
CHAPTER IV

DISCUSSION

S t r u c t u r e  e l u c i d a t i o n  o f  t h e  i s o l a t e d  a l k a l o i d s

Two a l k a l o i d s  f rom t h e  s t e m  o f  S try c h n o s  m in o r  

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

A - 1

The a l k a l o i d  A - l  g i v e s  g r a y - b r o w n  c o l o u r  w i t h  
f e r r i c  c h l o r i d e - p e r c h l o r i c  a c i d  s p r a y i n g  r e a g e n t .  The  
u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  i s  t y p i c a l  f o r  an i n d o l e  
c h r o m o p h o r e  i n  p r o d u c i n g  X 11 ax  a t  2 0 9 . 9 ,  2 2 2 . 2 ,  2 5 5 . 2  and
2 8 9 . 2  nm ( V e r p o o r t e ,  1 9 8 6 ) .  The IR s p e c t r u m shows an
i n t e n s e band a t  1635  cm- * w h i c h i s i n d i c a t i v e o f t h e
p r e s e n c e o f  a t e r t i a r y  a m i d e  c a r b o n y l f u n c t i o n on t h e
i n d o l e  m o i e t y .  The mass  s p e c t r u m  shows  a m o l e c u l a r  i o n  
p e a k  a t  m/z 3 98  w h i c h  c o r r e s p o n d i n g  t o  t h e  m o l e c u l a r  
f o r m u l a r  o f  C'22^26^2^5 ■ The p r e s e n c e  o f  an a c e t y l  
s u b s t i t u t e d  g r o u p  i s  c o n f i r m  by a p ea k  a t  m/z 4 3 .  The mass  
s p e c t r u m  s h o w s  t h e  i n d o l e  m o i e t y  f r a g m e n t s  a t  m/z 176 and  
1 9 0 ,  o f  w h i c h  a m e t h o x y l  and a h y d r o x y l  g r o u p s  a r e  
p r o p o s e d  t o  a d d i n g  t o  t h e  a r o m a t i c  p a r t .  The p r e s e n c e  o f  
t h e s e  two o x y g e n a t e d  s u b s t i t u t i o n s  can be  c o n f i r m e d  by t h e  
p e a k  a t  m/z 174 and 1 62 .  The c h a r a c t e r i s t i c  f e a t u r e s  o f  
some i m p o r t a n t  i o n s  o f  i n d o l e  m o i e t y  i n  t h e  mass  
f r a g m e n t a t i o n s  a r e  shown i n  f i g u r e  11.
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The m a s s  f r a g m e n t  a t  m/z 180 i n d i c a t e s  
p r e s e n c e  o f  W i e l a n d - G u m l i c h  a l d e h y d e  d e r i v a t i v e  
( H e s s e ,  1 9 7 3 ) ,  w h i l e  t h e  mass  f r a g m e n t  a t  m/z 

i n d i c a t e s  t h e  h y d r o x y l  s u b s t i t u t e d  a t  C - 1 7  o f  
s k e l e t o n .

50  W i e l a n d - G u m l i c h  a l d e h y d e

The o t h e r  i m p o r t a n t  f r a g m e n t s  a r e  o b s e r v e d  a s  
v e r y  h i g h  r e l a t i v e  i n t e n s i t i e s  a t  m/z 3 8 2 ,  3 6 9 ,  3 53 ,  
and 3 39  and r e c o g n i z e d  a s  a c l o s e l y  r e l a t e d  f r a g m e n t s  
W i e l a n d - G u m l i c h  a l d e h y d e  s k e l e t o n  w i t h  an a c e t y l ,  
h y d r o x y l  and a m e t h o x y l  s u b s t i t u t i o n s .

The f r a g m e n t a t i o n  p a t t e r n s  d e s c r i b e d  a b o v e

t h e

380
t h e

t h e
352

o f
a

a r e
shown a s  f o l l o w s  ะ



0 8 T z /w

901



1 0 7

398

m/z 352



1 0 8

c h 2oh

-I----- t-
1

-N

Ac -CH2 \

H3C0 -

H0-!

ch2gh

1ๆ  t
N

Ac -CH, \
c h 2oh c h 2oh

m/z 353 m/z 369



109

In t h e  NMR s p e c t r u m ,  t h e r e  a r e  two t h r e e - p r o t o n  
s i n g l e t s ,  o n e  a t  à: 3 . 8 7  ppm, p r o b a b l y  a r e  a r o m a t i c  
m e t h o x y l  p r o t o n s  w h e r e a s  o ne  a t  6 2 . 4 5  ppm, p r o b a b l y  due  
t o  a t f g - a c e t y l  p r o t o n s .  The two a d j a c e n t  a r o m a t i c  p r o t o n s  
a r e  o b s e r v e d  a s  d o u b l e t s  ( J  = 8 Hz)  a t  6 6 . 7 3  and 6 6 . 5 7  
ppm, f rom w h i c h  a 1 1 , 1 2 - ,  9 , 1 0 -  or  9 , 1 2 - s u b s t i t u t i o n  o f  
i n d o l e  n u c l e u s  can  be  e x p e c t e d .

The s u b s t i t u t i o n  a t  9 , 1 0 -  and 9 , 1 2 -  a r e  l e s s  
l i k e l y  i n  t h e  v i e w  o f  t h e  f a c t  t h a t  no  b a s e  w i t h  a s u b s t i 
t u t e d  a t  t h e  p o s i t i o n  9 h as  b e e n  d i s c o v e r e d  i n  s t r y c h n a n  
t y p e  a l k a l o i d  o f  S try c h n o s  s p e c i e s  b a s e  on c h e m o -  
t a x o n o m i c a l  e v i d e n c e  ( B i s s e t ,  and K h a l i l ,  1 9 7 6 ) .  
M o r e o v e r ,  t h e  1 1 , 1 2 - s u b s t i t u t i o n  i s  q u i t e  common f o r  
S try c h n o s  a l k a l o i d s  s u c h  a s  1 2 - h y d r o x y - l l - m e t h o x y -  
s t r y c h n i n e  (1 3 9 ).

F u r t h e r m o r e ,  t h e  s i n g l e t  a t  6 1 0 . 1 8  ppm a l s o  
a g r e e s  w i t h  t h e  p r e s e n c e  o f  a p h e n o l i c  h y d r o x y l  g r o u p .  
T h i s  p h e n o l i c  h y d r o x y l  g ro u p  i s  s h i f t e d  a s  f a r  d o w n - f i e l d  
a s  w h i c h  f o u n d  i n  1 2 - h y d r o x y - s t r y c h n i n e ( 34)  and v o m i c i n e  

('148), p r o b a b l y  d ue  t o  t h e  h y d r o g e n  b o n d i n g  w i t h  t h e  a c e t y l  
g r o u p  a t  jVa . The r o t a t i o n  o f  a c e t y l  g r o u p  i s  common f o r  
a l l  o t h e r  i V g - a c e t y l  s t r y c h n a n  a l k a l o i d s ,  b u t  t h e  NMR
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I l l

s p e c t r u m  o f  t h i s  a l k a l o i d  s h o w s  r a t h e r  c l e a r  and s h a r p  
s i g n a l s  f o r  a l l  p r o t o n s .  I t  can be  e x p l a i n e d  by t h e  
h y d r o g e n  b o n d i n g  b e t w e e n  t h e  h y d r o x y l  g r o u p  and t h e  a c e t y l  
g r o u p  t h a t  r e d u c e s  t h e  c h a n c e  o f  p o s s e s s i n g  t h e  r o t a t i o n .  
From t h e s e  s p e c t r a l  i n f o r m a t i o n s ,  i t  can  b e  a s s u m e d  t h a t  
t h e  n e i g h b o u r i n g  f u n c t i o n a l  g r o u p  o f  t h e  / i ^ - a c e t y l  
f u n c t i o n  must  be  t h e  h y d r o x y l  g r o u p ,  n o t  m e t h o x y l  g r o u p .  
The m e t h o x y l  g r o u p  and h y d r o x y l  g ro u p  mus t  be  p l a c e d  a t  
p o s i t i o n  11 and 12 r e s p e c t i v e l y .

