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THE I S O L A T I O N  AND STRUCTURE OF STRICT IMINE,  A  NEW P I P E R I D I N E  ALKALOII) 

FROM T H E  ROOTS OF RHAZYA STRICTA 
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A b s t r a c t  - A  new b i s p i p e r i d i n e  a l k a l o i d ,  " s t r i c t i l l i n e n ,  h a s  

been i s o l a t e d  from t h e  r o o t s  o f  R h o a y o  s t r i c t =  t o  which 

s t r u c t u r e  ( 1 )  h a s  been a s s i g n e d  on t h e  b a s i s  o f  s p e c t r o s c o p i c  s t u d i e s .  

R h o a y o  s t r i c t0  Deca isne  (Apocynaceae) is a l n d a n t l y  d i s t r i b u t e d  i n  v a r i m s  re- 

, s ions  o f  P a k i s t a n .  I t  is a m a l l  g l a b r o u s ,  e r e c t  s h r u b  growing i n  t h e  n o r t h  

west r e g i o n  of t h e  s u b c o n t i n e n t .  R h a a y a  s t r i c t n  is r e p u t e d  as c u r a t i v e  f o r  

c h r o n i c  r h e ~ a t i s s l - ~  and f o r  its a n t i c a n c e r  While much work b a s  

been c a r r i e d  o u t  on t h e  i s o l a t i o n  of a l k a l o i d s  from t h e  l e a v e s  and s e e d s  of  

R h n s y a  s t r i e t o ,  t h e  r o o t s  have been l i t t l e  i n v e s t i g a t e d .  A s  a r e s u l t  o f  s t u d i e s  

c a r r i e d  o u t  on its r o o t s ,  we have i s o l a t e d  a  new a l k a l o i d  which h a s  been i d e n t i -  

f i e d  a s  ( 1 )  by s p e c t r o s c o p i c  s t u d i e s .  

Powdered R . s t r i c t a  r o o t s  (75 kg)  were p e r c o l a t e d  wi th  e t h a n o l .    he e t h a n o l i c  

e x t r a c t s  were c o n c e n t r a t e d  t o  a  dark  brown gum. The c r u d e  e x t r a c t  was a c i d i -  

f i e d  w i t h  10% a c e t i c  a c i d  and t h e  a o i d i c  s o l u t i o n  was washed w i t h  petroleum 

e t h e r  (60-80'). The aqueous l a y e r  was e x t r a c t e d  with chloroform t o  remove t h e  

n o n - a l k a l o i d a l  c m p o n e n t s ,  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  a l k a l o i d s  ex- 

t r a c t e d  f i r s t  w i t h  c h l o r o f o m  and t h e n  w i t h  e t h y l a c e t a t e .  The c h l o r o f o m  and 

e t h y l a c e t a t e  e x t r a c t s  were combined, d r i e d  (anhydrous Na2S04), f i l t e r e d  and eva-  

p o r a t e d  t o  a f f o r d  t h e  c r u d e  a l k a l o i d s  (145 gm). These were d i s s o l v e d  i n  t a r -  

t a r i c  a c i d  s o l u t i o n  and e x t r a c t e d  w i t h  ch loroform a t  d i f f e r e n t  pR v a l u e s .  The 

pH of  t h e  aqueaus s o l u t i o n  was a d j u s t e d  t o  2 . 5  with amnonia and t h e  s o l u t i o n  

e x t r a c t e d  w i t h  ch loroform.  The ch loroform e x t r a c t s  were d r i e d  (anhydrous  Na2S04). 

f i l t e r e d  and c o n c e n t r a t e d  i n  vocuo t o  a f f o r d  t h e  c rude  a l k a l o i d s  (40  gm).  

