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FORMATION OF 3-GUAIACYLBENZANTHRONE BY THE REACTION 
OF REDUCED FORMS OF ANTHRAQUINONE W I T H  

QUINONE METHIDES 

Terry J. F u l l e r t o n ,  New Zealand F o r e s t  Serv ice ,  
Fores t  Research I n s t i t u t e ,  

P r i v a t e  B a g ,  Rotorua, N e w  Zealand. 

J a c q u e l i n e  A. Hemmingson, Gordon J. Leary, and L. James Wright, 
Department o f  S c i e n t i f i c  and I n d u s t r i a l  Research,  

Chemistry Div is ion ,  P r i v a t e  B a g ,  Petone,  New Zealand. 

ABSTRACT 

Anthrahydroquinone and an throne  r e a d i l y  react with 
s t a b i l i s e d  quinone methides  i n  a l k a l i n e  s o l u t i o n  t o  g i v e  
1 0 - s u b s t i t u t e d  oxanthrones and an thrones  r e s p e c t i v e l y .  
S i m i l a r l y ,  r e a c t i o n  o f  a v i n y l - s u b s t i t u t e d  quinone methide 
g i v e s  t h e  cor responding  an throne ,  b o t h  as t h e  k e t o  and enol  
adducts ,  and t h e  s u b s t i t u t e d  oxanthrone.  Whilst both f o r m  o f  
t h e  s u b s t i t u t e d  an throne  c a n  b e  p a r t i a l l y  conver ted  to 
3-arylbenzanthrones analogous t o  3-guaiacylbenzanthrone formed 
dur ing  pulp ing ,  t h e  oxanthrone adduct  a f f o r d s  p r a c t i c a l l y  none 
of  this product .  Thls  i n d i c a t e s  t h a t  i t  is  r e d u c t i o n  o f  
an thraquinone  t o  its anthrone  o x i d a t i o n  state which resul ts  i n  
benzanthrone formation dur ing  pulping.  

T h i s  paper  was presented  a t  the  Ekman-Days 1981 
I n t e r n a t i o n a l  Symposium cn Woad and Pulping Chemistry and is 
inc luded  i n  p a r t  i n  t h e  proceedings.  

INTRODUCTION 

The a b i l i t y  of anthraquinone (AQ)  to act as a c a t a l y s t  for 
a l k a l i n e  pulping processes  is now g e n e r a l l y  accepted  and t h e  

mechanism by which it o p e r a t e s  is b e l i e v e d  t o  be  

understood '. 
not a t r u e  c a t a l y s t  s i n c e  only a s m a l l  p r o p o r t i o n  of  t h e  amount 

Although e f f e c t i v e  i n  c a t a l y t i c  amounts i t  is 
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98 FULLERTON ET AL. 

o r i g i n a l l y  added is r e c o v e r a b l e  a f te r  pulp ing .  The fa te  of t h e  

AQ h a s  been i n v e s t i g a t e d  by o u r ~ e l v e s ~ ’ ~  and others41516 

and t h e  i s o l a t i o n  o f  trace amounts of  3-guaiacylbenzanthrone 
3 3 8 2-vani l ly lan thraquinone  , benzanthrone and 10-methyleneanthrone 

from s p e n t  AQ p u l p i n g  l i q u o r s  i n d i c a t e s  how some o f  the  A P  is lost. 

3 17 

S i n c e  it is l i k e l y  t h a t  t h e  formation of t h e s e  compounds 

w i l l  reduce t h e  e f f i c i e n c y  of t h e  c a t a l y s t s  by d e p l e t i n g  t h e  

amount of AQ a v a i l a b l e  f o r  pulp ing ,  a s tudy  o f  the mechanisms 

involved  i n  t h e s e  r e a c t i o n s  was i n i t i a t e d .  Such i n f o r m a t i o n  

should  be most u s e f u l  i n  t h e  development o f  more s t a b l e  and 
more e f f e c t i v e  c a t a l y s t s  w i t h  a g r e a t e r  p o t e n t i a l  f o r  recovery 

or  r e c y c l i n g .  

RESULTS AND DISCUSSION 

React ions  of Simple Quinone Methides 

I n  view o f  t h e  known r e d u c t i o n  of AQ t o  anthrahydroquinone 

(AHQ) under  p u l p i n g  c o n d i t i o n s  t h e  r e a c t i o n  of AHQ w i t h  t - b u t y l  
s t a b i l i s e d  quinone methides i n  aqueous a l k a l i  was i n v e s t i g a t e d  

i n i t i a l l y .  I n  each case the  s o l e  r e a c t i o n  product  was the  

s u b s t i t u t e d  oxanthrone-1: 

OH 

l a  R = t-butyl 
l b  R = O C H j  

FIGURE 1 S u b s t i t u t e d  oxanthrones from t - b u t y l  s t a b i l i s e d  

quinone methides. 
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FORMATION OF 3-GUAIACYLBENZANTHRONE 99 

