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DISSOLUTION OF WOOD WITH ACETYL BROMIDE SOLUTIONS - 
REACTIONS OF LIGNIN MODEL COMPOUNDS 

Ken j i  Iiyama* and Adrian F. A. Wal l is  
Div is ion o f  Forestry and Forest Products, CSIRO, 

Pr ivate Bag 10, Clayton, V i c t o r i a  3168, Austral ia.  

!!L!aua 
A Pinus radiata r e f i n e r  mechanical pulp (RMP) sample and a 

range o f  l i g n i n  model compounds were t reated w i th  a so lut ion o f  
25% w/w ace ty l  bromide (AcBr) i n  acet ic  ac id  t o  assess the 
reactions which take place dur ing the d isso lut ion o f  wood w i th  the 
AcBr solut ion.  The l i g n i n  model reactions were a lso carr ied out i n  
solut ions t o  which 4% w/w perch lor ic  ac id  was added. The RMP 
sample gave a product which contained 9.2% bromine, and was 
severely degraded t o  low molecular weight products, the 
polysaccharides more so than the l i g n i n  f ract ion.  The reactions o f  
the l i g n i n  model compounds w i th  AcBr included 0-acetylation o f  
phenolic and a l i p h a t i c  hydroxyl groups, cleavage o f  R-ether bonds, 
C-acetylation o f  aromatic rings, p a r t i c u l a r l y  i n  pos i t ions para t o  
methoxyl groups, demethylation o f  aromatic methoxyl groups and 
probable replacement o f  benzyl a lcohol  groups by bromine 
functions. The reactions were accelerated by perch lor ic  acid, and 
the rates appeared t o  decrease i n  the order 0-acetylation 2 

bromine subs t i t u t i on  > >  R-ether cleavage :: C-acetylation > 
demethylation. It i s  concluded tha t  d isso lut ion o f  wood i n  the 
AcBr so lut ion i s  a consequence o f  depolymetisation o f  the 
polysaccharides and l i g n i n ,  and acety la t ion t o  give products which 
would be soluble i n  the react ion medium. 

*Present address: Faculty o f  Agriculture, The Univers i ty  of Tokyo, 
Bunkyo-ku, Tokyo, 113, Japan. 
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40 IIYAMA AND WALLIS 

Karrer and Widmer observed i n  1921 t h a t  both softwood and 

hardwood meals dissolved i n  ace ty l  bromide (AcBr) a t  ambient 

temperatures.l Dissolut ion took place i n  a few hours, although i f  

moisture was r igorously excluded from the woodmeals, o r  i f  g l a c i a l  

acet ic  ac id  was added t o  the digest ion medium,2 the react ion was 

considerably slower. Both cot ton cel lu lose1 and W i l l s t a t t e r  

l ign inz dissolved on treatment w i th  AcBr a t  ambient temperatures. 

Johnson e t  a l . 3  used the AcBr react ion t o  determine the 
l i g n i n  content o f  wood samples. The woodmeals were digested w i th  a 

so lut ion o f  25% AcBr i n  acet ic  acid a t  70"C, and the u l t r a v i o l e t  

(UV) absorbances a t  280 nm o f  the digests were propor t ional  t o  the 

l i g n i n  contents. We have recent ly proposed an improved method f o r  

the AcBr l i g n i n  determination, wherein perch lor ic  ac id  (HC104) was 

added t o  the digest ion medium,4 and we have applied t h i s  procedure 

t o  the analysis o f  l i g n i n  i n  polyphenol-containing Eucalyptus 
woods5 and i n  grasses.* We have also shown tha t  the change i n  UV 

absorbance a t  280 nm o f  l i g n i n  model compounds a f t e r  AcBr 

treatment i s  dependent on the type o f  aromatic nucleus.7 

The d isso lut ion o f  wood w i th  AcBr is catalysed by acids: 

small amounts o f  water generate hydrogen bromide on react ion w i th  

AcBr which accelerates the digestion,z and we have observed a 

s im i la r  accelerating e f f e c t  w i th  perch lor ic  acid.' The AcBr 

treatment e f fec ts  the depolymerisation o f  the wood 

polysaccharides, and "acetobromoglucose" was found as a product o f  

the reaction o f  AcBr w i th  cellulose.' Treatment o f  monosaccharides 

wi th  AcBr or hydrogen bromide i n  acet ic  ac id  is known t o  give 

bromo-compounds by displacement o f  the anomeric hydroxyl group by 

a bromide ion.8 I n  addition, the AcBr react ion causes acety la t ion 

o f  other a l i pha t i c  hydroxyl groups. 
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DISSOLUTION OF WOOD AND REACTIONS OF LIGNIN COMPOUNDS 41 