These were s u b j e c t e d  t o  column chromatography on a s i l i c a  g e l  column. E l u t i o n  

f i r s t  w i t h  i n c r e a s i n g  p o l a r i t i e s  o f  pe t ro leum e t h e r - e t h y l a c e t a t e ,  e t h y l a c e t a t e ,  

e t h y l a c e t a t e - m e t h a n o l  and f i n a l l y  w i t h  methanol  gsve v a r i o u s  f r a c t i o n s  o f  a l k a -  

l o i d s .  The f r a c t i o n  e l u t e d  w i t h  petroleum e t h e r  : e t h y l a c e t a t e  ( 6 . 5 : 3 . 5 )  con-  

t a i n e d  two a l k a l o i d s  which were s e p a r a t e d  by p r e p a r a t i v e  TLC on s i l i c a  g e l  p l a t e s  

u s i n g  pe t ro leum e t h e r  : . e t h y l a c e t a t e  (1:l) as e l u e n t .  The f a s t e r  running band 

a f f o r d e d  a new a l k a l o i d  named " s t r i c t i m i n e r '  (80 mg) ,  IaID= 0' which gave  an  

o r a n g e  c o l o r a t i o n  w i t h  D r a g e n d r o f f ' s  r e a g e n t .  The s l o w e r  running  minor  band 

a l s o  a f f o r d e d  a new a l k a l o i d ,  M +  - 284, t h e  s t r u c t u r e  o f  which is u n d e r  i n v e s -  

t i g a t i o n .  



The major compound gave t h e  molecular ion a t  m/z = 252. High re so lu t ion  

mass spectrometery on t h e  M +  ion a f fo rded  t h e  exact  mass t o  he 252.2195 

which corresponded c l o s e l y  with t h e  mass c a l c u l a t e d  f o r  t h e  formula C15%N20 

(252.2201), i nd ica t ing  t h e  presence of t h r e e  double bond equ iva len t s .  The 

molecular ion peak was confirmed by Fas t  Atom Bombardment using g l y c e r o l  as 
the s o l u b i l i z i n g  medium. The fragmentation p a t t e r n s  of s t r i c t i m i n e  was par-  

t i c u l a r l y  informat ive ,  af fording t h e  following major peaks i n  its mass spec- 
+ 

trum; ms, m/z (formula, %); 252.2195 (M , C15H28N20, 17%): 223.1805 (C1&N20, 

Mt -~ t ,  6%);  140 . lo80 (C8H14N0, M + - C , , H ~ ~ N ,  22%); 112.1128 (C7HlqN, loo%), 

83.0861 (C5HgN, 8%) .  The formulae of t h e  ions  were e s t ab l i shed  by computer 

monitored high r e so lu t ion  mass measurements and confilmed by peak matching 

experiments on important ions .  A s  a r e s u l t  of these  s t u d i e s ,  t h e  s t r u c t u r e s  

of  the major fragment ions have been i d e n t i f i e d .  Linked scan measurements 

were c a r r i e d  ou t  t o  confirm t h e  fragmentation process given i n  schene I .  The 

exact masses of t h e  i o n s , i n t . n s i t i e s ,  formulae and proposed s t r u c t u r e s  a r e  

show i n  t a b l e  I .  

The mass spectrum indicated  t h a t  t h e  substance  was composed of two e t h y l  p i -  

peridine u n i t s .  The molecular ion a t  m/Z = 252.2195 l o s t  one e t h y l  group 

t o  a f fo rd  t h e  peak a t  m/z = 223.1805. Al t e rna t ive ly  it l o s t  one of t h e  

ethyl p ipe r id ine  u n i t s  t o  a f fo rd  t h e  ion a t  m/z = 140.1080 (C8H14NO) which 

contained t h e  remaining e thy l  p ipe r id ine  u n i t  and a carbonyl group. The base 

peak a t  m/z = 112.1128 fo r  t h e  e t h y l  p ipe r id ine  moiety was shown by l inked 

scan measurements t o  a r i s e  from t h e  ion a t  m/z = 140.1080. The f a c i l e  l o s s  

of  C=O from t h e  fragment a t  m/z = 140.1080 (C8HlqNO) t o  a f fo rd  t h e  ions  a t  