The g e n e r a l i t y  of t h i s  r e a c t i o n  h a s  been confirmed by 

Dimel e t  al .9910 using o t h e r  quinone methides  t o  g i v e  a 
series of  s i m i l a r l y  s u b s t i t u t e d  compounds. The format ion  o f  

t h e s e  compounds by r e a c t i o n  of t h e  quinone methide a t  t h e  C-10 

p o s i t i o n  of  the  AHQ rather than a t  oxygen is analogous t o  the  

r e a c t i o n  of  phenols  wi th  quinone methides  through t h e  4 

p o s i t i o n  t o  g i v e  methylene br idged polymers, as  found w i t h  t h e  

base c a t a l y s e d  condensa t ion  of v a n i l l y l  a lcohol '  12. I n  

c o n t r a s t  t o  t h e  above r e s u l t s ,  r e f l u x i n g  AHQ w i t h  one 

e q u i v a l e n t  or excess v a n i l l y l  a l c o h o l  i n  base gave t h e  

d i s u b s t i t u t e d  an throne  2 i n  53% y i e l d  w i t h  none o f  t h e  expected 

monosubst i tuted oxanthrone 3 being formed. - 

Because o f  the unusual  p.m.r. spectrum o f  t h i s  compound, 

i t s  s t r u c t u r e  was confirmed by a n  X-ray c r y s t a l  s t r u c t u r e  

a n a l y s i s  . This  v e r i f i e d  t h a t  t h e  s t r o n g  s h i e l d i n g  of the 

aromatic methoxyl p r o t o n s  upf ie ld  t o  63.21 and the l a r g e  

u p f i e l d  s h i f t s  of t h e  v a n i l l y l  a romat ic  pro tons  t o  g i v e  

f i r s t - o r d e r  s p l i t t i n g  p a t t e r n s  was due t o  t h e  two v a n i l l y l  

r i n g s  having a p r e f e r r e d  o r i e n t a t i o n  above and below t h e  

c e n t r a l  an throne  r i n g .  

13 

With an excess  of  AHQ t h e  monosubst i tuted an throne  4 was 

t h e  major product  formed, toge ther  wi th  small v a r i a b l e  amounts 

2 R - vanillyl 
3 R = O H  
4 R - H  

F I G U R E  2 Products  from r e a c t i o n  o f  v a n i l l y l  alcohol w i t h  AHQ. 
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100 FULLERTON ET AL. 

of t h e  d i v a n i l l y l  adduct  2 and t h e  oxanthrone 2. It i s  l i k e l y  

t h a t  t h e  oxanthrone 3 i s  formed during work-up of  t h e  product ,  

a s  2 i s  r e a d i l y  oxid ised  t o  2 on st irring i n  base i n  t h e  

presence  o f  a i r .  The analogous t h r e e  products  wi thout  t h e  

methoxyl s u b s t i t u e n t  have also r e c e n t l y  been r e p o r t e d  by 

Dime1 . 

- 

14 

The format ion  of t h e  monosubst i tuted an throne  3 may occur  

by r e d u c t i o n  of t h e  s u b s t i t u t e d  oxanthrone 1 by AHQ. 

r e v e r s i b i l i t y  o f  t h e  oxanthrone formation then provides a 

source  o f  qu inone  methide f o r  t h i s  product  t o  react w i t h  to 
g i v e  t h e  d i s u b s t i t u t e d  anthrone.  A l t e r n a t i v e l y ,  it is p o s s i b l e  

t h a t  t h e  AHQ is reduced t o  an throne  p r i o r  t o  s u b s t i t u t i o n  as 

a n t h r o n e  is obta ined  from t h e  d i a c e t a t e  of AHQ i n  r e f l u x i n g  

b a s e  and from AQ-glucose under  pulp ing  c o n d i t i o n s .  The 

s i g n i f i c a n c e  of t h i s  r e d u c t i o n  t o  anthsone-derived compounds at 
e l e v a t e d  tempera tures  t o  AQ pu lp ing  w i l l  be d i s c u s s e d  l a t e r  i n  

t h e  paper .  

The ready 

React ion o f  Vinylogous Quinone Hethides  

A s  w i t h  t h e  s i m p l e  quinone methides ,  AHQ r e a c t e d  c l e a n l y  

with t h e  vinylogous quinone methide 3 under m i l d  c o n d i t i o n s  t o  
g i v e  t h e  a l l y 1  s u b s t i t u t e d  oxanthrone 6 as shown i n  f i g u r e  3. 

0- 

C H I  
II 
CH ,YCH3 

0- 

0- 

+ 

5 6 

FIGURE 3 React ion  o f  vinylogous quinone methide w i t h  AHQ. 
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FORMATION OF 3-GUAIACYLBENZANTHRONE 101 

The product  was u n s t a b l e  and p a r t i a l l y  decomposed on 

s t o r a g e  or a t tempted  p u r i f i c a t i o n  by chromatography. This  

compound was of interest, as a compound of t h i s  t y p e  w i t h  a 

v inyl -gua iacyl  s u b s t i t u e n t  der ived  from the  extended quinone 

methide o f  c o n i f e r y l  a l c o h o l ,  was bel ieved  t o  b e  t h e  p r e c u r s o r  

of 3-guaiacylbenzanthrone and benzanthrone,  bo th  of  which had 

been previous ly  i s o l a t e d  from AQ s p e n t  l i q u o r s  3 . However 

when t h i s  compound was heated  under n i t r o g e n  i n  base f o r  1 hour 

a t  8OoC no benzanthrone-type compounds were obta ined .  

only i d e n t i f i a b l e  products  were 3,5-dimethyl-4-hydroxy- 

cinnamyl a l c o h o l  and AQ,  i n d i c a t i n g  t h a t  t h e  format ion  o f  t h e  

s u b s t i t u t e d  oxanthrone is r e a d i l y  r e v e r s i b l e .  On prolonged 
h e a t i n g  (24  hr reflux) trace amounts (about  1 % )  of the  

3-subst  i t u  t e d  benzanthrone toge ther  w i t h  polymeric  material and 

AQ were obta ined .  

