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CONDENSED TANNINS: REACTIONS OF MODEL COMPOUNDS 
WITH FURFURYL ALCOHOL AND NRFURALDEHYDE 

L.  Yeap Foo 
Chemistry D i v i s i o n  

Department of S c i e n t i f i c  and I n d u s t r i a l  Research 
Pe tone ,  New Zealand 

R icha rd  W. Hemingway 
Sou the rn  F o r e s t  Experiment S t a t i o n  

2500 Shrevepor t  Highway 
P i n e v i l l e ,  Lou i s i ana  71360 

ABSTRACT 

Reac t ion  p roduc t s  of p h l o r o g l u c i n o l  o r  c a t e c h i n  wi th  
f u t f u r y l  a l c o h o l  and f u r f u r a l d e h y d e  were s tud ied .  I n  
r e a c t i o n s  of  f u r f u r y l  a l c o h o l  w i th  p h l o r o g l u c i n o l ,  on ly  
2-furyl-(1',3',5'-trihydroxyphenyl) methane was ob ta ined  
a s  product ,  and 53% of t h e  p h l o r o g l u c i n o l  was recovered. 
Reac t ions  of  f u r f u r y l  a l c o h o l  w i th  c a t e c h i n  gave 2-furyl-  
(8 -ca t ech iny l )  methane and Z-fury1-(6-catechinyl) methane 
i n  4.0% and 1.5% y i e l d s ,  r e s p e c t i v e l y ,  wh i l e  62% of t h e  
c a t e c h i n  was unreac ted .  Polymeric f u r a n s  w i t h  few c a t e c h i n  
m o i e t i e s  made up t h e  o l igomer i c  p roduc t s  (38% of c a t e c h i n ) .  
Reac t ion  of p h l o r o g l u c i n o l  w i t h  f u r f u r a l d e h y d e  gave Z-furyl- 
d i ( 1 '  , 3 '  ,5 ' - t r ihydroxyphenyl )  methane, an  u n s t a b l e  product  
t h a t  r e a d i l y  polymerized d u r i n g  i s o l a t i o n .  The s o l i d  s t a t e  
13C-NMR spectrum of  t h e  h i g h e r  polymers sugges t ed  one 
p h l o r o g l u c i n o l  moiety p e r  f u r a n  u n i t ,  b u t  lower o l igomers  
con ta ined  more furan- furan  condensa t ion  p roduc t s .  Reac t ions  
o f  c a t e c h i n  wi th  f u r f u r a l d e h y d e  gave 2-furyl-di(a-cate- 
c h i n y l )  methane and t h e  two d ia s t e reomers  o f  Z-furyl- 
(6-catechinyl)-(8-catechinyl) methane i n  low y i e l d ,  w i th  65% 
of  t h e  c a t e c h i n  unreac ted .  
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INTRODUCTION 

FOO AND HEMINGWAY 

Rapid development of new composite wood products  has  

p l aced  t h e  f o r e s t  p roducts  i n d u s t r y  i n  a p o s i t i o n  of heavy 

r e l i a n c e  on chemical manufac turers  f o r  adhesives.  The pe t ro-  

leum shor t age  of t h e  mid-l970's, i n  j u x t a p o s i t i o n  wi th  a s t r o n g  

hous ing  demand, caused t h e  f o r e s t  p roducts  i ndus t ry  t o  i n t e n s i f y  

t h e  sea rch  f o r  a l t e r n a t i v e  adhes ives  based on t h e i r  own re sources ,  

such a s  l i g n i n s ,  t ann ins ,  and furans .  Reportsle3 on t h e  use  of 

condensed tannin- furan  system as wood adhes ives  have sugges ted  

t h a t  t he  combination of t h e s e  two renewable resources  may hold 

promise as an approach t h a t  would permi t  t h e  f o r e s t  p roducts  

i n d u s t r y  t o  be more s e l f - s u f f i c i e n t .  

The apparent  advantages of r e p l a c i n g  formaldehyde wi th  

fu r fu ra ldehyde  i n  tannin-based adhes ives  could inc lude  more 

c o n t r o l l a b l e  condensa t ion  r e a c t i o n s  because of p o s s i b l e  s t e r i c  

c o n s t r a i n t s  and a l s o  could  a f f o r d  a n  oppor tuni ty  t o  overcome 

p o s s i b l e  h e a l t h  concerns a s s o c i a t e d  wi th  the  use of formaldehyde. 

Both f u r f u r y l  a l c o h o l  and fu r fu ra ldehyde  undergo s e l f  condensat ion  

i n  t h e  presence  of a c i d  c a t a l y s t s  t o  g ive  polymers pr imar i ly  of 

t ypes  (l-I4-6 and (217, r e s p e c t i v e l y .  I n  view of t h e  f a c i l e  

se l f -condensa t ion  r e a c t i o n s  of t h e s e  compounds, t h e r e  is 

q u e s t i o n  about t h e  degree  of i n t e rmolecu la r  tannin- furan  chemi- 

c a l  bonding r equ i r ed  t o  produce copolymers i n  adhes ive  a p p l i -  

c a t i o n s .  I n  a d d i t i o n ,  s u i t a b l e  model compounds, necessary  f o r  
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CONDENSED TANNINS 137 

interpretation of the structure and properties of the polymers, 

have not been described. 
appropriate model compounds and to gain mire information about 
how readily furfuryl alcohol and furfuraldehyde react with 
flavanoids bearing a phloroglucinol A-ring representative of the 
condensed tannins from conifer barks. 

This ,study was undertaken to make 

RESULTS AND DISCUSSION 

Reactions With Furfuryl Alcohol 

The phloroglucinol A-ring in catechin (3) has been demon- 
strated to readily undergo electrophilic substitution.839 

OH 

A 1  
HO doH \ OH OH 

OH 

HO &poH / 

\ 
OH OH 

H o r n 6  OH 

A 
OH OH 

where R Br 
= - 0- or -2-hydroxybenzyl 
= 4-flavanyl 

The ready acid-catalyzed condensation of furfuryl alcohol 
probably proceeds via a carbocation intermediate, so it may 
b e  captured by the phloroglucinol 6-ring of the flavanoid unit. 

When phloroglucinol was reacted with furfuryl alcohol in 
alcohol solution with an acetic acid catalyst, little or  no 

phenol reacted. 
were used in attempts to force the condensation, but this only 
resulted in rapid resinification of the furfuryl alcohol. To 
promote intermolecular condensation and to minimize furan self- 

Both hydrochloric and 2-toluene sulfonic acids 
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138 FOO AND HEMINGWAY 

condensa t ion ,  aqueous s o l u t i o n s  of ph lo rog luc ino l  and f u r f u r y l  

a l c o h o l  were t r e a t e d  a t  100°C i n  t h e  p re sence  of a c e t i c  ac id .  

