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YECHANOCHEMISTRY OF SYRINGYLGLYCEROL-6-GUAIACYL ETHER 

AND I T S  SIMILARITY TO THE CONVENTIONAL BLEACHING 

OF MECHANICAL PULPS.' 

Kazutaka I t h o l ' ,  Masashi Sumimoto, and H i r o o  Tanaka. 

F a c u l t y  o f  A g r i c u l t u r e ,  Kyushu U n i v e r s i t y ,  Hakozaki, 

H igash i - ku ,  Fukuoka, 812 Japan. 

ABSTRACT 

S y r i n g y l a l c o h o l  ( l ) ,  a-methyl s y r i n g y l a l c o h o l  ( 2 ) ,  3 ,4 ,5 - t r ime-  

thoxyphenyl m e t h y l c a r b i n o l  ( 3 )  were d i spe rsed  on to  f i l t e r  paper pu lp  

o r  l i n t e r  p u l p ,  and t r e a t e d ,  r e s p e c t i v e l y ,  w i t h  a ceramic b a l l  m i l l  

(CBM) o r  a v i b r a t i o n  b a l l  m i l l  (VBM-1 o r  - 2 )  under a i r  f o r  l h .  

Mechanical t rea tmen t  o f  VBM-2, hav ing the more r i g i d  s u r f a c e  o f  

l i n t e r  p u l p ,  f u r n i s h e d  the  p-carbonylphenols  (5), (6), and 3,s- 
dimethoxy-p-benzoquinone ( 7 ) .  Mechanical t reatments o f  s y r i n g y l g l -  

yce ro l -B -gua iacy l  e t h e r  ( 4 )  w i t h  CBM, VBM, and a l a b o r a t o r y  r e f i n e r  

p rov ided  a - ( 2 - m e t h o x y p h e n o x y ) - ~ - h y d r o x y p r o p i o s y r i n g o n e  (8 )  i n  the  

h i g h e s t  y i e l d  and a l e s s  y i e l d  o f  p-quinone d e r i v a t i v e  ( 7 )  and 

o t h e r s  as shown i n  TABLE 2 and FIGURE 3 .  When t r e a t e d  the r e s u l t a n t  

m i x t u r e  w i t h  a l k a l i n e  H,O,, the chromophore (III) can be decomposed, 

b u t  remarkable amounts o f  the leucochrornophre (IV) a r e  produced as 

shown in FIGURE 4. 

* T h i s  a r t i c l e  i s  a P a r t  X I I  o f  a s e r i a l  study:Mechanochemistry 

o f  L i g n i n .  

The p resen t  address : F a c u l t y  o f  A g r i c u l t u r e ,  Ehime U n i v . ,  

790 Matsuyama. Japan. 
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464 ITHO, SUMIMOTO, AND TANAKA 

INTRODUCTION 

Based on u l t r a v i o l e t  s p e c t r o s c o p y ,  Pew1 suggested t h a t  para- 
c a r b o n y l  pheno ls  and c o n i  f e r y l  a ldehyde g roups  were produced d u r i n g  

t h e  m i l l i n g  o f  m i l l e d  wood l i g n i n  (MWL) w i t h  a v i b r a t o r y  b a l l  m i l l  

(VBM). I n  1975, Chang, Cow l ing ,  and Brown2 observed t h a t  g r i n d i n g  

c e l l u l o l i t i c  enzyme l i g n i n  (CEL) w i t h  a VBM i n c r e a s e d  a -ca rbony l  and 

p h e n o l i c  h y d r o x y l  groups i n  t h e  l i g n i n .  

I t  was ment ioned l a t e r  by Hosoya and Nakano3 and Nonni and 

Dence" t h a t  t h e  t r e a t m e n t  o f  a - ( 2 - m e t h o x y p h e n o x y ) - ~ - h y d r o x y p r o p i o -  

guaiacone w i t h  a l k a l i n e  H,O, formed r e l a t i v e l y  h i g h  amounts o f  t h e  

c o r r e s p o n d i n g  p -hyd roqu inone ,  w h i c h  was o x i d i z e d  g r a d u a l l y  t o  t h e  

co r respond ing  p -qu inone  under  a i r  even a t  t h e  room tempera tu re .  

More r e c e n t l y ,  C o l e  and Sarkanen6 found  t h a t  t h e  c o l o r  r e v e r s i o n  o f  

t h e  b leached  mechanica l  p u l p  c o u l d  be e f f e c t i v e l y  r e s t r a i n e d  by 

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

Lee and Sumimotoe r e p o r t e d  t h a t  t h e  t r e a t m e n t  o f  v e r a t r y l g l y c e -  

r o l - p v a n i l l i n  e t h e r  w i t h  a ce ramic  b a l l  m i l l  (CBM) f o r  l h  f i r s t l y  

i nduced  t h e  c leavage  o f  a Ca-CB bond t o  g i v e  5 . 5  % o f  v e r a t r y l  

a l c o h o l ,  0 . 8  % o f  v a n i l l i n - e t h y l e n e  g l y c o l  e t h e r ,  18 .8  % o f  v a n i l l i -  

n,  and o t h e r s .  Whole r e a c t i o n s  o c c u r r e d  were w e l l - e x p l a i n e d  o n l y  

when assumed t h e  presence o f  - H and - OH r a d i c a l s  i n  t h e  r e a c t i o n  

media.  When phenylcoumaran d e r i v a t i v e s 7  h a v i n g  a p - c a r b o n y l  group 

i n  t h e  B - r i n g  were t r e a t e d  w i t h  a CBM, VBM o r  a l a b o r a t o r y  r e f i n e r ,  

c o n s i d e r a b l e  amounts o f  s t i l b e n e s  h a v i n g  a p - c a r b o n y l  phenol  s t r u c t -  

u r e  on t h e  B - r i n g  were a l s o  o b t a i n e d .  Based on t h e  r e s u l t s  

ment ioned above, Lee and Sumimotos suggested t h a t  a ma jo r  cause o f  

t h e  i n t e n s i v e  c o l o r  r e v e r s i o n  o f  b leached  mechanica l  p u l p s  s h o u l d  be 

a s c r i b e d  t o  t h e  o c c u r r e n c e  o f  5 - s u b s t i t u t e d  p -hyd roqu inones .  

