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SYNTHESIS OF LIGNIN MODEL DIMERS BY NOVEL TECHNIQUES 

Donald R. Mmmel and Donaline Shepard 
The I n s t i t u t e  of  Paper Chemistry 

Appleton, Wisconsin 54912 

ABSTRACT 

A new procedure has  been developed f o r  t h e  s y n t h e s i s  of f3- 
s u b s t i t u t e d  6-aryl  e t h e r  l i g n i n  model dimers: models capable  of 
g e n e r a t i n g  quinonemethides i n  a l k a l i n e  s o l u t i o n s .  The process  
i n v o l v e s  s e l e c t i v e  a l k y l a t i o n  of t h e  B-carbon o f  a n  unprotected a- 
keto-8-aryl e t h e r  model, followed by borohydride reduct ion  and 
t rea tment  with a c e t y l c h l o r i d e .  A sampling of d i f f e r e n t  a l k y l a t i n g  
a g e n t s  i n d i c a t e s  t h a t  the  process  is l i m i t e d  t o  very s imple 
e l e c t r o p h i l e s .  Attempts t o  prepare  a-hydroxy-6-aryl e t h e r  l i g n i n  
models by s t e r e o s p e c i f i c  r i n g  openings of s t y r e n e  and s u b s t i t u t e d  
s t y r e n e  oxides  met with no success .  

INTRODUCTION 

D e t a i l e d  mechanis t ic  s t u d i e s  of l i g n i n  r e a c t i o n s  have been 

hampered by t h e  s t r u c t u r a l  complexi t ies  of t h i s  random, c ross -  

l i n k e d  polymer. Although f a r  from be ing  p e r f e c t  mimics, l i g n i n  

model dimers have provided a weal th  o f  in format ion  about t h e  

p o s s i b l e  r e a c t i o n s  of l i g n i n  d u r i n g  pulping and b leaching . l t2  

have been i n t e r e s t e d  i n  e s t a b l i s h i n g  i f  anthrahydroquinone d i a n i o n  

(AHQ-2) , a s p e c i e s  present  dur ing  anthraquinone (AQ) p ~ l p i n g , ~  

could  promote d e l i g n i f i c a t i o n  r e a c t i o n s  by e l e c t r o w t r a n s f e r  

mechanisms. 

e s t a b l i s h i n g  t h e  p l a u s i b i l i t y  of  t h i s  mechanism with l i g n i n  model 

s t u d i e s .  

We 

Our a t t e n t i o n  has  been i n i t i a l l y  d i r e c t e d  a t  
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298 DIMMEL AND SHEPARD 

The models sought  were ones wi th  d i f f e r e n t  bulky groups 

a t t a c h e d  t o  t h e  B-carbon o f  6-aryl  e t h e r  models t h a t  could  produce 

quinonemethides i n  a l k a l i .  E lec t ron- t ransfer  r e a c t i o n s  a r e  pre- 

sunably i n s e n s i t i v e  t o  s t e r i c   effect^,^ whereas a c t u a l  bonding and 

d i s s o c i a t i o n  o f  a quinonemethide-ARQ adduct5s6 should be r e t a r d e d  

by bulky groups near  t h e  bonding s i te .  

s y n t h e s i s  of  models of  t h e  type L-Aby some novel techniques .  

This  paper d e s c r i b e s  t h e  

RESULTS AND DISCUSSION 

The u s u a l  procedure7,* for synthes iz ing  R-aryl e t h e r  l i g n i n  

models has  been t o  start  wi th  a n  a p p r o p r i a t e  ke tone ,  such as  &, 
p r o t e c t  t h e  phenol ic  hydroxyl ic  group as a benzyl e t h e r  (Id), bro- 

minate  t o  produce a 6-bromoderivative (%I, d i s p l a c e  t h e  bromine 

w i t h  a g u a i a c o l a t e  i o n  t o  get a pro tec ted  6-aryl  e t h e r  ke tone  

(x), remove t h e  p r o t e c t i n g  group by c a t a l y t i c  hydrogenat ion (&), 

and reduce w i t h  h y d r i d e  t o  o b t a i n  an n-hydroxy+-aryl e t h e r  model 

(%). To make a second model, such as%, t h e  whole p r o c e s s  must 

b e  repea ted ,  b u t  beginning wi th  ketone G, which i s  n o t  commer- 

c i a l l y  a v a i l a b l e .  

Three b a s i c  things were wrong w i t h  t h i s  approach f o r  u s .  

F i r s t ,  t h e  e x a c t  c o n d i t i o n s  f o r  brominat ion of ke tones  Id and & 
v a r i e d  with t h e  amount of  s u b s t r a t e  used and w a s ,  t h e r e f o r e ,  d i f -  

f i c u l t  t o  c o n t r o l ;  o u r  y i e l d s  o f  2-e- and subsequent ly  3d-e were 

r a t h e r  low when done on a l a r g e  s c a l e .  Second, w i t h  each model 

d e s i r e d ,  many s y n t h e t i c  s t e p s  were required.  Third,  t h e  d i s p l a c e -  

ment s t e p  (;+ 2) probably o c c u r s  by a n  sN2 mechanism and, t h u s ,  

would not  be s u c c e s s f u l  i n  t h e  s t e r i c a l l y  hindered case where R2 = 

R3 = methyl. 

The requirement  t o  p r o t e c t  t h e  phenol ic  hydroxyl group appears  

I a r g e  q u a n t i t i e s  o f  t h e  s imple 6-aryl  e t h e r  m o d e l &  unwarranted. 

were e a s i l y  prepared from a c e t o v a n i l l o n e  (la) by d i r e c t  bromina- 

t i o n  (k) and g u a i a c o l a t e  t r e a t m e ~ ~ t . ~  Attempts were then made t o  

i n t r o d u c e  a l k y l  groups i n t o  t h e  6-posi t ion of t h e  a l r e a d y  premade 

6-aryl  e t h e r  model by s e l e c t i v e  a l k y l a t i o n  of a d i a n i o n  i n t e r -  

mediate .  The a l k y l a t i o n  of  polyanions has  proven t o  be  a u s e f u l  
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SYNTHESIS OF LIGNIN MODEL DIMERS 299 

R ,  
I 
I 

R,-C-H 

C = O  

O\R, 

1 - 

R,-C-0-Ar 
I 
I 

M eO 6H o\ R l  

4 - 

- a. R ,  = R, = R, = H 

R,-C-Br 
I 

c = o  
1 

M e 0  

R l  
0, 

2 - 

R,-C-0-Ar 

CHCe I 
I 

R,-C-0-Ar 

c = o  
I 
I 

M e 0  

O\R, 

3 - 

M e 0  

Ar = 

5 - 

b. 

- c. 

- d. 

- e. 

R ,  = R, = H. R ,  = Me 

R,  = H. R, = R, = Me 

R, = 0n. R, = R, = H 

R, = 0n. R, = H, R,  = Me 

g, 

- h. 

- i. 

- j. 

R, = Ac. R, = H. R,  = M e  

R, = Ac. R 2  = R, = Me 

R, = R, = H. R, = CH,OH 

R,  = Bn. R, = H. R,  = CH,OH 

- - 

way t o  i n t r o d u c e  a l k y l  groups ( e l e c t r o p h i l e s )  i n t o  secondary  

a c i d i c  p 0 s i t i o n s . l '  

o f  t h e  l as t  a n i o n  formed; one e q u i v a l e n t  of e l e c t r o p h i l e  pe r  one 

e q u i v a l e n t  of po lyan ion  will l e a d  t o  s e l e c t i v e  a l k y l a t i o n  of t h e  

most r e a c t i v e  anion.  