The 22 c a r b o n  a t o m s  o f  t h e  a l k a l o i d  a r e  c o n f i r m l y  
d e t e c t e d  in  NMR s p e c t r u m .  The a s s i g n m e n t s  o f  e a c h  
c ar b o n  and p r o t o n  f o r  t h e i r  c h e m i c a l  s h i f t  a r e  shown i n  
t a b l e  7 and 3 .

In c o n s e q u e n c e  o f  m e l t i n g  p o i n t ,  c o l o u r  r e a c t i o n ,  
uv, IR, NMR and NMR s p e c t r o s c o p y .  The a l k a l o i d  A - l  

i s  u n d o u b t e d l y  i d e n t i f i e d  a s  1 2 - h y d r o x y - 1 1 - m e t h o x y -  
d i a b o l i n e .

The s t e r e o c h e m i s t r y  o f  t h e  a l k a l o i d  i s  t h e  o t h e r  
p o i n t  o f  i n t e r e s t .  T h e r e  a r e  s i x  c a r b o n  a t o m s  t h a t  a r e  
c h a r a c t e r i z e d  a s  t h e  c h i r a l  c e n t e r s  , C - 2 ,  3 ,  7 ,  15 ,  16 
and 17.  A l l  o f  t h e i r  s t e r e o c h e m i s t r y ,  e x c e p t  f o r  C - 1 7 ,  
a r e  known ( s t r u c t u r e  n o .  118 n e x t  p a g e ) .  The  
s t e r e o c h e m i s t r y  o f  C - 1 7  can b e  o b s e r v e d  f rom t h e  NMR 
s p e c t r u m .  In t h e  NMR, t h e  v e r y  s m a l l  c o u p l i n g  c o n s t a n t  
b e t w e e n  H - 1 6 , 1 7  ( 2  Hz)  i n d i c a t e d  t h e  p r e s e n c e  o f  c i s  

c o n f o r m a t i o n  b e t w e e n  H - 1 6 , 1 7 .  On t h e  o t h e r  h a n d ,  t h e  r i n g  
F o f  d i a b o l i n e  d e r i v a t i v e s  i s  a 7 - membered  c y c l i c  e t h e r
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and b e h a v e s  l i k e  a s u g a r  m o l e c u l e .  The c o n f i g u r a t i o n  o f
17-OH can be p o i n t e d  t o  t h e  a x i a l  p o s i t i o n  w i t h i n  t h e  b o a t  
f orm and t h e  e q u a t o r i a l  p o s i t i o n  w i t h i n  t h e  c h a i r  
c o n f o r m a t i o n .

The m e l t i n g  p o i n t ,  mass  s p e c t r u m ,  -̂H, and 
s p e c t r a l  d a t a  o f  A - l  a r e  u n a m b i g u o u s l y  i d e n t i c a l  w i t h  
t h o s e  p r e v i o u s  p u b l i s h  o f  h e n n i n g s o l i n e  ( B i e m a n n  e t  a l . ,  
1 9 6 5 ;  O h i r i ,  V e r p o o r t e  and B a e r h e i m  S v e n d s e n  1 98 4 ;  
T h e p e n i e r  e t  a l . ,  1 9 8 8 ) .  Thus  a l k a l o i d  A - l  can  be  
i d e n t i f i e d  a s  t h e  known a l k a l o i d  h e n n i n g s o l i n e  ( 1 2 - h y d r o x y  
- 1 1 - m e t h o x y -  d i a b o l i n e )

118 H e n n i n g s o l i n e
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The a l k a l o i d  AA-1 g i v e s  g r a y i s h - b r o w n  c o l o u r  w i t h  
f e r r i c  c h l o r i d e - p e r c h l o r i c  a c i d  s p r a y i n g  r e a g e n t  and i t s  
uv a b s o r p t i o n  maxima (2 35 .0 ,  250 .8 ,  282.3 and 318.5 nm)  
t y p i f i e s  f o r  an i n d o l e  c h r o m o p h o r e  ( V e r p o o r t e ,  1986) s u c h  
a s  t h o s e  o f  h e n n i n g s o l i n e  ( 1 1 8 ).

The ma s s  s p e c t r u m  s h o w s  a r a t h e r  c o n f u s e d  
m o l e c u l a r  i o n  p e a k s ,  p r o b a b l y  b e c a u s e  o f  t h e  i m p u r i t i e s .  
The i m p o r t a n t  f r a g m e n t  i s  a t  m/z 180 w h i c h  i n d i c a t e s  t h e  
a l k a l o i d  o f  พi e l a n d - G u m l i c h  a l d e h y d e  s k e l e t o n  ( £ û ) .  The  
i n d o l e  m o i e t y  f r a g m e n t s  a t  m/z 176 and 190 a r e  s h i f t  by 46 

mass  u n i t s  f rom t h e  u s u a l  i n d o l e  f r a g m e n t s .  T h e s e  s h i f t s  
a r e  i n d i c a t i v e  o f  t h e  p r e s e n c e  o f  a m e t h o x y l  and a 
h y d r o x y l  g r o u p s .  A n o t h e r  p o s s i b i l i t y  i s  t h e  d i m e t h o x y l  
s u b s t i t u t i o n s  w h i c h  u s u a l l y  g i v e  t h e  i n d o l e  f r a g m e n t s  a t  
m/z 190 and 204. Ho we ve r ,  t h e  m/z 204 mass  f r a g m e n t  i s  
n o t  o b s e r v e d  i n  t h e  s p e c t r u m .  The m/z 176 f r a g m e n t  i s  
p r o d u c e e d  by l o s s i n g  o f  t h e  -CH2  f rom m e t h o x y l  g r o u p s .

AA-1
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F i g u r e  12 ะ Some i m p o r t a n t  i n d o l e  f r a g m e n t  i o n s  i n  t h e
mass  s p e c t r u m  o f  AA-1
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t h e  mass  f r a g m e n t  a t  m/z 43  t o g e t h e r  w i t h  t h e  i n t e n s e  band  
a t  1635  cm- -*- i n  t h e  IR s p e c t r u m .  T h i s  v i b r a t i o n  band  
( 1 6 3 5  cm- 1 ) u s u a l l y  i s  an i n d i c a t i v e  o f  an ami de  c a r b o n y l  
f u n c t i o n .  Thus  t h e  a c e t y l  g r o u p  i s  p l a c e d  a t  Na o f  t h e
i n d o l e  m o i e t y .

The 90 MHz NMR s p e c t r u m  s h o w s  t h r e e -  
p r o t o n  s i n g l e t  a t  6 2 . 4 3 3  ppm v e r i f y i n g  t h e  p r e s e n c e  o f  an 
a c e t y l  p r o t o n s  i n  t h e  m o l e c u l a r  s t r u c t u r e .  O t h e r  u n c l e a r  
s i x - p r o t o n  s i n g l e t  a t  6 3 . 8 7  ppm s h o u l d  r e p r e s e n t  t h e  two  
a r o m a t i c  m e t h o x y l  p r o t o n s .  But  t h e  two  a r o m a t i c  m e t h o x y l  
g r o u p s  a r e  u n l i k e l y  d ue  t o  t h e  p r e s e n c e  o f  a p h e n o l i c  
h y d r o x y l  g r o u p  a t  1 0 . 0 7 8  ppm. Thus  t h e  s u b s t i t u t i o n s  on 
t h e  a r o m a t i c  p a r t  must  be  a m e t h o x y l  g r o u p  and a h y d r o x y l  
g r o u p .

M o r e o v e r ,  t h e  90 NMR s p e c t r u m  s h o w s  two  
s u p e r i m p o s e d  a r o m a t i c  s i n g l e t  p r o t o n s  a t  7 . 2 6 6  ppm.  
U s u a l l y ,  a t w o - p r o t o n  s i n g l e t  wo u l d  b e  r e c o g n i z e d  a s  t h e  
two p a r a - a r o m a t i c  p r o t o n s  o r  two p r o t o n s  o f  1 , 2 , 4 , 5 -  
t e t r a s u b s t i t u t e d  a r o m a t i c  n u c l e u s  a s  f o l l o w s .

