
 

 

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

Kinetics of Hydrolysis of Erythro-Guaiacylglycerol β-(2-Methoxyphenyl)
Ether and Its Veratryl Analogue Using Hc1 and Aluminum Chloride As
Catalysts
Kyostl V. Sarkanena; Lin H. Hooa

a University of Washington, College of Forest Resources, Washington

To cite this Article Sarkanen, Kyostl V. and Hoo, Lin H.(1981) 'Kinetics of Hydrolysis of Erythro-Guaiacylglycerol β-(2-
Methoxyphenyl) Ether and Its Veratryl Analogue Using Hc1 and Aluminum Chloride As Catalysts', Journal of Wood
Chemistry and Technology, 1: 1, 11 — 27
To link to this Article: DOI: 10.1080/02773818108085091
URL: http://dx.doi.org/10.1080/02773818108085091

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/10.1080/02773818108085091
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF WOOD CHEMISTRY AND TECHNOLOGY, 1(1), 11-27 (1981) 

KIEETICS OF HYDROLYSIS O F  EXYTHRO-GUAIACYLGLYCEROL 
6- (2-METEOXYPHENYL) ETIiER AND I T S  VERAT2YL AXILOGUE 

USING H C 1  AND ALLPlIhZJ?+l CHLORIDE AS CATALYSTS 

Kyos t i  V .  Sarkanen and Lin  I€. Hoo 
U n i v e r s i t y  of Washington, Col lege  of F o r e s t  Resources 

Sea t t le ,  Washington 98195 

ABSTRACT 

The rates of h y d r o l y s i s  of t h e  B-aryl e t h e r  bond were d e t e r -  
mined i n  t h e  tempera ture  range  130" t o  155°C f o r  gua iacylg lycero l -F  
(2-methoxyphenyl) e t h e r  and i t s  v e r a t r y l  analogue u s i n g  bo th  EC1 
and AlCl3 as c a t a l y s t s  i n  a mixed e thanol -water  medium. 
based on q u a n t i t a t i v e  de t e rmina t ions  of gua iaco l  l i b e r a t e d  i n  t h e  
p rocess ,  demonst ra te  t h e  absence  of competing i n t r a m o l e c u l a r  con- 
densa t ion  p rocesses .  The rates of HC1-catalyzed hydro lyses  are 
f i r s t - o r d e r  w i t h  r e s p e c t  t o  bo th  c a t a l y s t  and s u b s t r a t e  concen- 
t r a t i o n s ,  h i g h e r  i n  dioxane-water t h a n  i n  aqueous o r  e thanol -water  
media, and t h e  a c t i v a t i o n  e n e r g i e s  were n e a r l y  i d e n t i c a l  f o r  bo th  
model compounds, 36.1 and 35.5 kca l /mol ,  r e s p e c t i v e l y .  I n  gene ra l ,  
t h e  h y d r o l y s i s  of t h e  g u a i a c y l  model w a s  f o u r  t i m e s  f a s t e r  t han  
t h a t  of t h e  v e r a t r y l  ana logue .  The c a t a l y t i c  e f f e c t  of A1C13  
appea r s  t o  be  based on H C 1  r e l e a s e d  a t  h i g h e r  t empera tu res  by 
g radua l  h y d r o l y s i s .  

The d a t a ,  

INTRODL'CT I O N  

Arylg lycero l -8-e ther  l i n k a g e s  account  f o r  approximate ly  4? 

pe r  c e n t  of a l l  intermonomeric l i n k a g e s  i n  softwood l i g n i n s  and 

f o r  60 per  cent of cor responding  l i n k a g e s  i n  hardwood l i e n i n s . '  