I t o h  and o t h e r s -  r e c e n t l y  f ound  t h a t  t h e  mechanica l  t r e a t m e n t  

o f  b o t h  s y r i n g a l d e h y d e  and a c e t o s y r i n g o n e  w i t h  VBM produced 3,5- 
dimethoxy-p-benzoquinone. R e c e n t l y  Wu and Surnimotol" r e p o r t e d  t h a t  

t r e a t m e n t  o f  v e r a t r y l  glycerol-B-syringaldehyde e t h e r  w i t h  a l a b o r a -  

t o r y  r e f i n e r  i n s t a n t a n e o u s l y  caused t h e  s i g n i f i c a n t  Ca-CB s p l i t t i n g  

r e a c t i o n  t o  g i v e  5 . 1  % o f  v e r a t r y l a l c o h o l ,  0 . 7  % o f  s y r i n g a l d e h y d e -  

e t h y l e n e g l y c o l  e t h e r ,  1 .4 % o f  v a n i l l i n ,  5 . 8  % o f  s y r i n g a l d e h y d e ,  

1 .5 % o f  3,5-d imethoxy-p-hydroquinone,  2 . 3  % o f  3 ,5 -d ime thoxy -p -  
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SYRINGYLGLYCEROL-fl-GUAIACYL ETHER 465 

benzoquinone, and o t h e r s .  Whole r e a c t i o n s  proceeded i n  the  l abo ra -  

t o r y  r e f i n e r  can be f u l l y  understood o n l y  when assumed the  g e n e r a t i -  

on o f  h i g h  c o n c e n t r a t i o n  o f  - H, - OH, and O,H r a d i c a l s  i n  the 

aqueous media. F u r t h e r  c o n f i r m a t i o n  o f  t he  genera t i on  o f  u l t r a s o n i c  

waves w i l l  be pub l i shed  i n  the  forthcomming paper. 

I n  the p rev ious  r e p o r t e ,  the mechanochemistry o f  sy r i nga ldehy -  

de, ace tosy r ingone ,  and a-(2-methoxyphenoxy)- ,g-hydroxypropiosyringo- 

ne was i n v e s t i g a t e d  t o  s tudy  the  r e a c t i o n  mechanism. There fo re ,  

t he  p resen t  r e p o r t  dea ls  w i t h  the  mechanochemistry o f  s y r i n g y l a l c o h -  

01 (l), a-methyl s y r i n g y l a l c o h o l  ( 2 ) .  3 ,4 ,5 - t r ime thoxypheny l  methy l -  

c a r b i n o l  (3), and syringylglycerol-8-guaiacyl e t h e r  ( 4 ) .  

EXPERIMENTAL 

Separa t i on  and q u a n t i t a t i v e  analyses o f  mechanochemical conver- 

s i o n  p roduc ts  from the  model compounds ( 1 )  t o  ( 4 )  were accomplished 

by p r e p a r a t i v e  t h i n  l a y e r  chromatography (TLC) and h igh-pressure 

l i q u i d  chromatography (HPLC). P r e p a r a t i v e  TLC was performed on a 

g lass  sheet  w i t h  a s i l i c a - g e l  ( k i e s e l g e l  60 PF,,,) l a y e r  o f  1 . 5  mm 

t h i c k n e s s .  HPLC was performed on a Jasco T r i r o t a r -  II us ing  a 

Chemcopack column ( 2 0 ~  270 m m ) .  

I d e n t i f i c a t i o n  o f  t he  p roduc ts  was made by comparison o f  

m e l t i n g  p o i n t s  (mp) and mixed mps w i t h  a u t h e n t i c  samples. I n  

a d d i t i o n ,  u l t r a v i o l e t  (UV) ,  d i r e c t  i n l e t  mass (DI-MS) and p r o t o n  

nuc lea r  magnetic resonance (lH-NMR) s p e c t r a  were compared t o  authen- 

t i c  samples. UV s p e c t r a  were recorded on a H i t a c h i  model 200-20 

spect rophotometer  u s i n g  MeOH as a s o l v e n t .  DI-MS were recorded on a 

Shimadzu QP-1000 mass spec t romete r .  lH-NMR s p e c t r a  were measured i n  

CDCI, w i t h  a JNM-GX 400 spect rometer  w i t h  Me,Si as the i n t e r n a l  

s tandard .  

P r e p a r a t i o n  o f  s y r i n g y l a l c o h o l  ( 1 ) ’  a-methyl s y r i n g y l a l c o h o l  

(21,  and 3,4,5-tr imethoxyphenyl l ne thy l ca rb ino l  (3 ) .  

To a m i x t u r e  of 0.6 m l  o f  benzene and 1 m l  o f  water  c o n t a i n i n g  

e i t h e r  1 mmol of t he  a c e t a t e  o f  sy r i nga ldehyde  (5) o r  t h a t  o f  
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466 ITHO, SUMIMOTO, AND TANAKA 

acetosyr ingone (6) ,  0 . 6  mmols o f  potass ium bo rohydr ide  and 0.05 

mmols o f  a phase- t rans fe r  c a t a l y s t  (PTC) ,  N-dodecyl-N-methylephedri- 
um bromide’ l  were added and a g i t a t e d  a t  room temperature f o r  1 h .  

I n  another  exper iment ,  a m i x t u r e  o f  0 . 6  m l  o f  benzene and 1 m l  o f  

water  c o n t a i n i n g  1 mmol o f  3 ,4 ,5 - t r ime thoxy  acetophenone, a c e t o s y r i -  

ngone, 0 . 6  mmols o f  potassium bo rohydr ide  and 0.05 mmols o f  PTC’l as 

mentioned above were added and a g i t a t e d  a t  room temperature f o r  1 h. 

A f t e r  a c i d i f i c a t i o n  t o  pH 3 w i t h  10 % aqueous H C 1 ,  each r e a c t i o n  

m i x t u r e  was e x t r a c t e d  f o u r  t imes w i t h  2 m l  o f  benzene. The benzene 

s o l u t i o n  was washed w i t h  1 m l  o f  b r i n e  and d r i e d  over  sodium s u l f a t e  

and evaporated in uacuo. To each s o l u t i o n  o f  the r e s u l t i n g  

r e a c t i o n  m i x t u r e  i n  MeOH , 0 .2  N aqueous KOH was added a t  0 “c under 

N,. A f t e r  s t i r r i n g  f o r  15 min,  t h e  s o l u t i o n  was a c i d i f i e d  w i t h  2 N 

aqueous HC1 and e x t r a c t e d  w i t h  d ich loromethane.  The e x t r a c t  was 

washed w i t h  b r i n e  and d r i e d  over  anhydrous Na,SO,. A f t e r  removal 

o f  t he  s o l v e n t  in uacuo, the crude syrup was chromatographed on 

s i l i c a - g e l  column (Wakogel C-200) w i t h  e t h y l  acetate ln-hexane ( 1 : l )  

t o  g i v e  153 mg o f  s y r i n g y l a l c o h o l  1, 171 mg o f  a-methyl s y r i n g y l a l c -  

ohol  2, and 166 mg o f  3 ,4,5- t r imethoxyphenyl  m e t h y l c a r b i n o l  (3). 
S y r i n g y l a l c o h o l  ( 1 )  : mp 124-125 “c ; DI-MS (70 eV) m/z 

