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RELATIONSHIP  BETWEEN THE B-RING HYDROXYLATION PATTERN 
OF CONDENSED TANNINS AND THEIR PROTEIN-PRECIPITATING CAPACITY 

Haruo Kawamoto, Fumiaki Nakatsubo and K o j i  Murakami 
Department o f  Wood Science and Technology, 

F a c u l t y  o f  A g r i c u l t u r e ,  Kyoto U n i v e r s i t y ,  
Sakyo-ku, Kyoto 606 Japan. 

ABSTRACT 

A s e r i e s  o f  condensed t a n n i n  d e r i v a t i v e s  w i t h  non-, mono-, 
d i -  and t r i - h y d r o x y l a t e d  B-r ings were syn thes ized s t a r t i n g  f r o m  
p h l o r o g l u c i n o l  and b e n z a l d e h y d e  d e r i v a t i v e s .  The p r o t e i n -  
p r e c i p i t a t i n g  c a p a c i t y  o f  t h e s e  condensed t a n n i n  d e r i v a t i v e s  
showed 1) A condensed t a n n i n  w i t h  o n l y  a 4 ' -hydroxy la ted  B- r ing  
has a l m o s t  t h e  same p r o t e i n - p r e c i p i t a t i n g  c a p a c i t y  as t h a t  o f  a 
c o n d e n s e d  t a n n i n  w i t h  3 l . 4 ' - d i h y d r o x y l a t e d  o r  3 ' ,4 ' ,  5'- 
tri hyd roxy l  a ted  B - r i  ngs. 2 )  The compl e x i  ng a b i  1 i t y  o f  phenol  i c  
hyd roxy l  groups i n  t h e  B- r ing  a r e  e f f e c t i v e  i n  t h e  o r d e r  o f  e- > - m- > 2 - p o s i t i o n s .  

INTRODUCTION 

Several  k i n d s  o f  n a t u r a l  condensed tann ins  w i t h  d i f f e r e n t l y  
hyd roxy la ted  B-r ings have been found and many o f  them a r e  known 

R e c e n t l y ,  condensed t a n n i n s  h a v i n g  4 ' - h y d r o x y l a t e d  B - r i n g s  i n  
a d m i x t u r e  w i t h  t h e  above B - r i n g s  have  been f o u n d  i n  t h e  e x t r -  

2 a c t i v e s  o f  o o l o n g  t e a  ( c o m m e r c i a l  name: S h i r a o r e )  , K a n d e l i a  
c a n d e l  b a r k 3  and C a s s i a  f i s t u l a  l e a f 4 .  S i n c e  t h e  s i g n i f i c a n t  

s i t e s  o f  condensed t a n n i n  f o r  p r o t e i n  c o m p l e x a t i o n  have  been  
t h o u g h t  t o  b e  v i c i n a l  p h e n o l i c  h y d r o x y l   group^^*^, s u c h  as 

3 ' ,4 ' -d i  h y d r o x y l a t e d  and 3',4',5'-trihydroxylated B-rings, i t  i s  

t o  be 3 ' ,4 ' -d ihydroxy la ted  o r  3'.4',5'-trihydroxylated B- r ings .  1 

40 1 

Copyright 0 1990 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



402 KAWAMOTO, NAKATSUBO, AND MURAKAMI 

interesting to establish whether condensed tannins with only 4'- 
hydroxylated 6-ri ngs have protein-precipi tati ng capacity or not. 
This question remains, because condensed tannins with only 4'- 

Such condensed tannins may be obtained only by chemical synthetic 
7 method reported previously . 

We reported the synthesis and their protein-precipitating 
capacity of several regiospecifically methylated condensed 
tannins and concluded that both of the phenolic hydroxyl groups 
in the A- and B-rings play important roles in tannin-protein 

I n  this paper, we describe the synthesis of a series of 
condensed tannins with non-, mono-, di- and tri-hydroxylated B- 
rings and discuss the relationship between the hydroxylation 
pattern of the B-ri ng and the protei n-precipi tating capacity. 

hydroxylated B-rings have not been found as natural products 1 . 

interaction and they may synergistically interact with protein 7 . 

RESULTS AND DISCUSSION 

For the present investigation, a series o f  condensed tannin 
derivatives, oligomers A to G with several non- (oligomer A), 
mono- (oligomers B, C and D), di- (oligomers E and F )  and tri- 
(oligomer G) hydroxylated 5-rings, was selected (Table 1). Of 
these oligomers, oligomers D, F and G have been found a s  

structural units in natural condensed tannins. 
Oligomers A to G were synthesized by the condensation of 

their corresponding flavan-3,4-diols (with the protected phenolic 
hydroxyl groups by benzyl groups) and subsequent debenzylation of 
the condensed products7. The f 1 avan-3.4-di 01s were synthesized 
via four reaction steps in  45.3-61.3% overall yields starting 
from phloroglucinol and benzaldehyde derivatives 8 . 

