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ANALYSIS OF POLYPHENOL-DERIVED AROMATICS I N  EUCALYPT WOODS 

Carl P. Gar l and ,  P e t e r  J. Nelson and Adr i an  F.A. Wallis 
D i v i s i o n  of Chemical and Wood Technology,  CSIRO, 

P r i v a t e  Bag 10, C l a y t o n ,  V i c t o r i a  3168, A u s t r a l i a  

and 

F r e d e r i c k  C. James 
F a c u l t y  of Applied Sc ience ,  Royal Melbourne I n s t i t u t e  of Technology,  

P.O. Box 2476V, Melbourne,  V i c t o r i a  3001, A u s t r a l i a .  

ABSTRACT 

Methods f o r  t h e  d e t e r m i n a t i o n  of  po lypheno l s  in wood by 
c h e m i c a l l y  deg rad ing  t h e  wood and measu r ing  t h e  r e a c t i o n  p r o d u c t s  by 
g a s  chromatography (GC) were e x p l o r e d .  A f o u r - s t e p  p rocedure ,  based 
on permanganate  o x i d a t i o n  of e t h y l a t e d  wood, a l lowed  t h e  e s t i m a t i o n  
of  po ly f  l a v o n o i d s  and r e l a t e d  po lypheno l s  as the methyl  
e thoxybenzoa te s  IVa-c. Eucalyptus  marginata heartwood gave methyl  
3 ,4 -d ie thoxybenzoa te  (IVb) i n  2.7X y i e l d ,  which was t h e  h i g h e s t  
v a l u e  o b t a i n e d  from the e u c a l y p t  woods t e s t e d .  E s t i m a t i o n  of 
h y d r o l y s a b l e  t a n n i n s  as t h e  methyl  esters of t r i - 0 - e t h y l  g a l l i c  a c i d  
and 4,4',5,5',6,6'-hexaethoxydiphenic a c i d ,  formed by m e t h y l a t i o n  of 
t h e  a l k a l i n e  h y d r o l y s i s  p r o d u c t s  of  e t h y l a t e d  wood w i t h  
d i azomethane ,  was a t t empted .  App l i ed  t o  e u c a l y p t  woods, t h e  method 
gave the methyl g a l l a t e  in y i e l d s  o f  up t o  0.6%, b u t  t h e  d i p h e n i c  
a c i d  was o b t a i n e d ,  in trace amounts,  o n l y  from wood which had been 
e t h y l a t e d  f o r  an ex tended  p e r i o d .  The two methods are more s u i t e d  
t o  t h e  d e t e r m i n a t i o n  of s p e c i f i c  p o l y p h e n o l i c  s t r u c t u r e s  r a t h e r  t h a n  
t h e  t o t a l  polyphenol  c o n t e n t  of  woods. A second approach  t o  t h e  
a n a l y s i s  of d i p h e n i c  a c i d  moieties i n  e l l a g i t a n n i n s  based on 
a l k a l i n e  d e c a r b o x y l a t i o n  t o  2,2',3,3',4,4'-hexahydroxybiphenyl (V) 
and e s t i m a t i o n  of t h e  hexahydroxyb ipheny l  (HHBP) by GC of i t s  
s i l y l a t e d  d e r i v a t i v e ,  was u n s u c c e s s f u l  because  t h e  HHBP r e a c t e d  w i t h  
wood components. 

INTRODUCTION 

P o l y p h e n o l i c  e x t r a c t i v e s  i n  e u c a l y p t  woods o c c u r  t y p i c a l l y  as 

t h e  h y d r o l y s a b l e  t a n n i n s ,  e l l a g i t a n n i n s  and g a l l o t a n n i n s  ( s u g a r  
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330 GARLAND ET AL. 

e s t e r s  of hexahydroxydiphenic a c i d  ( I a )  and g a l l i c  a c i d ) ,  condensed 

tannins  (polyf lavonoid  polymers, e - g .  wi th  u n i t s  of s t r u c t u r e  LIa) ,  

e l l a g i c  a c i d  ( I I I a ) ,  g a l l i c  a c i d  and s t i l b e n e s . '  

a v a i l a b l e  f o r  determining some of t h e s e  subs tances  in wood, and i n  

a l l  c a s e s  t h e s e  r e l y  on examining t h e  e x t r a c t s .  However, in c e r t a i n  

Eucalyptus woods, the  polyphenols cannot be e x t r a c t e d  with n e u t r a l  

s o l v e n t s ,  and b o i l i n g  aqueous sodium hydroxide i s  o f t e n  r e q u i r e d  f o r  

t h e i r  complete removal. Under t h e s e  a l k a l i n e  c o n d i t i o n s ,  

a p p r e c i a b l e  amounts of l i g n i n  and hemice l lu loses  may be s o l u b i l i z e d ,  

p a r t i c u l a r l y  from t h e  heartwoods of o ld  t r e e s ,  and t h e  polyphenols  

undergo chemical t ransformat ions .  Thus t h e  amounts and n a t u r e  of 

the e x t r a c t s  cannot be used f o r  determining t h e  polyphenol c o n t e n t  

of t h e s e  woods. 