The mechanism of t h e  ac id -ca t a lyzed  h y d r o l y s i s  o f  t h e s e  bonds as 

w e l l  a s  t h e  p roduc t s  fo rned ,  such  as t h e  "Hibber t ' s  ke tones"  s t r u c -  

t u r e s ,  are known i n  g r e a t  d e t a i l . 1 - 4  The k i n e t i c s  of t h i s  impor- 
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1 2  SARKANEN AND HOO 

t a n t  rEact ion have n o t ,  however, been sub jec t ed  t o  a sys t ema t i c  

study. Consequently, erythro-guaiacylglycerol-f3-(2-methox~- 

phenyl) e t h e r  _1 and erythro-veratrylglycerol-$-(2-methoxyphenyl) 

e t h e r  2, two compounds f r e q u e n t l y  used i n  previous s t u d i e s  a s  

models f o r  pheno l i c  and e t h e r i f i e d  arylglycerol-8-arylether 

s t r u c t u r e s  i n  l i g n i n ,  were sub jec t ed  t o  a k i n e t i c  s tudy i n  

ethanol-water,  u s ing  EC1 and AlCl3 as c a t a l y s t s .  

EXPERIMENTAL 

Materiels& Methods 

Dioxane ( t ech .  grade) w a s  p u r i f i e d  by t h e  method descr ibed 

by Voge15. 

Proton NMR s p e c t r a  w e r e  recorded on a Varian A-60 instrument 

with T I G  as i n t e r n a l  s t anda rd  and CDC13 a s  so lven t .  

NMR s p e c t r a  were k ind ly  measured by D r .  L.W. Amos from Weyer- 

haeuser Technology Center ,  Tacoma, WA. W s p e c t r a  w e r e  de t e r -  

mined using a Perkin-Elmer Model 571 W - v i s i b l e  spectrophotometer.  

Carbon-13 

Synthesis  and Model Compounds 

Erythro-guaiacylglycerol-$-(2-methoxyphenyl) e t h e r  1 w a s  

prepared using t h e  procedure desc r ibed  by Eiguchi  e t  a1.6.  

M.p. 89-91°C ( L i t .  m.p. 90-92"C)639. 

Erythro-veratrylglycerol-f3-(2-methoxyphenyl) e t h e r  2 w a s  

synthesized l i k e w i s e  by t h e  method desc r ibed  by Higuchi e t  a1.6 

The product w a s  obtained as a p a l e  yel low v i scous  l i q u i d  t h a t  

f a i l e d  t o  c r y s t a l l i z e  and appa ren t ly  contained t h e  threo-isomer 

as a n  impurity.  Consequently, a s imple method f o r  t h e  enrichment 

of t h e  erythro-isomer w a s  developed, based on countercurrent  

e q u i l i b r a t i o n  between an  o rgan ic  so lven t  and aqueous potassium 
b o r a t e ,  known t o  form s t r o n g e r  complexes w i t h  t h e  erythro-isomer 7,b.  

I n  a t y p i c a l  experiment,  20 g of t h e  o i l  i n  e t h y l  e t h e r  (200 ml) 
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GUALACYLGLYCEROL B-C2-METHOXYPHENYL) ESTER 13  

w a s  e q u i l i b r a t e d  i n  a 500 m l  s epa ra to ry  funne l  success ive ly  with 

f i v e  50 m l  p o r t i o n s  of 7% K2B407.4H20-solution. Each b o r a t e  so- 

l u t i o n  w a s ,  i n  t u r n ,  e q u i l i b r a t e d  i n  f o u r  a d d i t i o n a l  s epa ra to ry  

funne l s  (numbered 2 t o  5)  con ta in ing  250 m l  of e t h y l a c e t a t e  each. 

The e t h y l a c e t a t e  s o l u t i o n s  from sepa ra to ry  funne l s  2 t o  5 were 

combined, d r i e d  over anhydrous sodium s u l f a t e  and evaporated t o  

dryness .  The remaining o i l ,  d i s so lved  i n  e t h y l a c e t a t e - h e x a n e ,  

c r y s t a l l i z e d  i n  a f r e e z e r  over a per iod of s e v e r a l  weeks. Addi- 

t i o n a l  c r y s t a l s  were recovered from t h e  e t h e r  s o l u t i o n  i n  separa- 

t o r y  funne l  1 i n  t h e  same manner. T o t a l  y i e l d  o f  c r y s t a l s  w a s  8-9 

g,  m.p. 96-97.5"C ( l i t .  m.p. 98-99"C)9. 

