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STEREOCHEMICAL ASPECTS OF ADDITION REACTIONS 
IRVOLVING LIGEIN MODEL QUINONE METHIDES 

+ 
John Ralph and Raymond A. Young 

Department of  Fores t ry  
University of Wisconsin 

Madison, Wisconsin 53706 

ABSTRACT 

Primary amines, s i m i l a r l y  to  anthrahydroquinone and an thranol ,  
added t o  the quinone methide from a l i g n i n  model, guaiacyl- 
glycerol-f3-guaiacyl e t h e r ,  g ive  predominantly the  threo-adduct. 
The conf igura t ions  were assigned from proton and C-13 NMR spec t r a  
of c y c l i c  tetrahydro-1,3-oxazine de r iva t ives ,  and were compared 
with conf igura t ions  of 1,3-dioxanes determined s imi l a r ly .  The 
predominance of erythro-stereochemistry from r eac t ions  of  organic 
ac ids  with t h i s  quinone methide is explained by so lva t ion  e f f e c t s .  

INTRODUCTION 

Quinone methides a r e  r eac t ive  compounds and probable i n t e r -  

mediates i n  a l k a l i n e  reac t ions  of l i g n i n . '  

t o  be c r i t i c a l  intermediatee i n  the  anthrahydroquinone (AHO) 
catalyzed d e l i g n i f i c a t i o n  of mod. "' Addition reac t ions  of 

quinone methides 1-2 can occur i n  e i t h e r  bas i c ,  neu t r a l  or mildly 

a c i d i c  media. However, the  degree of s t e r e o s p e c i f i c i t y  and the  

They a r e  a l s o  thought 

* 
Present  A f f i l i a t i o n :  New Zealand Forest  Research I n s t i t u t e ,  

P r iva t e  Bag, Rotorua, New Zealand 
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162 RALPH AND YOUNG 

predominant product  isomer a p p e a r  t o  depend on t h e  r e a c t i o n  con- 

d i t i o n s .  For example, i n  a s t u d y  of t h e  r e a c t i o n s  o f  quinone 

methide 1 w i t h  o r g a n i c  a c i d s ,  Nakatsubo concluded4 t h a t  

n u c l e o p h i l e s  r e a c t  wi th  quinone meth ide  1 t o  e i v e  predominantly 

t h e  e r y t h r o - i ~ o m e r . ~  I n  c o n t r a s t ,  a l k a l i n e  a d d i t i o n  of AHQ or 

a n t h r a n o l  t o  quinone methide 1 or 2 g i v e s  e x c l u s i v e l y  t h e  

threo-adduct  - 6 -9 - 
R 

R =  CH ,OH 

Acid c a t a l y z e d  a d d i t i o n  of  a l c o h o l s  t o  t h e  quinone methide 

2,6-di-t-butyl-4-isopropylenequinone A1 probably i n v o l v e s  

a d d i t i o n  of t h e  a l c o h o l  no t  t o  t h e  quinone methide 4 as such but  

t o  t h e  b e n z y l i c  carbonium i o n  5 fonned by p r o t o n a t i o n  of t h e  

quinone methide,  Scheme 1 .  

The mechanism is n o t  as c l e a r l y  def ined  a t  pH 3-7 i n  aqueous 
s o l u t i o n .  Ivnas  and Linderen" provided a good example of t h e  two 

d i f f e r e n t  k i n d s  of mechanisms by comparing t h e  s u l f o n a t i o n  of 
v a n i l l y l  and v e r a t r y l  a l c o h o l s .  V a n i l l y l  a l c o h o l  

(4-hydroxy-3-methoxybenzyl a l c o h o l )  can form e i t h e r  a quinone 

methide o r  a benzyl  carbonium i o n  and i s  r a p i d l y  s u l f o n a t e d  i n  

base  or a c i d  w h i l e  v e r a t r y l  a l c o h o l  (3,4-dimethoxybenzyl a l c o h o l ) ,  

which cannot  form a quinone methide,  is s u l f o n a t e d  r a p i d l y  only  i n  

a c i d .  

a c i d  and v a n i l l y l  a l c o h o l  over  a pH range o f  2 t o  6 a l s o  i n d i c a t e d  

a d u a l i t y  i n  mechanisms. Formation of t h e  quinone methide was 

A k i n e t i c  study" of  t h e  r e a c t i o n  between mercaptoace t ic  

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



L I G N I N  MODEL QUINONE METHIDES 163 

.- 

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



164 RALPH AND YOUNG 

p o s t u l a t e d  t o  be ra te  de termining  a t  pH 5 whereas a t  lower pH i t  
was n o t  determined whether t h e  r e a c t i o n  was SN1 ( v i a  a carbonium 

i o n )  o r  S 2. N 
R e a c t i o n s  of water, a l c o h o l s  o r  a c i d s  wi th  quinone methides 

13-1 6 t h a t  are more a p p r o p r i a t e  l i g n i n  models have been examined. 