Advantage i s  t aken  of t h e  g r e a t e r  r e a c t i v i t y  

L i g n i n  m o d e l k w a s  t r e a t e d  w i t h  2.2 e q u i v a l e n t s  of a s t r o n g  

b a s e ,  l i t h i u m  d i i sop ropy lamine  (LDA), and t h e n  1.1 e q u i v a l e n t s  of 

methyl  i o d i d e ,  fo l lowed  by a c i d i f i c a t i o n .  The d e s i r e d  a l k y l a t e d  

model Z w a s ,  i ndeed ,  formed - bu t  a t  a somewhat low c o n v e r s i o n  
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300 DIMMEL AND SHEPARD 

( e q u a t i o n  1). The convers ion  could be s u b s t a n t i a l l y  improved by 

u s i n g  a n  excess  of methyl i o d i d e  reagent .  This  was a s u r p r i s i n g  

r e s u l t ,  s i n c e  one would expect  t h a t  t h e  phenola te  ion would a l s o  

be  methylated;  y e t  2, R 1  = R2 = Me, R3 = H, was not  observed. 

Treatment of  e i t h e r  g u a i a c o l  (2-ethoxyphenol) o r  phenol under 

t h e s e  c o n d i t i o n s  a l s o  l e d  t o  no methylat ion.  The l a c k  of teac- 

t i v i t y  of l i t h i u m  phenola te  groups g r e a t l y  s i m p l i f i e s  t h e  a l k y l a -  

t i o n  procedure,  e l i m i n a t i n g  s e v e r a l  nu isance  by-products. 

Even w i t h  a n  excess  of  methyl i o d i d e ,  t h e  conversion of & t o  

- 3b was not  complete ( g e n e r a l l y  50-65%) .  However, t h e  two 

m a t e r i a l s  could  e a s i l y  be s e p a r a t e d  by column chromatography, pre- 

sumably because t h e  6 l n e t h y l  group i n t e r f e r e s  v i t h  a b s o r p t i o n  of  

t h e  a -carbonyl  group o n  t h e  s i l i ca  g e l  s u r f a c e .  The i s o l a t e d  

y i e l d  of  p u r e  2 (based on consumed g), fo l lowing  chromatography, 

v a s  very h igh .  Treatment of  % w i t h  LDA and excess  methyl i o d i d e ,  

f o l l o v e d  by chromatography l e d  t o  t h e  6,B-dimethyl model ke tone  

- 3c ,  a m a t e r i a l  which would be extremely d i f f i c u l t  t o  prepare  by 

o t h e r  means. 

In an a t t e m p t  t o  d e f i n e  the  scope of t h e s e  a l k y l a t i o n s ,  we 

t r e a t e d  t h e  d i l i t h i o  s p e c i e s  d v i t h  a v a r i e t y  of a l k y l a t i n g  

agents, i n c l u d i n g  e t h y l ,  p ropyl ,  and benzyl h a l i d e s  and for- 

maldehyde. Only t h e  l a t t e r  r e a c t i o n  was s u c c e s s f u l ,  producing =. 
[Formaldehyde a l k y l a t i o n s  of  benzyl-protected ke tones ,  such as x, 
have been used t o  p r e p a r e  pro tec ted  ke tones ,  such as The 

reasons  why h i g h e r  homologs of methyl i o d i d e  d i d  not  a l k y l a t e  6 
are  n o t  known; however, these r e a g e n t s  have g r e a t e r  bulk and t h e r e  

is t h e  p o s s i b i l i t y  of competing e l i m i n a t i o n  r e a c t i o n s  (loss of HX 
t o  produce a n  o l e f i n ) .  Although e x t e n s i v e  v a r i a t i o n s  of r e a c t i o n  

c o n d i t i o n s  were n o t  examined, i t  appears  t h a t  t h e  a l k y l a t i o n  of  2 
is r e s t r i c t e d  t o  some s imple,  unhindered e l e c t r o p h i l e s .  Two 

v a r i a t i o n s  which were examined, employing n=butyllithium a l o n e  as 

t h e  base and LDA/MeI t rea tment  of  t h e  a c y l a t e d  ketone 3f, gave 

methylated product  but  in lcwer  conversion than t h e  t y p i c a l  

procedure.  

Another p o s s i b l e  way t o  i n t r o d u c e  a s i n g l e  a l k y l  group i n t o  

t h e  €+position of a n  e x i s t i n g  B-aryl e t h e r  model would be  t o  
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SYNTHESIS OF LIGNIN MODEL DINERS 301 

Li 
‘CH-O- -Ar 

I 

6 - 3b - 

a l k y l a t e  ketone & t o  2, fol lowed by decarboxyla t ion  t o  E a n d  

d e p r o t e c t i o n  of t h e  phenol ic  hydroxyl group t o  2, R 1  = R2 = H ,  

R 3  = a l k y l .  

- 7a ,  which was obta ined  by t h e  o x i d a t i o n  of :.I1 
w i t h  a l k a l i ,  fol lowed by hea t ing  in a c i d  ( t h e  t y p i c a l  procedure 

f o r  decarboxyla t ion  of 6-keto e s t e r s ) ,  d i d  not  g i v e  *but r a t h e r  

f r a g m e n t a t i o n  products  E a n d  G ( e q u a t i o n  2) .  

h y d r o l y s i s  of  & a l s o  d i d  not  g i v e  k. 
t a t i o n  r e a c t i o n  (equat ion  3) poses  two problems: f i r s t ,  it i n t e r -  

f e r e s  w i t h  decarboxyla t ion  a t t e m p t s ,  and, second, similar reac- 

t i o n s  would probably also occur  d u r i n g  at tempted base-catalyzed 

a l k y l a t i o n s  of 3. 

The decarboxyla t ion  s t e p  was f i r s t  a t tempted on a sample of 

Treatment of 2 

A d i r e c t  a c i d  

The base-induced fragmen- 

Both l i t h i u m  aluminum hydr ide  and sodium horohydride were 

examined f o r  t h e  r e d u c t i o n  of ke tones  &--to t h e  a-hydroxy models 

-- 4a-c .  

t h e  method of c h o i c e  i n  l a r g e - s c a l e  reduct ions .  

produced as a mixture  of s t e r e o i s o m e r s ,  which were not s e p a r a t e d .  

The pro ton  NMR spectrum of +-showed two sharp  s i g n a l s  i n  t h e  

1.05-1.15 6 reg ion  i n d i c a t i v e  of nonequivalent  6,B-dimethyl 

groups;  t h i s  h a s  been i n t e r p r e t e d  t o  mean t h a t  t h e  C,<B bond 

r o t a t i o n  is slow on an NMR t i m e  scale because of bulky s u b s t i -  

t u e n t s  on t h e s e  carbons. 

Tne l a t t e r  gave b e t t e r  y i e l d s  of a c l e a n e r  product  and was 

Compound %was 

The a-hydroxy l i g n i n  models w e r e  then each t r e a t e d  with a c e t y l  

c h l o r i d e  in a t t e m p t s  t o  prepare  a - c h l o r o a c e t a t e  models 5f-h. The 
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302 DlMMEL AND SHEPARD 

R 
I 

EtOiC-C-0-Ar 

I 
c = o  

OBn 

7 - 

R 
I 

H-C-0-Ar 

c = o  
I 

M eO $ 
OBn 

8 - 
- a , R = H  

b, R = alkyl - 

H 

Et0,C-C-0-Ar 
I 
I 
c = o  

00" 

9 - 

s imple  c h l o r o a c e t a t e  %was obta ined  i n  good y i e l d  and e a s i l y  

p u r i f i e d .  

b u t  e x i s t e d  a s  a p a i r  of s t e r e o i s o m e r s  which were n o t  s e p a r a t e d .  

