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ADDUCTS OF ANTHRAHYDROQUINONE AND ANTHRANOL WITH LICNIN MODEL 

AnDUCTS; XXAMIMTION OF ADDUCT FCRMATION AND 
SZEREOCHEMISTRY I N  THE POLYMER 

QUINONE METHIDES. 9 , 1 0 - ~ 3 ~  LABELLED ANTHRANOL-LIGNIN 

John Ralph* 
N e w  Zealand F o r e s t  S e r v i c e ,  Forest Research I n s t i t u t e ,  

P r i v a t e  Bag, Rotorua, N e w  Zealand 

Lawrence L. Landucci 
F o r e s t  Products  Lsboratory+ , F o r e s t  S e r v i c e ,  

U . S .  Department of A g r i c u l t u r e ,  Madison, Wisconsin 53705 

ADSTRACT 

- Threo and e r y t h r o  i w m e r s  of 3-acetoxy-1- (4-acetoxy-3- 
methoxypheny 1) -1- ( 9 , 10-di hydro-10-hyd rox;r-9-oxoant hr acen-10-y 1) -2  - 
(2-methoxyphenoxy) -propane 1 have been s y n t h e s i z e d .  These 
cmpounds  a r e  appropr i a t e  model compounds €or adducts  between 
a n t h r a n o l  (9-hydrroxyanthracene) and quinone meth ides  of B-aryl 
e t h e r  u n i t s  i n  t h e  l i g n i n  polymer. Adducts of  t h i s  type a r e  
be l ieved  to r e s u l t  f r m  s i d e  r e a c t i o n s  d u r i n g  t h e  anthraquinone-  
a c c e l e r a t e d  pulg ing  of w o c d  and may c o n t r i b u t e  to  ex tens ive  losses 
of anthraquinone f r m  t h e  pulping system. 
s h i E t s  of  C-10 i n  t h e  three and e r y t h r o  isomers  of 4 a r e  4 4 . 1  and 
47.5 p p m  r e l a t i v e  to t e t r a m e t h y l s i l a n e .  Peaks wi th  corresponding 
chemical  s h i f t s  appeared i n  a s ectrum o f  an a c e t y l a t e d  adduct 
prepared from l i g n i n  and 9,l0-lgC l a b e l 1 4  a n t h r a n o l .  A s  i n  
model systems t h e  three isomer predominated. 

The 13C NMR chemical  

+ Maintained a t  Madison, W I ,  i n  c m p e r a t i o n  w i t h  t h e  Univers i ty  
of Wisconsin. 
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7 4  RALPH AND LANDUCCI 

I IVl' RODUCTION 

The r a t e  i n c r e a s e  i n  a l k a l i n e  d e l i g n i f i c a t i o n  of  wood induced 

by c a t a l y t i c  q u a n t i t i e s  Of anthraquinone (AQ) has been t h e  s u b j e c t  

of c o n s i d e r a b l e  i n v e s t i g a t i o n .  Because o f  t h e  complex and 

i r r e g u l a r  na ture  of t h e  l i g n i n  polymer,'-* a p p r o p r i a t e  l i g n i n  

models have been widely used i n  mechanis t ic  studies. T h i s  mode1 

work has allowed t h e  e l u c i d a t i o n  of t h e  major mechanisms c o n t r i -  

but ing to t h e  a c c e l e r a t e d  d e l i g n i f  i c a t i o n .  3-4 

impostant  to  determine to  what e x t e n t  r e a c t i o n s  on t h e  l i g n i n  

polymer i t s e l f  a r e  analogous with model r e a c t i o n s .  

However it is 

The proposal3" t h a t  anthrahydroquimne (AHQ) is t h e  a c t i v e  

s p e c i e s  which a t t a c k s  quinone methides of f r e e  p h e n o l i c  6 - e t h e r  

s t r u c t u r e s  i n  t h e  l i g n i n  molecule is n o w  widely accepted  as t h e  

main r e a c t i o n  leading  to bond c leavage .  P r e p a r a t i o n  and 

c h a r a c t e r i z a t i o n  of adducts  of  type  1 and t h e i r  d e r i v a t i v e s  has  

been t h e  theme of t h i s  I t  is p o s t u l a t e d  t h a t  

formation of  these  adducts  precedes bond c l e a v a g e  i n  t h e  l i g n i n  

molecule during a l k a l i n e  pulping i n  t h e  presence  o f  AQ. 

R' - H, OH 
R = H, CHg CH,OH 

R" - H, Lignin R" 

OH OCH, 

1 
p a r a l l e l  r e a c t i o n s  have used an thranol ,  t h e  vinylogous e n o l  

of an throne ,  which adds t o  q u i m n e  methides  i n  an analogous 

fash ion .  

subsequent  Grob f ragmenta t ion  cannot  occur  (R' = 11 r a t h e r  t h a n  R' 

= OH i n  L) and t h e  adducts  are t h e r e f o r e  c o n s i d e r a b l y  more 

s t a b l e ,  which is why a n t h r a n o l  adducts  were chosen f o r  t h i s  s tudy.  

