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THE MECHANISM OF CLEAVAGE OF 6-ETHER BONDS IN LIGNIN 
MODEL COMXXJNDS BY REWCING SUGRRS 

Ter ry  J. F u l l e r t o n ,  N e w  Zealand F o r e s t  S e r v i c e ,  
F o r e s t  Research I n s t i t u t e ,  

P r i v a t e  Bag, R o b r u a ,  New Zealand 

A l i s t a i r  L. Wi lk ins ,  Chemistry Dept, 
U n i v e r s i t y  o f  Waikato, Hamilton, N e w  Zealand 

ABSTRACT 

The a l k a l i n e  c l eavage  of 8-ether bonds of pheno l i c  l i g n i n  
model compounds by reducing  s u g a r s  has been shown to occur by 
t h e  reaction o f  t h e  quinone methide of t h e  l i g n i n  model w i t h  a 
sugar-derived enediof .  Reac t ion  of t h e  quinone methide o f  
I- (4-hyd roxy-3-methoxyphenyl) -2- (2-methoxyphenoxy) e t h a n o l  w i t h  
L-ascorbic a c i d  i n  t h e  absence o f  base g i v e s  a carbon-carbon 
bonded in t e rmed ia t e  formed by r e a c t i o n  of t h e  C-2 carbon of t h e  
a s c o r b i c  a c i d  e n e d i o l  wi th  t h e  a-carbon of t h e  quinone methide. 
This  in te r rnedia tc  then  f ragments  under a l k a l i n e  c o n d i t i o n s  to 
g u a i a c o l  and v i n y l g u a i a c o l ,  t h e  same p r o d u c t s  as ob ta ined  from 
h e a t i n g  t h e  B-ether i t s e l f  wi th  a s c o r b i c  a c i d  o r  reducing 
suga r s  under a l k a l i n e  cond i t ions .  The isolated in t e rmed ia t e  was 
ob ta ined  as a one to one mix tu re  o f  two s t e reo i somers ,  i somer ic  
a t  t h e  benzy l i c  ca rbon ,  from which one isomer was s e l e c t i v e l y  
c r y s t a l l i s e d .  The g e n e r a l i t y  o f  t h e  r e a c t i o n  and i t s  re levance  
to t h e  development of a l t e r n a t i v e  pu lp ing  processes is d i s c u s s e d  
and t h e  p o s s i b i l i t y  o f  carbon-carbon bonded l i g n i n  carbohydra te  
complex% being formed v i a  e n e d i o l s  is sugges ted .  

INTFQDUCTION 

I n  con junc t ion  wi th  ou r  s t u d i e s  on t h e  development oE 

c a t a l y s t s  f o r  a l k a l i n e  pu lp ing  it w a s  r e c e n t l y  found t h a t  

compounds de r ived  E r a  reducing  s u g a r s  a r e  capab le  o f  c l e a v i n g  

B - e the r  bonds in pheno l i c  l i g n i n  model compounds under a l k a l i n e  

189 
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190 FULLERTON AND WILKINS 

c o n d i t i o n s .  Such a f i n d i n g  is o f  bo th  fundamental  and 

p r a c t i c a l  s i g n i f i c a n c e  as s p l i t t i n g  o f  t h i s  bond in  t h e  l i g n i n  

macromolecule is be l i eved  to be t h e  c r i t i ca l  r e a c t i o n  i n  t h e  

d e l i g n i f i c a t i o n  p rocess .  To g a i n  an unders tanding  of t h e  

mechanism by which such  r e a c t i o n s  o c c u r  a s t u d y  was i n i t i a t e d  to 

s y n t h e s i s e  l i k e l y  i n t e r m e d i a t e s  and examine t h e i r  r e a c t i o n s  

under a l k a l i n e  c o n d i t i o n s .  

I n  ou r  ear l ier  s t u d i e s ’  t h e  e f f e c t i v e n e s s  o f  va r ious  

reducing  s u g a r s  a t  c l e a v i n g  t h e  l i g n i n  model compound 

gua iacy lg lyco l -  B-guaiacyl e t h e r  was gauged by measuring t h e  

y i e l d s  o f  g u a i a c o l  and v i n y l g u a i a c o l  o b t a i n e d  a f t e r  r e a c t i o n  

wi th  t h e  s u g a r s  i n  1 N  s o d i u m  hydroxide a t  135aC f o r  one hour. 