In c o n t r a s t ,  however, t h e  f3,Bdimethyl  analog % c o u l d  not  be 

o b t a i n e d  from&, presumably because of  t h e  crowded n a t u r e  of  

t h e  a and B-carbons and t h e  p r o b a b i l i t y  f o r  carbonium ion 

r e a r r a n g e a e n t s .  "he c h l o r o a c e t a t e s  were d e s i r e d ,  because in 

a l k a l i  they should be converted t o  quinonemethides under very  

mi ld  condi t ions .6  

quinonemethides i n  a l k a l i  h u t  t h e  c o n d i t i o n s  have t o  be f a i r l y  

s evere.12 

The B-methyl ana log  & w a s  a l s o  produced in good y i e l d  

The a-hydroxy models 5-2 w i l l  a l s o  g i v e  

Another method examined f o r  t h e  product ion of a-hydroxy lignin 

models i s  o u t l i n e d  i n  Scheme I. "he advantage of  t h i s  sequence 

o f  r e a c t i o n s  is i n  t h e  f i n a l  s t e p  where both  t h e  d e s i r e d  a and 6-  

f u n c t i o n a l i t i e s  are produced s imul taneous ly .  There is a l s o  t h e  

l i k e l i h o o d  t h a t  a 8 - s u b s t i t u t e d  ana log  of  e p o x i d e , x w o u l d  open 

i n  a s t e r e o s p e c i f i c  manner t o  a f f o r d  a s i n g l e  s te reo isomer  prod- 

u c t .  

The r e a c t i o n s  o u t l i n e d  in Scheme I have a l l  been run  s e v e r a l  

times. 

r e p r o d u c i b l e ,  and p u r i f i c a t i o n  o f  each compound i n  t h e  sequence was 

The s t e p s  l e a d i n g  t o  t h e  s t y r e n e  d e r i v a t i v e  E w e r e  q u i t e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
5
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHESIS OF L I G N I N  MODEL DIMERS 303 

. OAc 4 M e 0  
OH 

NaBH, 

54% j$H ACz:PYr. 
M e 0  M e 0  

- - 
OH OAc 

/ 
M e 0  , 

OH 

OH 
\ /  

OAc \ ?  

93% 
MeV M e 0  

OAc 

14 - 13 - 12 - 

75% 330" 1 CH,-0-Ar 

CHOH 
I 0 

M e0 G + z $  M e 0  -4 M eO 
OH(Ac) OAc OAc 

s t r a i g h t f o r w a r d .  Unfor tuna te ly ,  even though t h e  epoxida t ion  

y i e l d ,  e+ 16, w a s  h i g h ,  t h e  product  w a s  d i f f i c u l t  t o  p u r i f y .  

The epoxide = w a s  s e n s i t i v e  t o  h e a t  and has  o n l y  been succesa- 

f u l l y  d i s t i l l e d  once. The main i m p u r i t i e s  i n  t h e  c r u d e  epoxida- 

tion product  appeared t o  be aromat ic  a c i d s  and p e r a c i d s  r e l a t e d  t o  

t h e  epoxid iz ing  agent .  Attempts t o  l e s s e n  t h e s e  i m p u r i t i e s  by t h e  

use of KF were not s u c c e s s f u l . 1 3  

c rude  mixtures  of 16 t o  a-hydroxy-B-aryl e t h e r  products  4a f a i l e d .  

Several  a t tempts  t o  convert  

Andrews and co-workers have r e c e n t l y  r e p o r t e d  t h a t  c h l o r o t r i -  

methyls i lane  adds t o  s t y r e n e  oxide (18) i n  t h e  presence of 

t r iphenylphosphine  t o  a f f o r d  i n  high y i e l d  (equat ion  3).14 I f  

t h e  concept of t h i s  chemistry could be extended t o  inc lude  t h e  

a d d i t i o n  of s i l a t e d  phenols t o  s u b s t i t u t e d  s t y r e n e  oxides ,  a- 

s i l y l o x y - & a r y l  e t h e r  aromatics ,  such as =, would r e s u l t .  

T r i m e t h y l s i l y l  gua iacol  (E) was  synthes ized  and i t s  r e a c t i o n  

wi th  s tyrene  oxide examined; u n f o r t u n a t e l y ,  no r e a c t  i o n  occurred 

over aevera l  days a t  room temperature  or at 60'C f o r  2 hours .  
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EtO-C 
t t - 0 -  Ar 

(-n- 0 C-OH 
I 

H' 

M e 0  

+ 

CH,CO?H 

0 
I 

/ 

Oen OBn 

CHZ-X 
I 0 

CHOSiMe, 
Ph,P 

Me,Si-X + &  i .-O (3) 

19 - 18 - n - 

- a, x = Cl 
b. x = OAr - 

CH2-0-Ar CH,-0-Ar 
I 

CH,-O-Ar 

CHCP CH-NU 
I I 

,j$ - hydrol. 4 - NU-H @ (4) 

M e 0  M e 0  M e 0  
OAc 0 OH 

21 - 20 5f - - 

- a, Nu = OMe b, Nu = - 

OH 

- C, Nu = $$ Me 

line 
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SYNTHESIS OF LIGNIN MODEL DTMERS 305 

The c h l o r o a c e t a t e s  d i scussed  ear l ier  r e a d i l y  a f f o r d  quinone- 

methides  upon h y d r o l y s i s .  Under t h e  proper c o n d i t i o n s ,  t h e  

quinonemethides can be r e a c t e d  with nuc leophi les  t o  a f f o r d  d e s i r e d  

l i g n i n  model d e r i v a t i v e s  (equat ion  4 ) .  

pure forms and 21c i n  impure form have been synthes ized  by t h i s  

technique .  

MeONafMeOH. 

NaOHfH204ioxane i n  the  presence of AHQ-2 o r  sodium c r e o s o l a t e  was 

conducted. In t h e s e  systems , hydroxide competes f o r  t h e  quinone- 

methide 20 - unsuccessfu l ly  i n  t h e  c a s e  of AHQ-2, but s u c c e s s f u l l y  

i n  t h e  c a s e  of sodium c r e o s o l a t e .  Presumably, o t h e r  d e r i v a t i v e s  

of  21, such as Nu = SH or OAr, could probably a l s o  be synthes ized  

with the  proper  choice of c o n d i t i o n s .  

Compounds 21a and 21b i n  

For z, c h l o r o a c e t a t e  5 f  is simply placed b r i e f l y  i n  

For t h e  o ther  two compounds, a h y d r o l y s i s  o f 5 f  i n  

- 

CONCLUSIONS 

A new way t o  prepare B-aryl e t h e r  l i g n i n  model dimers ,  which 

can g e n e r a t e  quinonemethides i n  a l k a l i ,  has  been developed. The 

process  involves  the  s e l e c t i v e  a l k y l a t  ion of the  5-carbon of an 

unpro tec ted  phenol ic  5-aryl e t h e r  a-keto model, followed by reduc- 

t ion with sodium borohydride and a c e t y l  c h l o r i d e  t rea tment .  The 

r e s u l t i n g  c h l o r o a c e t a t e s  serve as  convenient  sources  of quinone- 

methides  f o r  t h e  genera t ion  of o t h e r  model compounds or  f o r  use i n  

m e c h a n i s t i c  s t u d i e s .  The a l k y l a t i o n  process  appears  t o  be l i m i t e d  

t o  very s i m p l e  e l e c t r o p h i l e s .  