These cond i t ions  provided a ph lo rog luc ino l  r e a c t i o n  product i n  

low y i e l d  (1Oz) t o g e t h e r  w i th  some o l igomer i c  ma te r i a l s .  The 

ph lo rog luc ino l  d e r i v a t i v e  was s h m  t o  be Z-fury l - (1 ' ,3 ' ,5 ' -  

t r ihydroxyphenyl  )-methane (5) from 13C-and 1H-NMR d a t a  (Tables 

1 and 2 ) .  l o t h  t h e  ph lo rog luc ino l  and f u r a n  r i n g s  were c l e a r l y  

d i s c e r n i b l e ,  w i th  t h e  e t h y l e n e  pro tons  appear ing  a t  6 3.90 PPM 

and t h e  carbon chemical s h i f t  a t  21.6 PPM. Ace ty la t ion  of t h i s  

product gave t h e  t r i a c e t a t e  as c o l o r l e s s  c r y s t a l s  whose l3C- 

and lH-NMR s p e c t r a  were f u l l y  c o n s i s t e n t  w i th  t h e  proposed 

s t r u c t u r e  (5). 

(9 
Attempts t o  make the  d i -  and t r i - s u b s t i t u t e d  ph lo rog luc ino l  

d e r i v a t i v e s  through use of a h ighe r  molar r a t i o  of f u r f u r y l  

a l c o h o l  t o  ph lo rog luc ino l  only r e s u l t e d  i n  a decrease  i n  y i e l d  

o f  product (5) and an i n c r e a s e  i n  y i e l d  of oligomers.  

Cons iderable  unreac ted  ph lo rog luc ino l  was recovered from these  

r e a c t i o n s ,  sugges t ing  t h a t  t h e s e  oligomers were predominantly 

polymeric furans .  

When c a t e c h i n  was used i n  p l a c e  of ph lo rog luc ino l ,  two 

l o w  molecular weight pheno l i c  products  v e r e  obta ined  and p u r i f i e d  

by r eve r se -phase  HPLC. 

showed t h a t  both were made up of equimolar p ropor t ions  of c a t e c h i n  

t o  fu ran  u n i t s  and were hence r eg io i somer i c  t o  one another .  

S t u d i e s  of  p ro ton  chemical s h i f t s  of s u b s t i t u t e d  c a t e c h i n  d e r i -  

v a t i v e s  by Eundt and RolixlO and by Batterham and H i g h e t l l  have 

e s t a b l i s h e d  t h a t ,  i n  f l avano id  systems, t h e  H-8 chemical s h i f t  

13C-NMR d a t a  of t h e s e  products  c l e a r l y  
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CONDENSED TANNINS 141 

occurs  a t  lower f i e l d  than  does t h e  cor responding  H-6 signal. 

Examination of t h e  IH-NMR of t h e  two compounds showed t h a t  t h e  

more mobile compound had a ph lo rog luc ino l  A-ring proton a t  

A 6.03 PPM and t h a t  t h e  o t h e r  compound had an A-ring a t  Ci 6.13 PPM. 
On t h i s  b a s i s ,  t h e  more mobile compound w a s  ass igned  s t r u c t u r e  (5) 
w i t h  s u b s t i t u t i o n  a t  C-8, and t h e  o t h e r  compound was ass igned  

s t r u c t u r e  (6-1 of the  C-6 s u b s t i t u t e d  isomer. The assignments of 

no 

OH 
O H 4  

A O "  

s t r u c t u r e s  of t h e s e  compounds were f u r t h e r  co r robora t ed  by t h e  

1H-NMR d a t a  of t h e  p e n t r a c e t a t e  d e r i v a t i v e s .  Though t h e r e  was 

l i t t l e  d i f f e r e n c e  i n  t h e  chemical s h i f t s  of t he  A-ring pro tons ,  

t h e  methylene b r idge  pro tons  d i f f e r e d  by 0.18 PPM wi th  t h e  C-6 

s u b s t i t u t e d  isomer more downfield t h a n  t h e  C-8 s u b s t i t u t e d  

d e r i v a t i v e .  S imi l a r  d i f f e r e n c e s  i n  t h e  chemical s h i f t s  of 

methylene b r idge  pro tons  were observed i n  t h e  p e r a c e t a t e s  of 

- 0-  and 2-hydroxybenzyl s u b s t i t u t e d  ca t ech in .8  The l a r g e r  down- 

f i e l d  s h i f t  of t h e  C-6 s u b s t i t u t e d  p e r a c e t a t e s  was probably caused 

by t h e  exposure of t h e  methylene p ro tons  t o  t h e  desh ie ld ing  reg ions  

of  t h e  two neighboring a c e t a t e  func t ions ,  whereas only one a c e t a t e  

a t  C-7 vas ad jacen t  t o  the  methylene pro tons  i n  t h e  C-8 s u b s t i t u t e d  

d e r i v a t i v e .  

The y i e l d s  of t h e  two isomers were low, about 4.0% €or  t h e  

C-8 s u b s t i t u t e d  product and 1.5% f o r  t h e  C-6 s u b s t i t u t e d  isouers. 

The r a t i o  of y i e l d s  of 2 . 7 : t  for t h e  C-8 t o  C-6 isomer r e f l e c t s  

t h e  g r e a t e r  r e a c t i v i t y  a t  t h e  C-8 pos i t ion ,which  is i n  
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142 FOO AND HEMINGWAY 

agreement w i t h  r a t i o s  ob ta ined  i n  o t h e r  s t u d i e s .  Unreacted 

c a t e c h i n  w a s  recovered  i n  about  a 62% y i e l d ,  whi le  o l igomer ic  

materials accounted f o r  about  38% of t h e  ca t ech in .  Most of t h e  

l a t t e r  m a t e r i a l  p r e c i p i t a t e d  o u t  of t h e  aqueous r e a c t i o n  mixture  

as a gummy s o l i d .  The y i e l d  of t h e  p r e c i p i t a t e  i nc reased  

from 38% a f t e r  2.5 hours of h e a t i n g  t o  about 49X a f t e r  4.5 
hours .  A sample of t h e s e  o l igomer i c  p roduc t s  was f r a c t i o n a t e d  

on  Sephadex LH Z O L 3  u s i n g  e t h a n o l  a s  the s o l v e n t .  

molecular  weight p roduc t s  and un reac ted  s t a r t i n g  m a t e r i a l s  were 

e l u t e d  i n  t h e  f i r s t  f r a c t i o n s ,  and t h e  o l igomer ic  products  were 

s e p a r a t e d  i n t o  more (A) and less mobile (B) f r a c t i o n s .  

Small  samples of each f r a c t i o n  were a c e t y l a t e d ,  and t h e  number 

average  molecular  weights  were determined by vapor p re s su re  

osmometry, bo th  f o r  t h e  p a r e n t  and a c e t y l a t e d  d e r i v a t i v e s  (Table 

3 ) .  

f u n c t i o n  of molecular  weight ,  t h e  more mobile f r a c t i o n  be ing  of 

lower molecular  weight.  The carbon and hydrogen ana lyses  of 

t h e  two f r a c t i o n s  and of t h e i r  p e r a c e t a t e  d e r i v a t i v e s  were 

n e a r l y  i d e n t i c a l ,  s u g g e s t i n g  very similar compositions.  

