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EXPLODED WOOD LIGNINS FROM PLNUS RADIATA WOOD. 2 .  
THE EFFECT OF SO2 PRETREATMENT ON STRUCTURE 

Jacque l ine  A .  i lemingson 
DSIR, Chemistry Div i s ion ,  

P r i v a t e  Bag, Petone, New Zealand 

ABSTRACT 

The acetone so lub le  l i g n i n s  of  Pinus r a d i a t a  wood, 
which had been steam exploded by t h e  Aus t r a l i an  
S i ropu lpe r  p rocess ,  both with and withou 
p re t r ea tmen t  , 1 ~ 2  have been examined by 15$%11 
spectroscopy.  The marked s t r u c t u r a l  e f f e c t s  of SO2 
pre t r ea tmen t  are d i scussed .  A b r i e f  comparison of t h e  
l i g n i n s  from wood t r e a t e d  by t h e  S i r o p u l p e r  and 
Canadian Io t ech3  processes  (wi thou t  602 pre t r ea tmen t )  
is also presen ted .  

The soluble l i g n i n s  from exploded wood treated by 
e i t h e r  t h e  S i ropu lpe r  o r  t h e  I o t e c h  p rocess  are very 
s i m i l a r  i n  s t r u c t u r e  and i n  t h e  r e l a t i v e  abundances of 
s t r u c t u r a l  u n i t s .  I n  c o n t r a s t ,  SO2 pre t r ea tmen t  
markedly changed re la t ive abundances. 6-0-4 l i nked  
u n i t s  were more e x t e n s i v e l y  modified and 8-5 l i nked  
u n i t s ,  which w e r e  s tab le  i n  t h e  absence of SO2 
pre t r ea tmen t ,  were a l s o  e x t e n s i v e l y  modif ied.  No 
su lphur  inco rpora t ion  w a s  detected and some d i f f e r e n c e s  
between t h e  steam explosion t r e a t m e n t  and a c i d i c  
s u l p h i t e  pulping are o u t l i n e d .  

INTRODUCTION 

Steam explosion t r ea tmen t  of p l a n t  biomass 
u s u a l l y  g r e a t l y  improves enzymatic d i g e s t i b i l i t y ,  bu t  
softwoods are an excep t ion .  2 , 3  
t h e  explosion t reatment  (e .g .  w i th  acidic gases such as 

P re t r ea tmen t s  p r i o r  t o  

113 
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114 HEMMINGSON 

SO 1 are c u r r e n t l y  being i n v e s t i g a t e d  and are showing 
promise of  r e s u l t i n g  i n  s a t i s f a c t o r y  d i g e s t i b i l i t y .  

I r r e s p e c t i v e  o f en z yma t i c d i g e s t  i b  i 1 it y , t h e  
s t r u c t u r e  o f  softwoods,  l i k e  t h a t  of hardwoods, i s  
broken down s u b s t a n t i a l l y  and c o n s i d e r a b l e  amounts of 
low molecular weight ,  s o l u b l e  and reactive l i g n i n s  
(e.g. ca 1 0 %  o f  d r y  weight) are f ~ r m e d . ~  
the s t r u c t u r e  o f  t h e s e  l i g n i n s  should assist i n  
development o f  p o s s i b l e  uses  f o r  them. 

2 2 

S t u d i e s  of 

I n  a r e c e n t  p ~ b l i c a t i o n , ~  a s tudy  of t h e  s t r u c t u r e  
of l i g n i n  from Pinus radiata  wood t r e a t e d  by t h e  
Canadian I o t e c h  p rocess ,  w a s  r epor t ed .  Th i s  paper 
r e p o r t s  a s imi la r  s tudy  of t h e  l i g n i n s  from c. r a d i a t a  
wood t reated by the  A u s t r a l i a n  S i r o p u l p e r  p rocess  ,I8 
both with and wi thou t  SO2 pre t r ea tmen t  t o  improve 
d i g e s t i b i l i t y .  A b r i e f  comparison of t h e  I o t e c h  and 
S i r o p u l p e r  p rocesses  (without  SO2 p r e t r e a t m e n t )  i s  a l s o  
p re sen ted .  