This  r e s u l t s  i n  analogous a d d u c t s  i n  which t h e  3,6, LO 
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ANTHRAHYDROQUINONE AND ANTHRANOL ADDUCTS 7 5  

Proton and low f i e l d  l3C NMR evidence for t h e  formation of 

adducts  of type  1 (R" = l i g n i n )  between a n t h r a n o l  o r  AHQ and 

l i g n i n  have a l ready  been presented . l l  

m i l l e d  wood l i g n i n  from l o b l o l l y  p i n e  was t r e a t e d  with 9,1O-l3c 

l a b e l l e d  a n t h r a n o l  o r  AHQ i n  dioxane-base a t ,  o r  s l i g h t l y  below, 

roan temperature. This  procedure p r e f e r e n t i a l l y  hydrolyses  t h e  

phenol ic  a c e t a t e  and, i f  an Cr-OAc group is p r e s e n t ,  a l lows  

formation of  t h e  quinone methide i n  3 i t u  a t  room temperature  o r  

below. The r e s u l t i n g  product  was a c e t y l a t e d  to  g i v e  adducts  2 or 

- 3 ( t h e  10-OH group i n  2 is not  a c e t y l a t e d  ) .  

In t h a t  s tudy ,  a c e t y l a t e d  

6 

0 

The 1 5  MHz 13C NMR s p e c t r a l '  of t h e  a c e t y l a t e d  a d d u c t s  2 
or 2 showed evidence  f o r  t h e  incorpora t ion  of  t h e  1 3 C  l a b e l s ,  

and t h e  chemical  s h i f t s  of  t h e  9 and 10 carbons  of t h e  a n t h r a c e n y l  

moiety were s i m i l a r  to t h o s e  o€ t h e  model adducts .  S i n c e  t h a t  

conrmunication,ll t h e  model adducts  have been e x t e n s i v e l y  s tud ied  
and it has  been shown t h a t ,  i n  aqueous base o r  i n  p y r i d i n e /  

chloroform,  AHQ or an thranol  rPac t  i n  high y i e l d  wi th  quinone 

methide 4 to g i v e  s o l e l y  t h e  t h r e o  (as def ined  i n  r e f e r e n c e  6 )  

adduct  isomer. 6-10 Smaller  nuc leophi les ,  such a s  methylamine, 

a l so  g i v e  predominant ly  t h e  t h r e o  isomer.'* 

s t u d i e s ,  using pro ton  NMR, on a s e r i e s  of quinone methides  

Conformational  
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RALPH AND LANDUCCI 76 

i n d i c a t e d 1 3  t h a t  they e x i s t  i n  r e l a t i v c l y  r i g i d  rotameric forms 

which are c o n s i s t e n t  with t h e  a d d i t i o n  of nuc ieophi les  to g i v e  

p r o d u c t s  of t h e  observed s te reochemis t ry .  

Recent ly  ue reported on t h e  s y n t h e s i s  of both adduct  isomers 
with t h e  p h e n o l i c  OH methylated (e .g . ,  I t  was observed 

t h a t  t h e  1 3 C  NMR chemical s h i f t s  of C-10 i n  t h e  t h r e o  and 

0 

OR’ OCH, 

e r y t h r o  forms d i fEered  markedly. However, s t r i c t l y  speaking,  

model 5 does not  p o s s e s s  t h e  c o r r e c t  s u b s t i t u t i o n  to r e l a t e  it to  

t h e  a c e t y l a t e d  l i g n i n  p r e p a r a t i o n s ;  t h e  a c e t y l a t e d  a d d u c t s  th reo-  

and ery thro-8  a r e  requi red .  
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ANTHRAHYDROQUINONE AND ANTHRANOL ADDUCTS 7 7  

I t  w a s  t h e  aim of t h e  p r e s e n t  s tudy to compare 13C NMR 

chemical  s h i f t s  i n  t h e  a p p r o p r i a t e l y  s u b s t i t u t e d  and d e r i v a t i z e d  

model adducts  5 with t h o s e  i n  t h e  h igher  f i e l d  13C NMR s p e c t r a  

of l i g n i n - a n t h r a n o l  adducts  and a l s o  to provide  ev idence  fo r  t h e  

s t 2 r e o s e l e c t i v i t y  of r e a c t i o n s  occurr ing  i n  t h 4  l i g n i n  polymer. 

SYNTHESIS OF ADDUCTS 

- Threo-5 w a s  convenient ly  prepared i n  e s s e n t i a l l y  q u a n t i t a t i v e  

y i e l d  f r a n  an thranol  and quinone methide 2 a s  d e s c r i b e d  

w- and erythro-6 (wi th  t h e  p h e m l i c  OH 

methyla ted)  were previous ly  prepared i n  a 2:l r a t i o  by a l k y l a t i o n  

of TMS-anthcanol (9- (tcimethylsiloxyI-anthracene] by t h e  bromide 

- 1 0  i n  chloroform i n  t h e  presence of ZnBr 2.a It was 

a n t i c i p a t e d  t h a t  t h e  p a r e n t  adducts  -- and e r y t h r o - 5  could be 

s i m i l a r l y  obtained t h e  benzylated bromide 11. Indeed, t h i s  

r e a c t i o n  using 1 , l - d i d e u t e r o - G l 4  gave, no t  only t h e  benzylated 

a d d u c t s  e- and erythro-Y.7-dideutero-1 (198 : 14%) but also 

t h e  p a r e n t  adducts  th reo-  and erythro-y ,Y-dideutero-z (35% : 2 0 $ ) ,  

which r e s u l t e d  from debenzyla t ion  r e a c t i o n s  occurr ing  under the  

r e a c t i o n  c o n d i t i o n s .  Tho t o t a l  yield of p r o d u c t s  5 and 2, a f t e r  

g u r i f i c a t i o n ,  was 88%. Subsequently it was f m n d  t h a t  p r o t e c t i o n  

cf t h e  4-phenolic g r w g  was not necessary,  and t h r e o -  and 

e r y t h r o - 5  (60  : 40)  -re obtained i n  88% y i e l d  from 2 and 

TMS-anthranol under t h e  same c o n d i t i o n s .  The r e a c t i o n s  were 

convanient ly  done i n  C K L 3  i n  an NMR tube  and mimitored by ‘H 

NMR spec t roscopy . 

