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U n i v e r s i t y  o f  K a r a c h i ,  K a r a c h i - 3 2 / P a k i s t a n  

A b s t r a c t  - A new d i h y d r o i n d o l e  a l k a l o i d  s a n d w i c o l i n e  h a s  been i s o l a t e d  

from u n d r i e d  w i n t e r  r o o t s  of Rauwolf ia  s e r p e n t i n a  of N e p a l i e s  o r i g i n  and 

i t s  s t r u c t u r e  d e t e m i n e d  a s  2 1 a a n o h y d r o - N m e t h y l s a n d w i c i n e  th rough  che-  

m i c a l  and s p e c t r a l  s t u d i e s .  

The p r e s e n t  work was u n d e r t a k e n  i n  t h e  a l k a l o i d a l  c o n s t i t u e n t s  of Nepa l ian  r o o t s  

o f  Rauwolf ia  s e r p e n t i n a  i n  t h e  l i g h t  of e a r l i e r  o b s e r v a t i o n s  t h a t  t h e  a l k a l o i d a l  

1-4 
c o n s t i t u e n t s  show s i g n i f i c a n t  r e g i o n a l  v a r i a t i o n s .  A s  a r e s u l t ,  a new d ihydro-  

i n d o l e  a l k a l o i d ,  h i t h e r t o  u n r e p o r t e d  from any of  t h e  v a r i o u s  s p e c i e s  of Rauwol 

5 -8 
f i a ,  h a s  been i s o l a t e d  from t h e  e t h y l  a c e t a t e  s o l u b l e  f r a c t i o n  of  t h e  aqueous 

e x t r a c t  and p r o v i s i o n a l l y  named a s  s a n d w i c o l i n e  ( I ) .  I n  t h e  c o u r s e  of i ts  i s o l a -  

t i o n  care h a s  been t a k e n  t o  employ t h e  m i l d e s t  p o s s i b l e  p r o c e d u r e  i n  o r d e r  t o  

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

Sandwico l ine  h a s  m o l e c u l a r  fo rmula  C21H30N202 ( e l e m e n t a l  a n a l y s i s  and h i g h  r e s o -  

+ 
l u t i o n  mass M 3 4 2 . 2 3 0 7 ) .  The uv spec t rum showed maxima a t  250 and 295nm, cha- 

r a c t e r i s t i c  of d i h y d r o i n d o l e  a l k a l o i d s .  The i r  spec t rum showed 0-H s t r e t c h i n g  

a t  3350 m-' i n  a d d i t i o n  t o  o t h e r  peaks  a t  2890-3100 cm-' (C-H s t r e t c h i n g )  1 6 1 0 ,  

1 4 6 5  cm-' (C=C v i b r a t i o n  o f  t h e  benzene r i n g ) ,  775 and 880 cm-' (C-H bending of 

-1 
s u b s t i t u t e d  benzene r i n g ) .  There  i s  no s t r o n g  peak  between 1630 and 1800  cm show- 

ing  t h e  absence  of  c a r b o n y l  g r o u p  i n  t h e  a l k a l o i d .  



The c a l c u l a t i o n  of r i n g  e q u i v a l e n t s  and c l o s e  s i m i l a r i t y  of  t h e  s p e c t r a l  d a t a  

w i t h  s a n d w i c i n e ,  p r o v i d e d  s u b s t a n t i a l  e v i d e n c e  of  t h e  s t r u c t u r e  o f  s a n d w i c o l i n e  

being c l o s e l y  r e l a t e d  t o  t h a t  o f  sandwic ine?  'g-nmr ( s e e  e x p e r i m e n t a l )  and 

13c-mr ( T a b l e )  d a t a  showed t h e  p r e s e n c e  of two N m e t h y l  and two hydroxyl  g r o u p s .  

P r e s e n c e  o f  t h e  l a t t e r  was f u r t h e r  s u p p o r t e d  by t h e  f o r m a t i o n  of  its d i a c e t y l  

d e r i v a t i v e  ( 1 1 ) .  