Although the reactions o f  AcBr w i th  ce l lu lose are generally 

understood, l i t t l e  i s  known about the react ion o f  AcBr w i th  
l i gn ins .  Karrer and Bodding-Wigerz found t h a t  AcBr-treated 

W i l l s t a t t e r  l i g n i n  contained ace ty l  and bromide functions. On the 

basis o f  the methoxyl content o f  the AcBr-treated l i g n i n  (7-8%), 

Brauns l a t e r  i n fe r red  tha t  methoxyl groups i n  the l i g n i n  had been 

cleaved.9 I n  sp i te  o f  the dearth o f  information on the  l i g n i n  

reactions, clues t o  the reactions which may occur can be obtained 

by reviewing the known reactions o f  AcBr w i th  compounds which have 

stuctures s i m i l a r  t o  those which occur i n  l i g n i n .  

Acetyl  bromide i s  known t o  acetylate a l i p h a t i c  hydroxyl 

groups and t o  replace ce r ta in  hydroxyl funct ions w i th  bromine. 

Although products from acety la t ion alone and from dehydration are 

common, the reagent i s  l i t t l e  used f o r  preparative purposes.* 

However, i t  has been used w i th  t r i f l u o r o a c e t i c  ac id  t o  good e f f e c t  

f o r  se lect ive acety la t ion o f  the phenolic hydroxyl groups o f  the 

a l ka lo id  apomorphine.10 Reaction o f  a ser ies o f  methylolphenols 

wi th  AcBr a t  0 °C  has given products i n  which the phenolic hydroxyl 

groups were acetylated and the benzyl ic hydroxyls were subst i tuted 

by bromine.ll Mathur et al.12 found t h a t  sodium perchlorate- 

catalysed react ion o f  acety l  ch lor ide w i th  various phenolic ethers 

gave products i n  which ace ty l  groups were introduced onto the 

aromatic r i n g  i n  the pos i t i on  para t o  the phenolic ether funct ion.  

Later, Corr iu and Dabosi13 showed tha t  a s i m i l a r  reaction, 

catalysed by H C 1 0 4 ,  took place between AcBr and anisole. Anisole 

also reacts w i th  hydrogen bromide t o  give the ether-cleaved 

product, phenol.14 Hydrogen bromide i s  l i be ra ted  when AcBr reacts 

wi th  groups containing act ive hydrogens, and would thus be 

l i be ra ted  i n  small amounts from the digest ion o f  wood w i th  the 

AcBr solut ion.  

Thus 0- and C-acetylation and C-a bromination reactions and 

possibly ether cleavage reactions would be expected t o  take place 
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42 IIYAMA AND WALLIS 

when l i g n i n  i s  t rea ted  with AcBr. I n  order t o  assess t h e  

importance o f  these react ions,  a r e f i n e r  mechanical pu lp  (RMP) and 

var ious l i g n i n  model compounds were t rea ted  with the  AcBr reagent 

both w i t h  and without t he  a d d i t i o n  o f  a pe rch lo r i c  ac id  ca ta l ys t .  

For the  AcBr react ions,  t h e  same cond i t ions  as those t h a t  

p r e v a i l  dur ing t h e  l i g n i n  determinations were used, viz. reac t ion  

w i t h  25% (w/w) so lu t ions  o f  AcBr i n  ace t i c  ac id  a t  70'C f o r  30 min 

(as i s  used i n  the  "conventional" methods). I n  the  "modif ied" 

method,4 the  d iges t i ng  medium a l so  contained 4% w/w HC104. A P .  

radiata RMP sample t rea ted  w i t h  AcBr w i thout  t he  HC104 c a t a l y s t  

gave a product which had a bromine content o f  9.2%. The presence 

o f  bromine i n  the  product would r e s u l t  from reac t ion  o f  both the  

polysaccharide and l i g n i n  components o f  t h e  pu lp  w i t h  AcBr.112 

The h igh  performance s i z e  exclusion chromatography (HPSEC) 

e l u t i o n  t races o f  t he  AcBr-treated RMP with both UV and r e f r a c t i v e  

index (RI )  de tec t ion  are shown i n  Figure 1 .  The RI-detected t race  

measures the  e n t i r e  sample, both l i g n i n  and carbohydrates, and the  

con t r i bu t i on  o f  l i g n i n  to t h e  chromatogram was estimated from t h e  