However, t h e  l a r g e r  change i n  molecular  weight ob ta ined  by 

a c e t y l a t i o n  of t h e  h i g h e r  molecular  weight f r a c t i o n  sugges t s  

a h i g h e r  p r o p o r t i o n  of c a t e c h i n  m o i e t i e s  i n  t h e s e  oligomers than  

i n  t h e  l e s s  condensed f r a c t i o n s ,  an  o b s e r v a t i o n  coun te r  t o  t h a t  

which would be expec ted  from a s imple  l i n e a r  polymer s t r u c t u r e .  

Evidence f o r  t h e  p re sence  of c a t e c h i n  f u n c t i o n a l i t y  i n  t h e  

Prominent 

The low 

The s e p a r a t i o n  ob ta ined  on t h e  Sephadex column was a 

o l igomers  w a s  ob ta ined  from t h e i r  13C-NMR spec t r a .14  

s i g n a l s  observed a t  chemica l  s h i f t s  of 67.8 and 81.8 PPM were 

a t t r i b u t a b l e  t o  t h e  C-3 and C-2, r e s p e c t i v e l y ,  of the  c a t e c h i n  

h e t e r o c y c l i c  r i n g .  Also appa ren t  were s i g n a l s  c o n s i s t e n t  w i th  

t h e  fu ran  r i n g  and t h e  methylene b r i d g e  carbon a t  22.0 PPM. 

The l o c a t i o n  and shape of t h e  f u r a n  s i g n a l s  were i n  many 

r e s p e c t s  s i m i l a r  t o  those  observed i n  a homogeneous f u r a n  

polymer ob ta ined  by h e a t i n g  f u r f u r y l  a l c o h o l  a lone  i n  aqueous 
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TABLE 3 

R e a c t i o n  o f  C a t e c h i n  w i t h  F u r f u r y l  Wlcohol 
M o l e c u l a r  Weight  and Composi t ion  o f  O l i  omers from 

&n %C m 

Sample A 1096 63.9 5.3 

Sample B 16 79 64.3 5.3 
P e r a c e t a t e  of A 1232 62.8 5.0 

P e r a c e t a t e  of  B 2170 63.1 5.0 

s o l u t i o n  w i t h  a n  a c e t i c  a c i d  c a t a l y s t .  The broad  s i g n a l  a t  107 

PPM is  a s s i g n e d  t o  t h e  C-3 and C-4 of  t h e  f u r a n  u n i t ,  w i t h  d i -  

s u b s t i t u t i o n  a t  t h e  C-2 and C-5  p o s i t i o n s . 1 5  

p r o p o r t i o n  of i n t e r m o l e c u l a r  l i n k a g e s  a r e  between f u r a n  u n i t s  

t h e m s e l v e s ,  i t  i s  c lear  t h a t  t h e r e  are  some bonds between f u r a n  

and c a t e c h i n  u n i t s  in t h e s e  o l i g o m e r s .  

Though a l a r g e  

R e a c t i o n s  With F u r f u r a l d e h y d e  

U n l i k e  r e a c t i o n s  w i t h  f u r f u r y l  a l c o h o l ,  a c e t i c  a c i d  

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

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

a t  LOOOC. The r e a c t i o n s  o f  f u r f u r a l d e h y d e  w i t h  p h l o r o g l u c i n o l  

and c a t e c h i n  were more c o n t r o l l a b l e  when c a r r i e d  o u t  a t  ambient  

t e m p e r a t u r e .  Format ion  of e x c e s s  p o l y m e r i c  p r o d u c t s  c o u l d  be 

a v o i d e d  by r e s t r i c t i n g  the r e a c t i o n  t i m e  t o  s e v e r a l  h o u r s  and 

s t o p p i n g  t h e  r e a c t i o n  as soon as t h e  gummy p r e c i p i t a t e  

a p p e a r s .  O v e r n i g h t  r e a c t i o n s  a t  ambient  t e m p e r a t u r e  gave 

m o s t l y  i n s o l u b l e  polymers .  

In t h e  r e a c t i o n  of f u r f u r a l d e h y d e  w i t h  p h l o r o g l u c i n o l ,  only 

one low m o l e c u l a r  w e i g h t  p r o d u c t  was o b t a i n e d .  

s p e c t r a  c l e a r l y  showed f u r a n  c a r b o n  c h e m i c a l  s h i f t s  a t  105.9,  

110.0,  and 141.0 PPM, t o g e t h e r  w i t h  t h e  q u a r t e r n a r y  c a r b o n  a t  

154.9 PPM ( T a b l e  4 ) .  The p h l o r o g l u c i n o l  c a r b o n  s h i f t s  o c c u r r e d  

The 13C-NMR 
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a t  106.5 PEW f o r  t h e  s u b s t i t u t e d  carbon and a t  96.3 PEW f o r  t h e  

u n s u b s t i t u t e d  carbons. The b r i d g i n g  methine carbon s i g n a l  was a t  

30.3 PPM. 

could  be a s s igned  s t r u c t u r e  (7). 
confirmed by t h e  IH-NMR d a t a  (Table 5 ) .  

pro tons  occurred  a t  R 6.05 PPM. 
a t t r i b u t a b l e  t o  t h e  f u r a n  H-5, and t h e  m u l t i p l e t s  t h a t  i n t e g r a t e d  

f o r  two pro tons  a t  

On t h e  b a s i s  of t h e  I3C-NMR spectrum, t h e  product  

This  s t r u c t u r e  could a l s o  be 

The ph lo rog luc ino l  r i n g  

Also,  t h e  s i g n a l  a t  6 7.30 PPM is  

6.25 PPM account f o r  t h e  H-3 and H-4 pro tons .  

Although product (7) was r e a d i l y  s e p a r a t e d  from s t a r t i n g  

m a t e r i a l s  and oligomers by chromatography on Sephadex LH-20, 

c e l l u l o s e  TLC of t h e  f r eeze -d r i ed  p roduc t s  i nva r i ab ly  showed 

t h e  presence  of ph lo rog luc ino l  and o l igomers  a s  i m p u r i t i e s ,  even 

a f t e r  r epea ted  chromatography and dry ing .  The TLC of t h e  

e l u a t e  from t h e  Sephadex column showed t h a t  complete s e p a r a t i o n  

had been achieved. These obse rva t ions  sugges t  t h a t  product 

(7-1 i s  u n s t a b l e  and p o s s i b l y  undergoes se l f -condensa t ion  t o  

oligomers ( i . e . ,  S) wi th  t h e  r e l e a s e  of ph lo rog luc ino l .  

o f  t he  p u r i f i e d  compound (L) when hea ted  i n  water  o r  a l c o h o l  

gave h igh  y i e l d s  of p h l o r o g l u c i n o l  and oligomers.  A d d i t i o n a l l y ,  

product (L) a l s o  decomposed a f t e r  s t a n d i n g  f o r  s e v e r a l  days i n  

e t h y l  a c e t a t e  a t  ambient temperature.  In comparison, 2-furyl-  

(1',3',5'-trihydroxyphenyl) methane (4) is s t a b l e ,  so t h e  methine 

A sample 
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c a r b o n  i n  (7) mst be  p a r t i c u l a r l y  r e a c t i v e  as a r e s u l t  of  t h e  

e x t r a  p h l o r o g l u c i n o l  m o i e t y  a t t a c h e d  t o  i t .  The ready  s u b s t i -  

t u t i o n  a t  t h i s  b r i d g i n g  c a r b o n  may b e  compared w i t h  t h e  C-4 i n  

p r o c y a n i d i n s  where two p h l o r o g l u c i n o l  &-r ings a r e  a t t a c h e d .  