'H NMR ( a f t e r  deuterium exchange of hydroxyl groups) d (pprn, 

CDC13): 3.68-3.80 (2H,m), 3.82 (9H,s),  4.08-4.30 (lH,m), 5.0 ( 1 H ,  

d , J  = 4.5) ,  6.83-6.94 (71i,mj.13C NMR, 6 (ppm, CDC13): 55.82 (COMe), 

60.91 (Cy), 72.81 (Ca), 86.57 (CB), 109.69, 111.06, 112.23, 118.71, 

120.11, 121.49, 123.66, 133.18, 147.14, 148.42, 148.91, 151.23. 

The chemical s h i f t s  f o r  t h e  t h r e e  s ide-chain carbons are  essen- 

t i a l l y  i d e n t i c a l  with those r epor t ed  f o r  erythro-guaiacylglycerol- 

B-guaiacyl e t h e r l o .  

K ine t i c  Runs 

Solu t ions  of s u b s t r a t e  ( - 0 0 3  t o  .015 M) containing t h e  cata-  

l y s t  (HC1 o r  AlCl3) were i n j e c t e d  i n  3 r n l  q u a n t i t i e s  i n  6 nl g l a s s  

ampoules which were s e a l e d  and heated i n  a t h e r m o s t a t i c a l l y  con- 

t r o l l e d  o i l  bath.  Af t e r  s e l e c t e d  r e a c t i o n  pe r iods ,  t h e  anpoules 

were c h i l l e d  i n  a dry- ice  acetone ba th .  Two s e p a r a t e  methods were 

used t o  determine t h e  gua iaco l  r e l eased  i n  the h y d r o l y s i s  process:  

a. Method I w a s  app l i ed  f o r  t h e  v e r a t r y l  m o d e l 2  only and 

w a s  based on t h e  n e u t r a l - a l k a l i n e  d i f f e r e n c e  spec t run  of r e a c t i o n  

mixture .  The con ten t s  of t h e  ampoule (0.015 M i n i t i a l  s u b s t r a t e  

concentrat ion)  were t r a n s f e r r e d  q u a n t i t a t i v e l y  t o  a 10 m l  volu- 

me t r i c  f l a s k  and w a t e r  added to t he  mark. An 8 ml a l i q u o t  of t h i s  

s o l u t i o n  w a s  n e u t r a l i z e d  with f o u r  t o  e i g h t  m l  of 0 .1  N NaOH i n  a 
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14 SARhlANEN AND HOO 

25 m l  volumetr ic  f l a s k ,  4 m l  of 0.2% NaBH4 s o l u t i o n  added and t h e  

f l a s k  f i l l e d  t o  t h e  mark wi th  water. A 24 hour r educ t ion  per iod 

w a s  s a t i s f a c t o r y  f o r  t h e  r educ t ion  of carbonyl f u n c t i o n s  p re sen t  

i n  Hibbert ' s  ketones.  Aliquots  of t h e  reduced s o l u t i o n  were 

used t o  determine t h e  a l k a l i n e - n e u t r a l  d i f f e r e n c e  spectrum by 

t h e  method desc r ibed  by Goldschmidll. 

comp.uted from t h e  AA,,,,,-value a t  292 nm, using t h e  s e p a r a t e l y  

determined A ~ ~ ~ ~ - v a l u e  f o r  gua iaco l ,  3 3 6 3 ,  on a molar b a s i s .  

The amount of gua iaco l  w a s  

b .  Method I1 w a s  based on t h e  s e p a r a t i o n  of gua iaco l  from 

t h e  r e a c t i o n  mixture  by s t e a m  d i s t i l l a t i o n  p r i o r  t o  its s p e c t r a l  

determinat ion.  This method w a s  used exc lus ive ly  f o r  k i n e t i c  

runs  on t h e  gua iacy l  m o d e l &  al though i t  a l s o  gave concordant 

r e s u l t s  w i th  Method I, when app l i ed  t o  t h e  h y d r o l y s i s  of t h e  

v e r a t r y l  m o d e l z .  

