
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Wood Chemistry and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597282

Synthesis of Condensed Tannin Derivatives and their Protein-Precipitating
Capacity
Haruo Kawamotoa; Fumiaki Nakatsuboa; Koji Murakamia

a Department of Wood Science and Technology, Faculty of Agriculture, Kyoto University, Sakyo-ku,
Kyoto, Japan

To cite this Article Kawamoto, Haruo , Nakatsubo, Fumiaki and Murakami, Koji(1990) 'Synthesis of Condensed Tannin
Derivatives and their Protein-Precipitating Capacity', Journal of Wood Chemistry and Technology, 10: 1, 59 — 74
To link to this Article: DOI: 10.1080/02773819008050227
URL: http://dx.doi.org/10.1080/02773819008050227

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597282
http://dx.doi.org/10.1080/02773819008050227
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF WOOD CHEMISTRY AND TECHNOLOGY, 10(1), 59-74  (1990) 

SYNTHESIS OF CONDENSED TANNIN DERIVATIVES 
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 

Four r e g i o s p e c i f i c a l l y  me thy la ted  condensed t a n n i n  d e r i v a -  
t i v e s  were syn thes ized by t h e  condensat ion  o f  r e g i o s p e c i f i c a l l y  
me thy la ted  f lavan-3.4-diols p r o t e c t e d  by  benzy l  groups, and sub- 
sequent debenzylat ion.  The monomeric f lavan-3 ,4-d io ls  were ob- 
t a i n e d  &a f o u r  r e a c t i o n  s teps  s t a r t i n g  f rom phloroacetophenone 
d e r i v a t i v e s  and p r o t o c a t e c h u a l d e h y d e  d e r i v a t i v e s .  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 hese  s y n t h e t i c  condensed t a n n i n  der. i-  
v a t i v e s  was t e s t e d  and a compar i s ion  o f  these c a p a c i t y  suggests 
t h e  f o l l o w i n g  r e s u l t s :  1) Pheno l i c  hyd roxy l  groups i n  t a n n i n s  a r e  
e s s e n t i a l  s i t e s  f o r  p r o t e i n  p r e c i p i t a t i o n .  2)  A l t h o u g h  t h e  A-  
r i n g  has been cons idered n o t  t o  be i m p o r t a n t  f o r  t a n n i n  - p r o t e i n  
i n t e r a c t i o n s ,  i t  was proved t h a t  t h e  A-r ing a l s o  p l a y s  an i m p o r t -  
a n t  r o l e  t o g e t h e r  w i t h  t h e  B-ring. 3) Both  h y d r o x y l  groups o f  A- 
and B-r ings may s y n e r g i s t i c a l l y  i n t e r a c t  w i t h  p ro te ins .  

INTRODUCTION 

Tannin i s  known t o  have t h e  a b i l i t y  t o  p r e c i p i t a t e  s o l u b l e  

p r o t e i n  f r o m  aqueous s o l u t i o n . ’  The mechanism o f  t h e  p r e c i p i -  
t a t i o n  has been i n v e s t i g a t e d  w i t h  n a t u r a l  tannins.’ Cons ider ing  
t h a t  2 -d ihydroxypheno l ic  groups a r e  commonly found i n  t h e  B- r ing  

o f  n a t u r a l  condensed t a n n i n s ,  t h e  s i t e s  o f  t a n n i n s  i n t e r a c t i n g  
w i t h  p r o t e i n s  have been t h o u g h t  t o  b e  t h e  p - d i h y d r o x y p h e n o l i c  
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60 KAWAMOTO, NAKATSUBO AND MUKAKAMI 

groups.3q4 However, d e t a i l s  o f  t h i s  mechanism s t i l l  remain  un- 

c lea r .  So, t h e  sys temat i c  i n v e s t i g a t i o n s  u s i n g  t h e  r e g i o s p e c i f i -  
c a l l y  p ro tec ted  condensed t a n n i n  d e r i v a t i v e s  w i t h  d e f i n i t e  s t r u c -  
t u r e  may o f f e r  u s e f u l  i n f o r m a t i o n  on such i n t e r a c t i o n s .  

To s y n t h e s i z e  t h e  r e g i o s p e c i f i c a l l y  r n e t h y l a t e d  condensed 
t a n n i n  d e r i v a t i v e s ,  i t  i s  necessary t o  o b t a i n  t h e  r e g i o s p e c i f i c a -  
l l y  rnethylated f lavan-3.4-diol .  The f l a v a n - 3 . 4 - d i o l  d e r i v a t i v e  

5 has been syn thes ized by t h e  r e d u c t i o n  o f  n a t u r a l  (+ ) - tax i f01  in.  
Th i s  s y n t h e t i c  method, however, i s  n o t  s u i t a b l e  f o r  o u r  purpose, 

because r e g i o s e l e c t i v e  m e t h y l a t i o n  o f  t a x i f o l i n  i s  d i f f i c u l t  i n  
h i g h  y i e l d .  Thus, o u r  p r e v i o u s l y  r e p o r t e d  s y n t h e t i c  r o u t e  f o r  

f 1 avan-3 .4 -d io l  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 pro toca techu-  
aldehyde6 i s  u s e f u l  f o r  t h i s  study. 