Th i s  provided  c o n s i d e r a b l e  ev idence  to s u g g e s t  t h a t  t h e  c l eavage  

of t h e  @ - e t h e r  bond was o c c u r r i n g  by base f ragmen ta t ion  of an 

in t e rmed ia t e  formed by t h e  r e a c t i o n  o f  a quinone methide of t h e  

6 - e t h e r  w i th  a sugar -der ived  e n e d i o l .  That  a quinone methide 

was involved  was indicated from t h e  l a c k  of r e a c t i v i t y  o f  t h e  

l i g n i n  model i n  which t h e  pheno l i c  g roup  was methylated.  The 

p a r t i c i p a t i o n  of a n  e n e d i o l  i n  t h e  r e a c t i o n  w a s  supported by t h e  
i n e f f e c t i v e n e s s  o f  non-reduc ng s u g a r s  and t h e  f a c t  t h a t  a s c o r b i c  

a c i d  was nore e f f e c t i v e  t h a n  g lucose  O K  any of t h e  o t h e r  simple 

reducing  s u g a r s  examined. 

Based on t h i s  i n fo rma t ion  t h e  r e a c t i o n  pathway shown i n  

Scheme 1 involv ing  fo rma t ion  o f  a carbon-carbon bonded i n t e r -  

mediate w a s  formula ted  as be ing  t h e  mst reasonab le .  Th i s  

i n t e r m e d i a t e  may t h e n  be expec ted  to undergo a Grob 

f r agmen ta t ion  under basic c o n d i t i o n s  to g i v e  t h e  observed 

p roduc t s ,  g u a i a c o l  and v i n y l g u a i a c o l ,  p l u s  a presumably u n s t a b l e  

d i k e t o  suga r .  Such a f r agmen ta t ion  scheme is e n t i r e l y  analogous 

to t h a t  proposed f o r  t h e  6 -arylether-anthrahydroquinone adduct 

p r e v i o u s l y  isolated. 3 
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MECHANISM OF CLEAVAGE 191 

SCHEME 1 

base 
-c 

I 

OCH, OCH, 
0- 0- 

Ened io l s  of t h e  type shown i n  Scheme 1 are formed dur ing  t h e  

base c a t a l y s e d  i s o m e r i s a t i o n  of glucose by a pathway known as 
t h e  Lobry de Bruyn van Ekens te in  t r a n s f o r m a t i o n 4  i n  which t h e  

glucopycanose r i n g  f i r s t  opens to  t h e  a c y c l i c  aldehyde which 

t h e n  tautomerises to t h e  e n e d i o l  and r e k e t o n i s e s  to g i v e  either 

g l u c o s e ,  lllannose or  f r u c t o s e .  Other  e n e d i o l s  a r e  also formed 

dur ing  base c a t a l y s e d  degrada t ion  o f  C-6 s u g a r s  inc luding  C-3 

f ragments  formed v i a  r e v e r s e  aldol r e a c t i o n s  of t h e  ketose and 
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192 FULLERTON AND WILKINS 

l r 2 - e n e d i o l  forms of t h e  ~ u g a r s . ~  

of p o s s i b l e  i n t e r m e d i a t e s  t h a t  cou ld  be formed from t h e  r e a c t i o n  

of g l u c o s e  wi th  t h e  0 - a r y l e t h e r ,  ascorbic acid was chosen  as  

t h e  e n e d i o l  for t h e  mechan i s t i c  s tudy .  I n  c o n t r a s t  to t h e  

g lucose-  d e r i v e d  e n e d i o l s  t h i s  compound was r e a d i l y  a v a i l a b l e  

and r e l a t i v e l y  stable. I t  was also known frora t h e  e a r l k t  

study'  to g i v e  a h igh  p r o p o r t i o n  of 
The expec ted  i n t e r m e d i a t e  from t h e  r e a c t i o n  of ascorbic acid 

w i t h  t h e  B-a ry le the r  quinone methide and its expected 

f r agmen ta t ion  is shown i n  Scheme 2. T h i s  is e n t i r e l y  ana logous  

to t h a t  proposed i n  Scheme 1 except  Lor t h e  a d d i t i o n a l  h e m i k e t a l  

c y c l i s a t i o n  s t e p  which ascorbic acid d e r i v a t i v e s  are known to 

undergo. 