Methods are 

The method c u r r e n t l y  used f o r  e s t i m a t i n g  t h e  polyphenol conten t  

of Eucalyptus woods w a s  developed by C ~ h e n , ~  who requi red  a 

c o r r e c t i o n  f o r  t h e  c o n t r i b u t i o n  of polyphenols  t o  t h e  Klason l i g n i n  

a n a l y s i s .  Bland and Menshun4 extended t h e  procedure t o  inc lude  the  

ac id-so luble  components of polyphenols and a l s o  those  of l i g n i n .  

Cohen's method is based on t h e  premise t h a t  polyphenols do not  bear  

methoxyl s u b s t i t u e n t s ,  and t h u s  t h e  methoxyl c o n t e n t  of Klason 

l i g n i n  from a l k a l i - e x t r a c t e d  wood r e p r e s e n t s  t h e  " t rue"  l i g n i n  

methoxyl conten t .  The c o r r e c t e d  Klason l i g n i n  and polyphenol 

c o n t e n t s  a r e  then obta ined  by t h e  express ions  below. 

x corrected lignin = % OMe i n  Klason l i g n i n  from unext r .  wood 

% OMe in Klason l i g n i n  from e x t r .  wood 

x X Klason l i g n i n  from unext r .  wood 

% polyphenol = % Klason l i g n i n  from unext r .  wood - % c o r r e c t e d  

l i g n i n  

An assumption i n  t h e  method is t h a t  t h e  l i g n i n  in both t h e  

e x t r a c t e d  and a l k a l i - e x t r a c t e d  woods has  t h e  same methoxyl 

conten t .  However, t h i s  assumption must be t r e a t e d  wi th  c a u t i o n ,  a s  
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POLYPHENOL-DERIVED AROMATICS 331 

l i g n i n  i n i t i a l l y  e x t r a c t e d  from E. regnans wood w i t h  a l k a l i  has been 

shown t o  be r i c h e r  in g u a i a c y l  r e l a t i v e  t o  s y r i n g y l  groups than  t h e  

o r i g i n a l  l i g n i n .  It is a l s o  p o s s i b l e  t h a t  polyphenols  condense 

w i t h  lignin d u r i n g  t h e  a l k a l i n e  e x t r a c t i o n .  Methods f o r  t h e  

d e t e c t i o n  and d i r e c t  e s t i m a t i o n  of polyphenols  in wood were 

t h e r e f o r e  sought .  We p r e s e n t  new approaches t o  t h e  a n a l y s i s  of wood 

polyphenols  which i n v o l v e  deg rad ing  e t h y l a t e d  wood e i t h e r  by 

o x i d a t i o n  v i t h  permanganate or by t r e a t m e n t  w i t h  a l k a l i .  

RESULTS AND DISCUSSION 

Permanganate Ox ida t ion  of Wood 

When wood c o n t a i n i n g  polyphenols  is o x i d i z e d ,  t h e  polyphenol-  

d e r i v e d  p roduc t s  can u s u a l l y  be d i s t i n g u i s h e d  from those  d e r i v e d  

from l i g n i n  by t h e  absence of methoxyl s u b s t i t u e n t s  on t h e  a r o m a t i c  

r i n g s  of t h e  fo rmer .  Except ions a r e  t h e  p-hydroxyphenyl moiety,  

which may be p r e s e n t  i n  l i g n i n  as w e l l  as i n  po lypheno l i c  

e x t r a c t i v e s ,  and minor amounts of me thy la t ed  h y d r o x y s t i l b e n e s  and 

me thy la t ed  e l l a g i c  a c i d s .  

I n i t i a l  expe r imen t s  showed t h a t  a l k a l i n e  n i t r o b e n z e n e  and 

a l k a l i n e  c u p r i c  ox ide  o x i d a t i o n  a t  170°C were n o t  a p p r o p r i a t e  

methods for t h e  a n a l y s i s  of polyphenols  in wood, as 

p ro toca techua ldehyde  and p r o t o c a t e c h u i c  a c i d ,  t y p i c a l  of t h e  

expec ted  o x i d a t i o n  p roduc t s ,  were n o t  s t a b l e  under  t h e  r e a c t i o n  

c o n d i t i o n s .  A p p l i c a t i o n  of t h e s e  o x i d a n t s  t o  e t h y l a t e d  polyphenols  

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

a model for e t h y l a t e d  p roan thocyan id ins  in wood, d i d  n o t  y i e l d  

p roduc t s  i d e n t i f t a b l e  by GC (gas  chromatography) .  

ETHOXY 

AROMATIC ACID 

(i) (C2H5>2S04 

(ii) KMnO4 - ~ ~ 1 1 0 4  

(ill) H202 

( i v )  CH2N2 

WOODMEAL 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



332 GARLAND ET AL. 

Iff a R ’ H  

b R = C,H, b R = C p ,  

OR 0 

SCHEME 1. Permanganate o x i d a t i o n  p r o c e d u r e  

The a d o p t e d  method (Scheme 1) i s  a m o d i f i c a t i o n  of t h e  

permanganate  o x i d a t i o n  p r o c e d u r e  which h a s  been u s e d  f o r  l i g n i n  

s t r u c t u r a l  s t u d i e s 6 ”  and r e c e n t l y  a p p l i e d  t o  t h e  s t r u c t u r e  of  

l i g n i n  i n  k r a f t  p u l p s . 8  

me thy l  e t h o x y b e n z o a t e s  IVa-c which,  w i t h  t h e  e x c e p t i o n  of t h e  4- 
e t h o x y b e n z o a t e  IVa, would be d e r i v e d  e x c l u s i v e l y  from t h e  

po lypheno l s .  

