
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Wood Chemistry and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597282

Electron Transfer Reactions in Pulping Systems (I): Theory and
Applicability to Anthraquinone Pulping
Donald R. Dimmela

a The Institute of Paper Chemistry Appleton, Wisconsin

To cite this Article Dimmel, Donald R.(1985) 'Electron Transfer Reactions in Pulping Systems (I): Theory and Applicability
to Anthraquinone Pulping', Journal of Wood Chemistry and Technology, 5: 1, 1 — 14
To link to this Article: DOI: 10.1080/02773818508085178
URL: http://dx.doi.org/10.1080/02773818508085178

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597282
http://dx.doi.org/10.1080/02773818508085178
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF WOOD CHEMISTRY AND TECHNOLOGY, 5 ( 1 ) ,  1-14 (1985) 

ELECTRON TRANSFER REACTIONS I N  PULPING SYSTEMS ( I ) :  THEORY 

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

Appleton,  Wisconsin 54912 

AND APPLICABILITY TO ANTHRAQUINONE PULPING 

ABSTUCI' 

A key s t e p  i n  t h e  d e l i g n i f i c a t i o n  of wood is t h e  breakage of t h e  
E-aryl e t h e r  bonds of l i g n i n .  Two mechanisms a r e  d i s c u s s e d  f o r  
how anthrahydroquinone (AHQ) b r i n g s  abou t  t h i s  p a r t i c u l a r  f ragmen- 
t a t l o n .  The "adduct"  mechanism i n v o l v e s  bond fo rma t ion  between 
l i g n i n  quinonemethide (QM) i n t e r m e d i a t e s  and AHQ, fol lowed by f r ag -  
men ta t ion ,  The o t h e r  mechanism ("SET" mechanism) i n v o l v e s  a s i n g l e  
e l e c t r o n  t r a n s f e r  between AHQ and a lignin Qn fol lowed by fragmen- 
t a t i o n .  The l i t e r a t u r e  conce rn ing  adduc t s  and SET r e a c t i o n s  i s  
reviewed and analyzed.  The SET mechanism mst be cons ide red  a s  a 
v i a b l e  a l t e r n a t i v e  t o  one based e n t i r e l y  on adduct  fo rma t ion .  

INTRODUCTION 

A l k a l i n e  pu lp ing  p r o c e s s e s ,  such as soda and k r a f t  , .were devel-  

oped long b e f o r e  t h e  s t r u c t u r e s  and the n a t u r e  of t h e  major com- 

ponents  of wood were understood.1 

c e l l u l o s e ,  h e m i c e l l u l o s e ,  and l i g n i n  p ~ o g r e s s e d ~ , ~  so  d i d  t h e  

chemistry of pu lp ing .  T h e o r i e s  have evolved which now e x p l a i n  

how hydroxide and h y d r o s u l f i d e  ions ( O H -  and SH-) cause  carbo- 

hydrate2.4-6 and l i g n i n 3 v 7  t o  d i s s o l v e  d u r i n g  pu lp ing .  

t h e  t h e o r i e s  are based on expe r imen t s  w i t h  model compounds r a t h e r  

t h a n  a c t u a l  wood. 

As s t r u c t u r a l  s t u d i e s  on 

Most of 

The advent  of an th raqu inone  pu lp ing  i n  1977 r e v i t a l i z e d  i n t e r -  

est  in pulping chemis t ry .8  

0.1% l e v e l  c a u s e  t h e  same e f f e c t  as SH' a t  a 6% l e v e l ?  Why d i d  AQ 

processes  e x h i b i t  better p u l p i n g  s e l e c t i v i t i e s  ( t h e  amount of l i g n i n  

removed t h e  amount of c a r b o h y d r a t e s  removed)? Would an under- 

s t a n d i n g  of AQ's chemis t ry  p r o v i d e  new i n s i g h t s  i n t o  improving 

How cou ld  a n  o r g a n i c  m a t e r i a l  a t  a 

1 
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2 DR-QCL 

pulp y i e l d s ,  d e c r e a s i n g  p u l p i n g  r e a c t i o n  t i m e s ,  a l t e r i n g  t h e  s t r u c -  

t u r e  of " r e s i d u a l "  l i g n i n ,  and deve lop ing  i n n o v a t i v e  p r o c e s s e s ?  