The ra te  of d i sappearance  of  t h e  vinylogous quinone methide 5 
p a s s e s  through a minimum a t  pH 5 i n  aqueous s o l u t i o n . ”  For 

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

(e .g . ,  hexane)  t h e  rate of d isappearance  of a v a r i e t y  of quinone 

methides  f o l l o w s  f i r s t - o r d e r  k i n e t i c s  w i t h  r e s p e c t  t o  t h e  quinone 

methide and second-order  k i n e t i c s  wi th  r e s p e c t  t o  t h e  a l c o h o l  o r  

a c i d .  The r e a c t i o n  w a s  1.5 o r d e r  wi th  regard t o  water .  The r a t e s  
were q u a l i t a t i v e l y  dependent on t h e  pKa of  t h e  a c i d  o r  a l c o h o l .  

Addi t ions  of water t o  t h e  quinone methide s t r u c t u r e  were 

p o s t u l a t e d 1 5  t o  proceed v i a  t h e  carbonium i o n  a t  low pH, by d i r e c t  

n u c l e o p h i l i c  a t t a c k  on t h e  quinone methide a t  h igh  pH, and 

p o s s i b l y  v i a  a g e n e r a l  ac id-ca ta lyzed  r e a c t i o n  at  i n t e r m e d i a t e  pH. 

In  t h e  l a s t  c a s e ,  t h e  extremely high n e g a t i v e  e n t r o p y  o f  

a c t i v a t i o n  and t h e  o v e r a l l  t h i r d - o r d e r  r e a c t i o n  k i n e t i c s  

observed’ 

quinone meth ides  v i a  a t e r m o l e c u l a r  complex which could a l l o w  

concer ted  p r o t o n a t i o n  of t h e  carbonyl  group and n u c l e o p h i l i c  

a t t a c k  on t h e  b e n z y l i c  carbon atom. Again t h e  ev idence  

presented’  

t h e  quinone methide i s  t h e  key r e a c t a n t .  

14 

sugges ted  t h a t  hydroxy compounds r e a c t e d  with t h e  

s u g g e s t s  t h a t ,  even under mi ld ly  a c i d i c  c o n d i t i o n s ,  

I 7 R  = 

- 8 R ’  = 

1 9 R  = 

- 

- 

= CH20H 

= m3 

CH20H 

I 

OCH 

OR’ 
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L I G N I N  MODEL QUINONE METHIDES 165 

Huckel molecular  o r b i t a l  c a l c u l a t i o n s  *' i n d i c a t e :  t h e  h i g h  

s u s c e p t i b i l i t y  of quinone methides  t o  undergo a t t a c k  by 

nuc leophi les  a t  Ca, t h e  p r o p e n s i t y  f o r  a t t a c k  by e l e c t r o p h i l e s  a t  

t h e  4-oxygen atom (e .g . ,  p r o t o n a t i o n  t o  g i v e  t h e  carbonium i o n ) ,  

t h e  s i m i l a r i t y  i n  bond o r d e r s  ( o t h e r  t h a n  t h e  4-0) i n  t h e  quinone 

methide and t h e  corresponding carbonium i o n ,  and t h e  h igher  charge 

d e n s i t y  a t  Ca i n  t h e  carbonium ion.  S ince  t h e  quinone methide and 

t h e  benzyl ic  carbonium i o n  have e s s e n t i a l l y  t h e  same shape,  t h e  

same f a c t o r s  t h a t  determine t h e  s t e r e o c h e m i s t r y  of t h e  products  

from quinone methide r e a c t i o n s  should govern t h e  s te reochemis t ry  

i n  products  from carbonium i o n  r e a c t i o n s  b u t  t h e  s t e r e o s p e c i f i c i t y  

should be less f o r  t h e  more r e a c t i v e  carbonium ion.  Indeed 

r e a c t i o n s  of quinone methides 1 and 2 w i t h  a n t h r a n o l  i n  aqueous 

base  gave t h e  threo-adduct  i n  over  98% y i e l d , 6  but t h e  carbonium 

i o n s  1 and 2 genera ted  from t h e  cor responding  a-bromoveratryl 

compounds reac ted  with t h e  t r i m e t h y l s i l y l  e t h e r  o f  a n t h r a n o l  t o  

g ive  predominantly t h e  threo-isomers  ( 6 6 %  and 60$. 

r e s p e c t i v e l y ) .  8,18 

React ion of  quinone methide 1 with  water gave r e s u l t s  which 

can be expla ined  i n  terms of a d d i t i o n  t o  quinone methides or 

carbonium i o n s ,  depending on pH. An approximately 1:1 r a t i o  o f  

- th reo-  and erythro- isomers  o f  guaiacylglycerol-6-guaiacyl e t h e r  

r e s u l t e d  from t h e  r e a c t i o n  of  water  wi th  quinone methide 1 i n  