The condensat ion r e a c t i o n  o f  t h e  f lavan-3 ,4-d io l  hav ing  f r e e  

pheno l i c  hyd roxy l  groups has been r e p o r t e d  i n  t h e  presence o f  a 

p r o t i c  acid,’ b u t  t h i s  r e a c t i o n  system seems t o  cause u n d e s i r a b l e  

s i d e  reac t i ons ,  because f lavan-3 ,4-d io ls  w i t h  f r e e  p h e n o l i c  hydr-  
o x y l  g r o u p s  a r e  u n ~ t a b l e . ~  On t h e  o t h e r  hand, t h e  use  o f  t h e  

f lavan-3,4-diol  d e r i v a t i v e s  p r o t e c t e d  b y  benzy l  group would re -  

duce such s i d e  reac t ions .  

I n  t h i s  paper ,  a s e r i e s  o f  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  d e r i v a t i v e s  i s  s u c c e s s f u l l y  s y n t h e s i z e d  f r o m  
p h l o r o g l u c i n o l  and p r o t o c a t e c h u a l d e h y d e ,  and t h e n  t h e  r o l e s  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  o f  t h e  A- and B - r i n g s  i n  t h e  p r e -  

c i p i t a t i o n  o f  p r o t e i n s  a re  d iscussed f r o m  t h e  r e s u l t s  o f  p r o t e i n  
- p r e c i p i t a t i o n  t e s t s .  

RESULTS AND DISCUSSION 

1. Synthes is  o f  condensed t a n n i n  d e r i v a t i v e s  

(+ ) -Ca tech in  and ( - ) - e p i c a t e c h i n  u n i t s  a r e  m 3 s t  common ly  
f o u n d  i n  n a t u r a l  condensed t a n n i n s . 8  F i r s t ,  we a t t e m p t e d  t o  

syn thes ize  t h e  nonmethylated condensed t a n n i n  c o n s i s t i n g  o f  o n l y  

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



n
 

a.
 

N
d

H
 
(1

.Z
eq

) 
/ 

DM
F 

/ 
r.
t.
 

/ 
Zh

r 
/ 

94
.6
%.
 

d.
 

O
s

0
4

 
(0

.0
2e

q)
 

/ 
N-

me
th

yl
mo

rp
ho

li
ne

-N
-o

xi
de

 
(l

.l
eq

) 
/ 

b.
 
Na

BH
4 

(l
eq

) 
/ 

me
th

yl
 
c
e
l
l
o
s
o
l
v
e
 

/ 
9
O
o
C
 
/ 

5m
in

. 
c.
 
BF

3-
Et

20
 
(0

.0
7e

q)
 
/ 

r.
t.
 

/ 
15

mi
n.

 

TH
F 

/ 
r.
t.
 

/ 
5.

5h
r 

/ 
64

.8
% 

(b
-d

 o
ve

ra
ll

 
yi

el
d)

. 
e

. 
Ti

C1
4 

Il
e

q
) 

/ 
a
n
h
y
d
r
o
u
s
 C

H
Z
C
I
Z
 
I 

O°
C 

/ 
3h

r.
 

f.
 
10

% 
Pd

-C
 

/ 
di

ox
an

c 
/ 

90
°C
 

/ 
3h

r.
 

H
 

d
 

m
 

cn
 

FI
GU

RE
 1

. 
Sy

nt
he

ti
c 

ro
ut

e 
fo

r 
th

e 
sy

nt
he

ti
c 

co
nd

en
se

d 
ta

nn
in

, 
ol

ig
om

er
 A

. 

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



62 KAWAMOTO, NAKATSUBO AND MURAKAMI 

catechin as a repeating units and named this synthetic tannin as 
oligomer A. Figure I shows the synthetic route for this oligomer 
A. route are the polymeri- 

zation of flavan-3,4-diol (1) and the subsequent debenzylation. 
In  the previous synthesis of a condensed tannin model com- 

pound, flavan-3,4-diol ( 1 )  was reacted with five equivalents of 
phloroglucinol i n  the presence of TiC14 to yield the expected 
prod uc t , 2,3-t ra n s-3,4- t ra ns-3', 4', 5,7-t e t ra be nzy 1 oxy-4-( 2,4,6- 
trihydroxyphenyl)flavan-3-01, and a mixture of higher condensed 
products in about 90% and 10% yields, respectivelyS6 According- 
ly, only a condensation reaction was found to proceed under these 
reaction conditions. Thus, the polymerization of f lavan-3.4-diol 
( 1 )  may proceed under the same reaction conditions as that of 
the synthesis of the model compound in the absence of phloroglu- 
ci no1 . 

Flavan-3.4-diol ( 1 )  was synthesized 9 four reaction steps 
in 61.3% overall yield starting from phloroacetophenone dibenzyl 
ether (2) and protocatechualdehyde dibenzyl ether (3) as reported 
earlier.6 The condensation of compound (1) was conducted using 
TiC14 in anhydrous CH2C12 at O°C and the reaction was monitored 
by GPC. Figure 2 indicates that the polymerization rapidly 
proceeds and that the GPC patterns after 3 hr and 7 hr are 
similar; namely, the reaction for 3 hr is enough time for the 
polymerization. The polymerization products were obtained as a 
light-greenish powder in 99.1 % yield. The number average of 
degree of polymerization (Wn) was determined to be 3.7 by vapor 

condensation product is polydispersed. 
Generally, the benzyl ether is removed efficiently by hydro- 

genolysis under the neutral conditions. I n  fact, the complete 
debenzylation of 3',4',5,7-tetrabenzyloxy-4-(2,4,6-tri hydroxy- 
phenyl)flavan-3-01 was accomplished in 99.3% yield using 10% Pd-C 
and H2 i n  methanol at room temperature for 2 hr.6 However, the 
debenzylation of the polymerization product of compound (1) was 
found to be extreamely difficult. Even after hydrogenolysis for 
28 hr, complete debenzylation was not achieved and 'H-NMR analy- 