H H



1 1 6

B e c a u s e  o f  l ow r e s o l u t i o n  o f  t h e  90 MHz NMR 
d a t a ,  t h e  a s s i g n m e n t  o f  p r o t o n  s i g n a l s  e s p e c t i a l l y  i n  t h e  
a r o m a t i c  and m e t h o x y l  r e g i o n s  wo u l d  m i s l e a d  o f  t h e  
i n t e r p r e t a t i o n .  When t h e  300  MHz NMR i s  c o n s i d e r e d  
( f i g u r e  2 5 ) ,  t h e  a r o m a t i c  p r o t o n  s i g n a l s  a r e  o b s e r v e d  a s  
t h e  two v e r y  n e a r l y  s u p e r i m p o s e d  d o u b l e t s  w h i c h  i n d i c a t e d  
t h a t  t h e  two s u b s t i t u t e d  f u n c t i o n a l  g r o u p s  must  be  p l a c e d  
a t  t h e  o r t h o ,  n o t  p a r a ,  p o s i t i o n s .  The 1 1 , 1 2 - s u b s t i t u t i o n  
p a t t e r n  i s  q u i t e  common f o r  S try c h n o s  a l k a l o i d s .

The s i g n a l  o f  t h e  p h e n o l i c  h y d r o x y l  g ro u p  i s  s h i f t  
s o  f a r  d o w n - f i e l d  ( 1 0 . 0 7  ppm) ,  p r o b a b l y  d ue  t o  t h e  
h y d r o g e n  b o n d i n g  w i t h  t h e  a c e t y l  g r o u p  a t  Nfo a s  t h a t  o f  
A - l .  T h i s  i n f o r m a t i o n  s h o w s  t h a t  t h e  h y d r o x y l  g r o u p  and 
t h e  m e t h o x y l  g r o u p  must  b e  p l a c e d  a t  12 and 11 p o s i t i o n ,  
r e s p e c t i v e l y .

In t h i s  compound ,  t h e  h y d r o g e n  bond b e t w e e n  1 2 -  
h y d r o x y l  and a c e t y l  g r o u p  t h a t  s u p p r e s s i n g  t h e  r o t a t i o n  o f  
t h e  a c e t y l  g r o u p  i s  n o t  s o  e f f i c i e n t .  The NMR s p e c t r a  
show r a t h e r  b o a r d  and e x c e s s  s i g n a l s ,  e s p e c t i a l l y  t h e  
e s t i m a t e d  s i x - p r o t o n  s i n g l e t  a t  Ô 3 . 8 7  ppm o f  90 MHz -*-H 
NMR s p e c t r u m .  When 300  MHz s p e c t r u m  i s  o b s e r v e d ,  t h a t  
s i g n a l  i s  c l e a r l y  s p l i t  i n t o  two s i n g l e t s .  T h i s  i s  
p o s s i b l y  d ue  t o  t h e  r o t a m e r  f o r m a t i o n  i n  t h e  m a g n e t i c  
f i e l d  o f  AA-1.

Most  o f  t h e  NMR s i g n a l s  o f  t h e  a l k a l o i d  AA-1 i s  
s i m i l a r  t o  t h o s e  o f  h e n n i n g s o l i n e  ( 1 1 8 ) e x c e p t  f o r  t h e  
c h e m i c a l  s h i f t s  o f  some p r o t o n s .  Many o f  t h e  s i g n a l s  o f
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AA-1 show f a r t h e r  d o w n - f i e l d  c h e m i c a l  s h i f t s ,  e s p e c i a l l y  
f o r  t h e  H-3 t h a n  t h a t  o f  h e n n i n g s o l i n e  o r  o t h e r ,  a l k a l o i d s  
w i t h  t h e  same main  s k e l e t o n .  U s u a l l y  t h e  c h e m i c a l  s h i f t  
o f  t h e  H-3 i s  a t  a b o u t  3 . 8  ppm, w h i l e  i t  i s  4 . 3 7  ppm ( 3 0 0  
MHz NMR s p e c t r u m )  i n  t h i s  a l k a l o i d .  The f o r m a t i o n  o f  
i V^-ox i de  i s  a g r e e d  f o r  t h i s  phenomenon ( s e e  p a r t  o f  s t r u c 
t u r e  b e l l o w ) .  The A ^ - o x i d e  i s  a major  c a u s e  i n  p r o d u c i n g  
a d i f f e r e n t  p a t t e r n  o f  t h e  a r o m a t i c  p r o t o n s  o f  t h i s  a l k a 
l o i d  f rom A - l  t o o .  The s i g n a l  o f  H-9 i s  s h i f t e d  a l i t t l e .  
F u r t h e r m o r e  t h e  Nfo- o x i d e  can  b e  u s e d  t o  e x p l a i n  t h e  m o l e c 
u l a r  i o n  and o t h e r  r e l a t e d  f r a g m e n t s  i n  m a s s  s p e c t r u m .  
A l l  known S t r y c h n o s  a l k a l o i d s  w h i ch  p o s s e s s  / / j ^- ox i de  
f u n c t i o n ,  u s u a l l y  show i n t e n s e  p ea k  a t  m/z M+ - 1 6 ,  n o t  a t  
M+ ( B a s e r ,  1 9 7 8 ) .  The ma ss  s p e c t r u m  o f  a l k a l o i d  AA-1  
s h o u l d  b e h a v e  t h e  s a me .  I t  s h o w s  a s m a l l  p e a k  a t  t h e  m / z  

4 1 4  w h i c h  i s  c o r r e s p o n d i n g  t o  t h e  m o l e c u l a r  f o r m u l a r  
^2 ? ^2 6 ^2 ® 6 '  Some i m p o r t a n t  f r a g m e n t s  a r e  shown i n  t h e  
n e x t  p a g e .
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m/z 380



1 1 9

T h e  22 c a r b o n  atoms and t h e  //jj-oxide o f  t h i s  

a l k a l o i d  AA -1  a r e  c o n f i r m e d  by  -^c NMR. The  a s s i g n m e n t  o f  

e a c h  c a r b o n  can be s e t  o u t  by  c o m p a r i s o n  w i t h  t h o s e  o f  t h e  

a l k a l o i d  h e n n i n g s o l i n e  (113.) ,  and d i a b o l i n e  ( H Z ) .  I t  i s

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

c a r b o n atoms o f ■tf^-oxide, s u c h  as C - 3 ,  5 and 2 1 , a r e

s h i f t e d  t o  more d o w n - f i e l d  th a n  t h o s e  o f  t h e  m e n t i o n e d  

compounds ( t a b l e  6 ) .  F u r t h e r m o r e ,  t h e  c h e m i c a l  s h i f t s  o f  

C - 2 0  i s  s h i f t e d  u p - f i e l d  and t h a t  o f  C - 1 9  d o w n - f i e l d .  

T h i s  may be e x p l a i n e d  by  t h e  e f f e c t  o f  t h e  p o s i t i v e l y  

c h a r g e d  n i t r o g e n  on t h e  11- e l e c t r o n s  o f  1 9 , 2 0 - d o u b l e  b o n d ,  

c a u s i n g  s h i e l d i n g  a t  C - 2 0  and d e s h i e l d i n g  a t  C - 1 9  ( V e r -  

p o o r t e ,  H y l a n d s ,  and B i s s e t ,  1 9 7 7 ) .

F rom  a l l  o f  t h e  abo ve  i n f o r m a t i o n s ,  t h e  a l k a l o i d  

AA-1  i s  i n  ag reem en t  w i t h  t h a t  o f  1 2 - h y d r o x y 1 - 1 1 - m e t h o x y -  

d i a b o l i n e  N f r - o x i d e  ( 1 4 9 )■ The  a s s i g n m e n t  o f  e a c h  p r o t o n  

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

t a b l e  7 and 8 .
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T a b l e  6 ะ, Some 13c  c h e m i c a l  s h i f t  a s s i g n m e n t  o f  AA -1  ( 1 4 9 ) .  