I t  d o e s  no t  r e d u c e  t h e  ammonical s i l v e r  n i t r a t e  s o l u t i o n  showing t h e  a b s e n c e  of  

c a r b i n o l  m i n e - a l d e h y d e  imine  t a u t o m e r i m ,  i n d i c a t i n g  t h e  opening  of  CZl-N4 

bond. 

The mass spectrum showed, a p a r t  f r m  t h e  m o l e c u l a r  i o n ,  peaks  a t  m/e 324.2201 

+ 
(M-H20) , m/e 313.1916 (M-C2H5)+ and m/e 311 .2123  (M-CH2-0~)+. The f ragment  i o n s  

+ 
a t  m/e 269.1651 (C17H21NZO)+, m/e 198 .1493  (C11HZ0N02) , mje  168 .1390  (C10H18~0)+ 

and m/e 144.0813 (C H N)' c o r r e s p o n d  t o  t h e  i o n s  a , b , c  and d  r e s p e c t i v e l y .  
1 0  1 0  

The l ~ - m r  spec t rum showed a  m u l t i p l e t  a t  6 6 .54-7 .24  r e l a t e d  t o  a r c m a t i c  p r o t o n s ,  

a two-pro tons  d o u b l e t  a t  6 3 . 6 6  (H-21, J=GHz), t w o - t h r e e - p r o t o n s  s i n g l e t s  a t  

6 2 . 7 0  and 6 2 . 5 1  (N1-CH3 and N4-CB3 r e s p e c t i v e l y ) ,  a t r i p l e t  a t  6 0 . 9 6  (H-19) 

and a m u l t i p l e t  a t  6 1 . 2 5  (H-18). A one-pro ton  d o u b l e t  a t  6 4 .54  ( J=9Hz)  h a s  been 

1 a t t r i b u t e d  t o  (H-17). I n  t h e  H-mr  spec t rum of  I 1  t h e  s i g n a l s  o f  H-17 and H-21 

S h i f t e d  t o  6 4 .70  and 6 5 .34 r e s p e c t i v e l y .  The d a t a  r e c o r d e d  s o  f a r  c o l l e c t i v e l y  

l e d  t o  t h e  f o r m u l a t i o n  of s t r u c t u r e  I f o r  s a n d w i c o l i n e  which was f u r t h e r  s u p p o r t e d  

by 1 3 ~ - m r .  Thus t h e  n a t u r e  o f  C-21 and p r e s e n c e  of  :$ -CI$ was conf i rmed  by t h e  4  

appearance  of two s i g n a l s  a t  6 7 9 . 9  and 6 2 8 . 7  r e s p e c t i v e l y ,  and s p i n  e c h o  spec-  

t rum.  

Regarding t h e  s t e r e o c h m i s t r y  of C-17, it h a s  been c o n c l u s i v e l y  shown t o  have t h e  

s ame  c o n f i g u r a t i o n  as t h a t  of s a n d w i c i n e  s i n c e  H-17 e x h i b i t s  a c o u p l i n g  c o n s t a n t  

o f  9Hz which is  c m p a r a b l e  w i t h  t h a t  of sandwic ine  a s  a g a i n s t  Js1.8Hz o b s e r v e d  i n  

a jmal ine .1°  E u r t h e r ,  t h e  i d e n t i t y  o f  t h e  s t e r e o c h e m i s t r y  o f  t h e  b a s e  and sandwic ine  

w i t h  r e s p e c t  t o  a l l  asymmetr ic  c e n t r e s  was c o r r o b o r a t e d  t h r o u g h  c a n p a r i s o n  of i t s  

v a r i o u s  d a t a  ( i r ,  u s ,  mass ,  m r ,  m p  and s p .  r o t % )  w i t h  t h o s e  of  t h e  canpound 

o b t a i n e d  from sandwic ine  t h r o u g h  i t s  r e d u c t i o n  (NaBH4) f o l l o w e d  by m e t h y l a t i a n  