The key reactions in this synthetic 

pressure osmometry (VPO) 9 and the GPC pattern indicates that the 
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k,” 
6.0 7.0 8:O $0 

Elution time (mi n) 

FIGURE 2. GPC analyses: t h e  p o l y m e r i z a t i o n  r e a c t i o n  o f  monomer 
(1 ) .  React ion  c o n d i t i o n s :  T i c14  ( l e q )  / anhydrous 
CH2C12 / OOC. 

s i s  o f  t h e  p r o d u c t s  showed t h a t  a b o u t  one b e n z y l  g r o u p  p e r  one 
flavan-3-01 u n i t  s t i l l  remain. A c e t i c  a c i d ”  wh ich  i s  g e n e r a l l y  

used as a more d r a s t i c  s o l v e n t  f o r  hydrogeno lys is ,  was a l s o  n o t  

f a v o r a b l e  f o r  f u r t h e r  d e b e n z y l a t i o n  because t h e  p r o d u c t s  w e r e  

uns tab le  under a c i d i c  c o n d i t i o n s  and formed deep - brown ish  corn- 

pounds. 
It i s  necessary f o r  t h e  progress  o f  hyd rogeno lys i s  t h a t  t h e  

b e n z y l  g r o u p  comes i n t o  c o n t a c t  w i t h  t h e  s u r f a c e  o f  t h e  c a t a -  
l y s t .  l1 F o r  t h e  condensed t a n n i n  m o l e c u l e  i t  i s  known t h a t  
s t r o n g  r o t a t i o n a l  h i n d e r a n c e 1 2  (15-20 k c a l / m 0 1 ’ ~  f o r  d i m e r s )  
e x i s t s  a r o u n d  t h e  i n t e r f l a v a n o i d  l i n k a g e  and E. Has lam G. al-. 
repor ted13 t h a t  a h i g h  tempera ture  (above 17OoC) i s  r e q u i r e d  f o r  

t h e  f r e e  r o t a t i o n .  Thus, such  s t e r i c  h i n d e r a n c e  s h o u l d  be r e -  
duced as much as p o s s i b l e  f o r  t h e  comple te  debenzy la t ion .  

For  reduc ing  such r o t a t i o n a l  hinderance, debenzy la t i on  was 
c a r r i e d  o u t  a t  90°C. T h i s  r e a c t i o n  was mon i to red  by t h e  measure- 
men t  o f  i o n  d i f f e r e n t i a l  s p e c t r u m  w h i c h  has been used  f o r  t h e  

q u a n t i t a t i v e  a n a l y s i s  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  l i g -  
n in.14 The abso rbance  a t  295 nm i n  t h i s  s p e c t r u m  l e v e l e d  o f f  

w i t h i n  3 h r  suggest t h a t  t h e  hydrogeno lys is  was f i n i s h e d  by  t h i s  
r e a c t i o n  t ime. Complete debenzy la t i on  was a l s o  c o n f i r m e d  by t h e  
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64 KAWAMOTO, NAKATSUBO AND MURAKAMI 

i n s p e c t i o n  o f  'H-NMR s p e c t r u m  o f  t h e  h y d r o g e n o l y s i s  p r o d u c t s  

measured i n  DMSO-d6; t h e  s i g n a l s  d e r i v e d  f r o m  b e n z y l  a r o m a t i c  
p r o t o n s  appeared  a t  t h e  m a g n e t i c  f i e l d  l e s s  t h a n  1.3 ppm w e r e  

n o t  observed i n  t h i s  spectrum. Thus, hyd rogeno lys i s  c o n d i t i o n s  
were  e s t a b l i s h e d  w i t h  Pd-C i n  d i o x a n e  a t  90°C f o r  3 h r  and t h e  

condensed t a n n i n  ( o l i g o m e r  A )  w h i c h  had s t r o n g  a s t r i n g e n c y  was 
ob ta ined  q u a n t i t a t i v e l y  as a c o l o r l e s s  powder. 

However, t h e  s e v e r a l  e a r l i e r   report^'^^'^*'^ s u g g e s t  t h a t  
t h e  s t r u c t u r e  o f  t h e  condensed t a n n i n s  i s  a l t e r e d  d u r i n g  hydroge- 
n o l y s i s  by p o s s i b l e  s i d e  r e a c t i o n s  such as t h e  f o l l o w i n g :  1) t h e  

r e d u c t i o n  o f  t h e  hydroxymethyne group a t  C4 p o s i t i o n  t o  a methy l -  
ene group,18  2)  t h e  r e d u c t i v e  r i n g  - o p e n i n g  r e a c t i o n  o f  t h e  C-  
r i n g , I 6  3) t h e  e p i m e r i z a t i o n  a t  C2 p o s i t i o n , 1 5  and 4) t h e  c l e a -  
vage o f  t h e  i n t e r f l a v a n o i d  l inkage.16 For  these reasons, we exa- 
m i n e d  s i m p l e  mode l  compounds t o  d e t e r m i n e  w h e t h e r  such s i d e  
r e a c t i o n s  take  p l a c e  o r  n o t  d u r i n g  hydrogeno lys i  s. 