Only a d e t a i l e d  u n d e r s t a n d i n g  o f  AQ's  chemis t ry  w i l l  p rov ide  

answers  t o  t h e s e  q u e s t i o n s .  

E a r l y  in t h e  m e c h a n i s t i c  AQ s t u d i e s  came t h e  r e a l i z a t i o n  t h a t  

an th rahydroqu inone  (AHQ, a reduced form of AQ) p layed  a n  impor t an t  

r o l e  d u r i n g  p ~ l p i n g . ~ - l l  

c a p a b l e  of r e d u c i n g  AQ t o  AHQ, one be ing  ca rbohydra t e s .  I n  a re- 

a c t i o n  w i t h  AQ, c a r b o h y d r a t e  end g roups  are o x i d i z e d  and a r e  the re -  

by s t a b i l i z e d  toward y i e l d - r e d u c i n g  a l k a l i n e  r e a c t i o n s .  12 

l i g n i n  g roups  are a l s o  c a p a b l e  of  c o n v e r t i n g  AQ t o  A H Q . 1 3 9 1 5  

There a r e  s e v e r a l  t y p e s  of compounds 

C e r t a i n  

Model compound s t u d i e s  i n d i c a t e  t h a t  AHQ probab ly  promotes de- 

l i g n i f i c a t i o n  by a combinat ion o f  a t  least  t w o  e f f e c t s :  promotion 

o f  l i g n i n  f r a g m e n t a t i o n  react ions16-22 and r e t a r d a t i o n  of l i g n i n  

condensa t ion  r e a c t i o n s . 2 3  h i r i n g  t h e  c o u r s e  o f  t h e s e  r e a c t i o n s ,  

AHQ i s  o x i d i z e d  t o  AQ, complet ing one r e d u c t i o n - o x i d a t i o n  ( r edox)  

cyc le .24  

o f  AQ, high pu lp  y i e l d s ,  and f a s t  d e l i g n i f i c a t i o n  r a t e s  (F ig .  1 ) .  

R e p e t i t i o n  of t h i s  c y c l e  e x p l a i n s  t h e  c a t a l y t i c  a c t i v i t y  

The nex t  l e v e l  of  s o p h i s t i c a t i o n  in t h e  m e c h a n i s t i c  s t u d i e s  

w a s  t o  u n d e r s t a n d  t h e  d e t a i l s  o f  each of  t h e  r edox  r e a c t i o n s .  In  

t h i s  r e g a r d ,  on ly  t h e  AHQ induced f r a g m e n t a t i o n  of l i g n i n  model 

compounds h a s  r e c e i v e d  much a t t e n t i o n .  L ign in  f r a g m e n t a t i o n  

REDOX CYCLE 

CARBOHYDRATES 

STAB1 LlZED 
CAR B 0 H Y D RATES - - 

YIELD G A I N  RATE GAIN 

F i g u r e  1. A redox c y c l e  p r o p o s a l  f o r  e x p l a i n i n g  t h e  c a t a l y t i c  
a c t i o n  of an th raqu inone  d u r i n g  pu lp ing .  
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ELECTRON TRANSFER I 3 

s t e p s ,  which are c r u c i a l  t o  e f f e c t i v e  a l k a l i n e  pulping,  a r e  be- 

l i e v e d  t o  involve  quinonemethide (QM) in te rmedia tes .  Two t h e o r i e s  

have evolved t o  e x p l a i n  t h e  chemistry of an AHQ and QM i n t e r a c t i o n  

t h a t  g i v e s  r ise  t o  e f f i c i e n t  f ragmenta t ion  of I fgnin .  