I 3 C  NMR spectroscopy w a s  t h e  major technique used 
i n  t h e  s tudy .  

RESULTS AND DISCUSSION 
13c NMR S p e c t r a  

acetone-d6/H20, (9: 1) s o l v e n t  and t h e  acetone-obscured 
r eg ion  w a s  examined i n  DMSO-d6. 
and expanded scale s p e c t r a  were used f o r  d e t a i l e d  
comparison (see Experimental) .  The r e s o l u t i o n  
enhanced s p e c t r a  of SP. EWL and SP (SO2 1 EWL (de f ined  
below) are shown i n  Figs. 1 and 2 .  The d i f f e r e n c e s  
i n  s i g n a l  i n t e n s i t i e s  d i scussed  below a r e  o f  s u f f i c i e n t  
magnitude t o  be  real and n o t  experimental  a r t i f a c t s  
and t h e i r  v a l i d i t y  i s  supported by t h e  normal FT s p e c t r a .  

The l i g n i n s  w e r e  examined a t  20  MHz i n  

Reso lu t ion  enhanced 
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L I G N I N S  FROM PINUS RADIATA WOOD. 11. SO2 PRETREATMENT 117 

S i g n a l  assignments are i n  gene ra l  t h e  same a s  r epor t ed  
p r e v i o u s l y I 4  wi th  some a d d i t i o n s  based on r e c e n t  
l i t e r a t u r e  d a t a .  5,6 
found t h a t  t h e s e  Em's may have an e x t r a c t i v e s  c o n t e n t  
( r e s i n  and f a t t y  a c i d s )  c o n t r i b u t i n g  s i g n i f i c a n t l y  t o  

s i g n a l  i n t e n s i t i e s  i n  t h e  0-50 ppm region. '  
r e l a t i v e  c o n t r i b u t i o n s  of s iqr .a ls  from l i g n i n  s i d e -  
cha ins  and e x t r a c t i v e s  i s  c u r r e n t l y  be ing  e v a l u a t e d ,  
S igna l  o v e r l a p  i n  o t h e r  r eg ions  i s  n o t  a problem with 
t h e  s i g n a l s  d i scussed  i n  t h i s  paper .  

However, it has r e c e n t l y  been 

The 

Comparison o f  Processes  (SP.EWL and 1P.EWL) . 
The s p e c t r a  of  t h e  l i g n i n s  from wood t r e a t e d  by t h e  

S i r o p u l p e r  steam explosion process  (SP. EWL) ( F i g .  1) 
and t h e  I o t e c h  process  (1P.EWL) (pub l i shed  i n  r e f e r e n c e  
4 )  were found t o  be ve ry  similar.  I t  a p p e a r s ,  t h e r e f o r e ,  
t h a t  t h e  two types  of steam exp los ion  t r ea tmen t  b r i n g  
about very s imi l a r  changes i n  t h e  s t r u c t u r e  of t h i s  
softwood l i g n i n .  

Cleavage of about  two-thirds  o f  t h e  major a-0-4 

i n t e r u n i t  l i nkages  with formation of f r e e  phenol ic  

hydroxy-groups, b u t  r e t e n t i o n  of t h e  0-5 l i nkage  with no 
hydrofuran r i n g  opening are e f f e c t s  o f  t r ea tmen t  
r e l e v a n t  t o  t h i s  paper.  

Z f f e c t s  of SO2 Pre t r ea tmen t  (SP ( S O 2 )  EWL) . 
The s p e c t r a  of SP(SOZ)EWL (F ig .  2 )  and SP.EWL (F ig .  