Two model compounds were selected; f lavan-3,4-diol  (1) as a 

model of t h e  l o w e s t  t e r m i n a l  u n i t  i n  t h e  condensed t a n n i n  mole- 
c u l e  and 2,3-trans-3.4-trans-3' ,  4'. 5 ,7 - te t rabenzy loxy -4 - (  2.4.6- 

trihydroxyphenyl)flavan-3-o16 as a model o f  t h e  p r o c y a n i d i n  c h a i n  

e x t e n d e r  u n i t s .  A f t e r  h y d r o g e n o l y s i  s o f  these model compounds 

under t h e  same r e a c t i o n  c o n d i t i o n s  as t h e  above syn thes i s  o f  t h e  

condensed tannins.  The s t r u c t u r e s  o f  t h e  produc ts  were con f i rmed  

by 'H-NMR analyses of t h e i r  acetates.  The l a t t e r  model compound 
gave t h e  e x p e c t e d  compound ( 4 )  i n  a b o u t  95% y i e l d ,  w h i l e  t h e  

f o r m e r  model compound ( 1 )  gave t h e  p r o d u c t  ( 5 )  whose h y d r o x y -  
me thyne  g r o u p  a t  C4 p o s i t i o n  was r e d u c e d  t o  m e t h y l e n e  g r o u p  i n  
a b o u t  90% y i e l d .  The r i n g  - o p e n i n g  p r o d u c t  ( 6 ) ,  1-(3,4-di-  

acetoxyphenyl)-2-acetoxy-3-(2,4,6-triacetoxyphenyl)propane, was 
d e t e c t e d  i n  o n l y  a f e w  p e r c e n t  y i e l d  based  on TLC a n a l y s i s .  
N e i t h e r  p roduc ts  ep imer ized  a t  C2 p o s i t i o n  nor  p roduc ts  c leaved 
a t  t h e  i n t e r f l a v a n o i d  l i n k a g e  were detected. 

Cons ider ing  t h a t  t h e  condensat ion p roduc ts  w i t h  h i g h e r  mole- 
c u l a r  we igh t  g e n e r a l l y  have lower  r e a c t i v i t y  than s i m p l e  model 
compounds, o t h e r  than t h e  r e d u c t i o n  o f  t h e  hydroxymethyne group 
a t  C4 p o s i t i o n ,  s i d e  r e a c t i o n s  w o u l d  n o t  be  e x p e c t e d  on t h e  
hydrogenolysis.  
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SYNTHESIS OF CONDENSED TANNIN DERIVATIVES 65 

F I G U R E  3. A proposed  s t r u c t u r e  f o r  t h e  s y n t h e t i c  condensed  
t ann in ,  oligomer A. 

T h e  n u m b e r  a v e r a g e  of m o l e c u l a r  w e i g h t  (K) o f  t h e  a c e t y -  
proved 

1 3 C - N M R  spectrum of t h e  ace ty l  a ted s y n t h e t i c  condensed tannin 
is i n  good agreement w i t h  t h a t  of the a c e t y l  d e r i v a t i v e  of natu- 
r a l  condensed t ann in  e x t r a c t e d  f rom C r y p t o m e r i a  j a p o n i c a  bark.  
The r e a c t i o n  mechanism6 of polymerizat ion suggests  t h e  2,3-trans- 
3,4-trans c o n f i g u r a t i o n .  

T h u s ,  we t e m p o r a r i l y  p r e s e n t  t h e  s t r u c t u r e  o f  t h e  p r e s e n t  
s y n t h e t i c  condensed tannin a s  shown in Fig.  3, although na tu ra l  
condensed t a n n i n s  have been r e p o r t e d  t o  c o n t a i n  m a i n l y  Cq - Cg 
l inkage toge the r  w i t h  C4 - Ce one. 

l a t ed  s y n t h e t i c  condensed tannin was measured by VPO;’ 
t o  be 1850, which corresponds t o  DPn of 3.7. 
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66 KAWAMOTO, NAKATSUBO AND MURAKAMI 

F u r t h e r  i n v e s t i g a t i o n  i s  necessary f o r  t h e  s t r u c t u r a l  e s t i -  

mation. The s y n t h e t i c  condensed t a n n i n  has s t r o n g  a s t r i n g e n c y .  
According t o  t h i s  s y n t h e t i c  route,  i t  i s  p o s s i b l e  t o  syn thes i ze  

condensed t a n n i n  d e r i v a t i v e s  w i t h  seve ra l  k inds  o f  subs t i t uen ts .  

2. 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 y n t h e t i c  condensed 

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

It has been b e l i e v e d  t h a t  t h e  s i t e s  o f  t a n n i n s  i n t e r a c t i n g  

w i t h  p r o t e i n s  i s  m a i n l y  o -d ihydroxypheno l ic  groups cor respond ing  
t o  t h e  B- r ing  i n  condensed t a n n i n  molecules,  b u t  t h a t  t h e  A- r ing  

h y d r o x y l a t i o n  i s  n o t  i m p o r t a n t  i n  t h e s e   interaction^.^ J. P. 
McManus &. d. s t u d i e d  t h e  a s s o c i a t i o n  o f  seve ra l  s i m p l e  phenols 

