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THE ALKALINE REACTIONS OF SOME SIMPLE 
QUINON?ZMETHIDE-ANTHRAHYDROQUINO~ ADDUCTS 

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

Appleton, Wisconsin 54912 

ABSTRACT 

The r a p i d  d e l i g n i f i c a t i o n  rates a s s o c i a t e d  with anthraquinone-  
a l k a l i n e  pulp ing  could be due t o  the  formation and r e a c t i o n s  of 
lignin quinonemethide-anthrahydroquinone (QM-AHQ) adducts .  The 
chemistry of some simple QM-AHQ adducts  is examined here .  Upon 
h e a t i n g  in aqueous a l k a l i ,  t h e  QM-AIIQ adducts  fragment t o  QMs and 
AHQ. A t  100" t h e  adducts  are reduced by AHQ d i a n i o n  t o  a f f o r d  
QM-anthrone adducts  and anthraquinone.  A t  t y p i c a l  pulping t e m -  
p e r a t u r e s  (173'), t h e  adducts  are e x t e n s i v e l y ,  but not completely,  
decomposed, r e l e a s i n g  AHQ and/or anthraquinone.  

INTRODUCTION 

Quinonemethides (QMs) are considered t o  be t h e  f o c a l  point in 

two r e a c t i o n s  which a r e  important  t o  the  removal of  l i g n i n  from 

wood dur ing  pulp ing ,  namely & p i n  f ragmenta t ion  and condensat ion 

r e a c t i o n s  Anthrahydroquinone (AHQ) has been shown t o  react with 

s imple quinonemethides t o  g ive  1:l a d d i t i o n  products ,  r e f e r r e d  t o  

as QM-AHQ adducts  .2-4 Adducts conta in ing  3 - a r y l  e t h e r  l inkages  

decompose in warm a l k a l i  t o  g ive  p r i n c i p a l l y  anthraquinone (AQ) 

and two phenol ic  products  (Scheme I) .3a4 A f ragmenta t ion  r e a c t i o n  

of t h i s  type can p a r t i a l l y  expla in  t h e  r a p i d  d e l i g n i f i c a t i o n  rates 

t h a t  are known t o  occur  with anthraquinone pulping.  

Another way t h a t  AHQ can i n f l u e n c e  d e l i g n i f i c a t i o n  rates is by 

r e t a r d i n g  lignin condensat ion r e a c t i o n s .  W e  have observed t h a t  

AHQ is capable  of suppress ing  t h e  condensat ion r e a c t i o n s  of a 
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Scheme I 

DIMMEL AND SHEPARD 

0" 

AHQ-* t QM 

Ar O* 

simple l i g n i n  m d e l ,  v a n i l l y l  a l c o h 0 1 . ~  

carbons,  but is capable  of forming quinonemethides. 

This  model conta ins  no 5-  

This r e p o r t  concerns t h e  aqueous a l k a l i n e  r e a c t i o n s  of some 

s imple  QM-AHQ adducts  which do not conta in  B-aryl e t h e r  l i n k a g e s .  

The adducts  show a d i f f e r e n t  chemical behavior  depending upon the  

h e a t  appl ied .  The r e s u l t s  provide some i n s i g h t s  i n t o  p o s s i b l e  re- 

a c t i o n s  which could be occurr ing  during a l k a l i n e  pulping with AQ. 

RESULTS AND DISCUSSION -- 

React ions  of Adducts a t  Low Temperatures 

of anthrahydroquinone d i a n i o n  ( 1'2) with quinonemethides which 

were generated in sit2 in aqueous a l k a l i  a t  60" (eq. 1).2 The 

r e a c t i o n s  were done in a n i t r o g e n  atmosphere in order  to  avoid t h e  

r a p i d  a i r  o x i d a t i o n  of AHQ forms t o  AQ. 

The adducts  used in t h i s  s tudy  were prepared by t h e  r e a c t i o n  

I 

Adducts 3a-c, were each placed in aqueous a l k a l i  and s t i r r e d  

a t  room temperature  f o r  24-hours i n  open-air f l a s k s .  Acid i f ica-  

t i o n  l e d  t o  n e a r l y  complete recovery of the  adduct  i n  each case. 

However, n o t i c e a b l e  changes occurred when s o l u t i o n s  of 3a and 3b 

were warmed past 60". Adduct 3c was  recovered unchanged a f t e r  

- 
I - 

I 
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QUINONEYETHIDE-ANTHDROQUINONE ADDUCTS 75 

-2 1 2 
P 

a ,  R=R'=H 

b , R=H, R ' =OMe 

c ,  R=R'=Cl 

- 
P 

- - 

OH 

heat ing  in a l k a l i ;  presumably, the  low r e a c t i v i t y  here  is due to  a 

very  low s o l u b i l i t y  of 3c in aqueous a l k a l i .  
P 

Severa l  c o l o r  changes occurred when hea t ing  e i t h e r  3a or  3b i n  

a l k a l i .  If the  i n i t i a l  hea t ing  was done in a d t r o g e n  atmosphere, 

t h e  s o l u t i o n s  took on a s t r o n g  red c o l o r  which is i n d i c a t i v e  of 

AHQ-*. Upon exposure of t h e  hot s o l u t i o n s  t o  a i r  the  s o l u t i o n s  

turned orange and gradual ly  l i g h t  yel low i n  c o l o r .  The product  

c o n s i s t e d  of a mixture  of AQ and condensa t ion  materials, similar 

t o  those  t h a t  occurred when e i t h e r  p-hydroxybenzyl a l c o h o l  ( 4 )  o r  

v a n i l l y l  a l c o h o l  (5) was heated under comparable c o n d i t i o n s  i n  

aqueous a l k a l i .  

1 -  

- 
I 

Apparently depro tona t ion  of t h e  adducts  g i v e s  i o n s  3- which, a t  - - 
temperatures  above 6 0 ° ,  e n t e r  i n t o  an e q u i l i b r i u m  with AHQ-2 and 
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76 DIMMEL AND SHEPARD 

CH20H 

OR 
OH 

RCHCl 

OAc 

6, R=R'=H 

7, R=H,R'=OMe 

8, R=Me,R'=OMe 

- - 
- - - 

0 

9 - 

the corresponding QM. In other words, the reaction described by 
equation 1 is reversible at elevated temperatures. When air is 

present, the equilibrium is shifted since AHQ-2 will be converted 

to AQ. The liberated quinonemethides are converted by the alkali 

to the phenolate ions of 4 or 5 ,  and eventually phenolic conden- 

sation products are formed. 
- -  - -  

The crossover6 experiment outlined by equation 2 further 

verified the instability of the adducts at elevated temperatures. 

Here, adduct 3a was mixed with chloroacetate 7 and heated at loo" ,  
in alkali, under nitrogen, to afford adduct 3b, along with conden- 

sation products and relatively large amounts of recovered 3a. The 

ratio of 3a to 3b was about 6:l. The expected ratio of l:l was 

not obtained, probably because the production of intermediate QM 

2b did not coincide with the establishment of the equilibrium 

shown in the brackets. The condensation products were a mixture 

of components derived from quinonemethides 2a and Zb, with the 

latter predominating. 