OR 
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7 8  RALPH AND LANDUCCI 

The p r e p a r a t i o n  of  t h e  9 ,  d 3 C  l a b e l l e d  a n t h r a n o l - l i g n i n  

adduct  from l o b l o l l y  p i n e  m i l l e d  wood l i g n i n  was d e s c r i b e d  

p r e v i o u s l y  . 11 

13C NMR SPECTRA 

13C NMR has proven to  be t h e  most va luable  technique  f o r  

o b t a i n i n g  d e t a i l e d  s t r u c t u r a l  in format ion  on t h e  complex and 
i r r e g u l a r  l i g n i n  polymer. 10815-21 

acetone-d a r e  i n  a more acceptab le  reg ion  of t h e  a c e t y l a t e d  

l i g n i n  spectrum than CDCl peaks a r e  and,  s i n c e  small chemical  

s h i f t  d i f f e r e n c e s  i n  model adducts  5 e r e  noted"" between t h e  

t w o  s o l v e n t s .  all s p e c t r a  have been recorded i n  acetone-d 

Solvent  peaks from 

6 

3 

6'  

The 50 MHz 1 3 C  NMR spectrum of t h e  a c e t y l a t e d  a n t h r a n o l -  

l i g n i n  adduct  is g i v e n  i n  F igure  1. An expanded spectrum and a 

spectrum of t h e  unreacted a c e t y l a t e d  m i l l e d  wood l i g n i n  for 
comparison'' a r e  a v a i l a b l e  from t h e  a u t h o r s  as Supplementary 

M a t e r i a l .  Large peaks  corresponding t o  t h e  l a b e l l e d  C-9 and C-10 

p o s i t i o n s  of  t h e  a n t h r a c e n y l  m i e t y  a r e  e v i d e n t  (shaded)  i n  

reg ions  of  t h e  spectrum where no s i g n i E i c a n t  peaks occur  i n  

a c e t y l a t e d  m i l l e d  wood l i g n i n .  The m u l t i p l i c i t y  o f  peaks i n  t h e  

C-10 reg ion  is evidence  t h a t  quinone methides  f r a n  o t h e r  than 

6-aryl e t h e r  u n i t s  a r e  c a p a b l e  of  t r a p p i n g  anthranol . ' l  

small b u t  r e a d i l y  apparent  reduct ion  i n  t h e  i n t e n s i t y  o f  peaks 29 

and 30 ( a t t r i b u t a b l e  to C6 and Ca i n  B-aryl e t h e r  u n i t s )  is 

e n t i r e l y  c o n s i s t e n t  w i t h  t h e  r e a c t i o n s  involved i n  format ion  of  

t h e  a n t h r a n o l  l i g n i n  adduct .  Those p e t h e r s  which had f r e e  

phenol ic  groups  ( p r i o r  t o  a c e t y l a t i o n )  a r e  t h e  ones  which would 

form quinone methides  and t r a p  a n t n r a n o l .  Hence, t h e  reduct ion  

i n  t h e  i n t e n s i t y  o f  these  l i n e s  may be d i r x t l y  a t t r i b u t a b l e  t o  

t h e  ' loss'  of  f r e e  p h e n o l i c  8-aryl e t h e r  u n i t s .  Estimates f o r  

t h e  f r e e  phenol ic  c o n t e n t  of  mi l led  wood l i g n i n s  vary between 

10%22 and 30% 

The r e l a t i v e  i n t e n s i t y  of t h e  phenol ic  acetate c a r b o n y l  peak,  3b, 

A 

2 and depend on t h e  l i g n i n  i s o l a t i o n  method. 
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ANTHRAHYDROQUINONE AND ANTHRANOL ADDUCTS 1 9  

0 

H LlGNlN 
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I I I 1 I 1 I I I I 

FIGURE 1 

i3 similar to t h a t  i n  t h e  a c e t y l a t e d  m i l l e d  wood l i g n i n .  

However, adduct formation does not change t h e  number o f  f r e e  

phenol ic  groups and, a t  least i n  m o d e l  ccmpounds, t h e  phenol ic  

a c e t a t e  c a r b o n y l  chemical  s h i f t  is not  s i g n i f i c a n t l y  a l t e r e d  by 

adduct formation.  The spectrm of t h e  adduct ,  F igure  1 and 

Supplementary M a t e r i a l ,  o therwise c l o s e l y  resembles  t h a t  of 

a c e t y l a t e d  m i l l e d  w o d  l i g n i n .  