The con ten t s  of t h e  ampoule were t r a n s f e r r e d  t o  a 100 m l  

three-necked f l a s k ,  5% sodium a c e t a t e  ( 4  ml) and w a t e r  (15 ml) 

w e r e  added t o  a d j u s t  t h e  pH t o  about 5-6. 

s t a r t e d ,  r e p l a c i n g  t h e  evaporated volume cont inuously by w a t e r  

from a dropping funnel .  

condenser i n  a 2 5  m l  volumetr ic  f l a s k .  Approximately 23 m l  of 

c o l l e c t e d  d i s t i l l a t e  w a s  s u f f i c i e n t  f o r  complete t r a n s f e r  of 

gua iaco l  t o  t h e  r ece iv ing  f l a s k .  

1, t h e  amount of c o d i s t i l l e d  Hibbe r t ' s  ketones w a s  n e g l i g i b l e  

and a f t e r  f i l l i n g  t h e  25 m l  f l a s k  t o  t h e  mark, t h e  amount of 

gua iaco l  could be determined from t h e  absorbance a t  276 m 

( E ~ , ~  = 2400 f o r  gua iaco l ) .  

r e l eased  from t h e  v e r a t r y l  m o d e l 2  c o d i s t i l  w i th  gua iaco l  and 

consequently,  a l k a l i n e - n e u t r a l  d i f f e r e n c e  s p e c t r a ,  una f fec t ed  by 

t h e  presence of H i b b e r t ' s  ke tones ,  are more r e l i a b l e  for use i n  

t h e  determinat ion of t h e  gua iaco l  con ten t  i n  t h i s  ca se .  

D i s t i l l a t i o n  w a s  then 

The d i s t i l l a t e  w a s  c o l l e c t e d  through a 

In  case of t he  gua iacy l  model 

Minor amounts of H ibbe r t ' s  ketones 

RESULTS AND DISCUSSION 

The mechanism of h y d r o l y s i s  of models 1 and 2 is  dep ic t ed  i n  

F igu re  l2s3. The rate-determining s t e p  of t h i s  r e a c t i o n  i s  t h e  
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GUAIACYLGLY CEROL 8- (2-METHOXYPHENYL) ESTER 15 

1 : A = H  

2 : R = C H 3  
- - 1 

+ & 
5 - 4 - 

Hibbert's Ketones 

FIGURE Mechanism of acid-catalyzed hydrolysis of model com- 
pounds 1 and 2. 

formation of the enol ether intermediate 2 which is rapidly hy- 
drolyzed to guaiacol 5 and the a-ketocarbinol 5. The latter is 

gradually converted to a mixture of four compounds called 

"Hibbert's ketones" via allylic rearrangement and intermolecular 

redox reactions. 

The rate of the hydrolysis process is measured conveniently 

by determining the amount of guaiacol generated. In case of the 

veratryl model 2, the measurement of the alkaline-neutral diff- 
erence spectra of the reaction mixtures was used for this purpose 
after borohydride reduction (Method I). The reductive pretreat- 

ment was necessary to eliminate the potential contribution of the 

enolate of k t o  the difference spectra. 
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16 SARKANEN AND HOO 

Method I i s  not a p p l i c a b l e  t o  t h e  hydro lys i s  of t h e  g u a i a c y l  

model 1, because both t h e  s t a r t i n g  material and t h e  H i b b e r t ' s  ke- 

t ones  formed c o n t r i b u t e  t o  t h e  d i f f e r e n c e  spectrum. Consequently,  

gua iaco l  w a s  separated from t h e  rest of t h e  r e a c t i o n  mixture  by 

c o n t r o l l e d  steam d i s t i l l a t i o n  f o r  s p e c t r a l  determinat ion (tlethod 

1 1 ) .  This  method w a s  found t o  be both more accu ra t e  and more 

convenient than a n a l y s i s  based on gas- l iquid chromatography. 

- 

Conceivably, t he  condensat ion of  the ! r , t emed ia t e  carboniun 

ion  with p o s i t i o n  6 of t h e  2-methoxyphenyl group could compete 

wi th  t h e  hydro lys i s  p rocess  (Figure 1). In  o r d e r  t o  determine 

t h e  e x t e n t  of t h i s  p o t e n t i a l  s ide - r eac t ion ,  prolonged h y d r o l y s i s  

runs were conducted i n  ethanol-water using bo th  H C 1  and AlCl3 as 

c a t a l y s t s .  

c l e a r l y  (Figure 2)  t h e  q u a n t i t a t i v e  recovery of gua iaco l  a f t e r  

completed hydro lys i s .  Thus, i n t r a -  and i n t e r m o l e c a l a r  conden- 

s a t i o n s  do not i n t e r f e r e  wi th  t h e  determinat ion of t h e  k i n e t i c s  

of t h e  h y d r o l y s i s  process .  

