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INSOLUBLE LIGNIN MODELS ( 2 ) :  PREPARATION, CHARACTERIZATION, 
AND REACTIONS OF A POLYMER-BOUND 8-ARYL ETHER LIGNIN MODEL 

Patrick B. Apfeld, Lois F. Bovee, Robert A. Barkhau, 
and Donald R. Dimmel 

The Institute of Paper Chemistry 
P.O. Box 1039, Appleton, Wisconsin 54912 

A unique lignin model dimer, 2-(2-methoxyphenoxy)-l-(3?nethoxy- 
4-hydroxyphenyl)-l,5-pentanediol (a), was attached to a macroretic- 
ular polystyrene resin by means of a trityl ether linkage. 
extent of model loading was determined by gravimetric analysis and 
Zeisel methoxyl content. When reacted under simulated kraft 
pulping conditions, the polymer model, 8-Tr?, afforded moderate 
yields of guaiacol, a fragmentation product. 
of p-dioxane or DMSO drastically depressed the yield of guaiacol 
from 8-TrP. 
6-TrP were relatively unstable to the harsh, simulated pulping 
conditions. Some or all of the observed guaiacol fragmentation 
product could have come from degradation of polymer-released model. 

The 

The addition of 29% 

The polymer bound dimer model 8-Tr? and monomer model 

Lignin model compounds are designed to approximate the predom- 
inant structural units in lignin and their reactivity should mimic 
the basic, underlying chemistry of delignification. The model 
compounds are generally soluble in the reaction medium, are rela- 

tively easy to structurally characterize, and give rise to prod- 
ucts that are relatively simple to define and measure. 
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484 APFELD ET AL. 

Chemical reactions of native lignin, on the other hand, 

usually involve at least two dissimilar pha8es.l 

during pulping consist of solid-liquid interfaces of lignin and 
pulping liquor.2 

reactions make studying rates and mechanism very difficult; there 

is no straightforward method to quantify products and charac- 
terize the starting material. 

The phases 

The heterogeneous nature of lignin degradation 

The goal of chemical pulping is the selective removal of the 

insoluble native lignin. Studies of the chemistry of soluble 

lignin model compounds have, in general, suggested that the selec- 
tive degradation and dissolution of lignin during alkaline pulping 

is controlled by the cleavage of several different types of alkyl- 

aryl ether bonds.3 

However, the rates of reactions of polymeric materials might 

also be influenced by factors other than the inherent reactivity 

of certain bond types. Some such factors include (a) accees- 

ibility of reagents to lignin in different morphological regionsS4 
(b) polyelectrolytic behavior of the degrading polymer, postulated 

by Schuerch as an "ion-exclusion" (Donnan equilibrium) effect ,5 

(c) diffusion-, transport-, adsorption-, and desorption- 

phenomena,l (d) a loss in entropy on the reaction transition 
state,6s7 and (e) temperature and solvent effects which impart 

greater flexibility to a polymer backbone and enhance the penetra- 

tion of reactants to specific sites.8 

Clearly, soluble lignin model compounds cannot fully mimic the 

various polymeric characteristics of a chemically reacting, insol- 

uble native lignin. Therefore, we initiated an experimental 

program to synthesize, characterize, and study the reactions of 

insoluble (heterogeneous) lignin models. The insoluble polymer 

models possess a basic reactive unit of lignin attached to a 

polymer network and have the advantages of (1) a definable struc- 

ture, which actual lignin does not, (2) heterogeneity, which 
soluble models lack, and ( 3 )  easily analyzable reaction products. 
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INSOLUBLE L I G N I N  MODELS. I1 485 

Dcafga Criteria 

a polymer-bound protecting group method~logy.~ 
macroreticular polystyrene can be functionalized to a triphenyl- 
methyl (trityl) chloride. Polymer-bound trityl chlorides pre- 

ferentially form trityl ether linkages with primary alcohol 
groups. lo  

handles have been synthesizedl 
substrates for binding to a polymer vie a trityl ether linkage. 

The design of the insoluble model described herein will follow 

Premanufactured 

Several lignin model dimers having propyl alcohol 
and are considered appropriate 

Polystyrene was chosen because insoluble, cross-linked poly- 
styrene supports ("resins") are commercially available with a 
variety of physical characteristics, generally in a convenient 
bead form and with a thermal stability up to 220°C.12 

polystyrene resembles lignin, superficially at least, in that it 

is a cross-linked, aliphatic-aromatic polymer. 

Also, 

Macroreticular polystyrene was chosen to maximize the solid- 
liquid interface of the insoluble model and cooking liquor. The 
definitive internal porous structure of macroreticular resins 
allows them to absorb significant quantities of virtually all 
 solvent^.^^,^^,^^ 
envisioned as sponge-like, where the macropores are responsible 
for the absorption of liquid, and the gelular agglomerates of 
polymeric material will only be penetrated by a good polymer- 
swell ing sol vent. 12813 

The structure of macroreticular resins can be 

The choice of the trityl ether protecting group was in part 

based on its reported stability at pH > 12 and 15OoC;15 clearly, 
the model-polymer attachment should be stable to the conditions 
under which the insoluble model will be studied. Bulky trityl 
ethers probably will not react by S N ~  processes, so the addition 
of a nucleophilic additive (such as hydrosulfide in a kraft 

system) would not be expected to affect trityl ether stability. 

RESULTS AND DISCUSSIOPI 

Polyatyrcne Suppart 

The specific macroreticular polystyrene chosen for this study 
The resin reportedly16 has a large average was Amberlite XE-305. 
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486 APFELD ET AL. 

pore diameter  (1000 A), which should ensure  t h e  t r a n s p o r t  of 

reagents  and products  i n  and out  of t h e  network, and h a s  a low 

degree of c ross - l ink ing  (4% divinylbenzene) .17 

procedurel8r  l9  was employed t o  p u r i f y  t h i s  i n d u s t r i a l - g r a d e  r e s i n .  

The s t a b i l i t y  of Amberlite XE-305 under h igh  temperature  a lka-  

A m u l t i s t a g e  

l i n e  condi t ions  was confirmed i n  s e v e r a l  ways. P o r t i o n s  of t h e  

polymer were s u b j e c t e d  t o  aqueous 15 NaOH a t  1 5 0 Y  f o r  t h r e e  hours ,  

a f t e r  which they were q u a n t i t a t i v e l y  recovered,  thoroughly washed, 

d r i e d  under vacuum, and weighed; no l o s s  i n  weight was observed. 

Each cooking l i q u o r  was e x t r a c t e d  wi th  e t h e r  and chloroform, and 

g a s  chromatographic a n a l y s i s  of t h e  e x t r a c t s  showed no polys tyrene  

degrada t ion  products .  

were observed between t h e  thermally t r e a t e d  and u n t r e a t e d  r e s i n  

samples. 

ces between u n t r e a t e d  r e s i n  and r e s i n  hea ted  f o r  seven days a t  

175OC, i n  1: NaOH. 