A - l  ( 1 1 8 ) ,  and d i a b o l i n e  ( 1 1 7 )

c a r b o n

c h e m i c a l s h i f t  (ppm)

AA-1 A - l d i a b o l i n e *

0 OJ 8 1 .7 6 0 5 8 . 8 8 7 5 9 . 4

C - 5 6 9 .3 0 0 5 1 . 5 7 4 5 1 . 9

C - 19 1 3 3 .7 2 0 1 2 6 .3 3 4 1 2 7 .7

C - 2 0 1 3 8 .0 6 9 1 4 3 .0 2 0 1 43 .0

C - 2 1 7 1 .9 8 0 5 3 . 4 1 6 5 3 . 2

* W e n k e r t ,  C h e u n g ,  and G o t t l i e b ,  1978

117 D i a b o l i n e  ; R 1  •= r 2  = H

H 8 A - l  ; Rj_ = OCH3 , R2

= 0 CH3 , R2  s OH,  A ^ - o x i d e1 4 9  A A - 1  ;
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A c c o r d i n g  t o  t h e  r e g i d i t y  o f  t h e  m o l e c u l e ,  t h e  

s t e r e o c h e m i s t r y  o f  t h i s  new a l k a l o i d  i s  b a s e  on t h e  s t r u c 

t u r e  o f  h e n n i n g s o l i n e  ( 1 1 8 ) .  O n l y  th e  17-OH c a n  be p l a c e d  

e i t h e r  a t  a -  o r  3 - p o s i t i o n .  The  NMR s p e c t r u m  shows a 

v e r y  s m a l l  c o u p l i n g  c o n s t a n t  betw een H -16 and H -1 7  (2  H z ) .  

T h u s  t h e  17-OH s h o u l d  be p l a c e d  a t  t h e  3 - p o s i t i o n .  The  

m o l e c u l a r  s t r u c t u r e  and s t e r e o c h e m i s t r y  o f  1 2 - h y d r o x y - 1 1 -  

m e t h o x y - d i a b o l i n e  t f^ -o x id e  o r  h e n n i n g s o l i n e  jV^-ox ide  ( 149 ) 

a r e  shown b e l o w .

149 H e n n i n g s o l i n e  A ^ - o x id e
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T a b l e  7 ะ The  ■'■H NMR c h e m i c a l  s h i f t  a s s i g n m e n t  

o f  A - l  and AA-1



1 2 3

T a b l e  7 ( c o n t i n u e )

p r o t o n  p o s i t i o n c h e m i c a l  s h i f t  (ppm)

A - 1 A A - 1

H - 15 3 . 4 0  ( ร ) 3 . 5 4  ( ร )

H - 16
( t d , J 1 8 Q — 11 Hz;  

d 1 6 ,1 5 = 2 Hz!  
J l ? ; 17=2 Hz)

( t d ’ J16f2 =ll H z)

H - 17
(d > J 1 7 , 16~2 H s > ( d > J 1 7 , 1 6 “ 2 Hz )

H - 18 a 3 88
( d d ,  J i 0 a 1 8  Hz;  

J 18 a, 19~7 H z  >

3 . 7 7
( d d ,  J 18a 18 “ 14 Hz;  

J 1 8 a , 1 9 = 7 Hz )

H-18B 4 . 8 4
( d d ,  J 18g ? 18<*^^ Hz;  

d 1 8 3 , 19=5 H z )

4 . 8 6
( d d ,  <1183,180 = 14 H z;  

J 1 8 3 , 1 9 " 5 H z )

H - 19 5 . 8 9  ( t ) 6 . 2 5  ( t )

H -2  la
<d ’ J 21a , 213 =15 H z ) <d ' J 2 1 a , 2 1 3 = 1 2  H z)

H-21B
J 213 , 2 1 a “ 15 Hz) ( d > J 2 l 3 , 2 1 a = 1 2  H z)

NCOCH-3 2 . 4 5  ( ร ) 2 . 4 3 ( s ) , 2 . 5 0 * ( s )

11-0CH.3 3 .8 7  ( ร ) 3 . 8 7  ( ร ) ,  3 . 8 8 * ( s )
12-OH 1 0 .1 8  ( ร ) 1 0 .0 7  ( ร )

ร -  s i n g l e t ,  d = d o u b l e t ,  t  = t r i p l e t ,  m ะ  m u l t i p l e t ,

t d  ะ: t r i p l e t  o f  d o u b l e t ,

dd ะ: d o u b l e t - d o b l e t , ddd ะ d o u b l e t - d o u b l e t - d o u b l e t ,

J  ะะ c o u p l i n g  c o n s t a n t , * r o t a m e r
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T a b l e  8  ะ The  NMR c h e m i c a l  s h i f t  a s s i g n m e n t

o f  Â -1  and AA-1

c a r b o n  p o s i t i o n c h e m i c a l s h i f t  (ppm)

A - 1 AA-1

C - 2 6 6 . 9 0 5 6 5 . 8 4 6

C - 3 5 8 .8 8 7 8 1 . 7 6 0

C - 5 5 1 .5 7 4 6 9 . 3 0 0

C - 6 3 8 . 1 9 3 3 4 . 8 0 0

C - 7 5 3 .0 3 6 5 4 . 1 6 7

C - 8 1 3 1 .2 4 6 1 2 5 .6 1 5

C - 9 1 1 2 .1 41 1 1 2 .3 2 6

C - 1 0 1 1 0 .4 0 7 1 1 0 .4 7 9

c - l l 1 5 0 .2 2 5 1 5 1 .0 0 0

C - 12 1 3 7 .9 8 2 1 3 6 .7 5 8

C - 13 1 3 0 .0 1 8 1 2 9 .5 4 8

C - 14 2 5 .1 9 1 2 7 . 7 0 9

C - 15 2 8 .7 1 2 2 9 . 3 1 8

C - 16 4 5 . 8 8 5 4 6 . 5 3 9

C - 17 9 3 .6 6 7 9 2 . 4 2 0

C - 18 5 5 . 2 0 3 5 4 . 1 6 7

C - 19 1 2 6 .3 3 4 1 3 3 .7 2 0

C - 2 0 1 4 3 .0 2 0 1 3 8 .0 6 9

C - 2 1 5 3 .4 1 6 7 1 . 9 8 0

NCOC.H3 2 2 .8 6 1 2 3 .0 6 1

NCOCH3 1 7 2 .6 5 4 1 7 2 .8 1 0

0 CH 3 5 6 .6 1 2 5 6 .5 5 0
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B i o g e n e t i c  d i s c u s s i o n  on t h e  i s o l a t e d  a l k a l o i d s

B o t h  a l k a l o i d s  i s o l a t e d  i n  t h i s  i n v e s t i g a t i o n  a r e  

c l a s s i f i e d  a s  t h e  d i a b o l i n e  grou p  o f  s t r y c h n a n  t y p e  

a l k a l o i d .  A c c o r d i n g  t o  t h e  b i o g e n e t i c a l  p r o p o s a l ,  a l l  o f  

t h e  t e r p e n o i d  i n d o l e  a l k a l o i d s  a re  d e r i v e d  f rom  t h e  

c e n t r a l  i n t e r m e d i a t e ,  s t r i c t o s i d i n e  (36.)- S t r i c t o s i d i n e  

( 3 6 )  i s  d e r i v e d  t o  t h e  s t r y c h n a n  typ e  a l k a l o i d  v i a  4 , 2 1 -  

d e h y d r o c o r y n a n t h e i n e  ( 5 1 ) ,  4 , 2 1 - d e h y d r o g e i s s o s c h i z i n e  

( 5 2 ) ,  d e h y d r o a k u a m m i c i n e  ( 4 9 )  and n o r - C - f l u o r o c u r a r i n e  

( 5 4 ) .  T h e  s u m m a r i z a t i o n  o f  t h i s  pa thw ay  i s  p r e v i o u s l y  

p r e s e n t e d  i n  c h a p t e r  I .