( i n t e n s i t y ,  %) : 184 (100, M*), 155 ( 1 2 . 7 ) ,  123 ( 5 . 0 ) .  a-Methyl 

s y r i n g y l a l c o h o l  (2)  : mp 93-96 “c ; DI-MS (70 eV) m/z (%) : 198 

(62 .1 ,  M*), 183 (58.5) ,  155 (33 .9 ) ,  123 (67 .6 ) .  95 ( 3 7 . 3 ) ,  43 (100 ) .  

3 ,4,5- t r imethoxyphenyl  m e t h y l c a r b i n o l  (3) : DI-MS (70 eV) m/z (%) : 

212 (78.1,  M*), 198 (61 .5 ) ,  170 ( 7 5 . 4 ) ,  155 (41 .8 ) ,  138 ( 5 3 . 5 ) .  43 

(100 ) .  

Treatment o f  s y r i n g y l a l c o h o l  ( l ) ,  a-methyl s y r i n g y l a l c o h o l  

(2),and 3,4,5- t r imethoxyphenyl  s e t h y l c a r b i n o l  (3) w i t h  CBM 

and VEJM-1, and -2. r e s p e c t i v e l y .  

One hundred mg o f  s y r i n g y l a l c o h o l  ( 1 )  and a-methyl s y r i n g y l a l c -  

ohol  ( 2 ) ,  each d i s s o l v e d  i n  2 m l  o f  acetone were d i spe rsed  onto 0 . 2  

g o f  f i l t e r  paper p u l p  and the  s o l v e n t  was removed in uacuo. The 

r e s u l t i n g  f i l t e r  paper p u l p  and 2 m l  o f  water  were p u t  i n t o  e i t h e r  a 

CBM (Nihon Kagaku Togyou Company, 1 l i t e r )  o r  VBM (des igna ted  VBM-1) 

(SM-60, Yokohama Xnd. L t d .  C o . ) ,  and t r e a t e d  under a i r  f o r  l h .  
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SYRINGYLGLYCEROL-8-GUAIACYL ETHER 467 

I n  another  exper iment ,  100 mg each o f  two a l c o h o l s  ( 1 )  and (2 )  

were d i spe rsed  on to  0 . 2  g o f  l i n t e r  p u l p  which was t r e a t e d  w i t h  VBM 

under a i r  f o r  1 h (des igna ted  VBM-2). As a comparat ive exper iment ,  

100 mg o f  3 ,4,5- t r imethoxyphenyl  m e t h y l c a r b i n o l  (3) was d i spe rsed  

on to  0 . 2  g o f  f i l t e r  paper p u l p  which was t r e a t e d  w i t h  VBM-1 under 

a i r  f o r  1 h. The r e a c t i o n  m i x t u r e s  i n  CBM o r  VBM were e x t r a c t e d  

tw ice  w i t h  100 m l  o f  methanol f o l l o w e d  by two e x t r a c t i o n  w i t h  100 m l  

o f  e t h y l  ace ta te .  The combined e x t r a c t s  were f i l t e r e d ,  d r i e d  over  

anhydrous sodium su lpha te ,  and evaporated in uaeuo. The res idues  

from s y r i n g y l a l c o h o l  ( 1 )  were 90 .6  mg ( C W ) ,  93 .3  mg (VBM-l), and 

95 .6  mg (VBM-2). The res idues  from a-methyl s y r i n g y l a l c o h o l  (2)  

were 89.1 mg (CBM), 91 .5  mg ( V B M - I ) ,  and 92.8 mg (VBM-2). The 

res idues  from 3 ,4 ,5 - t r ime thoxypheny l  m e t h y l c a r b i n o l  (3) were 9 0 . 4  mg 

(CEM), 93.6 mg (VBM-I), and 93.8 mg (VBM-2). The r e s u l t i n g  

m ix tu res  mentioned above were separated by HPLC (methanol : d i c h l o r o -  

methane=l :9) .  

From the  res idues  i n  CBM, VBM-1, and VBM-2, 86 mg, 80 mg, and 

75 mg o f  s y r i n g y l a l c o h o l  (1)  were recovered,  r e s p e c t i v e l y ,  i n  

a d d i t i o n  t o  1.3 mg, 2 .1 mg, and 2.5 mg o f  p a l e  y e l l o w  c r y s t a l s .  

These c r y s t a l s  had a mp o f  108-110°C; DI-MS (70eV) m/z (%) :  

182(15.9,  M*), 181(18.4) ,  151(100), and g l ( 2 0 . 7 ) .  Comparison o f  

mp, mixed mp, and DI-MS con f i rmed  i t s  i d e n t i t y  as syr ingaldehyde 

( 5 ) .  Another p roduc t  f rom s y r i n g y l a l c o h o l  ( 1 )  w i t h  CBM, VBM-1, 

and VBM-2 was p resen t  i n  t r a c e  amounts, 0 . 4  mg, and 0 . 5  mg o f  y e l l o w  

c r y s t a l s ,  r e s p e c t i v e l y ,  hav ing mp 108-110°C ; DI-MS (70eV) m/z (%) :  

168(19.3,  M - ) ,  80(22 .6 ) ,  69(100) ,  53 (31 .6 ) .  Mp and mixed mp as 

w e l l  as comparison o f  DI-MS con f i rmed  i t s  i d e n t i f y  as 3,5-dimethoxy- 

p-benzoquinone ( 7 ) .  