UV-detected trace, a f t e r  co r rec t i ng  f o r  t h e  r e l a t i v e  s e n s i t i v i t i e s  

o f  t he  detectors t o  an ace ty la ted  P. rad iata m i l l e d  wood l i g n i n  

sample. The con t r i bu t i on  o f  t h e  carbohydrate t o  t h e  R I  t r ace  was 

obtained by d i f fe rence.  From F igure  1 ,  i t  i s  c lea r  t h a t  t he  

polysaccharide-derived f r a c t i o n  o f  t he  AcBr-treated RMP was more 

severely degraded than the  l i g n i n  f r a c t i o n .  The chromatogram o f  

the  carbohydrate f r a c t i o n  showed p a r t i a l  reso lu t i on  o f  peaks i n  

the  lower molecular weight (MW)  region, which were i n d i c a t i v e  o f  

ce l l u lose  oligomers. The column system appeared t o  separate 
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D I S S O L U T I O N  OF WOOD AND R E A C T I O N S  OF L I G N I N  COMPOUNDS 43 

Polystyrene standard 

n 

Retention time, min 

FIGURE 1. HPSEC traces f o r  the react ion product o f  P. radiata 
RMP with AcBr. -: R I  detect ion (curve A); 
. . o , . * :  UV detect ion (curve B); -----: di f ference 
(curve A - curve B ) ;  - 9 - 9  : low v i scos i t y  CellUlOSe 
acetate ( R I  detection). Columns: 3 x Shodex KF-series 
with crosslinked polystyrenes. Eluant: THF, 1 mL/min. 

oligomers w i th  a degree o f  polymerisation (DP) up t o  8, and the 

peak o f  the curve occurred a t  DPZiO, corresponding t o  a 

polystyrene MW o f  ca. 3,000. The chromatogram o f  a low DP 

commercial ce l lu lose acetate sample (Figure 1 )  showed t h a t  a large 

f r a c t i o n  was excluded from the columns (exclusion l i m i t  
7 x 1 0 4  daltons f o r  polystyrene), and i t  had a higher MW than the 

AcBr-treated wood sample. Thus the polysaccharide f r a c t i o n  o f  the 

RMP sample was severely depolymerised, and the low DP acetylated 

fragments are soluble i n  the digest ing medium. 

. . .  R U o n  o f  monomeric llqnlnmPdel comDoW w i th  AcBr 

Reactants and products o f  the AcBr treatments were generally 
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DISSOLUTION OF WOOD AND REACTIONS OF LIGNIN COMPOUNDS 45 

obtained by known methods. The 5-acetylguaiacol de r i va t i ve  3a, a 

react ion product o f  AcBr treatment o f  the phenol 2a, was prepared 

by the F r ies  react ion o f  the guaiacol acetate 2b. The s t ructure of 

3a was supported by i t s  PMR spectrum; the C-3 and C-6 protons were 

s ing le ts  a t  6.70 6 and 7.30 S respectively, and the benzyl ic 

protons o f  3a (2.85 6 )  were deshielded by the adjacent ace ty l  

group compared t o  those o f  2a (2.57 6 ) .  An analogous F r ies  

react ion o f  creosol acetate has been reported by M ~ n a v a l 1 i . l ~  

Various phenols and phenol ethers which contain the  essent ia l  

s t r u c t u r a l  features o f  l i g n i n  were reacted w i th  the AcBr and AcBr- 

HClO4 solutions, and the react ion products were analysed by high 

performance l i q u i d  chromatography (HPLC) (Table 1). g C r e s o l  ( l a )  

gave the 0-acety l  compound l b  as the only i d e n t i f i e d  product from 

both HC104-catalysed and non-catalysed reactions, and small 

amounts o f  the phenol remained. For anisole ( l c ) ,  the products 
from react ion w i th  AcBr were 4-acetylanisole ( l e )  and smaller 

amounts o f  phenyl acetate ( I d ) ,  formed by C-acetylation and 

demethylation, respectively. The y ie lds o f  l e  and Id were higher, 

and the amount o f  anisole was lower, f o r  t he  HC104-catalysed 
reaction. Corr iu and Dabosi13 have already reported t h a t  a 

C-acetylated product i s  obtained from react ion o f  an iso le with 

AcBr. Reaction o f  4-methylanisole (If) w i th  AcBr gave the 

demethylated products p c r e s o l  and i t s  acetate ( l a  and lb). Four 

add i t i ona l  minor peaks present i n  the chromatograms o f  the 

react ion products could not be i den t i f i ed .  Although C-acetylation 

i s  favoured a t  t he  para pos i t i on  t o  the methoxyl group, i n  t h i s  

case some C-acetylation could occur i n  the ortho posi t ions.  Mathur 

e t  a1.12 found t h a t  ortho C-acetylation occurred on react ion o f  If 

w i th  a sodium perchlorate-acetyl ch lor ide mixture. 