The r e a c t i o n  p r o d u c t s  of i n t e r e s t  were t h e  

The i n i t i a l  s t e p  i n  t h e  o x i d a t i o n  p r o c e d u r e  o u t l i n e d  i n  Scheme 

1 i n v o l v e s  e t h y l a t i o n  w i t h  d i e t h y l s u l f a t e  a t  pH 11 f o r  24 h. The 

p o s s i b l e  e x t r a c t i o n  of p o l y p h e n o l i c  material from t h e  e u c a l y p t  

woodmeals d u r i n g  t h e  e t h y l a t i o n  was s t u d i e d  by e x a m i n a t i o n  of the 

f i l t r a t e s  f rom the r e a c t i o n  m i x t u r e s  by u l t r a v i o l e t  (UV) 

s p e c t r o s c o p y .  The h i g h e s t  abso rbance  a t  260 nm w a s  o b t a i n e d  from 

t h e  f i l t r a t e  of  t h e  e t h y l a t i o n  of u n e x t r a c t e d  E .  divsrsicoZor 
heartwood,  and i f  t h i s  was e n t i r e l y  due t o  g a l l i c  a c i d  r e s i d u e s ,  i t  
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POLYPHENOL-DERIVED AROMATICS 333 

would c o r r e s p o n d  t o  a g a l l i c  a c i d  c o n t e n t  of 0.1%. Thus t h e  l o s s  of 

po lypheno l s  d u r i n g  e t h y l a t i o n  of the woodmeals was i n s i g n i f i c a n t .  

The s t a b i l i t y  of t h e  ester l i n k a g e s  in h y d r o l y s a b l e  t a n n i n s  

unde r  e t h y l a t i o n  c o n d i t i o n s  w a s  t e s t e d  by m o n i t o r i n g  t h e  r e a c t i o n  of 

t h e  t a n n i n  model compound, n - p r o p y l  ga l la te  w i t h  0.5M sodium 

c a r b o n a t e  s o l u t i o n  (pH 11.0) by p r o t o n  magne t i c  r e sonance  (PMR) 

s p e c t r o s c o p y .  A f t e r  24 h ,  t h e  PMR spec t rum c o n t a i n e d  a t r i p l e t  

centered at 3.566 due t o  t h e  p r o t o n s  on C-1 o f  n-propanol.  in 

a d d i t i o n  t o  t h e  t r i p l e t  a t  4 . 2 2  6 a s s i g n e d  t o  t h e  p r o t o n s  a t  C-1 of 

t h e  p r o p y l  g roup  of t h e  ester.  X n t e g r a t i o n  of t h e s e  s i g n a l s  showed 

t h a t  30% h y d r o l y s i s  had o c c u r r e d .  Thus a l t h o u g h  t h e r e  w a s  no 

s i g n i f i c a n t  l o s s  of  po lypheno l s  in t h e  samples  examined,  some es ter  

h y d r o l y s i s  i n  t h e  h y d r o l y s a b l e  t a n n i n s  would be e x p e c t e d  t o  o c c u r  

d u r i n g  t h e  e t hy l a  t ion .  

O x i d a t i o n  of t h e  t e t r a e t h y l c a t e c h i n  IXb by t h e  above p r o c e d u r e  

gave  t h e  methyl  b e n z o a t e  IVb i n  86% y i e l d .  When t h e  hydrogen 

p e r o x i d e  s t e p  was o m i t t e d ,  t h e  y i e l d  of IVb was reduced t o  55%.  
Compound IVb o r i g i n a t e s  f rom t h e  B-ring of t h e  e t h y l a t e d  c a t e c h i n ,  

and no p r o d u c t  d e r i v i n g  from t h e  A-ring was  i d e n t i f i e d .  This is 

p r o b a b l y  because  t h e  C-ring oxygen atom r e l e a s e d  as a phenoxide i o n  

d u r i n g  t h e  a l k a l i n e  permanganate  t r e a t m e n t  would a l l o w  f u r t h e r  

o x i d a t i o n  t o  t a k e  p l a c e ,  l e a d i n g  t o  open ing  of  t h e  A-ring. 

No p r o d u c t  w a s  i d e n t i f i e d  from t h e  permanganate  o x i d a t i o n  of 

t h e  t e t r a e t h y l e l l a g i c  a c i d  I I I b .  The phenoxide g roups  formed by 

r i n g  open ing  of the l a c t o n e  r i n g s  of I I I b  unde r  t h e  a l k a l i n e  

o x i d a t i o n  c o n d i t i o n s  would be  t h e  s i t e  of  f u r t h e r  o x i d a t i v e  a t t a c k .  

When v a r i o u s  e t h y l a t e d  e u c a l y p t  woodmeals were s u b j e c t e d  t o  t h e  

permanganate  o x i d a t i o n  p r o c e d u r e ,  a series of s u b s t i t u t e d  me thy l  

b e n z o a t e s  were o b t a i n e d .  The g a s  chromatogram of t h e  o x i d a t i o n  

p r o d u c t s  of  E .  marginata heartwood i s  shown i n  F i g u r e  1. 

The amounts of  t h e  e t h o x y b e n z o a t e s  XVa-c o b t a i n e d  a f t e r  

permanganate  o x i d a t i o n  of e t h y l a t e d  e u c a l y p t  woodmeals are g i v e n  in 

T a b l e  1. Of t h e  woodmeals f rom the f o u r  e u c a l y p t  s p e c i e s ,  E .  
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334 GARLAND ET AL. 