Treatment o f  100 mg o f  a-methyl s y r i n g y l a l c o h o l  (2 )  w i t h  CBM, 

VBM-1, and VBM-2. y i e l d e d  87 mg, 85 mg, and 78 mg o f  the s t a r t i n g  

m a t e r i a l s ,  r e s p e c t i v e l y ,  b u t  a l s o  f u r n i s h e d  0 . 6  mg, 1 . 4  mg, and 1 .7  

mg o f  w h i t e  needles,  hav ing mp 125-128°C; DI-MS (70eV) m/z (%) :  

196(25.3, M - ) ,  18 l ( lOO) ,  165(28.1) ,  106(18.3) .  Mp and mixed mp, 

and comparison o f  DI-MS conf i rmed i t s  i d e n t i t y  as acetosyr ingone 

( 6 ) .  Another p roduc t  from the  same t rea tmen t  w i t h  CBM, VBM-1, and 

VBM-2 f u r n i s h e d  a t r a c e ,  0 .2 mg, and 0.3 mg o f  y e l l o w  c r y s t a l s ,  
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468 ITHO, SUMIMOTO, AND TANAKA 

r e s p e c t i v e l y ,  which was i d e n t i  f l e d  as 3,5-dimethoxy-p-benzoquinone 
( 7 )  through comparisons o f  DI-MS, mp and mixed mps. 

Treatment o f  100 mg o f  3 ,4 ,5 - t r ime thoxypheny l  me thy l ca rb ino l  

(3 )  w i t h  CBM, VBM-1, and VBM-2, y i e l d e d  90 mg, 88 mg and 81 mg o f  

the s t a r t i n g  m a t e r i a l s ,  h u t  f u r n i s h e d  0 mg, 0 . 2  mg, and 0 . 3  mg o f  

w h i t e  needles,  hav ing mp 126-127°C ; DI-MS (70eV) m/z (%) :  196(28.6, 

M * ) ,  18 l ( lOO) ,  165 (30 .8 ) ,  106 (20 .4 ) .  Mp and mixed mp and comparison 

o f  DI-MS con f i rmed  i t s  i d e n t i t y  as ace tosy r ingone  ( 6 ) .  

Syn thes i s  o f  syringylglycerol-8-guaiasyl e t h e r  (4 ) .  

According t o  the  method o f  Nakatsubo and others1*, 

syringylglycerol-p-guaiasyl e t h e r  ( 4 )  was syn thes i zed  i n  the  t o t a l  

y i e l d  o f  88 % from sy r inga ldehyde .  DI-MS (70 eV) m/z ( % ) : 473 

( 1 . 1  M * ) ,  431 ( 1 . 3 ) ,  389 ( 2 . 1 ) ,  347 ( 1 . 5 ) ;  'H-NMR (400 MHz, CDC1,) 

( a c e t a t e ) ,  6 (ppm) : 2.31 ( 3  H ,  s ,  -OAc), 3 .76  ( 6  H ,  s ,  s y r i n g y l  

aromatic-OMe), 3 .81 ( 3  H ,  s ,  gua iacy l  aromatic-OMe), 4 .08 ( 2  H ,  m ,  

CH,), 6 .86  ( 4  H, m ,  gua iacy l  a r o m a t i c ) ,  6 . 9 7  ( 2  H ,  d ,  J = 1 .5  H z ,  

s y r i n g y l  a r o m a t i c ) .  

Mechanical t rea tmen t  o f  compound (4).  

Treatment o f  compound (4) under a i r  w i t h  e i t h e r  CRM o r  VRM-1. 

One hundred mg o f  compound ( 4 )  d i s s o l v e d  i n  2 m l  o f  d ich lorome- 

thane was d i spe rsed  on to  0 . 1  g o f  f i l t e r  paper p u l p ,  and the  s o l v e n t  

was removed i n  uacuo. One m l  o f  water  was added t o  the  pu lp  and 

t r e a t e d  w i t h  e i t h e r  CBM o r  VBM under a i r  f o r  l h .  The r e a c t i o n  

m ix tu res  i n  CBM o r  VBM was e x t r a c t e d  t w i c e  w i t h  100 m l  o f  methanol 

f o l l o w e d  by two e x t r a c t i o n s  w i t h  100 m l  o f  e t h y l  a c e t a t e .  The 

combined e x t r a c t s  were f i l t e r e d ,  d r i e d  ove r  anhydrous sodium sulpha-  

t e ,  and evaporated in uacuo. The res idues  f rom compound (4 )  were 

90.5 mg (CBM), 81 .8  mg ( V B M ) .  The s t a r t i n g  m a t e r i a l  ( 4 ) ,  58.3 mg 

(CBM) and 5 0 . 5  mg ( V B M ) ,  r e s p e c t i v e l y ,  were recovered from the 

r e a c t i o n  m i x t u r e  by p r e p a r a t i v e  TLC (benzene:ethy l  a c e t a t e : f o r m i c  

ac id=15 :4 :1 ) ,  and t h e  r e s u l t i n g  p roduc ts  were separated and p u r i f i e d  

f u r t h e r  by HPLC (methanol : d i ch lo romethane= l :  19 ) .  The y i e l d s  o f  the 

i d e n t i f i e d  compounds a r e  shown i n  TABLE 2. 
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Treatment o f  compound (4) w i t h  a l a b o r a t o r y  r e f i n e r .  

As ment ioned i n  the  p r e v i o u s  paper- ,  we named the  p u l p s  which 

passed through o n l y  t h e  f i r s t  TMP r e f i n e r  a t  an e l e v a t e d  temperature 

i n  a m i l l  as '1R-pulps" . The " lR -pu lpsn  were e x t r a c t e d  repea ted ly  

w i t h  an a lcohol -benzene m i x t u r e  ( 1  :2 )  f o l l o w e d  by methanol t o  

prepare e x t r a c t i v e s - f r e e  "1R-pulps" . F i v e  hundred mg o f  compound 

( 4 )  d i s s o l v e d  i n  5 m l  o f  d ich loromethane were d i s p e r s e d  i n  50 g o f  

e x t r a c t i v e s - f r e e  '1R-pulps" , and then t h e  s o l v e n t  was removed under 

s t i r r i n g  in vacuo. The r e s u l t i n g  p u l p s  were f e d  i n t o  an open type 

KRK- re f i ne r  f o r  t h e  second r e f i n i n g  w i t h  c lea rance  o f  0 . 1  mm and 

p u l p  cons is tency  o f  10 %, t o  produce 37 g o f  "2R-pulps" w i t h  CSF 

(Canadian Standard o f  Freeness) o f  about 200 m l .  A f t e r  f i l t r a t i o n ,  

"2R-pulps" were e x t r a c t e d  w i t h  300 m l  o f  a lcohol-benzene m i x t u r e  

(1 :2 )  a t  60°C f o r  6h.  The exhausted water  was a l s o  e x t r a c t e d  t h r e e  

t imes w i t h  100 m l  o f  e t h y l  a c e t a t e .  Both e x t r a c t s  were combined and 

d r i e d  over  sodium s u l f a t e  and concen t ra ted  in vacuo. For 

i d e n t i f i c a t i o n  o f  t he  r e a c t i o n  p roduc ts ,  272 mg o f  t he  r e a c t i o n  

m i x t u r e  were recovered and separated by p r e p a r a t i v e  TLC f o l l o w e d  by 

HPLC (methanol  : d i ch lo romethane= l :9 )  t o  g i v e  225 mg o f  t h e  s t a r t i n g  

m a t e r i a l .  The y i e l d s  o f  t he  i d e n t i f i e d  compounds a r e  shown i n  TABLE 

2 and FIGURE 3 .  For  comparison, a second r e f i n i n g  o f  t h e  e x t r a c t i v -  

e s - f r e e  '1R-pulps" was a l s o  made under the  same c o n d i t i o n s  as 

ment ioned above. However, no i d e n t i f i a b l e  compound was o b t a i n e d .  