Because of t h e  l a r g e  number 

8 -e the r  c l eavage  p roduc t s .  

RESULTS AND D I S C U S S I O N  

S y n t h e t i c  Method 

I n i t i a l  a t t e m p t s  to s y n t h e s i s e  t h e  proposed in t e rmed ia t e  3 

by t h e  r e a c t i o n  o f  t h e  quinone methide w i t h  a s c o r b i c  a c i d  under 

a l k a l i n e  c o n d i t i o n s  were unsuccess fu l ,  g i v i n g  m l y  unreac ted  

s t a r t i n g  m a t e r i a l  or p o l y p h e n o l i c  compounds depending on t h e  

s e v e r i t y  of t h e  c o n d i t i o n s .  However, d u r i n g  t h i s  s tudy  a r e p o r t  

was p u b l i s h e d  on t h e  r e a c t i o n  o f  L-ascorbic a c i d  wi th  

a , 8 -unsa tu ra t ed  compounds under n e u t r a l  c o n d i t i o n s  to g i v e  

carbon- carbon bonded p roduc t s  of t h e  type of interest to 

 US.^ 
c o n d i t i o n s  which resulted in  t h e  s u c c e s s f u l  i s o l a t i o n  of what 

appeared  to be a 8 - a r y l e t h e r - a s c o r b i c  a c i d  adduct.  The quinone 

methide for t h e  r e a c t i o n  was gene ra t ed  by  t h e  r e a c t i o n  of t h e  

6 - a r y l e t h e r  w i t h  b r o n o t t i m e t h y l s i l a n e  and subsequent  t r e a t m e n t  

of t h e  i n t e r m e d i a t e  bromide wi th  sodium b i c a r b o n a t e  s o l u t i o n .  

The r e s u l t a n t  s o l u t i o n  of t h e  quinone meth ide  i n  d i c h l o r a n e t h a n e ,  

This p r m p t e d  u s  to  repeat out r e a c t i o n  under n e u t r a l  

7 
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MECHANISM OF CLEAVAGE 

SCHEME 2 

193 

OCH3 
/ 

I 
CHIOH 

G Base 
H OCH3 

I - 1 +2+ ":& O H  
J 

OH 

3 - 

free of aqueous b icarbonate ,  w a s  t h e n  added to  an aqueous 

s o l u t i o n  of a scocb ic  a c i d .  Presumably because o f  t h e  two phase  

n a t u r e  of t h e  r e a c t i o n  t h e  y i e l d  of product  was r e l a t i v e l y  l ow.  

However, t h i s  was improved s u b s t a n t i a l l y  by adding  a c e t o n i t r i l e  

to t h e  aqueous s o l u t i o n  of a s c o r b i c  a c i d  to  g i v e  a 299 y i e l d  of 

produc t  and 27.8% recovered s t a r t i n g  material. 

The p roduc t  was p u r i f i e d  by prep. t.1.c. and its molecular 

weight confirmed as 448 by chemica l  ion isa t ion-mass  spec t romet ry .  

The C-13 n.m.r. s p e c t r m  i n d i c a t e d  t h a t  t h e  p roduc t  was a one to 

one mixture  of two s t e c e o  isomers of compound 3. C r y s t a l l i s a t i o n  

Of t h i s  material from chloroform gave  a colourless c r y s t a l l i n e  

s o l i d  which w a s  predominantly one isomer by C-13 n.m.r. The 
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194 FULLERTON AND WILKINS 

f o r m t i o n  o f  on ly  two s t e r e o i s o m e r s  o u t  of a p o s s i b l e  e i g h t  from 

t h e  three new asymmetric c e n t r e s  gene ra t ed  i n  t h e  format ion  of 

t h e  p roduc t  is c o n s i s t e n t  w i th  p rev ious  s t u d i e s  of o t h e r  a s c o r b i c  

acid condensa t ion  products .  

5 (shown b e l o w )  were b o t h  ob ta ined  a s  j u s t  one  isomer. The i r  

s t r u c t u r e s  were de termined  by X-ray c r y s t a l l o g r a p h y .  