i n t e r f l a v a n o i d  bond o f  p r o c y a n i d i n s  is a l s o  l a b i l e ,  b u t  much less 

s o  t h a n  (L). 
bond i n  p r o c y a n i d i n s  may s low t h i s  r e a c t i o n  i n  comparison t o  a 

compound s u c h  as (L).  
example of t h e  r e a c t i v i t y  of a m e t h i n e  c a r b o n  s u b s t i t u t e d  w i t h  two 

u n i t s  of p h l o r o g l u c i n o l  f u n c t i o n a l i t y ,  as o c c u r s  i n  t h e  condensed 

t a n n i n s  of  most c o n i f e r  b a r k s  i n  c o n t r a s t  t o  t h e  t a n n i n s  of w a t t l e ,  

which  c o n s i s t  o f  f l a v a n  u n i t s  w i t h  r e s o r c i n o l  A-r ings and which are  

c o n s i d e r a b l y  more s t a b l e  t o  c l e a v a g e .  16 

The 

S t e r i c  b a r r i e r s  a round t h e  C-4 o f  t h e  i n t e r f l a v a n o i d  

However, t h e  i n s t a b i l i t y  of (L) i s  a n o t h e r  

When t h e  r e a c t i o n  o f  p h l o r o g l u c i n o l  and f u r f u r a l d e h y d e  was 

c o n d u c t e d  i n  e t h a n o l  a t  h i g h e r  s o l i d s  c o n t e n t ,  h i g h l y  condensed 

i n s o l u b l e  p r o d u c t s  were o b t a i n e d .  O n l y  small amounts of  

p h l o r o g l u c i n o l  were d e t e c t e d  when t h e  p r e c i p i t a t e  w a s  washed w i t h  

o r g a n i c  s o l v e n t s .  The f a c t  t h a t  p h l o r o g l u c i n o l  was a major  

c o n s t i t u e n t  of  t h e  polymer was a l s o  shown by a s o l i d  s t a t e  I3C-NMR 
s p e c t r u m  t h a t  was c o n s i s t e n t  w i t h  s t r u c t u r e  (8-1. 
s h i f t s  of t h e  s o l i d  sample  a p p e a r e d  a p p r o x i m a t e l y  2 PF’M d a r n f i e l d  

f rom t h o s e  o f  t h e  s o l u t i o n  s p e c t r u m  of (7-1. The d i s t i n c t i v e  

m e t h i n e  c a r b o n ,  which b r i d g e s  t h e  f u r a n  and p h l o r o g l u c i n o l  r i n g s  

o b s e r v e d  a t  3 0 . 3  PPM i n  t h e  s o l u t i o n  s p e c t r u m  of (11, i s  a t  32 PPM 
i n  t h e  s p e c t r u m  of t h e  s o l i d  sample.  

s i g n a l s ,  t h e  s o l i d  p r o b e  p r o v i d e s  c h e m i c a l  s h i f t s  of comparable  

i n t e n s i t y  as a r e s u l t  o f  c l o s e  p r o x i m i t y  t o  a hydrogen i n  t h e  s o l i d  

s t a t e .  Hence, t o  d e t e r m i n e  t h e  r a t i o  of  t h e  f u r a n  t o  t h e  

p h l o r o g l u c i n o l  f u n c t i o n a l i t y ,  t h e  r e l a t i v e  a r e a s  o f  t h e  s i g n a l s  a t  

154, 143, 109, and 99 PPM were measured,  s i n c e  t h e  number of f u r a n  

moiet ies  may n o t  n e c e s s a r i l y  b e  t h e  same as t h e  number of  

p h l o r o g l u c i n o l  u n i t s .  The s i g n a l  a t  143 PPM i s  a t t r i b u t a b l e  t o  

o n l y  C-5 o f  the f u r a n  r i n g ,  and t h e  s i g n a l  a t  99 PPM i s  

The c h e m i c a l  

U n l i k e  s o l u t i o n  I3C-NMR 
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148 FOO AND HEMNGWAY 

a t t r i b u t a b l e  t o  only  u n s u b s t i t u t e d  ca rbon  of t h e  p h l o r o g l u c i n o l  

r i n g .  S ince  t h e  a r e a s  of t h e s e  t w o  s i g n a l s  a r e  approximate ly  

e q u a l ,  t h e r e  i s  about  one f u r a n  u n i t  f o r  eve ry  p h l o r o g l u c i n o l  u n i t  

i n  t h e  polymer. In  t h e  s o l u t i o n  spec t rum of fu r fu ra ldehyde ,  t h e  

ca rbon  P t o  t h e  a ldehyde  group h a s  a chemica l  s h i f t  of 123 PPM. 

The s o l i d  s t a t e  l3C spectrum of t h e  i n s o l u b l e  polymer a l s o  has  

s i g n a l s  a t  124 and 126 PPM, i n d i c a t i n g  t h e  p re sence  of 

f u r f u r a l d e h y d e  se l f - condensa t ion  p roduc t s .  F u r t h e r  i n d i c a t i o n s  

o f  s e l f - condensa t ion  of t h e  f u r a n  a r e  t h e  d i s t i n c t i v e  s i g n a l s  a t  

14 and 1 7  PPM,which can  be a t t r i b u t e d  t o  methyl carbons  i n  methyl 

fu ran15  presumably brought  about by d i s p r o p o r t i o n a t i o n  of t h e  

a ldehyde  f u n c t i o n a l i t y .  

Ca tech in  shows l e s s  r e a c t i v i t y  t h a n  p h l o r o g l u c i n o l  i n  

condensa t ion  r e a c t i o n s  w i t h  fu r fu ra ldehyde .  Unlike r e a c t i o n s  wi th  

p h l o r o g l u c i n o l ,  c a t e c h i n  and f u r f u r a l d e h y d e  d i d  not  r e a c t  t o  form 

a g e l  under  c o n d i t i o n s  of  h igh  s o l i d s  c o n t e n t .  The combined 

y i e l d  of lov  molecular  v e i g h t  p roduc t s  was a l s o  s m a l l e r ,  and ove r  

60% of t h e  c a t e c h i n  was recovered  a f t e r  r e a c t i o n .  

I n  r e a c t i o n s  of c a t e c h i n  w i t h  f u r f u r a l d e h y d e ,  s u b s t i t u t i o n  

occur red  a t  bo th  t h e  C-6 and C-8 p o s i t i o n s  t o  g ive  r ise t o  

s e v e r a l  reg io- i somers  t h a t  were d i f f i c u l t  t o  s e p a r a t e .  