The 

Anthrone-derived Products  

I n  view o f  these  r e s u l t s  t h e  a l t e r n a t i v e  p o s s i b i l i t y  that 

t h e  benzanthrone and 3-guaiacylbenzanthrone were be ing  formed 

from a s u b s t i t u t e d  an throne  was i n v e s t i g a t e d  as i t  had 

previous ly  been found t h a t  t h e  y i e l d s  of t h e s e  two compounds 
w e r e  s u b s t a n t i a l l y  h i g h e r  from a soda-anthrone cook than  from a 

I # 

w . 5 - 0  & + *  0 
0- 

FIGURE 4 

0 O H  

7 a 

React ion  of vinylogous quinone methide w i t h  

a n t h r a n o l  anion. 
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102 FLRLERTON ET AL. 

soda-AQ cook. As expected,  r e a c t i o n  o f  a n t h r o n e  w i t h  t he  

2,6-dimethyl- s u b s t i t u t e d  v inylogous  quinone methide 5 i n  base  

a t  room temperature  gave t h e  10-subs t i tu ted  an throne  1 and i n  
a d d i t i o n  t h e  1 0 - s u b s t i t u t e d  a n t h r a n o l  isomer 8 as shown i n  
f i g u r e  4. 

The r e a c t i o n  of  t he  a n t h r a n o l  an ion  with t h e  y - p o s i t i o n  o f  
t h e  extended quinone  methide once aga in  occurs  a t  the C-10 
p o s i t i o n  l e a d i n g  to t h e  format ion  o f  t h e  isomers 1 and g. 

3-Arylbenzan t h r o n e s  

Refluxing the a n t h r o n e  a d d u c t  1 o r  t h e  a n t h r a n o l  adduct  8 
i n  base for 1.5 h o u r s  gave a low y i e l d  (2-52) of  t h e  

3-(3,5-dimethyl- 4-hydroxyphenyl)-benzanthrone analogous t o  
3-guaiacylbenzanthrone.  This y i e l d  i n c r e a s e d  t o  about  10% on 
r e f l u x i n g  for 24 hours and t h e  r e a c t i o n  mixture  s t i l l  conta ined  

unreacted adduct  t o g e t h e r  w i t h  polymer. The recovery o f  
unreacted s t a r t i n g  material h i g h l i g h t s  t h e  much greater s t a b i l i t y  

of these compounds compared w i t h  t h a t  of t h e  cor responding  
s u b s t i t u t e d  oxanthrones.  

F u r t h e r  ev idence  f o r  t h e  intermediacy of s u b s t i t u t e d  
an thrones  i n  t he  formation o f  t h e  benzanthrones was o b t a i n e d  from 
sealed t u b e  exper iments  i n  which s o l u t i o n s  of a n t h r o n e  and 
oxanthrone i n  base  were hea ted  w i t h  c o n i f e r y l  acetate a t  
15OOC. 
benzanthrone were much h i g h e r  w i t h  an throne ,  and only trace 
amounts of u n s u b s t i t u t e d  benzanthrone were obta ined  from 

oxanthrone whereas s u b s t a n t i a l  amounts were produced i n  t h e  

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

As shown i n  Table 1 the  y i e l d s  of 3-guaiacyl-  

It is a l s o  of i n t e r e s t  t h a t  a t  100°C, even w i t h  an throne ,  

very l i t t l e  3-guaiacylbenzanthrone and no benzanthrone was 
formed. Attempts t o  o b t a i n  benzanthrone from 3-guaiacyl-  
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FORMATION OF 3-GUAIACnBENZANTHRONE 103 

TABLE 1 

Analysis  o f  Sea led  Tube React ion Products  and Liquor  E x t r a c t s  

Samp 1 e 

3-GBAa Benzanthrone ............................. 
Moles/ Moles/ 
l i t r e  Yie ld  l i t r e  Yie ld  
XIO-4 a X ~ O - 5  a 

a n t h r o n e / c o n i f e r y l  acetate/lOOoC 0.23 0.09 0 0 
a n t h r o n e / c o n i f e r y l  acetate/1500C 10.0 3.9 2.5 0.10 
oxan throne/coni fe ry  1 acetate/ 150 OC 6 .O 2.3 0.3 0.01 
soda-AQ e x t r a c  t b  10.7 4.2 7.1 0.28 
soda-anthrone ex t r a c t b  17.9 7.0 17.4 0.68 

a 3-guaiacy lbenzanthrone  
b Converted t o  c o n c e n t r a t i o n s  e q u i v a l e n t  t o  s e a l e d  t u b e s .  

benzanthrone by h e a t i n g  i t  under pulp ing  c o n d i t i o n s  were a l s o  
unsuccessfu l .  