ADDUCT MECHANISM THEORY 

A t  temperatures  below 6OoC, AHQ couples  with s imple QMS t o  

g i v e  high y i e l d s  of "adducts .  *'24 

about  60'. t h e  r e a c t i o n  of AHQ wi th  a s imple a ( I )  i s  r e v e r s i -  

ble .25 

and a s u b s t i t u t e d  an throne  product  3.25 
r e d u c t i o n  r e a c t i o n  has been i n t e r p r e t e d  as involv ing  s i n g l e  

e l e c t r o n  t r a n s f e r  (SET) steps. 

An example is shown below. A t  

A t  1OO"C, s imple adducts  such as 2 d i s p r o p o r t i o n a t e  t o  AQ 

This l a t t e r  oxidation-- 

Severa l  research  groups have synthes ized  adducts  [Eq. ( 3 ) ]  

which c o n t a i n  B-aryl e t h e r  groups (5) and have shown t h a t  such s t r u c -  

t u r e s ,  when warmed with a l k a l i ,  fragment [Eq .  (411 t o  l i b e r a t e  AQ 

and two phenola te  ions.  "-19 LLgnin c o n t a i n s  l a r g e  numbers of B- 

a r y l  e t h e r   linkage^.^ 
rates are a r e s u l t  of AEQ adding t o  lignin Qls having neighboring 

16-18 6-aryl e t h e r  groups and t h a t  t h e  r e s u l t i n g  adducts  fragment. 

Adducts of AHQ and a c y l a t e d  m i l l e d  wood l i g n i n  a t  10°C have been 

repor ted .  

'Ihe model s t u d i e s  suggest  t h a t  rap id  pulping 

26 

A p a r t i c u l a r l y  a t t r a c t i v e  f e a t u r e  of t h e  adduct theory f o r  AHQ 
induced d e l i g n i f i c a t i o n  is i ts  s i m i l a r i t y  t o  t h e  mechanism pro- 

posed f o r  hydrosul f ide  promoted d e l i g n i f i c a t i o n  of wood. Here, i t  

is bel ieved  t h a t  SH- adds t o  C, of a l i g n i n  QM IEq.  (511 and then 
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4 DIMMEL 

AHQ-‘ 4 

0 8 
\ /  

AQ 

CHI & *  / 
OCH , 

0- 

6- 7 -  

assists i n  a c leavage  o f  t h e  Cg-aryl e t h e r  bond by a neighboring 

group d isp lacement  s t e p  [Eq. (6) ] .’ 
T 

0- 

6 9- 10- 

ELECTRON TRANSFER MECHANISM THEORY 

Could a B-aryl e t h e r  f ragmenta t ion  r e a c t i o n ,  such as t h a t  out- 

l i n e d  by Eq. ( 3 )  and ( 4 ) ,  proceed wi thout  t h e  product ion  of an ad- 

d u c t  i n t e r m e d i a t e ?  Scheme 1 o f f e r s  a mechanism of f ragmenta t ion  

i n  which and AHQ’ (anthrahydroquinone d i a n i o n  and r a d i c a l  

an ion)  act  a s  carriers i n  t h e  t r a n s f e r  of e l e c t r o n s  from carbo- 

h y d r a t e s  t o  l i g n i n ;  no adducts  are involved.  The s o l u b l e  e l e c t r o n  

t r a n s f e r  c a t a l y s t s  AHQ-2 and AHQ’ are media t ing  a r e a c t i o n  between 

two i n s o l u b l e  polymers ; analogous chemistry i s  known i n  b i o l o g i c a l  
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ELECTRON TRANSFER I 5 

‘C’ 
I 

-C-OAr 6 + 3on- + ncno + $ +  A 6  (n) 

+ RC4- + zn,o 0- 0 

SCHEME 1 

The recent  o r g a n i c  chemical  l i t e r a t u r e  is abundant i n  examples 

of r e a c t i o n s  which were h i t h e r t o  thought t o  be i o n i c  n u c l e o p h i l i c  

s u b s t i t u t i o n s  ( S N ~  o r  sN2) b u t  have now been shown i n  c e r t a i n  cases 

t o  be s i n g l e  e l e c t r o n  t r a n s f e r  r e a c t i o n s .  Some of t h e s e  examples 

w i l l  b e  p resented  h e r e  i n  a n  a t tempt  t o  d e f i n e  t h e  scope of SET 

r e a c t i o n s  and t h e i r  a p p l i c a b i l i t y  t o  pulping chemistry.  