C H C l  

c o n d i t i o n s  t h e  r e a c t i o n  probably proceeded v i a  t h e  less s e l e c t i v e  

carbonium i o n  2. 
r e a c t i o n  was c a r r i e d  out  i n  aqueous dioxane i n  t h e  absence o f  

a c i d .  

i n  t h e  presence of c a t a l y t i c  amounts of  H C L ~  Under t h e s e  3 

The threo-isomer predominated 170%) when t h e  

Attempts t o  add hydroxide t o  quinone methides  1-3 ( t o  g i v e  

) were un- Tg- a-a lcohols  with w e l l  c h a r a c t e r i z e d  s t e r e o c h e m i s t r y  

s u c c e s s f u l .  Quinone methides do undergo n u c l e o p h i l i c  a d d i t i o n  of 

primary and secondary amines i n  h igh  y i e l d , 2 0  and t h i s  r e a c t i o n  

h a s  now been u t i l i z e d  t o  examine t h e  s t e r e o c h e m i s t r y  of quinone 

methide r e a c t i o n s  under b a s i c  c o n d i t i o n s  wi th  nuc leophi les  s m a l l e r  

t h a n  AHQ and anthranol .  
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RESULTS AND DISCUSSION 

RALPH AND YOUNG 

A s o l u t i o n  of quinone methide 1 i n  mCl3 was t r e a t e d  with 

excess  methylamine t o  g i v e  t h e  a-amine adduct  ‘0 i n  q u a n t i t a t i v e  

y i e l d  (Scheme 2) .  Other  pr imary amines, such as isopropylamine,  

n-propylamine or a n i l i n e ,  and secondary amines, such as dimethyl-  

amine, d ie thylamine ,  morpholine, or p i p e r i d i n e ,  ( n o t  d i - i sopropyl -  
amine) a l s o  r e a c t e d  wi th  1. t o  g i v e  cor responding  adducts .8  A l l  

adducts  were predominant ly  ( o v e r  90%) a s i n g l e  isomer a s  deter-  

mined by 270 MHz p ro ton  NMR spec t roscopy.  P a r a l l e l  r e a c t i o n s  
8 c a r r i e d  out  with 2 a l s o  manifested t h e  same s t e r e o s p e c i f i c i t y .  

The predominant isomer uas  expected t o  be t h e  threo-adduct  based 

on r e s u l t s  of a d d i t i o n  of  a n t h r a n o l  or AHQ t o  quinone methides  1 
and 2.6p7 Although t h e  ‘H NMR d a t a  i n d i c a t e d  a s i n g l e  isomer o f  

each amine adduct ,  i t  could not  be determined whether  t h a t  isomer 

was e r y t h r o  or t h r e o .  
1 Stereochemis t ry  can be determined from ‘H- H coupl ing  con- 

s t a n t s  i n  6-membered r i n g  d e r i v a t i v e s  such a s  t e t r a h y d r o - l , 3 -  

oxaz ines  (e.g. , 2). 
on t h e  d i h e d r a l  a n g l e s  betueen t h e  coupled p r o t o n s ,  21’22 and, f o r  

a n  idea l  c h a i r  conformation,  pro tons  on a d j a c e n t  carbons  a r e  

o r i e n t e d  e i t h e r  a x i a l - a x i a l  (with a 1 8 0 ’  d i h e d r a l  a n g l e  and J - 10 

Hz), a x i a l - e q u a t o r i a l  (60°, J - 3 Hz) or e q u a t o r i a l - e q u a t o r i a l  
(60°, J - 3 Hz). 
c o n s t a n t s  i n  t h e  ‘H NMR s p e c t r a  o f  fl (Fig.  1 ,  Table  1 )  a l low a n  

Coupling c o n s t a n t s  a r e  dependent ,  i n  p a r t ,  

The d i h e d r a l  a n g l e s  implied by t h e  coupl ing  

’2 
SCHEME 2 
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unambiguous assignment  o f  t h e  s t e r e o c h e m i s t r y ,  e s p e c i a l l y  when 

compared w i t h  t h e  r e l a t e d  acetal  12 and phenylboronate  2 
d e r i v a t i v e s .  13C NHR chemical  s h i f t  ass ignments  (Table  2)  con- 

s i s t e n t  wi th  t h e s e  s t r u c t u r e s ,  were ass igned  by comparison wi th  

s p e c t r a l  d a t a  of  r e l a t e d  l i g n i n  models. 

v i o u s l y  descr ibed .  24 The ery thro- i somer  e x i s t e d  i n  s o l u t i o n  

i n  t h e  d i a x i a l  conformation.  Consequently each isomer had H -H 
4 5  

and H -H d i h e d r a l  a n g l e s  of approximately 60°, r e s u l t i n g  i n  

coupl ing  c o n s t a n t s  s o  small as t o  make d i s t i n c t i o n  between i somers  

by H NMR d i f f i c u l t  a t  90 MHz. However a t  270 MHz, t h e  e r y t h r o -  

d e r i v a t i v e  13b was c l e a r l y  d i s t i n g u i s h e d  (Fig.  1 ) by t h e  1.7 Hz 
"W-couplingp'26 between H-4 and t h e  e q u a t o r i a l  6-proton, H-6e. 