- - - 
P 

n - -  
- 

I_I - 
In summary, the air studies at 60-90" and the crossover 

experiment clearly demonstrate that QM-AHQ adducts enter into an 
equilibrium wirh their component parts, AHQ-2 and QMs, at tem- 

peratures above about 60'. 

Anaerobic Reactions of Adduct 3a at 100" --_-- - 
Heating adduct 3a for several hours at l o o o ,  under nitrogen, 

I 

gave a 100% yield of AQ and a 93% yield of a (QM)2-AHQ adduct 10. - 
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QUINONEMETHIDE-ANTHRAHYDROQUINONE ADDUCTS 77 

11 
3b- $> 3b 
I - 

The y i e l d  c a l c u l a t i o n s  were based on t h e  s t o i c h i o m e t r y  i n d i c a t e d  

by e q u a t i o n  3 .  The s t r u c t u r a l  proof  of LO was p r o v i d e d  by elemen- 

t a l  a n a l y s i s ,  e x t e n s i v e  s p e c t r a l  a n a l y s i s  and s y n t h e s i s ,  from 

a n t h r o n e  ( 9 ) . 2 s 7  

done a t  60-90" which began under  n i t r o g e n  b e f o r e  b e i n g  exposed t o  

a i r ;  t h e  material was n o t  c h a r a c t e r i z e d  t h e r e  because  of i n t e r -  

f e r i n g  c o n d e n s a t i o n  p r o d u c t s .  

- - 

A s m a l l  amount of 10 was  obse rved  i n  t h e  cooks - - 

3a 
lcici 

10 - 
A p o s s i b l e  mechanism f o r  t h e  fo rma t ion  of  10 from 3a,  which i s  - - 

e s s e n t i a l l y  a reduction p r o c e s s ,  is shown i n  Scheme 11. The sum 

of  e q u a t i o n s  4-8 e q u a l s  e q u a t i o n  3 .  The scheme p r e d i c t s  t h a t  t h e  

d i a n i o n  of 10-(4'-hydroxybenzyl)-9(10H)-anthracenone (11) shou ld  be 

a n  i n t e r m e d i a t e  i n  t h i s  t r a n s f o r m a t i o n .  Compound 11 has  been pre-  

v i o u s l y  p r e p a r e d ,  w i t h  nuch d i f f i c u l t y ,  by a l k y l a t i n g  a n t h r o n e  

w i t h  one e q u i v a l e n t  of 1 - a c e t o x y b e n z y l  c h l o r i d e  ( 6 )  . 2  

- - 
- 

We sought  t o  show t h e  e x i s t e n c e  of 11 d u r i n g  t h e  c o n v e r s i o n  of 

3a t o  10 by wi thd rawing  a l i q u o t s  a t  v a r i o u s  t i m e  i n t e r v a l s ,  methy- 

l a t i n g  t h e  r e s u l t i n g  samples  and a n a l y z i n g  by GC-MS.7 Compound 11 

was not obse rved  i n  any of  t h e  samples .  This was p u z z l i n g  u n t i l  

i t  w a s  demons t r a t ed  t h a t  an a u t h e n t i c  sample of 11 decomposed 

d u r i n g  m e t h y l a t i o n .  Q u a l i t a t i v e l y ,  we obse rved  t h a t  t h e  con- 

P -  - 
P 
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Scheme I1 

DIMMEL AND SHEPARD 

( 5 )  
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Q U I N O N E M E T H I D E - A R O Q U I N O N E  ADDUCTS 79 

c e n t r a t i o n  of 3a decreased and 10 increased  as  the  100' anaerobic  

r e a c t i o n  proceeded, bur: t h e  l a t t e r  increased  a t  a slower r a t e  than 

t h e  former decreased .  Presumably, t h e  d i f f e r e n c e  is due t o  t h e  

- - 
product ion  of 11. 

I 

Heating 3a i n  the  presence of e i g h t  equ 

however, produced reasonable  amounts of 11, 

This r e s u l t  can be explained by cons ider ing  

- - 
Scheme 11. Excess AHQ'Z should d r i v e  equat 

v a l e n t s  of AHQ-2, 

a s  determined by NMR. 

the  r e a c t i o n s  i n  

on 4 back t o  ion 3a - 
and thus  g r e a t l y  lower t h e  l e v e l  of quinonemethide 2a. With low 

l e v e l s  of 2a, s t e p  8 which produces compound 10 w i l l  be d i s -  

favored ,  Consequently, ion 11-2 b u i l d s  t o  a high l e v e l  and leads  

t o  I 1  upon p r o t o n a t i o n .  

- - - - 
The proposed reduct ion  mechanism (Scheme 11) involves  r a d i c a l  

an ion  i n t e r m e d i a t e s .  React ions which depend on r a d i c a l  anion 

i n t e r m e d i a t e s  t o  achieve a d e s i r e d  t ransformat  ion  can f r e q u e n t l y  

be a l t e r e d  or  terminated by t h e  a d d i t i o n  of a r a d i c a l  anion 

quencher ,  such a s  d in i t robenzene .8  The l a t t e r  is e f f e c t i v e  i n  

organic  s o l v e n t s  but may not be i n  an aqueous system. We reasoned 

t h a t  3 ,5-d in i t robenzoic  ac id  (DNBA) uould be s o l u b l e  i n  aqueous 

a l k a l i  and act a s  a r a d i c a l  anion quenching reagent .  Its e f f e c t  

on t h e  reduct ion  of 3a by AHQ-2 was examined. - 
The r e a c t i o n  between 3a and AHQ-2 was repea ted  in t h e  presence 

of DNBA and no r e d u c t i o n  occurred;  anthraquinone,  a long wi th  regu- 

l a r  and oxidized condensat ion products ,  and 4-hydroxybenzaldehyde 

were produced. Severa l  c o n t r o l  experiments  involv ing  DNBA were 

performed and it was l earned  t h a t  DNBA is capable  of a c c e p t i n g  two 

e l e c t r o n s  from AHQ-2 t o  g ive  AQ ( s e e  Experimental  f o r  a d d i t i o n a l  

d i s c u s s i o n ) .  Thus, i t  is not c e r t a i n  whether DNBA is quenching 

r a d i c a l  anion processes  or  j u s t  removing AHQ-2 from t h e  system. 

and AHQ' (eq. 9) d i f f e r  s i g n i f i c a n t l y  in t h e i r  e n e r g e t i c s  i n  

o r g a n i c  s o l v e n t s ,  but  occur s imul taneous ly  in water.3 

l y ,  t h e  f u r t h e r  search  f o r  a compound which would quench AHQ- and 

not AHQ-2 in an aqueous media seems f r u i t l e s s .  