J I I 1 I I I 
0 2 4 6 8 10 12 

Rotontion timo ( m i n )  

FIGURE 1. Gas chromatogram of s u b s t i t u t e d  methyl benzoate  products  
o b t a i n e d  from permanganate o x i d a t i o n  of e t h y l a t e d  
E .  maryinata heartwood 

rsynans heartwood gave no t r a c e  of the  diethoxybenzoate  IVb, whereas 

t h e  o t h e r  s p e c i e s  gave 1-3% on o x i d a t i o n .  E. rsgnans is 

r e p r e s e n t a t i v e  of a pale-brown heartwood s p e c i e s  and t h e  o t h e r  t h r e e  

s p e c i e s  form part of t h e  red-coloured group of s p e c i e s . ’  The l a t t e r  

group a r e  known t o  c o n t a i n  proanthocyanid ins ,  9 9  lo and compound IVb 

probably d e r i v e s  from t h e  B-ring of c a t e c h i n  u n i t s  ( I I a )  of 

procyanid ins .  The ethoxybenzoate  IVa could arise from l i g n i n ,  

po lyf lavonolds ,  e.g. p rope largonid ins ,  o r  hydroxys t i lbenes .  

Compound IVc, t h e  g a l l i c  a c i d  d e r i v a t i v e ,  may d e r i v e  from e i t h e r  t h e  

polyf lavonoids ,  e.g. p r o d e l p h i n i d i n s ,  o r  t h e  hydro lysable  t a n n i n s .  

The diphenic  a c i d  d e r i v a t i v e  Ib ,  an expected product  of 

e t h y l a t e d  e l l a g i t a n n i n s ,  was not  d e t e c t e d  i n  t h e  r e a c t i o n  mixtures  

from t h e  e t h y l a t e d  woodmeals. This could be due t o  conformat iona l  

c o n s t r a i n t s  r e s t r i c t i n g  access of t h e  d i e t h y l s u l f a t e  t o  t h e  2 , 2 ’  

hydroxyl  groups of t h e  Ia moieties in wood, p a r t i c u l a r l y  i n  t h e  

e l l a g i t a n n i n s  in which both carboxyl  groups of t h e  d iphenic  a c i d  are 
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POLYPHENOL-DERIVED AROMATICS 33 5 

TABLE 1 

Permanganate Oxida t ion  of Woodmeals 

Wood sample Z y i e l d  (w/w) of methyl 
benzoate  de r i v a  t i v e  

IVa IVb I V C  

E. reynans 
heartwood 

E .  tetrodonta 
heartwood 

E. diversicolor 
heartwood 
b o i l i n g  water  e x t r a c t e d  
acetone-methanol  e x t r a c t e d  
c o l d  a l k a l i  e x t r a c t e d  
b o i l i n g  a l k a l i  e x t r a c t e d  

E. diversicolor 
sapwood 
b o i l i n g  water e x t r a c t e d  
a c e t o n e l n e t h a n o l  e x t r a c t e d  
co ld  a l k a l i  e x t r a c t e d  
b o i l i n g  a l k a l i  e x t r a c t e d  

E. marginata 
heartwood 
co ld  a l k a l i  e x t r a c t e d  
b o i l i n g  a l k a l i  e x t r a c t e d  

E. rnarginata 
sapwood 
b o i l i n g  water  e x t r a c t e d  

0.1 

0.1 

0.3 
0.5 
0 . 3  

t r a c e  
- 

0.2 
0.2 
0.1 

trace 
- 

0.2 
0.1 

trace 

0. I 
0.1 

- 

1.1 

2.2 
2.0 
2.0 
0.2 
0.2 

1.2 
0.8 
0. a 
0 . 2  
0. I 

2 .7  
0.9 
0.2 

1.2  
0.8 

t r a c e  

0.3 

0.6 
t r a c e  
t r a c e  - 

- 

0. I 
t r a c e  - 

- 
- 

0.7 
0.2 
- 

1.5 
0.4 

e s t e r i f l e d  w i t h  t h e  same sugar  u n i t .  Also, hydrolysls/lactonization 

of the d iphenlc  a c i d  esters t o  e l l a g i c  a c i d  could be a competing 

r e a c t i o n  t o  e t h y l a t i o n .  

The wood components which g i v e  rise t o  e thoxybenzoates  IVa and 

IVb are only e x t r a c t e d  t o  a l i m i t e d  e x t e n t  w i t h  b o i l i n g  water or 

acetone-methanol ,  and r e q u i r e  an  a l k a l i n e  e x t r a c t i o n  f o r  t h e i r  
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336 GARLAND ET AL.  

TABLE 2 

Alkal ine  Hydrolysis  Products  of E t h y l a t e d  Woodmeals 

Wood sample X y i e l d  (w/w)  of methyl 
benzoate  d e r i v a t i v e  

F V b  I V C  

E .  reymns sapwood trace t r a c e  

E .  rsgnans heartwood 

E. diversicolor sapwood 

E. divsrsicolor heartwood 

E. maryinata sapwood 

E. marginata heartwood 

trace t r a c e  

0.2 0.1 

0.1 0.3 

0.1 

0.1 

0.6 

0.1 

E. tstrodonta heartwood t r a c e  0.4 

removal (Table 1). This  e x t r a c t i o n  behaviour  p a r a l l e l s  t h a t  of t h e  

polyf lavonoids .  The subs tances  which y i e l d  t h e  g a l l i c  a c i d  

d e r i v a t i v e  IVc are removed wi th  b o i l i n g  water  o r  o r g a n i c  s o l v e n t s ,  

and a r e  thus more l i k e l y  t o  be g a l l o t a n n i n s ,  e l l a g i t a n n i n s  o r  g a l l i c  

a c i d  i t s e l f  r a t h e r  than prodelphin id ins .  