4-n-Propylguaiacol (2a) gave the 0-acetate 2b as the major 

product o f  react ion w i th  AcBr (Table 1). Small amounts o f  s t a r t i n g  

mater ia l  and 5-acetyl products 3a and 3b were also formed, more 

from the HC104-catalysed reaction. The e t h e r i f i e d  phenol verat ro le  
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46 IIYAMA AND WALLIS 

TABLE 1 

Reaction Products from Treatment o f  L ign in Model Compounds w i th  
25% AcBr and AcBr-HC104 i n  Acetic Acid a t  70'C f o r  30 min. 

ompound 

l a  
l a  
l c  
l c  
I f  
I f  

2a 
2a 

2c 
2c 

2h 

2h 

$a 
4a 
4e 

4e 

$a 
6a 
6d 
6d 

7a 
7a 

leagenta 

A 
B 
A 
B 
A 
B 

A 
B 

A 
B 

A 

B 

A 
B 
A 

B 

A 
B 
A 
B 

A 
B 

Products (% y ie ld )  

0- 
.cat ylatec 

~~ 

lb(62) 
lb(58) 

2b( 96) 
2b(77) 

4b( 78) 
4b( 44) 

6b( 29) 
6b119) 
68(12) 
68(1.5) 

7b( 10) 
7b(3.6) 

C- 
icetylated 

le(2.3 
18(36) 

ether cleaved 

l d ( t r b )  

la(tt-1 l b ( t r )  
la(tt-1 lb(22) 

ld(4.6) 

aA: 25% u/w AcBr i n  acet ic  acid, B: 25% w/w AcBr i n  acet ic  ac id  
containing 4% HC104 b t r  3 t race 
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DISSOLUTION OF WOOD AND REACTIONS OF LIGNIN COMPOUNDS 47 

(2c) was la rge ly  unreactive t o  AcBr, but i n  the presence o f  HC104 

i t  gave the C-acetylated compound acetoveralrone (29; as the major 

product, and demethylated compounds guaiacol acetate (26). 

guaiacol (2d) and acetoguaiacone ( 2 f ) .  A s im i l a r  s u i t e  o f  products 

was obtained from react ion o f  4-n-propylveratrole (2h) wi th  AcBr, 

although there was less C-acetylation, more demethylation, and 

less remaining s t a r t i n g  mater ia l  than from react ion o f  the 

unsubstituted compound, veratrole.  Thus the 5-acetylveratrole 3c 

was the C-acetylated product, and products o f  demethylation 

included the acetates 2b and 36, and the phenol 3a. A f u r the r  peak 

i n  the HPLC t race may be due t o  a product analogous t o  2b, formed 

by demethylation o f  the other methoxyl group. 

Syr ingol  (4a) was converted t o  i t s  0-acetate (4b) on react ion 

w i th  AcBr (Table 1). There was a large peak i n  the HPLC traces, 

p a r t i c u l a r l y  t h a t  from the HC104-catalysed reaction, which was not 

a t t r i bu tab le  t o  acetosyringone (4c), nor i t s  acetate 4d. 

Mauthnerls found tha t  the acetophenone 5b was a product o f  the 

Fr ies react ion o f  syr ingol  acetate (4b), but ne i ther  5b nor i t s  
diacetate 5c corresponded t o  the large HPLC peak. The peak i s  most 

l i k e l y  t o  be due t o  the C-acetylated compound 5a. A t race amount 

o f  acetosyringone was noted as a product o f  the HC104-catalysed 

reaction. Pyrogal lo l  t r ime thy l  ether (4e) was converted t o  the 

C-acetylated product 5d as the major product o f  react ion w i th  

AcBr, although there was no t race o f  the isomeric acetophenone 4f  

i n  the react ion mixture. Mathur e t  a1.12 i d e n t i f i e d  5d as the 

product o f  react ion o f  4e with sodium perchlorate-acetyl chlor ide.  

Demethylation reactions o f  4e also took place dur ing AcBr 

treatment, and syr ingol  (4a),  i t s  acetate 4b, and acetosyringone 

(4c) were i d e n t i f i e d  as react ion products. 

The compounds w i th  benzyl ic hydroxyl functions, apocynol (6a) 

and i t s  methyl ether 6d, on treatment w i th  AcBr gave t h e i r  

respective acetates (6b and Se) as products (Table 1). There were 

several addi t ional  peaks which were not i den t i f i ed ,  although the 
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48 IIYAMA AND WALLIS 

a-bromo compounds 6c and 6 f  were expected products. Zawadowskill 

has shown tha t  benzylic hydroxyl groups are rap id l y  replaced by 

bromo functions dur ing react ion w i th  AcBr. Other workers17 have 

shown tha t  benzyl acetates are converted t o  benzyl bromides by 

hydrogen bromide i n  acet ic  acid. Hydrogen bromide is formed from 

ace ty l  bromide dur ing acety la t ion reactions, and it i s  l i k e l y  t o  

be the act ive reagent f o r  the generation o f  a-bromo compounds. 