This assignment  agreed wi th  t h a t  o f  G i e r e r  and I?orent9 which was 

based o n l y  on e l e c t r o p h o r e t i c  m o b i l i t i e s  of  b o r i c  acid complexes. 

The a c e t a l  d e r i v a t i v e s  2 were prepared under  c o n d i t i o n s  of a 
modif ied P r i n s  r e a c t i o n 2 7  from guaiacylglycerol-8-guaiacyl e t h e r ,  

paraformaldehyde and boron t r i f l u o r i d e  e t h e r a t e .  I s o m e r i z a t i o n  

occurred  d u r i n g  t h e  r e a c t i o n  but  t h e  isomers  were s e p a r a t e d  by 

t h i c k - l a y e r  chromatography. The e r y t h r o - a c e t a l  w a s  

d i e q u a t o r i a l ,  j u d g i n g  by t h e  l a r g e  H -H and H -H coupl ing  con- 

s t a n t s  i n  t h e  ' H  NMR (Table  1 ,  Fig. 1 ) .  Presumably t h e  conforma- 

t i o n s  o f  t h e  acetals  and t h e  phenylboronates  d i f f e r  because o f  t h e  

p o s s i b i l i t y  of a d d i t i o n a l  1 , 3 - d i a x i a l  c l a s h e s  i n  t h e  a c e t a l s .  The 

cor responding  c o u p l i n g  c o n s t a n t s  f o r  3 w e r e  small. 

isomer p r o t o n s  H-2e and H-6e were unambiguously ass igned  by t h e  

s l i g h t  broadening due t o  mutual "W-coupling w25*26 and t h e i r  

g r e a t e r  chemical  s h i f t  compared t o  t h e  a x i a l  p r o t o n s ,  H-2a and 
H-6a. 

23 

The phenylboronates  and were each prepared a s  pre-  

5 6  

1 

4 5  5 6a 

I n  each 

2 8  

The te t rahydro-1  ,?-oxezine 2, prepared i n  >98% y i e l d  from t h e  

c rude  adduct  lo (Scheme 2) was over  95% threo .  

r e a c t i o n  was s t e r e o s p e c i f i c  a l though i sorner iza t ion  t o  a n  e q u i l i -  

brium m i x t u r e  of 70% l l b  ( e r y t h r o )  and 30% ( t h r e o )  occurred  

a f t e r  a 20 h per iod  and provided a convenient  s o u r c e  of  t h e  

erythro- isomer.  The two isomers  separa ted  c l e a n l y  by t h i c k - l a y e r  

The 5 minute  
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172 RALPH AND YOUNG 

chromatography. 

and H -H coupl ing  c o n s t a n t s  a l though they were s m a l l e r  t h a n  5 6a 
t h o s e  of t h e  o t h e r  d e r i v a t i v e s  implying a d e v i a t i o n  from t h e  i d e a l  

c h a i r  conformation. The cor responding  coupl ing  c o n s t a n t s  i n  t h e  

threo-isomer 1 la were small ( 1  -3 Hz) confirming t h e  e q u a t o r i a l -  

a x i a l  o r i e n t a t i o n  of t h e s e  pro tons .  Halls et  a1.28 determined t h e  

i n f l u e n c e  of  t h e  o r i e n t a t i o n  of  t h e  non-bonded lone  p a i r  of 

e l e c t r o n s  on n i t r o g e n  on t h e  d i f f e r e n t i a l  p ro ton  chemical s h i f t  o f  

a d j a c e n t  methylene p r o t o n s  and on geminal coupl ing  c o n s t a n t s .  On 

t h e  b a s i s  of  t h e i r  r e s u l t s ,  t h e  o b s e r v a t i o n  t h a t  t h e  d i f f e r e n c e  i n  

chemical  s h i f t  between t h e  e q u a t o r i a l  and a x i a l  2-protons was 
l a r g e  (0.56-0.87 ppm) i n  compounds 

l o n e  p a i r  i s  a x i a l .  

As expected t h e  erythro-compound had l a r g e  H4-H5 

- 

and 2 s u g g e s t s  t h a t  t h e  

1 The H NMR s p e c t r a  of compounds 1 1 - 1  3 showed a marked s o l v e n t  

e f f e c t ,  such a s  r e v e r s i n g  t h e  o r d e r  of t h e  H-5 and H-6e chemical 

s h i f t s  i n  3 and 3. 
s p e c t r a  were o f t e n  a s s i R n a b l e  (Table  1 ) .  