The amounts of methyl benzoates  l i s t e d  i n  Table  1 may be used 

as a measure of t h e  polyphenol conten t  of t h e  woods. Assuming t h e  

e t h y l a t i o n  of phenol ic  hydroxyl groups i n  t h e  woodmeal samples t o  be 

complete and an 85% conversion of e t h y l a t e d  c a t e c h i n  moie t ies  t o  

compound IVb, t h e  conten t  of proanthocyanidins  based on c a t e c h i n  is  

o b t a i n e d  by rmlt ipLying t h e  y i e l d  of IVb by a f a c t o r  of 1.5. 

S i m i l a r  c o n s i d e r a t i o n s  f o r  the  amounts of t h e  t r ie thoxybenzoate  IVc 

would be more d i f f i c u l t ,  as i t s  g e n e s i s  is l e s s  c e r t a i n .  

Alka l ine  Degradation of Polyphenols 

1. Alka l ine  Hydrolysis  of Ethyla ted  Wood 

Es t imat ion  of t h e  aromatic  groups i n  t h e  hydro lysable  tannins  

in wood w a s  a t tempted by a method i n  which e t h y l a t e d  woodmeals were 
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POLYPHENOL-DERIVED AROMATICS 337  

t r e a t e d  w i t h  b o i l i n g  0.1M sodium h y d r o x i d e ,  and t h e  l i b e r a t e d  a c i d s  

a f t e r  m e t h y l a t i o n  were measured as t h e i r  me thy l  esters by GC. The 

d i p h e n i c  a c i d  d e r i v a t i v e  I b  and t h e  me thy l  t r i e t h y l g a l l a t e  IVc would 

be  t h e  e x p e c t e d  p r o d u c t s  f rom the e t h y l a t e d  e l l a g i t a n n i n s  and 

g a l l o t a n n i n s .  

The e u c a l y p t  wood samples  s u b j e c t e d  t o  t h e  above p rocedure  gave t h e  

e t h o x y b e n z o a t e s  IVb and IVc ( T a b l e  2 ) .  The e l l a g i t a n n i n - d e r i v e d  

d i p h e n i c  a c i d  I b  w a s  on ly  d e t e c t e d  from wood which had been 

e t h y l a t e d  f o r  an  ex tended  p e r i o d  ( 3  d a y s ) .  The d e t e c t i o n  of t h e  

d i e t h o x y b e n z o a t e  IVb was unexpec ted ,  as esters of p r o t o c a t e c h u i c  

a c i d  are n o t  known s t r u c t u r a l  f e a t u r e s  of l i g n i n  OK po lypheno l s .  

The t r t e t h y l g a l l a t e  IVc may d e r i v e  e i t h e r  from t a n n i n s  o r  f rom f r e e  

g a l l i c  a c i d  i n  t h e  woods. The h i g h e r  y i e l d  o f  IVc from t h e  sapwood 

t h a n  t h e  hear twood of E .  mary imta  w a s  u n u s u a l ,  as hear twoods 

no rma l ly  c o n t a i n  more po lypheno l s  t h a n  sapwoods. 2 

When a n  a l k a l i - e x t r a c t e d  e t h y l a t e d  wood sample w a s  s p i k e d  w i t h  

t h e  esters IVc and Ic  and s u b j e c t e d  t o  t h e  h y d r o l y s i s - e x t r a c t i o n -  

m e t h y l a t i o n  p rocedure ,  compounds IVc and I b  were recove red  i n  y i e l d s  

of 85 and 94%,  r e s p e c t i v e l y .  Thus t h e  method may be used f o r  

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

p r o v i d i n g  t h e  e t h y l a t i o n  s t e p  c o u l d  be accompl i shed  s a t i s f a c t o r i l y .  

2 .  A l k a l i n e  Treatment  of E l l a g i t a n n i n s  i n  Wood 

An a t t e m p t  w a s  made t o  e s t i m a t e  t h e  hexahydroxyd iphen ic  a c i d  

moieties i n  e l l a g i t a n n i n s  as t h e  HHBP (hexahydroxyb ipheny l )  (V),  

b a s e d  on t h e  o b s e r v a t i o n  of Hemingway and H i l l i s "  that  e l l a g i c  a c i d  

t r e a t e d  w i t h  0.5M sodium hydrox ide  a t  160'C gave  t h e  d e c a r b o x y l a t e d  

p r o d u c t  V. The p r e s e n t  approach  would allow t h e  measurement of t h e  

combined c o n t e n t  o f  e l l ag ic  a c i d  and t h e  d i p h e n i c  a c i d  g roups  in 

e l l a g i t a n n i n s  as t h e  HHBP (V). The method would complement that  of 

H i l l i s  e t  i n  which t h e  f r e e  e l l a g i c  a c i d  c o n t e n t  of wood w a s  

d e t e r m i n e d  by GC of i t s  s i l y l a t e d  d e r i v a t i v e .  