Mechanism of Formation 

On t h e  b a s i s  of  t h e s e  r e s u l t s  i t  appears  t h a t  3-guaiacyl-  

benzanthrone is formed from t h e  s u b s t i t u t e d  anthrone.  A s  shown 

i n  Figure 5 the r e a c t i o n  is bel ieved  t o  proceed by i n i t i a l  

i s o m e r i s a t i o n  o f  t h i s  adduct  t o  t h e  a n t h r a n o l  form and 

c y c l i s a t i o n  analogous t o  t h a t  proposed by Aminoff e t  a l l 5  f o r  

t h e  d i m e r i s a t i o n  of c o n i f e r y l  a l c o h o l ,  t h i s  is then fol lowed by 

dehydrogenat ion to  g i v e  t h e  observed product .  
this mechanism the s u b s t i t u t e d  an throne  h a s  r e c e n t l y  been 

i s o l a t e d  from the r e a c t i o n  of a c e t y l a t e d  m i l l e d  wood l i g n i n  

with AHQ at  1O0Cl6. 

t o  b e  publ i shed  s e p a r a t e l y ,  has  shown t h a t  t h e  3,5-dimethyl 

analogue of t h e  product  of s t e p  1 (F ig .  51, protonated  on t h e  

a n t h r a m l  moiety, c a n  b e  s y n t h e s i s &  from anthrone  I ,  or 
a n t h r a n o l  8 and t h a t  t h e s e  quinone methides ,  when added t o  

I n  suppor t  of 

Furthermore c u r r e n t  work i n  p r o g r e s s ,  
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104 FULLERTON ET AL.. 

FIGURE 5 Mechanism of 3-guaiacylbenzanthrone formation.  

oxygen-free b a s e  and  r e f l w e d  g i v e  t h e  benzanthrone i n  good 

y i e l d .  

CONCLUSIONS 

It nou appears  most l i k e l y  that  t h e  reason for AQ's 

e f f e c t i v e n e s s  as a pulp ing  c a t a l y s t  i s  r e l a t e d  t o  i t s  a b i l i t y ,  

i n  t h e  reduced AHQ form, to  react with l i g n i n - d e r i v e d  quinone 

meth ides  formed during pulping.  I n  c o n s i d e r i n g  why t h e  AQ is 
only  p a r t i a l l y  r e c o v e r a b l e  a f t e r  pulp ing  it h a s  been found 

t h a t ,  whereas t h e  format ion  of  s u b s t i t u t e d  oxantbrones is 
r e a d i l y  r e v e r s i b l e  with both  s h o r t  and v i n y l - s u b s t i t u t e d  

quinone methides ,  the  s u b s t i t u t e d  an thrones  are more s t a b l e  and 

more l i k e l y  to l e a d  to  I r r e v e r s i b l e  condensat ion of t h e  A9 w i t h  

l i g n i n  fragments. 

extended quinone methide of c o n i f e r y l  a l c o h o l  l e a d i n g  to  

3-guaiacylbenzanthrone formation. 

y i e l d s  from t h e  s u b s t i t u t e d  an throne  than from t h e  s u b s t i t u t e d  

oxanthrone model compounds s t r o n g l y  sugges t  t h a t  t h e  r e a c t i o n  

An example of this is  t h e  r e a c t i o n  of the 

I n  t h i s  case t h e  much h i g h e r  
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FORMATION OF 3-GUAIACYLBENZANTHRONE 105 

proceeds v i a  t h e  s u b s t i t u t e d  an throne  i n t e r m e d i a t e .  The small 
amount of  3-arylbenzanthrone t h a t  is formed from t h e  s u b s t i t u t e d  

oxanthrone m a y  b e  r a t i o m l i s e d  as a p a r t i a l  d i s s o c i a t i o n  t o  AHQ 

which can  then g i v e  r i s e  t o  t h e  s u b s t i t u t e d  an throne .  

Modif ica t ion  of t h e  pulp ing  c o n d i t i o n s  and c a t a l y s t  d e s i g n  
t o  minimise t h e s e  secondary r e a c t i o n s  should  l e a d  t o  t h e  

development of more e f f i c i e n t  c a t a l y s t s  w i t h  a g r e a t e r  p o t e n t i a l  

f o r  recovery and r e c y c l i n g .  

EXPERIMENTAL 

React ion o f  AHQ w i t h  2-t-Buty1-6-methoxy-4-methylene- 

cy clohexa-2,5-dienone 

2-t-Butyl-4-methy1-6-methoxyphenol (0.23 g)  i n  benzene (10 

m l )  was o x i d i s e d  t o  t h e  quinone me th ide  by b r i e f l y  shaking t h i s  

s o l u t i o n  w i t h  a s o l u t i o n  o f  potassium f e r r i c y a n i d e  (0.79g) i n  
aqueous sodium hydroxide (0.1 g i n  10 m l  H20). 

s o l u t i o n  of  t h e  quinone methide was then  added under n i t r o g e n  
t o  a cooled s o l u t i o n  o f  AHQ in 1N NaOH (20 m l ) ,  p rev ious ly  
formed by r e f l u x i n g  A9 (0.50 g )  wi th  g l u c o s e  (1.08 g) i n  t h e  

aqueous a l k a l i n e  s o l u t i o n .  

a t  2OoC f o r  10 minutes  and then refluxed f o r  15 minutes .  
p roduct  was then poured i n t o  water and e x t r a c t e d  w i t h  
chloroform to g i v e  t h e  product  as and o i l  (0.23 g )  which was a 
one t o  one mixture  of t h e  s u b s t i t u t e d  oxanthrone 2 
( 10-hydroxy-10- (3-t-butyl-4-hydroxy-5-methoxybenzyl) -9- ( 1 OH) - 
anthracenone)  and unoxidised phenol. 