1.5-1.8 Hz) a t  low f i e l d  was ass igned  t o  t h e  A-2 proton ,  t h e  only 

aromat ic  proton not  v i c i n a l l y  coupled t o  a n o t h e r  a romat ic  p r o t o n  

(where J3 i s  approximately 8 Hz). The d e s h i e l d i n g  is presumably 

due t o  s t e r i c  c o r n p r e s ~ i o n ~ ~  and i s  complemented by a s l i g h t  

s h i e l d i n g  of  t h e  r e s p e c t i v e  A-2 carbons i n  t h e  1 3 C  NMR when com- 

pared with t h e  p a r e n t  amino a l c o h o l  or d i o l .  In  each of t h e  com- 

pounds 11-13 one pro ton  i s  s h i e l d e d .  That proton was ass igned  as 

t h e  B-6 pro ton  and i s  most l i k e l y  s h i e l d e d  by t h e  A r i n g  as can be 

s e e n  i n  molecular  models. Solvent-dependent conformations are 

implied by t h e  d i f f e r e n c e s  i n  chemical s h i f t  observed i n  s p e c t r a  

measured i n  CDC1 

A l s o ,  t h e  a romat ic  pro tons  i n  t h e s e  "R 

The narrow double t  ( J 4  = 

as compared t o  those  i n  acetone-d6 (Table 1 ) .  

The threo-isomer predominated (>go%) i n  a l l  te t rahydro- I  ,3- 
3 

oxaz ine  d e r i v a t i v e s  ( e - g . ,  11) which were prepared s t e r e o s p e c i f i -  

c a l l y  from t h e  crude amine adducts  (e.g., 2). Consequently l i k e  

AHQ and a n t h r a n o l ,  amines t r a p  quinone methides L w i t h  a h i g h  

degree of s t e r e o s p e c i f i c i t y  f o r  t h e  threo-isomer. 

( t r a p p i n g  by amines, a n t h r a n 0 1 , ~ ' ~  AHQ,6'7 water,4 and o r g a n i c  

O f  a l l  t h e  examples of  r e a c t i o n s  wi th  quinone methide 1 
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LIGNIN MODEL QUINONE METHIDES 173 

4 a c i d s  ) only  t h e  o r g a n i c  a c i d s  g i v e  predominant ly  e r y t h r o - s t e r e o -  

chemistry.  An e x p l a n a t i o n  f o r  t h i s  anomaly was sought  by r e a c t i n g  

a c e t i c  a c i d  wi th  quinone meth ides  1, 2 a n d  '4 i n  chloroform.  

Quinone methide Z l a c k s  t h e  y-hydroxyl f u n c t i o n a l i t y  and E l a c k s  

t h e  ring B methoxgl. A s s o c i a t i o n  wi th  a c e t i c  a c i d  a t  t h e s e  s i t e s  

could r e s u l t  i n  a d i r e c t e d  a t t a c k  a t  t h e  r e a c t i v e  c e n t e r  or i n  a 

conformat iona l  change of t h e  quinone methide i t s e l f .  

30 

That t h e  r a t i o  o f  s t e r e o i s o m e r s  was s i m i l a r  for r e a c t i o n s  o f  

quinone methides  L, 2 and - 14 (Table  3 )  i n d i c a t e d  t h a t  n e i t h e r  t h e  

r i n g  B methoxyl nor  t h e  y-hydroxyl was r e s p o n s i b l e  f o r  t h e  

TABLE 3 
R a t i o  of threo-:erythro-a-acetates from React ion 
o f  Quinone Methides 1, 2 and 3 w i t h  Acet ic  Acid 

5 t h r e o  % e r y t h r o  

1 29 71 
2 25 75 

1 4  32 68 

- 
- 
- 
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174 RALPH AND YOUNG 

r e s u l t a n t  e r y t h r o  s t e r e o c h e m i s t r y .  Based on t h e s e  f i n d i n g s ,  and 

on subsequent  s t u d i e s  on t h e  s t r u c t u r e  o f  quinone methides 

-- 1-3, 8s9’29 i t  is sugges ted  t h a t  t h e  outcome might s imply be 

a t t r i b u t a b l e  t o  a p r e f e r e n t i a l  s a l v a t i o n  of t h e  least hindered 

s i d e  o f  t h e  quinone methide (F ig .  2). The s o l v a t i n g  a c e t i c  a c i d  

molecule is o r i e n t a t e d  p o o r l y  f o r  a t t a c k  a t  Co. The f i g u r e  also 
i l l u s t r a t e s  t h e  p o s s i b l e  concomitant  carbonyl  oxygen p r o t o n a t i o n  

sugges ted  by Leary et  a d 4  from t h e  o b s e r v a t i o n  o f  te rmolecular  

k i n e t i c s .  A d d i t i o n a l l y  t h i s  model i s  c o n s i s t e n t  with t h e  
o b s e r v a t i o n 4  of i n c r e a s e d  p r o p e n s i t y  for t h e  e r y t h r o - d i a s t e r e o m e r  

(but lower  r e a c t i o n  r a t e s )  from more bulky a c i d s .  