1) show a q u i t e  s imilar  range of  chemical s h i f t s  and 
hence assignments,  b u t  they d i f f e r  markedly i n  t h e  
i n t e n s i t i e s  of some s i g n a l s ,  p a r t i c u l a r l y  i n  t h e  50-100 

ppm reg ion .  Two major i n t e r u n i t  l i n k a g e s  are involved,  
namely t h e  8-0-4 and 8 - 5 .  A d i s c u s s i o n  of each 
s p e c t r a l  r eg ion  fol lows.  
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118 HEMMINGSON 

1. The 0-50 ppm Region 
This  r eg ion  of the spectrum of SP(SOZ)EWL i s  

similar t o  t h a t  of SP.EWL and 1P.EWL. (See comment 
above on s i g n a l  assignments.  1 No changes sugges t ing  
t h e  i n t r o d u c t i o n  o f  sulphur-containing moieties were 
d e t e c t e d .  

2. The 50-100 ppm Region 
S i g n a l s  24 and 34-35 corresponding t o  C - y  and C-8 

r e s p e c t i v e l y  i n  8-0-4 u n i t s  and s i g n a l s  22, 26 and 36 
corresponding t o  (or con ta in ing )  C-8, C-y and C-ci 

r e s p e c t i v e l y  i n  8-5 u n i t s  a r e  a l l  markedly reduced i n  
i n t e n s i t y  i n  t h e  spectrum of SP(S0 )Em. This  c lear ly  
shows t h a t  SO2 pre t r ea tmen t  p r i o r  t o  steam explosion 
r e s u l t s  i n  a g r e a t l y  reduced abundance of r e s i d u a l  
unmodified 8-0-4 and B-5 l i nked  u n i t s  i n  t h e  EWL. 
Poss ib l e  reasons €or t h e  low abundance o f  8-0-4 l i n k e d  
u n i t s  i nc lude  more e x t e n s i v e  cleavage of t h e  8-0-4 
l i nkage  o r ,  a l t e r n a t i v e l y ,  r e t e n t i o n  with s ide -cha in  
mod i f i ca t ion ,  e .g .  eno l  e t h e r  formation w i t h  
e l i m i n a t i o n  of C-y  as formaldehyde. * 
6-5 u n i t s ,  hydrofuran r i n g  opening with s t i l b e n e  
formation and r e c y c l i z a t i o n  with me thy l - subs t i t u t ed  
phenylcoumarone formation a r e  possibilities , as t h e  
c y c l i c  e t h e r  bond is  appa ren t ly  c l eaved  by t h e  more 
a c i d i c  c o n d i t i o n s .  The p o s s i b i l i t i e s  are examined 
f u r t h e r  below and some i n t e r e s t i n g  d i f f e r e n c e s  
between t h e  steam exp los ion  t r ea tmen t  and a c i d i c  
s u l p h i t e  pulping are d i scussed .  

and 8-5 s t r u c t u r e s ,  t h i s  region of t h e  spectrum o f  
SP(S02)EWL shows a prominent new, o r  g r e a t l y  enhanced 
s i g n a l  a t  50.2 ppm, enhanced prominence of s i g n a l  25 
(C -y  i n  8-0-4 wi th  a-CO, c o n i f e r y l  a l c o h o l  s ide -cha in ,  

2 

I n  t h e  case of 

Apart  from t h e  low c o n t e n t  o f  unmodified 8-0-4 
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LIGNINS FROM PINUS RADIATA WOOD. 11. S O 2  PRETREATMENT 119 

e tc . )  , a d i s c r e t e  .signal between s i g n a l s  24 and 25, 
e i t h e r  absen t  o r  masked by s i g n a l  2 4  prev ious ly ,  and 
appa ren t ly  r e t a i n e d  prominence of signal 3 1  (C-a i n  
8-0-4). S i g n a l  31 a t  7 3 . 3  ppm could be a t  l e a s t  p a r t l y  
due t o  C-8 i n  a d d i t i o n  products  of  t h e  e n o l  e t h e r  
K H = C H O A r ,  which i s  an i n t e rmed ia t e  i n  t h e  h y d r o l y s i s  
of 8-0-4 l i n k e d  u n i t s ,  formed by e l i m i n a t i o n  of C-y 