E l e c t r o n  s p i n  resonance (ESR) s t u d i e s  have shown t h a t  some Aldol 

and Cla isen  condensat ion r e a c t i o n s  proceed 2 SET mechanisms.27 $28 

For example, r a d i c a l  p a i r s  of t h e  type  13 are formed p r i o r  t o  pro- 
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6 DIMMEL 

d u c t i o n  of p r o d u c t s  1 4  d u r i n g  t h e  a l d o l  condensa t ion  r e a c t i o n s  of 

l l a  o r  llb w i t h  12c ,  12d o r  12e.28 The i n t e n s i t y  of t h e  ESR 

s i g n a l ,  which i s  p r o p o r t i o n a l  t o  t h e  l e v e l  of r a d i c a l s  produced, 

was t h e  g r e a t e s t  f o r  t h e  most h i n d e r e d ,  s low- reac t ing  p a r t n e r s .  

Me 0 - 0 
I II 

I 
M e  

Me-C-C-CHR + 

R* 
13 

I 11 12 

a, A'= R'= H 

C. R'=R'=M. 

a. R = H  

b, R = M e  
b, A'= Me, R*= H 

.c 
H ' 4  -H,O 

14 

Ashby and coworkers  have a l s o  observed r a d i c a l s  i n  t h e  reac-  

t i o n s  o u t l i n e d  i n  Eq. (12)-(16).30 

SET mechanisms have been observed i n v o l v e  t h e  p r o d u c t i o n  of r e l a -  

t i v e l y  s t a b l e  r a d i c a l s  such  as t r i t y l  r a d i c a l s  (Ph3C.) and ben- 

zophenone r a d i c a l  a n i o n s  (Phzt-O-). Analogous,  s i m p l e r  systems 

probably would r e a c t  via s t a n d a r d  s u b s t i t u t i o n  mechanisms o r  react 

s o  r a p i d l y  by r a d i c a l  pathways t h a t  d e t e c t i o n  of r a d i c a l  i n t e r -  

med ia t e s  would be d i f f i c u l t .  

MosC of t h e  r e a c t i o n s  where 

A c h a r a c t e r i s t i c  of SET r e a c t i o n s  is t h e i r  i n s e n s i t i v i t y  t o  

s te r ic  bulk a t  t h e  r e a c t i o n  s i t e  and on t h e  n u c l e o p h i l e .  For 

example,  Scheme 2 o u t l i n e s  one of t h e  many examples g e n e r a t e d  by 

Kornblum and coworkers and shows t h e  i n i t i a t i o n  [Eq .  (17)] and 

p ropaga t ion  s t e p s  [Eq. (18)-(20)]  f o r  t h e  c o u p l i n g  of two hindered 

r e a c t a n t s ,  15 and 16, i n  a s e r i e s  of e l e c t r o n  t r a n s f e r  r e a c t i o n s  
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ELECTRON TRANSFER I ? 

Ph,C=O + Mo,CHOLi -b [ Ph , C = ~' [Mo,CHOL]~ + Ph,CHOLi + Ma,C a 0  (13) 

OLi 

Ph,C = 0 + R,NLi -b 

P\C=O + BuSLi 3 

PhCHO + NaOH .--* 

Phzc-o; ---+ Ph,C-OLi + BUS' [ B u P L d  

F h C H g I  + PhCO; + PhCH,OH 

which lead  t o  product  18,31 Russell and coworkers have shown t h a t  

similar mechanisms o p e r a t e  f o r  many s u b s t i t u t i o n  r e a c t i o n s  of hin- 

dered a l i p h a t i c  n i t r o  c0mpounds.3~ 

In S U I I I ~ ~ K Y ,  SET r e a c t i o n s  appear  t o  be t h e  favored mechanism 

f o r  t h e  r e a c t i o n s  of h ighly  h indered  subs tances  which can a l s o  

form r e l a t i v e l y  s t a b l e  r a d i c a l  i n t e r m e d i a t e s .  The g e n e r a l i t y  of 

SET mechanisms i n  nonhindered systems i s  less c l e a r ,  although 

examples a r e  known.30e, 33-35 

out  t h a t  SET r e a c t i o n s  can proceed wi thout  r a d i c a l  i n i t i a t o r s .  