No macroscopical ly  observable  d i f f e r e n c e s  

Bovee19 a l s o  found no s i g n i f i c a n t  microscopic  d i f f e r e n -  

Amberl i te  XE-305 (1) was f u n c t i o n a l i z e d  t o  a polymer-bound 

t r i t y l  c h l o r i d e  ( 5 )  employing t h e  s y n t h e t i c  r o u t e  shown i n  Scheme 

The elemental  ana lyses  of t h e  v a r i o u s  polymer products  are 
presented  i n  Table  1. The c h l o r i n e  conten t  of t h e  f i n a l  product 5 

corresponds t o  1 c h l o r i n e  per  8.5 polys tyrene  a r y l  r i n g s ,  and 

r e p r e s e n t s  60% of t h e  t h e o r e t i c a l  maximum based on t h e  o r i g i n a l  

amount of bromine i n  2. 

From t h e  elemental  a n a l y s i s  (disappearance of Br)  and t h e  f a c t  

t h a t  t h e  conversion of t r i t y l  a l c o h o l  to t r i t y l  c h l o r i d e  is typi -  

c a l l y  q u a n t i t a t i v e , 2 1  t h e  60% conversion of 2 t o  5 probably 

reflects only a modest s u c c e s s  i n  t h e  coupl ing  of t h e  l i t h i a t e d  

i n t e r m e d i a t e  with 3. 

The l i g n i n  models t o  be bound t o  t h e  polymer were 6-8.17 The 

simple compound 6 was t o  be  used a s  a t es t  s u b s t r a t e .  

d e s i r a b l e  model fo r  b inding  i s  7 s i n c e  t h e  s i t e  o f  polymer a t t a c h -  

ment i s  f a r  from t h e  r e a c t i v e  a- and B-side c h a i n  carbons.  

The most 
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INSOLUBLE LIGNIN MODELS. I1 48 7 

Amberlite XE-305 
Polystyrene 

I 

Q 
6 

@-@.Cl 

5 

2 

Q%Q 
3 t 

acetyl chloride 
4 

4 

Scheme 1 

TABLE 1 

Elemental a n a l y s e s  of  p u r i f i e d  Amberl-te XE-305 (1) and 
f u n c t i o n a l i z e d  polymer products  2, 4, and 5. 

Sample % C  % H  x ; O  % Br 4 c1 

-- -- 1 91.47 7.75 1.36 

2 77.78 6.47 1.93 14.67 -- 
4 89.48 7.36 2.99 0.67 -- 
5 88.12 7.22 1.63 3.22 -- 

However, 7 was d i f f i c u l t  t o  t r i t y l a t e .  In c o n t r a a t ,  bo th  6 and 8 
were r e a d i l y  converted t o  t r i t y l  d e r i v a t i v e s  6-Tr and 8-Tr. l 7  

Severa l  unsuccessfu l  a t t e m p t s  t o  t r i t y l a t e  7,  p r e c u r s o r s  of 7, 

or s i m i l a r l y  s u b s t i t u t e d  molecules  l e d  t o  t h e  conclus ion  t h a t  t h e  

phenol ic  hydroxyl group i n t e r f e r e d  wi th  t r i t y l a t i o n  of  t h e  p r i -  

mary a lcohol .  Therefore ,  some i n d i r e c t  f u n c t i o n a l i z a t i o n  r o u t e s ,  

u t i l i z i n g  p r o t e c t i o n  group methodologies ,  were examined. Genera l ly ,  
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488 APFELD ET AL. 

CH ,OR 
\ 
FH2 

CH2 OR 
I 
y 2  

CH3O 

/ 
CH2 C H 3 0  

' C H - O a  - 

CH2-0 a 
&H C H 2 C Hz C H2 OR I 

FHOH 
CHS 0 

C O C H 3  OH OH 

8 

more r e a d i l y  a v a i l a b l e  compounds (9-14) were used a s  s u b s t r a t e s  

f o r  examining t h e s e  routes .  Compound 9 i s  similar t o  t h e  precur -  

sor used i n  prepar ing  7. 

Scheme 2 o u t l i n e s  an a t t r a c t i v e  r o u t e  t o  s p e c i f i c a l l y  t r i t y l -  

'Ihe phenol ic  hydroxyl  i s  p r o t e c t e d  by a t e  a propanol s i d e  chain.  

a f3-(trimethylsilyl)ethoxymethyl (SEMI group which l a t e r  w i l l  be  

removed with ~ - B u ~ N F . ~ ~  

d e p r o t e c t i n g  agent  (F-) should not i n t e r f e r e  w i t h  t h e  a c i d  sen- 

s i t i v e  t r i t y l  l inkage .  The sequence o f  s t e p s  was s u c c e s s f u l  t o  

t h e  poin t  of producing 12. 

however, with removal of  t h e  SEM group. 

This r o u t e  had appea l  because t h e  

D i f f i c u l t i e s  were encountered,  

A f r e s h l y  prepared]  "ac t ive"  n-BuqNF apparent ly  i s  r e q u i r e d  t o  

remove SEM p r o t e c t i n g  groups.23 

par ing  such an "ac t ive"  reagent .  However, w i t h  a very l a r g e  

excess  of f r e s h l y  prepared n-BuqNF, we were a b l e  t o  d e p r o t e c t  11, 
t h u s  prepar ing  14 (REHI. 'lhe procedure was not  a p p l i e d  t o  com- 

pound 12, fo r  reasons  t o  b e  expla ined  l a t e r  and because we  f e l t  

t h a t  t h e  d e p r o t e c t i o n  would probably not  be  s u c c e s s f u l  i n  a 

h e  t erogene ou 8 (polymer ) c a s e  . 

We experienced problems i n  pre-  

The complicated s y n t h e t i c  r o u t e s  needed t o  bond model 7 t o  a 

polymer led  u s  t o  abandon t h i s  model i n  f a v o r  o f  models 6 and 8. 

Compound 8 h a s  a l r e a d y  been s u c c e s s f u l l y  t r i t y l a t e d l l  and 6 was 

t r i t y l a t e d ,  g i v i n g  6-Tr, i n  61% y i e l d .  
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CH 3 I 
c = o  

CH,O CHpCHzC-0-Et 

OH 

9 

SEM-CP 1 
CH3 
I 
C=O 

LiAlH, - 
CH,O C H 2 C Hz C-0- E t  

OSEM 

10 

CH 3 
I 
CHOH 

F- ew-- - 
CH,O 

OH 

13 

CH3 
I 
CHOH 

CH 3 
I 
CHOH 

CH,O CH,CH,CH,OTr 

OSEM 

12 

Scheme 2 

St8bility of Trityl Bther Model. 

