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

c o n s t a n t s  o f  t w e l v e  a j r n a l i n e  a l k a l o i d s  1 - 11 h a v e  b e e n  

d e t e r m i n e d  i n  a  4 0 0  MHz ' H  NMR s t u d y .  

INTRODUCTION 

T O  o b t a i n  u s e f u l  ' H  NMR d a t a  f o r  t h e  s t r u c t u r e  d e t e r m i n a t i o n s  o f  a j m a l i n e  

a l k a l o i d s ,  we u n d e r t o o k  a 4 0 0  MHz ' H  NMR s t u d y  o f  a j m a l i n e  1, i s o a j m a l i n e  2 ,  
d i a c e t y l s a n d w i c h i n e  3 ,  i s o s a n d w i c h i n e  , 1 7 - 0 - a c e t y l a j m a l i n e  5 ,  d i a c e t y l -  

a j m a l i n e  5 ( a j m a l i n e - s u b g r o u p ) ,  a c e t y l d i h y d r o v o m i l e n i n e  1 ( i n d o l e n i n e - s u b g r o u p ) ,  

q u e b r a c h i d i n e  5, v i n c a m a j i n e  9 ,  " i n c a m e d i n e  10 ( q u e b r a c h i d i n e - s u b g r o u p ) ,  

m a u i e n s i n e  11 ( t e t r a p h y l l i c i n e - s u b w p ) ,  a n d  r a u f l o r i n e  ( 1 7 - k e t o  a l k a l o i d  

p o s s e s s i n g  t h e  t e t r a p h y l l i c i n e  r i n g  s k e l e t ~ n ) . ' . ~  F o r  some e a r l i e r  f r a g m e n t a r y  

' H  NMR d a t a  c o n c e r n i n g  t h e  a l k a l o i d s  u n d e r  i n v e s t i g a t i o n ,  s e e  R e f s .  4 - 9 .  

RESULTS AND DISCUSSION 

A p p l i c a t i o n  o f  t h e  n o r m a l  c o n s e c u t i v e  s i n g l e -  and m u l t i - l i n e  d e c o u p l i n g  t e c h n i q u e s  

p e r m i t t e d  a l l  t h e  p r o t o n s  i n  t h e  t w e l v e  a l k a l o i d s  1 - t o  b e  d i s c o v e r e d  a n d  t h e  

c o u p l i n g  c o n s t a n t s  p r e s e n t e d  i n  T a b l e s  1  a n d  2 t o  b e  d e t e r m i n e d .  
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T a b l e  1. ' H  N M R  d a t a  o f  c o m p o u n d s  1 - 1. 

Chemical s h i f t s  
1 - 2 - 3 - 4 - 5 - 6 - 7 - 

2.62 s ( d )  3.02 s(d1  

3.37 d ( d d 1  3.71 d ( d d )  

3.68 d d ( d )  2.98 d d ( d )  

2.13 d ( d )  2.15 d ( d 1  

1.95 dd 1.36 dd 

7.45 7.08 
6.78 6.78 

7.17 7.15 

6.66 6.64 

1.76 d d ( d 1  1.68 d e f .  

1.18 d d ( d 1  1.68 d e f .  

2.12 m 1.96 m 

1.98 br d d ( d ) 2 . 5 8  ddd 

4.38 s ( d 1  5.68 d  

1.00 t 0.90 t 

1.42 m 1.40 m 

1.70 m 1.65 m 

1.38 m 1.38 m 

4.00 d  5.25 s ( d )  

2.7R s 2.78 s  

2.03 s  

2.10 s 

3.04 s ( d 1 .  2.72 s ( d )  2.72 s ( d )  - 
3.56 d ( d d )  3.65 d ( d d )  3.63 d ( d d )  4.26 d ( d 1  

3.57 m 3.06 m 3.05 d d ( d )  3.40 d d ( d )  

2.04 d i d )  2.15 d ( d 1  2.15 d i d )  1.69 d ( d )  

1.32 dd 1.89 dd 1.93 dd 2.78 dd 

7.08 7.26 7.30 7.61 

6.80 6.78 6.81 7.39 

7.14 7.15 7.18 7.21 

6.67 6.66 6.68 7.47 

1.73def. 1.851~ 1.77 m 1.82 d e f .  

1.73 d e f .  1.62 ddd 1.74 dd(d1  1.82 d e f .  