In p a r t i c u l a r ,  compounds 4 6  and 
8 

Apparently format ion  of t h e  carbon-carbon bond a t  C-2 o c c u r s  

from t h e  s i d e  of t h e  molecule o p p o s i t e  to t h e  C-5, C-6 

s u b s t i t u e n t  on C-4. This  is then  followed by r i n g  closure of 

C-3 w i t h  t h e  oxygen on C-6 to form t h e  h e m i k e t a l  w i t h  t h e  

thernudynamica l ly  favoured cis r i n g  j u n c t i o n  of t h e  two f i v e  
membered rings. A s i m i l a r  sequence of e v e n t s  i n  t h e  p r e s e n t  

case would r e s u l t  i n  s t r u c t u r e  3b isomeric a t  t h e  a carbon of t h e  

6 - a c y l e t h e r  u n i t  g i v i n g  two s t e reo i somers .  

Fraqmen t a t i o n  Reac t ion  

Fol lowing  t h e  s u c c e s s f u l  s y n t h e s i s  of t h e  proposed 

i n t e r m e d i a t e  i n  t h e  r e a c t i o n  of a s c o r b i c  a c i d  w i t h  t h e  

6 - a r y l e t h e r  t h e  v a l i d i t y  of t h e  proposed mechanism was then  
de termined  by t h e  reaction of t h i s  i n t e r m e d i a t e  under t he  

c o n d i t i o n s  p r e v i o u s l y  used f o r  t h e  6 -ether c l eavage  s t u d i e s .  

T h i s  was expected to fragment to g u a i a c o l ,  v i n y l g u a i a c o l  and t h e  

d i k e t o  suga r  as shown i n  Scheme 2. 
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MECHANISM OF CLEAVAGE 195 

O H  

Reaction o f  t h e  c r y s t a l l i n e  p roduc t  and t h e  one to one 

isomeric mix tu re  of compound 3 a t  135OC for one  hour i n  1N ffaOH 

both gave t h e  p r e d i c t e d  p roduc t s  g u a i a c o l  and v iny lgua iaco l .  

The y i e l d  of g u a i a c o l  f r a n  bo th  was 52%. This  compares wi th  66% 

from t h e  r e a c t i o n  of t h e  % - e t h e r  wi th  t e n  e q u i v a l e n t s  of 

a s c o r b i c  a c i d  and 309 wi th  one e q u i v a l e n t  of a s c o r b i c  a c i d .  I n  
t h e s e  cases o t h e r  c n c d i o l s  formed by degrada t ion  of a s c o r b i c  

acid under t h e  basic c o n d i t i o n s  w i l l  a l s o  be involved i n  t h e  

f r agmen ta t ion  of t h e  % - e t h e r .  Xowever, t h e  l o w  y i e l d  of 

g u a i a c o l  when one e q u i v a l e n t  of a s c o r b i c  ac id  is used i n d i c a t e s  

t h a t  t h i s  is much less e f f i c i e n t  than  f r agmen ta t ion  of t h e  

i s o l a t e d  interrmediate.  The d i k e t o  suga r  is presumably uns t ab le  

and was no t  i s o l a t e d  €ton t h e  r e a c t i o n  mixture.  

CONCLUDING RDlARKS 

0 -Ether Cleavage by Reducing Sugars  

The isolation of t h e  6 - a r y l e t h e r - a s c o r b i c  a c i d  adduct  and 

its subsequent  f r agmen ta t ion  t o  g u a i a c o l  and v iny lgua iaco l  w i th  

c l eavage  o f  t h e  f3 -ether bond i n d i c a t e  t h a t  t h i s  is the  
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196 FULLERTON AND WILKINS 

mechanism by which e n e d i o l s  d e r i v e d  from reducing  s u g a r s  promote 

t h e  c l eavage  o f  l i g n i n  model compounds. Although e n e d i o l s  o f  

t h i s  type would n o t  be expec ted  to be v e r y  s tab le  under a l k a l i n e  

pu lp ing  c o n d i t i o n s  they  are  gene ra t ed  con t inuous ly  du r ing  

a l k a l i n e  pu lp ing  and may ma in ta in  a s t e a d y  s t a t e  c c n c e n t r a t i o n  

and thus  could  p l a y  a p a r t  i n  t h e  d e l i g n i f i c a t i o n  p rocess .  