( r e s o r c i n o l ,  c a t e c h o l ,  p y r o g a l l o l  and m e t h y l  g a l l a t e )  w i t h  BSA 
( b o v i n e  sereurn a l b u m i n )  u s i n g  e q u i l i b r i u m  d i a l y s i s  and m i c r o -  
c a l o r i m e t r y ,  and ob ta ined  t h e  r e s u l t s  suppor t i ng  t h e  above sug- 

g e s t i o n . 2 0  However,  d i r e c t  e x p e r i m e n t a l  p r o o f  u s i n g  condensed 
t a n n i n s  has n o t  y e t  been o b t a i n e d .  To c l a r i f y  t h i s  p o i n t ,  we 

syn thes ized t h r e e  methy la ted  condensed t a n n i n  d e r i v a t i v e s ,  o l i g o -  

mer  B, C and D,(Table), and measured t h e i r  BSA - p r e c i p i t a t i n g  

capac i t y .  
These t h r e 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  

d e r i v a t i v e s  ( o l i g o m e r s  B-D) w e r e  e a s i l y  p r e p a r e d  b y  t h e  above 

s y n t h e t i c  me thod  f r o m  t h e  monomers (7)-(9), r e s p e c t i v e l y .  The 
monomeric compounds (7)-(9) were syn thes ized i n  h i g h  y i e l d  by  t h e  
same method as t h a t  o f  monomer ( 1 )  f r o m  p h l o r o a c e t o p h e n o n e  

d e r i v a t i v e s  and protocatechualdehyde d e r i v a t i v e s .  
Since i t  was r e p o r t e d  t h a t  o n l y  po lypheno ls  w i t h  t h e  molecu- 

l a r  w e i g h t s  o f  more  t h a n  500" have p r o t e i n  - p r e c i p i t a t i n g  
capac i ty ,  monomer w i t h o u t  such capac i ty "  shou ld  be removed f rom 

t h e  s y n t h e t i c  condensed t a n n i n  m i x t u r e  b e f o r e  t e s t i n g  t h e i r  
a s t r i n g e n c y .  As t o  o l i g o m e r  A and n a t u r a l  condensed t a n n i n s ,  
monomeric compounds cou ld  be c o m p l e t e l y  removed u s i n g  Sephadex 

LH-ZOqZ3 and t h i s  was con f i rmed  by  GPC ana lys is .  The removal o f  
t h e  monomeric compounds f r o m  o l i gomers  B-D was c a r r i e d  o u t  by  TLC 
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Monomer 

1 

7 

8 

9 

TABLE. Four  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  
d e r i v a t i v e s ,  o l igomer  A-D, s e l e c t e d  f o r  t h e  
p r o t e i n  - p r e c i p i t a t i n g  t e s t .  

R R' Condensed tannin derivative R R' 

Ezl B d  oligomer A H H 

CH3 Bzl oligomer B CH3 H 

Bzl CH3 oligomer C 

CH3 CH3 oligomer D CH3 CH3 

H CH3 

Monomer Condensd tannin derivative 

b e f o r e  d e b e n z y l a t i o n ;  R f  v a l u e s  o f  c o n d e n s a t i o n  p r o d u c t s  w e r e  
s m a l l e r  values (a lmos t  zero) than those ( R f :  0.16-0.33) o f  mono- 

m e r i c  compounds on TLC (EtOAc : 1-hexane = 1:2, v/v). 
L. J. P o r t e r  e t .  a l .  r e p o r t e d  t h a t  t h e  p r e d o m i n a n t  f a c t o r  

a f f e c t i n g  a s t r i n g e n c y  of n a t u r a l  condensed t a n n i n s  i s  t h e  molecu- 

l a r  weight.24 The degrees o f  p o l y m e r i z a t i o n  d e t e r m i n e d  b y  GPC 
a n a l y s e s  were  found t o  be a b o u t  3.7 f o r  t h e  f o u r  s y n t h e t i c  

condensed t a n n i n  d e r i v a t i v e s  (o l i gomers  A-D) and about 3-5 f o r  
n a t u r a l  condensed t a n n i n s  o f  A c a c i a  m o l l i s i m a  ba rk  and Crypto- 
- meria  j apon ica  bark, r e s p e c t i v e l y .  

The 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  o f  BSA w i t h  o l i gomers  A-D 
was c a r r i e d  o u t  i n  0.2 M a c e t a t e  b u f f e r  ( P H  4.525) a t  20°C. The 
p r o t e i n  rema in ing  i n  t h e  s o l u t i o n  was measured by t h e  n i n h y d r i n  
method.26 The p r e c i p i t a t e d  BSA was e s t i m a t e d  by  s u b t r a c t i n g  t h e  
r e s i d u a l  BSA i n  t h e  supernatan t  s o l u t i o n  f rom t h e  t o t a l  BSA used. 

The r e s u l t s  a r e  summarized i n  Fig. 4. 
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F I G U i i E  4. BSA- p r e c i p i t a t i n g  c a p a c i t y  o f  n a t u r a l  condensed 
t a n n i n s  and t h e  s y n t h e t i c  condensed tann ins ,  o l igomer  
A-D. 0 : A c a c i a  m o l l i s i m a  b a r k  t a n n i n ,  A: 
Cryptomeria j a p o n i c a  ba rk  tann in ,  0: o l i gomer  A, 
0: o l igomer  B, A: o l i gomer  C, m: o l i gomer  D. 