I 

Landucci has repor ted  t h a t  one e l e c t r o n  redox r e a c t i o n s  of AQ 

Consequent- 
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80 DIMMEL AND SHEPARD 

e- 
AQ = 

0 

HO R 

12,  R==CH2Ph 

13 ,  R=CH CH COCH3 
I 2 2  

= 

0 

R CHCH, 

QOMe OH 

- 1 4 ,  R=OH 

- 1 5 ,  R=H 
- 
- 

Scope and S i g n i f i c a n c e  of AHQ'2 Reductions -- 
How g e n e r a l  are t h e s e  AHQ-2 reduct ions?  Simple carbonyl  com- 

Recovered wi thout  pounds do not appear  t o  be reduced by AHQq2. 

change from r e a c t i o n  with AHQ'2 were: 

t o v a n i l l o n e  (4-OH-3-OMe-PhCOCH3), benzophenone (PhCOPh), an throne  

and f e r u l i c  a c i d  (4-OH-3-OMe-PhCH=CHCO2H). For a s u c c e s s f u l  

r e d u c t i o n  by AHQ-2, t h e  t r a n s f e r  of e l e c t r o n s  t o  t h e  s u b s t r a t e  has  

t o  be f a v o r a b l e  e n e r g e t i c a l l y  o r  the  s u b s t r a t e  r a d i c a l  an ions  a b l e  

t o  f u r t h e r  decompose i r r e v e r s i b l y ,  as descr ibed  in equat ion  6 ,  t o  

new s p e c i e s .  Apparent ly  t h e  s imple carbonyl  compounds examined do 

not  meet t h e s e  cri teria.  

ace tone ,  benzaldehyde, ace- 

The AHQ r e d u c t i o n s  of models 12 and 13 were next  examined. 

These compounds would be expected t o  undergo an exchange of MI at 

C 1 o  f o r  H in t h e  presence  of AHQ-2, without- t h e  compl ica t ion  of 

t h e  CIO-alkyl s u b s t i t u e n t  coming of f  and going on. Unfor tuna te ly ,  

1 2  and 13 were not  reduced by AHQ'2 i n  aqueous a l k a l i ,  presumably 

because of t h e i r  low s o l u b i l i t y .  The adducts  were also not 

reduced by AHQ'2 i n  aqueous dioxane,  a so lvent  system i n  which 

I I 

I I 

they  were somewhat s o l u b l e .  S u r p r i s i n g l y ,  adduct 3a was a l s o  - 
not reduced when aqueous dioxane was employed as t h e  s o l v e n t .  

Apparent ly  dioxane i n t e r f e r e s  with t h e  r e d u c t i o n  process .  
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Q U I N O N E N E T H I D E - A R O Q U I N O N E  ADDUCTS 81 

Compounds 14  and 15 had been prepared e a r l i e r  by us, the - - 
former by a lky la t ion  of AHQ-2 by ch loroace ta te  8 and the l a t t e r  by 

a similar a lky la t ion  of anthrone ( 9 > . 2  

does not occur here,  presumably because of the bulky nature of the 

a lky la t ing  agent. In other words, the reac t ion  analogous to  

equation 8 ,  Scheme 11, can not occur in t h i s  system. Treatment of 

14 with excess AHQ-2 a t  loo", under n i t rogen ,  gave 15. Based on 

these r e s u l t s ,  one can speculate t ha t  the following reac t ions  of 

l i g n i n  could be occurring during pulping: 

- 
Dialkylation of anthrone - 

- - 

The above s e t  of reac t ions  o f f e r  an explanation as to  h o w  

anthrone (found in t race  amounts') is formed during AQ pulping. 

Anthrone adduct 10 has been used as a source of quinonemethides;2 

consequently, anthrone adducts appear t o  mimic AHQ-adducts i n '  t ha t  

they en te r  i n t o  e q u i l i b r i a  with t h e i r  cons t i tuent  parts. Anthrone 

adducts, or de r iva t ives  thereof ,  may account fo r  other l o s s e s  of 

AQ during pulping .lo 9 l1 

AH& + Iignin QM 

e 

anthrone" + tignin QM 

11 

8. OMe 
0, 0, 

The reduction of adducts by AHQ-2 may not  be a s i g n i f i c a n t  

r eac t ion  i n  pulping because of concentration e f f e c t s .  Adduct con- 

cen t r a t ions  should be low due t o  the r eve r s ib l e  nature of the 

r eac t ions  which produce adducts and the a l t e r n a t i v e  chemistry 

ava i l ab le  t o  AIIQ-2. One could imagine t h a t  t he re  is a sea  of 

quinonemethides f o r  AHQ-2 t o  reac t  v i t h  (causing fragmentation o r  

r e t a rda t ion  of condensation, along with AQ l i b e r a t i o n ) ,  but only an 

occasional adduct t o  reduce. 
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82 DlMMEL AND SHEPARD 

173' Adduct Reac t ions  -- 
Of prime i n t e r e s t  i s  t h e  chemis t ry  d isp layed  by t h e  adducts  a t  

173', a typical pulp ing  temperature .  Adduct 3a w a s  mixed v i t h  

aqueous alkali i n s i d e  a s e a l e d  c o n t a i n e r  under n i t r o g e n  f o r  2 

hours  a t  173". 

c o n s i s t e d  of AQ, a s o l i d  and a s m a l l  amount of v i s c o u s  l i q u i d .  

A IH-NMR spectrum of t h e  s o l i d  i n d i c a t e d  t h a t  i t  w a s  probably a 

mixture  of AQ, condensa t ion  products  and materials t h a t  absorb  

s t r o n g l y  i n  the  7.2-8.26 aromat ic  region.  Absorpt ions i n  t h i s  

reg ion  have been observed f o r  v a n i l l y l  a l c o h o l  cooks done i n  the  

presence of AHQa2 and are of unknown  rigi in.^ 

- 
The products ,  af ter  exposure t o  a i r  and work-up, 

A p o r t i o n  of t h e  s o l i d  was d e r i v a t i z e d  with dimethyl  s u l f a t e  

and analyzed by GC-MS. The r e s u l t s  are shown i n  Fig.  1.  It 

should be emphasized t h a t  t h e  GC-MS a n a l y s i s  w i l l  on ly  provide  

informat ion  on t h e  uc?c:r ;.' 3 components present  i n  t h e  s o l i d  

sample. The most prominent s i g n a l  ( D )  is  due t o  4, which most 

l i k e l y  a r o s e  d u r i n g  the air  o x i d a t i o n  of t h e  b r i g h t  red (AHQ-2) 

product  s o l u t i o n .  The o t h e r  s i g n a l s ,  f o r  which assignments  could 

be made,7 were condensa t ion  products  or  forms of t h e  s t a r t i n g  

m a t e r i a l ,  as i n d i c a t e d  on Fig .  1. A d i s c u s s i o n  of how conden- 

s a t i o n  products  form can be found e l ~ e w h e r e . ~  

It is  apparent  t h a t  a t  173" adduct 3a underwent e x t e n s i v e  

f ragmenta t ion ,  l i b e r a t i n g  AHQa2. Very l i t t l e  of t h e  adduct sur -  

v ived .  Likewise, d u r i n g  v a n i l l y l  a l c o h o l / a l k a l i  r e a c t i o n s  in the  

presence of AHQ-2, adduct  3b is  produced, but very l i t t l e  is pres-  

e n t  a t  t h e  end of cooking a t  173" f o r  2 hours.5 

P 

I 

Much of t h e  QM p o r t i o n  of t h e  Ql-AHQ adducts ,  a f t e r  t h e  173" 

r e a c t i o n ,  can not  be accounted fo r  by t h e  GC-MS a n a l y s i s  tech- 

nique,  a l though some condensa t ion  products  were observed. 