The  h y d r o x y l a t i o n  o f  n o r - C - f  l u o r o c u r a r  i n e  (54.) 

g i v e s  r i s e  t o  1 8 - h y d r o x y - n o r - C - f l u o r o c u r a r i n e  ( 1 5 0 ) .  T h i s  

compound i s  c l e a r l y  t o  be t h e  p r e c u r s o r  o f  W i e l a n d - G u m l i c h  

a l d e h y d e  ( o p e n  f o r m )  ( 1 5 1 ) and W i e l a n d - G u m l i c h  a l d e h y d e  

( c l o s e  f o r m )  ( 5 0 )  . D i a b o l i n e  ( 117) i s  t h e  tfa - a c e t y l  

d e r i v a t i v e  o f  W i e l a n d - G u m l i c h  a ld e h y d e  ( c l o s e  fo rm )  ( 5 0 )  

and s e e m i n g l y  t h e  end p r o d u c t  o f  the  b i o s y n t h e t i c  p a t h w a y  

i n  many S t r y c h n o s  s p e c i e s  ( B i s s e t ,  1980) .

Up t i l l  now, t h e  a l k a l o i d s  w i t h  t h e  s k e l e t o n  o f  

W i e l a n d - G u m l i c h  a l d e h y d e  ( 5 0 )  and d i a b o l i n e  ( 1 1 7 ) h a v e  

b een  shown o n l y  two d i f f e r e n t  s u b s t i t u t i o n  p a t t e r n s ;  1 1 -  

m e th o xy  and 1 2 - h y d r o x y - l l - m e t h o x y  s u b s t i t u t i o n s .  T h e s e  

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

( B i s s e t ,  1 9 8 0 ) .  I t  i s  i n t e r e s t i n g  t o  p r o v e  t h a t  t h e  

a r o m a t i c - o x i d a t i o n  r e a c t i o n  i s  t a k e n  p l a c e  on somewhere o f
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t h e  b i o s y n t h e t i c  pa thw ay .  The  f a c t  i s  t h a t  1 1 - m e t h o x y  and  

1 2 - h y d r o x y - l l - m e t h o x y  s u b s t i t u t i o n s  have  n o t  been  f o u n d  in  

any  i n t e r m e d i a t e  compounds,  and a l s o  i n  o t h e r  S t r y c h n o s  

a l k a l o i d s  e x c e p t  f o r  some g r o u p s  o f  s t r y c h n a n  t y p e  s u c h  as  

s t r y c h n i n e  g r o u p  (1 2 )  and s p e r m o s t r y c h n i n e  g r o u p  ( I S . ) .  

T h i s  i n f o r m a t i o n  i n d i c a t e s  t h a t  t h e  a r o m a t i c - o x i d a t i o n  

o c c u r e s  on t h e  s u b s t i t u t e d  i n d o l e  a l k a l o i d  a f t e r  t h e  

s t r y c h n a n  s k e l e t o n  i s  c o m p l e t e l y  fo rm e d .  T h u s  t h e  s t e p s  

b e f o r e  f o r m i n g  o f  th e  two i s o l a t e d  a l k a l o i d s  must i n v o l v e  

t h e  a r o m a t i c - o x i d a t i o n  o f  W i e l a n d - G u m l i c h  a l d e h y d e  ( c l o s e  

f o r m )  (SSL). Though i t  c o u l d  n o t  be c o n c l u d e d  t h a t  t h e  

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

g r o u p  t o  become d i a b o l i n e  d e r i v a t i v e s  (15.) i s  t a k e n  p l a c e  

i n  t h e  v e r y  l a s t  s t e p .

One o f  t h e  a l k a l o i d  i s o l a t e d  f rom  S t r y c h n o s  m i n o r  

D e n n s t .  i s  i n  t h e  form  o f  N - o x i d e . The //-ox ide  a l k a l o i d s  

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

S t r y c h n o s  s p e c i e s .  The c o n t r o l  e x p e r i m e n t s  i n d i c a t e  t h a t  

t h e y  a r e  n o t  a r t e f a c t ,  b u t  t h e  p o s s i b i l i t y  o f  t h e i r  

o c c u r r e n c e  has  n o t  y e t  been  i n v e s t i g a t e d .  T h e  s t u d i e s  on 

t h e  //-oxide a l k a l o i d s  w i t h  p y r r o l i 2 i d i n e  s k e l e t o n  

s u g g e s t e d  t h a t  t h e  //-oxide a l k a l o i d s  would  be t h e  compound  

e x t r e m e l y  w e l l  s u i t e d  f o r  t r a n s p o r t a t i o n  o r  r e s e r v a t i o n  

( B o r s t e l  and H artm an n ,  1986;  T o p p e l ,  W i t t e ,  and H a r t m a n n ,  

1 9 8 8 ) .

In s t r y c h n a n  t y p e  a l k a l o i d  n o t  o n l y  t f - o x i d e  b u t  

a l s o  p s e u d o  and / / - m e t h y l - s e c - p s e u d o  s e r i e s  have  b een
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d e t e c t e d .  T h e r e  i s  a t e n d e n c y  on g o i n g  f r o m  t h e  r o o t s  t o  

t h e  l e a v e s  o f  t h e  p l a n t s  f o r  t h e  c o n v e r s i o n  o f  t h e  n o r m a l  

s e r i e s  b a s e  t o  become t h e  c o r r e s p o n d i n g  p s e u d o  s e r i e s  v i a  

t h e  / /-ox ides  ( B i s s e t  and P h i l l i p s o n ,  1976; B i s s e t ,  1 9 8 0 ) .

s e r i e s 3-OH s e r i e s p s e u d o  s e r i e s

F o r  c o n c l u s i o n ,  t h e  b i o g e n e t i c a l  p r o p o s a l  o f  

h e n n i n g s o l i n e  ( 1 1 8 ) and h e n n i n g s o l i n e  N f o - o x i d e  ( 1 4 9 ) can  

be shown as  f o l l o w s  i n  f i g u r e  13.
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54 N o r - C - f l u o r o c u r a r i n e

f l u o r o c u r a r i n e

151 W i e l a n d - G u m l i c h  a l d e h y d e

50 W i e l a n d - G u m l i c h  a l d e h y d e  

( c l o s e d  f o r m )

A - 1 ----- ----- -  A A - !

F i g u r e _13 ะ T h e  p o s s i b l e  b i o s y n t h e t i c  r o u t e s  l e a d i n g  t o

h e n n i n g s o l i n e  ( A - l )  ( 1 1 8 ) ,  and h e n n i n g s o l i n e  

A ^ - o x i d e  ( A A - 1 )  ( 1 4 9 )

a ะ a r o m a t i c - o x i d a t i o n  and m é t h y l a t i o n  

b = a c e t y l a t i o n
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F u r t h e r m o r e ,  t h e  m o l e c u l a r  s t r u c t u r e s  and t h e  

s u b s t i t u t i o n  p a t t e r n s  o f  h e n n i n g s o l i n e  ( 1 1 8 ) and  

h e n n i n g s o l i n e  //^-oxide ( 1 4 9 ) a r e  s i m i l a r  t o  t h o s e  o f  12-  

h y d r o x y - 1 1 - m e t h o x y - s t r y c h n i n e  ( 1 3 9 )  e x c e p t  f o r  t h e  l a c k  o f  

l a c t a m i z a t i o n  o f  r i n g  G. In  S t r y c h n o s  m i n o r  D e n n s t . 

h e n n i n g s o l i n e  ( 1 1 3 ) and h e n n i n g s o l i n e  iV ^ -ox ide  ( 1 4 9 )  a r e  

fo u n d  t o g e t h e r  w i t h o u t  t h e  p r e s e n c e  o f  1 2 - h y d r o x y - 1 1 -  

m e t h o x y - s t r y c h n i n e  ( 1 3 9 ) .  B u t  f o r  t h e  l a t t e r  a l k a l o i d  

w h ic h  p o s s e s s  l a c t a m  f u n c t i o n  i s  fo u n d  com monly  i n  ร .  

n u x - v o m i c a  L .  ( B a s e r ,  1976) and ร .  w a l l i c h i a n a  s t e u d . ex  

DC. ( B i s s e t  and P h i l l i p s o n ,  1 9 7 3 ) .