T r i t y l  e t h e r s  are reported t o  be s t a b l e  a t  150°C i n  1 1  

NaOH.l3sZ4 

ated monomer 6-Tr under the k r a f t l i k e  condit ions  t o  be employed 

i n  studying the l i g n i n  models. 

up t o  2 hours a t  150'C i n  a 0.11; NaOH/O.0211 NaSH system; an 

Nevertheless ,  we checked the s t a b i l i t y  of the t r i t y l -  

Portions of 6-Tr were reacted for 
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490 APFELD ET AL. 

aqueous medium employing 29% E-dioxane was used t o  e n s u r e  t h e  

s o l u b i l i t y  o f  6-Tr. No t r i t y l  e t h e r  c leavage  was observed.  Based 

on t h i s  r e s u l t ,  a t r i t y l  model-to-polymer l inkage  should be  s t a b l e  

t o  t h e  planned k r a f t  pu lp ing  c o n d i t i o n s .  

Preparation and Charuteriration of Polper-Board kb-r 6-TrP 

A known weight of polymer bound t r i t y l  c h l o r i d e  (5 )  was 

s l u r r i e d  i n  p y r i d i n e  wi th  a 3-fold excess  o f  gua iacylpropanol  ( 6 ) .  

The g a i n  i n  weight d i sp layed  by t h e  beads a f t e r  thoroughly washing 

away t h e  l i q u i d  phase (and d r y i n g )  corresponded t o  a loading  o f  

0.26 m i l l i e q u i v a l e n t e  of 6 p e r  gram. 

Another method o f  de te rmining  model loading  involved t r e a t i n g  

6 q r P  with t r i f l u o r o a c e t i c  a c i d  (TFAA) and ana lyz ing  f o r  t h e  6 

l i b e r a t e d  i n t o  s o l u t i o n ;  t h i s  method r e l i e s  on t h e  f a c t  t h a t  t r i -  

t y l  e t h e r s  r e a d i l y  undergo a c i d  h y d r o l y s i s . 2 5  

obta ined  by the  a c i d  h y d r o l y s i s  procedure was 102% of  t h e  v a l u e  

obta ined  by t h e  g r a v i m e t r i c  a n a l y s i s ,  i . e . ,  0 .26 meq./g. 

I h e  loading  v a l u e  

Preparation 8nd Charactcrizatioa of Polymer-Bound Ligaia Model 
D i v r  8-TrP 

A known weight of  polymer bound t r i t y l  c h l o r i d e  was s l u r r i e d  

i n  33% dry benzene/pyridine wi th  a 6-fold e x c e s s  of model dimer 

8. The benzene was added t o  a s s i s t  i n  s w e l l i n g  t h e  m a c r o r e t i c u l a r  

polymer backbone and promote g r e a t e r  loading  o f  8 o n t o  t h e  beads. 

The gravimet r ic  a n a l y s i s  i n d i c a t e d  a loading  of 0.41 m i l l i e q u i v a -  

l e n t s  o f  8 per  gram. 

R e l i a b l e  weight d i f f e r e n c e s  are d i f f i c u l t  t o  o b t a i n  when 

working wi th  polymer beads; q u a n t i t a t i v e  d e l i v e r y  from v e s s e l  t o  

v e s s e l  i s  awkward and complicated by t h e  f a c t  t h a t  f u n c t i o n a l i z e d  

polymer beads o f t e n  take  on a s t a t i c  e l e c t r i c a l  charge.  

a s p e c i f i c  a n a l y t i c a l  t echnique  f o r  de te rmining  t h e  loading  o f  

model dimer on t h e  beads was sought .  The p r e v i o u s l y  used TFAA 
method was considered t o  be  t o o  d e s t r u c t i v e  i n  t h i s  case .  

Therefore ,  
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INSOLUBLE LIGNIN MODELS. I1 491 

The only source  o f  methoxyl groups i n  t h e  i n e o h b l e  model i s  

from t h e  a t t a c h e d  l i g n i n  model (two methoxyls per  d imer) .  

Z e i s e l  methoxyl de te rmina t ion  h a s  proven t o  be  r e l i a b l e  f o r  a 

v a r i e t y  o f  i n s o l u b l e  ~ u b s t r a t e s ; 2 6 * ~ 7  v a l u e s  are g e n e r a l l y  v e r y  

reproducib le  i n  t h e  range o f  t h e  methoxyl c o n t e n t  expected f o r  

i n s o l u b l e  model 8-Tr?. Hethoxyl group a n a l y s e s  gave v a l u e s  o f  

2.67, 2.67, and 2.79% ( t r i p l i c a t e  d e t e r m i n a t i o n s ) ;  t h i s  methoxyl 

c o n t e n t  corresponds t o  a loading  of 0.44 mil l imoles  o f  dimer p e r  

gram o f  polymer product. Although t h i s  va lue  i s  s l i g h t l y  h i g h e r  

t h a n  t h e  va lue  determined by weight d i f f e r e n c e ,  i t  i s  cons idered  

more r e l i a b l e .  

The 

A d d i t i o n a l l y ,  t h e  g e n e r a l  degree  o f  loading  was confirmed by 

weight d i f f e r e n c e s  of  a sample o f  8-TrP b e f o r e  and a f t e r  a n  a c i d  

t rea tment  ( ~ 8 .  0.38-0.44 mmol/g o f  m a t e r i a l  could be hydrolyzed 

o f f  t h e  polymer us ing  TFAA).25 

t r e a t e d  with diazomethane t o  methyla te  t h e  phenol o f  t h e  a t t a c h e d  

dimer. The methoxyl c o n t e n t  o f  t h e  diazomethane t r e a t e d  product  

(wi th  t h r e e  methoxyls p e r  dimer) was found t o  be  4 .33%,  which com- 

p a r e s  favorably t o  t h e  t h e o r e t i c a l  v a l u e  of  4.06%, based on t h e  

o r i g i n a l  methoxyl a n a l y s i s .  The excess  methoxyl c o n t e n t  o f  the 

diazomethane t r e a t e d  8-TrP may be due t o  t h e  methyla t ion  o f  pheno- 

l i c  contaminants  which a r e  p a r t  of t h e  f u n c t i o n a l i z e d  p o l y s t y r e n e  

beads.  

Also, a sample o f  8-TrP was 

The loading  v a l u e  o f  0.44 m i l l i m o l e s  p e r  gram r e p r e s e n t s  a 51% 

convers ion  of  t r i t y l  c h l o r i d e  groups ( t o  t r i t y l  e t h e r s )  and 

corresponds t o  1 model dimer per  5. 14 polys tyrene  a r y l  r i n g s .  