The amount of AQ recovered a f t e r  the  173" cook of 3a was only 
I 

about  50% of theory .  Where did t h e  remainder go? Some is still 

p r e s e n t  i n  adduct  form. There is  s t i l l  m c h  t o  be l e a r n e d  about  

t h e  f a t e  of adducts  and AQ under pulping c o n d i t i o n s .  It seems 

reasonable  t o  assume, however, t h a t  a small percentage  of t h e  or ig-  
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G 

INTERNAL STANDARD 

METHYLATED AHQ (?I 
MIXTURE OF SYMMETRICAL DIMERS z& 12 
AQ 

UNSYMMETRICAL DlMER g 
OXIDIZED UNSYMMETRICAL DlMER 19 - 
QM-AHQ ADDUCT - FULLY METHYLATED 2 - 
TRIMER E 
OM-AHO ADDUCT -PARTIALLY METHYLATED 

I I I t l  I I I 1 b I I I l k 1  I I ' I", 

F i g u r e  1. Gas chromatogram of t h e  m e t h y l a t e d  p r o d u c t  o b t a i n e d  
f r o m  h e a t i n g  3a i n  a l k a l i  f o r  2 h o u r s  - 

OMe 

16 - 17 - \OMe 

OMe M e 0  
CHO 

19 - 20 - 
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84 DIMMEL AND SHEPARD 

i n a l  AQ charge added to  pulping l i q u o r s  v i l l  end up a s  C10-alkylated 

AHQ o r  an throne  d e r i v a t i v e s  a f t e r  a m o d  cook. One such der iva-  

t i v e ,  a benzanthrone,  has been i s o l a t e d  from pulping l iquors .12 ,13  

A C2-subst i tuted anthraquinone has a l s o  been i s o l a t e d  from pulping 

l i q u o r s .  14 

Competition Experiments 

The thermal  r e a c t i o n s  just d iscussed  poin t  out  t h a t  t h e  

weakest l i n k  i n  t h e  adducts  i s  t h e  C10-benzyl bond. Y e t  t h i s  bond 

i s  r e l a t i v e l y  s t r o n g  compared t o  a l t e r n a t i v e  p-hydroxybenzyl bonds. 

The quinonemethides der ived  from p-hydroxybenzyl. s u b s t i t u t e d  com- 

pounds a r e  q u i t e  r e a c t i v e .  For example, t h e  h a l f - l i f e  of a simple 

s u b s t i t u t e d  QM i n  n e u t r a l  methanol a t  25" is repor ted  t o  be 17 

~ e c 0 n d s . l ~  

aqueous a l k a l i  t o  be e x t r e m e l y  s h o r t ,  e s p e c i a l l y  a t  e leva ted  tem- 

One would expect  t h a t  t h e  h a l f - l i f e  of QN 2a i n  
I 

p e r a t u r e s .  Y e t ,  adduct  3a can be prepared i n  aqueous a l k a l i  a t  

60" and reacts c l e a n l y  a t  100" t o  give 10. 
- - 

Hydrosulf ide i o n  (SH), one of t h e  p r i n c i p a l  components of 

k r a f t  pulping,  is a very good nucleophi le .  Y e t ,  t h e  r e a c t i o n  of 

AHQ-2 wi th  quinonemethide 2a in  t h e  presence  of excesses of 

OH- and SH- gave a 87% y i e l d  of adduct 3a.  I f  adduces play a 

major r o l e  i n  d e l i g n i f i c a t i o n ,  i t  is now unders tandable  h o w  AQ is  

capable  of f u n c t i o n i n g  a t  c a t a l y t i c  l e v e l s  even i n  t h e  presence of 

l a r g e  excesses  of hydroxide and hydrosul f lde  i o n s ,  as i s  t h e  case 

f o r  kraf  t-AQ pulp ing .  

- 
I 

Spect roscopic  R e s u l t s  

I n  an a t tempt  t o  observe adduct d i s s o c i a t i o n ,  we have examined 

t h e  v i s i b l e  and n u c l e a r  magnetic resonance (NMR) s p e c t r a l  changes 

which occur  when adduct  3a is  heated i n  a l k a l i .  - 
The v i s i b l e  s p e c t r a  were recorded i n  a s o l v e n t  system which 

conta ined  sodium hydroxide and d i t h i o n i t e .  The a lka l i  served t h e  

purpose of promoting r e a c t i o n  and i n s u r i n g  t h a t  AHQ e x i s t e d  as i t s  

red d ian ion  form. The d i t h i o n i t e  was needed t o  reduce AQ t o  AHQ; 
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QUINON~ETHIDE-ANTHRAINDROQUINONE ADDUCTS 85 

t h e  former could r e s u l t  from a i r  o x i d a t i o n  of the  sample whi le  i n  

the unsealed q u a r t z  sample cel l .  

A s o l u t i o n  of adduct  3a i n  aqueous a l k a l i n e  d i t h i o n i t e  was 
Ic 

heated in a q u a r t z  c e l l  and t h e  417 nm a b s o r p t i o n  measured (Fig.  

2 ) ;  A H Q - ~  absorbs s t r o n g l y  a t  t h i s  wavelength (Fig. 3). 

duc t ion  of AHQ andfor  AQ began above 60" and increased  as t h e  tem- 

p e r a t u r e  was i n c r e a s e d .  

d i s s o c i a t i o n  of 3a) or  AQ (by the r e a c t i o n  descr ibed  by equat ion  

3)  could not,  u n f o r t u n a t e l y ,  be determined because of t h e  presence 

o f  the  sodium d i t h i o n i t e .  S o l u b i l i t y  problems a l s o  made the  study 

q u a l i t a t i v e ,  r a t h e r  than q u a n t i t a t i v e .  

The pro- 

Whether the  h e a t i n g  produced AHQm2 (by 

- 

A s o l u t i o n  of 3a i n  D20/DMSO-d6, c o n t a i n i n g  NaOD, w a s  heated - 
while  observing i t s  NMR spectrum. The spectrum, which was t h a t  of 

3a-, showed no s i g n i f i c a n t  change a f t e r  one hour a t  30" and one 

hour a t  60". However, when t h e  temperature  was increased  t o  go",  

t h e  s i g n a l s  a s s o c i a t e d  with 3a- g r a d u a l l y  disappeared and new 

s i g n a l s  appeared.  

P 

P 

Even though t h e  s i g n a l s  were somewhat broad, most could be 

ass igned  t o  based on a comparison t o  a NMR spectrum of 10 in 

D20/DMSO/OD- a t  90". The s i g n a l s  remaining comprised an AB system 

wi th  one double t  a t  6.34 and another  a t  6.846.  These s i g n a l s  are 

not  due t o  AHQ-2, f o r  which a spectrum w a s  ob ta ined .  

dur ing  the  course  of h e a t i n g  of & d i d  s i g n a l s  due to  AHQ-* appear .  

Nor were t h e r e  any s i g n a l s  produced which could be a t t r i b u t e d  t o  a 

- - 

A t  no t i m e  

- 
QM . 

Quite  obvious ly  t h e  equi l ibr ium between 3a- and QM 2a and 
3 - 

AHQ-* l i e s  s t r o n g l y  on the  s i d e  of 3a-, s i n c e  n e i t h e r  2a o r  

AHQ-2 appeared i n  t h e  NMR spectrum of w a r m  s o l u t i o n s  of 3a-. 

