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BIOMIMETIC SYNTHESIS OF ELAEOCARPUSIN 
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A b s t r a c t  - E l a e o c a r p u s i n ,  a  t a n n i n - a s c o r b i c  a c i d  c o n d e n s a t i o n  

p r o d u c t ,  i s o l a t e d  from Geranium t h u n h e r g i i  as one  of t h e  w a t e r -  

s o l u b l e  forms of t a n n i n ,  h a s  been  b i o m i m e t i c a l l y  s y n t h e s i z e d  

from g e r a n i i n  and a s c o r b i c  a c i d ,  and shown t o  o c c u r  w i d e l y  i n  

t h e  g e r a n i i n - c o n t a i n i n g  s p e c i e s  of p l a n t s .  

G e r a n i i n  ( I ) ,  t h e  c r y s t a l l i n e  t a n n i n  o r i g i n a l l y  found as t h e  main component of 

Geranium t h u n b e r g i i  S i g h .  ..- e t  Z u c c . . l  --- and t h e n  found i n  many o t h e r  s p e c i e s  o f  

p ~ a n t s , ~  is  a l m o s t  i n s o l u b l e  i n  w a t e r  once  i t  i s  i s o l a t e d ,  n e v e r t h e l e s s  g e r a n i i n  

o f t e n  forms aqueous s o l u t i o n s  of h i g h  c o n c e n t r a t i o n  upon t h e  e x t r a c t i o n  from 

p l a n t s .  S i m i l a r  phenomena are f r e q u e n t l y  observed  f o r  n a t u r a l  o r g a n i c  compounds 

i n c l u d i n g  t a n n i n s .  Although p a r t i c i p a t i o n  of some c o e x i s t i n g  s u b s t a n c e s  i n  

t h e  s o l u b i l i z a t i o n  of t h e s e  compounds i s  presumed. n o  p roof  f o r  s u c h  s o l u b i l i z a -  

t i o n  of t a n n i n s  h a s  y e t  been r e p o r t e d .  

Upon i n v e s t i g a t i o n  of w a t e r - s o l u b l e  p o l y p h e n o l i c  compounds i n  t h e  e x t r a c t  o f  

G .  t h u n b e r g i i .  we have i s o l a t e d  a compound ( 2 )  which is  composed of  e q u i m o l a r  

g e r a n i i n  and a s c o r b i c  a c i d ,  and may b e  r e g a r d e d  as o n e  of t h e  w a t e r - s o l u b l e  forms 

of g e r a n i i n  i n  p l a n t  t i s s u e s  (more t h a n  1 g  d i s s o l v e s  i n  1 m l  o f  w a t e r  a t  15 'C).  

The mother  l i q u o r , f r o m  which g e r a n i i n  and accompanied t a n n i n s  w e r e  s e p a r a t e d  

o u t ,  was s u b m i t t e d  t o  t h e  c e n t r i f u g a l  p a r t i t i o n  chromatography ( C P C ) ~  and then  

t o  t h e  column chromatography on  Sephadex LH-20 and Toyopear l  HW-4OF, t o . g i v e  2 ,  

C47H34032'5H20. [ 0 I D  131 '  ( c = l ,  MeOH). UV xMeoH max nm ( l o g  E ) ,  223 ( 4 . 8 9 )  and 282 

( 4 . 5 0 ) .  FAB-MS m/z 1133 [ M + N ~ ] + ,  1149 [ M + K ] + .  as a  p a l e  brown amorphous powder 

which showed t h e  p o s i t i v e  c o l o r  r e a c t i o n  of  e l l a g i t a n n i n s  w i t h  NaNO - ~ c o H .  
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The p r e s e n c e  of g e r a n i i n  s t r u c t u r e  as a p a r t  of 2  was conf i rmed  by p r o d u c t i o n  



of 1 upon k e e p i n g  2 i n  0.2M N a  HPO4-KH2P04 b u f f e r  (pH 7 . 0 )  a t  3 7 ° C  f o r  6  h .  
2  