P a r t i c i p a t i o n  o f  reducing  s u g a r s  or t h e i r  deg rada t ion  p r o d u c t s  

is a l r eady  t h e  basis f o r  t h e  mechanism o f  an thraquinone  (AQ) 

pulp ing  a s  wi thout  a r educ ing  source  t h e  a c t i v e  an thrahydro-  

quinone component m u l d  n o t  be gene ra t ed .  The p a r t i c i p a t i o n  of 

suga r s  or t h e i r  d e g r a d a t i o n  p r o d u c t s  i n  t h e  pu lp ing  p r o c e s s  i n  

t h i s  way has p r e v i o u s l y  been t o t a l l y  overlooked. 

The Development o f  A l t e r n a t i v e  Pu lp inq  Agents 

A s  w e l l  as p rov id ing  an e x p l a n a t i o n  as to hou reducing  

s u g a r s  c l e a v e  t h e  B-e the r  bonds of l i g n i n  model compounds t h e  

r e s u l t s  o€ t h i s  s t u d y  may also be r e l e v a n t  to t h e  development o f  

a l t e r n a t i v e  a l k a l i n e  p u l p i n g  p r o c e s s e s  by p rov id ing  an i n s i g h t  

into what f u n c t i o n a l  groups  are  r e q u i r e d  f o r  a m o l e c u l e  to 

prolnote d e g r a d a t i o n  of t h e  l i g n i n  polymer. 

Based on t h e  r e s u l t s  of t h i s  s t u d y  it is r easonab le  to assume 

t h a t  any e n e d i o l  which is stable under a l k a l i n e  c o n d i t i o n s  w i l l  

promote c l eavage  of p h e n o l i c  6 - e t h e r  bonds by f r agmen ta t ion  oE 

a carbon-carbon bonded i n t e r m e d i a t e  as shcun i n  Scheme 3. T h i s  

is suppor ted  by our  c u r r e n t  s t u d i e s ,  to be r epor t ed  s e p a r a t e l y ,  

which have demonstrated t h e  a b i l i t y  of a range o f  e n e d i o l s  to 

c l e a v e  t h e  - e the r  bond. 

I f  t h e  d ike to  p r o d u c t  is reduced b a c k  to t h e  e n e d i o l  t h e  

s y s t a n  t h e n  becomes c a t a l y t i c  and t h i s  is e x a c t l y  what o c c u r s  

w i t h  AQ i n  which AAQ may be cons ide red  to be an a l k a l i  s t a b l e  

v inylogous  ened io l .  I t  is i n t e r e s t i n g  to note  t h a t  t h e  
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SCHEME 3 

197 

R 

CH-0-Lignin fragmentation 
products 

I f -  R 
I 
CH-0-Lignin 

+ 
R,C-C R, 

I II 
0 0  

cn,o cn,o 

reduction catalytic 

p o t e n t i a l  u s e  o f  e n e d i o l s  a s  pu lp ing  c a t a l y s t s  w a s  sugges ted  as 

e a r l y  as 1978.' 

class of compounds s i n c e  then .  

Hwever ,  few s t u d i e s  have been done on t h i s  

L ign inCarbohydra t e  Bonds 

The i s o l a t i o n  of an a l k a l i  s e n s i t i v e  l ign in-carbohydra te  type  

compound also r a i s e s  t h e  p o s s i b i l i t y  t h a t  carbon-carbon bonded 

l i g n i n  carbohydra te  complexes (L(3c's) may be formed dur ing  t h e  

l i g n i f i c a t i o n  p rocess .  For t h i s  to occur  a l l  t h a t  is r e q u i r e d  

is t h a t  quinone meth ides  be gene ra t ed  i n  t h e  l i g n i n  p r e c u r s o r s  

and it is known t h a t  such f u n c t i o n a l i t i e s  can  be gene ra t ed  

during dehydrogenat ive  polymer i s a t i o n  of 1 ign in . l '  

it has been g e n e r a l l y  be l ieved  t h a t  a l l  L a ' s  a r e  l inked  by 

e i t h e r  e t h e r  11'12 o r  e s t e r 1 3  bonds. 

s e n s i t i v i t y  of carbon-carbon l i n k e d  LCC'S to a l k a l i n e  h y d r o l y s i s  

it is q u i t e  p o s s i b l e  t h a t  they  have p r e v i o u s l y  been o v e r b o k e d .  