This  benzene 

The two phase mixture  was s t i r r e d  

The 

The product  was p u r i f i e d  by prep. t.1.c. i n  chloroform: 

e t h y l  acetate (9:l) Rf 0.6 and i s o l a t e d  as  a c r y s t a l l i n e  

90 l i d .  R e c r y  s t a l l i s a t i o n  from toluene-n-hexane gave c o l o u r l e s s  

crystals m.p. 179-18OoC. 
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106 FULLERTON ET AL. 

High r e so lu t ion  m.3 .  M+ 402.1791 C H 0 requi res  402. 1829. 

M.s. (20OOC) m/e (5)  402 (M+) (11, 385 ( M  

193(62). P.m.r. 6 (oC1 1.06 (g , s , t -bu ty l ) ,  2.85 ( l , s ,  exchanged 

with D20, ter t  OH), 3.10 (2,s,ArCH2) 3.35 (3,s,ArOCH3), 5.36 

2Hz, H6 of benzyl s u b s t i t u e n t ) ,  5.65 (l,s, exchanged with D20, 

phenolic O H ) ,  7.34-8.02 (8 ,  m, oxanthrone protons).  

26 26 4+ 
(1001, 210(63), 

3 

( l , d , J  = 2Hz, H2 of benzyl s u b s t i t u m t ) ,  5.44 ( l , d , J 2 , 6  = 
286 

Reaction of AHQ w i t h  2,6-Di-t-butyl-4-methylenecyclohexa-2,5-dienone 

A so lu t ion  of the  dianion of  AHQ was prepared by re f lux ing  AQ 

(0.50 g) with glucose (1.08 g) i n  1N sodium hydroxide s o l u t i o n  (20 

ml) with s t i r r i n g  under n i t rogen .  The r e s u l t a n t  red so lu t ion  was 

cooled t o  4OoC and a s o l u t i o n  of 2,6-di-t-butyl-4-methylenecyclohexa- 
2,5-dienone i n  benzene was added. This quinone methide was previously 

prepared by shaking a benzene so lu t ion  (10 m l )  of 2,6-di-t-butyl- 

4-methylphenol (BHT) (1.58 g)  w i t h  potassium ferricyanl.de (4.75 g) i n  

aqueous sodium hydroxide s o l u t i o n  (0.lg NaOH i n  10 m l  H 2 0 ) .  

The two phase mixture of AHQ and the  quinone methide were then 

refluxed f o r  60 minutes. The product was cooled, a c i d i f i e d  and 

ex t r ac t ed  wi th  chloroform, d r i ed  aver magnesium su lpha te ,  f i l t e r e d  and 

Concentrated t o  dryness and unreacted BHT removed by washing w i t h  

n-hexane to  g ive  0.50 g o f  crude product conta in ing  53% by p.m.r. of 
10-hydroxy-10- (3,5-di-t-butyl-4-hydroxybenzyl) -9( 10H) -anthracenone 

(26% y i e l d ) .  

The product was pur i f i ed  by p r e p .  t.1.c. i n  benzene (Rf 0.15) and 
c r y s t a l l i s e d  from to luene  as needles m.p. 218-219OC. 

High r e so lu t ion  m . s .  M+ 428.2318 C H 0 r equ i r e s  428.2349. 

M.s. m/e ( 5 )  428(M+) (0.11, 369(2.5), 219(30.4), 210(100). P.m.r. 6 

(cw1 ) 1.08 (18, s, t -bu ty l ) ,  2.65 ( l , s ,  exchanged with D20, tert 
hydroxyl), 3.13 (2,s,ArCH2), 4.86 (l,s, exchanged with D20, 

phenolic OH), 5.68 (2 , s ,a romat ic  protons of b e n y l  s u b s t i t u e n t ) ,  

7.38-8.0 (8  ,m, oxanthrone pro tons) .  

v 1656 an'' ( K B r ) .  

29 32 3 

3 

c=o 
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FORMATION OF 3-GUAIACYLBENZANTHRONE 107 

Reaction of  AHQ w i t h  Van i l ly l  Alcohol (mole r a t i o  1 :1)  

A suspension of AHQ d i a c e t a t e  (0.51 g) i n  1 N  sodium 

hydroxide (10 m l )  was refluxed under nitrogen for  150 minutes 
to g ive  a homogeneous red so lu t ion  of the  dianion of  AHQ which 
was then cooled to 6OoC and a so lu t ion  of v a n i l l y l  a lcohol  
(0.26 g)  i n  1 N  sodium hydroxide (3 m l )  was added under 
nitrogen. This s o l u t i o n  was then refluxed for 17 hours, cooled 
and the res idua l  AQ ex t r ac t ed  w i t h  chloroform. The aqueous 
l aye r  was then neu t r a l i zed  w i t h  d i l u t e  hydrochloric acid, 

ex t r ac t ed  w i t h  chloroform, dr ied  over magnesium su lpha te  and 
conc en t r a  ted  t o  dry ness to  giv e 10 , 1 0 - b i s  ( 4-hy droxy -3-me thoxy benzy 1 ) - 
g(lOH)-anthracenone,Z, a s  a l i g h t  yellow o i l  (0.21 g, 53% y i e l d )  
which was c r y s t a l l i s e d  from toluene as l i g h t  yellow needles  m.p. 