2.00 m 2.44 m 2.50 m 2.49 m 

2.46 ddd 2.07 d d ( d )  2.07 d d ( d )  2.28 d d ( d )  

4.78 d  5.28 s ( d )  5.28* s ( d )  5.36* s ( d 1  

1.00 t 0.95 t 0.95 t 0.96 t 
1.41 m 1.37 rn 1.40 m 1.45 m 

1.68 m 1.47 rn 1.70 m 1.66 m 

1.33 m 1.52 m 1.47 m 1.51 rn 

4.08 d  4.33 s ( d 1  5.25* s ( d )  5.00* s ( d 1  

2.82 s 2.78 s 2.78 s  

2.19 s  2.21 s  2.15 s  

2.10 s 2.09 s 

Coupling c o n s t a n t s :  

I: J < 0.5 Hz; J3,14a = 10 Hz;  < 1 Hz; J5,6m - 1 HZ; J = 5 Hz;  J5,16 - 6 HZ; - 2,3 5,68 

J6a,60 
= 12 Hz; J14a,14B = 14 Hz;  < 1 Hz;  J148,15 = 4 Hz;  J15,16 - 4 HZ; J15,20 - 3 Hz;  

J16,17 - 0.5 Hz; J18,19 = 7 Hz; J18,19' = 7 HZ; J20,21 < 0.5 HZ. 

3: J < 0.5 Hz; J3,1qa = 10 Hz;  J - 2,3 3,14e < 1 HZ;  J5,6a - 1 Hz;  J5,60 = 5 Hz;  J5,16 - 6 Hz; 

k . 6 0  = 12 Hz;  J140,15 < 1 Hz; J148,15 - 4 Hz; J15,16 - 5 HZ; J15,20 - 3 HZ; J16,17 = 9 HZ; 

J18,19 = 7 Hz;  J18,19, = 7 Hz; J20,21 < 0.5 Hz.  

4: J < 0.5 Hz; J3,14a - 10 Hz;  J 
- 2,3 3,148 < 1 Hz;  J5,6a - 1 HZ; J5,6R = 5 HZ; J5,16 = 6 Hz; 

J6a,6~ = 12 Hz; J14,,15 ( 1 H z ;  J148,15 - 4 HZ; J15,16 - 5 HZ; JT5,20 - 1 Hz; J16,17 = 9 Hz; 

J18,19 = 7 Hz; J18,19, = 7 Hz; J20,21 = 7 HZ. 



6: J2,3 < 0.5 Hz; J3,14cr = 10 Hz; J3,146 < 1 HZ; J5,6a- 1 Hz; J5,6R = 5 Hz; J5,16 = 6 Hz; - 
J6u,6B = 12 Hz; J14a,15 < 1 Hz; J148,15 - 4 HZ; J15,16-4 HZ; J15,20 - 3 HZ; J16,17 - 0.5 Hz; 
J18,1g = 7 Hz; J18,19, = 7 Hz; J20,21 < 0.5 Hz. 

1: J3,14a = 
Hz; '3,14@ = 2.5 Hz; J5,6a - 1 Hz; J5,6B = 5 Hz; J5,16 = 7 Hz; J6a,66 = 12 Hz; 

J ~ ~ ~ , ~ ~  < I HZ; J ~ ~ ~ , ~ ~  - 4 Hz; J15,16 - 5 Hz; J15,20 - 3 HZ; J16,17 - 0.5 Hz; J18,19 = 7 Hz; 
J18,1g, = 7 Hz; J20,21 < 0.5 Hz. 

Spec t ra  were run i n  COC13 a t  400 MHz. Values are i n  ppm (TMS = 01, s, s i n g l e t ,  d, d o u b l e t ,  

t, t r i p l e t ,  q, q u a r t e t ,  m, m u l t i p l e t ,  br ,  broad, de f . ,  deformed. The sample t empe ra tu res  used 

were ZO'C f o r  compounds - 1, 2, 2, 4, 6, and I ,  and 52'~ f o r  compound 5. The c o r r e c t  assignment f o r  

t h e  a roma t i c  p r o t o n s  o f  compounds 1 - 5 was con f i rmed  by NOE (>N-CH3 i r r a d i a t e d ) .  The c o u p l i n g  

cons tan ts  between t h e  a r o m a t i c  p r o t o n s  are n o t  i n c l u d e d .  The s i g n a l s  due t o  t h e  OH-groups are 

o m i t t e d .  

T a b l e  2. 'H NMR d a t a  o f  c o m p o u n d s  8 - 

C h e m i c a l  s h i f t s  
8 - 9 - 10 1 1  - - 

H-2 3.67 d  

H-3 3.30 dd (d )  

H-5 3.44 d ( d )  

H-6a 1.65 d ( d )  

H-66 2.55 dd 

H-9 7.16 
H-10 6.74 

H-11 7.05 
H-12 6.72 

H-14a 1.42 d d ( d )  

H-145 2.49 d d ( d )  

H-15 3.43 d ( d )  

H-16 

H-17 4.18 s 
H-18 1.58 b r  d  

H-19 5.22 b r  q  

H-21cr 3.23 de f .  