(9 
Hovever, t h e  C-8, C-8 s u b s t i t u t e d  p roduc t  (9-1 w a s  i s o l a t e d  by 

r e p e a t e d  chromatography on Sephadex LH-20 by f i r s t  e l u t i n g  wi th  
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CONDENSED TANNINS 149 

e t h a n o l  and then  rechromatography of t h e  p a r t i a l l y  p u r i f i e d  

product  u s ing  ethanol-water (l:l, v / v >  so lven t .  In both the  

1%- and 1H-NMR s p e c t r a ,  s i g n a l s  a t t r i b u t a b l e  t o  c a t e c h i n  and 

f u r a n  u n i t s  were r e a d i l y  appa ren t ,  and t h e  methine carbon 

appeared a t  30.0 PPM, which is  c o n s i s t e n t  wi th  t h e  b r idg ing  

carbon i n  <I_> (Tables  4 and 5 ) .  

s u b s t i t u t e d  and u n s u b s t i t u t e d  carbons  of t h e  ph lo rog luc ino l  

- A-rings a t  chemical s h i f t s  of 106.6 and 96.6 PPM, which a r e  

c o n s i s t e n t  w i th  s u b s t i t u t i o n  a t  t h e  C-8 p o s i t i o n s  of both 

c a t e c h i n  un i t s .16  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  C-2 (82.1 

and 82.4 PPM), C-3 (67.4 and 67.6 PPM), and the  s u b s t i t u t e d  C-8 

(106.5 and 106.7 PPM) chemical s h i f t s  of t h e  two c a t e c h i n  u n i t s  

were not co inc iden t ,  sugges t ing  unusual  phenomenon of i n t e r n a l  

a t ropisomer ism a r i s i n g  from s t e r i c  c o n s t r a i n t  t o  f r e e  r o t a t i o n  

about  t h e  i n t e r f l a v a n o i d  bond. 

The 13C-NMR spectrum showed the  

Two o t h e r  products  of t h e  r e a c t i o n  of c a t e c h i n  wi th  fur -  

fura ldehyde  were i s o l a t e d  by chromatography on Sephadex LH-20 

and then  sepa ra t ed  f u r t h e r  by HPLC on Zorbax CN columns e l u t e d  

wi th  m e t h a n o l v a t e r  (15:85, v /v ) .  

compounds were i n  many r e s p e c t s  s i m i l a r  t o  t h e  spectrum of (9) 
and almost i d e n t i c a l  t o  each o the r .  The presence  of two 

s e p a r a t e  chemical s h i f t s  a t  95.8 and 97.0 PPM f o r  t h e  more 

mobile compound on HPLC and a t  95.8 and 96.9 PPM f o r  t h e  o t h e r  

compound t h a t  were a t t r i b u t a b l e  t o  u n s u b s t i t u t e d  C-8 and C-6 

c a t e c h i n  A-ring carbons ,  r e s p e c t i v e l y ,  c l e a r l y  showed t h a t  t h e  

two compounds nust have two c a t e c h i n  u n i t s ,  one s u b s t i t u t e d  a t  

t h e  C-6 p o s i t i o n  and t h e  o t h e r  a t  t h e  C-8 pos i t i on .16  

conc lus ion  was a l s o  co r robora t ed  by t h e  two d i s t i n c t  s u b s t i t u t e d  

- A-ring carbon s i g n a l s  a t  106.4 and 107.4 PPM t h a t  were a s s igned  

t o  the  s u b s t i t u t e d  C-8 and C-6 carbons ,  r e s p e c t i v e l y ,  i n  t h e  more 

mobile compound. S i m i l a r  d i f f e r e n c e s  i n  t h e  chemical s h i f t s  of 

t h e  s u b s t i t u t e d  A-ring carbons were observed f o r  t h e  o t h e r  

compound a t  106.4 and 107.4 PPM, r e s p e c t i v e l y .  These two 

The I3C-NMR d a t a  of both 

Th i s  
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150 FOO AND HEMINGWAY 

compounds are t h e r e f o r e  d i a s t e reomers .  In t h e  & and 5 convent ion ,  

t h e  C-8 s u b s t i t u t e d  c a t e c h i n  h a s  p r i o r i t y  ove r  i t s  C-6 s u b s t i t u t e d  

c o u n t e r p a r t ,  so t h e  5 isomer i s  compound (10) and t h e  2 isomer i s  

compound (GI. Although t h e  13C- and lH-NMR d a t a  c l e a r l y  show 

Q Ph 
I 

t h a t  t h e s e  two compounds a r e  C-6 and C-8 s u b s t i t u t e d  d i a s t e reomers ,  

ass ignment  of t h e  c o n f i g u r a t i o n  of t h e  tvo p roduc t s  has  not  y e t  

been  p o s s i b l e .  E f f o r t s  t o  r e s o l v e  t h i s  q u e s t i o n  are con t inu ing .  

The C-6 and C-6 s u b s t i t u t e d  isomer w a s  not i s o l a t e d .  D i f f i c u l t y  i n  

o b t a i n i n g  t h i s  product  w a s  no t  unexpec ted ,  s i n c e  o t h e r  s t u d i e s 8 , 1 2  

have shown t h a t  t h e  C-6 p o s i t i o n  i s  on ly  about  one- th i rd  a s  

r e a c t i v e  as the  C-8  p o s i t i o n  i n  s u b s t i t u t i o n s  w i t h  bulky e l e c t r o -  

p h i l e s .  

The p roduc t s  of t h e  r e a c t i o n  of c a t e c h i n  wi th  fu r -  

fu ra ldehyde ,  such as (%), a r e  r e l a t i v e l y  s t a b l e  i n  comparison 

t o  t h e  p h l o r o g l u c i n o l  d e r i v a t i v e  (7). 
caused  by t h e  bulk  of  t h e  c a t e c h i n  f u n c t i o n  i n h i b i t i n g  f u r t h e r  

c ondensa t ion ,  pos s i b l y  through nuc leoph i 1 i c  d isp lacement  

r e a c t i o n s  such a s  t h a t  proposed f o r  t h e  fo rma t ion  of (a). 
However, under a c i d i c  c o n d i t i o n s  and i n  t h e  p re sence  of 

p h l o r o g l u c i n o l  or phenyl-methane t h i o l  as nuc leoph i l e s  , product  

(z) r e a d i l y  r e l e a s e d  c a t e c h i n  a s  i n  t h e  ac id -ca t a lyzed  c l eavage  

o f  t h e  i n t e r f l a v a n o i d  bond o f  p rocyan id ins .16  

Th i s  is p o s s i b l y  
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CONDENSEI) TANNINS 15 1 

EXPERIMENTAL 

1~-NMR s p e c t r a  a t  80  MHz and l3C-NMR s p e c t r a  a t  20 MHz 

were recorded  wi th  a Var ian  FT-80A spec t rometer .13  

performance l i q u i d  chromatography (HPLC) was c a r r i e d  out  on a 

Waters Assoc ia t e s  M-6000 l i q u i d  chromatograph. l 3  
s i o n a l  t h in - l aye r  chromatography (TLC) was wi th  S c h l e i c h e r  and 

S c h u l l  F-144013 c e l l u l o s e  s h e e t s  in t h e  s o l v e n t  systems (A)  t- 

b u t a n o l - a c e t i c  acid-water (3:1:1,  v /v /v )  and (B) 6% a c e t i c  a c i d  

( v / v ) .  

vanill in-HCl,  f e r r i c  ch lor ide-potass ium f e r r i c y a n i d e  on 

c e l l u l o s e ,  o r  formalin-H2SO4 on S i -ge l  p l a t e s .  Column 

chromatography w a s  w i t h  Sephadex LH-ZOI3 i n  columns 15 mn 

o r  2 5  m ( i .d .1  x 900 mm long. 