Attempts  t o  prepare  a -hydroxyd-ary l  e t h e r  l i g n i n  models by 

s t e r e o s p e c i f i c  r i n g  openings o f  s t y r e n e  and s u b s t i t u t e d  s t y r e n e  

o x i d e s  f a i l e d .  Extensive v a r i a t i o n s  o f  r e a c t i o n  c o n d i t i o n s  were 

n o t ,  however, pursued. Thus, t h e  concept  may succeed with t h e  

proper  r e a c t i o n  c o n d i t i o n s  and t h e  development of  b e t t e r  proce- 

d u r e s  f o r  i s o l a t i n g  s u b s t i t u t e d  s t y r e n e  o x i d e s .  

Our r e s u l t s ,  t o g e t h e r  with t h a t  o f  Hosoya and c o - ~ o r k e r s , ~  

sugges t  t h a t  t h e  p r a c t i c e  of p r o t e c t i n g  phenol ic  hydroxyl  groups 

d u r i n g  l i g n i n  model s y n t h e s i s  may b e  unwarranted i n  many cases .  

EXPERIMENTAL 
The i n s t r u m e n t a t i o n  used has  been d e s c r i b e d  p r e v i ~ u s l y . ~ ~  

m e l t i n g  and b o i l i n g  p o i n t s  a r e  uncorrec ted .  The d e t a i l s  f o r  t h e  

A l l  
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306 DIMMEL AND SHEPARD 

p r e p a r a t i o n  of methylated k e t o n e s  2 and & a n d  hydroxymethylated- 

k e t o n e  31 can be found elsewhere.16 

Genera l  Redact ion Procedore.  - A s o l u t i o n  of 230 moles o f  

sodium borohydride i n  100 mL of  water  w a s  added dropwise t o  a 

s t i r r e d  s o l u t i o n  of  40 moles o f  ke tone  i n  100 mL of  a b s o l u t e  

e t h a n o l  a t  room temperature .  Analysis  by TLC i n d i c a t e d  t h a t  

r e d u c t i o n  w a s  ins tan taneous .  After 30 minutes s t i r r i n g ,  t h e  solu-  

t i o n  was quenched by t h e  dropwise a d d i t i o n  of f3l-HC1, d i l u t e d  wi th  

more water ,  and e x t r a c t e d  s e v e r a l  times wi th  CHC13. 

CHC13 e x t r a c t s  were d r i e d  (Na2S04) and evaporated.  

r e s i d u e s ,  except  i n  t h e  case of*, were s u c c e s s f u l l y  r e c r y s t a l -  

1 ized .  

The combined 

The c r u d e  

General C h l o r o a c y l a t i o n  Procedure. - A few grams o f  a- 

hydroxyphenol model (51, s l u r r i e d  i n  CHC13, were added in smal l  

p o r t i o n s  t o  a n  excess  (z. 25 mL) of f r e s h  a c e t y l  c h l o r i d e ,  which 

was s t i r r e d  and i c e  cooled.  The mixture  was al lowed t o  warm t o  

room tempera ture ,  s t i r r e d  o v e r n i g h t ,  added t o  about  one l i t e r  of 

s a t u r a t e d  NaHC03 s o l u t i o n ,  and e x t r a c t e d  wi th  CHC13. The combined 

CHC13 e x t r a c t s  were washed with water ,  d r i e d  (NazSOq), and evap- 

o r a t e d  t o  a f f o r d  t h e  crude product .  

B-Bromoacetoguaisconc (2.). - The procedure o u t l i n e d  h e r e  is a 

m o d i f i c a t i o n  o f  t h e  one repor ted  by Hosoya and c o - ~ o r k e r s . ~  To a 

s t i r r e d ,  ice-cooled s o l u t i o n  of 50 g (0.3 mole) o f  acetoguaiacone 

(la) i n  500 mL of anhydrous e t h e r  and 375 mL of anhydrous dioxane 

was slowly added (z 8 hours)  48 8, (0.3 mole) of bromine. 

I n t e r m i t t e n t  i l l u m i n a t i o n  with a W lamp was a p p l i e d  i n  an a t tempt  

t o  decrease  the bromine c o l o r  (and c o n c e n t r a t i o n )  i n  t h e  s o l u t i o n .  

We were unable  t o  e l i m i n a t e  t h e  bromine c o l o r ,  as p r e v i o u s l y  

r e p o r t e d , 9  b e f o r e  t h e  next drop of bromine was added. The reac-  

t i o n  mixture  w a s  allowed t o  warm t o  room temperature  while  being 

s t i r r e d  overn ight  . 
A mixture of 750 mL of e t h e r  and 250 mL of ice water was added 

t o  t h e  r e a c t i o n  mixture .  The e t h e r  phase was s e p a r a t e d ,  washed 

wi th  cold s a t u r a t e d  sodium t h i o s u l f a t e  and i c e  w a t e r ,  d r i e d  

(Na2S04), and g e n t l y  evaporated under reduced p r e s s u r e  t o  a f f o r d  
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SYNTHESIS OF L I G N I N  MODEL DIMERS 30 7 

75 g of purple  o i l ,  which c r y s t a l l i z e d  upon r e f r i g e r a t i o n :  IR 

(mull)  cm-1 3000-3600 (OH) and 1670 ( C=O); 1H-NMR (CDC13) 6 3.71 

(d ioxane) ,  3.92 (s, 3, OMe), 4.40 (s, 2,  CHz), 6.6 (broad s, 1,  

O H ) ,  6.93 ( d ,  1, J = 8 Hz, C-4) and 7.5 (m, 2 ,  C-2, and C-6); MS 

m / e  (%) 244,246 ( l o % ,  M+), 229,231 (50%, M-Me), and 151 (1004, 

C a-C 8 cleavage 1 . 

a modi f ica t ion  of an ear l ier  one.9 

was prepared by freeze-drying an aqueous s o l u t i o n  of 1 equiva len t  

of guaiacol  and 1 equiva len t  of NaOH. A s o l u t i o n  of 75  g of B- 

bromoacetoguaiacone (g), which contained some r e s i d u a l  dioxane,  

was d isso lved  i n  350 mL of DMF and added dropwise t o  a s t i r r e d ,  

50' s o l u t i o n  of sodium g u a i a c o l a t e  (6 e q u i v a l e n t s )  i n  1500 mL of 

DMF. A f t e r  s t i r r i n g  another  45 minutes a t  50'C, t h e  s o l u t i o n  w a s  

added t o  4 L of i c e  water, a c i d i f i e d  with aqueous HCL, and 

e x t r a c t e d  with CHCI3. 

with water ,  d r i e d  (NazS041, and concent ra ted  under mild vacuum. 

The r e s i d u e  was mixed with 500 mL of xylene and vacuum 

d i s t i l l e d  t o  remove t h e  excess  g u a i a c o l ,  xylene,  and DMF. The 

r e s i d u e  (100 g) w a s  chromatographed on a s h o r t ,  wide, column of 

s i l i c a  ge l  packed i n  to luene  with a r e l a t i v e l y  f a s t  flow r a t e  of 

success ive  m o u n t s  of 25% (1500 mL) and 50% (500 mL) s o l u t i o n s  of 

e t h y l  a c e t a t e - t o l u e n e .  Twelve f r a c t i o n s  =re c o l l e c t e d  i n  open 

beakers ;  t h e s e  were allowed t o  evapora te  i n  a hood overn ight .  