Thus the reactions which take place between monomeric l i g n i n  

models and AcBr are 0-acetylation o f  phenolic and a l i p h a t i c  

hydroxyl groups, C-acetylation o f  aromatic rings, probable bromine 

subst i tu t ion o f  benzylic hydroxyl groups and demethylation o f  

aromatic methoxyl groups. The r e l a t i v e  importance o f  these 

reactions is dependent on the nature o f  the substituents. This is 
p a r t i c u l a r l y  so f o r  the reactions invo lv ing e l e c t r o p h i l i c  

subst i tu t ion o f  ace ty l  groups onto the aromatic r i n g  and cleavage 

o f  methoxyl groups, which are sensi t ive t o  electron densi t ies a t  

the react ion s i t es .  

The HPLC traces obtained a f t e r  t r e a t i n g  ery thro  

veratrylglycerol-9-guaiacol ether (7a) a t  70'C f o r  30 min with 

AcBr, AcBr-water and AcBr-HC104 are given i n  Figure 2. I n  a l l  

cases, no s t a r t i n g  mater ia l  remained, and the  diacetate 7b, 

guaiacol (2d) and guaiacol acetate (2e) were among the products. 

The AcBr reaction wi th  no addi t ives gave more diacetate 7b than 

the reactions i n  which water and HC104 were added, and there was a 

large peak ( A )  i n  the chromatogram o f  the uncatalysed AcBr 

react ion mixture which was not  present i n  the  other chrmatograms. 

The HC104-catalysed react ion gave more guaiacol acetate than the 

react ion i n  which water was present, whereas i n  the l a t t e r  

react ion there were more C-acetylated products (UV examination). 
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h 
a, 
N 

10 20 30 40 
Retention time, min 

FIGURE 2. HPLC traces o f  products from react ion o f  13-ether 7a 
a t  70'C for 30 min w i th  25% AcBr I n  ace t i c  acid. 
(a) no addi t ive,  (b) 4% water added, (c)  4% HC104 
added. Column: Waters C-18 Radlal-PAK. Solvent: 
methanol: water, gradient e l u t i o n  a t  1 mL/min. 

Water reacts vigorously w i th  AcBr t o  give hydrogen bromide and 

acet ic  acid, and the hydrogen bromide i s  probably the  react ive 

species which catalyses the fu r the r  reactions o f  7b and the 

compounds represented i n  peak "A". Guaiacol and guaiacol acetate 

are examples o f  products formed i n  fu r the r  reactions; i n  t h i s  case 

by Wether cleavage. 

The chromatogram o f  the product mixture a f t e r  react ion o f  the 

13-ether 7a w i th  AcBr-HC104 a t  20'C f o r  1 min are given i n  Figure 3 
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h al 
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v 
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/ I  
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Retention ~ I I I I ~ ,  min & : - -  

FIGURE 3. HPLC traces o f  react ion mixtures o f  Wether 7a w i th  
(a) 25% AcBr i n  acet ic  ac id  containing 4% tic104 a t  
20'C f o r  1 min, (b) acet ic  anhydride containing 3.3% 
HC104 a t  20°C f o r  1 min, ( c )  50% ace ty l  ch lor ide i n  
acet ic  acid containing 4% HC104 a t  70'C f o r  30 min. 
Column: Waters C-18 Radial-PAK. Solvent: methanol: 
water, gradient e l u t i o n  a t  1 mL/min. 

[ t race (a)] .  Even under these conditions, the s t a r t i n g  mater ia l  

was consumed and there were two large peaks corresponding t o  "A"  

(see Figure 2 ) ,  and a peak assigned t o  the  diacetate 7b. The 

amounts o f  the diacetate 7b and guaiacol acetate (2e) formed from 

both uncatalysed and HC104-catalysed reactions a t  70°C f o r  periods 
up t o  40 min are shown i n  Figure 4. For both reactions Series, 

there was a reduction o f  the diacetate 7b and an increase o f  

guaiacol acetate w i th  time, and the rates were fas te r  f o r  the 
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Digestion time at 700C,min 

FIGURE 4. Y ie ld  o f  guaiacol acetate (28) (-1 and diacetate 7b 
(---I a f t e r  treatment o f  a-ether 7a w i th  25% AcBr i n  
acet ic  acid, both w i th  (-1 and without (-0-1 4% 
HC104, a t  70'C f o r  varying periods o f  time. 

HClOs-catalysed reactions than f o r  the non-catalysed reactions. 