However, both 2a and AHQ-2 must have been formed s i n c e  they a r e  

p r e r e q u i s i t e s  f o r  t h e  product ion of which was observed. 

- - - 
3 

3 

The NMR sample a t  t h e  conclus ion  of t h e  experiment conta ined  a 

l a r g e  amount of s o l i d ,  presumably AQ. The spectrum did not, how- 

e v e r ,  show t y p i c a l  AQ s i g n a l s ,  probably because AQ was not i n  solu-  

t i o n .  The p a i r  of AB s i g n a l s  a t  6.3 and 6.86 observed a t  90" could 

be an anthraquinone phenolate  charge t r a n s f e r  complex. Quinones 
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C 

I---- 7 r 
A0 50 60 70 80 90 

TEMPERATURE, 'c 

Figure 2 .  The change i n  absorbance a t  417 nm a s  a s o l u t i o n  of 
adduct  i n  a l k a l i n e  d i t h i o n i t e  is warmed r a p i d l y  from 
one temperature  t o  another  and then he ld  f o r  a t i m e ,  
b e f o r e  warming another  10°C 

Figure 3. V i s i b l e  spectrum of a s o l u t i o n  of anthraquinone in 
a l k a l i n e  d i t h i o n i t e  

a re  known t o  complex with phenols.16 

l a t e  charge t r a n s f e r  complex would be expected to  show u p f i e l d  NMR 

s i g n a l s  due t o  a greater e l e c t r o n  d e n s i t y  in t h e  AQ r i n g .  

The AQ p o r t i o n  of a pheno- 

In a t t e m p t s  t o  g e n e r a t e  AQ-phenolate charge t r a n s f e r  complexes, 

w e  added AQ t o  s o l u t i o n s  of 10 and of E-cresol  i n  D20/0D'/DMSO-d6 

and recorded tMR s p e c t r a .  Even though t h e  s o l u t i o n s  were 

s a t u r a t e d  with suspended AQ p a r t i c l e s ,  no s i g n a l s  o t h e r  than 

I 
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QUINONENETHIDE-ANTHRAHYDROQUINONE ADDUCTS 87 

s o l v e n t ,  and E-creso la te  ion  were observed.  These r e s u l t s  do 

n o t ,  however, rule out  t h e  p o s s i b i l i t y  of a s o l u b l e  AQ-phenolate 

complex growing from low c o n c e n t r a t i o n s  of AQ produced dur ing  t h e  

thermal  r e a c t i o n s  of 3a-. 

- 

P 

Conclusions 

Adducts of s imple quinonemethides and AHQ e n t e r  i n t o  an 

e q u i l i b r i u m  wi th  t h e i r  c o n s t i t u e n t  parts at  temperatures  above 60" 

in aqueous a l k a l i .  A t  l ooo ,  i n  the  absence of oxygen, t h e  adducts  

are reduced by AHQ t o  g ive  anthrone adducts .  A t  173" t h e  adducts  

l a r g e l y ,  but  not completely,  decompose, r e l e a s i n g  about 112 of the 

t rapped AHQ back t o  the  medium. 

The l a c k  of i n t e r f e r e n c e  by hydroxide and hydrosulf i d e ,  t h e  

c rossover  experiment and t h e  s p e c t r a l  r e s u l t s  a l l  suggest  t h a t  the 

e q u i l i b r i u m  which e x i s t s  between QM-AHQ adducts  and t h e i r  Ql and 

AHQ-2 c o n s t i t u e n t  p a r t s  a t  e leva ted  temperatures  l i es  s t r o n g l y  on 

t h e  s i d e  of t h e  adduct. This  preference  could ,  however, change as  

t h e  Qf i n c r e a s e s  in bulk and the  adduct a c q u i r e s  some s t e r i c  

s t r a i n .  

EXFERIMENTAL 

The equipment employed, procedure f o r  prepar ing  AHQ-2 and pro- 

cedure f o r  d e r i v a t i z i n g  by methylat ion are expla ined  elsewhere.2, s 

Low Temperature A i r  Cook of lO-Hydroxy-l0-(4'-hydroxybenzyl)- 

9(10H)-anthracenone ( 3 a ) .  - I n  a small Erlenmeyer f l a s k  w a s  placed 

1 . 7  g of 3a2 and about  20 mL of 1EJ sodium hydroxide. The f l a s k  

w a s  f lushed  with n i t r o g e n ,  s toppered and heated on a hot p l a t e .  

_. 

I 
-- 

- 
The c l e a r  s o l u t i o n  became red colored upon h e a t i n g .  Opening the  

f l a s k  to  air  caused the  red c o l o r  t o  change t o  l i g h t  orange and a 

p r e c i p i t a t e  t o  form. A f t e r  about 20 minutes the  orange t i n t  had 

d isappeared  and t h e  pale yellow s o l u t i o n  was r i c h  in p r e c i p i t a t e .  

The f l a s k  was cooled and t h e  c o n t e n t s  f i l t e r e d  t o  a f f o r d  0.97 g 

o f  anthraquinone.  The f i l t r a t e  was a c i d i f i e d  and r e f i l t e r e d  to  
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88 DIMMEL AND SHEPARD 

g i v e  0.35 g of 80% pure 1OS10-di(4'-hydroxybenzyl)-9(10H)-anthra-- 

cenone (10) 
l a s t  f i l t r a t i o n  was e x t r a c t e d  s e v e r a l  t i m e s  wi th  e t h e r .  The com- 

bined e t h e r  extracts were d r i e d  (Na2S04) and evaporated t o  g ive  

0.30 g of an o i l .  

9.04 (ArOH), 6.6-7.0 (Aryl)  and 3.4-3.76 (Ar-CH2-Ar) which 

sugges ted  t h a t  t h e  material was composed of phenol ic  condensat ion 

products  der ived  from p-hydroxybenzyl a l c o h o l  ( 4 ) .  

as shown by lH-NMR and I L 2  The f i l t r a t e  of t h i s  
P 

The IH-NMX spectrum of t h e  o i l  i n  ENSO showed 

- 
A sample of 417 was t r e a t e d  v i t h  aqueous a l k a l i  under t h e  con- 

I 

d i t i o n s  descr ibed  above. A c i d i f i c a t i o n ,  e t h e r  e x t r a c t i o n ,  dry ing  

and evapora t ion  gave a gummy r e s i d u e  which e x h i b i t e d  as IH-NMR 

s imilar  to t h e  o i l  descr ibed  above. 