F r a c t i o n s  3-8 were combined and r e c r y s t a l l i z e d  from to luene  t o  

a f f o r d  40 g of 2: mp 89-92'; a c e t a t e  mp 104-105' ( t o l u e n e ) .  

The melt ing p o i n t s ,  NMR and MS s p e c t r a l  d a t a  agree with previous 

repor t s8 ,9  f o r  both 2 and 3 f .  
r e q u i r e d  about 4 days t o  o b t a i n  a 46% y i e l d  of c r y s t a l l i z e d  

material .  

- 
&(2'-Methoxyphenoxy)acetognaiacone (2). - This  procedure i s  

Anhydrous sodium g u a i a c o l a t e  

The combined CHCl3 e x t r a c t s  were washed 

The two s y n t h e t i c  steps (& +%) 

1-(6'-Hydroxy-3'-mcthoxyphenyl~-2-~2"~ethoxyphcnoxy)-2- 

e t h a n o l  (4.). - The genera l  reduct ion  procedure when appl ied  t o  

ketone 2 gave (75%) a l c o h o l  z. mp 124-126' (benzene-pet . e t h e r )  

( l i t . 1 7  129-130'); I R  (mull) cm-l 2600-3700 (broad OH); lH-NMR 

(DMSO) 6 3.74 (s, 3, OMe), 3.77 (s, 3, OMe), 3.95 (d ,  2 ,  J = 6 Hz, 
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CHz), 4.82 (m, 1, CHI, 5.41 ( d ,  1, J 4 Hz, OH), 6.7-7.0 (m, 7,.  

a r y l ) ,  and 8.80 (s, 1, ArOL); 13C-NMR (CDC13) PPM 55.8 ( q ,  both 

OMe), 72.2 (d, C,), 76.0 ( t ,  Cg),  108.9 ( d ) ,  112.0 ( d ) ,  114.2 ( d ) ,  

115.4 ( d ) ,  119.3 ( d ) ,  121.1 ( d ) ,  122.3 ( d ) ,  131.5 (s), 145.4 (s), 

146.7 (s), 147.9 (s), and 149.8 (9 )  ( a r y l ) ;  M m / e  (%) 290 (14,  

M+), 166 (171, 153 ( l o o ) ,  138 ( 6 0 ) ,  137 (421, 125 (281, 124 (451, 

109 (241, 93 (451, 77 (291, and 65 (20) .  

l-Chloro-l-(4'-acctoxy-3'-methoxyphcnyl~-2-~2"~ethoxyphenoxy~- 

e t h a n e  (sf). - The g e n e r a l  c h l o r o a c y l a t i o n  procedure when a p p l i e d  

t o  a lcohol  5 gave a 98% y i e l d  of crude pink-colored s o l i d :  

88-90' ( t o l u e n e  or a c e t i c  a c i d ) ;  IR (mul l )  cm'l 1760 ( C-0); 

lH-NMR (CDC13) 6 2.31 (9, 3, OAc), 3.82 (s, 3,  OMe), 3.84 (s, 3,  

OMe), 4.38 ( d ,  2 ,  J = 7 Hz, CHZ), 5.20 (t, 1, J = 7 Hz, C H I ,  and 

6.9-7.1 (M, 7 ,  a r y l ) ;  13C-NMR (CDC13) PPM 20.6 ( q ,  Me of a c e t a t e ) ,  

55.9 ( q ,  O M e ) ,  56.1 (9, OMe), 60.1 (d,  C l ) ,  74.4 ( t ,  C2), 111.9 

( d ) ,  112.9 ( d ) ,  116.1 ( d ) ,  119.8 ( d ) ,  121.0 (s + d ) ,  122.7 ( d ) ,  

122.8 ( d ) ,  137.0 (s), 147.8 (s), 150.3 ( 9 1 ,  and 151.1 ( 9 )  ( a r y l )  

and 168.7 (s, C=O); ?is m/e (%I  350/352 (20 ,  3 : l  r a t i o  due t o  C l ) ,  

308/310 (21, M-ketene), 185/187 ( loo ) ,  184/186 (131,  153 (121 ,  150 

( 2 4 ) ,  135 (131, 125 (111, 124 (291, 122 (151, 77 (241, and 43 ( 3 4 ) .  

mp 

l-(4'-Rydroxg-3'~ethoxyphcnyl)-2-~2"acthoryphenoxy~-l- 

propanol  (z). - The g e n e r a l  r e d u c t i v e  procedure when a p p l i e d  t o  

ke tone  2 gave an 85% crude  y i e l d  of a g l a s s y  s o l i d ;  a t t e m p t s  t o  

r e c r y s t a l l i z e  t h i s  from mixtures  of benzene and p e t .  e t h e r  f a i l e d ,  

even though o t h e r s  have been s u c c e s s f u l  i n  c r y s t a l l i z i n g  both t h e  

e r y t h r o  and t h r e o  forms of 4b.7 
t h a t  t h e  g l a s s y  s o l i d  was a mixture  of s t e r e o i s o m e r s  i n  which one 

was c o n s i d e r a b l y  more abundant than t h e  o t h e r :  

The s p e c t r a l  evidence i n d i c a t e d  

I R  ( n e a t )  cm-l 

3000-37OO(OH); IH-NMR (CDCl3) 6 1.19 ( d ,  3, J = 6 Hz, Me), 3.88 

(s, 6 ,  Me), 4.0-4.9 (m, 3,  CH-CH and OH), 5.61 (s, 1 ,  &OH), and 

6.8-7.1 (m, 7,  a r y l ) ;  l3C-NMR (CDCl3) PPM 13.4 (q, M e ,  m a j o r ) ,  

16.9 ( q ,  Me, minor) ,  55.8 ( q ,  OMe) ,  55.9 ( q ,  O M e ) ,  73.9 ( d ,  C l ) ,  

m a j o r ) ,  81.9 (d ,  C2, m a j o r ) ,  83.6 ( d ,  C 2 ,  minor), 109.1 ( d ) ,  112.2 

( d ) ,  114.0 ( d ) ,  119.1 ( d ) ,  119.4 ( d ) ,  121.3 ( d ) ,  123.1 ( d ) ,  131.9 

(s), 144.8 (s), 146.5 (s), 146.7 (91, and 151.3 (s) ( a r y l ) ;  MS m/e 
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SYNTHESIS OF LIGNIN MODEL DIMERS 309 

( X )  304 (70 ,  M+), 287 (721, 180 (481, 163 (401, 153 (781, 152 

( l o o ) ,  151 (751, and 124 (55) .  

l-Chloro-l-(4'-acetoxy-3'-methoxyphcnyl~-2-(2"-methoxyphenoxy) 

propane (x). - The g e n e r a l  c h l o r o a c y l a t i o n  procedure appl ied  t o  