The examples c i t e d  h e r e  a l s o  point  

A quinonemethide, which i s  nonaromatic ,  would appear t o  be a 

good s u b s t r a t e  f o r  e l e c t r o n  t r a n s f e r  r e a c t i o n s ,  s i n c e  acceptance 

of  an e l e c t r o n  g i v e s  an e x t e n s i v e l y  resonance s t a b i l i z e d ,  a romat ic  

QM' s p e c i e s .  Anthrahydroquinone r a d i c a l  anion,  AHQ', should a l s o  

be an e x c e l l e n t  p a r t n e r  i n  e l e c t r o n  t r a n s f e r  r e a c t i o n s ,  s i n c e  not 

only i s  AHQ' e x t e n s i v e l y  resonance s t a b i l i z e d  but  i t s  oxidized 

and reduced fonns,  AQ and AHQ-2, a l s o  have good s t a b i l i t y .  

accompanying a r t ic le  ,36 w e  demonstrate  t h a t  ( a )  SET r e a c t i o n s  

between qMs and AHQ' occur  and (b)  a p p r o p r i a t e l y  s u b s t i t u t e d  8-aryl 

e t h e r  @I' compounds fragment ,  as i n d i c a t e d  i n  Eq. ( 8 ) .  

In  t h e  

Besides t h e  p l a u s i b i l t y  of t h e  r e a c t i o n s  o u t l i n e d  i n  Scheme 1. 

t h e  arguments f o r  SET mechanism o p e r a t i n g  dur ing  pulping a r e  

ex tens ive .  

have been observed d u r i n g  pulping.  We have observed two cases 

where AHQ-2 appears  t o  p a r t i c i p a t e  i n  SET r e a c t i o n s .  

i s  t h e  r e d u c t i o n  of adduct: by AHQ-* a t  100°C i n  aqueous alka11.25 

The o t h e r  is t h e  promotion of benzaldehyde Cannizzaro r e a c t i o n s  by 

Radica ls  i n  genera l37  and AHQ' i n  p a r t i ~ u l a r ~ ~ - ~ ~  

One example 
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8 DIMMEL 

M. 
I 

M e C - C f  0 
NO, 

15 

15- 

l7 + 16- 

18' + 15 

C 0 , E t  

16- 

Me 
I 

NOz 

l7 

+ NaC1 

- @ Na' 

NO, 

18- 

4 18 + 15- 

co, Et 
I + M0-C. 0 
I 

C0,Et 

16. 

SCHEME 2 

AQ and AMS (an thraquinone  w n o s u l f o n a t e )  .41 

Cannizzaro r e a c t i o n  [Eq. ( 1 6 ) j  has  been shown t o  involve  r a d i c a l  

i n t e m e d i a t e s  . 3Oe 

The benzaldehyde 

The reduct ion  p o t e n t i a l s  f o r  the two s t e p s  AQ-> AHQ- -> 
AHQ-2 a r e  i d e n t i c a l  i n  water;17 t h u s  one molecule of AQ ( i n  i t s  

AHQ-2 form) should be capable  of i n i t i a t i n g  two QM-> QM' conver- 

s i o n s .  This could e x p l a i n  t h e  "square-root dose r e l a t i o n s h i p "  

found f o r  AQ pulp ing;42  an adduct  mechanism cannot .  

dose  r e l a t i o n s h i p "  is observed43 f o r  SH-, ,and n u c l e o p h i l i c  s u b s t i -  

t u t i o n  mechanisms have been suggested [Eq. ( 5 )  and ( 6 ) ] .  