Although i t  seems u n l i k e l y  t h a t  even a s t r o n g l y  adsorbed 

s u b s t r a t e  would remain on t h e  polys tyrene  fo l lowiag  e x t e n s i v e  

Soxhlet  e x t r a c t i o n  p u r i f i c a t i o n  procedures  ( s e e  Exper imenta l ) ,  a 

c o n t r o l  experiment was des igned  t o  r u l e  o u t  a d s o r p t i o n  as a poss i -  

b i l i t y .  The polymer-bound t r i i y l  a l c o h o l  4 does not have a reason- 

a b l e  mechanism f o r  forming c o v a l e n t  bonds wi th  a pr imary a l c o h o l  

s u b s t r a t e  but  may absorb l i g n i n  models. 

wi th  an excess  of  compound 8, i n  a manner analogous t o  t h e  prep- 

a r a t i o n  of  8-TrF. A f t e r  t h e  workup/pur i f ica t ion  procedure,  t h e  

Therefore ,  4 was s t i r r e d  

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



492 APFELD ET AL. 

polymer beads were d r i e d  i n  vacuo t o  a c o n s t a n t  weight ;  t h e  

r e s u l t a n t  beads showed no weight ga in ,  confirming t h a t  a d s o r p t i o n  

was not occur r ing .  

Now, the c r i t i c a l  ques t ion :  how do t h e  ra tes  and product  

d i s t r i b u t i o n s  change when comparing t h e  r e a c t i o n s  of  a l k a l i  

s o l u b l e  models 8 and 8-Tr with  t h e  i n s o l u b l e  polymer model 8-lrP? 
The f i r s t  problem t o  be addressed was which model 8 o r  8-Tr b e s t  

r e p r e s e n t s  t h e  s o l u b l e  analog o f  t h e  polymer model? The answer 

seems obvious, 8-Tr, s i n c e  i t  more c l o s e l y  resembles 8-TrP. 
However, 8-Tr appears  t o  be i n s o l u b l e  a t  room temperature  i n  

aqueous a l k a l i  and probably has  q u i t e  l i m i t e d  s o l u b i l i t y  a t  1 5 0 ' C .  

Very l i t t l e  gua iacol  (z. 5%) was l i b e r a t e d  when 8-Tr was h e a t e d  

i n  1E NaOH a t  1 5 0 ° C ;  guaiacol  product ion  corresponds t o  B-aryl 

e t h e r  c leavage.  In c o n t r a s t ,  i f  e i t h e r  dioxane o r  DMSO i s  added 

a s  a 29% cosolvent  t o  h e l p  s o l u b l i z e  8-Tr, t h e  g u a i a c o l  y i e l d  

i n c r e a s e s  more t h a n  10 f o l d  (Fig.  1 ) .28  The low r e a c t i v i t y  o f  

8-Tr i n  pure  water  systems may b e  due t o  m i c e l l e  formation i n  

which t h e r e  a r e  p o l a r  phenoxide i o n s  on t h e  e x t e r i o r  and nonpolar  

s i d e  c h a i n s  i n  i n a c c e s s i b l e  i n t e r i o r  r e g i o n s .  

The f a c t  t h a t  8-Tr and u n d e r i v a t i z e d  8 d i s p l a y  d i f f e r e n t  reac-  

t i v i t i e s  a t  1 5 0 '  i n  a l k a l i ,  e i t h e r  i n  pure  water  o r  water  o r g a n i c  

mixtures ,28 argues t h a t  8-Tr i s  not hydrolyzed t o  8 under  t h e s e  

condi t ions .  Again, a n o t h e r  o b s e r v a t i o n  which appears  t o  suppor t  

t h e  s t a b i l i t y  of  t h e  t r i t y l  e t h e r  l i n k a g e  under s imula ted  pulp ing  

condi t ions .  

A problem a s s o c i a t e d  with u s i n g  8 f o r  comparative purposes  i s  

t h a t  i t  d i s p l a y s  a unique chemistry - p r i m a r i l y  because t h e  propyl  

a l c o h o l  "handle" i s  not  d e r i v a t i z e d .  

NaOH i s  dominated by a c y c l i z a t i o n  r e a c t i o n  which g i v e s  r i s e  t o  

compound 22 [Eq. (1)1.28 

The chemis t ry  o f  8 i n  11 
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-OH, 

CH3O 
OH 

8, 8-Tr, 8-TrP 

CHJO 9 (1) 

0- 

22 

We t h e r e f o r e  a n t i c i p a t e d  t h a t  t h e  most meaningful  comparison 

between t h e  s o l u b l e  and i n s o l u b l e  models would be  between 8-Tr and 

8-TrP i n  a cosolvent  system. 

water-only and water/E-dioxane under k r a f t l i k e  c o n d i t i o n s .  

1 d e p i c t s  t h e  product ion o f  gua iacol  from each o f  these  systems. 

Polymer model 8-TrP was r e a c t e d  i n  both 

F i g u r e  

80 

70 

0 6o 
-I 
W 

50 

A 
40 0 

4 

3 
(3 

s 

- a 30 
20 

10. 

0 .  

8-Tr (H20-dioxane) 

100 200 300 400 5 

TIME (min) 
0 

Figure  1. "he r e l a t i v e  y i e l d  o f  g u a i a c o l  from t h e  k r a f t l i k e  
degrada t ion  o f  i n s o l u b l e  model 84rP and 8-Tr i n  
aqueous and aqueousJ29X p-d ioxane  systems. 
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494 APFELD ET AL. 

The r a t e  of gua iacol  product ion  from t h e  i n s o l u b l e  model 

8-lk? i n  t h e  p-dioxane system i s  unusual ly  slow, ca. 9% a f t e r  8 

hours .  

The dramat ic  e f f e c t  of  p-d ioxane  on t h e  product ion  o f  g u a i a c o l  

from 8<r? w a s  unexpected; p o s s i b l e  e x p l a n a t i o n s  i n c l u d e  phase 

s e p a r a t i o n  o f  t h e  r e a c t i o n  medium and/or  c o l l a p s e  o f  t h e  macro- 

r e t i c u l a r  network. 

mix tures  h a s  been observed a t  high temperatures  ( 9 0  t o  170°C) by 

O b ~ t . ~ ~  

8-TrPI and the organic l a y e r  p e n e t r a t e d  and "surrounded" the 

polymer, then  t h e  a c c e s s i b i l i t y  o f  hydroxide and h y d r o s u l f i d e  t o  

t h e  r e a c t i o n  s i t e s  would have been l i m i t e d ,  

It i s  even lower i n  DMSO/H20, no t  reaching  more t h a n  1.5%. 

Phase s e p a r a t i o n  of  @ioxane/aqueous NaOH 

I f  phase s e p a r a t i o n  occurred  d u r i n g  t h e  r e a c t i o n s  o f  

Moreover, while  m a c r o r e t i c u l a r  po lys tyrenes  a r e  g e n e r a l l y  con- 

s i d e r e d  "nonswelling,"l 

shown t o  swell moderately i n  p-dioxane.30 

dioxane i n  t h e  k r a f t l i k e  r e a c t i o n s  could have swel led t h e  polymer 

backbone of  8-TrP and caused t h e  m a c r o r e t i c u l a r  network t o  

c o l l a p s e .  In t h i s  i n s t a n c e ,  t h e  a v a i l a b i l i t y  o f  t h e  r e a c t i v e  

s i t e s  would be r e s t r i c t e d .  

f u n c t i o n a l i z e d  h b e r l i t e  XE-305 has  been 

me presence  o f  p- 

Stab i l i ty  of Polymer l o u d  lkitjl Ether Mode10 

A more important  a s p e c t  of  t h e  polymer model's h i g h  tempera ture  

r e a c t i o n s  i s  t h e  o b s e r v a t i o n  o f  the c y c l i c  compound 22 i n  t h e  l i q u i d  

phase o f  r e a c t i o n  samples. lhis s i g n i f i e s  t h a t  t h e  polymer-to-model 

t r i t y l  l inkage  i s  n o t  s t a b l e  t o  t h e  r e a c t i o n  condi t ions!  

which was observed could  have come e i t h e r  from a d i r e c t  polymer 

model f ragmentat ion r e a c t i o n  or from breakdown of  22 which was 

r e l e a s e d  i n t o  s o l u t i o n . 2 8  

The g u a i a c o l  

The e x t e n t  o f  each pathway is unknown. 

