h a n d ,  t h e  o b s e r v e d  s h i f t  o f  C-R ( A d  r - 7 . 5  

ppm) i s  n e a r l y  9  ppm u n l t s  s m a l l e r  t h a n  o n e  m l g h t  e x p e c t .  T h l s  I S ,  h o w e v e r ,  

e a s i l y  a p p r e h e n d e d  by c o n s i d e r i n g  t h e  a d d e d  p e f f e c t s  in t h e  a serles. 

T h e  N M R  s p e c t r a  w e r e  r e c o r d e d  a t  r . t .  o n  a J e o l  JNM-FX 6 0  s p e c t r o m e t e r  o p e r a t ~ n g  

a t  1 5 . 0 4  MHz ~n Fourier t r a n s f o r m  mode .  The r e s o n a n c e s  were  m e a s u r e d  d o w n f l e l d  

( 6  I f rom t h e  l n t e r n a l  s t a n d a r d  TMS ( 6 0 . 0 0 )  ~n a p p r o n l m a t e l y  0 . 5  M C D C 1 3  

s o l u t i o n s .  F o r  1 3 c  N M R  s p e c t r a ,  1 0 0 0 0  s c a n s  o f  4 kHz were  a c c u m u l a t e d  w l t h  

8 k  d a t a  p o l n t s  ( F I D )  u s i n g  5  p s e c  p u l s e  w l d t h  ( 9  p s e c  i 9 0 -  p u l s e )  a n d  1 . 5 0  

s e c  p u l s e  repetition t l r n e .  T h e  d a t a  w e r e  p r o c e s s e d  using F o u r i e r  s e l f - c o n v a l u t ~ o n  
8  

t o  i n c r e a s e  resolution. 
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