H-210 3.25 d e f .  

>N-CH3 

-COOCH3 3.63 s 

-OCOCH3 

3.15 d  

3.45 dd (d )  

3.49 d ( d )  

1.46 d ( d )  

2.56 dd 

7.15 
6.78 

7.16 

6.63 
1.46 d d ( d )  

2.41 d d ( d )  

3.47 d i d )  

4.21 s 

1.57 b r  d  

5.24 b r  q 

3.34 d e f .  

3.34 def .  

2.58 s 

3.65 s  

3.23 d  3.07 s ( d )  

3.58 d d ( d )  3.62 d (dd1  

3.63 d ( d )  2.89 d d ( d )  

1.81 d ( d )  2.05 d ( d )  

2.54 dd 1.23 dd 

6.98 7.10 

6.73 6.81 
7.17 7.16 

6.66 6.66 

1.54 d d ( d )  1.78 dd (d1  

2.63 d d ( d )  2.08 dd (d1  

3.50 d i d )  2.97 d d ( d )  

2.44 d d ( d )  

5.67 s 4.72 d  

1.55 b r  d  1.62 b r  d  

5.29 b r  q 5.22 b r  q  

3.47 d e f .  3.34 d  

3.49 d e f .  3.46 d  

2.64 s 2.78 s 

3.64 s  

1.85 s 

1.64 b r  d  

5.31 b r  q 

3.50 d e f .  

3.50 d e f .  
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Table 2  cont inues 

Coupl ing constants :  

8 :  J2,3 = 5  Hz; J  - 3,14a = J3,148 - 1 Hz; J5,6a - 1 HZ; J5,6B = 5  HZ; J60,68 = 12 HZ; 

J,4a,148 = 14 Hz; J14a,15 ' 2  Hz; J14B,15 - 5  HZ; J18,19 = 7 Hz. 

10: J2,3 = 5  Hz; JjSl4= = 10 Hz; J3,14B - 1  Hz; J5,60 - 1  HZ; J5,6B = 5  HZ; Jha,68 - = 12 Hz; 

J14a,14B = 14 Hz; J140,15 - 2  HZ; JlqBXl5 = 5  Hz; J18,1g = 7  HZ. 

11: J2,3 < 0.5 Hz; J3,14, = 10 Hz; - 1  Hz; JSS6= - 1  HZ; J5,6B = 5  Hz; J5,16 = 7  HZ; - 

J6cr,6~ = Hz; J14u,148 = l4 Hz; J14a,15 - Hz;  J14~ ,15  - 4  Hz; J15,16 - 4  Hz; J16,17 = 9 HZ; 

J18,19 = 7  Hz; J21a,21B = 15 Hz. 

12: J2,3 < 0.5 Hz; J3,14a = 10 Hz; J3,14B - 1  Hz; JS,6a - 1  Hz; J5,68 = 5  H z ; J ~ , ~ ~  = 7  HZ; - 

J 6 a , 6 ~  = lZ J14a,14~ = 14 HZ; J14a,15 - 1  HI; J14g,15 = 5  Hz; J15,16 = 5  Hz; J  18,1 = 7  Hz. 

Spect ra  were run i n  CDC13 a t  400 MHz. Values are i n  ppm (TMS = 0 ) .  s ,  s i n g l e t ,  d, doublet ,  

t, t r i p l e t ,  q, q u a r t e t ,  m, r n u l t i p l e t ,  b r ,  broad, de f . ,  deformed. The sample temperatures used 

were 20'~. The c o r r e c t  assignment f o r  t h e  aromat ic  protons of compounds 9, 10 and 11 was conf i rmed 

by  NOE ON-CH3 i r r a d i a t e d ) .  The c o u p l i n g  constants  between t h e  aromat ic  p ro tons  a re  no t  i nc luded .  

The s igna ls  due t o  t h e  OH- and NH-groups are omi t ted .  