4b gave a q u a n t i t a t i v e  y i e l d  of crude product ,  an o i l ,  which 

r e s i s t e d  r e c r y s t a l l i z a t  ion from acetic ac id  o r  to luene .  The 

s p e c t r a l  evidence i n d i c a t e d  t h a t  t h e  o i l  was approximately a 60:40 

mixture  of s t e r e o i s o m e r s  ( t h e  va lues  for  the  mre abundant isomer,  

where obvious,  are under l ined  f o r  the  NMR r e s u l t s ) :  I R  ( n e a t )  

cm-1 1760 ( c=O); ~H-NMR (CDCl3) 6 1.2311.44 - (d ,  3, J a 6 Hz, &) ,  

2.2912.30 ( 9 ,  3, ~e of a c e t a t e )  3.7713.7913.8313.83 ( s i n g l e t s .  6 ,  

OMe), 4.65 (m, 1,  CZ-H), 5.07 ( d ,  1, J 5.4 Hz, C1-H) and 6.7-7.1 

(m, 7 ,  a r y l ) ,  i r r a d i a t i o n  with a frequency corresponding t o  t h e  

4.65 6 r e g i o n  caused t h e  1.23, 1.44, and 5.07 s i g n a l s  t o  c o l l a p s e  

t o  s i n g l e t s ;  13C-NEIR (CDCli) PPM 16.5116.8 (9, M e ) ,  20.6 (4, M e  of 

a c e t a t e ) ,  55.9 (q, Me groups) ,  6 5 . 0 l w  ( d ,  CHCL), 7 9 . 4 1 x  (d,  

CHO), 112.51112.8 ( d ) ,  117.5, 118.6, 120.4, 120.9, 122.2,  122.4,  

122.6,  and 122.9 ( a r y l ) ,  136.81137.1 ( 9 1 ,  139.7/139.8 (s), 

146.91147.0 (s), and 150.8/151.0 (s) ( a r y l ) ,  and 168.6 (s, G O ) ;  

MS m/e (%) 3641366 (53, M+ i n  a 3:l r a t i o  i n d i c a t i v e  of C l ) ,  329 

(20 ,  M-Cl), 199/201 (100, ArjHCl),  153 (931, and 43 (20). 

- 

- 

1-(4'-Hydroxy-3'~thox~phcny1~-2-(2"-acthoxyphenox~~-2- 

e t h y l - 1 - p r o p a n o l  (4c). - The g e n e r a l  reduct ion  procedure when 
a p p l i e d  t o  3c gave (100% y i e l d )  c rude  &: mp 106.5-7.5' (benzene- 

p e t .  e t h e r ) ;  I R  (mul l )  cm-l 2900-3600 ( O H ) ;  lH-NMR (DMSO-db) 6 

- 
- 

1.06 (s, 3, M e ) ,  1.12 ( 9 ,  3, Me), 3.72 (s, 3, W e ) ,  3.74 ( 9 ,  3, 

OMe), 4.56 ( d ,  1, J = 4 Hz, CHI, 5.13 (d ,  1, J - 4 Hz, OH, 

exchanged with D20 a d d i t i o n ) ,  6.6-7.0 (m,  7 ,  a r y l ) ,  and 8.76 ( 9 ,  

1,  A r O H ,  exchanged with D20 a d d i t i o n ) ;  IH-NMR (CDCl3) s i m i l a r  t o  

above except  roughly 0.1-0.15 6 l a r g e r  chemical s h i f t s ;  13C-NMR 

(CDC13) PPM 21.5 ( 9 ,  Me), 22.8 ( 9 ,  M e ) ,  55.5 (9,  OM),  78.3 ( d ,  

C i ) ,  83.9 (s, Cz),  112.3 ( d ) ,  112.5 ( d ) ,  114.2 ( d ) ,  120.3 ( d ) ,  

120.5 ( d ) ,  123.9 ( d ) ,  124.8 ( d ) ,  132.5 (s), 143.8 ( a ) ,  145.4 (91 ,  
146.4 ( s ) ,  and 153.4 ( 9 )  ( a r y l  c a r b o n s ) ;  MS m/e (%) 318 (1 ,  

316 (11, 194 (231,  165 (1001, 151 (141, 125 (161, 124 (381, and 

104 (15) .  
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310 DIMMEL AND SHEPARD 

E t h y l  3-(3'~ethoxy4'-bcnzyloxyphenyl)-3-oro-2-(2"- 

methoxyphenoxy) propanoate  (E). - To a s t i r r e d ,  room-temperature 

s o l u t i o n  of 31 g (69 m o l e s )  of e t h y l  3-(3'-methoxy-4'-benzyl- 

oxyphenyl)-3-hydroxy-2-~2"-methoxyphenoxy~propanoate (%)I1 i n  

acetone w a s  slowly added Jones Reagentla unti l  t h e  orange c o l o r ,  

i n d i c a t i v e  of excess  chromic a c i d ,  p e r s i s t e d .  Isopropanol  was 

added t o  d e s t r o y  t h e  excess  chromic a c i d .  The s o l u t i o n  was 

d i l u t e d  with water and e x t r a c t e d  s e v e r a l  times with e t h e r .  The 

combined e t h e r  e x t r a c t s  were d r i e d  (Na2S04) and evaporated t o  

l e a v e  23.7 g (77%) of ketone%: mp 72-74' (EtOH); I R  (mull)  

cm-1 1750 ( C=O, e s t e r )  and 1690 ( C=O, con . k e t o n e ) ;  lH-NMR 

(CDCl3) 6 1.22 ( t ,  3, Me), 3.78 (s, 3, OMe) 3.92 (9 ,  3, OMe), 

4-25 ( q ,  2 ,  mp), 5.22 (S, 2, CHZPh), 5.73 ( 9 ,  1,  a), 6.94, 7.39, 
and 7.70 ( m u l t i p l e t s ,  12, a r y l ) ;  MS m/e (%) 450 (5%, M+), 359 (2%, 

M-Bn), 241 (64%, BnO(Me0)PhE 0) and 91 ( l o o % ,  Bn+). 

Attempted Decarboxyla t ioa  of & t o  E a t e r  z. - A suspension of 

2.5 g ( 5 . 5  mnoles) of k e t o  ester 7a i n  50% aqueous e thanol  con- 

t a i n i n g  37.5 g (0.94 m l e )  of sodium hydroxide was s t i r r e d  and 

r e f l u x e d  under n i t r o g e n  f o r  5 h o u r s .  The c l e a r  s o l u t i o n  was then 

cooled ,  a c i d i f i e d ,  and e x t r a c t e d  with e t h e r .  The combined e t h e r  

e x t r a c t s  were d r i e d  (Na2S.04) and concent ra ted  t o  a low volume, 

which was p r i n c i p a l l y  composed of e thanol  s o l v e n t .  Fine yellow 

c r y s t a l s  of t h e  benzyl  e t h e r  of v a n i l l i c  ac id  ( 1 0 1 ,  p r e c i p i t a t e d  

from t h e  s o l u t i o n :  mp 170-172' ( l i d 9  169'); I R  (mul l )  cm-l 

2600-3700 (OH of CC2H) and 1675 ( C=O of C02H); lH-NMR (CDC13) 6 

3.94 ( s ,  3, OMe), 5 . 2 2  (I, 2, -CH2-), 6.90 (d ,  1, J 9 Hz, C-5 
a r y l ) ,  7.35 [m, 4-5, benzyl  a r y l  and OH ( ? ) I  and 7.65 (m, 2, C-2 

and C-6 a r y l ) ;  MS m / e  (%) 258 ( l o % ,  M+) , 91 (loo%, PhCH2), and 65 - 
(12%) . 