Resu l t s  obtained f o r  t h e  v e r a t r y l  model 2 demonstrate  

(1). HC1-Catalyzed Hydrolysis  

The rate of hydro lys i s  of t h e  v e r a t r y l  m o d e l 2  i n  e thanol-  

water media w a s  found t o  be f i r s t - o r d e r  i n  r e s p e c t  t o  t h e  sub- 

strate- (Figure 3) and t h e  HC1-catalyst concen t r a t ions  (Figure 4 ) :  

Rate = kobs [Substr . ]  = k [H30+] [ S u b s t r . ]  

The same k i n e t i c  p a t t e r n  w a s  a l s o  confirmed f o r  t h e  gua iacy l  

model 1- 
The a c t i v a t i o n  ene rg ie s  f o r  models 1 and 2, determined i n  

ethanol-water ( 1 : l  by volume) are n e a r l y  i d e n t i c a l  (Figure 5 ) ,  

36.1 and 35.5 kcal/mol,  r e s p e c t i v e l y .  Consequently, t h e  r a t i o  of 

t h e  r e s p e c t i v e  ra te  c o n s t a n t s  ( k ' / k )  is a l s o  e s s e n t i a l l y  inde- 

pendent of t h e  temperature ,  having t h e  average va lue  of 3 . 9  

(Table 1). 

found by Lundquist3 f o r  t h e  a c i d o l y s i s  i n  dioxane-water. 

A h ighe r  rate f o r  t h e  pheno l i c  model 1 has a l s o  been 
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GUAIACYLGLYCEROL 6- (2-METHOXYPHENYL) ESTER 
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FIGURE 1 
lyzed hydrolysis of erythro-veratrylglycerol-B-(2-methoxyphenyl) 
ether 2 in ethanol-water as a function of reaction time, ex- 
pressed as percent of maximum theoretical release. 

Guaiacol liberated in prolonged HC1- and AIClj-cata- 
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FIGURE 2 
veratrylglycerol-f3-(2-methoxyphenyl) e t h e r  2 in ethanol-water 
(1:1 by volume), using HC1 and AlC1- j  as c a t a l y s t s  a t  130°C. 

Fi r s t -o rde r  r a t e  p l o t s  f o r t h e h y d r o l y s i s  of e ry th ro -  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1-8! 

1.W 

- 1-00 

r 
B 

F 

Y 

0.50 

0 = HCI a t  155OC 

0 = " " 14OoC 

A = " " 13OoC 

= AICI36H20 a t  155OC 

I ,  I .  I #  ,4*oc 

" " 130°C 
.= 
v =  

.I/ / 

,[HCIl or [AICI3 6H201 x 10-2M 

FIGURE 4 Observed first-order rate constants as a function of 
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and 155°C. 
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FIGURE 5 
of erythro-guaiacylglycerol-B-(2-methoxyphenyl) ether L a n d  i t s  
v e r a t r y l  analogue 2. 
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22 SARKANEN AND HOO 

I n  gene ra l ,  t h e  hydro lys i s  rate is lower i n  ethanol-water 

than i n  pure water, p a r t i c u l a r l y  when t h e  e thano l  concen t r a t ion  

exceeds 30 vo l .  X (Figure 6 ) .  Th i s  behavior  i s  probably due t o  

t h e  r a p i d l y  e s t a b l i s h e d  equ i l ib r ium between t h e  models and t h e i r  

benzyl  e t h y l  e t h e r s l .  

Hydrolysis i n  dioxane-water mixtures  w a s  shown t o  confonr, 

w i th  t h e  k i n e t i c s  expressed by equa t ion  (1) and t o  proceed f a s t e r  

than i n  pure w a t e r  (Figure 6 ) .  

(11). Hydrolysis w i t h  A l C 1 ,  as C a t a l y s t .  