2-Furyl-(1',3',5'-trihydroxyphenyl) methane (4) 

High 

Two dimen- 

P l a t e s  were v i s u a l i z e d  a f t e r  s p r a y i n g  wi th  e i t h e r  

P h l o r o g l u c i n o l  (3.2 g) and f u r f u r y l  a l c o h o l  (2.0 g) 

were suspended i n  water i n  t h e  p re sence  of HOAc (1.0 ml) i n  a 

s e a l e d  v i a l  and t h e  mix tu re  h e a t e d  a t  1050C f o r  2 hours .  The 

s o l u b l e  r e a c t i o n  mix tu re  was s e p a r a t e d  from t h e  p r e c i p i t a t e d  

gum and f reeze-dr ied .  The d r i e d  p roduc t  w a s  f r a c t i o n a t e d  by 

chromatography on Sephadex LH-20, u s i n g  EtOH-H20 (l:l, v /v )  as 

t h e  s o l v e n t .  F r a c t i o n s  were monitored by c e l l u l o s e  TLC devel -  

oped wi th  6% HOAc. The product  w a s  i s o l a t e d  and f reeze-dr ied  

t o  g ive  0.43 g of a l i g h t - c o l o r e d  s o l i d ,  Bf ( A ) ,  0.80; Rf  ( B ) ,  

0.90. IH-NMR i n  acetone-dg: 6 7.93 (br,OH); 7.25 (m,lH); 6.20 

(m,lH); 6.00 (s ,2H) ;  5.84 (m,lH); and 3.90 (2H). I3C-NMR i n  

acetone-dg: 21.6, 95.0, 104.8, 107.3, 110.3, 140.3, and 157.2 

PPM. 

A c e t y l a t i o n  w i t h  p y r i d i n e - a c e t i c  anhydr ide  gave t h e  

t r i a c e t a t e ,  which w a s  c r y s t a l l i z e d  from EtOH-HZO as c o l o r l e s s  

p l a t e s ,  m.p. 98-99OC. Found: C ,  61.3; H, 4.9%; C17H1607 

r e q u i r e s  C ,  61.4; H, 4.8%. 

6.89 (s,2H); 6.22 (m,lH); 5.86 ( m , l H ) ;  3.83 (bs,ZH); and 2.25, 

1H-NHR i n  CDCl3, 6 7-23  ( m , l ~ ) ;  
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152 FOO AND HEMINGWAY 

2.22 (9H). 

114.1, 120.5, 141.0, 152.0, and 168 PPM. 

13C-NMR i n  CDCl3: 20.7, 21.6, 23.4, 106.0, 110.2, 

2-Furyl-(6-catechiny1) methane (6) 
Catechin (2.9 g) and f u r f u r y l  a l coho l  (1.0 g)  were 

d i s so lved  i n  H20 (100 m l )  con ta in ing  EOAc (1.0 ml) i n  a s e a l e d  

v i a l ,  and t h e  mixture w a s  heated a t  100°C f o r  2 hours.  The 

s o l u b l e  r e a c t i o n  mixture  was sepa ra t ed  from the  p r e c i p i t a t e d  

gum and freeze-dried.  The product was f r a c t i o n a t e d  by chroma- 

tography on Sephadex LH-20 by e l u t i n g  with EtOH-H2O (l:l, v/v)  

a s  t h e  so lven t .  F rac t ions  (20 m l )  were c o l l e c t e d ,  and tubes 

104-113 gave 0.10 g of crude product. The compound was 

p u r i f i e d  by HPLC on a DuPont Zorbax CN column (9.4 m x 25 cm) 

by e l u t i n g  with MeOH-H20 (20:80, v/v) a t  a flow r a t e  of 2.0 

ml/min, where compound (5) was e l u t e d  a t  a r e t e n t i o n  of 

33.0 ml. Two dimensional c e l l u l o s e  TLC shoved one compound a t  

Rf (A) 0.60 and Rf (B) 0.85. 

(vb,OH); 7.21 (d, lH);  6.75-6.87 (3H); 6.15 ( m , L H ) ;  6.13 (s , lH);  

5.80 (m,lH); 4.60 (m,lH); 3.85 (s,2H); and 2.6-2.9 (m,2H). 

13C-NMR i n  acetone-d6: 21.9, 28.6, 67.8, 81.9, 95.4, 105.1, 

107.5, 110.3, 140.6, and 155.0 PEW. MS, m / e  (%): 370 ( 5 5 ) ,  

265 (301, 219 ( l o o ) ,  177 (501, and 152 (45).  

lH-NMR i n  acetone-d6: 6 7.80 

Ace ty la t ion  of compound (6-1 wi th  a c e t i c  anhydride and 

p u r i f i c a t i o n  on T L C  (Si-gel, benzene-acetone 4:1, v/v, Rf 0.63) 

gave t h e  penta-acetate .  Found: C,  61.9; H, 4.9%; C3oH28012 r e q u i r e s  

C ,  62.1; H, 4.8%. 

(m,lH); 6.63 (s , lH);  6.24 ( m , l H ) ;  5.91 (m,lH); 5.1-5.2 (m,2H); 

3.93 (s,2H); 2.7-2.80 (m,ZH); 1.99 (s,3H); and 2.26 (b r  s,12H). 

13C-NMR i n  acetone-d6: 23.2, 24 .8 ,  68.4, 78.0, 106.1, 109.0, 

110.5, 116.8, 141.4, and 152.0 PEW. 

1H-NMR i n  CDc13: 8 7.1-7.3 ( m , 3 H ) ;  7.12 

Z-Fury1-(8-catechinyl) methane (5) 
F u r t h e r  e l u t i o n  of t he  Sephadex LH-20 column wi th  t h e  same 

s o l v e n t  gave t h e  crude product i n  f r a c t i o n s  122-140 (160 mg). 
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CONDENSED TANNINS 15 3 

A sample was p u r i f i e d  by BPLC on a DuPont Zorbax CN column 

under t h e  cond i t ions  above t o  o b t a i n  compound (2) a t  a r e t e n t i o n  

volume of 27.0 ml. Tvo dimensional c e l l u l o s e  TLC showed one 

compound a t  Rf (A) 0.65 and Rf (B) 0.55. 