as formaldehyde. S i g n i f i c a n t  h y d r o l y s i s  v i a  t h i s  t ype  
of eno l  e t h e r  has  r e c e n t l y  been proposed f o r  aspen 
EWL.l0 Addition p roduc t s ,  e . g .  GG'CH-CH20Ar and 
GCHOR*CH20Ar ,  could be formed by p ro tona t ion  of t h e  
eno l  ether a t  C-8 and subsequent r e a c t i o n  of  t h e  r e s u l t -  
i ng  ca rboca t ion  with an aromatic  r i n g  d i p o l e  o r  a l i p h a t i c  
hydroxy-group. C-a would occur  i n  t h e  region of 50 ppm 
and 8 1  ppm r e s p e ~ t i v e l y , ~ ' ~  so t h e  s i g n a l  observed a t  
50.2 ppm could be evidence f o r  formation of t h e  
a-diguaiacyl  s t r u c t u r e .  Th i s  could account f o r  t h e  
r e t a i n e d  prominence o f  s i g n a l  31 d e s p i t e  t h e  l o w  con ten t  
of unmodified 8-0-4 s t r u c t u r e s  a d  it i s  supported by 
t h e  m u l t i p l i c i t y  of s i g n a l  31, which now appears  t o  be 
comprised e n t i r e l y  o f  methylene carbon. 

The s i g n a l  a t  93.4 ppm could correspond t o  C-CI i n  

B-5 u n i t s  modified by  r educ t ion  of  t h e  C-yhydroxymethyl 
group t o  a methyl group.5 
s i g n a l  20. Reduction of t h e  double bond of t h e  
phenylcoumarone d i scussed  above would g i v e  t h i s  

4 s t r u c t u r e  and could involve hydrogen r a d i c a l s .  

C-Bwould c o n t r i b u t e  t o  

3 .  The 100-200 ppm Region 

The 117-136 ppm region of  t h e  spectrum of  SP(S02)EWL 
shows some s i g n i f i c a n t  d i f f e r e n c e s .  S igna l  44 (C-6 i n  
8-0-4 etc . )  appears  t o  be  markedly reduced i n  i n t e n s i t y .  
This  would be  c o n s i s t e n t  with t h e  low c o n t e n t  of un- 

modified 8-0-4 l i nkages  d i scussed  above. S igna l  52, 
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120 HEMMINGSON 

which c o n t a i n s  t h e  8-5 s i g n a l s  C-1,5(B r i n g )  a l s o  
appears  t o  be cons ide rab ly  reduced i n  i n t e n s i t y  and 
s i g n a l  57 (C-3 i n  8-5 e tc . )  appears  to  be  r a t h e r  weak, 
r e l a t i v e  t o ,  f o r  example, s i g n a l s  5 6  and 63. This  
region o f  t h e  spectrum t h e r e f o r e  suppor t s  SP(S02)EWL 
having a s imilar  range of  s ide-chain s t r u c t u r e s  t o  
SP.EWL and IP.EWL, b u t  d i f f e r e n c e s  i n  t h e  abundances 
of unmodified 8-0-4 and 6-5  l i n k e d  u n i t s .  