There was also a gradual reduction i n  the peaks corresponding t o  

"A"  i n  the catalysed reaction, and a f t e r  30 min a t  70"C, they were 

only minor components o f  the chromatogram (Figure 2). When the 

diacetate 7b was subst i tuted f o r  compound l a  as the s t a r t i n g  

mater ia l  i n  the AcBr reactions, i d e n t i c a l  chromatograms were 

obtained. 

The R-ether 7a was reacted w i th  acet ic  anhydride-HC104 a t  

20°C f o r  1 min, and wi th  ace ty l  chloride-HC104 a t  70'C f o r  30 min, 

and the chromatograms o f  the react ion mixtures are depicted i n  

Figure 3. As before, the s t a r t i n g  mater ia l  was e n t i r e l y  consumed, 
and the diacetate 7b was among the products. However, there was no 
peak corresponding t o  "A" ,  although the ace ty l  ch lor ide react ion 

had a s im i la r  peak (8 )  with a lower re tent ion time which was 

absent i n  the chromatograms o f  the AcBr and acet ic  anhydride 

reactions. The double peak "A" i s  probably due t o  the threo and 

erythro forms o f  a bromo compound formed by replacement o f  the 

benzylic hydroxyl funct ion w i th  bromine, and the peak "B" 

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



52 IIYAMA AND WALLIS 

(Figure 3) i s  probably due t o  corresponding chloro compounds. The 

diacetate 7b and the compounds due t o  peak "B" are evident ly more 

stable i n  the ace ty l  chloride-HC104 medium than the analogous 

compounds i n  the AcBr-HC104 reaction. The diacetate 7b and bromo 

compounds undergo fu r the r  reactions i n  the AcBr media such as 

those leading t o  B-ether cleavage and formation o f  guaiacol 
acetate as we l l  as C-acetylation and demethylation reactions 

described i n  the previous section. 

Thus react ion o f  a l i g n i n  model 13-ether compound w i th  AcBr 

reveals tha t  0-acetylation and probably bromine subsi tu t ion are 

fast  reactions, but t ha t  the i n i t i a l l y - fo rmed  compounds are 
fur ther transformed t o  other products. The cleavage o f  the 13-ether 

l inkage indicates tha t  the AcBr react ion causes a reduction i n  

molecular weight o f  the l i g n i n ,  which would a i d  the d isso lut ion o f  

wood. 

The resu l t s  described i n  the previous sections ind icate t h a t  

the reasons f o r  the s o l u b i l i s i n g  act ion o f  AcBr on l i gnoce l l u los i c  
mater ia ls i s  t ha t  the AcBr depolymerises the l ignocel lu lose 

components, p a r t i c u l a r l y  the polysaccharides, and acetylates the 

hydroxyl functions. Both o f  these processes would render the 

l i gnoce l l u los i c  fragments soluble i n  the AcBr-acetic ac id  medium. 

It has been known since the ear ly  work o f  Karrer e t  a 1 . ' * *  
and recent ly reinforced by van ZyllB tha t  i f  moisture was 

r igorously excluded from the digest ing medium, the d isso lut ion i s  

considerably slower. The e f f e c t  o f  small amounts o f  water would be 

t o  release hydrogen bromide which would act  as a cata lyst  f o r  the 

reaction. We have found tha t  HClO4 a lso catalyses the d isso lut ion 

reaction.4 Corr iu and DabosilJ have suggested tha t  i n  the 

AcBr-HC104 system, hydrogen bromide i s  formed, and protonated 

ace ty l  perchlorate i s  the act ive acety la t ing agent. HClO4 has long 
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been recognized as a superior acylat ion ~ a t a 1 y s t . l ~  Acetyl  

ch lor ide catalysed by HC104 i s  not as react ive t o  the @-ether 7a 

as AcBr, which probably r e f l e c t s  the d i f f e r e n t  r e a c t i v i t i e s  o f  

hydrogen ch lor ide compared w i th  hydrogen bromide. 

The react ion o f  AcBr with l i g n i n  models i s  characterised by 
f a s t  acety la t ion o f  phenolic and a l i p h a t i c  hydroxyl groups, and 

probable rapid in t roduct ion o f  bromine a t  the benzyl ic carbon 

atom. Slower reactions include cleavage o f  R-ether linkages, 

C-acetylation o f  the aromatic r ing,  especial ly i n  pos i t ions para 

t o  methoxyl groups, and demethylation reactions. The reactions are 

catalysed by HC104, and are generally analogous t o  known reactions 

of phenols and phenol ethers w i th  AcBr and hydrogen bromide. The 
rates o f  reactions o f  AcBr w i th  l i g n i n  appeared t o  decrease i n  the 
order 0-acetylation 2 bromine subs t i t u t i on  >> a-ether cleavage 2 

C-acetylation > demethylation, and bromine subs t i t u t i on  i s  a 

probable f a s t  reaction. 