The  P r e s e n t  r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  i n  t h e  a j r n a l i n e - s u b g r o u p  t h e  f o u r  b a s i c  

s k e l e t o n s ,  c h a r a c t e r i s e d  b y  17R,ZlR,  17R,21S,  17S,21R, and  17S,21S c o n f i g u r a t i o n s  

( a j r n a l i n e - ,  i s o a j m a l i n e - ,  s a n d w i c h i n e - ,  a n d  i s o s a n d w i c h i n e - s k e l e t o n s ,  r e s p e c -  

t i v e l y ) ,  a r e  e a s i l y  d i s t i n g u i s h e d  b y  t h e i r  ' H  NMR s p e c t r a .  I n  R - c o n f i g u r a t i o n s ,  

C ( l 7 ) - H  and  C ( 2 1 ) - H  a r e  r e p r e s e n t e d  b y  s i n g l e t s  ( J 1 6 , 1 7  and  J 2 0 , 2 1  a r e  n e g l i -  

g i b l e ) ,  w h e r e a s  i n  S - c o n f i g u r a t i o n s  t h e y  a r e  r e p r e s e n t e d  b y  d o u b l e t s  ( T a b l e  1 ) .  

S c r u t i n y  o f  t h e  s p e c t r a l  d a t a  o f  compounds  1 - 6 ( T a b l e  1 )  r e v e a l s  t h a t  t h e  
m a i n  s h i e l d i n g  e f f e c t s ,  d u e  t o  t h e  C ( 1 7 )  a n d / o r  C ( 2 1 )  O H - g r o u p s  ( o r  t h e i r  

a c e t y l a t e d  c o u n t e r p a r t s ) ,  a r e  s e e n  i n  t h e  c h e m i c a l  s h i f t s  o f  C ( 2 I - H  (compounds  1, 
2 ,  5 and  5 ) ,  C ( 5 ) - H  ( c o m p o u n d s  1, 3, 1 and  6 )  a n d  C ( 6 ) - H B  (co rnpaunds  2 and  5 ) .  - 
T h i s  i s  i n  g o o d  a g r e e m e n t  w i t h  w h a t  c o u l d  b e  e x p e c t e d  o n  s t r u c t u r a l  b a s i s .  

The  q u c b r a c h i d i n e - s u b g r o u p  a l k a l o i d s  ( q u e b r a c h i d i n e  8, v i n c a m a j i n e  9 a n d  

v i n c a m e d i n e  10) a r e  e a s i l y  d i s t i n g u i s h e d  f r o m  t h e  o t h e r  a i m a l i n e  a l k a l o i d s  

p r e s e n t  b y  t h e  C ( 2 ) - H  d o u b l e t s  and  C ( 1 7 ) - H  s i n g l e t s     able 2 ) .  F o r  t l i e  
compounds p o s s e s s i n g  t h e  t e t r a p h y l l i c i n e  r i n g  s k e l e t o n  ( m a u i e n s i n e  11 a n d  

r a u f l o r i n e  12) t h e  C ( 2 ) - H  i s  p r e s e n t e d  b y  a s i n g l e t  i s  n e g l i g i b l e )  ( T a b l e  2 ) .  

The  1 7 5  c o n f i g u r a t i o n  o f  r n a u i e n s i n e  11 i s  s u p p o r t e d  b y  t h e  6 4 . 7 2  ppm d o u b l e t .  



The  s t r a n g  s h i e l d i n g  e f f e c t  o f  t h e  C ( 1 7 )  k e t o  g r o u p  i n  r a u f l o r i n e  o n  t h e  

c h e m i c a l  s h i f t  o f  C ( I 4 ) - H B  i s  n o t e w o r t h y .  T h e s e  r e s u l t s  a r e  i n  f u l l  a g r e e m e n t  

w i t h  t h e  g e n e r a l l y  a c c e p t e d  s t r u c t u r e s .  

I t  i s  h o p e d  t h c t  t h e  p r e s e n t  r e s u l t s ,  w h i c h  c o v e r  m o s t  o f  t h e  r i n g  s k e l e t o n s  
1  known f o r  a j m a l i n e  a l k a l o i d s  , w i l l  p r o v e  u s e f u l  i n  t h e  d e t e r m i n a t i o n  o f  s i m i l a r  

s t ~ u c t u r e s .  

EXPERIMENTAL 

The  NMR s p e c t r a  w e r e  r e c o r d e d  o n  a l a b o r a t o r y - b u i l t  4 0 0  MHz ' H  NMR h i g h  

r e s o l u t i o n  s p e c t r o m e t e r  ( I . E . F .  4 0 0 ) ' O  a n d  o b t a i n e d  b y  c o l l e c t i n g  8 t o  1 2 8  

f r e e - i n d u c t i o n  d e c a y  s i g n a l s  f o r  a - 0 . 0 1  M s o l u t i o n  o f  t h e  s a m p l e s  i n  4 5 0  u l  o i  

CDC13. 
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