Evaporat ion of t h e  mother l i q u o r  which gave 10 af forded  a 

reddish-brown s o l i d ,  (0methyoxyphenoxy)-acetic a c i d  (11) : IR 
(mul l )  cm-1 2100-3700 (OH of CO2H) and 1735 ( CEO of CC2H); lH-NMR 

(CDCF3) 6 3.88 (s, 3, OMe), 4.69 ( 8 ,  2, -CH2-), 6.93 (m, 4, a r y l )  

and 6 8.87 (broad s, 1, CO2H); MS - m / e  (%) 182 (100, M+), 124 (241, 

123 (84), 122 (36), 109 (381, 95 (811, and 77 (97). The m a t e r i a l  
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was i d e n t i c a l  t o  a sample of 11 obtained from t h e  h y d r o l y s i s  of 

e t h y l  (0-methoxyphenoxy)acetate (used t o  prepare compound 2) : 
116-118' ( l i t . 2 0  mp 121O). 

mp 

A d i r e c t  ac id-hydro lys is  of 2 a l s o  did not give g. 
a,4-Diacetoxy-3-mcthoxy-l-ethylbenzene (14). - To an ice-  

cooled  f l a s k  conta in ing  132 mL of a c e t y l  c h l o r i d e  was added drop- 

wise 43.2 mL of p y r i d i n e  d isso lved  i n  an equal  volume of ch loro-  

form. 

CHCl3 was added dropwise. 

ice-bath temperature  and 3 hours a t  r o o m  temperature .  The mixture  

was then poured i n t o  water ,  the  CHCl3 l a y e r  s e p a r a t e d ,  and t h e  

water  layer  washed with f r e s h  CHCl3. The combined CHCl3 e x t r a c t s  

were washed with 35HC1, water ,  s a t u r a t e d  aqueous NaHC03 and 

water, r e s p e c t i v e l y ,  d r i e d  (Na2S041, and evapora ted  t o  give 42 g 

(93%) of r e s i d u e .  The la t te r  was d i s t i l l e d ,  and t h e  f r a c t i o n  

b o i l i n g  a t  146-164'/1 m cons is ted  of d i a c e t a t e  14: 
( n e a t )  cm-l 1760 ( C=O, a c e t a t e ) ,  1725 ( C=O, a c e t a t e ) ,  and 

1170-1280 (C-0 a c e t a t e ) ;  lH-NMR (CDCl3) 6 1.51 ( d ,  3 ,  J = 7 Hz, 

a-methyl ) ,  2.05 (s, 3, a l i p h a t i c  a c e t a t e ) ,  2.27 (9 ,  3, a r y l  

a c e t a t e ) ,  3.81 (s, 3, OMe), 5.85 (q, 1, J 7 Hz, CHI, and 7.04 

( 9 ,  3, a r y l ) ;  I3C-NMR (CDCl3) PPM 20.4 ( q ) ,  21.1 ( q ) ,  22.1 ( q ) ,  

55.7 (41,  71.9 ( d ) ,  110.6 ( d ) ,  118.3 ( d ) ,  122.6 ( d ) ,  139.3 (s), 

140.5 (s), 151.1 (s), 168.7 (s), and 169.9 (s); MS m / e  ( X )  252 ( 4 ,  

M + ) ,  210 (321, 168 ( l o ) ,  151 (321, 150 ( 2 2 ) ,  135 ( 1 0 ) .  91 (101, 

and 43 (100). 

A s o l u t i o n  of 30 g aaPethylvani l ly1  a lcohol  (Q)21 in  

S t i r r i n g  was cont inued for  2 hours a t  

mp 36-38'; I R  

- 

Anal. Calcd. f o r  C13H1605: C ,  61.90; H, 6.35. Found: C ,  

61.50; H, 6.31. 

4-Acetoxy-3-methoxystyrene (15). - A 20% s o l u t i o n  of 21.1 g of 

a,4-diacetoxy-3-methoxy-ethylbenzene (14) i n  to luene  was dr ipped 

through a g l a s s  column packed with g l a s s  r a s c h i g  r i n g s ,  which was 

h e a t e d  by a t u b u l a r  e l e c t r i c  furnace at 330'C. A slow stream of 

n i t r o g e n  c a r r i e d  t h e  vapors down t h e  column and i n t o  a side-armed 

t e s t  tube immersed i n  an i c e  bath.  The c o l l e c t e d  condensate w a s  

washed with aqueous NaHC03 and water, d r i e d  (NazSOq), and evap- 

o r a t e d  t o  give 18.8 g of  res idue ,  which by NMR a n a l y s i s  w a s  a 2:l  
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3 12 DIMMEL AND SHEPARD 

mixture o f 2  (75% y i e l d )  and toluene. 

afforded pure 4-acetoxy-3lnethoxystyrene (15) : 
IR ( n e a t )  cm-l 1760 ( C=O, a c e t a t e )  and 1170-1280 (C-0, a c e t a t e ) ;  

1H-NMR (CDC13) 6 2.24 ( 9 ,  3, a c e t a t e ) ,  3.76 ( 9 ,  3, W e ) ,  5.18 (d ,  

1,  J 5 9 Hz, = (2421, 5.64 (d ,  1,  J = 17 Hz, CHz), 6.55 (d of d,  

1, J = 9 and 17 Hz, -CH=) and 6.94 ( 9 ,  3, a r y l ) ;  13C-NMR (CDC13) 

PPM 20.6 (91, 55.8 (41, 109.9 ( d ) ,  114.0 ( t ) ,  118.8 ( d ) ,  122.7 

( d ) ,  136.2 ( d ) ,  136.6 ( 9 1 ,  139.4 (s), 151.0 (9) and 168.9 f s ) ;  MS 

- m / e  ( X )  192 (8, K+), 150 (100, M-ketene), 135 ( 4 8 ) ,  107 ( l a ) ,  91 

(7 ) ,  78 (lo), 77 ( l a ) ,  and 43 (18). 

Vacuum d i s t i l l a t i o n  

bp 94-108'/1 m; 

Anal. Calcd. f o r  CiiU1203: C,  68.75; H, 6.25. Found: C, 

68.56; H ,  6.35. 

4-Acetolrg-3-mctho~at~ene Oxide (16). - A s o l u t i o n  of 10.1 g 

(59 mmoles) of=-chloroperbenzoic ac id  i n  cFICl3 w a s  added dropwise 

t o  an ice-cooled s t i r r e d  so lu t ion  of  8.0 g (42 mmoles) of 4- 
acetoxy-3methoxystyrene (15) i n  about 150 mL of CHC13. 

s t i r r i n g  f o r  2 112 hours more, t h e  so lu t ion  vas washed with 

aqueous NaHC03, d r i ed  (Na2S04), and evaporated to  a f fo rd  11.3 g of 

res idue .  

p a r t s  UJ(909: yield) and 1 p a r t  aromatic ac ids .  An attempted 

vacuum d i s t i l l a t i o n  caused polymerization. 

M t e r  

A IH-N'MR of the  res idue  showed i t  t o  conta in  about 2 

A smaller 2.0-g run was success fu l ly  d i s t i l l e d  t o  give a c l e a r  

l i q u i d  product: 

( C - 0 ,  a c e t a t e ) ;  lH-NMR ( a C l 3 )  6 2.29 (s, 3, a c e t a t e ) ,  2.74 (m, 
1, - HCH), 3.11 (m, 1, HCH), 3.81 ( 8 ,  3, OW), 3.82 (? ,  1, CH), and 

6.8-7.1 (m, 3, a r y l ) ;  I3C-NMR ( c D C l 3 )  PPM 20.6 ( q ) ,  51.1 ( t ) ,  52.0 

(d ) ,  55.8 (q), 109.0 (d) ,  118.0 (d ) ,  122.7 (d ) ,  136.6 (s ) ,  139.6 

( s ) ,  151.3 ( s ) ,  168.8 ( s ) ,  and seve ra l  smal le r  impurity s igna l s .  