There a r e  two reasonable  ways f o r  t h e  c y c l i c  compound 22 t o  be  

formed. F i r s t ,  t h e  bound model might undergo a h e t e r o l y s i s  ( S N ~ )  

r e a c t i o n ,  g i v i n g  r i se  t o  a r e l a t i v e l y  s t a b l e  t r i a r y l m e t h y l  car -  

bonium i o n  and t h e  conjugate  base  o f  8, which could  c y c l i z e  as 

shown i n  Eq. ( 1 ) .  I f  t h i s ,  however, were t h e  case ,  why are t h e  

"soluble"  t r i t y l  models apparent ly  s t a b l e ?  
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TABLE 2 
Yields  o f  6 l i b e r a t e d  from polymer-bound monomer 6-TrP. 

495 

Time 
( m i d  

15 

30 

45  

60 

90 

120 

150 

180 

2 40 

X 6 from 6-TrP(AIa 

4 14 

8 18 

21 

X 6 from 6-TrP(BJb 
K r  af t- 135°C Kraft-  150'12 Kraft-147'C Soda- 147°C 

1 2  25 41 41  

15 23 

15 24 59 

75 

68 

17  25 78 75 

aKraft  c o n d i t i o n s  employed 0 . 1 1 1  NaOH and 0.0211 NaSH; t h e  X 6 
was determined by ana lyz ing  t h e  amount o f  6 l i b e r a t e d  i n t o  
s o l u t i o n  u s i n g  GC and an i n t e r n a l  s tandard .  

bKraft  c o n d i t i o n s  as above; soda c o n d i t i o n s  were 1; NaOH; t h e  
X 6 l i b e r a t e d  was determined by methoxyl a n a l y s i s  o f  t h e  r e s i n .  

A second pathway might be  a n  a t t a c k  o f  t h e  Ca+- oxyanion 

on  t h e  t e r m i n a l  methylene, 

s i t i o n  s t a t e ,  wi th  t h e  l e a v i n g  group b e i n g  -0CPh2-polystyrene. 

The r e a c t i o n s  o f  polymer bound l i g n i n  model monomer 6-TrP were 

t h e r e f o r e  examined; 61r? l a c k s  a n  crOH f o r  a n  i n t r a m o l e c u l a r  S$ 

displacement  o f  t h e  polymer t r i t y l  e t h e r  and, consequent ly ,  may b e  

expected t o  have a g r e a t e r  s t a b i l i t y  than  8-TrP. 

a 6-membered r i n g  S$- c y c l i c  tran- 

Two samples of  6-Tr? were examined. 'Ihe samples had s i m i l a r  

loading  v a l u e s ,  0.26 and 9.22 mmol/g o f  r e s i n ,  bu t  d i f f e r e d  i n  t h e  

s o l v e n t  used in t h e  coupl ing  o f  t h e  l i g n i n  model 6 t o  t h e  polymer: 

sample A used pyr id ine ,  w h i l e  sample B used a m i x t u r e  o f  p y r i d i n e  

and benzene. 

gave t h e  y i e l d s  o f  compound 6 e h w n  i n  Table  2. 

t h e s e  d a t a  shows t h a t  t h e  f r a c t i o n  of c leaved  e t h e r  bonds ( a )  i s  
f a i r l y  h igh ,  ( b )  l e v e l s  o f f  w i t h  long  r e a c t i o n  times, ( c )  i s  not  

Cleavage o f  t h e  polymer-bound t r i t y l  e t h e r  bonds 

Examination o f  
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496 APFELD ET AL. 

very  s e n s i t i v e  t o  t h e  presence o f  NaSH, (d)  i s  temperature  dependent ,  

and ( e l  d i f f e r s  s i g n i f i c a n t l y  wi th  t h e  polymer s u b s t r a t e  employed. 

A p o s s i b l e  e x p l a n a t i o n  f o r  t h e  above behavior  i s  t h a t  a f rac-  

t i o n  o f  polymer-bound t r i t y l  groups a r e  i n t r i n s i c a l l y  s t r a i n e d  

(be ing  p a r t  of  a c ross - l inked  polymer), and form r e l a t i v e l y  weak  

t r i t y l  e t h e r s  w i t h  primary a l c o h o l  s u b s t r a t e s .  These weak e t h e r s  

c leave  more r e a d i l y  than  a s o l u b l e  t r i t y l  e t h e r ;  t h e  remaining 

f r a c t i o n  o f  polymer-bound e t h e r s  may be r e l a t i v e l y  u n s t r a i n e d  and 

may main ta in  an a l k a l i n e  s t a b i l i t y  s imilar  t o  t h e i r  s o l u b l e  

c o u n t e r p a r t s .  

A second e x p l a n a t i o n  i s  t h a t  t h e r e  a r e  a v a r i a b l e  number 

(depending on t h e  p r e p a r a t i o n )  o f  bound models i n  environments 

conducive t o  h e t e r o l y s i s  r e a c t i o n s .  For example, r e g i o n s  which 

a r e  exposed, or can  be p e n e t r a t e d  by t h e  water  and a l k a l i ,  may 

experience model-polymer bond breakage (preslmably v i a  an S N ~  t y p e  

mechanism i n  t h e  case of 6-TrP). 

c i p a l l y  a n  impenetrable  "organic"  environment are s t a b l e .  A con- 

t i n u a t i o n  o f  t h i s  theme argues  t h a t  t h e  "soluble"  models were n o t  

r e a l l y  s o l u b l e ,  b u t  formed impenetrable  m i c e l l e s ,  which p r o t e c t e d  

t h e  t r i t y l  bonds from c leavage  r e a c t i o n s  and provide  t h e  i l l u s i o n  

t h a t  t h e  molecules  a r e  i n h e r e n t l y  s t a b l e .  