Reac t ion  of e l l a g i c  a c i d  w i t h  0.5M p o t a s s i u m  hydrox ide  a t  105'C 

f o r  48 h gave t h e  HHBP (V) ( e s t i m a t e d  by GC as t h e  t r i m e t h y l s i l y l  
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338 GARLAND ET AL. 

e t h e r )  i n  76% y i e l d .  However, when v a r i o u s  e u c a l y p t  woods were 

d i g e s t e d  w i t h  a l k a l i  a t  105°C o r  170°C. n e i t h e r  t h e  HHBP (V) nor  

p y r o g a l l o l ,  which could arise from decarboxyla t ion  of g a l l i c  a c i d ,  

were i d e n t i f i e d  as products .  Furthermore,  when t h e  decarboxyla t ion  

r e a c t i o n  of e l l a g i c  a c i d  was c a r r i e d  out  i n  t h e  presence  of euca lypt  

woods o r  a l k a l i n e  e x t r a c t s  of t h e s e  woods, t h e  y i e l d  of V w a s  

reduced t o  ca. 5%.  As the  euca lypt  woods would be expected t o  

c o n t a i n  e l l a g l t a n n i n s ,  t h e  HHBP (V) formed by 

hydrolysis/decarboxylation probably undergoes a l k a l i - c a t a l y s e d  

condensa t ion  r e a c t i o n s  wi th  l i g n i n  e x t r a c t e d  from t h e  woods. The 

approach f o r  a n a l y s i s  of e l l a g i t a n n i n s  was not  pursued f u r t h e r .  

Concluding Remarks 

None of t h e  proposed methods were a p p l i c a b l e  t o  t h e  a n a l y s i s  of 

hexahydroxydiphenic a c i d  groups of e l l a g i t a n n i n s ,  nor  was t h e r e  a 

s i n g l e  method which gave va lues  f o r  t h e  t o t a l  po lyphenol ic  conten t  

of wood. Bland and Menshun obta ined  va lues  of 1.7-18.2% f o r  t h e  

c o n t e n t  of polyphenols i n  n ine  e u c a l y p t  woods by t h e  Klason l i g n i n  

methoxyl conten t  r n e t h ~ d . ~  

examined i n  t h e  p r e s e n t  s tudy gave a s i m i l a r  range of va lues  f o r  t h e  
polyphenol  c o n t e n t s ;  1.4% f o r  E .  rsgnans heartwood t o  17.5% f o r  t h e  

heartwood of E.  f?Ia.Z-gincltU.13 

s i g n i f i c a n t l y  h igher  than t h e  combined va lues  . for  polyphenol-derived 

aromatics obta ined  i n  t h e  p r e s e n t  s tudy .  This is  a t  least p a r t l y  

due t o  t h e  l a c k  of methods f o r  e s t i m a t i o n  of hexahydroxydiphenic 

a c i d  groups i n  wood. Thus the  procedures  d i s c u s s e d  i n  t h e  p r e s e n t  

s tudy  a r e  more va luable  f o r  e s t i m a t i n g  s p e c i f i c  polyphenol  groups,  

e.g. t h e  B-ring hydroxyla t ion  p a t t e r n  of proanthocyanid ins ,  t h a n  f o r  

de te rmining  t h e  polyphenol  c o n t e n t  of wood. 

Appl ica t ion  of t h e  method t o  t h e  woods 

These va lues  are g e n e r a l l y  

EXPERIMENTAL 

Air-dr ied woodchip samples were Wiley m i l l e d  t o  pass through a 

s c r e e n  w i t h  1 mm a p e r t u r e s .  Four d i f f e r e n t  methods were used t o  

e x t r a c t  t h e  woodmeals; ( a )  0.1H sodium hydroxide a t  20°C f o r  24 h 
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POLYPHENOL-DERIVED AROMATICS 339 

(cold alkali), (b) boiling water for 1 h,  (c) boiling 0.1H sodium 
hydroxide for 1 h, and (d) acetone and methanol sequentially for 18 
h in a Soxhlet extractor. 

Chemical Syntheses 

The methyl ethoxybenzoates IVa-c were prepared by ethylation of 

p-hydroxybenzoic, protocatechuic and gallic acids with 

diethylsulfate, and subsequent esterification with boron 

trifluoridemethanol. 14 

5,7,3',4'-Tetra-O-ethylcatechin (IIb) was obtained by 

ethylation of (+)-catechin (Koch-Light Laboratories Ltd) with 

diethylsulfate at pH 11 and crystallized from aqueous ethanol as 
needles, m.p. 92-3°C Found: C, 68.7; H, 7.2; OC2H5, 41.8. 
C23H3006 requires C, 68.6; H, 7.5 and OC2H5, 44.8%. 

3,3',4,4'-Tetra-O-ethyLellagic acid (IIIc) was the product of 

ethylation of ellagic acid (Fluka, pract.) with diethylsulfate at pH 

11, and was obtained from dimethylsulfoxide as needles,  m.p. 289- 

90°c Found: c, 63.8; H, 5.5; C22H2208 requires C, 63.8; H, 5.3%. 

4,4',5,5',6,6'-Hexaethoxydiphenic acid was prepared from 

compound IIIc by dissolution in warm 5M sodium hydroxide and 
ethylation with diethylsulfate. Crystallization from aqueous 

ethanol gave the diacid as p la te s ,  m.p. 218-9°C Found: C, 61.8; H, 
7.1; C26H34O10 requires C, 61.5; H, 6.8%. 