Ol igomer A c o n s i s t i n g  o f  c a t e c h i n  as a r e p e a t i n g  u n i t  shows 
a lmos t  t h e  s i m i l a r  BSA - 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  natu- 

r a l  condensed t a n n i n s  f rom Acacia m o l l  i s i m a  ba rk  and Cryp tomer ia  

j apon ica  bark. S ince  t h e  n a t u r a l  condensed tann ins  a r e  o p t i c a l l y  
a c t i v e  d i f f e r e n t  f rom t h e  s y n t h e t i c  tann ins ,  o p t i c a l  a c t i v i t y  o f  
t h e  C-r ing was l i t t l e  e f f e c t  on complexat ion  a b i l i t y .  P o r t e r  et. 
a l .  d i s c u s s e d  t h e  e f f e c t  o f  c o n f i g u r a t i o n  o f  C - r i n g  on t h e  p r o -  
t e i n  - p r e c i p i t a t i n g  capac i ty .  

The c a p a c i t y  o f  o l i g o m e r  B and o l i g o m e r  C was f o u n d  t o  b e  

35% and 23% o f  t h a t  o f  o l i gomer  A, r e s p e c t i v e l y ,  and o l i gomer  D 
had l i t t l e  complexat ion  a b i l i t y  ( l e s s  than  3% o f  t h a t  o f  o l i g o m e r  
A)  when 2, 3 and 4 mg o f  B S A  were  used f o r  t h e  t e s t .  The 
compar is ion  o f  t h e  complexat ion  a b i l i t y  o f  these o l i gomers  i n d i -  

ca tes  f o l l o w i n g  r e s u l t s :  1) pheno l i c  hyd roxy l  groups i n  t a n n i n s  
a r e  e s s e n t i a l  s i t e s  f o r  t h e  p r e c i p i t a t i o n  o f  p r o t e i n s .  2)  A l -  
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SYNTHESIS OF CONDENSED TANNIN DERIVATIVES 69 

t h o u g h  t h e  A - r i n g  has  been c o n s i d e r e d  n o t  t o  be i m p o r t a n t  f o r  
t a n n i n  - p r o t e i n  i n t e r a c t i o n s ,  t h i s  i n v e s t i g a t i o n ,  u s i n g  o l i g o -  
mers B-D i s  t h e  f i r s t  p r o o f  t h a t  t h e  A - r i ng  a l s o  p l a y s  an impor- 

t a n t  r o l e  t o g e t h e r  w i t h  t h e  B-ring. 3) Furthermore, s ince  t o t a l  
p r e c i p i t a t e d  BSA o f  o l igorner  B and C i s  o n l y  about 60% o f  t h a t  o f  

o l i g o m e r  A, b o t h  t h e  h y d r o x y l  g r o u p s  o f  t h e  A- and B - r i n g s  may 

s y n e r g i s t i c a l l y  i n t e r a c t  w i t h  p ro te ins .  

EXPERIMENTAL 

1. Synthesis o f  condensed tannin derivatives 

The m e l t i n g  p o i n t  a r e  uncorrected. A SHIMADZU UV-365 spec- 

t r o m e t e r  was used f o r  UV s p e c t r a  and t h e  mo la r  a b s o r p t i v i t y  was 
c a l c u l a t e d  on t h e  assumption t h a t  t h e  number average o f  m o l e c u l a r  

we igh ts  o f  a l l  s y n t h e t i c  condensed t a n n i n  d e r i v a t i v e s  were 3.7. 

'H-NMR spec t ra  were taken w i t h  a Var ian  XL-200 FT-NMR (200 MHz), 
u s i n g  TMS as an i n t e r n a l  s t a n d a r d .  Mass s p e c t r a  (MS) were  ob- 
t a i n e d  by  t h e  use o f  a SHIMADZU GCMS-QP1000 (70eV) spec t rometer ;  

t h e  r e l a t i v e  abundance o f  each peak i s  des ignated  i n  parentheses. 

G P C  a n a l y s e s  w e r e  c a r r i e d  o u t  on  S H I M A D Z U  LC-4A and Shodex KF- 

802.5 co lumn,  u s i n g  THF d i s t i l l e d  b e f o r e  u s e  and t h e  f l o w  r a t e  
was 1.0 ml/min. VPO was conducted i n  CHC13 on pe race ta tes  w i t h  

KNAUER Vapour  P r e s s u r e  Osmometer.  P r e p a r a t i v e  TLC was done on 

s i l i c a  g e l  p l a t e  ( K i e s e l g e l  60 F254, Merck). O l igomers  A-D may 
c o n t a i n  a t r a c e  amounts o f  each monomer. 

Synthesis o f  oligomer A 

Monomer ( l ) ,  2,3-trans-3,4-cis-3',4', 5 . 7 - t e t r a b e n z y l o x y -  

f lavan-3,4-dio16 ob ta ined  i n  61.3% y i e l d  v i a  f o u r  r e a c t i o n  s teps  

f r o m  p h l o r o a c e t o p h e n o n e  d i b e n z y l  e t h e r  ( 2 )  and p r o t o c a t e c h u -  
aldehyde d i b e n z y l  e t h e r  (3) was used f o r  a s t a r t i n g  m a t e r i a l .  
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70 KAWAMOTO, NAKATSUBO AND MURAKAMI 

