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MEDELLINE, F I R S T  B ISBENZYLISOQUINOLINE ALKALOID WITH A  

METHYLENEDIOXY BRIDGE' 
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A b s t r a c t  - H i g h  r e s o l u t i o n  MS a n d  IH-NMR s t u d i e s  i n d i c a t e  t h a t  

m e d e l l i n e ,  a m i n o r  a l k a l o i d  i s o l a t e d  f r o m  t h e  b a r k  o f  P s g u d g l p p  
d r a  a f f .  l u c i d ? ,  i s  t h e  f i r s t  k n o w n  e x a m p l e  o f  a b i s b e n z y l i s o -  

q u i n o l i n e  a l k a l o i d  w i t h  a m e t h y l e n e d i o x y  b r i d g e  j o i n i n g  b o t h  

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

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

b i s b e n z y l i s o q u i n o l i n e  a l k a l o i d ,  a n t i o q u i n e .  

S e v e r a l  b i s b e n z y l t e t r a h y d r o i s o q u i n o l i n e  a l k a l o i d s  h a v e  b e e n  i s o l a t e d  f r o m  t h e  b a r k  
2  

o f  t h e  C o l u m b i a n  p l a n t ,  P s e u d g l a ? d y a  a f f .  ;uc&da ( A n n o n a c e a e )  . T h e s e  a r e  a l l  

c h a r a c t e r i s e d  b y  t h e  p r e s e n c e  o f  a  d i p h e n y l  b r i d g e  b e t w e e n  r i n g s  C a n d  C' o f  t h e  

b e n z y l i s o q u i n o l i n e  

M e d e l l i n e ,  1, i s  one  o f  t h e  m i n o r  a l k a l o i d s  ( 0 . 1 %  o f  t o t a l  a l k a l o i d a l  f r a c t i o n )  i s o -  
5 

l a t e d  f r o m  t h e  b a r k  o f  P L  a f f .  Luc id ! .  I t  h a s  b e e n  o b t a i n e d  i n  a n  a m o r p h o u s  s t a t e  ; 

t h e  m o l e c u l a r  f o r m u l a ,  C  H  N  0  h a s  b e e n  d e t e r m i n e d  b y  h i g h  r e s o l u t i o n  mass  
3 7  3 8  2  6  

7  s p e c t r o m e t r y 6 ,  a n d  c o n f i r m e d  b y  h i g h  r e s o l u t i o n  mass s p e c t r o m e t r y  o f  i t s  a c e t a t e  . 
T h e  f r a g m e n t a t i o n  p a t t e r n  o f  m e d e l l i n e  i n d i c a t e s  a bisbenzyltetrahydroisoquinoline 

w i t h  a d i p h e n y l  b r i d g e 8 " ,  a s  i n  a n t i o q u i n e ,  - 2 ,  t h e  major a l k a l o i d  i s o l a t e d  f r o m  

t h e  same T h e  m o l e c u l a r  i o n s  o f  m e d e l l i n e ,  1, a n d  a n t i o q u i n e ,  2 ,  as  w e l l  

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

t w o  mass  u n i t s .  T h i s  s u g g e s t s  t h a t  m e d e l l i n e ,  1, h a s  a bisbenzyltetrahydroisoqui- 

n o l i n e  s t r u c t u r e ,  e i t h e r  w i t h  t h r e e  b r i d g e s  t w o  o f  w h i c h  j o i n  t h e  i s o q u i n o l i n e  - 
1 0  m o i e t i e s ,  - o r  w i t h  t w o  b r i d g e s  a n d  a m e t h y l e n e d i o x y  g r o u p  a s  i n  c e p h a r a n t h i n e ,  3 . 

H i g h  r e s o l u t i o n  mass s p e c t r o s c o p y  o f  0 - a c e t y l m e d e l l i n e  s h o w s  a m o l e c u l a r  i o n  p e a k  

a t  m l r  6 4 8 . 2 7 6  a n d  a s i g n i f i c a n t  p e a k  a t  m l z  3 7 9 . 1 6 6 .  s h o w i n g  t h a t  m e d e l l i n e .  1, 
7  h a s  o n l y  one  h y d r o x y l  g r o u p  i n  t h e  d i p h e n y l  p a r t  o f  t h e  m o l e c u l e  . 