U n t i l  now 

BOWever, because of t h e  

I n  t w o  p rev ious  s tud ies  on t h e  n a t u r e  of LCC bonds i n  which 

phenylpropane l i g n i n  model compounds have been reac ted  wi th  
simple sugars t h e  on ly  LCC type p roduc t  i s o l a t e d  has been t h e  
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198 FULLERTON AND WILKINS 

e t h e r  i n  which t h e  a carbon o f  t h e  l i g n i n  &el is l inked  to t h e  

C-6 oxygen of t h e  suga r  as shown i n  compound 6. 

I n  e a c h  o f  t h e s e  s t u d i e s  t h e  c o n d i t i o n s  were such  t h a t  t h e  

i s o l a t i o n  of any carbon-carbon bonded p r o d u c t s  would not  have 

been expec ted .  

r eac t ed  w i t h  t h e  suga r  under neutral .  c o n d i t i o n s  and thus  none of 

the  e n e d i o l  isomer i s a t i o n  p roduc t s  necessa ry  for carbon-carbon 

bond format ion  would have been gene ra t ed .  I n  t h e  second 

study'' a l k a l i  was p r e s e n t  d u r i n g  t h e  r e a c t i o n  which would 

have r e s u l t e d  i n  f r agmen ta t ion  o f  any carbon-carbon bonded LCC's 

as  they  were  formed. 

I n  t h e  f i r s t  study" t h e  quinone methide *s 

I n  summary it is our b e l i e f  t h a t  t h e  i s o l a t i o n  of a 

carbon-carbon bonded i n t e r m e d i a t e  of t h e  t y p e  desc r ibed  i n  t h i s  

paper may p rov ide  an  important c o n t r i b u t i o n  to inc reas ing  ou r  

unde r s t and ing  of t h e  role played by reducing  s u g a r s  i n  t h e  

pu lp ing  process, t h e  development o f  new pu lp ing  c a t a l y s t s  and 

t h e  n a t u r e  of l i gn in -ca rbohydra t e  bonds. 

EXPERMENTAL 

S y n t h e s i s  of I n t e r m e d i a t e  3b 

The r equ i r ed  quinone methide was gene ra t ed  by r e a c t i o n  of 

1- ( 4 -hydr oxy- 3 -methoxyphen y l )  -hydr oxy- 2- ( 2-methoxyph enoxy 1 
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MECHANISM OF CLEAVAGE 199 

15 
e t h a n o l  (0 .4  g )  w i t h  b r o m o t r i m e t h y l s i l a n e  (450 ~ 1 ,  2.5 eq) 

i n  d i c h l o r o m e t h a n e  ( 6 0  m l )  f o r  2 m i n u t e s  a t  ZOOC followed by 

reaction o f  t h e  r e s u l t a n t  b r a n i d e  w i t h  s a t u r a t e d  aqueous  sodium 
b i c a r b o n a t e  s ~ l u t i o n . ~  The r e s u l t a n t  yellow s o l u t i o n  of t h e  

q u i n o n e  m e t h i d e  i n  d i c h l o r o m e t h a n e  was t h e n  separated, d r i e d  

o v e r  m g n e s i u m  s u l p h a t e ,  f i l t e r e d  and  added to a r a p i d l y  s t i r r e d  

s o l u t i o n  o f  L-ascorb ic  acid (1.23 g )  i n  a c e t o n i t r i l e  (40  m 1 ) -  
water ( 5  m l )  under  n i t r o g e n .  A f t e r  s t i r r i n g  t h e  m i x t u r e  f o r  

3 h o u r s  a t  2OoC t h e  a c e t o n i t r i l e  was removed under reduced  

p r e s s u r e  and water (15 ml) added.  The p r o d u c t  was t h e n  

e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e  ( 2  x 50 m l )  and r e - e x t r a c t e d  w i t h  

e t h y l  acetate ( 2  x 50 m l )  a f t e r  a d d i t i o n  of sodium c h l o r i d e .  

Both e x t r a c t s  were d r i e d  o v e r  magnesium s u l p h a t e ,  f i l t e r e d  and 

c o n c e n t r a t e d  to d r y n e s s .  The d i c h l o r a a e t h a n e  e x t r a c t  (345.5 m g )  

w a s  p u r i f i e d  by  prep. t.1.c. (CHCl3:Et0Ac:HDAc 4:4:1) to g i v e  

r e c o v e r e d  6 - a r y l e t h e r  s tar t ing mater ia l  (Rf 0.6, 111.3 mg, 

27.8%) and compound 3b (Rf 0.3, 161.3 mg, 26.1%).  P u r i f i c a t i o n  

o f  t h e  e t h y l a c e t a t e  extract  (80.3 mg) i n  t h e  same way g a v e  a 

f u r t h e r  18  n q  (2.9%) o f  p r o d u c t  3b. 