Each reaction step in the synthetic route proceeded 
smoothly except the final step, debenzylation; namely, the re- 
activity on the debenzylation was found to depend on the substi- 
tution pattern of the B-rings. 

The benzyl groups of the benzylated oligomers E and F were 
quantitatively cleaved by using 10% Pd-C and H2 i n  dioxane at 
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THE B-RING HYDROXYLATION PATTERN OF CONDENSED TANNINS 40 3 

I n 

Oligomer A B C D E F G 

B-ring 0 -8 a"" PoH &' on 
H H 

Stereochemistry is a relative configuration suggested by 

the reaction mechanism. 

TABLE 1. A s e r i e s  o f  condensed t a n n i n  d e r i v a t i v e s  s e l e c t e d  
f o r  t he  p r o t e i n  - p r e c i p i t a t i n g  t e s t .  

7 90°C f o r  3hr  as p r e v i o u s l y  repo r ted  . However, l onger  r e a c t i o n  
t i m e  (8 hours) was r e q u i r e d  f o r  t h e  debenzy la t i on  o f  t h e  benzy- 
l a t e d  o l i g o m e r s  B, C, D and G, and more  p o l a r  s o l v e n t  s y s t e m  

c o n s i s t i n g  o f  d i o x a n e / e t h a n o l  (1/3,  v / v )  had t o  be used f o r  t h e  
complete debenzy la t ion  o f  benzy la ted  o l i gomer  A. 

The p o s s i b i l i t y  o f  t h e  s i d e  r e a c t i o n s  d u r i n g  debenzy la t ion ,  

h y d r o g e n o l y s i s ,  was examined  by t h e  use o f  t h e  c o r r e s p o n d i n g  

monomers c o n v e r t e d  t o  o l i g o m e r s  B t o  G as an mode l  compound. 
Under t h e  same r e a c t i o n  c o n d i t i o n s  as those used f o r  t h e  prepara- 
t i o n  o f  t h e i r  cor respond ing  ol igomers,  t h e  r e d u c t i v e  c leavage o f  
t h e  C4-hydroxyl group and t h e  r e d u c t i v e  r ing-opening r e a c t i o n  o f  

t h e  C-ring occur red  i n  70 and 30% y i e l d s ,  r e s p e c t i v e l y ,  as found 
i n  t h e  p rev ious  exper iments repo r ted  . However, s i d e  r e a c t i o n s  

o t h e r  t h a n  t h e  r e d u c t i v e  c l e a v a g e  o f  t h e  C4-hyd roxy l  g r o u p  may 
h a r d l y  p r o c e e d  d u r i n g  d e b e n z y l a t i o n  o f  o l  i gomers ,  because t h e  

benzy la ted  o l i gomers  w i t h  h ighe r  m o l e c u l a r  w e i g h t s  s h o u l d  have 

t h e  lower  r e a c t i v i t y  t h a n  each monomer. 
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404 KAWAMOTO, NAKATSUBO, AND MURAKAMI 

The p r o t e i n - p r e c i p i t a t i n g  a b i l i t y  o f  t h e s e  01 i g o m e r s  was 

eva lua ted  by t h e  f o r m a t i o n  o f  t h e  p r e c i p i t a t e s  w i t h  bov ine  serum 
a l b u m i n  ( B S A )  i n  0.2M a c e t a t e  b u f f e r  (pH 4.5) a t  2OoC. The 

p r e c i p i t a t e d  BSA was e s t i m a t e d  b y  t h e  n i n h y d r i n  method as 
repo r ted  p r e v i o u s l y  . 

R e s u l t s  o f  t h e  B S A - p r e c i p i t a t i o n  t e s t s  o f  o l i g o m e r s  D. F 
and G a r e  shown i n  F ig .  1. I n t e r e s t i n g l y ,  B S A - p r e c i p i t a t i n g  
capac i t y  o f  o l igomers  D and G a re  83 and 87% o f  t h a t  o f  o l i gomer  

F, r e s p e c t i v e l y ,  when 2.0, 3.0 and 4.0mg o f  BSA w e r e  used f o r  
I.Omg of each ol igomer.  Thus, these r e s u l t s  f i r s t  i n d i c a t e  t h a t  

t h e  condensed t a n n i n  w i t h  o n l y  4 ' -hydroxylated B-r ing has a lmos t  
t h e  s i m i l a r  c o m p l e x i n g  a b i l i t y  as t h a t  w i t h  3',4'-dihydroxy- 