These p r o p e r t i e s  and t h e  'H- and 1 3 ~ - ~ ~ ~  s p e c t r a l  d a t a  i n d i c a t e d  t h a t  2  is  

i d e n t i c a l  w i t h  e l a e o c a r p u s i n  which bas  been p r e s e n t e d  v e r y  r e ~ e n t l y . ~ ' ~ ' ~  The 

ana logy  t o  a s c o r b i g e n  ( 3 )  ,' s u g g e s t s  t h a t  e l a e o c a r p u s i n  is  h i o g e n e t i c a l l y  t h e  

product of c o n d e n s a t i o n  between a s c o r b i c  a c i d  and g e r a n i i n .  W e  have  c a r r i e d  o u t  

t h e  b iomimet ic  s y n t h e s i s  of 2 as f o l l o w s :  When a s o l u t i o n  of  1 and & - a s c o r b i c  
- 

a c i d  was k e p t  i n  M c 1 l v a i n e t s  b u f f e r  (pH 4 . 0 )  a t  3 7 ° C  f o r  5 h ,  p r o d u c t i o n  of 2 was 

recognized  by HPLC of  normal-phase development . '  Then s y n t h e s i s  o f  2 i n  a 

p r e p a r a t i v e  s c a l e  was a c h i e v e d  by k e e p i n g  a  s o l u t i o n  of  1 and L - a s c o r b i c  a c i d  i n  . 

t h e  b u f f e r  s o l u t i o n  as d e s c r i b e d  above ,  o r  a m i x t u r e  of methanol  and w a t e r ,  a t  

37.C f o r  15 h ,  and t h e  p r o d u c t  ( o v e r  60% y i e l d ) '  was i d e n t i f i e d  w i t h  2 i n  a l l  

r e s p e c t s .  T h i s  f a c i l e  b iomimet ic  s y n t h e s i s ,  and  t h e  c o n s i d e r a t i o n  of t h e  

p r e s e n c e  of a l a r g e  amount of 1 i n  t h i s  p l a n t ,  s u p p o r t  t h e  b i o g e n e s i s  of 2 

o c c u r r i n g  by e i t h e r  enzymat ic  o r  "on-enzymatic  c o n d e n s a t i o n  of g e r a n i i n  and 

a s c o r b i c  a c i d  i n  a way shown i n  C h a r t  1, i n  s p i t e  of t h e  p r o p o s i t i o n 5  t h a t  t h e  

p o s s i b l e  p r e c u r s o r s  of 2  are d e h y d r o a s c o r b i c  a c i d  and 1-2-galloyl-2,4;3,6-di-g- 

hexahydroxydiphenoyl-f l -0-glucose - which h a s  n o t  y e t  been i s o l a t e d  from n a t u r a l  

s o u r c e s .  

Chart 1 

We have a l s o  examined t h e  d i s t r i b u t i o n  of 2  i n  o t h e r  

s p e c i e s  of  Geranlaceae b y  t h e  HPLC a n a l y s i s ,  and 
HO 

found t h e  p r e s e n c e  of 2 i n  t h e  e x t r a c t s  o f  f r e s h  

l e a v e s  o f  Erodium s t e ~ h a n i a n u m  W i l j . . ,  Geranium ..-. 

c a r o l i n i a n u m  L. ,  G .  r o b e r t i a n u m  L.  and G .  y o s h i n o i  H 

Mpk&gp. T h e r e f o r e  e l a e o c a r p u s i n  can  b e  r e g a r d e d  as 
3 
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a c o n s t i t u e n t  g e n e r a l l y  p r e s e n t  i n  t h e  g e r a n i i n - c o n t a i n i n g  s p e c i e s  o f  p l a n t s .  

T h i s  assumption h a s  b e e n  f u r t h e r  v e r i f i e d  b y  c o - o c c u r r e n c e  o f  1 and  2 ,  as r e v e a l e d  

u ~ o n  HPLC a n a l y s i s  o f  t h e  e x t r a c t s  o f  s e v e r a l  s p e c i e s  o f  o t h e r  f a m i l i e s :  Acer 

n i k o e n s e  Maxim.,  A .  b u e r g e r i a n u m  Mig . .  -. A. s a c c h a r u m  Mgggh. -... a n d  A. pa lmaturn  Thug!. 

( A c e r a c e a e ) :  Rhus t r i c h o c a r p a  M i g . ,  -- R. s u c c e d a n e a  L. ( A n a c a r d i a c e a e ) :  

C e r c l d i p h y l l u m  j a p o n i c u m  S&b. .-- e t  7.9~~. --- ( C e r c i d i p h y l l a c e a e ) .  
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