112.1128 (C7H14N) indicated  t h a t  t h e  carbonyl group was not a p a r t  of  t h e  

p iper id ine  r ing  hut tias bonded e x t e r n a l l y  t o  one of t h e  r i n g  carbon atoms o r  

t o  the  n i t rogen.  Furthermore t h e  sepa ra te  l o s s e s  of  t h e  two e t h y l  groups 

from fragment ( I )  t o  (11) and from fragment (IV) t o  (V), a s  demonstrated by 

linked scan and high r e so lu t ion  experiments,  f u r t h e r  Supported t h e  presence 

of two d i f f e r e n t  e thy l  p ipe r id ine  conta in ing moiet ies  i n  t h e  a l k a l o i d .  Attemp- 

ted reduction with sodium borohydride f a i l e d  t o  a f f o r d  t h e  Corresponding a l -  

cohol i n d i c a t i n g  t h a t  t h e  carbonyl group was not present  a s  a ketone.  

The substance showed t h e  l ack  of any chromorophoric grouping i n  i ts  W spec- 

trum. The IR spectrum showed t h e  presence o f  a carbonyl group; IR,vmaxCCHC13) 

cm-l, 3650, 3400 (C-H s t r e t c h i n g ) ,  2850 (C-A), 1710 (L1-O), 1615, 1450, 1372, 1140 

1100, 970, 930, 850 and 600. 

The proton NMR spectrum (CDC13) showed t h e  presence oP a 6-H d i s t o r t e d  t r i p  
l e t  cent red  a t  6 0.89 (J=6.5Hz) which was assigned t o  t h e  methyl protons  of  

the two e t h y l  groups.  Two downf i e l d  m u l t i p l e t s  cen t red  a t  6 3.52 and 6 3.65 

were assigned t o  t h e  C-2 o and B protons .  Spin-spin decoupling ind ica ted  t h a t  

the C-3 and C-3' methine protons were loca ted  a s  m u l t i p l e b a t  6 2.35. The C-6 

methylene protons resonated a s  m u l t i p l e t s  i n  t h e  region of 6 2.51- 6 2 . 8 .  The 

other m e t h y l e ~ e  protons  afforded complex m u l t i p l e t s  i n  t h e  region of 6 1.5- 

6 2.1. 
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The C-13 NMR (CDC1 ) ( T a b l e  1 1 )  o f  s t r i c t i m i n e  provided s t r o n g  s u p p o r t  f o r  3 
t h e  proposed s t r u c t u r e  ( 1 ) .  The r e g i o n  between 6 10- 6 55 c o n t a i n e d  1 4  s i g -  

n a l s  and a low f i e l d  s i g n a l  was p r e s e n t  a t  6 165.00. A p a i r  o f  peaks  a t  6 

52.79 and 6 52 .99  were a s s i g n e d  t o  t h e  C-2 and C-2' ca rbon  atoms a d j a c e n t  

t o  t h e  n i t r o g e n .  The o t h e r  two low f i e l d  methylenes r e s o n a t e d  a t  6 47.53 

and 6 47 .71  and were a s s i g n e d  t o  t h e  C-6 and C-6' methylenes a- t o  t h e  n i t r o -  

g e n .  That t h e s e  s i g n a l s  belonged t o  methylene carbons and n o t  t o  meth ine  

c a r b o n s  was conf i rmed  by g a t e d  s p i n  echo  measurements. T h i s  a l s o  s e r v e d  

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

t e d  a t  t h e  C-2 o r  C-2' ca rbon  atoms as t h i s  would have r e s u l t e d  i n  t h e  appea- 

r a n c e  of  low f i e l d  s i g n a l s  f o r  methine carbon atoms. The s i g n i f i c a n t  chemical  

s h i f t  d i f f e r e n c e  between C-2 and C-2' on t h e  one hand and C-6 and C-6' a n  

t h e  o t h e r  i n d i c a t e d  t h a t  t h e  e t h y l  g roups  were not l o c a t e d  a t  C-4 o r  C-4' 

which would have r e s u l t e d  i n  t h e  d i s a p p e a r a n c e  of any major  chemica l  s h i f t  

d i f f e r e n c e s  between C-Z/C-2' and C-6/C-6', and t h e r e f o r e  l e f t  o n l y  C-3 and 