In  summary, i t  h a s  been shown t h a t  even small amine nucleo-  

p h i l e s  add t o  t h e  quinone methide 1 with a high degree of s t e r e o -  

s p e c i f i c i t y  f o r  t h e  threo-isomer.  For  large nucleophi les  such a s  

anthrahydroquinone or a n t h r a n o l ,  on ly  t h e  threo-isomer is 

d e t e c t e d .  The anomaly o f  e r y t h r o - s t e r e o c h e m i s t r y  from r e a c t i o n s  

o f  quinone methide L w i t h  o r g a n i c  a c i d s  may be a r e s u l t  of 

s o l v a t i o n  effects .  

I 

in 

in 

FIGURE 2 .  P r e f e r e n t i a l  a t t a c k  on quinone methldes  1. and 2 by 
n u c l e o p h l l e s  and by acet ic  a c l d .  
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L I G N I N  MODEL QUINONE METHIDES 175 

EXPERIMENTAL 

' H  NMR s p e c t r a  were de tennined  i n  C I " 1  o r  acetone-d6 on a 3 
Bruker WH270 FT spec t rometer  w i t h  "MS as i n t e r n a l  r e f e r e n c e .  

S p e c t r a  were run with  16K data  p o i n t s  r e s u l t i n g  i n  J v a l u e s  

a c c u r a t e  2 0.4 Hz. 

p u l s e  d e l a y ,  o f t e n  r e s u l t i n g  i n  loss o f  OH and NH s i g n a l s ,  

e s p e c i a l l y  i n  acetone-d 6. 
acetone-d6 ( p l u s  DMSO-d6 f o r  &) on a JEOL FX60 FT spec t rometer .  

Assignment a m b i g u i t i e s  were reso lved  e i t h e r  by s ingle- f requency  

o f f  -resonance decoupl ing (SFORD) techniques  o r  by broad-band 

proton-decoupled 13C INEPT p u l s e  sequencing u s i n g  A = 3/45 

( i n v e r s i o n  of CH resonances)  .31 I n f r a r e d  s p e c t r a  were determined 

i n  KBr  d i s c s  or as f i l m s  on a B e c h a n  IR-12 spec t rometer .  Mass 

s p e c t r a  (probe ,  50 eV) were determined on a Finnigan-MAT 4510 

spec t rometer .  

P u l s i n g  was g e n e r a l l y  performed wi thout  a 

13C NMR s p e c t r a  were determined i n  

2 

Elemental  microanalyses  were performed by C a l b r a i t h  

L a b o r a t o r i e s ,  I n c . ,  Knoxvil le ,  Tennessee. Melt ing p o i n t s  were 

determined on a c a l i b r a t e d  Thomas-Hoover c a p i l l a r y  mel t ing  p o i n t  

appara tus .  Unless o therwise  noted ,  all products  e x h i b i t e d  only  

one s p o t  on t h i n - l a y e r  chromatography ( s i l i c a  g e l ,  10-50% e t h y l  

a c e t a t e  i n  hexane as developer ) .  When r e q u i r e d ,  compounds were 
p u r i f i e d  by t h i c k  l a y e r  o r  column chromatography on s i l i c a  g e l .  

L ignin  Models: Parent  l i g n i n  models were synthes ized  accord ing  t o  

l i t e r a t u r e  procedures  ( r e f .  23  and r e f e r e n c e s  t h e r e i n ) .  

Quinone Methides: Quinone methides  were prepared by a more con- 

v e n i e n t  method t h a n  descr ibed  previous ly .  

o f  t h e  model benzyl  a l c o h o l  (20-200 mg) i n  mcl3 (5-30 ml) with 

bromotr imethyls i lane  ( 2  e q )  f o r  10-60 B produced t h e  benzyl  

bromides. The s o l u t i o n  was shaken wi th  s a t u r a t e d  aqueous sodium 

b i c a r b o n a t e  and t h e  CHCl l a y e r  ( c o n t a i n i n g  t h e  QM) d r i e d  o v e r  

anhydrous MgS04, f i l t e r e d ,  and s t o r e d  a t  -78OC u n t i l  requi red .  

Amine Adducts, General Procedure:  

QM i n  C H C l  

Treatment of a s o l u t i o n  

3 

A s o l u t i o n  o f  30-200 mg of  t h e  

a t  -78'C was added t o  a v igorous ly  s t i r r e d  s o l u t i o n  o f  3 
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176 RALPH AND YOUNG 

t h e  amine ( a t  least 2 eq)  i n  CHCl a t  mom tempera ture  under 

n i t r o g e n .  After 2 t o  10 minutes t h e  product  was poured i n t o  a 

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

e x t r a c t e d  wi th  CHC13. 
evaporated t o  give an o i l  i n  greater t h a n  98s yield.  

i n v o l v i n g  methylamine were carried o u t  u s i n g  commercially a v a i l -  

a b l e  40% aqueous s o l u t i o n s .  