Table 1 lists t h e  13C NMR chemical  s h i f t s  of model adducts; 

t h e  under iva t ized  adduct  5, t h e  methylated d e r i v a t i v e  2,* and 

the a c e t y l a t e d  d e r i v a t i v e  3. Compound 3 has t h e  a p p r o p r i a t e  
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80 RALPH AND LANDUCCI 

TABLE 1 

l 3 C  NMR Chemical Shifts of A l i p h a t i c  Carbons in Model Adducts  
- 5 ,  5, and 1 and i n  L i g n i n  Adduct 2: S o l v e n t ,  Acetone-d6 

0 

5 \  / ‘O? 

OR’ OCH, 
OCH, 

l i g n i n  
adduct  

_______I---_- __-- ---.-------- --------------- - - ---------- 
T E T E T E T E 

--- ---- 
1 0  4 4 . 4  4 7 . 5  4 4 . 4  4 7 . 4  4 4 . 1  4 7 . 5  4 4 . 2  4 7 . 6  

9 1 8 3 . 5  184.6 1 8 3 . 3  1 8 4 . 4  1 8 3 . 0  L84.5 103.2 L84.5 

a 58.0  59.9 58.0 59.0 59.9 60.5 - - 
5 8 1 . 1  8 0 . 4  8 1 . 1  8 0 . 4  7 6 . 0  76.5 - - 
y 61.9 6 1 . 7  61 .7  61 .7  64.5 6 4 . 5  - - 

OMe 56.0 56.2 5 6 . 8  56.2 5 6 . 6  56.1 - - 
OMe 56.1 55.9 56.3 56.0 5 5 . 7  5 5 . 0  - - 
OMe - - 55.9 5 5 . 7  - - - - 
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ANTHRAHYDROQUINONE AND ANTHRANOL ADDUCTS 81 

d e r i v a t i z a t i o n  to c l o s e l y  model t h e  B-aryl e t h e r  adducts  2 i n  t h e  

a c e t y l a t e d  l i g n i n  adducts  prepared. I t  is apparent  from Table 1 

t h a t  t h e  d i f f e r e n c e s  between t h e  t n r e o  and e c y t h r o  C-10 chemical  

s h i f t s  m t e d  previously '  i n  5 a r e  also r e f l e c t e d  i n  compounds 3 
and 2. I n  f a c t ,  t h e  C-10 chemical  s h i f t  is inf luenced  only 

s l i g h t l y  by methylat ion or a c e t y l a t i o n  of t h e  phenol ic  OR or 

a c e t y l a t i o n  of  t h e  s idechain  hydroxymethyl group.  Although t h e  

chemical s h i f t s  of s idechain  and methoxyl  carbons  d i f f e r  only 

s l i g h t l y  between t h e  t h r e o  and e r y t h r o  isomers  of  model adducts  

- 5 ,  5,  and 4 t h e r e  is a l a r g e  and c o n s i s t e n t  d i f f e r e n c e  between 
t h e  C-10 carbon chemical  s h i f t s  and, to  a l e s s e r  e x t e n t ,  t h e  C-9 

ca rbony Is. 

The major C-10 peak ( 6  4 4 . 2 )  i n  t h e  a c e t y l a t e d  an thranol -  

l i g n i n  adduct  spectrum, Figure 1, corresponds  w e l l  wi th  t h e  s h i f t  

i n  threo-8 ( 6  4 4 . 1 ,  Table 1). As h a s  been observed i n  &el 

systems,  at tack of an thranol  on quinone methides  oE t h i s  type 

g r e a t l y  favours  t h e  %-isomer. There i s  also a smal le r  peak 

a t 6  4 7 . 6 .  T h i s  cannot  n e c e s s a r i l y  be a t t r i b u t e d  to t h e  e r y t h t o  

isomer o f  2 ( c f .  compound ery thro-8 ,  6c-10 = 47 .5 )  r a t h e r  than 

to an adduct  f r a  some other  non-g-ether quinone methide al thcugh 

t h e  presence  o f  a correspondin31y Small C-9 c a r b o n y l  rssonance 

a t 6  1 8 4 . 5  ( c f .  compound erythro-8,  6c-9 - 1 8 4 . 5 )  s t r o n g l y  

sugges ts  t h a t  it is. Evident ly  t h e  r e a c t i o n  i n  t h s  l i g n i n  

polymer i s  less s t e r e o s e l e c t i v e  than i n  model systems. 

A l t e r n a t i v e l y ,  t h e  d i f f e r e n c e  may be a t t r i b u t a b l e  to t h e  acesence 

of  dioxane r e q u i r d  t o  e f f e c t  s o l u b i l i t y  i n  t h e  l i g n i n  r e a c t i o n .  