(HCHOjHCOOH). 
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1)  NaBH4 

v ( I )  
I1 I!' 2 )  HCHO 

HC02H 

E t 
Sandwic ine  

EXPERIMENTAL 

h l e l t i n g  p o i n t s  were r e c o r d e d  i n  g l a s s  c a p i l l a r y  t u b e s  and a r e  u n c o r r e c t e d .  i r  and 

uv s p e c t r a  were measured  on JASCO IRA-I s p e c t r o m e t e r  and Pye-Unicam SP-800 s p e c t r o -  

meter r e s p e c t i v e l y .  Elass s p e c t r a  were  r e c o r d e d  on F i n n i a a n  MAT 112  and MAT 312  

d o u b l e  f o c u s s i n g  mass s p e c t r o m e t e r  c o n n e c t e d  t o  PDP 1 1 / 3 4  computer  s y s t e m .  'M and 

1 3 C  nmr (Broad band and Gated s p i n  e c h o )  s p e c t r a  were r e c o r d e d  i n  CDCl o n  a Bruker 3  
NP-100 SY FT-NMR s p e c t r o m e t e r  w i t h  T . U . S .  a s  i n t e r n a l  r e f e r e n c e .  13c-nmr s p e c t r a l  

a s s i g n m e n t s  have been made p a r t l y  t h r o u g h  a compar i son  of t h e  c h e m i c a l  s h i f t s  with 

t h e  p u b l i s h e d  d a t a  Tor s i m i l a r  compounds1' and p a r t l y  t h r o u g h  t h e  a p p e a r a n c e  of 

s i g n a l s  i n  t h e  sp in -echo  s p e c t r u m .  The p u r i t y  of s a m p l e s  was checked  on t.1. C .  

( s i l i c a  g e l  SIF-254 p r e c o a t e d  aluminium c a r d s ) .  

I s o l a t i o n  

The u n d r i e d  w i n t e r  r o o t s  o f  Rauwolf ia  c o l l e c t e d  from Khatmando ( N e p a l )  were chopped 

i n t o  s n a l l  b i t s  and r e p e a t e d l y  e x t r a c t e d  o u t  w i t h  w a t e r  a t  room t e m p e r a t u r e .  The 

combined e x t r a c t s  were f r e e z e - d r i e d  and d i v i d e d  i n t o  e t h y l  a c e t a t e  s o l u b l e  and i n -  

s o l u b l e  f r a c t i o n s .  The e t h y l  a c e t a t e  s o l u b l e  f r a c t i o n  was shaken  o u t  w i t h  2% a c e t i c  

a c i d  which was ammoniated t o  pil 7 . 5  and e x t r a c t e d  o u t  w i t h  e t h y l  a c e t a t e .  The e t h y l  

a c e t a t e  s o l u t i o n  was washed,  d r i e d  over anhydrous  sodium s u l f a t e  and f r e e d  o f  the 

s o l v e n t  under  r e d u c e d  p r e s s u r e .  The r e s i d u e ,  t h u s  o b t a i n e d  was s u b j e c t e d  t o  t h i c k  

l a y e r  chromatography  ( s i l i c a  g e l ,  ch lo roform-methanol  9 . 5 : O . j )  r e s u l t i n g  i n  t h e  i s o -  

l a t i o n  of s a n d w i c o l i n e  a s  w h i t e  c r y s t a l l i n e  s o l i d  which on r e c r y s t a l l i z a t i o n  from 

m e t h a n o l  formed e l o n g a t e d  r o d s ,  mp l 7 7 - 1 7 ~ ~ ~ ,  + 2020 (CHC13). EIhlS m / e  (re]. .  

i n t . 5 )  342 .2312  (M', c a l c d .  f o r  C21H30N202, 342 .2307)  ( l o ) ,  269.1651 (C17H21~20)+ ( 6 ) ,  

1 9 8 . 1 4 9 3  (C11H20N02)+ ( l o o ) ,  168.1390 (C101118~0)+ ( 2 0 )  and 144 .0813  (CIOHIO~)+  ( 1 2 ) .  