Other r e g i o n s ,  having  pr in-  

Lending suppor t  t o  these arguments, we observed d i f f e r e n t  

degrees  o f  model loading ,  depending upon t h e  s o l v e n t  used i n  t h e  

coupl ing  r e a c t i o n s  l e a d i n g  t o  a polymer bound c e l l u l o s e  model. 1 9 ~ 3 1  

Also, i n  t h i s  c e l l u l o s e  model c a s e ,  t h e  methods used t o  de te rmine  

model loading  d i d  not  always agree.31 We suspec t  t h a t  t h e  d i f -  

f e r e n t  s o l v e n t s  used i n  t h e  r e a c t i o n s  o f  t h e  polymer, ( i . e . ,  

coupl ing  t h e  model t o  t h e  polymer and de termining  t h e  loading)  

r e s u l t  i n  d i f f e r e n t  degrees  of polymer s w e l l i n g  and d i f f e r e n t  

degrees  o f  r e a c t i o n .  

A propyl a l c o h o l  s u b s t i t u t e d  l i g n i n  model monomer and dimer 

have been s u c c e s s f u l l y  a t t a c h e d  t o  a p o l y s t y r e n e  suppor t .  The 
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INSOLUBLE LICNIN MODELS. 11 497 

l inkage  between t h e  model and t h e  polymer, a t r i t y l  e t h e r  t y p e ,  

does n o t ,  however, have good s t a b i l i t y  i n  aqueous a l k a l i  a t  150'C. 

This  l a c k  o f  s t a b i l i t y  p r e v e n t s  t h e s e  polymer models from b e i n g  

usefu l  s u b s t r a t e s  i n  t h e  s tudy o f  pu lp ing  r e a c t i o n s .  Ibwever, t h e  

t r i t y l  l i n k e d  models may have v a l u e  f o r  s t u d y i n g  h e t e r o g e n e i t y  

e f f e c t s  under l e s s  s e v e r e  c o n d i t i o n s ,  such a s  e x i s t  i n  pu lp  

b leaching  o r  b iodegrada t ive  r e a c t i o n s  of l i g n i n .  

The l a r g e  d i f f e r e n c e  i n  t r i t y l  ether s t a b i l i t i e s  between 

s imple models and polymer bound models i s  puzz l ing .  A c c e s s i b i l i t y  

and so lvent  e f f e c t s  appear  t o  p l a y  major r o l e s  i n  both  t h e  polymer 

bound models and t h e  r e l a t i v e l y  water  i n s o l u b l e  s imple models. 

Our s t u d i e s  h e r e  suggest  t h a t  a more s t a b l e  model-to-polymer 

l inkage ,  such a s  a benzyl e t h e r  l i n k a g e ,  i s  needed f o r  producing a 

u n i v e r s a l l y  more u s e f u l  heterogeneous l i g n i n  model. 

Attempts t o  f u n c t i o n a l i z e  t h e  propyl  a l c o h o l  s i d e  c h a i n  o f  t h e  

A-ring model 7 met with d i f f i c u l t i e s .  Apparent ly]  t h e  phenol ic  

hydroxyl group i n t e r f e r s  wi th  d i r e c t  d e r i v a t i z a t i o n  o f  t h e  nearby 

propyl  a l c o h o l .  Even i f  an a p p r o p r i a t e  t r i t y l  e t h e r  l i n k e d  model 

(7-TrP) could  be prepared,  i t  i s  h i g h l y  l i k e l y  t h a t  t h e  s t a b i l i t y  

under pulp ing  c o n d i t i o n s  would be  poor. 

The s p e c i f i c  ins t rumenta t ion ,  t h e  performance o f  e lementa l  

ana lyses ,  and t h e  r e a g e n t s  and s o l v e n t s  have been p r e v i o u s l y  

d e t a i l e d .  1 

purchased from Polysc iences ,  Inc.  Warrington, Pennsylvania ,  a s  

manufactured by Rohm and Haas Co. ,  P h i l a d e l p h i a ,  Pennsylvania .  

The methoxyl ana lyses  of  t h e  i n s o l u b l e  model were performed by 

Chem-Lig I n t e r n a t i o n a l ,  Inc .  Schof ie ld ,  Wisconsin. 

h b e r l i t e  XE-305 ( m a c r o r e t i c u l a r  po lys tyrene)  w a s  

The procedures  f o r  do ing  model degrada t ion  r e a c t i o n s  a t  a 

0.015 m o l e  l e v e l  ( e i t h e r  a s  a s o l u b l e  model o r  cor responding  

amount o f  model bound t o  a polymer bead) and g u a i a c o l  a n a l y s i s  by 

methyla t ion ,  followed by g a s  chromatography u s i n g  p- isopropylphenol  

a s  an i n t e r n a l  s tandard ,  have been previous ly  descr ibed .32  

c y c l i z e d  product  22 from t h e  d e g r a d a t i o n  of  8 q r P  was charac- 

The 
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t e r i z e d  by methylat  

prepared sample.28 

P u r i f i c a t i o n  of  

on and GC/MS; i t  was 

Amberlite XE-305 res 

APFELD ET AL. 

i d e n t i c a l  t o  a previous ly  

n fol lowed t h e  procedure 

o u t l i n e d  by Bovee.19 

Soxhlet  e x t r a c t i o n  w i t h  e t h y l  e t h e r  and w i t h  hexane f o r  8-10 hours  

'Ihe f i n a l  s t e p s  i n  t h i s  p u r i f i c a t i o n ,  

and dry ing  i n  a vacuum t o  a cons tan t  weight ,  were used w i t h  a l l  

polymer products .  

( 5 ,  Scheme 1) followed t h e  procedures  o u t l i n e d  by Freche t  and 

 coworker^.^^^^^ 

'Ihe p r e p a r a t i o n  of  polymer-bound t r i t y l  c h l o r i d e  

Polymer ana lyses  a r e  g i v e n  i n  Table  1. 

The r e a c t i o n s  l e a d i n g  t o  and involv ing  t h e  p-methoxybenzyl 

compounds 17, 18, and 21  w i l l  n o t  be d e s c r i b e d  because o f  t h e i r  

dead-end n a t u r e  and t h e  l a c k  o f  f u l l y  c h a r a c t e r i z e d  products .  

3-( 3 ~ t h o . ~ J - h y d r o . ~ p h e n y l )  -l-(polyrtyryl tri ty1oxy)prapme 

(6-Tr?) - Procedure A. Polymer-bound t r i t y l  c h l o r i d e  (51 ,  4.6334 
g (4.21 mol  c h l o r i n e  c o n t e n t ) ,  wae g e n t l y  s t i r r e d  (wi th  a small 

magnetic s t i r b a r )  i n  60 mL d r y  p y r i d i n e  (under  N2) and 2.50 g (3 
equiv)  of  3-(3-methoxy-4-hydroxyphenyl)-l-propanol (6)l 
The mixture  was s t i r r e d  f o r  5 days a f t e r  which t h e  polymer was 

washed success ive ly  wi th  d r y  p y r i d i n e  and d r y  Et2O. The beads 

were placed i n  a c e l l u l o s e  thimble and Soxhlet  e x t r a c t e d  f o r  1 2  h r  

wi th  E t p O  and hexane. 