Dioxane has p e c u l i a r  s o l v a t i n g  p r o p e r t i e s  which may a f f e c t  t h e  

s te reochemica l  course  of  the  reac t im.  Indeed the r e a s t i o n ,  i n  

dioxane,  of oxanthranol  ( t ne  keto form o f  AHQ which r a p i d l y  

g e n e r a t e s  AHQ i n  base) v i t h  a quinone methide sirailar t o  4 
b u t  w i t h  t h e  hydroxymethyl group a c e t y l a t e d ,  a p p a r e n t l y  yields 

both  t h e  three and ervthro adduct  ~ s - r s . ~ ~  

2- 

By c o n t r a s t ,  i n  

aqueous base or i n  CHCl /pyr id ine  o n l y  t h e  t h r e o  isomer i s  

obee rved . 3 6-7,9-10 
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a 2  RALPH AND LANDUCCI 

I n  summary, it has Deen demonstrated that a n t h r a n o l  

e f f e c t i v e l y  t r a p s  quinone methides  g e n e r a t e d  i n  t h e  i i g n i n  

polymer to g i v p  adducts  analogcus t o  those  from l i g n i n  model 

quinone metbides. I n  a d d i t i o n ,  t h e  t h r e o  isomer of t h e  r e s u l t a n t  

adduct  predominates  a l though t h e r e  is evidence  f a r  t h e  formation 

of m i n o r  amounts of t h e  e r y t h r o  isomer which is not  observed i n  

cor responding  model systems. This  s tudy  has  demonstrated t h a t  

r e a c t i o n s  using wall-chosen l i g n i n  Utodcl canpounds c a n  be 

e x t r a p o l a t e d  to  the  l i g n i n  polymer, even to  t h e  d e t a i l  of 

r e a c t i o n  s t e r e o c h e m i s t r y  and provides  a f u r t h e r  example of t h e  

power of 13C NMR to e x t r a c t  d e t a i l e d  s t r u c t u r a l  in format ion  

f r m  t h e  complex l i g n i n  polymer. 

EXPERIMENTAL 

'H NMR s p e c t r a  were determined i n  CDC13 or acetone-d6 

on a Varian T60, JEOL FX90,  Bruker WH270, or Bruker WM250 s p e c t r o -  

meter with T M  as i n t e r n a l  r 3 f e r e n c e  ( t h e  270 MHz s p e c t r a  were run 

w i t h  1 6  K 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  to 2 0.4 Hz 

and the  250 MBz spectra have J v a l u e s  a c c u r a t e  to  2 0.2 Hz). 

13C NblR s p e c t r a  were determined i n  acetone-d6 on a JOEL FX9OQ 

(22.5 MHz), B r u k e r  WM250 (62.5 MHz) or JEOL FX2OO (50.1 MHa) 

spec t rometer .  

using T = 1/45 and A = 3 / 4 J  ( i n v e r s i o n  of CH r e s o n a n c e s ) .  

S e p a r a t e  quaternary-carbons-only s p e c t r a  on t h e  FXVOQ were 

recorded under normal c o n d i t i o n s  except  w i t h  t h e  broadband 

d e c c u p l e r  o f f s e t  by 5 K H z . ~ ~  

a d i r e c t  i n s e r t i o n  probe on a H e w l e t t  Packard 5985 GC/HS. 

Melt ing p o i i i t s  were determined on a c a l i b r a t e d  R e i c h e r t  Thermopan 

m p  a g p a r a t u s .  Canpounds were p u r i f i e d  e i t h e r  by flash 

Proton m u l t i p l i c i t i e s  were determined by 13C INEPT 
24-25 

2 

M a s 9  S p e c t r a  were determined wi th  

on s i l i c a  g e l  us ing  e t h y l  ace ta te /pe t ro leum 

e t h e r  as e l u a n t  or by t h i c k  l a y e r  chromatography on s i l i ca  g e l  

u s i n g  5-50% e t h y l  ace ta te /pe t ro leum e t h e r  as developer ,  

A c e t y l a t i o n s  were performed with 1/1 acetic anhydr ide /pyr id ine  

( o f t e n  c o n t a i n i n g  a trace of  4-dimethylaminopyridine as c a t a l y s t )  , 
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ANTHRAHYDROQUINONE AND ANTHRANOL ADDUCTS 83 

Prepara t ion  of S t a r t i n g  M a t e r i a l s  

quinone met h i d e s ,  lo l2 TMS-snthranol , "lo and 

l a b e l l e d  a n t h r a n o l l l  have been d e s c r i b e d  p r e v i o u s l y .  

8,10,12 The p r e p a r a t i o n s  of l i g n i n  models, lo 2' bromides, 

Prepara tiai of a n t h r a n o l  adducts  
6 The p r e p a r a t i o n s  of adduct  toreo-5 v i a  quinone methide 4. 

and of threo-  and erythro-6 v i a  t h e  bromide 2 and TMS- 

anthranol '  have been descr ibed  p r e v i o u s l y .  

9,lO- C la!xll.rd a n t h r a n o l - l i g n i n  adduct  from 9, d 3 C  

labelled anthrone  and a c e t y l a t e d  milled w o o d  l i g n i n  was descr ibed  

i n  r e f e r e n c e  11. The polymeric f r a c t i o n  was s e p a r a t e d  from 

excess  a n t h r a n o l  by s i z e  e z l u s i o n  chromatography. 

P r e p a r a t i o n  of t h e  
13 

Alkyla t ion  of TMS Anthranol wi th  Bromide 9 

1-br om-1- ( 4 -hyd roxy- 3-me t hoxyp heny 1) - 2- ( 2-me t hoxyp henoxy ) - 
propan-3-01 (9) was prepared i n  CDC13 i n  an NMR t u b e  from t h e  

corresponding benzyl  a l c o h o l  (98  mg, 0.31 moles) using 

br  om0 t c ime t hy Is i l a n e  

excess  ( 5  eq)  of T M S - a n t h ~ a n o l ~ ~  and 5 mg of ZnBr2 was added 

and t h e  tube shaken. Proton NMR i n d i c a t e d  t h a t  t h e  r e a c t i o n  was 

complete w i t h i n  5 minutes. The mixture  was t r a n s f e r r e d  t o  a 

s e p a r a b r y  f u n n e l  with CHC13 and washed wi th  s a t u r a t e d  aqueous 

NaHCOj. 

p l a t e  and e l u t e d  s e v e r a l  times wi th  10% EtOAc/PE t o  remove t h e  

anthrone.  The remainder, which s c a r c e l y  moved on t h e  t l c  p la te  

was c o l l e c t e d  and a p p l i e d  to a f l a s h  c h r m a t o g r a p h y  column. 