Low Temperature Air Cook of 10-Hydroxy-10-(4'-hydroxy-3'-methoxy- 

benzyl)-9(10H)-anthracenone ( 3 b ) .  - A s o l u t i o n  of 1.33 g of 3b2 i n  

20 mL of 1N sodium hydroxide was s t i r r e d  a t  85-90" f o r  4 hours ,  

- 
i - - -- 

- 
d u r i n g  which t i m e  t h e  dark orange colored s o l u t i o n  became l i g h t  

y e l l o v  and a p r e c i p i t a t e  had formed. The s o l u t i o n  was cooled and 

f i l t e r e d  t o  g ive  0.72 g of s o l i d  AQ. The f i l t r a t e  was a c i d i f i e d  

t o  produce a red-brown p r e c i p i t a t e ,  which was c o l l e c t e d  by 

f i l t r a t i o n ;  t h e  m i g h t  was 0.26 8.  A p o r t i o n  of t h i s  sample was 

methyla ted  and analyzed by gas  chromatography - mass spectroscopy 

(GC-MS).  The sample was similar  in i t s  GC-MS t o  t h e  methylated 

product  vh ich  r e s u l t s  from h e a t i n g  v a n i l l y l  a l c o h o l  (5) with 

aqueous in t h a t  both contained condensat ion products  17 ,  

18, and 20. 

- - 
I - I 

V i s i b l e  Absorpt ion Spec t ra  of AHQ-2 and Decomposing Adduct ( 3 a ) .  - 
Sodium d i t h i o n i t e  (3.4 g of 90% t e c h n i c a l  g r a d e )  was d i s s o l v e d  in 

100 mL of d i s t i l l e d  water  and then f i l t e r e d  through C e l i t e  t o  

remove f i n e  particles. Sodium hydroxide (1.0 g)  w a s  added t o  the  

f i l t r a t e  and t h e  volume brought t o  250 rnL by t h e  a d d i t i o n  of 

d i s t i l l e d  water. Anthraquinone (2.5 mg) was weighed i n t o  a 100 mL 

volumeter ic  f l a s k ,  and then d i l u t e d  to volume wi th  t h e  a l k a l i n e  

d i t h i o n i t e  s o l u t i o n .  The v i s i b l e  spectrum from 380 t o  600 w was 

3i 
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QlJINONEMETHIDE-ANTHRAHYDROQU1NONE ADDUCTS 89 

recorded,  r e l a t i v e  to  an a l k a l i n e  d i t h i o n i t e  blank s o l u t i o n .  'J$e 

r e s u l t s  are shown i n  Fig. 3. 

A 2.5 mg sample of l0-hydroxy-l0-(4'-hydroxybenzyl)-9(1OH)- 

anthracenone ( 3 a ) 2  was weighed i n t o  a 100 mL volumetr ic  f l a s k  and 

t h e  a l k a l i n e  d i t h i o n i t e  s o l u t i o n  added t o  b r i n g  the  volume t o  100 
I 

mL. The spec t rometer  was set a t  417 w and t h e  a b s o r p t i o n  of t h e  

above s o l u t i o n  measured as a f u n c t i o n  of temperature  (30-90'). 

The results are shown i n  F ig-  2 .  

Crossover Experiment Between 3a and 6. - A mixture  of 0.5 g (1.6 

mmoles ) of 10-hyd roxy-10- ( 4  ' -hyd roxybenz yl ) -9 ( 1 OH )-anthr acenone 

(3a>2, 0.34 g (1.6 m o l e s )  of 4-acetoxy-3-methoxybenzyl c h l o r i d e  

( 6 ) 2  
of water was s t i r r e d  under n i t r o g e n  while warming. m e  t e m -  

p e r a t u r e  w a s  r a i s e d  from 25' t o  90-100" and then held t h e r e  f o r  2 

hours .  The s o l u t i o n  w a s  cooled and f i l t e r e d  t o  g i v e  0.24 g of 

s o l i d  (A) .  The f i l t r a t e  was a c i d i f i e d  and f i l t e r e d  t o  g i v e  0.32 g 

of s o l i d  ( B ) .  Ether  e x t r a c t i o n  of t h i s  f i l t r a t e  produced only a 

very small r e s i d u e .  

--- - 
- 

and 0.25 g (6.2 mmoles) of sodium hydroxide i n  about 100 mL - 

S o l i d s  A and B were methylated and analyzed by lH-NMR and 

GC-MS. S o l i d  A was predominantly adduct  3a while s o l i d  B con- 

t a i n e d  roughly a 2 : l  r a t i o  of 3a:3b, a long wi th  phenol ic  conden- 

s a t i o n  products .  The gas  chromatogram of d e r i v a t i z e d  s o l i d  B and 

i n t e r p r e t a t i o n  of t h e  mass s p e c t r a  of t h e  condensat ion products  

have been incorpora ted  i n t o  an earlier publ ica t ion . '  The iden- 

t i f i c a t i o n  of t h e  products  rests on comparison of NMR and GC-MS 

d a t a  of known samples and analogous materials. 

- 
I- 

P r e p a r a t i o n  of Adduct 3a i n  t h e  Presence of Sodium S u l f i d e .  - A 

procedure i d e n t i c a l  t o  before ,Z except wi th  t h e  i n c l u s i o n  of 2 

e q u i v a l e n t s  of sodium s u l f i d e ,  gave an 87% y i e l d  of crude adduct 

3a. 

I 

- 
100" Anaerobic Reac t ions  of lO-Hydroxy-l0-(4'-hydroxybenzyl)- 

g(lOH)-anthracenone (3a). - A s o l u t i o n  of 1.02 g (3.2 mmoles) of 
- 

- -- 
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90 DIMMEL AND SHEPARD 

3 a 2  i n  20 mL of 1 N  NaOH was  s t i r r e d  under n i t r o g e n  at r e f l u x  f o r  7 

hours ,  cooled and exposed t o  a i r .  F i l t r a t i o n  gave anthraquinone 

which, a f t e r  d r y i n g ,  weighed 0.33 g (1.6 m o l e s ) .  A c i d i f i c a t i o n  

of t h e  f i l t r a t e  w i t h  concent ra ted  hydrochlor ic  a c i d  gave a precip-  

i t a t e .  F i l t r a t i o n  and a i r  dry ing  af forded  0.60 g (1.4 m o l e s )  of 

10,10-di(4'-hydroxybenzyl)-9(10H)anthracenone ( l o ) ,  mp 2 1 1 - 2 1 4 "  

(methanol-water), i d e n t i c a l  t o  a sample of t h e  same m a t e r i a l  pre- 

pared by a l k y l a t i o n  of an throne  ( 9 )  with 2 e q u i v a l e n t s  of 6 . 2  

- 

I 

P E 

The r e a c t i o n  was repea ted  and a l i q u o t s  withdrawn a t  3, 5, 10, 

15,  20, 30, 60, 120, and 240 minutes a f t e r  t h e  start.  Each sample 

was wrked-up as d e s c r i b e d  above. Af te r  methyla t ion ,  t h e  samples 

were analyzed by GC and i n  some cases  GC-MS. 

The 100" a n a e r o b i c  r e a c t i o n s  of adduct 3a were repea ted  
I 

s e v e r a l  times v l t h  d i f f e r e n t  l e v e l s  of AHQ'2 p r e s e n t .  

of 3a to  AHQ-2 examined were 1:1, 1:4,  and 1:8. 

worked-up as d e s c r i b e d  above and analyzed by 1H-NMR.2 

of 10-(4'-hydroxybenzy1)-9( lOH)-anthracenone ( 11)2 i n c r e a s e d  as 

t h e  r a t i o  of AHQ-2 i n c r e a s e d .  

accounted f o r  roughly 50% of t h e  product ,  wi th  the  remainder being 

most ly  s t a r t i n g  material 3a and a l i t t l e  10. No r e d u c t i o n  product  

11 was observed (performed twice)  when the  1:8 r a t i o  of 3a t o  

AHQ-2 

The r a t i o s  

The products  were - 
The l e v e l  

I 

With 8 e q u i v a l e n t s  of AHQ-2, 11 - 
I 1 

=.L _5 

w a s  employed i n  a s o l v e n t  system of 50:50 dioxane-water. 