Treatment o f  compound (4) under I, w i t h  VIM.  

One hundred mg o f  l i g n i n  model compound (4 )  d i s s o l v e d  i n  5 m l  

o f  d ich loromethane was added t o  0 . 1  g o f  f i l t e r  paper p u l p ,  and the  

s o l v e n t  was removed in uacuo . One m l  o f  water  was added t o  the  

r e s u l t i n g  p u l p  i n  the  VBM and the  a i r  i n  the  VBM was rep laced  t h r e e  

t imes by n i t r o g e n  i n  a Glove Box (Tokyo A i r  Eng ineer ing  I n c . ) .  The 

sample was then t r e a t e d  i n  t h e  usual  manner f o r  l h .  From the 

r e s u l t i n g  r e a c t i o n  m i x t u r e ,  81 .6  mg o f  t h e  s t a r t i n g  m a t e r i a l  ( 4 )  was 

recovered by p r e p a r a t i v e  TLC and t h e  r e s i d u e  was separated by HPLC. 

I d e n t i f i c a t i o n  o f  f o u r  convers ion  p roduc ts  i n c l u d i n g  (7), (8), (91, 
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470 ITHO, SUMIMOTO, AND TANAKA 

and (lo), was made by compar isons o f  mp and mixed mp, DI-MS and l H -  

NMR s p e c t r a ,  as shown i n  t h e  f o l l o w i n g  s e c t i o n .  However, i d e n t i f i c -  

a t i o n  o f  t h e  two compounds (11) and (12) were made o n l y  u s i n g  TLC. 

Y i e l d s  o f  t h e  i d e n t i f i e d  p r o d u c t s  a r e  shown i n  T a b l e  2. 

I d e n t i f i c a t i o n  o f  mechanochemical c o n v e r s i o n  p r o d u c t s .  

The chemica l  s t r u c t u r e s  f o r  s i x  c o n v e r s i o n  p r o d u c t s  (7)-(12), 
shown i n  FIGURE 3 ,  f rom t h e  s t a r t i n g  m a t e r i a l s  were i d e n t i f i e d  

th rough  compar ison o f  mp and mixed mp, DI-MS and lH-NMR s p e c t r a .  

The y i e l d s  o f  r e a c t i o n  p r o d u c t s  were de te rm ined  by p r e p a r a t i v e  TLC 

f o l l o w e d  by HPLC and a r e  shown i n  w e i g h t  p e r c e n t  i n  T a b l e  2 .  

a - ( 2 - M e t h o x y p h e n o x y ) - ~ - h y d r o x y p r o p i o s y r i n g o n e  (8) : mp 93-94 "C 
; DI-MS (70 eV) m / z  ( % ) : 318 (20.5 M * ) ,  181 (loo), 167 (10.5), 77 
(11.2); 'H-NMR(400 MHz,  CDC1,) ( a c e t a t e ) ,  6 (ppm):2.31 (3 H, s ,  

-OAc), 3.76 (6 H, s ,  s y r i n g y l  aromat ic-OMe),  3.81 (3 H, s ,  g u a i a c y l  

aromat ic-OMe),  4.08 ( 2  H ,  in, CH,), 6.86 (4 H ,  m ,  g u a i a c y l  a r o m a t i c ) ,  

6.97 ( 2  H ,  d ,  J = 1.5 Hz, s y r i n g y l  a r o m a t i c ) .  

a - ( 2 - M e t h o x y p h e n o x y ) - ~ - h y d r o x y p r o p i o n i c  a c i d  (9) : 81-83 "C ; 

DI-MS (70 eV) m / z  ( % ) : 212 (20.1 M * ) ,  182 (loo), 165 [ 5 . 1 ) ,  137 
(10.3) ; lH-NMR (400 MHz, CDC1,) ( a c e t a t e ) ,  6 (ppm) : 3.85 ( 3  H ,  s ,  

-OMe), 3.98 (2 H, d ,  J = 1 .8 Hz, CH,), 4.61 (H,  m ,  CH), 6.95 (4 H ,  

in, a r o m a t i c  p r o t o n s ) .  

(2-Methoxyphenoxy)-l,2-dihydroxy e thane  (10) : 130-133 "C ; D I -  

MS (70 eV) m / z  ( % ) : 268 (10.2, M * ) ,  225 (ll.l), 182 (loo), 166 
(6.3), 152 (10.5) ; lH-NMR (400 MHz, CDCl,) ( a c e t a t e ) ,  6 (ppm) : 

2.23 (6 H, s ,  -OAc), 3.86 (3  H, s ,  -OMe), 4.05 (2 H ,  t ,  J = 1 . 1  H z ,  

CH,), 4.81 (H ,  in, CH), 6.99 ( 4  H, m, a r o m a t i c  p r o t o n s ) .  

S y r i n g i c  a c i d  (11) : 105-108 "c ; DI-MS (70 eV) m/z ( % ) : 198 
(100,  M * ) ,  181 (19.3), 154 (11.8), ; 'H-NMR (400 MHz, CDC1,) 

( a c e t a t e ) ,  6 (ppm) : 3.81 (6 H, s ,  -OMe), 6.88 (2 H ,  d ,  J = 1.3 Hz, 

a r o m a t i c  p r o t o n s } .  

2-(2-Methoxyphenoxy)glycollic a c i d  (12) : 75-77 "c ; DI-MS (70 
eV) m/z ( % ) : 182 (100, M * ) ,  165 (10.8), 137 (12.8), 107 (21.3) ; 
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IH-NMR (400 MHz, COCl,) ( a c e t a t e ) ,  6 (ppm) : 3.77 ( 3  H, s ,  -OMe), 

3.85 ( 2  H ,  s, CH,), 6.88 ( 4  H ,  m ,  aromat ic  p r o t o n s ) .  