40'C u n t i l  a c o n s t a n t  weight of  4.8118 g was achieved. 

o f  m a t e r i a l  loaded, 0.2233 g, was c a l c u l a t e d  from t h e  fo l lowing  

equat ion:  

was added. 

'Ihe r e s u l t a n t  beads were d r i e d  i n  vacuo a t  

The amount 

[weight g a i n  o f  polymer product]  

[ ( M W  o f  model) - 11 
[MW o f  H C l ]  [model loaded ( g ) ]  = 

1 -  

The loading l e v e l ,  determined from t h i s  g r a v i m e t r i c  a n a l y s i s ,  was 

c a l c u l a t e d  t o  be 0.26 mmol/g. 
could  be l i b e r a t e d  from 64r? upon a c i d  h y d r o l y s i s  ( a s  measured by 

GC) corresponds t o  102% of t h e  abovementioned loading.  

'Ihe q u a n t i t y  o f  compound 6 which 

procedure B .  A second b a t c h  of  64r? was s y n t h e s i z e d  by sus-  

pending a second p r e p a r a t i o n  o f  t h e  t r i t y l  c h l o r i d e  (51, 5.05 g 

(2 .61 -01 Cl), i n  75 mL of a 1:3 (v/v> m i x t u r e  o f  d r y  benzene: 
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d r y  pyr id ine  s o l v e n t .  lhe l i g n i n  model ( a ) ,  3 . 0 0  g ( 1 6 . 5  mmol), 

w a s  added and t h e  mixture  s t i r r e d  f o r  6 days a t  45-5O'C. 

uct  was i s o l a t e d  a s  d e s c r i b e d  above i n  Procedure A .  Methoxyl 

a n a l y s i s  gave a loading  o f  0 . 2 2  m o l / g .  

Ihe prod- 

Model degrada t ions  o f  t h e  procedure B product  6-TrP were con- 

ducted under s imulated soda  o r  k r a f t  c o n d i t i o n s  a t  147'C f o r  up t o  

4 h r .  Once cool ,  t h e  r e a c t e d  model was i s o l a t e d  by f i l t r a t i o n  and 

washed s u c c e s s i v e l y  w i t h  3-5 mL of t h e  fo l lowing  s o l v e n t s :  water ,  

methanol-water ( 5 0 %  v / v ) ,  methanol, dichloromethane,  and low 

b o i l i n g  p e t .  e t h e r .  

and hexane f o r  8 h r  each and d r i e d  i n  vacuo a t  4 5 ° C .  Residual  

model loadings  were determined by methoxyl a n a l y s i s  and compared 

with t h e  methoxyl c o n t e n t  b e f o r e  r e a c t i o n  t o  g ive  t h e  v a l u e s  

repor ted  i n  Table  2.  

The model was then  e x t r a c t e d  wi th  e t h y l  e t h e r  

2-(2-llc tboxypheaoxy)-l-( 3~etboxy-4-hydroxy)-5-(poly8tyryl- 

trit~loxy)-l-peotano1 (8-TrP). 

mL dry benzene was suspended 3.9121 g ( 3 . 5 5  mmol c h l o r i n e  c o n t e n t )  

o f  5. 

r e a c t i o n  mixture  was g e n t l y  s t i r r e d  a t  45-50°C f o r  6 days and 

worked up a s  i n  t h e  c a s e  o f  6-TrP t o  a f f o r d  4 .4756  g o f  product .  

The amount of 8 loaded on 8-Tr? was c a l c u l a t e d  t o  b e  0 . 6 3 0  g, 

which corresponds t o  0 . 4 0  mmol/g. 

loading ,  0 . 4 4  mmol/g, was d e r i v e d  from methoxyl a n a l y s e s ;  t h e  

l a t t e r  va lue  was used when c a l c u l a t i n g  s t o i c h i o m e t r i e s  f o r  t h e  

degrada t ion  s t u d i e s .  

I n t o  50 mL of  d r y  p y r i d i n e  and 25 

To t h i s  was added 7 . 1 0  g ( 2 0 . 4  mmol) o f  compound 8.11 The 

A more r e l i a b l e  e s t i m a t e  o f  

Acid Bydrolyri8 of Polymer-Bound Mdel8;  General Procedure. 
Approximately 50-150 mg o f  i n s o l u b l e  model w a s  suspended i n  2 mi. 

CH2C12 i n  a 6 0  mL s e p a r a t o r y  funnel  (which had a p lug  of  g l a s s  

wool compressed i n t o  p l a c e  j u s t  above t h e  s topcock) .  To t h i s  

suspension was added 0 . 5  mL o f  t r i f l u o r o a c e t i c  a c i d  (TFAA) and t h e  

mixture  was p e r i o d i c a l l y  swir led  over  1 5  min. lhe mixture  was 

then dra ined  i n t o  another  s e p a r a t o r y  funnel  which c o n t a i n e d  an 

excess  of  s a t u r a t e d  aqueous KzCO3; t h e  K2CO3 n e u t r a l i z e d  e x c e s s  

TFAA and hydrolyzed any t r i f l u o r o a c e t a t e s  which may have formed.31 

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



500 APFELD ET AL.  

The o v e r a l l  p rocess  was repea ted  2-3 t imes wi th  t h e  polymer beads ,  

a f t e r  which t h e  r e s u l t a n t  CH2C12 l a y e r  was separa ted ,  and i t s  con- 

t e n t s  analyzed by G C ,  or GC/HS, compared t o  an i n t e r n a l  s tandard .  

The weight o f  polymer, i n  t h e  c a s e  o f  8-TrP, was compared b e f o r e  

and a f t e r  t rea tment .  

E thyl  5-Acctyl-)acthoq-2-[~-~tr~wthyls~lyl~ctho~etho~] 

dihydrocianamatc (10). 

di i sopropyle thylamine  i n  25 mL o f  CH2Cl2 was prepared i n  d r y  

glassware under a n i t r o g e n  atmosphere. To t h i s  was added suc- 

c e s s i v e l y ,  i n  r a p i d  dropwise fash ion ,  5 .73 mL (2  e q . )  o f  p- ( t r i -  

methylsily1)ethoxymethyl c h l o r i d e  ("SEM-C1")22, 33 i n  CH2C12 and 

then 4.31 g (16.2 mmoles) of  e t h y l  5-acetyl-3--methoxy-2-hydroxy- 

dihydrocinnamate (911 d i s s o l v e d  i n  CH2C12 ; t h e  f i n a l  volume was 

roughly 150 mL. The s o l u t i o n  was s t i r r e d  overn ight  a t  35'C, 

washed twice wi th  d i l u t e  HC1 and twice  w i t h  water, d r i e d  ( N s 2 S O 4 )  , 
f i l t e r e d  and evaporated t o  l e a v e  6.1 g ( 9 5 % )  o f  10 as a syrup: 

lH-NMR (CDC13) 6 ( r e f e r e n c e d  a g a i n s t  t h e  compound's i n t e r n a l  Me3S 

s i g n a l )  0.00 (s, 9, S i M q ) ,  0.84-1.03 (m, 2, C82Si), 1.22 ( t ,  3, J 

= 7.0 Hz, CH2CH3), 2.54 (s, 3, COC83), 2.52-2.69 (m, 2, Arc&), 

2.90-3.10 (a, 2,  CQCO), 3.73-3.91 (m, 2, OCHZCH~S~), 4.10 ( q ,  2 ,  

J = 7.0 Hz, CE2CH3), 5.20 ( 8 ,  2, OC&O), and 7.40 ( 8 ,  2, a ry l -B) .  