M2-204OC. 

M . s .  (12OOC) m/e ( 2 )  466 ( 3 )  (M+), 330 (1001, 297 (21, 
269 ( 2 )  239 ( 2 ) ,  194 (671, 165 (71, 13 '  (58) .  High r e so lu t ion  
m. s. M+ 466.1779 C30H2605 requi res  466.1820. 
P.m.r. S(CDC1 ) 3.21 (6,  s, aromatic methoxyls), 3.61 ( 4 ,  s, 
benzylic pro tons) ,  5.39 (2 ,  broad s, exchanged w i t h  D20, 

phenolic hydroxyls),  5.63 ( 2 , d ,  J 

v a n i l l y l  g roups) ,  5.92 ( 2 ,  dxd, J = 2H2, J = 8Hz, 

3 

= 2H2, H2 and H2'  of 
276 
2,6 5 8 6  

H6 and H6' of  v a n i l l y l  groups),  6.35 ( 2 ,  d,  J5,6 = 8Hz, 
H and H of v a n i l l y l  groups),  7.30-8.19 ( 8 ,  m, anthrone 
protons).  13C n.m.r. G(cMS0) 48.58 (benzylic carbons) ,  
49.78 (C,o  of anthrone) 54.92 (aromatic methoxyls), 113.46, 
114.49 (C and C carbons of v a n i l l y l  rings), 121.97 (C6 

o f  v a n i l l y l  r i n g ) ,  126.23, 126.83, 128.96, 133.19 (anthrone CH 

carbons),  127.76, ( C 1  of v a n i l l y l  r i n g s ) ,  132.32 ( C g a ,  

Cga anthrone carbons),  144.50 (C4a,  ClOa anthrone 
carbons),  146.25, 146.72 (0-subs t i tu ted  C 

vani l ly l  rings). 

5 5 

2 5 

and C4 of 3 
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108 FULLERTON ET AL. 

React ion  o f  AHQ wi th  V a n i l l y l  Alcohol (mole r a t i o  3 : l )  

A suspens ion  o f  9,10-diacetoxyanthracene (6.0 g)  i n  1 M  

sodium hydroxide  (100 m l )  was re f luxed  under  oxygen free 
n i t r o g e n  for 150 minutes  t o  g i v e  a red homogeneous s o l u t i o n  of 

t h e  an ion  of AHQ. V a n i l l y l  a l c o h o l  (1.04 g)  was added and t h e  

heating under ref lux cont inued for 20 h r .  The s o l u t i o n  was 

cooled t o  room temperature  and a c i d i f i e d  by a d d i t i o n  of s o l i d  

ammonium c h l o r i d e  (20 8 )  followed by 3M hydrochlor ic  ac id .  The 

s o l u t i o n  w a s  e x t r a c t e d  w i t h  d i e t h y l  e t h e r ,  d r i e d  over  sodium 

s u l p h a t e  and c o n c e n t r a t e d  to dryness  under reduced p r e s s u r e .  

The r e s u l t i n g  ye l low oil was e x t r a c t e d  aga in  with d i e t h y l  e t h e r  

(50 m l )  and t h e  small amount o f  I n s o l u b l e  AQ removed by 
f i l t r a t i o n .  

t h e  product  as a yellow o i l  (1.8 g )  as a mixture  of  

1 0 - v a n i l l y l a n t h r o n e ,  5, (1.5 g ,  67% y i e l d  based on v a n i l l y l  
a l c o h o l )  and t h e  d i s u b s t i t u t e d  an throne ,  2, (0.3 g ,  19% y i e l d )  

w i t h  small v a r i a b l e  amounts o f  10-vani l ly loxanthrone ,  2, 
depending on t h e  amount o f  exposure of t h e  r e a c t i o n  mixture  t o  

oxygen p r i o r  t o  a c i d i f i c a t i o n .  

Removal o f  t h e  s o l v e n t  under reduced p r e s s u r e  gave 

The p r o d u c t s  were p u r i f i e d  by prep. t.1.c. h chloroform. 
10- ( 3-Methoxy-4-hydroxyb enzy 1)-9 ( 10H) -an t h r a c  enone, 2 
( R f C H C 1  0 .3) .  M . s .  (12OOC) m/e ($1 330(8)  (M+), 

195(38) ,  194(100) ,  193(17) ,  165(37), 137(100) ,  122(19) ,  9 4 ( 1 0 ) ,  

8 2 ( 5 ) ,  7 7 ( 5 ) .  P.m.r. G ( C D c 1  1 3.09 ( 2 , d , J  = 5Hz, ArCH2) ,  

3.42 (3,s,ArOCH 1, 4.5.1 ( l , t , J  5Hz, '2-10 P r o t o n ) ,  5.38 3 
( l , s ,  p h e n o l i c  OH), 5.62 ( I , d , J  

5.89 ( l , d x d , J  

( l , d , J  

p ro  tons  1. 
10-Hy droxy -10- (3-methoxy-4-hy droxybenzy 1) -9 ( 1 O H )  - anthracenone ,  