Overlap of  s i g n a l s  and t h e  complexity of  t h i s  
region would i n h i b i t  d e t e c t i o n  of s t i l b e n e  o r  phenyl- 
coumarone formation from 8-5 l i nked  u n i t s .  For example, 
C-a, 6 s i g n a l s  of  t h e  former would mst probably o v e r l a p  
s i g n a l s  46 and 51 .  5 

The 144-154 ppm reg ion  of t h e  s p e c t r u m  d i f f e r s  
s i g n i f i c a n t l y  from t h a t  of t h e  l i g n i n s  from wood n o t  
SO2 p r e t r e a t e d ,  i n  t h e  i n t e n s i t y  of  s i g n a l  6 0 ,  which i s  
assigned t o  C-4 w i th  a-CH2, C-3,4 i n  c a t e c h o l  and C-B 

i n  t h e  C6C2-enol e t h e r  de f ined  below and d i scussed  above. 
The enhanced i n t e n s i t y  of  t h i s  s i g n a l  may c o r r e l a t e  w i t h  
t h e  low c o n t e n t  of  unmodified 8-0-4 l i n k e d  s t r u c t u r e s .  
Recent work on t h e  hydro lys i s  of  8-0-4 l i n k e d  s t r u c t u r e s  
v i a  t h e  C6C2-enol e t h e r ,  which i s  formed by e l i m i n a t i o n  
of C-y as formaldehyde, has  shown t h a t  t h e  e n o l  e t h e r  
i t s e l f  can be a s i g n i f i c a n t  p roduc t ,8  as it is  much less 
e a s i l y  hydrolyzed than t h e  C6C3 e t h e r ,  which i s  formed 
with r e t e n t i o n  o f  C-y. A new s i g n a l  a t  118.7 pprn 
between s i g n a l s  4 2  and 4 3  could p o s s i b l y  be assigned t o  
t h e  C-6 carbon atom. The product  of 8-ether  c leavage 
i s  GCH2 .CHO,* while  a d d i t i o n  products  have been d i scussed  
above. 

The r e l a t i v e  i n t e n s i t i e s  o f  s i g n a l s  6 1  and 63 
(C-4 i n  non-e the r i f i ed  u n i t s ,  and C-4 i n  e t h e r i f i e d  
u n i t s ,  C-3 wi th  a-CO, r e s p e c t i v e l y )  are s i m i l a r  t o  
t hose  of IP.EWL and perhaps lower than t hose  o f  SP.EWL, 
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so t h e r e  i s  no evidence from t h e s e  signals f o r  a higher  

free pheno l i c  hydroxy-group c o n t e n t  i n  SP(S02)EWL as a 
r e s u l t  of  more e x t e n s i v e  0-ether  c leavage.  Formation 
of t h e  e n o l  e t h e r  and a d d i t i o n  p roduc t s  d i scussed  above, 
which r e t a i n  t h i s  l i nkage  would t h e r e f o r e  h e l p  account 
€or t h i s  obse rva t ion .  

S igna l  59 (C-4  i n  4-5) appears  t o  be weakened i n  

t h e  spectrum of  SP (SO2) EWL , which would be c o n s i s t e n t  
w i th  opening and mod i f i ca t ion  of  t h e  hydrofuran r i n g .  

The carbonyl  region (160-220 ppm) appears  t o  be very 
similar f o r  a l l  t h e  l i g n i n s .  A carbonyl  search i n  

DMSO-d6 above 2 0 0  ppm showed p o s s i b l e  s i g n a l s  a t  
2 0 0 . 5  - 2 0 0 . 9  ppm and 206 .4  ppm i n  t h e  spectrum of  
SP (SO2) EWL. 

Ace ty la t ion  of  t h e  l i g n i n s  r e s u l t e d  i n  s p e c t r a  
d i f f e r i n g  markedly i n  t h e  r e l a t i v e  i n t e n s i t i e s  of t he  

acetate carbonyl  s i g n a l s ,  with t h e  s i g n a l  €or 
secondary acetate being much weaker i n  t h e  spectrum of 
SP(S02)EWL, ( c f .  i n s e t s  F igs .  1 and 21. This is 
f u r t h e r  s u p p i t f o r  the low c o n t e n t  of unmodified 4-0-4 