3 

The orRanic l a y e r  was d r i e d  over  &SO4 and 

Reac t ions  

1-(4-Hydroxy-~-methoxyphenyl)-3-hydro~y-2-(2-metho~phenoxy)- 

propylmethylamine (E). 
was prepared i n  q u a n t i t a t i v e  y i e l d  by t h e  Genera l  Procedure and 

was approximate ly  92% =-isomer. 

1Oa ( t h r e o ) :  

Anal. calcd. fo r  Cl#2305N (mol w t  333.38): 
4.20%. Found C, 64.99; H, 7.02; N, 4.07%. 
acetone-d6)  6 2.22 (s, 3H. N-CH3), 3.47 (dd,  1H, J 

"he quinone methide-methylamine adduct  10 

w h i t e  c r y s t a l s  from EtOAc-hexane, mp 1 40-140.5°C. -- 
C, 64.85; H, 6.95; B, 
'H I?MR (270 MHz, 

= 11.8, 

3.7, Hy2)t 
YlY2 

J 4.4, H 1), 3.66 (dd, 1H, JyZYl = 11.8, Jy2B YlB Y 

3.80 ( 9 ,  3H, methoxyl) ,  3.85 I s ,  3H, methoxyl) ,  3-85 (d ,  lH, JmB = 

7.7, Ha), 4.20 (add,  lH, JBa = 7.7, JByl a 4.4, J ~~2 a 7.79 H8), 
6.78 ( d ,  lH, J56 = 8.0, A5), 6.81-7.00 (m, 4H, B r i n g  p r o t o n s ) ,  

7.09 ( d ,  IH, J26 = 1.6, A2), 7.13 (dd, 1H, J 
As). 13C NMR (15 MHz, acetone-d6 + DMSO-d6 t o  i n c r e a s e  

s o l u b i l i t y )  6 34.3 (N-CH7), 56.3 (methoxyls) ,  61.8 ( c y ) ,  66.2 
(Ca), 86.4 (CfJ); 132.3, 112.9, 148.5, 146.9, 115.7, 121.8 (A-1 t o  

A-6, r e s p e c t i v e l y ) ;  151.4, 149.4, 113.6, 122.6, 121.8, 118.6 (B1 
t o  B-6, r e s p e c t i v e l y ) .  
K/S, m / e  333 (M+, not observed) ,  167(53), 166(100), 151(4), 
l37(2), 1 2 4 ( 4 ) ,  109f4). 

* 8.0, J62 = 1.6, 65 

I R  (KBr d i s c )  3430~ (OH), 3325111 cm-l (QH). 

4- ( 4-Hyd roxy -3-me thoxypheny 11-5- ( 2-me thoxyphenoxy ) -3-me t h y l -  

t e t r a h y d r o - I  ,?-oxazine (c). 
t h a t  used f o r  t h e  s y n t h e s i s  of a series of o x a z o l i d i n e s  r e l a t e d  t o  

a romat ic  " n i t r o g e n  mustards".32 The amino a l c o h o l  10 (50-250 mg) 

was s t i r r e d  u n t i l  d i s s o l v e d  with 2-5 ml of  37% formaldehyde 

s o l u t i o n  (J. T. Baker Chemical Co.). After 5 min, s a t u r a t e d  

sodium b i c a r b o n a t e  s o l u t i o n  (10-20 ml) was added and t h e  product  

e x t r a c t e d  i n t o  e t h e r .  

The procedure used was similar t o  

The organic  phase was d r i e d  over  MgS04 and 
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LIGNIN MODEL QUINONE METHIDES 177 

evaporated t o  a pa l e  yellow o i l  i n  q u a n t i t a t i v e  y i e ld .  Judging 

from H NMR d a t a ,  t he  major isomer was c l e a r l y  the  threo-compound 

(as  was the re fo re  the  precursor  10). 
by column chromatography on s i l i c a  g e l  us ing  3% e t h y l  a c e t a t e  i n  

methylene ch lo r ide  a s  e luan t  or by th ick- layer  chromatography i n  

e t h y l  acetate-hexane. Additional erythro-11 waa obtained by 

allowing the  r eac t ion  above t o  proceed f o r  20 h ,  i somer iza t ion  

tak ing  p lace  t o  g ive  an equi l ibr ium mixture comprising 70% 
ery thro-  and 30% threo-compound. 