The dimethyl ester Ib crystallized from aqueous ethanol as 

p l a t e s ,  m.p. 74-5°C Found: C, 62.4; H, 6.8. C28H38010 requires C, 

62.9; H, 7.2%. 

The diethyl ester Ic was obtained from aqueous methanol as 

p la te s ,  m.p. 75-6°C Found: C, 64.1; H, 7.7. C30H42O10 requires C,  

64.0; H, 7.5X. 

2,2',3,3',4,4'-Hexahydroxybiphenyl (V) was prepared by the 

decarboxylation of ellagic acid. A suspension of ellagic acid (1.0 

g) in 4M sodium hydroxide (10 mL) was sealed under nitrogen in a 20 
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360 GARLAND ET A L .  

mL s tee l  a u t o c l a v e  and w a s  k e p t  at 170°C f o r  2 h in a r o c k i n g  air  
ba th .  A f t e r  c o o l i n g ,  t h e  c o n t e n t s  of t h e  a u t o c l a v e  were immedia t e ly  

a c i d i f i e d  t o  pH 2 w i t h  5M h y d r o c h l o r i c  a c i d  and the p r e c i p i t a t e  

which formed on c o o l i n g  (405 mg) was r e c r y s t a l l i z e d  from water and 

gave c o l o u r l e s s  n e e d l e s  of t h e  HHBP (V), m.p. > 350"C, hexa-O-methyl 

e t h e r ,  m.p. 123-4°C ( l id5  m.p. 124-5OC). 

The g a s  chromatography s t a n d a r d s ,  tetramethylpyromellitate and 

d i s y r i n g y l m e t h a n e ,  were o b t a i n e d  by m e t h y l a t i o n  of p y r o m e l l i t i c  a c i d  

w i t h  boron t r i f l u o r l d e - m e t h a n o l ,  l4 and r e a c t i o n  of 2,6- 

dimethoxyphenol  w i t h  formaldehyde in a l k a l i ,  l6 r e s p e c t i v e l y .  

E t h y l a t i o n  o f  Woodmeals6 

Woodmeal (1.0 g )  w a s  suspended in a m i x t u r e  of 30 mL methanol-  

d ime thoxye thane -wa te r  (21:21:18, v/v/v) a d j u s t e d  t o  pH 11.0 w i t h  2M 

sodium hydrox ide ,  and 2 mL d i e t h y l s u l f a t e  w a s  added.  The m i x t u r e  

w a s  k e p t  unde r  n i t r o g e n  a t  20°C f o r  24 h and t h e  pH w a s  m a i n t a i n e d  

a t  11.0 by p e r i o d i c  a d d i t i o n  of 2M sodium h y d r o x i d e  w i t h  t h e  a i d  of 

a n  a u t o m a t i c  t i t r imeter .  A f t e r  a c i d i f i c a t i o n  w i t h  1M h y d r o c h l o r i c  

a c i d ,  t h e  m i x t u r e  was k e p t  a t  80°C f o r  30 min. The m i x t u r e  was 

c o o l e d ,  f i l t e r e d  and t h e  e t h y l a t e d  woodmeal w a s  washed w i t h  c o l d  

water and d r i e d .  The f i l t r a t e s  were made up t o  150 mL w i t h  water, 

and t h e  W a b s o r b a n c e  a t  260 nm was measured. 

A d d i t i o n a l  woodmeal samples  were e t h y l a t e d  i n  t h e  manner above 

f o r  24 h a t  pH 11.0, and f o r  a f u r t h e r  48 h p e r i o d  a t  pH 11.5. 

Permanganate  O x i d a t i o n s  

( a )  A s u s p e n s i o n  of e t h y l a t e d  woodmeal (200 mg) in t - b u t a n o l  

(10 mL), 2M sodium hydrox ide  (10 mL), 0.03M p o t a s s i u m  permanganate  

(20 mL) and 0.12M sodium p e r i o d a t e  (50 mL) was s h a k e n  and t h e n  

h e a t e d  unde r  r e f l u x  f o r  6 h. A d d i t i o n a l  s o l i d  p o t a s s i u m  

permanganate  was added p e r i o d i c a l l y  so t h a t  t h e  m i x t u r e  remained 

p u r p l e  i n  c o l o u r .  A f t e r  c o o l i n g ,  e t h a n o l  (10 mL) w a s  added and the 

m i x t u r e  was l e f t  t o  s t a n d  f o r  18 h. The t r e a t e d  woodmeal w a s  
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POLYPHENOL-DERIVED AROMATICS 34 1 

collected by filtration and washed with 1% sodium carbonate 

solution. 

(b) The combined filtrate and washings were acidified to pH 

4.0, concentrated to CU. 30 mL in a rotary evaporator, and after 
addition of sodium carbonate (900 mg) and 30% hydrogen peroxide ( 5  

ml), kept at 50'C for 10 min. The solution was cooled, and 

manganese dioxide (100 mg) was added. 

ceased, the mixture was filtered and the residue washed with 1% 

sodium carbonate. The filtrate was acidified to pH 2 with 5H 

sulphuric acid and extracted with 50% acetone-chloroform (3 x 50 
mL). The extracts were dried, and the solvent evaporated. 