RESULTS AND DISCUSSION 

Mechanical t rea tmen t  o f  s y r i n g y l a l c o h o l  ( 1 ) .  a-methyl 

s y r i  n g y l a l c o h o l  (2), and 3,4,5- t r ime thoxyphenyl 

m e t h y l c a r b i n o l  ( 3 ) .  

I n  a recen t  s tudy on the  mechanochemical convers ions o f  

v e r a t  r y l  g l  yce ro l -8 -sy r inga ldehyde  e t h e r ,  Wu and SumimotolO s t rong1  y 

suggested t h e  g e n e r a t i o n  o f  u l t r a s o n i c  waves i n c l u d i n g  - O,H, - OH, 

and - H r a d i c a l s  i n  the  aqueous media o f  mechanical t reatment  w i t h  

CBM, VBM, o r  a l a b o r a t o r y  r e f i n e r .  The fo rma t ion  o f  - OH r a d i c a l s  

i n  t h i s  media was r e c e n t l y  conf i rmed and w i l l  be pub l i shed  s h o r t l y .  

I n  the present  s tudy ,  s y r i n g y l a l c o h o l  ( 1 ) .  a-methyl s y r i n g y l a l c o h o l  

( 2 ) ,  3 ,4 ,5- t r imethoxyphenyl  m e t h y l c a r b i n o l  ( 3 ) ,  and s y r i n g y l g l y c e r o l  

-8-guaiacy l  e t h e r  ( 4 )  were syn thes i zed  and t r e a t e d  w i t h  CBM, VBM, 

and a l a b o r a t o r y  r e f i n e r  t o  f i n d  o u t  the r e a c t i o n  mechanisms. Four 

compounds, ( 1 ) - ( 4 ) ,  were d i spe rsed  on to  f i l t e r  paper p u l p  and 

t r e a t e d  w i t h  CBM o r  VBM (VBM-1) i n  aqueous media f o r  l h .  I n  

a d d i t i o n ,  compounds (1)  and (2)  were d i spe rsed  on to  l i n t e r  p u l p ,  and 

t r e a t e d  w i t h  VBM (VBM-2) i n  aqueous media f o r  l h .  

As shown i n  TABLE 1 and FIGURE 1, t rea tmen t  o f  s y r i n g y l a l c o h o l  

( 1 )  w i t h  CBM, VBM-1, and VBM-2 f o r  1 h y i e l d e d  syr ingaldehyde (5), 
t h e  corresponding p-carbonyl  phenol, i n  y i e l d s  o f  1 .3 ,  2 . 1 ,  and 2 .5  

%, r e s p e c t i v e l y .  I n  a d d i t i o n ,  3,5-dimethoxy-p-benzoquinone ( 7 )  was 

a l s o  produced by the t reatment  w i t h  VBM-1 and VBM-2 i n  y i e l d s  o f  0 . 4  

and 0.5 %, r e s p e c t i v e l y .  Treatment o f  a-methyl s y r i n g y l a l c o h o l  (2 )  

f o r  1 h produced acetosyr ingone (6), i n  0 . 6 ,  1 .4 ,  and 1.7 % y i e l d s ,  

and 3,5-dimethoxy-p-benzoquinone (7 )  i n  t r . ,  0.2 and 0 .3  % y i e l d s  

from CBM, VBM-1 and VBM-2 t rea tmen t ,  r e s p e c t i v e l y .  However, 

t reatment  o f  3 ,4 ,5 - t r ime thoxypheny l  m e t h y l c a r b i n o l  (3) w i t h  CBM, 

VBM-1, and VBM-2 f o r  1 h a f f o r d e d  acetosyr ingone (6 )  i n  0 ,  0.2. and 

0.3 % y i e l d s ,  r e s p e c t i v e l y ,  b u t  no p-benzoquinone (7 )  was found. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
5
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



472 ITHO, SUMIMOTO, AND TANAKA 

TABLE 1 .  

Y i e l d s  o f  Convers ion  P r o d u c t s  (51, ( 6 ) ,  and ( 7 )  g i v e n  by The 

Mechanica l  T rea tmen t  o f  Compounds ( 1 ) , ( 2 ) ,  and (3), r e s p e c t i v e l y .  

H - L H  C B M  1.3 - 
0.4 
0.5 

7"' C B M  0.6 - 
H-C--OH 

1.4 0.2 
1.7 0.3 

Format ion  o f  a c e t o s y r i n g o n e  (6) f rom compound ( 3 )  by t h e  VBM-1 and 

VBM-2 t r e a t m e n t s  i s  a p p a r e n t l y  due t o  a rep lacemen t  r e a c t i o n  o f  a p -  
methoxy l  group by a - OH r a d i c a l  as shown i n  FIGURE 2 .  On the  

o t h e r  hand, a - H r a d i c a l  a b s t r a c t i o n  f r o m  a p h e n o l i c  OH g roup  i n  

compound [I] by - OH r a d i c a l  o c c u r s  f i r s t  t o  g i v e  a phenoxy 

r a d i c a l .  Second ly ,  f u r t h e r  a b s t r a c t i o n  o f  ano the r  H r a d i c a l  a t  

Ca by - OH r a d i c a l  can t a k e  p l a c e  v i a  an i n t e r m a d i a t e  [ I a ]  t o  g i v e  

compound [ n] . T h i r d l y ,  Dak in - t ype  r a d i c a l  o x i d a t i o n  r e a c t i o n  o f  

compound [Ill i s  i n i t i a t e d  by s e q u e n t i a l  a d d i t i o n  o f  H and * 0,H 

r a d i c a l s  t o  a p - c a r b o n y l  g roup  [ E a ]  as was a l s o  ment ioned i n  a 

p r e v i o u s  paper - .  F u r t h e r  o x i d a t i o n  proceeds v i a  [ E b ]  , [ E c ]  , 

and [ a d ]  t o  g i v e  b o t h  compound [a] and a c a r b o x y l i c  a c i d .  