Polymerization o f  monomer (1 )  
Monomer (1) (1.0 g, 1.50 mM) was d r i e d  over P2O5 i n  a vacuum 

d e s i c c a t o r  b e f o r e  use. To a s t i r r e d  s o l u t i o n  o f  monomer ( 1 )  i n  
90 ml of anhydrous  CH2C12, T i C 1 4  (165  11 1 ,  1.50 mM) i n  1 0  ml o f  
anhydrous CH2C12 was added dropwise a t  O°C over a per iod of 5 m i n  
and t h e  r e s u l t i n g  brown s o l u t i o n  was s t i r r e d  f o r  3 hr. The 
reac t ion  mixture was d i l u t e d  w i t h  EtOAc and washed success ive ly  
w i t h  w a t e r ,  NaHC03 s o l u t i o n  and brine. The o r g a n i c  l a y e r  was 
d r i e d  o v e r  Na2S04 and e v a p o r a t e d  i n  vacuo t o  y i e l d  b e n z y l a t e d  
o l i g o m e r  A a s  a g r e e n i s h  s o l i d  (967 mg, 99.1% r e c o v e r y ) .  
UV A l g $ N n m  ( l o g  E ): 281 (4.29). Anal. Calcd. f o r  (C43H3606)3~0H’  
3H20: C ,  77.3; H, 5.7. Found: C ,  77.3; H ,  5.5, h e r e a f t e r  O H  
including i n  the  molecular formula means the hydroxyl group of 
the lowest t e rmina l  u n i t .  

Oligmer A 
To a s t i r r e d  s o l u t i o n  of t h e  p o l y m e r i z a t i o n  p r o d u c t  o f  

monomer ( 1 )  (980 mg) i n  98 ml of dioxane passed through on Alumi- 

na column (ICN Alumina B-Akt-1 ,  ICN BIOMEDICALS), 10% Pd-C (980 
mg) was added and the r e a c t i o n  mixture was s t i r red under  hydrogen 
a t  90°C f o r  3 hr. Pd-C was removed from the r e a c t i o n  mixture by 
c e n t r i f u g a t i o n  a t  3000 r p m  f o r  1 0  m i n  and t w i c e  washed w i t h  
d i o x a n e  (50 ml). T h e  combined s u p e r n a t a n t  s o l u t i o n  was evapo-  
r a t e d  i n  vacuo below 4OoC t o  a b o u t  2 ml. The s o l u t i o n  o b t a i n e d  
was poured i n t o  50 ml of n-hexane and the r e s u l t i n g  p r e c i p i t a t e  
was f i l t e r e d  and d r i ed  over P205 i n  a vacuum d e s i c c a t o r  t o  y i e l d  
oligomer A as  a c o l o r l e s s  powder (531 mg). Although more than the 
t h e o r e t i c a l  y i e l d  was o b t a i n e d ,  t h i s  was d u e  t o  t h e  h y d r a t e d  
water  because oligomer A was r a t h e r  hygroscopic. UV $$gH nm 
( l o g  E ):282 (4.04). Anal. Calcd. f o r  (C15H1306’0.2H20)3.7: c, 
61.5; H ,  4.6. Found: C ,  61.6; H ,  5.3. 

T h e  removal  o f  t h e  monomer f rom o l i g o m e r  1 (531 mg) was 
c a r r i e d  ou t  on Sephadex LH-20 column (20 g, 6.5 cm x 4 cm) e l u t e d  
f i r s t  w i t h  E tOH f o r  t h e  e l u t i o n  of the monomer and t h e n  acetone / 
H20 ( 7  : 3, v / v )  t o  y i e l d  o l i g o m e r  1 w i t h o u t  the  monomer (460  
mg). 
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SYNTHESIS OF CONDENSED TANNIN DERIVATIVES 71 

Syn thes is  of o l i gomers  B-D 

Ol igomers  B-D were ob ta ined  acco rd ing  t o  a s i m i l a r  p rocedure  

as desc r ibed  f o r  t h e  syn thes i s  o f  o l i g o m e r  A. The r e c o v e r i e s  i n  
a l l  r e a c t i o n  s teps  were a l m o s t  q u a n t i t a t i v e .  The removal  of t h e  
monomers was c a r r i e d  o u t  b y  TLC (EtOAc /_? -hexane  = 1 : 2, v / v )  

b e f o r e  debenzylat ion.  

O l igomer  B 

Anal .  Calcd.  f o r  (C31H2a06)3.70H'3.1H2o: C, 72.1; H, 5.6. 
C, 72.1; H, 5.6. 

O l i g o m e r  B: UV nm ( l o g € ) :  282 (4.12). Anal .  Ca lcd .  
f o r  (C17H1706.0.3H20)3.7: C, 63.3; H, 5.5. Found: C, 63.2; H, 
5.3. 

B e n z y l a t e d  o l i g o m e r  B: UV X i $ $ N  nm ( l o g €  ): 2 8 0  (4.26). 

Found: 

01 igomer C 
1 Monomer ( 8 )  was o b t a i n e d  f r o m  phloroacetophenone d i b e n z y l  

e t h e r  (2) and pro toca techua ldehyde d i m e t h y l  e t h e r  i n  45.1% over -  
a l l  y i e l d .  Mp 212-213°C; UV X /$$Hnm ( l o g  E ) :  278 (3.59); IH-NMR 
(CDC13) 6 :  2.56 ( l H ,  d, J=7.5, C3-OH), 2.74 ( I H ,  d, J=2.8, C4-  
OH), 3.90, 3.91 (6H, 2s, -OCH3), 4.01 ( I H ,  ddd, J=10.3, 7.5, 4.1, 
C3-H), 4.91 ( I H ,  d, J=10.3, Cz -H) ,  5.00 (ZH, S, -Bz l ) ,  5.06, 5.13 
(ZH, 2d1 J=11, -Bz l ) ,  5.12 ( I H ,  dd, J=2.8, 4.1, C4-H), 6.20, 6.29 
(ZH, 2d, J=2.2, a r o m a t i c  p r o t o n  ( A - r i n g ) ) ,  6.88-7.00 (3H. m, 

a r o m a t i c  p r o t o n  (B - r i ng ) ) ,  7.28-7.48 (10H. m, a r o m a t i c  p r o t o n ) ;  

MS m/z (W): 514 (M', 0.5). 496 (3.3), 4 6 8  (5.2), 3 7 7  (4.6). 1 8 1  
(4.7), 1 8 0  (24.1). 1 7 8  (6.0). 1 6 5  (4.5), 151 (4.3), 92  (8.6), 91  
(100). Anal .  Calcd.  f o r  C31H3007 0.3H20: C, 71.6; H, 5.9. 
Found: C, 71.6; H, 5.8. 