Aluminum c h l o r i d e  and s u l f a t e  have been found t o  act as ca- 

t a l y s t s  i n  organosolv d e l i g n i f i c a t i o n  of wood i n  e thanol-water  

mixtures.  The c a t a l y t i c  a c t i v i t i e s  appear t o  exceed t h e  H30+- 

i on  concen t r a t ions  p r e v a i l i n g  t n  t h e i r  s o l u t i o n s l 2 .  

f o r e ,  of  i n t e r e s t  t o  compare t h e  c a t a l y t i c  a c t i o n  of A1C13 w i t h  

t h a t  of HC1 i n  ethanol-water mix tu res .  

It w a s  t he re -  

The A l C 1 3  - ca ta lyzed  h y d r o l y s i s  o f  t h e  v e r a t r y l  m o d e l 2  

fol lows gene ra l ly  f i r s t - o r d e r  k i n e t i c s ,  except  a t  low r e a c t i o n  

temperatures ,  where an  i n i t i a l  r e t a r d a t i o n  e f f e c t  is  observed 

(F igu re  3 ) .  However, t h e  r e l a t i o n s h i p  between hydro lys i s  rate 

and c a t a l y s t  concen t r a t ion  i s  no t  l i n e a r  (Figure 4 ) .  I n  com- 

pa r i son  with t h e  HC1-catalyzed p rocess ,  -025 M A l C 1 3  is about 

equa l ly  e f f e c t i v e  a c a t a l y s t  as ,025 M HC1. The measured pH of 

.025 M A l C 1 3  is 3 . 2 0  a t  ambient temperature ,  corresponding t o  

t h e  molar H3O+ concen t r a t ion  of 6 . 3  x 

hydro lys i s  rate i s  approximately by a f a c t o r  of f o r t y  h ighe r  

t han  expected on t h e  b a s i s  of t h e  i n i t i a l  hydronium i o n  con- 

c e n t r a t i o n .  It fol lows t h a t  either t h e  i n i t i a l l y  measured hy- 

dronium i o n  concen t r a t ion  i s  s u b s t a n t i a l l y  lower than t h a t  

p r e v a i l i n g  a t  t h e  r e a c t i o n  temperature  o r ,  a l t e r n a t i v e l y ,  t h a t  

t h e  aluminum c a t i o n  a c c e l e r a t e s ,  i n  some manner, t h e  rate of 

t h e  process .  

Thus t h e  observed 
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24 SARKANEN AND HOO 

Heating pH, measured i n  
t i m e ,  min. Ethanol-water Water 

Af te r  Add i t iona l  Af t e r  Addit ional  
hea t ing  1 wk. s t o r a g e  hea t ing  1 wk. s t o r a g e  

No h e a t i n g  3.20 3.20 3.50 3.50 

20 2.25 2.50 2.95 - 
180 2.20 2.30 2.35 2.70 

I n  order  t o  explore  the  v a l i d i t y  of t h e  f i r s t  a l t e r n a t i v e ,  

aluminum c h l o r i d e  s o l u t i o n s ,  without s u b s t r a t e ,  w e r e  heated t o  

t h e  r e a c t i o n  temperatures  used i n  k i n e t i c  runs  and the pH de- 

termined a f t e r  r ap id  cool ing,  of t h e  ampoules. The r e s u l t s  

(Table 2) demonstrated t h a t  hea t ing  caused a 10- t o  20- f o l d  

i r r e v e r s i b l e  i n c r e a s e  i n  hydronium i o n  concen t r a t ion .  The in-  

crease i n  a c i d i t y  may be a sc r ibed  t o  t h e  formation of polymeric 

hydrated aluminum i o n  complexes r e l e a s i n g  hydrochlor ic  acid13.  

Th i s  process  appears  t o  be more ex tens ive  a t  155" than a t  130°C. 

