
Pure & Appl. Chem., Vol. 61, No. 3, pp. 357-360, 1989. 
Printed in  Great Britain. 
@ 1989 IU PAC 

Isolation and structure elucidation of tannins 
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Abs t rac t -  Chemical examinat ions show t h a t  a new c lass  o f  t ann ins  des ignated  
as 'complex t a n n i n '  occurs w i d e l y  i n  t h e  p l a n t s  c o n t a i n i n g  bo th  condensed 
and hyd ro l yzab le  tann ins .  The complex tann ins  a re  shown t o  con ta in  i n  t h e  
molecules a hyd ro l yzab le  tann in  moie ty  connected through a carbon-carbon 
l i n k a g e  t o  f lavan-3-01 ( f l a v a n o - e l l a g i t a n n i n )  , procyan id in  (p rocyan id ino-  
e l l a g i t a n n i n )  and f l a v o n o i d  g lucos ide  ( f l a v o n o - e l l a g i t a n n i n )  mo ie t i es .  Some 
o f  t h e  s i g n i f i c a n t  f i n d i n g s  ob ta ined  i n  t h e  f i e l d s  o f  hyd ro l yzab le  and 
condensed tann ins  a r e  a l s o  b r i e f l y  descr ibed he re in .  

INTRODUCTION 

D i f f i c u l t i e s  i n  i s o l a t i n g  vegetab le  tann ins  f rom an ex t remely  complex m i x t u r e  have been 
overcome i n  r e c e n t  years  by  development o f  new separa t i on  procedures based ma in l y  on reverse-  
phase chromatography, and thereby  enormous p r o w e s s  has been made i n  o u r  unders tand ing  o f  t he  
chemis t ry  o f  vegetab le  tann ins .  I n  t h e  c l a s s i c a l  work, t ann ins  were i n  p r i n c i p l e  d i v i d e d  on 
the  bas i s  o f  t h e i r  chemical p r o p e r t i e s  i n t o  two groups; t he  hyd ro l yzab le  and t h e  non- 
hyd ro l yzab le  o f  condensed. However, r e c e n t  accumulated da ta  o f  t h e i r  s t r u c t u r a l  s tud ies  have 
shown t h a t  they  may be c l a s s i f i e d  i n t o  t h r e e  major  groups based ma in l y  on t h e  s t r u c t u r a l  
f ea tu res  r a t h e r  than on the  chemical p r o p e r t i e s .  The t h i r d  group i s  now des ignated  here  as 
'complex t a n n i n ' ,  and i t s  i s o l a t i o n  and s t r u c t u r e  a re  t h e  major  sub jec ts  o f  t h i s  paper. I n  
a d d i t i o n ,  some o f  t h e  s i g n i f i c a n t  f i n d i n g s  ob ta ined  i n  t h e  f i e l d s  o f  condensed and hyd ro l yz -  
ab le  tann ins  a r e  b r i e f l y  d iscussed he re in .  

COMPLEX T A N N I N  

The complex t a n n i n  i s  a s e r i e s  o f  compounds f i r s t  i s o l a t e d  f rom a Fagaceous p l a n t  ( r e f .  1) 
and now found t o  occur  w i d e l y  i n  t h e  p l a n t s  c o n t a i n i n g  bo th  hyd ro l yzab le  and condensed tann ins  
( r e f .  2-6). The i s o l a t i o n  o f  these tann ins  i s  a lmost  i n v a r i a b l y  achieved by  a combinat ion o f  
Sephadex LH-20 dex t ran  ge l  ( w i t h  a m i x t u r e  o f  wa te r  and methanol)  and reverse-phase (such as 
h i g h - p o r o s i t y  po l ys ty rene ,  ODs, e tc .  w i t h  a wa te r  and methanol m ix tu re )  chromatographies. The 
fo rmer  chromatography a l l ows  separa t i on  f rom more mob i l e  lower -molecu la r -we igh t  po l ypheno l i cs ,  
w h i l e  t h e  l a t t e r  i s  e f f e c t i v e  f o r  t h e  separa t i on  o f  each s t r u c t u r a l  isomer,  The s t r u c t u r e  
e l u c i d a t i o n  i s  based on chemical means h y d r o l y s i s ,  degradat ion ,  syn thes is  , e t c . )  i n  
con junc t i on  w i t h  h i g h - r e s o l u t i o n  1H and 4 3C NVR spectroscopy. 