3 

3 

= 2Hz,H2 of v a n i l l y l ) ,  

= 8H2, H6 of v a n i l l y l ) ,  6.50 
2,6 

= 2Hz, J 
2,6 5,6 

= 8Hz, H5 o f  v a n i l l y l ) ,  7.22-8.20 (8,m, an throne  
5 9 6  

- 3 ( R ~  m a 3  0.2). M.S. ( 1 2 0 ~ ~ )  m/e ($1 ~ ( 3 )  (M+), 
210(44) ,  137(96) .  P.m.r. 6 (CDC13) 3.05(2,s,ArCH2), 

3.30(3,s,ArOCH3), 5.40 (2,m, phenol ic  OH and H2 of  
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FORMATION OF 3-GUAIACYLBENZANTHRONE 109 

v a n i l l y l ) ,  5.58 (1,dxd,  J2,6 = ~ H z ,  J5,6 = EHz, H6 of 

v a n i l l y l ) ,  6.30 ( l , d , J 5 , 6  = 8Hz, H5 of  v a n i l l y l ) ,  7.22-8.1 

( 8 , m ,  oxanthrone p r o t o n s ) .  

13C n.m.r. 6(CMSO) 54.9 ( b e n z y l i c  carbon)  55.07 (ArOCH3), 

73.1 (C-10 of oxanthrone) ,  114.0, 114.4, (C-2 and 5 o f  

v a n i l l y l ) ,  122.5 (C-6 of  v a n i l l y l )  125.3 ('2-1 of  v a n i l l y l )  

l a . 6 ,  126.8, 127.6, 133.4 ( C H  carbons of oxanthrone) ,  131.0, 

147.9 ( q u a t e r n a r y  carbons  of oxanthrone) ,  144.9, 146.2 ( G O  

carbons of v a n i l l y l ) .  

React ion of AHQ with  4-allylidene-2,6-dimethy 1-cy clohexa- 

2 , 5 - d i  enone 

A s o l u t i o n  of i o n i s e d  AHQ was prepared by h e a t i n g  

9,lO-diacetoxyanthracene (294 mg) i n  a n i t r o g e n  purged 0.7 N 
s o l u t i o n  of sodium hydroxide i n  305 t -butanol  - water f o r  2 h r  

a t  8 0 ' ~ .  

A s o l u t i o n  of 4-allyl-2,6-dimethylphenol (162 mg) i n  
dichloromethane (100 m l )  was shaken f o r  45 sec. w i t h  50 m l  of 

a n  aqueous s o l u t i o n  of potassium f e r r i c y a n i d e  ( 4  g) and 

potassium hydroxide (0.5 g)  and t h e  r e s u l t i n g  s o l u t i o n  of 
4 - a l l y  l i d e n e -  2,6-dimethy Icy clohexa-2,5-dienone was 
c o n c e n t r a t e d  to  c. 20 m l .  

The s o l u t i o n  of quinone methide was added dropwise t o  t h e  

s o l u t i o n  of  AHQ a t  30°C and t h e  r e a c t i o n  mixture  was s t i r r e d  

f o r  2 h r .  The dichloromethane was removed by t h e  n i t r o g e n  

purge. The r e a c t i o n  mixture  was then n e u t r a l i s e d  w i t h  ammonium 

c h l o r i d e  (5.5 g) and e x t r a c t e d  twice w i t h  chloroform (100 m l ) .  

The chloroform s o l u b l e s  were concent ra ted  t o  dryness  a t  E. 
30 OC . 
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110 FULLERTON ET AL. 

The crude  product ,  ob ta ined  in about  80% y i e l d ,  was 
p u r i f i e d  by p r e p a r a t i v e  l a y e r  chromatography (p.1.c . )  ( e t h e r  : 

hexane 2:1), t o  g i v e  t h e  oxanthrone adduct ,  6 ,  as a yel low gum 

i n  30-405 y i e l d .  

High r e s o l u t i o n  m.s. M+ 370.1593. 

370.1569. M . s .  (lOO°C) m/e ( % I  370 (M+) 0.5,  352 (21,  218 

(31, 210 (561, 209 (381, 208 (561, 180 (441, 161 ( l o o ) ,  152 

( 3 8 ) ,  146 (18). P.m.r. 6 (CDC1 ) 2.10 (6,s,Me), 2.70 ( 2 , d , J  3 
I 6.8Hz,CH2), 3.10 ( l ,br .s ,OH),  4.86 ( l ,br .s ,OH),  5.06-5.67 

(l,m,CH), 5.79 ( l , d , J  = 15.6 Hz, C H I ,  6.64 (2 , s ,ArH) ,  7.24-8.20 

(8  , m, ArH) . 

C25H2203 r e q u i r e s  

React ion of Anthrone w i t h  4-allylidene-2,6-dimethyl- 
cyclohexa-2,5-dienone 

A 0.7 N s o l u t i o n  of sodium hydroxide i n  30% t -butanol  - 
water was purged w i t h  n i t r o g e n  f o r  2 hr .  S o l i d  a n t h r o n e  (194 

mg) was then added and 5 min. l a te r ,  a s o l u t i o n  of quinone  
methide (prepared  as d e s c r i b e d  above) MS added s lowly  a t  

20°C and t h e  r e a c t i o n  mixture  was s t i r r e d  for 1 h r .  

was as descr ibed  above for t h e  oxanthrone adduct .  The anthrone  

adduct ,  1, was i s o l a t e d  as an orange gum and t h e  a n t h r a n o l  

adduct ,  8, as  a y e l l o w  s o l i d .  

Workup 

Adduc t 7 : 
High r e s o l u t i o n  m . s .  M+ 5 4 . 1 6 3 .  