T h i s  f i n d i n g  i s  s u p p o r t i n g  th e  h y p o t h e s i s  t h a t  t h e  

e x t r a  two c a r b o n  atoms C - 2 2  and C - 2 3  o f  s t r y c h n i n e  

d e r i v a t i v e s  ( 1 7 )  must  come f r o m  a n o t h e r  p a t h w a y  r a t h e r  

th a n  th e  r i n g  c l o s u r e  b e tw ee n  C - 1 7  and / / g - a c e t y l  f u n c t i o n  

o f  d i a b o l i n e  d e r i v a t i v e s  ( l ü ) . H e i m b e r g e r  and S c o t t  

( 1 9 7 3 )  f o u n d  t h a t  W i e l a n d - G u m l i c h  a l d e h y d e  ( c l o s e  f o r m )  

(5 0 )  i s  a p r e c u r s o r  o f  s t r y c h n i n e  ( X )  by  f e e d i n g  

e x p e r i m e n t .  T h e  C - 2 2  and C - 2 3  o f  s t r y c h n i n e  were  p r o v e d  

t o  come f ro m  t h e  c o n d e n s a t i o n  o f  an a c e t a t e  u n i t  a t  C - 1 7  

o f  W i e l a n d - G u m l i c h  a l d e h y d e  ( o p e n  fo rm )  ( 1 5 1 )  t o  p r o d u c e  

th e  i n t e r m e d i a t e  p r e s t r y c h n i n e  (152.) ( S c h l a l t e r  e t  a l . ,  

1 9 6 9 ) ,  p r o t o s t r y c h n i n e  ( 1 5 3 )  ( B i s s e t ,  1980)  and f i n a l  r i n g  

c l o s u r e  t o  y i e l d  t h e  c o r r e s p o n d i n g  s t r y c h n i n e  (1 ) .

#



1 3 0

139 1 2 - H y d r o x y - l l - m e t h o x y - s t r y c h n i n e

118 H e n n i n g s o l i n e

149 h e n n i n g s o l i n e  /£-oxide -iVb - o x i d e



1 3 1

P r o b a b l y  th e  e n zym e s  t h a t  i n v o l v e  i n  t h e  

b i o s y n t h e s i s  o f  s t r y c h n i n e  d e r i v a t i v e  ( 1 7 )  a r e  d i f f e r e n t  

f ro m  t h o s e  o f  d i a b o l i n e  d e r i v a t i v e s  ( 1 .5 .) and t h e y  a r e  

a b s e n t  i n  ร .  m i n o r  D e n n s t .  w h i l e  i t  i s  p r e s e n t  i n  ร .  n u x -  

v o m i c a  L .  and ร .  w a l l i c h i a n a  S t e u d .  ex DC.

The  r e l a t i o n s h i p s  b e tw e e n  d i a b o l i n e  d e r i v a t i v e s  

( 1 5 )  and s t r y c h n i n e  d e r i v a t i v e s  ( 1 7 )  a r e  shown i n  f i g u r e

14 .



1 3 2

151 W i e l a n d - G u m l i c h  a l d e h y d e  

(o p e n  fo rm )

1  S t r y c h n i n e

1 5 3  P r o t o s t r y c h n i n e

F i g u r e  14 ะ B i o s y n t h e t i c  r e l a t i o n s h i p  betw een s t r y c h n i n e  

d e r i v a t i v e s  and d i a b o l i n e  d e r i v a t i v e s .



1 3 3

C h e n o t a x o n o c i c  s i g n i f i c a n c e  o f  t h e  i s o l a t e d  a l k a l o i d s

The  two i s o l a t e d  a l k a l o i d s  a r e  c l a s s i f i e d  a s  t h e  

d i a b o l i n e  g r o u p .  H e n n i n g s o l i n e  //^-oxide ( 1 4 9 )  i s  t h e  new 

compound w h i l e  h e n n i n g s o l i n e  ( 1 1 8 ) i s  f o u n d  i n  S t r y c h n o s  

m i n o r  D e n n s t .  as t h e  f i f t h  n a t u r a l  s o u r c e .  The  o c c u r r e n c e  

o f  h e n n i n g s o l i n e  ( 1 1 8 ) i n  n a t u r a l  s o u r c e  i s ' shown i n  t a b l e  

9 .

T a b l e  9 ะ The  o c c u r r e n c e  o f  h e n n i n g s o l i n e  ( 1 1 8 ) 

i n  n a t u r a l  s o u r c e

p l a n t p a r t r e f e r e n c e

S t r y c h n o s  h e n n i n g s i i

G i l g . b a r k G r o s s e r t  e t  a l . ,  1965

ร .  s p i n o s a  Lam stem  b a r k O h i r i  e t  a l . ,  1984

ร .  c a t h a y e n s i s  M e r r . s e ed R e n r o n g ,  and L i d a ,  1985

ร ' .  s t a u d t i i  G i l g r o o t  b a r k ,

s tem b a r k ,

l e a v e s T h e p e n i e r  e t  a l . ,  1988

In A m e r i c a ,  a l m o s t  a l l  S t r y c h n o s  s p e c i e s  t h a t  

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

S t r y c h n o s ,  o n l y  two s p c i e s  a r e  in  S e c t i o n  B r e v i f l o r a e .  

In A f r i c a ,  t h i s  t y p e  o f  b a s e s  has  been f o u n d  i n  s e v e r a l  

S e c t i o n s ,  m o s t l y  in  th e  S e c t i o n  B r e v i f l o r a e .  In  A s i a ,  t h e  

d i a b o l i n e  g r o u p  have  been  m o s t l y  fou n d  i n  S e c t i o n  S t r y c h 

no s  and L a n i g e r a e ,  o n l y  two s p e c i e s  a re  i n  S e c t i o n  R ou h a-  

mon and B r e v i t u b a e  ( T a b l e  10 )•



T a b l e  1 0  ะ D i s t r i b u t i o n o f  d i a b o l i n e  d e r i v a t i v e s

i n  S t r y c h n o s  s p e c i e s .

(Bisset, and Phillipson, 1976; Kisaklirek, Leeuwenberg, and 

Hesse, 1983; Southon, and Buckingham, 1989)
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3
b1

R1
L j J 2 น

R2 R3 X n J
V

R1 f2 R3 r4

50 พieland-Guslich aldehyde H H H H
117 Diaboline H H Ac H
113 Henningsolir.e OMe OH Ac H
147 Methoxy-diaboline aromatic OMe Ac H
149 Hermingsoline Nb-oxide OMe OH Ac H
154 Ethy1-diaboline H H Ac Et
155 3-Hydroxy-diaboline H H Ac H 3-OH
156 2, 16-Dehydro-diabo1ine H H Ac H 2,16-dehydro
157 Henningsamine H H Ac Ac 17-Ct-H
158 Jobertine H H Ac Ac 17-0-H
159 Hemitoxiferine I H H He H
160 (7-Acetyl-henningsoline OMe OH Ac Ac
161 11-Methoxy-diaboline OMe H Ac H
162 Condensamine OMe H Ac Ac
163 epi-17-0-methy 1-11

methoxy-diaboline OMe H Ac He
164 11-methoxy-Wieland

-Gumlicih aldehyde OMe H H H
165 17-(7-me thyl-11-methoxy-

พieland-Gumlich aldehyde OHe H H Me
166 12-Hydroxy-11-methoxy-

henn ingsamine OMe OH Ac Ac
167 1 l-Methoxy-2 1 16-

dehydro-diaboline OMe H Ac H 2 , 16-dehydro
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From t a b l e  1 0 , i t  c a n  be  n o t e d  t h a t  t h e  d i a b o l i n e  
d e r i v a t i v e s  w i t h  a r o m a t i c  s u b s t i t u t i o n s  a r e  f o u n d  m o s t l y  
i n  A f r i c a n  S t r y c h n o s . On l y  t h e  a l k a l o i d  1 1 - m e t h o x y -  
d i a b o l i n e  ( 161 ) i s  f o u n d  i n  s e v e r a l  s p e c i e s  o f  A me r i ca n  
S t ry c h n o s .  Fo r  A s i a n  s p e c i e s ,  o n l y  ร .  c a t h a y e n s is  H e r r ,  
and ร .  m in o r  D e n n s t .  a r e  f o u n d  t o  c o n t a i n  a l k a l o i d s  w i t h  
a r o m a t i c  s u b s t i t u t i o n  on d i a b o l i n e  d e r i v a t i v e s .  ร .  

c a t h a y e n s is  H e r r ,  i s  i n  t h e  s e c t i o n  S t r y c h n o s  and h as  b e e n  
f o u n d  t o  c o n t a i n  t h e  a l k a l o i d  h e n n i n g s o l i n e  ( 1 1 8 ) and 1 1 -  
m e t h o x y - d i a b o l i n e  ( 1 6 1 ) .  ร .  m in o r  D e n n s t .  u s e d  i n  t h e  
p r e s e n t  work  i s  i n  t h e  S e c t i o n  L a n i g e r a e .  I t  i s  f o u n d  t o  
c o n t a i n  t h e  a l k a l o i d  h e n n i n g s o l i n e  ( 1 1 3 ) and a new 
a l k a l o i d  h e n n i n g s o l i n e  / / ^ - o x i d e  ( 1 4 9 ) .  A l l  o f  t h e s e  
S t r y c h n o s  s p e c i e s  mus t  h a v e  some r e l a t i o n s h i p s .