B e n z y l a t e d  o l i g o m e r  C: UV nm ( l o g  E ) :  279 (4.21). 
Anal .  Calcd.  f o r  ( C 3 1 H 2 8 0 6 ) 3 ~ 0 H * H 2 0 :  C, 73.6; H, 5.8. Found: C, 
73.6; H, 5.7. 

O l i g o m e r  C: UV nm ( l o g &  ): 2 7 8  (4.12). Anal .  Ca lcd .  

f o r  (C17H1706.0.8H20)3.7: C, 61.5; H, 5.7. Found: C, 61.5; H, 
5.3. 
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72 KAWAMOTO, NAKATSUBO AND MURAKAMI 

Oligomer D 
Monomer ( 9 )  was o b t a i n e d  f r o m  phloroacetophenone d i m e t h y l  

e t h e r  and p ro toca techua ldehyde  d i m e t h y l  e t h e r  i n  60.5% o v e r a l l  
y i e l d .  Mp 167-169OC; UV nm ( l o g  E ): 278 (3.58); lH-NMR 
(CDC13) 6 :  2.58 ( I H ,  d, J=7.2, C3-OH), 2.79 ( I H ,  d, 5=2.5, C 4 -  
OH), 3.80, 3.91, 3.94, 3.96 (12H. 4s, -OCH3), 4.00 ( l H ,  ddd, 

3=2.5, 4.1, Cg-H), 6.10 (2H, s ,  a r o m a t i c  p r o t o n  (A - r i ng ) ) ,  6.84- 
7.10 (3H. m, a r o m a t i c  p r o t o n  ( B - r i n g ) ) ;  M S  m / z  ( X ) :  362 (N', 
5.8). 344 ( l6.2),  316 (46.7), 301 (21.0). 183 (19.8). 181 (15.0), 
180 ( I O O ) ,  178  (17.9), 165 (23.1), 164  (9.6), 163  (14.7), 151 
(20.2). Ana l .  Ca lcd .  f o r  C I ~ H ~ ~ O ~ * O . ~ H ~ O :  C, 62.3; H, 6.2. 
Found: C, 62.3; H, 6.1. 

O l i g o m e r  D: UV nm ( l o g € ) :  278 (4.13). Anal. Ca lcd .  
f o r  (C19H2006)3.7'2.9H20: C, 62.9; H, 6.0. Found: C, 62.9; H, 
5.7. 

J=4.1, 7.2, 10.3, C3-H), 4.91 ( I H ,  d, 5 ~ 7 . 2 ,  C2-H), 5.04 ( l H ,  dd, 

2. Measurement o f  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  o f  

condensed t a n n i n s  

M a t e r i a l s  
The n a t u r a l  condensed t a n n i n s  were e x t r a c t e d  f r o m  Acac ia  

m o l l i s i m a  bark  and Cryp tmer ia  j a p o n i c a  ba rk  w i t h  MeOH and acetone 

/ H20 ( 7  : 3, v / v ) ,  r e s p e c t i v e l y ,  and p u r i f i e d  b y  Sephadex LH-20 
c o l u m n  ch romatog raphy .  A c a c i a  m o l l i s i m a  b a r k  t a n n i n :  Ana l .  

c a l c d .  f o r  (C15H1306.0.9H20),: C, 59.0; H, 4.9. Found: C, 59.1; 
H, 5.2. C r y p t o m e r i a  j a p o n i c a  b a r k  t a n n i n ;  Anal .  Calcd.  f o r  
(C15H1306*H20)n: C, 58.6: H, 4.9. Found: C, 58.7; H, 4.7. B S A  
(F-V) was purchased f rom Arrnour Pharmaceut ica l  Co.. 

De te rm ina t ion  o f  t h e  p r e c i p i t a t e d  BSA 
Each condensed t a n n i n  (1.0 mg) i n  2 0 0 ~ 1  o f  MeOH was m i x e d  

w i t h  t h e  s o l u t i o n  o f  BSA (1.0-4.0 mg) i n  1.4 r n l  o f  0.2M a c e t a t e  
b u f f e r  (PH 4.5) and each s o l u t i o n  was l e f t  f o r  1 h r  a t  2OoC. 
A f t e r  t h e  r e s u l t i n g  p r e c i p i t a t e s  were separa ted  by c e n t r i f u g a t i o n  
f o r  1 0  m i n  a t  3000 rpm, t h e  amounts  o f  BSA i n  t h e  s u p e r n a t a n t  
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s o l u t i o n s  were measured by  t h e  n i n h y d r i n  method.*6 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  s u b t r a c t i n g  t h e  r e s i d u a l  BSA i n  t h e  
supernatan t  s o l u t i o n  f rom t h e  t o t a l  BSA used. 
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