34 .1620.  M.s .  (200OC) m/e ( 5 )  354 (M+) (0.71, 353 (2.51, 

- 
CZ5HzO2 r e q u i r e s  

352 (101, 231 (81, 194 (881, 193 (361, 165 ( 3 7 ) s  161 ( l o o ) ,  146 ( 1 4 ) -  

P . m . r .  8 (CDC1 ) 2.15 (6,s ,Me),  2.72 ( 2 , t , J  = 5.8Hz CH2), 4.35 

( l , t , J  = ~ . ~ H Z , C , ~  p r o t o n ) ,  4.80 ( l ,b r . s ,OH) ,  5.22-5.71 ( l , m ,  Vinyl 

C E ) ,  5.84 ( l , d ,  : 15.8Hz, v i n y l  C H I ,  6.68 ( Z , s , A r H  o f  p h e n o l i c  r i n g ) ,  

7.51 (6,m,ArH), 8.17-8.31 (2,m,C1 and C8ArH) .  

L O  1666 cm-' (KBr), 

3 
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FORMATION OF 3-GUAIACYLBENZANTHRONE 111 

Adduct 8: 
High r e s o l u t i o n  m . s .  M-2H+ 352.1466. C H 0 r e q u i r e s  

352.1462. M . 3 .  (2OO0C1 m/e (%I 354 (M+) (21, 353 (41,  3 2  (151, 

231 (131, 207 (171, 194 (%) ,  193 (101, 165 (101, 161 (1001, 145 
(27). P.m.r. S ( C X 1 3 )  2.10 (6,s,Me), 3.15 (2,d,6.8Hz,CH2), 4.94 
( 2 , b r . s ,  O H ) ,  4.97-5.83 ( l , m , C H ) ,  5.95 ( l , d , J  = 15.4Hz,CH), 6.57 
( Z , s , A r H ) ,  7.42-7.86 (6,m,ArH), 8.32 ( 2 , b r . d , J  = 7.2Hz,ArH). 

25 20 2 

C y c l i s a t i o n  of  Adducts 7 and 8 and I s o l a t i o n  of 3-(3,5-dimethyl- 

4-hydroxy-phenyl )b  enzanthrone 

C y c l i s a t i o n  experiments  were carried o u t  i n  t h e  same r e a c t i o n  
medium as was used f o r  prepar ing  t h e  adducts .  Product  w o r k q  was 

a l s o  as descr ibed  above. I n  both c a s e s  t h e  benzanthrone product  was 

isolated and p u r i f i e d  by p.1.c. (e ther :hexane 3 :2) .  It was obta ined  
as  an orange s o l i d ,  contaminated w i t h  small amounts of 
3,5-dimethyl-4-hydroxy- benzaldehyde, w i t h  which it 
co-chromatographed . 
High r e s o l u t i o n  m.3 .  M+ 30.1334.  

1307. M.s .  (20O0C) m/e ( % I  350 ( M + )  (1001, 335 (151, 320 (101, 
M7 (60) .  P.m.r. G ( C D c 1  1 2.36 (6,s,Me), 4.78 ( l , b r , s , O H ) ,  7.15 3 
(2,s ,ArH),  7.54-7.83 (4,m,ArH), 8.34-8.59 (4,m,ArH), 8.81 ( l , d d , J  

1.3Hz, J = 7.3 Hz,C6ArH). 
v i s .  Xmax 4% ( E t O H ) .  

C25H1802 r e q u i r e s  350. 

Decomposition products  of t h e  adducts  were i d e n t i f i e d  from uv, 
mass and n.m.r. s p e c t r a l  data. 

Sealed Tube Reac t ions  

Mixtures of c o n i f e r y l  a c e t a t e  (56 mg) and anthrone (50 mg) or 
*.- 

oxanthrone (53  mg)" i n  lN NaOH (10 ml) were degassed and s e a l e d  
under argon. The t u b e s  were then heated a t  100°C or 15OoC for 1 

hr .  The r e s u l t a n t  mix tures  were n e u t r a l i s e d  wi th  CO chloroform 
e x t r a c t e d  (4 x 20 m l ) ,  d r i e d  Over magnesium s u l p h a t e ,  f i l tered and 

made up t o  100 m l .  

2' 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



112 FULLERTON ET AL. 

The e x t r a c t s  wen? analysed by q u a n t i t a t i v e  t .1.c.  using i n  s i t u  

f luorescence  photometry. 

pl o f  each e x t r a c t  and of three s tandards  were appl ied  t o  a precoated 

s i l i c a  g e l  60 F-254 t.1.c. p la te  (Merck) and the  p l a t e  was developed 

in chloroform. The i n t e n s i t y  of each of the 3-guaiacylbenzanthrone 

spo t s  (Rf 0.35) tias then measured u s i n g  a scanning densitometer 

with 366 nm I r r a d i a t i o n  and 490 nm secondary Fnterference l ine 
f i l t e r s .  For t h e  benzanthrone ana lyses  t h e  p l a t e  was developed twice  

i n  to luene  and t h e  fluorescene i n t e n s i t y  of t h e  benzanthrone 

spot  ( R f  0.30) measured with 366 ~IU i r r a d i a t i o n  and a 400-600 
bandpass f i l t e r .  The r e s u l t s  obtained me summarized i n  Table 
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