I t  h a s  b e e n  known t h a t  t h e  S e c t i o n  S t r y c h n o s  o f  
A s i a  c o n t i n e n t  i s  a r i c h  s o u r c e  o f  s t r y c h n i n e  d e r i v a t i v e s  
(17)■  A l t h o u g h  i t  c o n t a i n s  some d i a b o l i n e  d e r i v a t i v e s  
( 1 5 )  b u t  i n  o n l y  s m a l l  a mou nt .  T h i s  f i n d i n g  i s  o p p o s i t e  
t o  t h o s e  o f  A m e r i c a n  s p e c i e s .  ร .  c a t h a y e n s is  Merr .  i s  t h e  
o n l y  one  A s i a n  s p e c i e s  t h a t  c o n t a i n s  d i a b o l i n e  d e r i v a t i v e s  
( 1 5 )  a s  t h e  main compounds  w i t h o u t  t h e  p r e s e n c e  o f  
s t r y c h n i n e  d e r i v a t i v e s  ( 1 5 ) .  The c h e m o t a x o n o m i c a l  
r e l a t i o n s h i p s  among t h e  S e c t i o n  S t r y c h n o s  o f  A s i a ,  A f r i c a  
and A m e r i c a  a r e  b a r r e d  by  t h e  a b s e n c e  o f  t h i s  S e c t i o n  i n  
A f r i c a .

Fo r  t h e  A s i a n  L a n i g e r a e ,  i t  h as  b e e n  o n l y  a 
s c r e e n i n g  i n v e s t i g a t i o n  f o r  t h e i r  p h y t o c h e m i s t r y  ( B i s s e t ,



139

and P h i l l i p s o n ,  1 9 7 6 ) .  s t r y c h n i n e  g ro u p  ( 1 7 ) ,  d i a b o l i n e  
g r o u p  (15. )  and a l s o  a n g u s t i n e  g ro u p  (JL3.) w e r e  f o u n d  i n  
t h i s  p l a n t ' s  S e c t i o n .  D i a b o l i n e  d e r i v a t i v e s  ( 1 5 )  was  
d e t e c t e d  a s  a major  compound i n  ร .  le d e r m a n n i i  G i l g  e t  
Bened and ร .  o l e i f o l i a  A . พ. H i l l ,  and a l s o  ร .  m in o r  D e n n s t .  
i n  t h i s  p r e s e n t  work.  I t  i s  s t r a n g e  t h a t  t h e  same S e c t i o n  
i n  A f r i c a ,  some s p e c i e s  a r e  f o un d  t o  c o n t a i n  t h e  
s p e r m o s t r y c h n i n e  g ro u p  ( 1 8 )  w i t h o u t  t h e  p r e s e n c e  o f  
d i a b o l i n e  g r o u p  (15. )  ( K i s a k u r e k ,  L e e w e n b e r g ,  and H e s s e ,
1 9 8 3 ) .

A c c o r d i n g  t o  t h e  p r o p o s e d  b i o s y n t h e s i s  o f  s t r y c h -  
nan t y p e  a l k a l o i d s ;  s t r y c h n i n e  ( 1 7 ) ,  d i a b o l i n e  (1J))  and  
s p e r m o s t r y c h n i n e  g r o u p s  ( 1 8 )  a r e  d e r i v e d  f rom t h e  same  
p r e c u r s o r ,  W i e l a n d - G u m l i c h  a l d e h y d e  ( o p e n  f o r m )  ( 1 5 1 ) 
( B i s s e t ,  1 9 8 0 ) .  The S t r y c h n o s  s p e c i e s  o f  S e c t i o n  
L a n i g e r a e  i n  p r e s e n t  t i m e  b e t w e e n  t h e s e  two c o n t i n e n t s  a r e  
p o s s i b l y  come from a same a n c i e n t  unknown S t r y c h n o s  

s p e c i e s .  In A f r i c a ,  t h e  S t r y c h n o s  s p e c i e s  can  be  d i v i d e d  
i n  t o  two g r o u p s .  One d e v e l o p s  f o r  t h e  b i o s y n t h e s i s  o f  
a l k a l o i d s  o f  s p e r m o s t r y c h n i n e  g ro u p  (18. )  and a n o t h e r  f o r  
t h o s e  o f  d i a b o l i n e  g r o u p  ( 1 5 . ) .  T h e s e  i s  t h e  same a s  A s i a n  
S t r y c h n o s  s p e c i e s  w h i c h  p r o d u c e  a l k a l o i d  o f  s t r y c h n i n e  
( 1 7 )  and d i a b o l i n e  g r o u p s  ( 15 ) .

The S e c t i o n  P e n i c i l l a t a e  i s  d i f f e r e n t  f rom S e c t i o n  
L a n i g e r a e  i n  v i e w  o f  a l k a l o i d  b i o s y n t h e s i s .  S p e r m o s t r y c h 
n i n e  g r o u p  ( 1 8 )  was f o u n d  i n  A s i a n  s p e c i e s  ( B i s s e t  and
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17 S t r y c h n i n e  g r o u p

15 D i a b o l i n e  g r o u p

18 S p e r m o s t r y c h n i n e  g r o u p



1 4 1

P h i l l i p s o n ,  1 9 7 6 ) .  w h i l e  d i a b o l i n e  g ro u p  ( 1 5 )  and  
s t r y c h n i n e  g r o u p  ( 1 7 )  ( B i s s e t  and P h i l l i p s o n ,  1 9 7 1 )  w e r e  
d e t e c t e d  from A f r i c a n  s p e c i e s .

The o t h e r  two s p e c i e s  o f  A s i a n  S t r y c h n o s  t h a t  h a v e  
b e e n  f o und  t o  c o n t a i n  d i a b o l i n e  d e r i v a t i v e s  ( 1 5 )  a r e  ร .  

p o ta to ru m  L . f .  o f  S e c t i o n  Rauhamon and ร .  u m b e l la t a  

( L o u r . )  Merr.  o f  t h e  S e c t i o n  B r e v i t u b a e .  In A f r i c a ,  t h e  
S e c t i o n  Rauhamon i s  a s o u r c e  o f  d i a b o l i n e  g r o u p  ( 1 5 )  t o o ,  
w h i l e  n o t  a ny  o f  d i a b o l i n e  d e r i v a t i v e s  ( 1 5 )  have  b e e n  
f o un d  i n  S e c t i o n  B r e v i t u b a e  b u t  s t r y c h n i n e  g r o u p  ( 1 7 )  f o r  
i n s t e a d  ( B i s s e t  and P h i l l i p s o n ,  1 9 7 1 ) .  The r e l a t i o n s h i p  
o f  S e c t i o n  B r e v i t u b a e  b e t w e e n  A f r i c a  and A s i a  i s  p r o b a b l y  
s i m i l a r  t o  t h o s e  o f  S e c t i o n  L a n i g e r a e .