E l u t i o n  w i t h  2:l EtOAc/PE c l e a n l y  separa ted  t h e  t w o  adduct  isomers 

of 1-(antnracen-9-one-lO-y1)-1-(4-hydroxy-3-methoxyphenyl)-2- 

(2-mthoxyphe~xy)propan-3-01 (5) , t h e  e r v t h r o  isomer e l u t i n g  

E i r s t .  

( 4 9 . 2  mg, 0.32 nrmoles). A l a r g e  8,12 

The crude product  was a?pl ied  to a p r e p a r a t i v e  t l c  

27 

Erythro-5 (51.7 mg, 34%) was a p a l e  yellow oil; 'H NMR (90 

MHz, acetone-d 

6 . 2 ,  H a ) ,  3.5819, 3H, r i n g  A m t h v x y l ) ,  3.78 (9, 3 H ,  r i n g  B 

+ 1 d r o p  D20) 6 3.30 (t ,  1 H .  JaB = Jalo = 6 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



84 RALPH AND LANDUCCI 

methoxyl), y-protons m u l t i p l e t  masked oy methoxyls ,  4.55 ( m ,  L H ,  

H a ) ,  4.83 (d,  I H ,  J l O u =  6.4, 6.02 (dd, I H ,  J65 a 

8.2,  J62 = 1.9 ,  H6 r i n g  A ) ,  6.41 (d ,  18, JS6 = 8.2 ,  H5 r i n g  

A ) ,  6.56 (d,  l H ,  J26 = 1.9,  H2 r i n g  A ) ,  6.6-8.1 ( m ,  12H, 

a r o m a t i c s ) :  

Supplementary M a t e r i a l ,  Table  A l .  M/S ( E I ,  70 e V )  m/z 467 (.9), 

13C NMR (22.5 MHz, acetone-d ) Table 1 and 6 

466 (M-H2C=0, 3 ) ,  303 ( 3 1 ) ,  302 (11)~ 285 (16)  273 ( 2 2 ) ,  272 

( 2 6 ) t  253 ( 1 2 ) t  195 (11) , 194 ( 8 0 ) t  193 (86)  , 180 ( 1 6 ) r  179 (29)  t 

165 (loo), 149 (371, 137 ( 7 2 ) ,  124 (331, 119 ( 2 9 ) ,  109 ( 1 9 ) ,  95 

( 1 9 ) ,  91 ( 2 6 ) ,  77 ( 2 8 ) .  The d i a c e t a t e ,  e r y t n r o - 8 ,  was d p a l e  

yel low o i l :  'H NMR (250 MHz, acetone-d6) 6 1.90 (s, 3H, 

y-acetate m e t h y l ) ,  2.19 (s, 3H, phenol ic  a c e t a t e  m e t h y l ) ,  3.22 

(dd,  l H ,  J = 7.1,  J = 5.2,  HcJ,  3.59 ( 8 ,  3H, r i n g  A 

methoxyl ) ,  3.81 (s, 3H, r i n g  B methoxyl ) ,  4.05 (dd, lH, J 
u10 u6 

- - 
Y l Y  2 

= 11.7,  J 

I O U  

1 2 Y l  Y 28 11.7, Jl18 5.4,  Hy ) ,  4.35 (dd, l H ,  J 1 
= 5.0, H Y 2 ) ,  4.80-4.84 ( m ,  2H, HLO and HB,  J = 7 .1  was 

e v i d e n t ) ,  6.29 (dd, l H ,  JS5 = 8.1,  J62 = 1.8 ,  H6 r i n g  A ) ,  

6.67 (d,  lH, Js6 = 8.1 ,  H5 r i n g  A ) ,  6.83 (d,  l H ,  J26 = 1.8,  

H2 r i n g  A ) ,  6.84-7.04 (m, 4 H ,  r i n g  B p r o t o n s ) ,  7.17-7.49 (m, 6H, 

antnracenyl  H2-H7), 7.98-8.03 (m, 2H, a n t n r a c e n y l  HI, H a ) :  'H 

NMR (250 MHz, CDC13) 6 1.87 (s, 3H, y - a c e t a t e  m e t h y l ) ,  2.29 (s, 

3H, phenol ic  acetate m e t n y l ) ,  2.81 (dd, LH, J 

3.9,  a), 3.69 (9, 3H, r i n g  A methoxyl) ,  3.77 (dd, lH, J,, = 

11.6, J = 6.8,  HY1), 3.85 (s, 38, r i n g  B methoxyl ) ,  4.25 

4.62 (d,  l@T#loa J 8.9,  HlO), 6.45-7.04 (in, 7H, r i n g  A and 

r i n g  B p r o t o n s ) ,  7.15-7.46 (m, SH, an thcacenyl  H2-H7), 8.13, 8.16 

( 2  x dd, 28,  J - 7.6, 1.3,  an thracenyl  H I ,  H8);  13C NMR (22.5 

MHz, acetone-d ) Table 1 and Supplementary M a t e r i a l ,  Table  A l .  