6 7.75 (vb,OH); 7.25 ( m , l A ) ;  6.50-6.85 (m,3H); 6.15 ( m , l H ) ;  

6.03 ( s , l H ) ;  5.85 (m,lH); 4.55 (m,lH); 3.90 (b r  s,2H); and 

2.6-2.9 (m,21i). 13C-NHR i n  acetone-d6: 21.9, 28.4, 68.1, 82.3, 

95.7, 105.1, 107.5, 110.4, 140.4, and 154.2 PPM. MS, m/e ( X ) :  

370 (1001, 219 (80), 218 (701, 251 (70) ,  and 123 (75).  

lH-NMR i n  acetone-dg: 

Ace ty la t ion  of compound (5-1 with py r id ine -ace t i c  anhydride 

gave the  penta-acetate  t h a t  was p u r i f i e d  on TLC (Si-gel,  benzene- 

acetone, 4:1, v/v, R f  0.65). Found: C, 61.9; 8, 4.9%; C30H2@12 

r e q u i r e s  C ,  62.1; H, 4.8%. 

7.19 (b r  s , l H ) ;  6.69 (s , lH);  6.23 (m,lH); 5.90 ( m , l H ) ;  5.0-5.2 

(m,2H); 3.75 (s,2H); 2.6-2.83 (m,2H); 2.26, 2.23 (12H); and 1.97 

(s,3H). 1k-NMR i n  acetone-dg: 22.5, 24.3, 68.3 ,  78.0, 105.9, 

109.9, 110.5, 116.2, 141.2, and 152.6 PPM. 

2-Furyl-d i ( 1 ' , 3 ' , 5 ' -tr ihyd r oxy phenyl) me thane (7) 

lH-NMR i n  CDCl3: 6 7.21-7.31 (m,3H); 

A mixture  of phloroglucinol  (6.5 g) and furfuraldehyde 

(2.0 g ) ,  water (100 ml) containing E t O B  (10.0 ml), and a c e t i c  

a c i d  (1.0 ml) w a s  s t i r r e d  f o r  4.5 hours a t  ambient temperature. 

The r e s u l t i n g  dark green suspension was f i l t e r e d  over glass-  

wool, and t h e  f i l t r a t e  was freeze-dried.  The d r i e d  product was 

chromatographed on Sephadex LH-20, using EtOH-HZO (l:l, v/v)  as 

t h e  solvent .  Phloroglucinol  was recovered i n  tubes 18-30, and a 

crude i s o l a t e  of t h e  product w a s  recovered i n  tubes 64-106. 

Oligomeric products  were c o l l e c t e d  i n  tubes 130 and up. The 

crude product was rechromatographed on Sephadex LH-20, using 

t h e  same so lven t  system t o  r e m v e  f u r t h e r  q u a n t i t i e s  of phloro- 

g l u c i n o l  and oligomers. Although c e l l u l o s e  TLC of t he  e l u a t e  

i n  tubes 64-106 shoved only one product,  a f t e r  freeze-drying 

and sample work-up t h e  c e l l u l o s e  p l a t e s  shoved phloroglucinol  

and oligomeric  impur i t i e s .  A sample of comparatively pure com- 
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FOO AND HEMINGWAY 154 

pound was f i n a l  

one predominate 

acetone-d6: 6 8 

y obtained i n  which t h e  c e l l u l o s e  TLC shoved 

spo t  a t  Rf (A) 0.68 and Rf (B) 0.80. lH-NMR i n  

2-8.8 (br,OH); 7.30 ( b r  s,lH); 6.25 (m,2H); 

6.05 (s,4H); and 5.98 (s,lH). 13C-NMR i n  acetone-d6: 30.3, 

96.3, 105.9, 106.5, 110.0, 141.0, and 154.9 PPM. 

Ace ty la t ion  of (1) w i t h  py r id ine -ace t i c  anhydride gave t h e  

hexa-acetate,  which was p u r i f i e d  by p r e p a r a t i v e  TLC (Si-gel,  

benzene-acetone, 4: 1, v /v ,  Rf 0.55). C r y s t a l l i z a t i o n  from MeOH 

gave c o l o r l e s s  p l a t e s ,  m.p. 1 8 4 O C .  Pound: C,  59.6; R, 4.7X; 

C29H26013 r e q u i r e s  C,  59.8; B, 4.5%. 

( b r  s,lH); 6.86 (s,4H); 6.22 ( m , l H ) ;  5.89 (m,lH); 5.83 (b r  

s,lH); and 2.24, 1.97 (m,18H). 13C-NMR i n  acetone-dg: 33.4, 107.9, 

110.2, 114.5, 121.6, and 142.0 PPM; t h e  qua r t e rna ry  carbon s i g n a l  

w a s  obscured. 

P h lor og luc  i no 1- f u r  f uraldehyde po lyme r s (8-1 

1H-NHR i n  CDC13: 6 7.28 

Furfuraldehyde (10.0 g) and HOAc (3.0 ml) were added t o  a 

s o l u t i o n  of ph lo rog luc ino l  (10.0 g) i n  E t O H  (100 ml), and the  

mixture was a l l a u e d  t o  s t a n d  a t  ambient temperature overnight.  

The hard,  dark-colored s o l i d  product was broken up and 

thoroughly washed with E t O A c ,  acetone,  and f i n a l l y  EtOH.  The 

washings contained only s m a l l  amounts of phloroglucinol .  The 

s o l i d  r e s idue  was d r i e d  under vacuum €or tvo days and s e n t  t o  

D r .  R. H. Newman, Chemistry Divis ion,  Department of S c i e n t i f i c  

and I n d u s t r i a l  Research, Petone, New Zealand, who recorded the  

s o l i d  s t a t e  13C-NMR spectrum on an K-200. 

s t r o n g  resonance a t  109 PPM ass ignab le  t o  C-3 and C-4 of t h e  

fu ran  u n i t  and t h e  s u b s t i t u t e d  carbon of t he  phloroglucinol  u n i t .  

Another s t r o n g  s i g n a l  a t  154 PPM was assigned t o  the  qua r t e rna ry  

carbon of t he  fu ran  u n i t  and t h e  hydroxylated carbons of t h e  

ph lo rog luc ino l  u n i t .  The methine b r idge  carbons were apparent a t  

32 PPM, and less i n t e n s e  s i g n a l s  were apparent  a t  9 9  PPM of t h e  

u n s u b s t i t u t e d  ph lo rog luc ino l  r i n g  and a t  143 PPM of C-5 of t he  

fu ran  u n i t .  Small s i g n a l s  were a l s o  observed a t  124 and 127 PEW, 

The spectrum shoved 
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CONDENSED TANNINS 155 

which were as s igned  to  t h e  C-2 carbon of t h e  fu ran  u n i t  i n  which 

a n  aldehyde f u n c t i o n  w a s  r e t a i n e d ,  and a t  14 and 1 7  PPM, which 

were a s s igned  t o  a methyl carbon t h a t  may have been obta ined  from 

a d i s p r o p o r t i o n a t i o n  of t h e  fur fura ldehyde .  