Reac t ions  I n v o l v i n g  3,5-Dinl t robenzoic  Acid (DNBA). - A mixture  of 

1.34 g (6.3 m o l e s )  of DNBA,I7  0.53 g (13 m o l e s )  of sodium hydroxide 

and 1.05 g (3.15 m o l e s )  of 3a i n  100 mL of water  was  s t i r r e d  at 

r e f l u x  under n l t r o g e n  f o r  5 hours ,  cooled,  exposed t o  a i r  arid 

f i l t e r e d  t o  remove AQ. The f i l t r a t e  was a c i d i f i e d  t o  produce a 

p r e c i p i t a t e  '*A", which was i s o l a t e d  by f i l t r a t i o n .  The f i l t r a t e  

produced h e r e  was e x t r a c t e d  wi th  e t h e r ,  which i n  t u r n  was washed 

wi th  water ,  d r i e d  (Na2SOq) and evaporated t o  a r e s i d u e  "B". 

R e c r y s t a l l i z a t i o n  of "B" from methanol-water gave as a f i r s t  crop 

DNBA and later 4-hydro~ybenza ldehyde~ t h e  s t r u c t u r e s  of which were 

e s t a b l i s h e d  by comparing I R  and NMR s p e c t r a  t o  a u t h e n t i c  ~ a m p 1 e s . l ~  

- 
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P r e c i p i t a t e  "A" w a s  d i sso lved  i n  e t h e r  and e x t r a c t e d  with 

sodium bicarbonate  s o l u t i o n .  The e t h e r  w a s  d r i e d  (Na2S04) and 

evaporated t o  g i v e  a s i r u p  (0.06 9). The b i c a r b o n a t e  s o l u t i o n  was 

a c i d i f i e d  t o  g i v e  0.71 g of DNBA. The s i r u p  was methylated and 

analyzed by GC-MS; components which were observed were AQ, d i n e r s  

16  and 19 ,  trimers (20 was the  major one, but s e v e r a l  aldehyde 

trimers were a l s o  p r e s e n t )  and a tetramer of E-hydroxybenzyl 

a l c o h o l  ( 4 ) .  Details of t h e  mass s p e c t r a  a r e  provided 

e l ~ e w h e r e . ~  

- - - 
P 

N i  t robenzene is  a known o x i d i z e r  of benzyl a l c o h o l  .I Apparent- 

l y ,  3 ,5-d in i t robenzoic  a c i d  is a l s o  performing a similar r o l e ,  

s i n c e  t h e  l e v e l s  of a ldehydic  products  were r e l a t i v e l y  h igh .  

The dropwise a d d i t i o n  of a s o l u t i o n  of DNBA in aqueous a l k a l i  

t o  an aqueous s o l u t i o n  of AHQ-2 r a p i d l y  d ischarged  t h e  red c o l o r  

(AHQ-2) and r e s u l t e d  i n  a grey-greer. co lored  s o l u t i o n  c o n t a i n i n g  

p r e c i p i t a t e d  AQ. The a d d i t i o n  of E-acetoxybenzyl c h l o r i d e  (6 )  t o  

an aqueous a l k a l i n e  s o l u t i o n  of DNBA gave rise to phenol ic  conden- 

s a t i o n  products ,  der ived  from 6 ,  but no E-hydroxybenzaldehyde. 

= 

- - 
These experiments  suggest  t h a t ,  dur ing  t h e  thermal  decom- 

p o s i t i o n  of adduct  3a,  DNBA accepts e l e c t r o n s  from AHQe2, t r a n s -  

forming the  la t ter  t o  AQ, and the  e l e c t r o n  r i c h  DNBA c a u s e s  some 

o x i d a t i o n  of phenol ic  products .  

s o l u t i o n ,  t h e  reduct ion  of 3a by AHQ-2 can not  proceed. 

- 
Because AHQ-2 is removed from 

- 
React ions of Adducts 12  13 wi th  AHQ-2. - To a 200 mL aqueous 

s o l u t i o n  of AHQ-2 (13.5 m o l e s ) ,  conta in ing  2.1 g (52 m o l e s )  of 

sodium hydroxide,  w a s  added 2.0 g (6.7 mnoles) of 10-hydroxy-10- 

benzyl-9(10H)-anthracenone (12)* i n  small p o r t i o n s  under n i t r o g e n .  

The suspension was s t i r r e d  under n i t r o g e n  f o r  5 hours  a t  lOO", 

cooled and f i l t e r e d .  The c o l l e c t e d  s o l i d  w a s  a mixture  of AQ and 

12.  It was p o s s i b l e  t o  s e p a r a t e  AQ and 12 by s l u r r y i n g  t h e  mix- 

t u r e  i n  1: sodium hydroxide conta in ing  sodium d i t h i o n i t e  (AQ -> 
AHQ'2), f i l t e r i n g  and washing with NaOH/Na2S04 s e v e r a l  t i m e s ;  75% 

of the o r i g i n a l l y  added 12 w a s  recovered.  

- - 

I 

P - 
- 
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The r e a c t i o n  was a l s o  repeated seve ra l  times with the 

following v a r i a t i o n s :  ( a )  a solvent system of M : 5 0  dioxane- 

water, (b)  a so lvent  system of 75:25 dioxane water, and ( c )  a 

50:50 dioxane-water system a t  185" i n  a sealed bomb containing 12 ,  

AQ and glucose. In each of t hese  cases 12 was recovered and no 

de tec t ab le  reduct ion  occurred. 

1cs 

1 

A mixture of 1.5 g of 10-hydroxy-10-(3'-oxobutyl)-9(lOH)- 

anthracenone (13)2 and 8 equiva len ts  of AHQ-2 were s t i r r e d  at 100" 

f o r  4 hours under nitrogen. The suspension was cooled, exposed to  

a i r  and f i l t e r e d  to give a mixture of 13 and AQ. 

- 
I 

Reduction of 10-Hydroxy-10-(~-hydroxy-3'-methoxyamethylbenzyl)- 

9(10H)-anthracenone (14) with  AHQ'2. - To an aqueous so lu t ion  (150 

mL) of AHQ-2, prepared from 1.9 g (9.1 m o l e s )  of AQ and con- 

t a in ing  1.4 g (35 m o l e s )  of sodium hydroxide, w a s  added 0.4 g 

(1.15 m o l e s )  of 14.2 
4 hours at 100°, cooled, exposed to  a i r  and f i l t e r e d  to give 2.0 g 

of AQ. The f i l t r a t e  w a s  a c i d i f i e d  to give 0.02 g of so l id .  NMR 
and GC ana lys i s  showed t h a t  the  product w a s  a complex mixture of 

components of which 10-(4'-hydroxy-3'-methoxya-methylbenzyl)- 

9(10H)-anthracenone (15) w a s  one. This f a c t  was es t ab l i shed  by 

comparing the  crude product t o  tha t  of an au then t i c  sample 152 and 

observing the  c h a r a c t e r i s t i c  doublet at 4 . 4 6  (Ar2CECH). 