C-3' f o r  t h e  l o c a t i o n  of t h e  e t h y l  g roups .  This  would r e a s o n a b l y  e x p l a i n  

t h e  chemica l  s h i f t  d i f f e r e n c e s  between C-2/C-2' and C-6/C-6' due t o  t h e  un-  

s y m n e t r i c a l  s u b s t i t u t i o n  of  t h e  molecu le .  

Two peaks  a t  6 37.67 and 6 37.63 were a s s i g n e d  t o  t h e  C-3 and C-3' ca rbon  

atoms which b e a r  t h e  e t h y l  g roups .  I t  was confirmed by g a t e d  s p i n  echo  mea- 
surements  t h a t  t h e  c a r b o n s  r e s p o n s i b l e  f o r  t h e s e  s i g n a l s  were meth ine  car- 

bon atoms and n o t  methylene carbon  atoms.  

While t h e  IR spec t rum had been d e c e p t i v e  a b o u t  the  n a t u r e  o f  t h e  c a r b o n y l  

g roup ,  t h e  p r e s e n c e  of a s i g n a l  a t  6 165.00 c l e a r l y  showed t h a t  t h e  c a r b o n y l  

g roup  was a t t a c h e d  t o  t h e  n i t r o g e n  atom. S i n c e  g a t e d  s p i n  echo  mea- 

surements  had shown t h a t  o n l y  two CH groups  were p r e s e n t ( w h i c h  were a s s i g n e d  t o  

t h e  ca rbon  atoms b e a r i n g  t h e  e t h y l  g r o u p s ) t h e  at tachment  o f  t h e  c a r b o n y l  

group t o  t h e  r i n g  carbon atoms c o u l d  be r u l e d  o u t  as it  would have g e n e r a t e d  

a d d i t i o n a l  low f i e l d  meth ine  g r o u p s .  On t h e  b a s i s  o f  t h e  above s p e c t r a l  d a t a ,  

s t r i c t i m i n e  is a s s i g n e d  s t r u c t u r e  ( 1 ) .  

I t  is i n t e r e s t i n g  t h a t  no s i m p l e  a l k a l o i d s  bear ing  an  e t h y l  g roup  a t  t h e  3- 

p o s i t i o n  of  a p i p e r i d i n e  r i n g  a r e  known. I t  is a l s o  no tewor thy  t h a t  p r e s e c a -  

mines (Z) ,which  a r e  formed by t h e  d i m e r i s a t i o n  of s e c o d i n e  m o l e c u l e s  ( 3 ) , h a v e  

been i s o l a t e d  from Rhaaya stricta. S t r i c t i m i n e  could arise i n  t h e  p l a n t  by a 
f r a g m e n t a t i o n  of  preseoamine o r  s e o o d i n e  sys tems  t o  a f f o r d  t h e  3 - e t h y l  p i p e r i -  

d i n e  u n i t s  which c o u l d  t h e n  combine w i t h  an  a p p r o p r i a t e  e l e c t r o p h i l i c  c a r b o n y l  
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TABLE-11: 13c NMR of Strictimine 
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CARBON NOS. CHEMICAL SSIFT NATURE OF CARBON 
~~.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~___________________________________ ,____~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- -~~~~~~~~ 

2 52.79 N-a12 

2' 52.99 N-CA2 

3 37.67 CR 

3' 37.63 CH ' 

4 29.57 CH2 

4' 31.15 CA2 

5 25.26 

5' 26.71 
47.53 

=2 
6 N-CR2 

6 47.71 N-CB2 

7 29.22 CH2 
T 29.04 =2 

8 11.31 CH3 

8' 13.99 CR3 

9 165.00 > e O  
-.---------------------------------------------------------------------------- 
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