u n i t s .  In  a d d i t i o n ,  s i g n a l  31  i s  n o t  s h i f t e d ,  which 
suppor t s  assignment t o  an e t h e r  l i n k e d  carbon atom as 
d i scussed  above, b u t  does n o t  suppor t  assignment t o  
C - a  i n  0-0-4 l i nked  s t r u c t u r e s .  The r a t i o  of aromatic 

acetate t o  primary a l i p h a t i c  acetate may be a l i t t l e  
h ighe r  i n  a c e t y l a t e d  SP(S02)EWL. 
hydrofuran r i n g  of 8-5 s t r u c t u r e s  and loss o f ,  o r  
r educ t ion  a t ,  C-y would have t h i s  e f f e c t .  A higher  
r a t i o  w a s  a l so  supported by t h e  p.m.r. s p e c t r a .  

Both opening of the  

Elemental Analysis  Data 
N o  su lphur  w a s  found i n  SP(S0 )EWL, i n d i c a t i n g  2 

t h a t ,  i f  sulphur-containing m o i e t i e s  are introduced by 
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S O  p re t r ea tmen t  p r i o r  t o  steam exp los ion  by t h e  
S i ropu lpe r  process ,  they are n o t  r e t a i n e d .  

2 

A Comparison with Acidic  S u l p h i t e  Pulping 

s t r u c t u r e  of SO2 pre t r ea tmen t  followed by steam 
explosion t r ea tmen t ,  with those  of  a c i d i c  s u l p h i t e  
pulping.  

a-carbon atom of 0-aryl  e t h e r s  competes e f f e c t i v e l y  
wi th  e n o l  e t h e r  formation,  f o r  t h e  ca rboca t ion  formed 
i n i t i a l l y .  I n  c o n t r a s t ,  wi th  t h e  steam explosion 
p rocess ,  sulphonat ion i s  n o t  observed and formation of 
e n o l  e t h e r s ,  which undergo f u r t h e r  r e a c t i o n s  appears  
t o  p r e v a i l .  

It i s  i n t e r e s t i n g  t o  compare the e f f e c t s  on l i g n i n  

11,12 

In  a c i d i c  s u l p h i t e  pulping,  sulphonat ion a t  t h e  

a 
A l s o  i n  c o n t r a s t  t o  steam exp los ion  t r e a t m e n t ,  

t h e  phenylcoumaran r i n g  of  6-5 l i n k e d  s t r u c t u r e s  i s  no t  
opened o r  modified by a c i d i c  s u l p h i t e  pulping and 
sulphonat ion a t  C-y t akes  p l ace  i n s t e a d .  It appears ,  
t h e r e f o r e ,  t h a t  t h e  n u c l e o p h i l i c i t y  o f  SO2 is 
i n s u f f i c i e n t  under t h e  cond i t ions  of t h i s  steam 
explosion process  f o r  sulphonat ion t o  t a k e  p l a c e ,  so 
t h a t  ca t a lysed  r e a c t i o n s  p r e v a i l .  I n  a c i d i c  s u l p h i t e  
pulping,  sulphonat ion i s  t h e  dominant r e a c t i o n .  