More than t h i r t y  t ann ins  o f  t h i s  c lass  have so f a r  been i s o l a t e d  and s t r u c t u r a l l y  e luc ida ted ,  
and f rom t h e i r  s t r u c t u r a l  f ea tu res ,  they  a r e  f u r t h e r  d i v i d e d  i n t o  t h r e e  groups. The most 
commonly o c c u r r i n g  i s  ' f l a v a n o - e l l a g i t a n n i n ' ,  wh ich  possesses i n  t h e  molecule a f lavan-3-01, 
t h e  component u n i t  o f  condensed tann ins ,  connected t o  a hyd ro l yzab le  t a n n i n  mo ie t  through a 
carbon-carbon l i nkage .  As t y p i c a l  examples, t h e  s t r u c t u r e s  o f  s tenophy l l an in  A ( l f ( r e f .  11, 
a c u t i s s i m i n  B ( 2 ) ( r e f .  3) ,  mongo l ica in  A ( 3 ) ( r e f .  4.) and stenophynin A ( 4 ) ( r e f .  2) a r e  shown 
i n  the  t e x t .  
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The second i s  ' p rocyan id ino -e l l ag i t ann in '  . A1 though o n l y  one compound, mongo l ican in  ( 5 ) ,  has 
so f a r  been known f o r  t h i s  type  t a n n i n  ( r e f .  6 ) ,  i t  i s  cons idered t o  e x i s t  r a t h e r  w i d e l y  i n  
t h e  p l a n t s  c o n t a i n i n g  bo th  p roanthocyan id ins  and e l l a g i t a n n i n s .  The s t r u c t u r e  o f  5 p r i n c i p a l l y  
f o l l o w s  f rom t h i o l y t i c  degradat ion  and subsequent d e s u l f u r i z a t i o n  t o  y i e l d  a c u t i s s i m i n  A ( 6 )  
and a l s o  f rom t h e  p r e p a r a t i o n  o f  5 by condensat ion o f  p rocyan id in  6-3 ( 7 )  and vesca lag in  (8) .  
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The 'flavono-ellagitannins', monoo l ic ins  A ( 9 )  and B ( l o ) ,  i s o l a t e d  f rom t h e  p l a n t  o f  t he  
genus Quercus (Fagaceae) ( re f .  5 )  have nove l  s t r u c t u r e s  i n  wh ich  a f l a v o n o i d  g lucos ide  i s  
l i n k e d  t o  an e l l a g i t a n n i n  moie ty  through a carbon-carbon bond. The s t r u c t u r e s  have been 
e s t a b l i s h e d  on t h e  b a s i s  o f  ana lys i s  o f  t h e  1H-13C long-range COSY spec t ra  and p r e p a r a t i o n  by  
condensat ion o f  t he  cor respond ing  f l a v o n o i d  and e l l a q i t a n n i n .  The co-occurrence w i t h  (+) -  
t a x i f o l i n  3 -0-g lucos ide  and 8 (and cas ta lag in ,  t h e  C-1  epimer o f  8) i n  t h e  same p l a n t  suggests 
t h a t  9 and 10 a re  b i o s y n t h e t i c a l l y  de r i ved  by condensat ion o f  these compounds. 
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HYDROLYZABLE TANNIN 

Dur ing  t h e  p a s t  decade, more than two-hundred hyd ro l yzab le  tann ins  and r e l a t e d  compounds have 
been i s o l a t e d  f rom about f i f t y  p l a n t  m a t e r i a l s  i n  o u r  l a b o r a t o r y .  From t h e i r  s t r u c t u r a l  work, 
i t  i s  shown t h a t  g a l l i c  a c i d  i s  metabol ized, i n  t h e  fo rm o f  t h e  e s t e r  a t tached  t o  t h e  p o l y -  
a l coho l  (mos t l y  D-glucopyranose) mo ie ty ,  by i )  o x i d a t i v e  coup l i ng  l e a d i n g  t o  o l i g o m e r i z a t i o n  
and i i )  o x i d a t i o n  o f  t h e  aromat ic  r i n q  as shown i n  Char t  1 .  
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Chart  1. Yetabo l ism o f  q a l l i c  a c i d  
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Among va r ious  hyd ro l yzab le  tann ins  , those w i t h  a dehydrohexahydroxydiphenoyl e s t e r  group 
rep resen t  a r e l a t i v e l y  r a r e  group o f  compounds which occu r  r a t h e r  w i d e l y  i n  t h e  p l a n t  kingdom, 
mos t l y  p redominat ing  i n  t h e  p l a n t  e x t r a c t s .  The i s o l a t i o n  o f  t h e  nove l  t ann in ,  e laeocarpus in  
( 1  1 )  , which  possesses an asco rb i c  a c i d  mo ie ty  connected t o  t h e  dehydrohexahydroxydiphenoyl 
group, suggests t h a t  dehydroascorbic a c i d  i s  i n v o l v e d  i n  t h e  o x i d a t i v e  metabol ism o f  t h e  
hexahydroxydiphenoyl qroup t o  t h e  dehydrohexahydroxydiphenoyl group ( r e f .  7, 8). 

CONDENSED TANNIN 

A p p l i c a t i o n  o f  t h e  above-mentioned chromatographic procedures has l e d  t o  t h e  i s o l a t i o n  o f  
severa l  o l i g o m e r i c  p rocyan id ins  i n c l u d i n g  t r i m e r s ,  te t ramers ,  pentamers and hexamers i n  t h e i r  
pure  forms. As t y p i c a l  examples, t h e  p rocyan id ins  i s o l a t e d  f rom Ceylonese cass ia  ba rk  ( r e f .  
9 )  and Areca seed ( r e f .  10)  a re  shown here. I t  shou ld  be no ted  t h a t  t h e  t r i m e r i c  proantho- 
cyan id ins ,  c innamtannins B-1 (12 )  and D-1 ( r e f .  11) possess a s t r o n g l y  sweet t a s t e ,  whereas 
o t h e r  compounds t a s t e  a s t r i n g e n t ,  suggest ing  t h a t  tann ins  combine w i t h  p r o t e i n s  s p e c i f i c a l l y .  
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