1 a t e d  o r  3 ' , 4 ' , 5 ' - t r i  h y d r o x y l a t e d  B - r i  ngs .  P o r t e r  a n d  

S t e r e l i t z i a  reg inae l e a f  t h a t  con ta ins  25% o f  4 ' -hydroxylated B- 
r i n g  a l s o  showed t h e  s i m i l a r  c o m p l e x i n g  a b i l i t y  as o t h e r  

condensed t a n n i n s  c o n t a i n i n g  3 ' , 4 ' - d i h y d r o x y l a t e d  o r  3' ,4' ,5'-  
t r i  hydroxy la ted  B-rings. These r e s u l t s  a re  now reasonably 
exp la ined by t h e  p resen t  r e s u l t s .  

The r e l a t i o n s h i p s  between t h e  h y d r o x y l a t i o n  p a t t e r n  of t h e  

B - r i  ng and t h e  p r o t e i  n-preci p i  t a t i  ng c a p a c i t y  a re  summarized i n  
F ig .  2. The p r e v i o u s  d a t a  o b t a i n e d  by  t h e  use  o f  t h e  r e g i o -  

s p e c i f i c a l l y  m e t h y l a t e d  condensed t a n n i n s ,  o l i g o m e r s  H ( w i t h  
m e t h y l a t e d  h y d r o x y l  g r o u p s  i n  A - r i n g ) ,  o l i g o m e r  I ( w i t h  
m e t h y l a t e d  h y d r o x y l  g roups  i n  B - r i n g )  and o l i g o m e r  J ( w i t h  

m e t h y l a t e d  h y d r o x y l  g r o u p s  i n  b o t h  A- and B - r i n g s )  a r e  a l s o  
i n c l u d e d  i n  F ig .  2 f o r  t h e  compar i son .  The r e l a t i v e  c o m p l e x i n g  

a b i l i t y  (RCA-value) i s  a r e l a t i v e  v a l u e  n o r m a l i z e d  t o  t h e  

p r e c i p i t a t i n g  a b i l i t y  o f  o l i g o m e r  F (RCA-value: 1.0) where  2.0, 
3.0 and 4.0mg o f  BSA was used. The open c i r c l e s  a r e  RCA-values 
of  o l igomers  w i t h  f r e e  pheno l i c  hydroxy l  groups i n  t h e  A- r ing  and 
the  s o l i d  c i r c l e s  a r e  those o f  o l i gomers  w i t h  methy la ted  hyd roxy l  
g roups  i n  t h e  A- r ing .  From t h e  c o m p a r i s o n  o f  t h e s e  RCA-values, 
t h e  f o l l o w i n g  r e l a t i o n s h i p s  between t h e  h y d r o x y l a t i o n  p a t t e r n  o f  
t h e  B- r ing  and t h e  p r o t e i n - p r e c i p i t a t i n g  c a p a c i t y  were found. 
1) Ol igomers A, I and J w i t h  no pheno l i c  hyd roxy l  groups i n  t h e  
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W o o d r u f f e  9 r e p o r t e d  t h a t  t h e  condensed t a n n i n  e x t r a c t e d  f r o m  
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FIGURE 1. BSA - p r e c i p i t a t i n g  c a p a c i t y  o f  o l igomers  D, F and G 
w i t h  t h e  B-r ing h y d r o x y l a t i o n  p a t t e r n s  found i n  t h e  
u n i t  s t r u c t u r e s  o f  n a t u r a l  condensed tann ins .  
0: ol igomer D, A: o l igomer  F, 0: o l i gomer  G. 

B-r ing show s m a l l  RCA-values (0.22, 0.22 and 0.02, respec t i ve l y ) .  
The p h e n o l i c  h y d r o x y l  g r o u p s  i n  t h e  B - r i n g  a r e  e s s e n t i a l  f o r  
c o m p l e x i n g  a b i l i t y .  S i m i l a r  RCA-values o f  o l i g o r n e r s  A and I 
i n d i c a t e  t h a t  t h e r e  i s  no p a r t i c i p a t i o n  o f  t h e  p a i r e d  e l e c t r o n s  

around t h e  oxygen atoms i n  methoxyls a t tached  t o  t h e  B-ring. 