EXPERIMENTAL 

The l i g n i n  model compounds la, l c ,  Id, 2c, 2d, 2f ,  4a, 4c and 

4e were obtained from commercial sources. 

Compounds lb, 2b, 3b, 28, 4b, 4d, 5c and erythro-7b were 

obtained from the acety la t ion o f  la ,  2a, 3a, 2d, 4a, 4c, 5b and 

erythre’ la respectively. 

The model compounds le, I f ,  29, 2h, 3c, 4f, 5d and 6d were 

prepared by methylation o f  4-hydroxyacetophenone, la ,  2f ,  2a, 3a, 

4c, 5b and 6a, respectively. 

4-n-Propylguaiacol (Pa) was the product o f  c a t a l y t i c  

hydrogenation o f  eugenol. 
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54 IIYAMA AND WALLIS 

The acetophenone (5b) was obtained from t h e  reac t i on  o f  t h e  

boron t r i f l u o r i d e - a c e t i c  a c i d  complex on l -methylpyrogal lo l .20 

Apocynol (6a) was prepared by sodium borohydride reduct ion o f  

acetoguaiacone ( 2 f ) .  

erythro-Veratrylglycerol-R-guaiacol ether  (7a) was prepared 

by establ ished methods.21*22 

The P. rad ia ta  m i l l e d  wood l i g n i n  sample was prepared by the  

method o f  Bland and Menshun,23 and i t  was acety la ted  wi th  ace t i c  

anhydride-pyridine a t  ambient temperature. 

The low DP ce l l u lose  acetate sample was an Eastman-Kodak 

product, w i t h  an a c e t y l  content o f  39.8+0.5%, and an ASTM 

v i s c o s i t y  o f  3 t1  sec. 

2-n-4mv 1-4-met ~oxv-5-hvdroxvaceto~hen~ U& 

A so lu t i on  o f  4-n-propylguaiacyl acetate (2b) (5.0 9) i n  

nitrobenzene (10 mL) was added slowly t o  a s t i r r e d  s o l u t i o n  o f  

anhydrous aluminium ch lo r i de  (6.4 g) i n  nitrobenzene (20 mL) i n  a 

100 mL Erlenmeyer f l ask .  A f t e r  s t i r r i n g  f o r  a f u r t h e r  18 h a t  

2 0 " C ,  water (20 mL) was c a r e f u l l y  added, fo l lowed by 10M 

hydrochlor ic ac id  ( 2  mL). The nitrobenzene was removed by steam 

d i s t i l l a t i o n ,  and the  reac t ion  products, i s o l a t e d  by e x t r a c t i o n  

with ether,  were t rea ted  w i t h  0.1M sodium hydroxide i n  methanol 

(50  mL) a t  20°C f o r  4 h. The methanol was removed by r o t a r y  

evaporation, and the  residue was a c i d i f i e d  and the  products, 

i so la ted  again w i t h  ether, were adsorbed on a column of s i l i c a  

gel .  E lu t i on  with l i g h t  petroleum-ether (95 :5 )  gave 4-n- 

propylguaiacol  (2a) (350 mg), fo l lowed by compound 3a (890 mg). 

The acetophenone (3a) c r y s t a l l i z e d  from l i g h t  petroleum as plates, 
m.p. 85-6'C. Found: C, 69.4; H, 7.7; C i n H i s O a  requires C, 69.2; 
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H, 7.7%. PMR 8 (CDC13) 0.95 ( t ,  3, CHZCH~), 1.2-1.9 (m, 2, 

CH~CHJ), 2.51 ( s ,  3, COCHJ), 2.7-3.0 (m, 2,  ArCHz), 3.92 (S, 3, 

O C H j ) ,  5.74 (s, 1, OH), 6.70 (s ,  1, H-3) and 7-30 (S, 1, H-6)- 

Oven-dried P. rad iata RMP (1.0 9) was s t i r r e d  with 25% (w/w) 

AcBr i n  ace t i c  a c i d  (200 mL) a t  70°C f o r  30 min. A f t e r  cool ing,  

the  mix tu re  was added t o  a s t i r r e d  s o l u t i o n  o f  water ( 1  L) ,  and 

s o l i d  sodium carbonate was added t o  the  s o l u t i o n  u n t i l  t he  pH was 

5 . 5 .  The s o l u t i o n  was concentrated t o  ca. 100 mL on a r o t a r y  

evaporator a t  40"C, and dioxane (100 mL) was added. The inorgan ic  

s a l t s  which p rec ip i t a ted  were removed by f i l t r a t i o n ,  and the  

concent ra t ion-prec ip i ta t ion  cyc le  was repeated u n t i l  no f u r t h e r  

inorganic s a l t s  p rec ip i t a ted  from the  so lu t ion .  The concentrated 

dioxane s o l u t i o n  was added dropwise i n t o  a ten- fo ld  excess o f  

ether, and a f t e r  washing successively w i t h  e ther  and 40-70 l i g h t  

petroleum, and d ry ing  in vacua, a l ight-brown powder ( 1 . 1  9) was 

obtained. The bromine content o f  t he  powder was 9.2%. 