A " l i n e a r -  
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ELECTRON TRANSFER I 9 

I f  s te r ic  h i n d r a n c e  t o  r e a c t i o n  were t o  p l a y  a s i g n i f i c a n t  

r o l e  du r ing  d e l i g n i f i c a t i o n ,  t h e  SET mechanism would be f avored .  

E l e c t r o n  t r a n s f e r  r e a c t i o n s  a c r o s s  d i s t a n c e s  of 10 A and g r e a t e r  

have been r e p o r t e d  t o  occur  a t  a s t o n i s h i n g  f a s t  rates.44 

c o n t r a s t ,  a n  adduc t  mechanism r e q u i r e s  two r e l a t i v e l y  f l a t  

s u b s t r a t e s  t o  assume a s p e c i f i c  geometry f o r  t h e  p roduc t ion  of 

roughly a 1.5 A bond between Cg of MQ-* and C, of a QM. 

bonding, C, c o n t a i n s  two bulky s u b s t i t u e n t s ,  one of which is t h e  

q u a t e r n a r y  s u b s t i t u t e d  Cy carbon.  

CH20H group i n  l i g n i n )  would s e r i o u s l y  i m p a i r  adduct  fo rma t ion  

through a s t r o n g  gauche s t r a i n  i n t e r a c t i o n  wi th  t h e  Cg ca rbon ,  a s  

shown : 

In 

A f t e r  

Any group on CB ( t y p i c a l l y  a 

The f a c t  t h a t  adduc t s  from quinonemethides  4. 19,  and 20 have 

been prepared and c h a r a c t e r i z e d  ,45 confirms t h a t  some h inde red  

s t r u c t u r e s  are p o s s i b l e .  A c a r e f u l  examinat ion of t h e  procedures  

used in t h e  h inde red  adduct  s y n t h e s e s  r e v e a l s  t h a t  a two phase water- 

o r g a n i c  o r  s i n g l e  phase o r g a n i c  s o l v e n t  system i s  needed f o r  good 

y ie lds .45  Even t h e n ,  t h e  adduc t  y i e l d  from QM 20 i s  only 16%. The 

low y i e l d  can be a t t r i b u t e d  i n  p a r t  t o  decomposi t ion of t h e  hindered 

adduct  ( o r  SET r e a c t i o n s  of t h e  @l p r i o r  t o  adduct  r e a c t i o n ) .  

@ OCH, + OCH, + OAc OCH, 
0 OH 

4. R = H  
19, R = C H ,  21 
20,  R = CHiOH 

22 

We have obse rved  poor  adduc t  y i e l d s  w i t h  a n  a-methyl  o r  a n  a- 

e t h y l  @l o r  QM 4 and no a d d u c t  y i e l d  f rom OM 19 (p repa red  v i a  2 1  -> 
22 -> 19) when conduc t ing  t h e  p r e p a r a t i o n s  in homogeneous aqueous 
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ELECTRON TRANSFER I 1 1  

a l k a l i n e  systems. 24*46 
induced f ragmenta t ion  o f  t h e  adducts  and/or  base  a d d i t i o n  t o  or 

proton  a b s t r a c t i o n  from t h e  Q M s  t o  g i v e  u n d e s i r e a b l e  by-products. 

We suspec t  t h a t  hydroxide ions c a n  complete  f a i r l y  s u c e s s f u l l y  

w i t h  AHQ i o n s  i n  bandiw r e a c t i o n s  w i t h  h indered  quinonemethide, 

such  as  t h e  ones above and w i t h  l i g n i n  i t s e l f .  