Conclusions 
1. The major e f f e c t  of SO2 pre t r ea tmen t  on t h e  
s t r u c t u r e  of t h e  s o l u b l e  l i g n i n  appears t o  be  a 
dec rease  i n  t h e  abundance of unmodified 6-0-4 and 5-5 
l i n k e d  u n i t s .  The NMR d a t a  appear  t o  be c o n s i s t e n t  
w i th  s u b s t a n t i a l  r e t e n t i o n  of  t h e s e  i n t e r u n i t  l i nkages  
and modif icat ion by, f o r  example, formation of t h e  
C6C2-enol e t h e r  GCH=CHOAr and a d d i t i o n  p roduc t s  of  it, 
i n  t h e  case of 6-0-4 l i nked  u n i t s .  In  t h e  case of 
8-5 l i nked  u n i t s ,  mod i f i ca t ion  could i n c l u d e  formation 
of s t i l b e n e  and me thy l - subs t i t u t ed  phenylcoumarone and 
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phenylcoumaran s t r u c t u r e s .  It appea r s ,  t h e r e f o r e  , 
t h a t  t h e  SO2 pre t r ea tmen t  o f  t h e  cook a f f e c t s  t h e  
r e l a t i v e  importance o f  h y d r o l y s i s  pathways and changes 
t h e  d i s t r i b u t i o n  of h y d r o l y s i s  p roduc t s ,  presumably a s  
a r e s u l t  of t h e  h ighe r  a c i d i t y .  
2 .  A knowledge o f  s ide-chain r e a c t i v i t y  is  important 
f o r  development of u s e s  f o r  exploded wood l i g n i n s .  
The s ide-chain r e a c t i v i t y  of SP.EWL and 1P.EWL has a 
s u b s t a n t i a l  c o n t r i b u t i o n  from hydroxy groups,  as w e l l  
as from carbonyl  groups and cr,B u n s a t u r a t i o n ,  b u t ,  i n  
t h e  case of SP(S02)EWL, t h e  l a t t e r  may make t h e  
g r e a t e s t  c o n t r i b u t i o n ,  while  hydroxy-groups a r e  l i k e l y  
t o  be less important .  
3 .  SO2 appears  t o  act  on ly  as a c a t a l y s t .  

EXPERIMENTAL 
Steam explosion t r ea tmen t  of N e w  Zealand Pinus 

r a d i a t a  wood by t h e  S i ropu lpe r  w a s  c a r r i e d  
o u t  by t h e  Divis ion of Chemical and Wood Technology, 
CSIRO, A u s t r a l i a .  This p rocess  d i f f e r s  from t h e  
I o t e c h ,  3 , 1 3  i n  cooking temperature  and t i m e ,  add i t ion  
of gas  t o  t h e  d i g e s t e r  and d i scha rge  nozzle  design.  
SO2 p r e t r e a t e d  wood was steam exploded using t h e  same 
processing cond i t ions  a s  f o r  t h e  u n t r e a t e d  wood (205OC, 

1 3 . 8  MPa, 15 min. cook) .  
exposing t h e  c h i p s  t o  SO2 gas a t  ambient temperature 
and atmospheric p re s su re ,  p r i o r  t o  t h e  steam explosion 
t r ea tmen t .  

The w e t  exploded wood was e x t r a c t e d  with acetone.  

2,14 

SO2 pre t r ea tmen t  involved 

2 

Addition of t h e  concen t r a t ed  extract  t o  w a t e r  
p r e c i p i t a t e d  t h e  l i g n i n ,  which w a s  washed, a i r  d r i e d  

and then d r i e d  under vacuum. Yields  w e r e  7-10% of dry 
wood weight.  

Ace ty la t ion  was c a r r i e d  o u t  i n  acet ic  anhydride- 
p y r i d i n e  1: 1. 
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l 3 C  NMR Spec t r a  were run a t  3OoC on a Var ian  FT-80A 

spec t romete r  o p e r a t i n g  a t  2 0  MHz as desc r ibed  

p r e v i ~ u s l y . ~  

volume). The acetone-obscured r eg ion  w a s  examined i n  

DMSO-d6. 

Gaussian t r ans fo rma t ion  using t h e  same func t ion  for 
each spectrum and signal m u l t i p l i c i t i e s  were determined 

by a ga ted  spin-echo sequence. 

The s o l v e n t  w a s  acetone-d /H 0 ( 9 : l  by 6 2  

Resolut ion w a s  improved by Loren tz i an  t o  

4 

E l e m e n t a l  Analyses were c a r r i e d  o u t  by t h e  Un ive r s i ty  

of  Otago Chemistry Department, Dunedin. 
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