I t  a n a l y z e d  f o r  C21H30N202 ( o b s e r v e d  C=73.49, H=8.94,  N=8.28. 0 = 9 . 2 9 % ,  c a l c d .  for 

-1 
C H N 0  C=73 .68 ,  II=8. 7 7 ,  N=8.1D, 0=9 .37%);  I  . R .  vmax(Cm ) (CHC13): 3350 (0-H 21 30 2  2 

s t r e t c h i n g ) ,  1375  ( 0 - H  b e n d i n g )  3100,  1450  ( a r o m a t i c  v i b r a t i o n ) ;  U . V .  Amax(nm) (MeOH): 

210,  250 and 295.  ' ~ - ~ n r  (CDCl ) .  6 6 . 5 4 - 7 . 2 4  (4H, m, a r o m a t i c  p r o t o n s ) ,  4 . 5 4  ( l H ,  
3  

d ,  J = 9Hz, H-17), 3 . 6 6  (2H, d ,  J = 6Hz, H-21), 3 . 3 5  (ZH, m ,  H-3 and 11-5), 2 . 7 0  (3B,  

s ,  N - CH3), 2 . 5 1  (3H, s ,  N -CH3), 0 . 9 6  (311, t ,  H-18) and 1 . 2 5  (2H, m, N-19). 
1 4  



TABLE 

13C-NM~ CHEMICAL SHIFTS 

Carbon No. Chemical s h i f t  Carbon N o  Chemical  s h i f t  

2  7 5 . 2  14 3 1 . 0  

3 4 4 . 8  1 5  2 7 . 7  

5  53 .1 1 6  3 4 . 0  

6  3 4 . 3  1 7  7 0 . 4  

7  5 4 . 0  1 8  1 1 . 9  

8  1 '31 .2  1 9  2 3 . 0  

9  1 1 9 . 9  20 4 7 . 2  

1 0  1 1 8 . 6  21 7 9 . 9  

11 1 2 7 . 0  N -CH3 1 3 4 . 4  

1 2  1 0 9 . 4  h -CH3 
4 2 8 . 7  

1 3  1 5 3 . 8  
---------------------------------------------------------------------. 
All v a l u e s  a re  i n  (ppm) r e l a t i v e  t o  TUS = O 

A c e t y l a t i o n  o f  I  t o  I1 

To a s o l u ~ i u n  of i ( 2 5  mg) i n  p j r i d i n e  ( I  m l ) ,  a c e t i c  a n h y d r i d e  ( 1  m l )  

w a s  added and t h e  r e a c t i n n  v i x t u r e  was k e p t  o v e r n i g h t  a t  room t e m p e r a t u r e .  On 

u s u a l  work u p  c h r o m a t o g r a p h i c a l l y  p u r e  I 1  was o b t a i n e d  a s  a powder ,  which m e l -  

t e d  a t  2 0 3 - 2 r ) 4 ~ ~ .  I -R.qm,(m- ' )  (CHC1 ) .  1 7 3 0  and 1 6 2 0 .  EIMS m/e ( r e l . i n t . % )  
3  - 

426 .2520  (hl' c a l c d .  f o r  C25H34N204, 426 .25184)  (301,  '~-nmr (CDC13 : 6 6 . 6 0 - 7 . 3 1  

( 4 H ,  m, a r o m a t i c  p r o t o n s ) ,  5 . 7 0  ( l H ,  d ,  J = 9Hz, H-17), 5 . 3 4  (ZH, d ,  J = 6Hz, H-21), 

2 . 1 0  and 2 . 0 3  (3H each s ,  2  x 0COCH3) s a n d w i c o l i n e  h a s  a l s o  been c h a r a c t e r i s e d  

t h r o u g h  f o l l o w i n g  s a l t s :  

S a n d w i c o l i n e  Hydro iod ide  

H y d r o i o d i d e  sras p r e p a r e d  by a?cling p o t a s s i u m  i o d i 4 e  t o  t h e  s o l u t i o n  of 

t h e  b a s e  i n  d i l u t e  a c e t i c  a c i d .  I t  formed r e c t a n g u l a r  p l a t e s  from m e t h a n o l  which 

m e l t e d  a t  1 1 2 - 1 1 3 ~ ~ . 1 t  is i n s o l u b l e  i n  e t h e r ,  p e t r o l e u m  e t h e r  and r e a d i l y  s o l u b l e  

i n  m e t h a n o l ,  e t h a n o l  and a c e t o n e .  