2 )  RCA-values o f  o l i g o m e r s  B, C and D t h a t  have o n l y  one 
p h e n o l i c  h y d r o x y l  g r o u p  i n  t h e  B - r i n g  a r e  0.54, 0.72 and 0.83, 
r e s p e c t i v e l y .  The p h e n o l i c  h y d r o x y l  g roups  i n  t h e  B - r i n g  a r e  
e f f e c t i v e  i n  t h e  o r d e r  o f  p- > E- > 2 - p o s i t i o n s  on t h e i r  
complexing a b i l i t y .  These r e s u l t s  i n d i c a t e  t h a t  l e s s  h i n d e r e d  
pheno l i c  hyd roxy l  group i n  t h e  B-r ing i n t e r a c t s  w i t h  p r o t e i n  more 

e f f e c t i v e l y  than  h indered one. 
3) Ol igomer E, w i t h  t w o  v i c i n a l  pheno l i c  hyd roxy l  groups a t  t h e  
- 0- and ! -pos i t ions  i n  t h e  B - r i ng ,  has  a much s m a l l e r  RCA-value 
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0 

I 
A t =  

0 1 
Number of OH in the B-ring 

FIGURE 2. BSA - precipitating capacity o f  condensed tannin 
derivatives with the differently hydroxylated B-rings. 

(0.58) than oligomer F (RCA-value: 1.00) with two phenolic hy- 
droxyl groups at the 2- andq-positions. These results are 
coincident with the above results; the most effective hydroxyl 
group is at thee-position. 

The protein-precipitating capacity o f  ol  igomer F, the 
highest complexing ability in all oligomers tested is extremely 
reduced by the methylation of the hydroxyl groups in the A-ring 
as found in the RCA-value (0.36) of oligomer H. 
4) Oligomer G with three phenolic hydroxyl groups in the B-ring 
has almost the same protein-precipitating capacity as oligomers D 
and F (RCA-values: 0.83, 1.00 and 0.87 for oligomer D, F and G,  
respectively). This indicates that the additional hydroxyl 
groups at the :-positions in the B-ring do not contribute much t o  
the complexing ability of condensed tannins. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



THE B-RING HYDROXYLATION PATTERN OF CONDENSED TANNINS 40 7 

Thus, t h e  a c i d i c  p r o t o n s  o f  th-e p h e n o l i c  hyd roxy l  groups i n  
t a n n i n  m o l e c u l e s  p l a y  t h e  m o s t  i m p o r t a n t  r o l e  f o r  t h e  
p r o t e i n - p r e c i p i t a t i o n .  Furthermore, t h e  most s u i t a b l e  p o s i t i o n s  
(1 > m > 0) o f  t h e  p h e n o l i c  h y d r o x y l  g r o u p s  i n  t a n n i n  m o l e c u l e s  
i s  i m p o r t a n t  f o r  t h e  e f f e c t i v e  p r o t e i n - p r e c i p i t a t i n g  a b i l i t y ,  b u t  
t h e  number o f  t h e  pheno l i c  hyd roxy l  groups i s  n o t  so impor tan t .  

- -  

EXPERIMENTAL 

Mater i a 1 s 

01 i g o m e r  F was s y n t h e s i z e d  a s  r e p o r t e d  p r e v i o u s l y ' .  
O l igomers  A t o  E and G were a l s o  syn thes i zed  b y  a s i m i l a r  method. 
O n l y  t h e  r e a c t i o n  c o n d i t i o n s  o f  t h e  d e b e n z y l a t i o n  r e a c t i o n s  o f  
benzy la ted  o l i g o m e r s  were a l t e r e d  as ment ioned i n  t h e  p rev ious  
s e c t i o n .  The s t r u c t u r e s  o f  t h e  s y n t h e s i z e d  compounds w e r e  
suppor ted  b y  t h e  'H-NMR s p e c t r a  (measured by JEOL FX-90Q FT NMR- 
(90MHz) spectrometer) .  The GPC da ta  o f  benzy la ted  o l i g o m e r s  A t o  
E a n d  G s h o w e d  t h e  s i m i l a r  n u m b e r  a v e r a g e  d e g r e e  o f  
p o l y m e r i z a t i o n  ( m = 3 . 7  ) as o l i gomer  F. The m e l t i n g  p o i n t s  a r e  
uncorrected. A SHIMADZU UV-365 u l t r a v i o l e t  spec t romete r  was used 
f o r  UV spectra. 
Oligomer A 

Monomer: Mp 183-184'C ; U V  A!$$%m ( l o g  E) :  259 (3.07). 265  
(3.07). 269 (sh, 3.02). Ana l .  Ca lcd .  f o r  C29H2605: c, 76.6; H, 
5.8. Found: C, 76.4, H, 5.7. 