Thus, i t  appears l i k e l y  t h a t  t h e  e f f e c t  of A1C13-solutions is  

simply based on t h e  l i b e r a t i o n  of EC1. 

probably not  i n s t an taneous ,  r e s u l t i n g  i n  t h e  a c c e l e r a t i o n  e f f e c t  

shown i n  Figure 3. The apparent  a c t i v a t i o n  e n e r g i e s  determined 

f o r  t h e  A1C13-catalyzed h y d r o l y s i s  were higher  t han  thosk  f o r  

t h e  HC1-catalyst, 43.0 and 41.2 kcal/mole,  f o r  models 1 and 2, 
r e s p e c t i v e l y .  This e f f e c t  is understandable  i n  view of t h e  more 

ex tens ive  release of H C 1  at  h ighe r  r e a c t i o n  temperatures .  The 

i d e n t i t y  of AIClj-and HC1-catalyzed p rocesses  w a s  f u r t h e r  sup- 

po r t ed  by HPLC-analysis of hydro lys i s  products ,  i n d i c a t i n g  no 

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

v i d u a l  components. 

A t  130", t h e  release i s  

TABLE 2 -- 

Change i n  t h e  pH-value of .025 F4 A 1 C 1 3  i n  Water and i n  Ethanol- 
water (1:l by Volume) a f t e r  Heating t h e  So lu t ion  a t  130°C. 
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On t h e  o the r  hand, t h e  r a t i o  of rate cons tan t s  (k'obs/kobs) 

f o r  model 1 and 2 w a s  only 2 . 5  i n  AlCl3-catalyzed h y d r o l y s i s  and 

c l e a r l y  lower than  t h e  va lue  3 . 9  obtained f o r  t h e  HC1-catalyst 

(Table 1 ) .  This d i f f e r e n c e  is  s i g n i f i c a n t  and makes i t  un jus t -  

i f i a b l e  t o  e l i m i n a t e  t h e  r o l e  of t h e  aluminum c a t i o n  i n  t h e  hy- 

d r o l y s i s  a l t o g e t h e r .  

CONCLU s I O K  

The k i n e t i c  r e s u l t s  obtained are of i n t e r e s t  f o r  t h e  under- 

s t and ing  of acid-catalyzed h y d r o l y t i c  degradat ions of biomass 

l i g n i n s  i n  dioxane-water ("acidolysis")  s 4 ,  i n  e t h a n o l  (!letha- 

no lys i s " )14  and i n  aqueous e t h a n o l  ("organosolv p ~ l p i n g " ? ~ .  

The r e s u l t s  suggest  t h a t ,  o the r  cond i t ions  being e q u a l ,  t he  

r e a c t i o n  proceeds f a s t e r  i n  dioxane-water t han  i n  water o r  

aqueous e thano l .  General ly ,  phenol ic  6-0-4-linked u n i t s  appear 

t o  hydrolyze f a s t e r  than corresponding e t h e r i f i e d  u n i t s .  The 

a c t i v a t i o n  energy ob ta ined  i n  aqueous e thano l ,  36 kcal /mol ,  i s  

very c l o s e  t o  t h e  range of a c t i v a t i o n  e n e r g i e s  obtained f o r  t h e  

acid-catalyzed hydro lys i s  of glycosidi: bonds, 32 t o  35 kcal /nol16.  

Consequently, i t  appears u n l i k e l y  t h a t  v a r i a t i o n  of r e a c t i o n  

temperature i n  acid-catalyzed biomass hydro lys i s  would s i g n i -  

f i c a n t l y  change t h e  s e l e c t i v i t y  of l i g n i n  hydro lys i s  i n  compa- 

r i s o n  wi th  t h e  hydro lys i s  of polysaccharide components. 

On t h e  o t h e r  hand, i t  should be noted t h a t  o v e r a l l ,  t h e  

hydro lys i s  of biomass l i g n i n s  i s  a much more complex r e a c t i o n  

than  t h a t  of o t h e r  n a t u r a l  polymers, due t o  t h e  presence of a 

v a r i e t y  of hydrolyzable  bonds, such a s  a -a ry l  e t h e r  l i nkages  

which r ep resen t  about 7 p e r  cent  of intermononeric bonds and 

are hydrolyzed more r a p i d l y  than t h e  B-aryl e t h e r  (B-0-4) 

l inkages17.  

densa t ion  r e a c t i o n s  a l s o  e x e r t  an e f f e c t  on t h e  release of 

l i g n i n  hydro lys i s  products  from t h e  biomass matr ix .  

Lignin-carbohydrate bonds18 and competing con- 
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