The poor  y i e l d s  could  be  a t t r i b u t e d  t o  base  

Except f o r  p o s s i b l e  n e g a t i v e  e f f e c t s  due t o  ~ o l u b i l i t y , ~ ~  t h e  

s i z e  and shape of  a pulp ing  c a t a l y s t  seem t o  have l i t t l e  i n f l u e n c e  

o n  t h e  e f f e c t i v e n e s s  of  t h e  c a t a l y s t .  Some f a i r l y  hindered ca ta -  

l y s t s ,  such  as t h e  rosindones ,48 and metal p o r p h y r i n ~ . ~ '  are as 

e f f i c i e n t  as AQ a t  low c o n c e n t r a t i o n s  in d e l i g n i f y i n g  wood and/or  

f ragmenting models. This o b s e r v a t i o n  is c o n t r a r y  t o  what one 

would expec t  w i t h  a n  adduct  mechanism. Many o f  t h e  known pulping 

c a t a l y s t s ,  such as AO, p h e n a ~ i n e , ~ '  

porphyrins  ,49 would b e  very s u i t a b l e  e l e c t r o n  t r a n s f e r  c a t a l y s t s .  

f l ~ o r e n o n e , ~ ~  and metal 

Poppius and Brunow c la im t h a t  an throne  causes  6-aryl e t h e r  

c leavage of l i g n i n  model 2 1  by a pathway n o t  involv ing  a n  adduct  

intermediate .52 

a n t h r a n o l  an ions  t r a n s f e r  e l e c t r o n s  t o  QM 19 i n t e r m e d i a t e s  t o  g i v e  

f ragmenta t ion  of  t h e  QM and a n t h r a n o l  r a d i c a l s .  

r a d i c a l s ,  followed by e n o l i z a t i o n ,  then g i v e s  d i a n t h r a n o l ,  an 

observed by-product. 

A l o g i c a l  e x p l a n a t i o n  of  t h e i r  r e s u l t s  is t h a t  

Coupling of  t h e  

Previous s t u d i e s  have not e s t a b l i s h e d  t h a t  l i g n i n  QM-AHQ 

adducts  are on t h e  r e a c t i o n  pathways of f ragmentat ion.  For 

example, t h e  conversion of adduct 5 t o  AQ and phenols 6 and 7 has 

been i n t e r p r e t e d  in terms of a set of e l e c t r o n  s h r f t s  as shown in 

Eq.  (4) ;I7 analogous f ragmenta t ion  r e a c t i o n s  are known.53 

e v e r ,  s i n c e  adduct formation r e a c t i o n s  are r e v e r s i b l e ,  25 warming 

a n  adduct in a l k a l i  w i l l  g ive  

Eq. ( 3 ) ]  which may then react by a SET mechanism t o  g ive  t h e  

observed products ,  

How- 

and a Q4 [i.e., the  r e v e r s e  of 

CONCLUSIONS 
The l i f e t i m e s  of t h e  i n t e r m e d i a t e s  in both t h e  proposed adduct 

mechanism and SET mechanism should be extremely s h o r t  a t  t h e  high 

temperatures  used I n  AQ pulp ing  systems. How do we d i f f e r e n t i a t e  
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12 DIMMEL 

a momentary bonding - f ragmenta t ion  mechanism from an e l e c t r o n  

t r a n s f e r  mechanism? We are a t t e m p t i n g  t o  t a c k l e  t h i s  d i f f i c u l t  

problem. We f e e l  t h a t  t h e  mechanisms by which AHQ accelerates pulp- 

ing rates are not s e t t l e d .  E l e c t r o n  t r a n s f e r  mechanisms o f f e r  an 

a t t r a c t i v e  a l t e r n a t i v e  t o  t h e  g e n e r a l l y  accepted adduct  mechanisms. 

What d i f f e r e n c e  does i t  make if t h e  mechanism of AHQ d e l i g n i -  

f i c a t i o n  is adduct  or e l e c t r o n  t r a n s f e r ?  A d e f i n i t i v e  d i s t i n c t i o n  

may l e a d  t o  improvements i n  p r e s e n t  pulping systems and t h e  devel-  

opment of n e w  systems. We w i l l  know ( a )  whether t o  promote adduct 

r e a c t i o n s  (or SET r e a c t i o n s )  o r  d i scourage  them and (b) whether t o  

develop new pulping c a t a l y s t s  which will be good nucleophi les  o r  

good SET reagents .  
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