After the evolution of gas 

(c) A large excess of diazomethane in diethyl ether was added 

to a s o l u t i o n  of the oxidized product in methanol ( 2  mL), and the 
mixture was kept at 4OC for 18 h. After evaporation of the solvent, 
dichloromethane (1 mL) containing pyromellitic acid tetramethyl 

ester (6.0 mg) as internal standard was added. The GC analysis was 

carried out with a SE30 bonded phase vitreous silica capillary 
column (12 m x 0 . 2 2  mm ID) (SGE Scientific, Melbourne) with a split 
ratio of 100:1, and detection was by flame ionization. Injector and 

detector temp: 250'C. Oven temp: 150'C for 3 min, then programmed 
at S°C/min to 230'C and 10 min at 230'C. Retentfon times and 

response factors (in brackets): IVa, 1.8 min (1.6); IVb, 4 . 3  min 

(1.7); IVc, 7 . 2  min (1.5);  pyromellitic acid tetramethyl ester 

(internal standard) 12.2 min; Ib, 21.3 min (1.0). 

The ethylated catechin (IIb) (25 mg) oxidized by the above 
procedure gave compound IVb in 86% yield (GC estimation). 

The gas chromatogram of the oxidation mixture of the 

tetraethylellagic acid (IIIb) showed no product peaks. 

Treatment of n-Propyl Gallate with 0.5M Sodium Carbonate 

A solution of n-propyl gallate (Aldrich Chemical Co., 5 mg) in 
0.5M sodium carbonate in deuterium oxide (1.0 mL) was kept at 20'C 
for 24 h. Examination of the solution by PMR spectroscopy (Bruker 
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34 2 GARLAND ET A L .  

AH-100 ins t rument )  showed s i g n a l s  a t  3.56 6 ( t r i p l e t ,  HO-CH2-CH2--Of 

n-propanol )  and 4.22 6 ( t r i p l e t ,  -0-CH2-CH2- of n-propyl  g a l l a t e ) .  

The r a t i o  of t h e  i n t e g r a l s  of the  r e s p e c t i v e  s i g n a l s  were 29:71. 

A l k a l i n e  Treatment of Ethyla ted  Woodmeals 

Samples of e t h y l a t e d  woodmeal (200 ng) were hea ted  under r e f l u x  

w i t h  0.1H sodium hydroxide (20 mL) f o r  1 h. The woodmeal w a s  

c o l l e c t e d  by f i l t r a t i o n  and washed w i t h  w a r m  water. The combined 

f i l t r a t e  and washings were a c i d i f i e d  t o  pH 2 and e x t r a c t e d  w i t h  

ch loroform (3 x 30 A). The e x t r a c t s  were d r i e d  and t h e  r e s i d u e  

a f t e r  evapora t ion  of t h e  s o l v e n t  was methylated w i t h  diazomethane 

and examined by GC a f t e r  a d d i t i o n  of p y r o m e l l i t i c  a c i d  t e t r a m e t h y l  

ester as t h e  i n t e r n a l  s tandard  as descr ibed  above. 

The g a l l i c  and d iphenic  a c i d  d e r i v a t i v e s  IVc and Ic (2.5 mg) 

t r e a t e d  as above were recovered a s  I V C  (2.1 mg) and I b  (2.2 mg), 

r e s p e c t i v e l y .  

Es t imat ion  of E l l a g i c  Acid a s  t h e  HHBP (V) 

E l l a g i c  a c i d  (12-50 mg) and 0.5H potassium hydroxide (5 mL) 
were s e a l e d  under n i t r o g e n  i n  15 mL g l a s s  v i a l s ,  and t h e  v i a l s  were 

k e p t  a t  105OC f o r  p e r i o d s  of 18-96 h. A f t e r  opening t h e  v i a l s ,  t h e  

c o n t e n t s  were immediately a c i d i f i e d  t o  pH 4, t r a n s f e r r e d  t o  100 mL 

f l a s k s  and f reeze-dr ied .  Methanol ( 5  ml) c o n t a i n i n g  

d isyr ingylmethane  ( 6  mg) a s  i n t e r n a l  s t a n d a r d ,  w a s  added and t h e  

mixture  shaken. An a l i q u o t  (ca. 2 mL) w a s  evapora ted  under n i t r o g e n  

and t h e  r e s i d u e  was s i l y l a t e d  w i t h  N,O-bis(trimethylsily1)- 

t r i f l u o r o a c e t a m i d e  (BSTFA) (100 L) a t  100°C f o r  24 h. Excess BSTFA 

w a s  removed under n i t r o g e n ,  and dichloromethane (1 mL) w a s  added 

p r i o r  t o  GC a n a l y s i s  on a SE30 bonded phase v i t r e o u s  s i l i c a  

c a p i l l a r y  column as descr ibed  above. Oven temp: 230°C. Reten t ion  

times and response f a c t o r  ( i n  b r a c k e t s ) :  d i syr ingylmethane  

( i n t e r n a l  s t a n d a r d ) ,  7.2 min; HHBP (V), 7.8 min (1.7). 
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The deca rboxy la t ion  r e a c t i o n  of e l l a g i c  a c i d  w a s  a l s o  c a r r i e d  

o u t  i n  t h e  p re sence  of woodmeals, and a l k a l i n e  e x t r a c t s  of 

woodmeals. A l k a l i n e  t r e a t m e n t  of woodmeals a l o n e  w a s  a l s o  

undertaken.  
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