Benzy la ted  01 igomer A: Anal. Calcd. f o r  (C29H2404)3~70H* H20: 
C, 78.1; H, 5.6. Found: C, 78.1; H, 5.4, h e r e a f t e r  OH i n c l u d i n g  
i n  m o l e c u l a r  f o r m u l a  means t h e  h y d r o x y l  g r o u p  o f  t h e  l o w e s t  

t e r m i n a l  u n i t .  
O l i g o m e r  A: Ana l .  Calcd.  f o r  C15H1204*O.lH20: C, 69.8; H, 

4.8. Found: C, 69.7; H, 5.0. 
oligomer B 

Mp 179-180°C ; U V  A$;tHnm ( l o g  E ): 274 (3.55). 
Anal .  Ca lcd .  f o r  C36H3206: c, 77.1; H, 5.8. Found: c, 77.1; H, 
5.7. 
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B e n z y l a t e d  o l  i g o m e r  B: .Anal. Calcd.  f o r  (C36H3005)3,70H' 

O l i g o m e r  B: Anal .  Calcd.  f o r  C15H1205.0.3H20: C, 64.9;, H, 
3.7H20: C, 78.1; H. 5.6. 

4.6. Found: C, 65.2; H, 4.9. 
Oligorner C 

(sh, 3.22). 
C. 76.9, H, 5.8. 

1.5H20: C, 78.0, H, 5.7. Found: C, 78.0; H, 5.5. 

4.7. Found: C, 64.2; H, 5.4. 
Oligorner 0 

Monomer: Mp 166-167OC; UV X isgHnm ( l o g €  ): 260 (sh, 3.28), 
266 ( s h ,  3.34), 270 (3.36). 274 (sh, 3-34), 281 (sh, 3.21). 
Anal. Calcd.  f o r  C36H3206: c, 77.1; H, 5.8. Found: c, 77.0; H, 
5.7. 

1.8H20: C, 77.8; H, 5.7. Found: C, 77.8;. H, 5.4. 

4.7. Found: C, 63.1; H, 5.4. 
01 igomer E 

Monomer: Mp 182-1 83OC; UV h l $ t H n m  ( l o g  E ): 260 ( s h ,  3.30), 
2.66 (sh,  3.39). 271 ( s h ,  3.44), 274 (3.45). Anal .  Calcd.  f o r  
C43H3807: C, 77.4; H, 5.8. 

B e n z y l a t e d  o l  i g o m e r  E: Anal .  Calcd. f o r  ( C 4 3 H 3 6 0 6 ) 3 ~ 0 H '  
3.9H20: C, 77.3; H,5.7. Found: 17.3; H, 5.3. 

O l i g o m e r  E: Anal .  Calcd.  f o r  C15H1206-0.6H20: c, 60.2; H, 
4.5. Found: C, 60.7; H, 5.2. 

Oligomer G 

(3.47), 270 (3.45). 
Found: C, 77.8; H, 5.8. 

2.5H20: C, 77.8; H, 5.7. Found: C, 77.8; H, 5.4. 

4.1. Found: C, 58.4; H, 4.6. 

Found: C, 78.1; H, 5.4. 

Monomer: Mp 168-170°C; UV X ~ ~ ~ H n m  ( l o g  E ): 274 (3.30), 280 
Anal .  Calcd.  f o r  C36H3206: c. 77.1; H, 5.8. Found: 

B e n z y l a t e d  o l  i g o m e r  C: Anal .  Ca lcd .  f o r  (C36H3005>3,70H' 

O l i g o m e r  C: Anal .  Calcd.  f o r  C15H1205*0.5H20: C, 64.0; H, 

B e n z y l a t e d  o l  i g o m e r  D: Anal.  Calcd.  f o r  (C36H3005)3,7OH' 

O l i g o m e r  D: Anal.  Calcd.  f o r  C15H1205.0.7H20: C, 63.0; H, 

Found: C, 77.3; H, 5.8. 

Monomer: Mp 179-180°C; UVXNgRHnrn ( l o g €  ): 259 (3.49), 265 
Anal .  Calcd.  f o r  C50H4408: C, 77.7; H, 5.8. 

B e n z y l a t e d  o l  i g o m e r  G: Anal. Calcd.  f o r  (C50H4207)3.7OH' 

O l i g o m e r  G: Anal .  Calcd.  f o r  C15H1207-0.3H20: C, 58.2; H, 
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Determination o f  the protein-precipitating capacity 

eva lua ted  by t h e  method desc r ibed  i n  t h e  p rev ious  paper7. 
The p r o t e i n - p r e c i p i t a t i n g  c a p a c i t y  o f  each o l i g o m e r  was 
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