In A f r i c a ,  t h e  s e c t i o n  B r e v i f l o r a e  i s  an a v a i l a b l e  
s o u r c e  o f  d i a b o l i n e  d e r i v a t i v e s  ( 1 5 ) .  T h i s  S e c t i o n  d o e s  
n o t  h av e  p l a n t s  d i s t r i b u t e  i n  A s i a ,  o n l y  two A me r i c a n  
s p e c i e s  have  b e e n  f o un d  t o  c o n t a i n  d i a b o l i n e  g r o u p  ( 1 5 ) .

A l l  o f  t h e  i n f o r m a t i o n s  p o i n t  t o  t h e  p o s s i b i l i t y  
o f  S e c t i o n  L a n i g e r a e  a s  an i m p o r t a n t  s o u r c e  o f  d i a b o l i n e  
d e r i v a t i v e s  (15 . )  i n  A s i a .  W h i l e  t h e  S e c t i o n  S t r y c h n o s  o f  
A me r i c a  and S e c t i o n  B r e v i f l o r a e  o f  A f r i c a  p r o v i d e  t h e  same  
t y p e  o f  compound.  B a s e  on t h e  p r o d u c t i o n  o f  d i a b o l i n e  
d e r i v a t i v e  ( 1 5 ) ,  t h e  S e c t i o n  B r e v i t u b a e ,  Rauhamon,  
S t r y c h n o s  and L a n i g e r a e  o f  A s i a ;  t h e  S e c t i o n  S p i n o s a e ,  
Rauhamon,  P e n i c i l l a t a e ,  D e n s i f l o r a e  and B r e v i f l o r a e  o f  
A f r i c a ;  a s  w e l l  a s  t h e  S e c t i o n  B r e v i f l o r a e  and S t r y c h n o s
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o f  A me r i c a  a r e  c h e m o t a x o n o m i c a l l y  r e l a t e d .  The common 
S e c t i o n  B r e v i f l o r a e  i s  t h e  c h e m o t a x o n o m i c  l i n k a g e  b e t w e e n  
t h e  S t r y c h n o s  s p e c i e s  o f  A m e r i c a  and A f r i c a ,  w h i l e  t h e  
S e c t i o n  Rauhamon and L a n i g e r a e  a r e  r e p r e s e n t  t h e  same f o r  
b e t w e e n  A f r i c a  and A s i a .  I t  i s  n o t e d  t h a t  a l l  o f  t h e  
S e c t i o n s  c o n t a i n  d i a b o l i n e  d e r i v a t i v e s  a r e  c l o s e l y  r e l a t e d  
i n  t h e  f i e l d  o f  m o r p h o l o g y  s u g g e s t e d  by L e e w e n b e r g  
( B i s s e t  and P h i l l i p s o n ,  1 9 7 1 ) .  A l l  o f  t h e s e  r e l a t i o n s h i p s  
a r e  shown i n  f i g u r e  15.

The two i s o l a t e d  a l k a l o i d s  from ร .  m in o r  D e n n s t . ,  
o n e  o f  t h e  A s i a n  L a n i g e r a e ,  a r e  s i m i l a r  t o  t h o s e  p r e s e n t  
i n  s e v e r a l  S e c t i o n s  o f  A f r i c a .  I t  i s  p o s s i b l e  t o  s u g g e s t  
t h a t  t h i s  S t r y c h n o s  s p e c i e s  may be c l o s e l y  r e l a t e d  t o  
A f r i c a n  S t r y c h n o s  by c h e m i c a l  and m o r p h o l o g i c a l
e v i d e n c e s



A m er ic a

S t r y c h n o s

A f  r i c a

S p i n o s a e

I
P e n i c i l l a t a e

Rouhamon

A s i a

Rouhamon

B r e v i f l o r a e

S t r y c h n o s

Rauhamon

B r e v i f l o r a e  

D e n s i f l o r a e

L a n i g é r a e

B r e v i t u b a e

L a n i g e r a e

B r e v i t u b a e

F i g u r e  1 5  ะ R e l a t i o n s h i p s  among S t r y c h n o s  S e c t i o n s  i n

e a c h  c o n t i n e n t  b y  t h e  a p p e a r a n c e  o f  d i a b o l i n e  

d e r i v a t i v e s .

--------- ะะ c l o s e  b o t a n i c a l  r e l a t i o n s h i p s

* = h a v i n g  no r e p o r t  a b o u t  d i a b o l i n e

d é r i v â t  i v e s
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P r o p o s e d  p h a r m a c o l o g i c a l  a c t i v i t y  o f  t h e  i s o l a t e d  a l k a l o i d s

T h e  a c t i v i t i e s  o f  t h e  two i s o l a t e d  a l k a l o i d s  f r o m  

ร .  m i n o r  D e n n s t . ,  h e n n i n g s o l i n e  (11 8 )  and h e n n i n g s o 1 i n e  

o x i d e  ( 1 4 9 ) , can be p r o p o s e d  due to  t h e  m a in  s k e l e t o n  

d i a b o l i n e  ( 1 1 7 ) .  D i a b o l i n e  ( 1 1 7 ) i t s e l f  i s  a h y p o t e n s i v e  

a g e n t  ( S i n g h  and K a p o o r ,  1 9 7 6 ) ,  c y t o t o x i c  a g e n t  ( H o k a n s o n ,

1976) and c o n v u l s i v e  a g e n t  w i t h  a l e s s  a c t i v i t y  t h a n  

s t r y c h n i n e  ( 1) ( O h i r i  e t  a l . , 1 98 3) .

The  a l k a l o i d  h e n n i n g s o l i n e  ( 1 18) was f o u n d  t o  have  

c y t o t o x i c  a c t i v i t y  t o o  ( H o k a n s o n ,  1976) .  o t h e r  a c t i v i t i e s  

may be t h e  same as  d i a b o l i n e  ( i l l )  b u t  i n  d i f f e r e n t  

p o t e n c y .  The  12-OH s u b s t i t u t i o n  on the  a r o m a t i c  p a r t  i s  

f o r m e d  h y d r o g e n - b o n d  t o  t h e  am id e  c a r b o n y l .  I t  e f f e c t s  i n  

t h e  i n c r e a s i n g  o f  the  a b s o r p t i v e  p r o p e r t y  and a l s o  t h e  

p o t e n c y .  The  s u b s t i t u t i o n  on H - l l  i s  f o u n d  t o  d e c r e a s e  

t h e  c o n v u l s i v e  a c t i v i t y  ( O h i r i  e t  a l . ,  1 9 8 3 ) ,  b u t  no any  

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

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

fo r m e d  an //-ox ide  ( O h i r i  e t  a l . ,  1983) .

A l l  o f  t h e s e  i n f o r m a t i o n s  i n d i c a t e  t h a t  t h e  c o n 

v u l s a n t  p r o p e r t y  o f  t h e  a l k a l o i d  h e n n i n g s o l i n e  ( 1 1 8 ) i s  

i n c r e a s e  and d e c r e a s e  b y  i t s  a r o m a t i c  s u b s t i t u t i o n s  and  

h y p o t e n s i v e  a c t i o n  may be shown more o r  l e s s  e q u i v a l e n t  t o  

d i a b o l i n e .  The  h e n n i n g s o l i n e  //^-oxide ( 149 ) may p o s s c e s s  

a v e r y  weak c o n v u l s i v e  a g e n t ,  p r o b a b l y  o n l y  c y t o t o x i c  and  

h y p o t e n s i v e  a c t i o n s  may be p r e s e n t .
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T h e  i n d i g e n o u s  m e d i c i n a l  u s e  o f  ร .  m i n o r  D e n n s t . 

i n  S o u t h e r n  T h a i l a n d  i s  m a i n l y  f o r  t h e  t r e a t m e n t  o f  

p a r a l y s i s .  I t  i s  s u g g e s t e d  t h a t  t h i s  u s e  may be

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

( 118 ) .  P o s s i b l y  t h e  c o n v u l s i v e  a c t i v i t y  o f  t h i s  main  

compound i s  n o t  s t r o n g  and fo u n d  o n l y  as  a CNS-  

s t i m u l a n t .  H o w e v e r ,  th e  i n d i v i d u a l  a l k a l o i d  may be w o r t h

f u r t h e r  i n v e s t i g a t i o n .
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