M/S ( E I ,  70 e V )  , m/z 388 (61 ,  387 (331,  328 ( 9 ) ,  327 (511, 285 

( 2 8 ) ,  284 ( a ) ,  253 (14), 204 ( a ) ,  194 ( 2 6 ) ,  1 9 3  ( 3 7 ) .  179 (151,  

165 (181, 162 (11) , 161 (161, 149 (1) , 137 (16)  , 124 ( 1 3 ) ,  123 

( 2 7 ) ,  43 (100) . 

* 8.8, Ju6 = a10 

~ 1 6  
(dd, 1 H ,  J = 11.6, 5 - 6 "  5.0, HY2) ,  4.49 (m,  1H, I@), 

6 

- Threo-5 (81.4 mg, 5 4 % )  was a white  c r y s t a l l i n e  s o l i d :  mp, 

'H NMR (270 MHz, CDCl ) and 13C W (50 MHz, CDC13) 
3 
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ANTHRAHYDROQUINONE AND ANTHRANOL ADDUCTS 85 

r e p o r t e d  p r e v i o u s l y  (compound 2, r e f e r e n c e  6)  and Supplementary 

Material, Table  A l .  

and Sumlementary  Material, Table  A l .  M/S (EI, 70 eV)  m/z 466 

13C NMR (62.5 MHz, acetone-d ) Table 1 
6 

(M-H2C=0, l), 303 (32) I 302 ( 8 )  , 285 (15) I 273 ( 1 7 ) r  272 (19) I 

253 ( 3 ) '  195 ( 1 6 ) ,  194 (loo), 193 ( 5 5 ) ,  180 (15), 179 (291,  165 

( 5 9 ) ,  149 ( 4 4 ) ,  137 (871, 124 (261, 119 (la), 109 ( 2 1 ) ,  95 (LO), 
91 ( 1 2 ) ,  77 ( 1 6 ) .  The d i a c e t a t e ,  threo-8,  was a 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 183.5-184OC; 'H NMR (270 

MHZ,  C X 1 3  and acetone-d6) and I R  r e p o r t e d  p r e v i o u s l y  

(canpound 4gAc, r e f e r e n c e  6 ) ;  I3C  NMR (22.5 MHz, acetone-d5)  

Table 1 and Supplementary MaterisL, T a b l e  A l .  M/S (EI, 70 eV) 

m/z 388 (15), 387 (65), 328 ( 2 2 ) ,  327 (loo), 286 (101, 285 ( 5 8 ) ,  

284 ( 1 4 ) ,  254 ( 6 1 ,  253 (251, 222 ( 8 1 ,  204 ( 1 4 1 ,  203 ( 3 6 1 ,  195  

(lo), 194 ( 6 4 ) ,  193 (761, 179 (291, 165 (Ql),  163 (111, 162 ( 1 5 1 ,  

161 ( 3 4 ) ,  137 ( 2 6 ) ,  124 ( 1 4 1 ,  123 ( 4 0 ) ,  1 2 1  ( 2 1 1 ,  1L9 ( 1 2 1 ,  95 

( 1 4 ) ,  91 (lo), 77 ( 1 3 ) ,  43  ( 6 7 ) ;  M/S ( C I ,  m t h a n e ,  0 . 5  t o r r ,  35 

e V ) ,  m/z 581 (M + 1, 6 ) ,  388 ( 4 1 ,  387 (71,  328 (S), 327 ( 3 7 ) ,  285 

(5) 223 ( 5 )  t 205 (11) t 195 (34) 8 194 (10) 8 193 (10) 163 (381, 

161  (5), 153 ( 3 ) ,  126 ( 4 1 ,  1 2 5  (1001, 124 ( 3 ) .  

A l k y l a t i o n  o f  MS-anth tanol  w i t h  Bromide y, y-dideutero-11 

A l k y l a t i o n  o f  TMS-anthranol (60 mg, 0.22 m mole) w i t h  

1-(4-benzyloxy-3-methoxyphenyl~-l-bromo-3,3-dideutero-2- 

(2-methoxyphenoxy) propan-3-oL, y, y-dideutero-& (70  mg, 0.17 

mole) gave t h e  expected d i d e u t e r a t e d  a d d u c t s  of th reo-  and 

e r y t h r o - 7  along wi th  t h e  debenzylated d i d e u t e r a t e d  a d d u c t s  tn reo-  

and e r y t h r o - 5  i n  a combined y i e l d  of 889 a f t e r  p u r i f i c a t i o n  

by m u l t i p l e  e l u t i o n  p r e p a r a t i v e  t h i c k  l a y e r  cnromatography. 