As shown i n  TABLE 1 ,  t h e  d i f f e r e n c e s  i n  t h e  y i e l d s  between VBM- 

1 and VBM-2 may be due t o  t h e  d i f f e r e n c e  between t h e  r e l a t i v e l y  more 

r g i d  s u r f a c e  o f  VBM-2 and l e s s  r i g i d  s u r f a c e  o f  VBM-1. Consequen- 

t y ,  s o l i d  compounds d i s p e r s e d  o n t o  l i n t e r  p u l p  may be more 

e f e c t i v e l y  e x c i t e d  by t h e  mechanica l  ene rgy  o f  c o l l i s i o n  t o  r e a c t  
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H - ~ - o - H  

L G O M e  

-2.H - 
R 
I 
C-OH 

L O O M e  0 

c I a1 

L 6 0 M e  

R 
I R 

I 
HO-C.-C-O* HO-O-C-Oe 

QOMe - - 
L 

L @OMe OH - 4 

II a1 

FIGURE 1 .  Conversion o f  p - c a r b i n o l  [ I ] v i a  p-carbonyl  phenol 

[ II] f o l l owed  by Dakin- type r a d i c a l  o x i d a t i o n  t o  g i v e  p- 

benzoquinone [III] . 

w i t h  w a t e r - s o l u b l e  - O,H, - OH, and - H r a d i c a l s  produced i n  the 

aqueous media o f  mechanical t rea tmen t .  

Yechani c a l  t rea tmen ts  o f  s y r i  n g y l g l  ycero l -p-guai  a c y l  

e t h e r  (4) w i t h  C W ,  VW-1, and a l a b o r a t o r y  r e f i n e r .  

As mentioned above, t he  t reatment  o f  s y r i n g y a l c o h o l  ( 1 )  and U- 

methyl s y r i n g y l a l c o h o l  ( 2 )  as the s imp le  5 - s u b s t i t u t e d  type o f  model 
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C M ( a i r )  
VBM(air) 
VBM(N,) 
Ref iner”  

475 

90.5 58 .3  0 . 3  1 . 9  0 . 2  0 . 1  0 0 2 . 5  
8 1 . 8  50.5 1 . 4  4 . 3  0 .8  1 . 3  0 . 1  0 . 6  8 . 5  
86.1 81.6 0 . 2  6 .8  0 . 1  0 . 7  t r .  t r .  7 . 8  
5 4 . 3  44.9 1 .0  3.0 0 . 6  0 . 9  0 . 1  0 . 4  6 . 0  
9 0 . 5  74.8 1 . 7  5 . 0  1 . 0  1 . 5  0.2 0 . 7  1 0 . 3  

TABLE 2 .  

Y i e l d s  of Mechanochemical Convers ion  P roduc ts  from Model 

Compound ( 4 ) .  

+ I :  Y i e l d s  o f  c o n v e r s i o n  p r o d u c t s  when 60 % o f  p u l p s  

were passed th rough  2nd r e f i n e r .  

+2: Assumed y i e l d s  o f  c o n v e r s i o n  p r o d u c t s  when 100 % 

o f  p u l p s  were passed th rough  2nd r e f i n e r .  

( w e i g h t  %)  

* l :  Y i e l d s  o f  c o n v e r s i o n  p r o d u c t s  when 6 0  % o f  p u l p s  
w e r e  p a s s e d  t h r o u g h  2 n d  r e f i n e r .  

+2: Assumed y i e l d s  o f  c o n v e r s i o n  p r o d u c t s  when 1 0 0  % 

o f  p u l p s  w e r e  p a s s e d  t h r o u g h  2 n d  r e f i n e r  

compounds w i t h  CBM o r  VBM f u r n i s h e d  t h e  c o r r e s p o n d i n g  p - c a r b o n y l  

pheno ls  ( 5 )  and (6), and 3,5-dimethoxy-p-benzoquinone ( 7 )  r e s p e c t i v -  

e l y .  T h e r e f o r e ,  syringylglycerol-0-guaiacyl e t h e r  ( 4 )  was s y n t h e s i -  

zed and t r e a t e d  m e c h a n i c a l l y  t o  s t u d y  t h e  r e a c t i o n  mechanism. 

R e s u l t s  g i v e n  by t h e  mechanica l  t r e a t m e n t  o f  compound ( 4 )  a r e  shown 

i n  TABLE 2 and FIGURE 3 .  F i r s t  o f  a l l ,  t r e a t m e n t  o f  compound ( 4 )  

w i t h  CBM, VBM, and a l a b o r a t o r y  r e f i n e r  f u r n i s h e d  ~ - ( 2 - m e t h o x y p h e -  

n o x y ) - p h y d r o x y p r o p i o s y r i n g o n e  ( 8 )  as t h e  ma jo r  p r o d u c t .  A1 though 

t r e a t m e n t  o f  compound ( 4 )  w i t h  CBM a f f o r d e d  o n l y  f o u r  p r o d u c t s ,  (71 ,  
( 8 ) ’  (9), and ( l o ) ,  t r e a t m e n t  w i t h  e i t h e r  VBM o r  a l a b o r a t o r y  

r e f i n e r  f u r n i s h e d  two o t h e r  p r o d u c t s ,  ( 1 1 )  and ( 1 2 ) .  I n  t h e  case o f  
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COOH 

FIGURE 3 

OMe 
M eO OMe OH 

O H  

- 2 . H  

M e 0  

(10) 

Mechanochemical  c o n v e r s i o n s  o f  compound ( 4 )  

the  t r e a t m e n t  o f  50 g o f  "1R-pulps" homogeneously i n v o l v i n g  1 g o f  

compound ( 4 )  w i t h  K R K - r e f i n e r ,  about  60 % o f  "PR-pulps" were 

recove red ,  and t h e r e f o r e  about  40 % o f  "2R-pulps" remained i n  the  

r e f i n e r .  Consequent ly ,  t h e  p u l p  r e c o v e r y  y i e l d s  o f  60 % was 

d i s p l a y e d  by * 1 .  and t h e  assumed r e c o v e r y  y i e l d  o f  100 % b y  *2, 

r e s p e c t i v e l y .  The assumed r e c o v e r y  y i e l d  i n c i d e n t a l l y  app rox ima t -  

ed t h e  y i e l d  f rom t h e  t r e a t m e n t  o f  compound ( 4 )  w i t h  VBM under  a i r  

f o r  l h  as shown i n  TABLE 2 .  