IR (nea t )  cm-l 1755 ( C-0, a c e t a t e )  and 11.95 

Addi t iona l  runs wi th  KF present ,I3 e i t h e r  during the  r eac t ion  

or a t  the conclusion, gave epoxide 16, which w a s  s t i l l  con- 

tamlnated. 

column chromatography l ed  t o  decomposition of t he  epoxide. 

Attempts t o  pu r i fy  the  product mixture by s i l i ca -ge l  

Trimethylsilyl Gaalacolate (e). - To a s t i r r e d ,  room- 

temperature s o l u t i o n  of 100 g (0.8 moles) of guaiacol in about 150 
mL of benzene was added dropwise 107.5 mL (5% excess) of 
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c h l o r o t r i m e t h y l s i l a n e  and then 68.4 mL of  d i s t i l l e d  pyr id ine .  

v igorous  r e a c t i o n  occurred upon p y r i d i n e  a d d i t i o n .  

r e f l u x i n g  f o r  2 112 hours ,  t h e  s o l u t i o n  was cooled and f i l t e r e d .  

The c o l l e c t e d  sa l t s  were washed w i t h  benzene. The combined 

f i l t r a t e s  were evaporated and d i s t i l l e d  t o  a f f o r d  bp 212-7"; 

IH-NMR ( a C l 3 )  6 0.24 (s, 9, MejSi) ,  3.79 (9 ,  3, MeO) and 

6.85-6.87 (s, 4, a r y l ) .  

A 

After 

1-(4'-Rydroxy-3'-methoxpphcnyl)-l~ethoxy-2-(2"mcthoxyphcnoxy) 

e thane  (*). - To a s t i r r e d ,  room-temperature s o l u t i o n  of 20 mL 

o f  anhydrous methanol was added 0.2 g (8.7 mg-atom) of sodium 

m e t a l ,  followed by 1.0 g (2.8 m o l e s )  of  c h l o r o a c e t a t e 5 f .  A f t e r  

s t i r r i n g  f o r  2 hours ,  the  s o l u t i o n  was poured i n t o  Z H C 1  ( a  pre- 

c i p i t a t e  formed) and e x t r a c t e d  w i t h  cHCl3. The combined CHCl3 

e x t r a c t s  were washed with water, d r i e d  (Na2S041, and g e n t l y  evap- 

o r a t e d  under reduced pressure  t o  leave  1 .3  g of r e s i d u e ,  which 

upon s e v e r a l  days exposure t o  air  l o s t  more s o l v e n t  t o  give a 

q u a n t i t a t i v e  y i e l d  of =: mp 62-66' ( u n r e c r y s t a l l i z e d ) ;  I R  

(mul l )  c m - l  2900-3600 (OR);  lH-NMR (CHC13) 6 3.32 (s, 3, ROMe), 

3.81 (s, 3, ArOMe), 3.87 (s, 3, ArOMe), 4.1 (m, 2, CH2), 4 .53 (d 

of  d ,  1, J = 4 and 7 Hz, CH), 5.66 (s, 1, OH), and 6.85 (3, 7 ,  

a r y l ) ;  13C-NMR (CDCl3) PPM 56.0, 56.1, and 57.0 ( q u a r t e t s ,  OMe), 

74.1 ( t ,  Cz), 82.3 (d ,  C i ) ,  109.4, 112.7, 114,3, 115.0, 121.0, and 

121.7 ( d o u b l e t s ,  CH a r y l ) ,  130.7, 145.6, 146.8, 148.7, and 150.1 

( s i n g l e t s ,  C a r y l ) ;  MS - mle X 304 (8 ,  If+), 180 (81, 167 (100, 

Ar'tHOMe), and 77 (10). 

r e p o r t e d  as  a c o l o r l e s s  oil, with no s p e c t r a l  confirmation.17 

This compound has  prev ious ly  been 

poinonemethide-AEQ Addact 2. - The red AHQ-2 s p e c i e s  was 

genera ted  by h e a t i n g  (60.C) a s t i r r e d  s o l u t i o n  of anthrahydro-  

quinone d i a c e t a t e  (1.26 8 ,  4.3  m o l e s )  f o r  30 minutes with 1.14 g 

(28.5 nmales) of NaOH i n  30 mL of a 2 : l  mixture of dioxane:water ,  

under n i t r o g e n .  The s o l u t i o n  was then cooled i n  i c e  and 1.0 g 

(2 .85 m u l e s )  of c h l o r o a c e t a t e  5 f  d i s s o l v e d  i n  10 mL of dioxane 

w a s  added dropwise. The i c e  ba th  was removed and t h e  s o l u t i o n  

s t i r r e d  f o r  30 minutes a t  room temperature  and d i l u t e d  with 6E 

HC1. The r e s u l t i n g  p r e c i p i t a t e  was c o l l e c t e d  and washed with 2M_ 
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NaOH c o n t a i n i n g  sodium d i t h i o n i t e ;  the  l a t t e r  keeps AQ i n  i t s  

s o l u b l e  AHQ-2 form. The f i l t r a t e  was e x t r a c t e d  with CHCl3. The 

chloroform e x t r a c t s  were combined with t h e  s o l i d  p r e c i p i t a t e ,  

washed w i t h  6 z  HCL, d r i e d  (Na2SO1), and evaporated t o  leave  1 .3  g 

(95%) of adduct  21b: mp 163-5" (90% e thanol )  ( l i t . 5  166-173' 

dec.) ;  I R  and NMR i n  agreement wi th  l i t e r a t u r e  va lues5;  MS m/e (%) 

274 ( 4 ) ,  273 ( 5 ) ,  272 ( 3 ) ,  210 (47, AHQ by quinonemethide 

e l i m i n a t i o n 2 2 ) ,  209 ( l a ) ,  150 (loo),  149 (44) ,  135 (15) ,  124 ( 1 6 ) ,  

123 (15) ,  and 77 (19) .  

Quinonemeth idccrcoso1  Mdnct 2. - A room-temperature solu-  

t i o n  of 50 mg (0.14 mmoles) of 5 f .  178 mg (1.4 mmoles) of 

g u a i a c o l ,  and 114 mg (2.8 moles) of NaOB i n  25 mL of 75% 

DMSO-water was s t i r r e d  a t  r o o m  temperature  for 1 hour ,  a c i d i f i e d  

w i t h  Z H C l ,  and e x t r a c t e d  wi th  CHC13. The combined CHCl3 

e x t r a c t s  were d r i e d  (Na2S04) and evaporated. The r e s i d u e  w a s  

methylated w i t h  dimethyl  s u l f a t e , 1 5  and analyzed by GC/MS. 

p r i n c i p a l  components of  t h e  r e a c t i o n  mixture  were i, R 1  = Me, 

R 2  = R 3  = H and i t s  dehydra t ion  products  (molecular  weights  304 

and 286). A minor long r e t e n t i o n  component d i s p l a y e d  a mass 

spectrum i n d i c a t i v e t 2  of a d i a r y 1  methane condensa t ion  product  

[methylated %I, namely: 

A r  2CH+). 

The 

m/e (%) 424 ( 5 ,  M+) and 287 (100, 

1. 

2. 

3.  

4. 

5. 

6. 

7. 

8. 

9. 
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