The l i g n i n  model compound (50 mg) was placed i n  a 15 mL glass 

reac t ion  b o t t l e  w i t h  a s o l u t i o n  o f  25% (w/w) AcBr i n  a c e t i c  ac id  

(2.5 m L ) .  I n  some cases, 70% perch lo r i c  a c i d  ( 0 . 1  mL) was a l so  

included i n  the  reac t ion  mixture. The b o t t l e  was sealed with a 

PTFE-coated s i l i c o n e  cap, placed i n  an oven a t  70+0.2'C f o r  

30 min, and was shaken a t  10 min in te rva l s .  A f t e r  d iges t ion ,  t he  

so lu t i on  was t rans fer red  t o  a 50 mL volumetr ic f l a s k  conta in ing  

2M sodium hydroxide (10  mL) and ace t i c  ac id  (12 mL).  The b o t t l e  

was r insed, and t h e  so lu t i on  made up t o  50 mL, w i t h  a c e t i c  acid.  A 

s o l u t i o n  o f  an appropr iate i n t e r n a l  standard i n  methanol was added 

t o  an a l i q u o t  o f  t he  reac t ion  product so lu t ion ,  and t h e  mix tu re  

was analysed by HPLC. The i n t e r n a l  standard used f o r  reac t ions  o f  

the  Ij-ether 7a was 4 - ~ p r o p y l g u a i a c o l  (2a).  
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sed reac tuns  o f  e rv th ro -ve ra t r y lg l yw-o l  - -  R g u i a c o l  ethar 

- W d  ace- 

A reaction o f  the R-ether was carr ied out as above, except 

t ha t  water (0.1 mL) was added instead o f  the 70% HC104. 

For the ace ty l  chlor ide reaction, the procedure was as above, 

except that  a 50% (w/w)  so lu t ion o f  ace ty l  ch lor ide i n  acet ic  acid 

was used instead o f  the 25% AcBr solution. 

The acet ic  anhydride react ion u t i l i s e d  the @-ether (50 mg), 

acet ic  anhydride (3.0 mL) and 70% HClO4 (0.1 mL). A f t e r  1 min a t  

20'C. the react ion mixture was treated as above. 

HPLC and HPSEC was carr ied out on a system comprising a 

Waters WISP 7108 autosampler and Model 481 var iab le wavelength 

detector, a Spectra-Physics SP8700 solvent de l ivery  system and 

SP4100 computing integrator,  and an Erma ERC7510 r e f r a c t i v e  index 

detector. 

The columns used f o r  HPLC were a Spherisorb S5 ODs1 (250 mm x 
4.5 mm) and two Waters Radial-PAK car t r idges (100 mm x 8 mm), one 

containing l o g  C-18 packing, and the other RESOLVE 5g C-18 

packing. The HPLC conditions were as fo l lows: i n j e c t i o n  vol., 

30 pL; solvent, methano1:water 80:20-50:50 del ivered a t  
1.0 mL/min; detection, UV a t  280 nm (other wavelengths were a l so  

used f o r  i d e n t i f i c a t i o n  o f  products). A gradient e l u t i o n  was used 

f o r  some product mixtures. The react ion products were examined on 

more than one column. 

For HPSEC. the column se t  contained crosslinked polystyrene 
packings and was a ser ies o f  Shodex columns KF-803, -802.5, and 
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-802, and a KF-800P guard column. S t a b i l i s e d  HPLC-grade THF was 

de l i vered  t o  the  columns a t  a ra te  o f  1.0 mL/min. So lu t ions  (0.1%) 

o f  t he  samples i n  THF conta in ing  0.05% toluene as a reference were 

used. Detect ion was by UV a t  280 nm, and by r e f r a c t i v e  index. The 

r e l a t i v e  s e n s i t i v i t i e s  o f  t he  UV and RI detec tors  t o  an ace ty la ted  

l i g n i n  sample were assessed, and the  appropr iate de tec tor  s e t t i n g s  

were used t o  generate the  curves A and B i n  Figure 1. The 

carbohydrate curve was obtained by manual sub t rac t ion  o f  curve B 

from curve A. 
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