The  1 3 C  n.m.r. spectrm o f  p u r i f i e d  3b i n d i c a t e d  t h a t  it 

w a s  a 1:l m i x t u r e  of two s t e r e o c h e m i c a l  isomers of t h e  d e s i r e d  

p r o d u c t .  

4 7 5 ( 1 . 4 ) ,  448(M ) ( 1 . 5 ) ,  4 4 7 ( 1 . 7 ) ,  3 1 5 ( 1 . 1 ) ,  3 0 1 ( 2 . 2 ) ,  

2 8 7 ( 1 . 9 ) ,  2 7 3 ( 2 2 . 6 ) ,  1 9 5 ( 5 . 1 ) ,  1 6 5 ( 1 6 . 8 ) ,  1 5 1 ( 3 2 . 7 ) ,  1 3 7 ( 2 2 . 3 ) ,  

1 2 5 ( 1 0 0 ) .  

s i n g l e  isomer (isomer A) as  c o l o u r l e s s  n e e d l e s  (m.p. 104-105O). 

MS (CI CH4 0.6 T o r r ) ,  m/z ( r e l a t i v e  i n t e n s i t y )  
+ 

C r y s t a l l i s a t i o n  o f  t h e  m i x t u r e  f r m  c h l o r o f o r m  g a v e  a 

Isomer A I3C n.m.r. ( 2 2 . 5  MHz) 6 (d6-ace tone)  51 .63(aC) ,  

5 6 . 2 5 ( a r o m a t i c  me's), 69.32(6C), 75.05(C6),  75.24(C4),  

82 .20(C2) ,  87.14(C5),  108 .86(C3) ,  113.67, 114.97, 115.10,  

115.36(C2' ,  C3", C5' ,  C6") 121.80, 122.13(CSn,  C 6 ' ) ,  

124.14(C4") ,  1 2 7 , 7 8 ( C l ' ) ,  147.03, 147.68, 149.63(C2", C3' ,  C 4 ' ) ,  

1 5 0 . 6 7 ( C l n ) ,  176 .03(C1) .  
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200 FULLERTON AND WILKINS 

Isomer B 13C n.m.r. (22.5 MHz) 6 (d6-ace tone)  (determined 

i n  a d m i x t u r e  w i t h  isomer A)  48.90 (a C ) ,  5 6 . 3 2 ( a r o m a t i c  me's) 
7 0 . 3 6 ( 6  C ) ,  75.38(C6), 75 .16(C4) ,  81 .53(C2) ,  86 .71(C5) ,  

108 .43(C3) ,  114.06, 114.79, 115.33,  115 .54(C2 ' ,  C3*, C5 ' ,  C6") ,. 
121.89, 122.29(C5*, C 6 ' ) ,  123 .62(C4") ,  1 2 8 . 2 6 ( C l ' ) ,  146.95, 

147.74, 149.71(CZW, C3', C4')  150.88(Cfm), 175.47(Cl) .  

Fr  aqmen ta  t i o n  React ion  

The isomeric m i x t u r e  of a d d u c t  3b (29.4 mg) was d i s s o l v e d  i n  

1N NaOli ( 5  ml) under  n i t r o g e n  and h e a t e d  i n  a sealed t u b e  a t  

135OC for 1 hour.  A n a l y s i s  of t h e  c h l o r o f o r m  extract  as  

d e s c r i b e d  p r e v i o u s l y  g a v e  a 52.09 y i e l d  o f  g u a i a c o l  and 5.1% 

y i e l d  of v i n y l g u a i a c o l .  The same r e a c t i o n  a t  6OoC for 1 hour  

g a v e  37.29 g u a i a c o l  and 1 .6% v i n y l g u a i a c o l .  R e a c t i o n  of t h e  

c r y s t a l l i n e  isomer A under t h e  same conditions g a v e  a 52.2% 

g u a i a c o l  and 3.7% v i n y l g u a i a c o l .  

2 
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