S a n d w i c o l i n e  P i c r a t e  

P i c r a t e  was o b t a i n e d  a s  a b r i q h l  y e l l o w  m i c r o c r y s t a l l i n e  powder by ad-  

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

I t  m e l t e d  a t  153-154%. I t  i s  s p a r i n g l y  s o l u b l e  i n  e t h e r ,  s o l u b l e  i n  e t h a n o l  and 

methanol  and r e a d i l y  s o l u b l e  i n  a c e t o n e  and w a t e r  
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D i h y d r o s a n d w i c i n e  

TO a s o l u t i o n  o f  O . j  o f  s a n d w i c i n e  i n  lOml of m e t h a n o l ,  1 . 0 g  of 

sod ium b o r o h y d r i d e  was g r a d u a l l y  added w i t h  s t i r r i n g .  A f t e r  k e e p i n g  i t  a t  

room t e m p e r a t u r e  f o r  3  h .  t h e  e x c e s s  o f  b o r o h y d r i d e  was d e s t r o y e d  by a d -  

d i n g  10% a c e t i c  a c i d .  The r e a c t i o n  m i x t u r e  was t h e n  b a s i f i e d  w i t h  20% a m o -  

nium h y d r o x i d e  and e x t r a c t e d  o u t  w i t h  e t h y l  a c e t a t e .  On u s u a l  work up  of t h e  

ethyl a c e t a t e  l a y e r ,  d i h y d r o s a n d w i c i n e  was o b t a i n e d  a s  a c r y s t a l l i n e  r e s i d u e  

( ~ i e l d  t h e o r e t i c a l )  which on r c c r y s t a l l i z a t i o n  f rom a c e t o n e  formed coarse  

hexagona l  r o d s ,  mp 2 1 0 - 2 1 2 ~ ~ ;  /11:0 + ~ ~ ~ ( c H c I ~ ) .  EIhlS m / r  328 .21631  

(41% hit) ( c a l c d .  f o r  C20H28N202 328 .21506) .  I t  a n a l y z e d  f o r  C20H28N202 ( o h -  

s e r v e d  C=72.89,  i i=8.48,  N-8.60, 0=10 .03%,  c a l c d .  for C20H28?1202C = 7 3 . 1 7 ,  

-1 
li=8. 53 ,  N=8. 5 3 ,  0 = 9 . 7 7 % ) ;  I . R .  v (cm ) (CHC13); 3 3 4 5 ,  1 3 7 0 ,  3100 and 1 4 5 5 ;  

max 

U.V. Amax(n.m) (hleOH): 216 and 288.  

2 1 h l o n o h p d r o - N - m e t h y k a ~ l d m i c i n e  

D i h y d r o s a n d w i c i n e  ( 0 . 4 g )  was r e f l u x e d  w i t h  2 . 4  m o l e s  e a c h  of 40'; aqueous  

f o r m i c  a c i d  and f o r m a l d e h y d e  (40% s o l u t i o n )  f o r  2  h .  on t h e  b o i l i n g  w a t e r  

b a t h .  The r e a c t i o n  m i x t u r e  was t h e n  b a s i f i e d  w i t h  ammonia and t h e  l i b e r a t e d  

b a s e  e x t r a c t c d  o u t  w i t h  e t h y l  a c e t a t e ,  w e l l  washed w i t h  w a t e r ,  d r i e d  and f reed  

o f  t h e  s o l v e n t .  21-J lonohydro-N-methJ~Isandi i i ic inr  o b t a i n e d  a s  a w h i t i s h  r e s i d u e  

c r y s t a l l i z e d  from methano l  and on recrystallization from t h e  same s o l v e n t  formed 

e l o n g a t e d  r o d s .  I t s  p h y s i c a l  d a t a  were i d e n t i c a l  i n  all r e s p e c t s  w i t h  t h o s e  of 

s a n d w i c o l i n e .  
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