As ment ioned i n  t h e  p r e v i o u s  s e c t i o n ,  s imu l taneous  a b s t r a c t i o n  

o f  - H r a d i c a l  f rom a p h e n o l i c  OH group  and a n o t h e r  - H r a d i c a l  f rom 

Ca-H p r o b a b l y  o c c u r r e d  t o  a f f o r d  t h e  c o r r e s p o n d i n g  p - c a r b o n y l  phenol  

( 8 ) .  The l a t t e r  c o u l d  be f o l l o w e d  by Dak in - t ype  r a d i c a l  o x i d a t i o n  

r e a c t i o n  t o  s p l i t  Car-Ca, Ca-Cb, and CB-Cy bonds t o  g i v e  a p a i r  o f  
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produc ts  o f  3,5-dirnethoxy-p-benzoquinone (7 )  and a-(2-methoxyphenox- 

y) -8-hydroxypropion ic  a c i d  (9), and another  p a i r  o f  s y r i n g i c  a c i d  

(11) and (2-methoxyphenoxy)-1,2-dihydroxy ethane ( 1 2 ) .  F i n a l l y ,  a- 

(2 -methoxyphenoxy) -acetosyr ingone (10)  was p rov ided  by e x c l u s i o n  o f  

HCHO . 
As shown i n  TABLE 2 ,  when the a i r  i n  VBM c o n t a i n i n g  compound 

(4 )  was rep laced  w i t h  n i t r o g e n ,  the  y i e l d  o f  compound (8)  i nc reased .  

Whi le  the y i e l d  o f  compounds ( 7 ) ,  ( 9 ) ,  ( l o ) ,  ( l l ) ,  and (12) 

decreased. These f a c t s  suggest t h a t  ve ry  few Dakin- type r a d i c a l  

o x i d a t i o n  r e a c t i o n s  can occur  under a n i t r o g e n  atmosphere. However, 

the ex t reme ly  h i g h  y i e l d s  o f  compound ( 8 )  i . e .  a-(2-methoxyphenoxy)- 

8-hydroxypropiosyr ingone i n  6 .8  % y i e l d  i n d i c a t e  the  presence o f  a 

r e l a t i v e l y  h i g h  c o n c e n t r a t i o n  o f  - OH r a d i c a l s  i n  t h e  r e a c t i o n  media 

even under n i t r o g e n .  The h i g h e s t  t o t a l  y i e l d s  o f  10.3 % was g i ven  

by l a b o r a t o r y  r e f i n e r  * 2 .  The second g r e a t e s t  y i e l d  o f  8 . 5  % by VBM 

under a i r ,  and the  t h i r d  h i g h e s t  y i e l d  o f  7 . 8  % by VBM under 

n i t r o g e n .  

R e l a t i o n s h i p s  between mechanochemistry o f  l i g n i n  and 

p u l p  b leach ing .  

I n  the  p resen t  r e p o r t ,  t h e  mechanical t reatment  o f  compound 

( 4 ) ,  i . e .  one o f  5 - s u b s t i t u t e d  p - c a r b i n o l  phenols [ I ] as a major 

component o f  l i g n i n  produces h i g h  amounts o f  p-carbonyl  phenols [ II ] 
and l e s s e r  amounts o f  p-benzoquinones [ a ]  as shown i n  FIGURE 1 ,  

3 ,  and TABLE 2.  As mentioned i n  the  I n t r o d u c t i o n ,  when p-carbonyl  

phenols [ II] were t r e a t e d  w i t h  a l k a l i n e  H,O,, cons ide rab le  amounts 

o f  p-hydroquinones [ N ]  were ob ta ined  as a leuco-chromophore3F4 

(FIGURE 4 ) .  

The p o s s i b l e  occurrence o f  p-benzoquinones [III] as a major  

chromophore was f i r s t  suggested by Cole and Sarkanen5 and l a t e r  

conf i rmed by Lee and Sumimoto' and othersP~lo-lz. However, the 

chromophore [III] cou ld  be e f f e c t i v e l y  degraded w i t h  a l k a l i n e  H,O, t o  

g i v e  h i g h  b r i g h t n e s s  o f  the bleached p u l p s .  High amounts o f  p -  

hydroquinones [ IV] formed by the  conven t iona l  b leach ing  cause i n t e n -  

se c o l o r  r e v e r s i o n ,  however, under i r r a d i a t i o n  w i t h  l i g h t  t o  g i v e  p -  
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R R 
I I 

HCOH Mechanical c=o Mechanical 0 

, , treatment "J, treatment 

OMe 
OH 

L 
OH 

[ I 1  [ U I  [ r n l  
p-Carbinol phenol p-Carbonyl phenol Chromophore 

@O,H u @O,H 

Degradation 

n 
L 4 OH OMe 

[ P I  
Leuco Chromophore 

h v  y- 
Bleached pulps with 
high brightnesses 

L 4 0 . e  c Color reversion 

r UI' 1 
Chromophore 

FIGURE 4 .  Sign; f i c a n t  r e l a t i o n s h i p s  between mechanochemical 

convers ions o f  l i g n i n  and the  b l e a c h i n g  w i t h  a l k a l i n e  H,O,. 

benzoquinones [ a  '1 T r i a l s  f o r  another  method o f  b l e a c h i n g  a r e  

t h e r e f o r e  needed f o r  t he  improvement o f  c o l o r  r e v e r s i o n .  

CONCLUSION 

Treatment o f  s y r i n g y l a l c o h o l  ( 1 )  and a-methyl s y r i n g y l a l c o h o l  

( 2 )  w i t h  CBM under a i r  f o r  1 h a f f o r d e d  1 .3  and 0.6 I o f  the 

corresponding p-carbonyl  phenols  (5)  and ( 6 ) ,  r e s p e c t i v e l y .  When 

t r e a t e d  w i t h  VBM-1 and VBM-2 under a i r  f o r  1 h ,  b o t h  compounds ( 1 )  
and ( 2 )  f u r n i s h e d  2 . 1  and 1 . 4  %, and 2 . 5  and 1 . 7  % o f  the 

co r respond ing  p -ca rbony l  phenols (5 )  and ( 6 ) ,  r e s p e c t i v e l y .  T r e a t -  

ment o f  compound ( 4 )  w i t h  CBM, VBM, VBM under n i t r o g e n ,  and a l s o  

w i t h  a l a b o r a t o r y  r e f i n e r  f u r n i s h e d  1 . 9 ,  4 . 3 ,  6 .8 ,  and 5 . 0  % o f  the 

corresponding p -ca rbony l  phenol ( 8 )  i n  t he  h i g h e s t  y i e l d s ,  r e s p e c t i -  
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v e l y .  These a r e  p robab ly  f o l l o w e d  by a complex Dakin- type r a d i c a l  

o x i d a t i o n  w i t h  a t t a c k  by - 0,H and - H r a d i c a l s  t o  the a-carbonyl  

groups y i e l d i n g  compounds ( 7 )  and ( 9 )  on the one hand and compounds 

(11)  and (12) on the  o t h e r  hand. S i g n i f i c a n t  r e l a t i o n s  o f  

mechanochemistry o f  l i g n i n  t o  the  p resen t  method o f  b l e a c h i n g  i s  

a1 so d i  scussed . 
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