1 

The isomers were separa ted  

lla ( th reo ) :  pa l e  yellow o i l .  'H lpMR (Table 1 ,  Fig. 1). "C 
NMR (Table 2). 
lo), 302(9), 272(3), 222(21), 195(16), 194(36), 192(9), 179(18), 
178(18), 166(28), 165(100), 164(65), 151(32), 150(66), 149(21), 

IR 342h (broad, OH); no NH. M/S, m / e  345 (M', 

137(16), 135(13), 124(20), 121(21), 109(26)* 
llb ( e ry th ro ) :  pa le  yellow o i l .  Anal. calcd f o r  Ct9H2305N 

(mol w t  345.39): C ,  66.07; H, 6.71; N, 4.06. Found: C, 66.26; 

H, 6.78; N, 3.93. 'H NMR (Table 1 ,  Fig. 1). "C NMR (Table 2). 
I R  3430~ (broad, OH); no NH. 
272(1), 222(18), 195(12), 194(32), 192(9), 179(18), 178(27), 
165(27), 165(100), 164(79), 151(12), 150(68), 149(16), 137(17), 
1 35 ( 1 2), 1 24( 1 7), 1 21 (25), 1 09(29) - 

M/S, m/e 345 (M+, 41, 302(5), 

4-( 4-Hydroxy-J-methoxyphenyl)-5-(2-methoxyphenoxy) -1 ,3-dioxane 
Acetals and k e t a l s  of guaiacylglycerol-6-guaiacyl e t h e r  (2). 

could not be prepared by conventional methods (e-g. ,  i n  r e f lux ing  

benzene with p t o l u e n e s u l f o n i c  acid a s  c a t a l y s t  i n  a Dean-Stark 
appara tus)  due t o  the  reverse  a ldo l  r eac t ion  which occurred under 

a c i d i c  condi t ions .  However, t he  formaldehyde a c e t a l  was prepared 

i n  q u a n t i t a t i v e  y i e l d  us ing  condi t ions  of a modified P r ins  
r eac t ion ,  27 although i somer iza t ion  occurred. 

glycerol-6-guaiacyl e t h e r  (91 m g )  was disso lved  i n  5 m l .  o f  CH2C12 
and paraformaldehyde (15 m g ,  1.8 eq) w a s  added. BFToEt20 (10 mg = 

0.25 eq) was added, and the  so lu t ion  was s t i r r e d  a t  room tempera- 

t u r e  f o r  2 h. The mixture w a s  t r ans fe r r ed  t o  a separa tory  funnel 

with CHCl and washed with sodium bicarbonate.  The s o l u t i o n  was 

d r i ed  and evaporated i n  the  normal way y i e l d i n g  94 m g  (over 99%) 

erythro-Guaiacyl- 

3 
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178 RALPH AND YOUNG 

of  product .  P r e p a r a t i v e  t h i c k - l a y e r  chromatography s e p a r a t e d  t h e  

isomers  i n t o  64% e r y t h r o -  and 36% th reo-product  ( a s  confinned by 

' H  NMR o f  t h e  i n i t i a l  r e a c t i o n  product ) .  

111.5-llJoC. 'H NMR (Table  1, Fig. 1 ) .  "C NMR (Table  2). I R  

3430~ (broad ,  OH). 

12a ( t h r e o ) :  whi te  c r y s t a l l i n e  s o l i d  from a c e t o n e ,  mp 

M/S, m/e 332 (M+, 71, 307(1), 2?2(1), 152(7), 

151(28), 150(100), 149(9), 137(8), 121(20), 109(15)* 
12b ( e r y t h r o ) :  c o l o r l e s s  o i l .  Anal. c a l c d  for C18H2006 (mol 

wt 332.35): C, 65.05; H, 6.07% Found: C, 65-26: H, 6.20% 'H 
NMR (Table  1, Fig. 1) .  I3C NMR (Table  2). IR 3430m (broad,  OH). 

M/S, m/e 332 (N+, l l ) ,  307(1), 272(1), 152(7), 151(24), 150(100), 

149(4), 137(8), 121(18), lOg(15). 

Phenylboronates :  Fhenylboronates  o f  guaiacylglycerol-6-guaiacyl 

e t h e r  were prepared  as  descr ibed  p r e v i o u s l y .  26 'H "R (Table I, 
Fig .  1). 13C NKR (Table  2). 

React ions  of  Quinone Methides  w i t h  A c e t i c  Acid: 

g l a c i a l  a c e t i c  a c i d  w e r e  added t o  20-30 mg of the quinone methide 

i n  d r y  CHCl  Quinone methide d isappearance  was monitored by W 

spec t roscopy and took up t o  24 h. The product  w a s  e x t r a c t e d  i n t o  

CHC13,  washed w i t h  b i c a r b o n a t e  and worked up as u s u a l .  

of t h e  e r y t h r o -  and threo-isomers  were determined by 270 MHz 'H 

NMR of  t h e  a c e t y l a t e d  products .  

A few drops  of 

3'  
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