1- ( a n t  hr acen-9-one - 10-yl) - 1- ( 4 -benz y loxy -3-me t hoxypheny 1) -3,3- 

d ideutero-2-  (2-methoxyphenoxy ) propan-3-01 (7 ,-y -d ideutero- l )  . The 

- t h r e o  isomer (19 mg, 19%) was a p a l e  ye l low oil; 'H NMR (270 

MHz, CDC13) 6 3.34 ( 5 ,  3H, A3 n e t h o x y l ) ,  3.82 (dd, lH, Ja6 = 

J f 11.0, HB), 4.98 (s, 2H, benzyl  C H 2 ) ,  5.26 (d, l H ,  Jloa 

11.0, Jal0 3 - 3 ,  3.97 ( S t  3H. B2 m t h o x y l )  r 4.56 (d ,  1 H ,  

Ba 
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86 RALPH AND LANDUCCI 

= 3.3, 8101,  5.38 (bs, l H ,  A2 r i n g  A ) ,  5.40 (bd, l H ,  JS5 = 8.4, 

H6 r i n g  A ) ,  6.34 (d,  l H ,  JS6 = 8.4. A5 r i n g  A ) ,  7 .02-7 .79  (m,  

158,  a r o m a t i c s ) ,  7 .91  (dd, l H ,  J = 7 . 7 ,  1.1, H8 or H 1  

a n t h r a c e n y l )  , 8 .06  (dd, lH, J = 7 . 7 ,  1.1, H8 or H 1  a n t h r a c e n y l )  . 
The erytnro- isomer (14 mg, 14%) was a p a l e  yellow oil; 'H NMR 

(270  MHz, CDCl3) 6 3.41 (dd, 18, Ja6 8.1, *Tala = 5 . 5 ,  H a ) ,  

3.50 (s, 3H, A3 m t h o x y l )  , 3.78 ( S r  3H, 8 2  methoxyl ) ,  4.43 (d,  

1 H .  J 8-18 €I@), 4 - 7 3  (d,  1H. JlOa f 5 - 5 ,  H l O ) ,  5 . 0 2  ( S ,  2Hp 
6a 

benzyl  C H 2 ) ,  5.83 (dd, l H ,  J 

A ) ,  6 . 1 2  ( b s ,  l H ,  H2 r i n g  A ) ,  6.43 (d,  l H ,  J56 = 8.1, 8 5  r i n g  

A ) ,  6.77-7 .54  (m, 15H, armdt ics ) ,  8.02-8 .06  (nu, 2H, H 1 , 8  

a n t h r a c e n y l )  . 

= 8 . 1 ,  J62 = 1 . 5 ,  H6 r i n g  65 

1- (anthracen-9-one-10-yl) -3,3-dideutero-1- (4-hydroxy-3- 

met hoxypheny 1) -2- (2  -m t hoxyphenoxy ) propan-3-01 ( y , y-dideu t e  co-2) . 
The tnreo-isomer (30 mg, 35%) was a white  c r y s t s f l i n e  s o l i d  with 

mel t ing  p o i n t  behaviour s i m i l a r  to  t h a t  of the  undeutera ted  

material r e p o r t e d  y r e v i o u s l y  (compound 4f, r e f s r e n c e  6 ) ;  '8 NMR 

(60  MHz, CDclJ) 6 3.35 ( 5 ,  38, A3 methoxyl ) ,  3.77 (dd, lH, J 
a6 

= 10.5,  Jd0 = 3,  H a l ,  3.98 ( 5 ,  3H, 8 2  methoxyl) ,  4.57 (d,  1H. 

J 

hidden,  p h e n o l i c  OH), 5.33 (bs,  1 H .  8 2  r i n g  A ) ,  5.40 (dd,  l H ,  

= 10.5, HB), 5.25  (d, l H ,  JIOa = 3,  HlO),  5 . 3  ( p a r t i a l l y  
6u 

= 8 ,  J62  = 2 ,  H6 r i n g  A ) ,  6.40  (d ,  la, J 65 56 
A ) ,  7.0-8.15 (m, 128 ,  aromatics). The erythro- isomer (17 mg, 

20%) was a p a l e  yellow oil: 'H NMR (270  MHz, CDcl 

d r o p  of D20)  6 3.46 ( 5 ,  38, A3 methoxyl) ,  3.46 (masked, Z J  = 

= 8,  H5 r i n g  

p l u s  1 3 

13.2, H d ,  3.79 (9, 381 8 2  mthOXyl) ,  4 - 4 4  (d, 18, J a 8.1, W 
0a 

) ,  4.74 (d, l H ,  

JG2 = 1 . 8 ,  H6 r i n g  A ) ,  5.93 (bs ,  l H ,  H Z  r i n g  A ) ,  6 . 4 8  (d ,  lH, 

J56 = 8 . 1 ,  H5 r i n g  A ) ,  6.87-8.00 (m, LOH, a r o m a t i c s ) ,  8.03-8 .06  

(m, 2H, H1,8 a n t h r a c e n y l ) .  

J l O a =  5.1, H l O ) ,  5 .85  (dd, 18, J65 = 8 . 1 ,  
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Supplementary Material A v a i l a b l e  : 

Y-expanded 13C NMR s p e c t r a  of l ob lo l ly  p i n e  a c e t y l a t e d  

m i l l e d  wood l i g n i n  and t h e  a c e t y l a t e d  9 ,  10-13C-labelled 

a n t h r a n o l - l i g n i n  a d d u c t  a r e  a v a i l a b l e  from John Ralph  a t  t h e  

above address, a l o n g  w i t h  a t a b l e  of 13C NMR c h e m i c a l  s h i f t  

a s s i g n m e n t s  f o r  a series of a n t h r a n o l  adduc t  d e r i v a t i v e s .  
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