2-Furyl-di(8-catechinyl) methane (2) 
Furfura ldehyde  (6 .7 g) and HOAc (1.0 ml> were added t o  a 

s o l u t i o n  of c a t e c h i n  (10.0 g) i n  E t O H  (100 ml) ,  and the  mixture  

was allowed t o  s t a n d  at  ambient tempera ture  overn ight .  The 

r e a c t i o n  mixture  was concen t r a t ed  on a r o t a r y  evapora tor  a t  low 

tempera ture ,  and t h e  r e s i d u e  w a s  d i l u t e d  wi th  H2O. This  product 

was f reeze-dr ied  and then  f r a c t i o n a t e d  by chromatography on 

Sephadex LH-20 wi th  E t O H  s o l v e n t  by c o l l e c t i n g  15 m l  f r a c t i o n s .  

Unreacted c a t e c h i n  (7.0 g) was recovered  i n  tubes  22-37. Crude 

products  were ob ta ined  from f r a c t i o n s  38-58 (1.0 g) and from 

59-84 (0.45 g). F r a c t i o n s  38-58 were combined and rechroma- 

tographed on Sephadex LH-20 e l u t i n g  wi th  EtOH-H2O (l:l, v/v) .  

A s  be fo re ,  1 5 3 1  f r a c t i o n s  were c o l l e c t e d ,  and f r a c t i o n s  29-35 

gave nea r ly  pure compound (9) i n  a y i e l d  of 175 mg. 

sample of t h i s  product  w a s  p u r i f i e d  f u r t h e r  by HPLC (DuPont 

Zorbax CN, 9.4 uun x 24 cm, MeOH-H20, 15:85, v /v )  t o  o b t a i n  t h e  

product  a t  a r e t e n t i o n  volume of 22.2 m l  a t  a flow r a t e  of 2.0 

ml/min. TWO dimens iona l  c e l l u l o s e  TLC showed one compound a t  R f  

( A )  0.70 and Rf (B) 0.70, Found: C,  59.4; H, 5 .1%;  C35H30013.3H20 
r e q u i r e s  C ,  59.0; H, 5.1%. LH-NMR i n  acetone-d6: 6 7.6-8.2 

(br,OH); 7.23 (m,lH); 6.5-6.8 (111,681; 6.30 ( s , lH) ;  6.06 ( s , lH) ;  

6.03 ( s , l H ) ;  5.70 (m,lH); 4.59 (d,J=8Hz,lH); 4.32 (d,J=8Hz,lH); 

3.7-4.1 (m,2H); and 2.3-3.0 (rn,4H). 

30.0, 67.4, 67.6, 82.1, 82.4, 96.6, 105.4, 106.5, 106.7, 110.0, 

140.8, and 156.3 PPM. 

A small 

13C-NMR i n  acetone-d6: 27.8, 

A c e t y l a t i o n  wi th  py r id ine -ace t i c  anhydr ide  and p r e p a r a t i v e  

TLC (S i -ge l ,  benzene ace tone ,  4:1, v /v ,  Rf 0.43) gave t h e  deca- 

a c e t a t e .  Found: C ,  61.0; H, 4.8%; C55H50023 r e q u i r e s  C ,  61.2; 

H ,  4.6%. lR-NMR i n  CDc13: 6 6.7-7.2 (m,7H); 6.50 ( s , lH) ;  6.48 
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(s,lH); 6.20 (m,lH); 6.02 (s,lH); 5.80 (m,lH); 4.75-5.1 (m,2H); 

4.70 (d,J=8Hz,lH); 4.30 (d,J=8HzI1H 1; 2.2-3.1 (m,4H); and 

1.7-2.3 (m,30H). 

2-Furyl-(6-catechinyl)-(8-catechinyl~ methane (A) 
Continued elution of the above Sephadex LH-20 column with 

EtOH-H20 (1:1, v/v) to fractions 54-68 gave a mixture of two 

2-furyl-di-catechinyl methanes. These two compounds were 
separated by HPLC (DuPont Zotbax CN, 9.4 uxn x 25 cm, MeOH-HzO, 

15:85, v/v, 2 ml/min) to give the product A at a retention 
volume of 26.5 ml. After preparative HPLC the product appeared 
a s  primarily one compound on cellulose TLC Rf (A) 0.60, Rf  (B) 
0.75. Found: C, 58.0; H, 5.0Z; C H 0 -4H 0 requires C, 57.5; 

H, 5.20%. 1H-NMR in acetone-d6: 6 7.5-8.3 (br,OH); 7.27 (m,lH); 
6.7-6.9 (m,6H); 6.19 (s,lH); 6.10 (m,lH); 6.05 (s,lH); 5.94 

(m,lH); 5.90 (m,lH); 4.58 (d,J=8Hz1lH); 4.55 (d,J=BHz,lH); 3.7- 
4.3 (m,SH); and 2.3-3.0 (m). 

35 30 13 2 

Acetylation with pyridine-acetic anhydride and preparative 

TLC (Si-gel, benzene-acetone, 4:1, v/v, Rf 0.361, gave an off- 
white solid. hi-NMR in CDC13: 6 6.9-7.25 (m); 6.59 (s,lH); 

6.52 (s,lH); 6.20 (m,lH); 5.88 (s,lH); 5.85 (m,lH); 4.9-5.25 

(m); 2.4-2.9 (m); and 1.25-2.2 (m). 

2-Furyl-(6-catechinyl)-8-catechinyl) methane (B) 
The isomeric Z-furyl-di-(catechinyl) methane (B) was obtained 

from the same mixture by collection of the peak on HPLC eluted at 

a retention volume of 28.6 ml. Tvo dimensional cellulose TLC 
showed that the product obtained by preparative HPLC was 

predominantly one compound at Rf (A) 0.60 and Rf (B) 0.75. Found: 

c ,  57.5; H, 5.1%; c3583O013-4H20 requires C ,  57.5; HI 5.2%. 

1H-NMR in acetone-dg: 6 7.6-8.3 (br,OH); 7.20 (m,lH); 6.7-6.95 

(m,6H); 6.45 (s,IhH); 6.40 (s,lhH); 6.25 (s,IhH); 6-16 (m,lH); 6.14 

(s,2H); 5.97 (m,lH); 5.76 (rn,IhH); 4.65 (d,Jg8Hz,lH); 4.57 
(d,J=8Hz,lH); 3.8-4.2 (m); and 2.3-3.0 (m). 
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A c e t y l a t i o n  w i t h  p y r i d i n e - a c e t i c  a n h y d r i d e  and p r e p a r a t i v e  

TLC on S i - g e l  as b e f o r e  gave  t h e  d e c a - a c e t a t e  a t  Rf 0 . 4 0 .  

i n  O C l 3 :  1$ 6.9-7.3 ( m , 6 H ) ;  6 . 5 6  ( s ,LH);  6 . 5 3  ( s , l H ) ;  6 . 2 0  

(m, lH) ;  5 . 9 0  (m, lH) ;  5.85 (s,lH); 4 . 9 0 - 5 . 3  (m,3H); 4 . 7 5  

(d ,J=8Hz, lH);  3.85 (s ,ZH);  2 .4 -3 .1  (m,4H); and 1.25-1.30 (m). 

IH-NMR 
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