' H - N M R  a n a l y s i s  o f  m e d e l l i n e ,  1, c o n f i r m s  t h e  s t r u c t u r a l  r e l a t i o n s h i p  w i t h  a n t i o -  

q u i n e ,  2.  T h e  n o t e w o r t h y  f e a t u r e  i n  t h e  IH-NMR s p e c t r u m  o f  1, is t h e  p r e s e n c e  o f  a n  



1, rnedelline : ' H - N M R ,  360 MHz - - 2 ,  antioquine 
J10.14=J10,.14,=2 HZ ; JA.8=4 HZ ; 

J14.13=J14'.13'=8 H z  

A8 system (4.89 and 4.96 ppm ; J = 4  H z )  attributable to the two protons of a methy- 

lenedioxy group. The signal at 3.83 ppm in medelline, 1, is assigned to the pro- 
tons of the methoxyl group attached to position 6 in the isoquinoline part of the 

4 molecule, as in antioquine, - 2 . The chemical shift of the methoxyl group in medel- 
line, - 1, is  evidence for an intramolecular methylenediaxy linkage between positions 

7 and 6' rather than between positions 6 and 7, for it is well known that a metho- 

xyl group at 6' appears at a higher field ( 6  3.49 for antioquine, 6 3.66 for cepha- 

ranthine). The hypothesis of a methylenedioxy linkage between 7 and 6' is supported 

by the difference in the chemical shifts of the protons of the A8 system (OCH20) 

of medelline, 1 (clearly more shielded than the protons of the rnethylenedioxy 
linkage in alkaloids of the cepharanthine type, 39'10). Further support for the 

hypothesis is obtained from the coupling constant (J.4 Hz), characteristic of the 

p r o t o n s  o f  a n  OCHEO group in a large ring. The coupling constant for the protons 

of the 0CH20 group in a five membered ring is below 2 HZ". The spectrum of 
5 medelline, 1, shows that the carbon atom of the methylenedioxy group (6 94.8 (t) ) 

is definitely m o r e  shielded than the carbon atom of a methylenedioxy group in a 
11 five membered ring (6 101.0 (t) ) .  

The structure of rnedelline, 1, has been further confirmed by a detailed examina- 

tion of its 'H-NMR spectrum at 360 MHz a s  well as by the determination of the 

Nuclear Overhauser of medelline, 1, and that of 12'-0-acetylmedel- 
line ( s e e  Scheme 1). It should be noted that the negative NOE'~ between H-I and 
H-10' ascribed to a collinear arrangement of H-1, H-10 and H-10' is consistent 

with the high rigidity of a Oreiding model of the molecule. Finally, the NOE's 

observed o n  irradiation of the protons of the methylenedioxy group confirm that H A 
is close to H-5', while Ha is far from H-5'. The protons of the methylenedioxy 

group are only affected by irradiation of H-5' and the protons of the 6-OMe graup, 

thus confirming their position ( s e e  Scheme 1). 
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The CO c u r v e  of  r n e d e l l i n e ,  i5, i s  s u p e r i r n p o s a b l e  w i t h  t h a t  o f  a n t i o q u i n e ,  z4 
F u r t h e r ,  t h e  NOE o b s e r v e d  f o r  t h e  p r o t o n s  i n  t h e  1 and  1' p o s i t i o n  o f  t h e s e  

a l k a l o i d s  a r e  of t h e  same o r d e r 4  ( s e e  Scheme 1 ) .  M e d e l l i n e  has  t h e r e f o r e  

t h e  same a b s o l u t e  c o n f i g u r a t i o n  a s  a n t i o q u i n e  n a m e l y  1 S , l S R .  

T h i s  i s  t h e  f i r s t  r e p o r t  o f  t h e  i s o l a t i o n  o f  a bisbenryltetrahydroisoquinoline 

a l k a l o i d  w i t h  an i n t r a m o l e c u l a r  r n e t h y l e n e d i o x y  b r i d g e .  M e d e l l i n e ,  1, c a n  b e  c o n s l -  

d e r e d  t o  be  f o r m e d  b y  i n t r a m o l e c u l a r  c o n d e n s a t i o n  t h r o u g h  e n z y m a t i c  o x i d a t i o n  o f  

a n t i o q u i n e ,  2 ,  t h e  m a j o r  a l k a l o i d  o f  t h e  b a r k  o f  Psegdo!a?;fa  a f f .  L u c i d a .  

3 ,  c e p h a r a n t h i n e  - 
'H-NMR o f  m e t h y l e n e d i o x y  : t w o  d o u b l e t s ,  

J=1 HZ a t  5 , 5 3  a n d  5 , 5 5  pprn 

1, m e d e l l i n e  : NOE - - NOE + 
--* NOE - 
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