GC r e t e n t i o n  t i m e  and mass spectrum of a component i n  the meth- 

ylated product mixture matched tha t  of methylated 15.2 

I 
-- 

The mixture was s t i r r e d  under n i t rogen  f o r  - 

I 

e 

Also the 

- 
9 Temperature Thermal Reactions of Adduct 3a. - A 1.0 g sample 

of 3a2 and 30 mL of 0.5g NaOH were placed i n  a t i tanium pressure  

ves se l .  The bomb was flushed with n i t rogen ,  capped and ro t a t ed  

f o r  2 hours i n  an o i l  bath heated a t  173". The bomb was then 

cooled to  room temperature and the  b r igh t  red colored so lu t ion  

removed and s t i r r e d  i n  air. F i l t r a t i o n  gave 0.27 g of AQ. The 

f i l t r a t e  w a s  a c i d i f i e d  and 0.54 g of s o l i d  co l lec ted  by f i l t r a -  

t i on .  This lat ter f i l t r a t e  w a s  ex t rac ted  with e t h e r ,  which i n  

tu rn  was  d r ied  (Na2S04) and evaporated to  a f ford  0.10 g of resi- 

due, which was not f u r t h e r  analyzed. 

I - 
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A 1H-NMR of t h e  s o l i d  showed a broad set of s i g n a l s  i n  the 

3 .2 -3 .8  range where Ar-CH2-k a b s o r p t i o n s  come5 and a n  even 

b roade r  set of s i g n a l s  i n  t h e  6 .6 -8 .8  range.  No s i g n i f i c a n t  

l e v e l s  of 3a appeared i n  t h e  spectrum. A sample of t h e  s o l i d  was 

me thy la t ed  and ana lyzed  by GC-MS. The r e s u l t s  are shown i n  Fig.  
I 

3 .  

The experiment  w a s  r e p e a t e d  twice more t o  g i v e  q u a l i t a t i v e l y  

t h e  same r e s u l t s .  

NMR S t u d i e s .  - About 50 mg of 10-hydroxy-10-(4'-hydroxybenzyl)- 

9(10H)-anthracenone (3a )  was d i s s o l v e d  i n  abou t  112 mL of MSO-dg 

and d i l u t e d  w i t h  about  112 mL of 20% NaOD i n  D2O. 

p r e p a r a t i o n  of t h e  s o l u t i o n  a NMR spec t rum a t  30' was r eco rded  

( A 6  = u p f i e l d  s h i f t  from un ion ized  3 a 2 ) :  

0.21), 5.30  (d ,  3 = 8 &, 2 ,  2-Aryl, A 6  = 0 . 3 8 ) ,  5.78 (d ,  J = 8 

H z ,  2 ,  ~ n - A r y l ,  A 6  = 0.38) and 7.2-7.96 ( m ,  8 ,  an th rone  r i n g  pro- 

t o n s ,  A 6  = 0 . 2 ) .  

-- 
- 

An hour a f t e r  

2.85 (5, 2 ,  CH2, A 6  - 

The s o l u t i o n  w a s  hea t ed  t o  60' i n s i d e  t h e  NMR probe and 

s p e c t r a  r eco rded  a t  0 ,  40, and 70 minu tes .  The l as t  spectrum was 

s t i l l  b a s i c a l l y  i d e n t i c a l  t o  t h e  30a spec t rum excep t  f o r  t h e  

appearance of low i n t e n s i t y  d o u b l e t s  a t  6.3 and 6 . 8 6 .  The tem-  

p e r a t u r e  of t h e  probe was i n c r e a s e d  from 60 t o  90" ove r  a 2 minute 

p e r i o d .  A NMR spectrum a f t e r  10 min a t  90" showed t h e  appearance 

o f  s i g n a l s  a t  6 . 3 4  and 6 .84  (AB d o u b l e t ,  3 = 8 Hz), 5 . 7 8  (s) and 

3.36  (broad s) ;  t h e  peaks a s s o c i a t e d  w i t h  3a- had broadened and 

t h e  d o u b l e t s  were no l o n g e r  r e s o l v e d .  S p e c t r a  were r eco rded  at 

4 5 ,  80, 110, and 150 min. Except f o r  t h e  6.34 and 6.84  d o u b l e t s ,  

t h e  s i g n a l s  were somewhat broad a f te r  150 min a t  90". The s i g n a l s  

a t  5.30  and 2 .856 ,  a s s o c i a t e d  wi th  3a-, were b a r e l y  d e t e c t a b l e  

above t h e  b a s e l i n e  n o i s e .  The sample,  upon removal from t h e  NlR 
probe,  was s a t u r a t e d  w i t h  s o l i d  p r e c i p i t a t e .  

- 

- 
About 50 mg of 10,10-di(4'-hydroxybenzyl-9(lOH)-anthracenone 

(10) w a s  d i s s o l v e d  i n  abou t  112 mL of DMSO-db and d i l u t e d  w i t h  1 / 2  

mL of 20% NaOD i n  D20. 

t h e y  d i f f e r e d  s l i g h t l y  i n  t h e  r e s o l u t i o n  of t h e  a r y l  s i g n a l s  and 

s h a r p n e s s  of t h e  benzyl  s i g n a l s  ( A 6  = u p f i e l d  s h i f t  from un ion ized  

I 

NMR s p e c t r a  a t  30" and 90" were reco rded ;  
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102): 3.42  (s, 2 ,  CH2, A6 = 0.21), 5.78 (9, 8, phenol ic  a r y l ,  
I 

= 0 . 4 0 )  and 6.1-8.06 ( s e t  of sharp  s i g n a l s ,  t h e  l a s t  being a 

d o u b l e t ,  8, an throne  r i n g ,  A 6  = 0.3-1.2) .  The previous  sample, 

h e a t e d  3a', conta ined  all t h e s e  s i g n a l s ,  only somewhat broadened. 
I 

Approximately, 50 mg of AQ was placed in a mixture  of B O D ,  

D 2 0 ,  PISO-d6 and sodium d i t h i o n i t e .  

i n  c o l o r ,  i n d i c a t i v e  of AHQ'2; i t  was f i l t e r e d  i n t o  an NMR t u b e  

and a spectrum recorded a t  90': 

and 8.176 (about  0.2 ppm wide, area 1). Nei ther  of t h e s e  two 

s i g n a l s  were observed i n  t h e  s p e c t r a  of 3a-, recorded whi le  

h e a t i n g .  

The s o l u t i o n  became dark  r e d  

7.05 (about  0.2 ppm wide, a r e a  1) 

I 

Anthraquinone w a s  added t o  t h e  s o l u t i o n  of descr ibed  - 
above and EpiR s p e c t r a  recorded at  30 and 90". The s p e c t r a  showed 

on ly  10-2. 

D20/0D'/DMSO-d6 and a spectrum taken a t  30"; o n l y  sodium p- 
Likewise,  AQ was added to  a s o l u t i o n  of E-cresol  i n  

I 

c r e s o l a t e  w a s  observed.  
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