A s o l u t i o n  o f  8.47 mL (3 eq . )  of  N , N -  

1-(3+ethoxy-4- [ B-( trime t h y l d 1 y l ) c t h o x p e  thory 1 -5-[ y-hydroq- 

p r o p y l ] p h e n y l ) c t h r w l  (11) .  

aluminum hydr ide  i n  50 mL o f  f r e s h l y  d i s t i l l e d  THF was s t i r r e d  vig- 

orous ly  while  a s o l u t i o n  o f  2.5 g (6 .3  mmoles) o f  10 i n  50 mL o f  

THF was dr ipped  i n  slowly over  a 45  min per iod.  

THF was r i n s e d  through t h e  dropping funnel  i n t o  t h e  r e a c t i o n  mix- 

t u r e  and t h e  s o l u t i o n  r e f l u x e d  f o r  90 min and t h e n  s t i r r e d  a t  room 

temperature  overn ight .  A s a t u r a t e d  aqueous s o l u t i o n  o f  Na2SO4 was 

c a u t i o u s l y  added u n t i l  f i z z i n g  s topped;  a whi te  s o l i d  (aluminum 

s a l t s )  was p r e s e n t .  'Lhe suspens ion  was t h e n  f i l t e r e d  and t h e  

c o l l e c t e d  s o l i d s  r i n s e d  thoroughly w i t h  e t h e r .  

d r i e d  (Na2S04) and evaporated.  An IR spectrum o f  t h e  r e s i d u e  

showed some carbonyl  a b s o r p t i o n s ,  i n d i c a t i v e  of s t a r t i n g  material. 

A s l u r r y  o f  0.61 g (16 mmoles) o f  l i t h i u m  

Another 300 mL o f  

The f i l t r a t e  was 
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The r e s i d u e  was p laced  on a 40 x 2.5 cm column of  s i l i c a  g e l  

packed i n  CH2Cl2 and e l u t e d  w i t h  p r o g r e s s i v e l y  s t r o n g e r  con- 

c e n t r a t i o n s  of  methanol i n  CH2C12 t o  g i v e  1.8 g ( t e n  combined 

c o l l e c t e d  f r a c t i o n s )  of 11 a s  syrup:  

t o  t h e  compound's i n t e r n a l  MegSi s i g n a l )  0.00 (9 ,  9, N e j S i ) ,  

0.87-1.04 (m, 2,  CH,Si), 1 .44  ( d ,  3, J = 6.5 Hz, u-CH~), 1 .82  ( p ,  

2, J ~1 6.5 Hz, @-CH2), 2.75 ( t ,  2, J = 7.2 Hz, a-CH,), 3.54 ( t ,  2, 

J = 6.1 Hz, y-C820H), 3.74-3.91 (m, 2,  OCE2CH2Si), 3 .81  ( 8 ,  3,  

lH-NMR (CDCl3) 6 ( r e l a t i v e  

Oc83), 4.78 ( 9 ,  1, J 6.5 H z ,  benzyl-CBOH), 5.08 ( 8 ,  2, OCHZO), 

6 .73 (d ,  1, J = 1.8  Hz, C2-aryl-81, and 6.78 (d,  1, J = 1.8 Hz, 

C6-aryl-8). 

l-(s~ethoxy-4-hydro~-S-[ y~ydro~propyl]phanyl)cthrool  (14). 
In d r y  g lassware ,  under n i t r o g e n ,  45 mg (0.12 mmoles) of 11 and 

460 mg (10  e q . )  o f  tetrabutylammonium f l u o r i d e 3 4  i n  25 mL o f  d r y  

THF were s t i r r e d  f o r  36 hours .  A t  t h i s  t i m e ,  a TLC showed very  

l i t t l e  remaining 11. 

e x t r a c t e d  t h r e e  t imes  w i t h  0.5E NaOH. 

were a c i d i f i e d  and e x t r a c t e d  t h r e e  times w i t h  f r e s h  CHC13. 

l a t t e r  e x t r a c t s  were combined, d r i e d  (Na2S041, and evapora ted  t o  

l e a v e  - 30 mg o f  14 as an  o i l .  

t h i s  way was i d e n t i c a l  t o  t h a t  o f  a n  a u t h e n t i c  sample o f  14.17 

1 -( 3-Mcthoxy-4-[ &( t r imethyla  i l y l  )c t h o m e  thoxy ] -5-1 y-tri- 

pheaylwtho~propyl]phenyl~cth.ool (12).  In dry  g lassware ,  under  

n i t r o g e n ,  1 .0  g (2 .81  mmoles) o f  11 i n  15 mL o f  d r y  p y r i d i n e  was 

added dropwise over  a n  hour  t o  a s t i r r e d  s o l u t i o n  o f  1 . 5 8  g ( 5 . 7  

mmoles) of  f r e s h l y  r e c r y s t a l l i z e d  t r iphenylmethyl  c h l o r i d e .  The 

mixture  was s t i r r e d  f o r  24 h r  a t  45"C, cooled ,  d i l u t e d  w i t h  100 mL 

o f  water  and t h e  l a y e r s  s e p a r a t e d .  

t h r e e  t imes w i t h  to luene .  The o r g a n i c  phase  and t o l u e n e  e x t r a c t s  

were combined, washed w i t h  w a t e r  ( u n t i l  t h e  washes were n e u t r a l ) ,  

washed w i t h  s a t u r a t e d  N a C l  s o l u t i o n ,  d r i e d  (Na2S04), and evapora ted .  

The gold  c o l o r e d  l i q u i d  r e s i d u e  was a p p l i e d  t o  a 40 x 2.5 cm dry-  

packed alumina column and e l u t e d  w i t h  CH2C12 c o n t a i n i n g  suc- 

c e s s i v e l y  i n c r e a s i n g  amounts of methanol .  

The s o l u t i o n  was d i l u t e d  w i t h  CHC13 and 

The combined b a s e  e x t r a c t s  

The 

An NMR s p e c t r m  o f  14 produced i n  

The aqueous phase  was e x t r a c t e d  

The e a r l y  c o l l e c t e d  
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f rac t ions ,  which appeared by TLC ana lys i s  t o  be a mixture of 11, 

t r i t y l  ch lor ide ,  and some minor impur i t i e s ,  were column ch romate  

graphed again using only toluene a s  t he  e luent .  

product 12 was observed i n  most co l l ec t ed  f r a c t i o n s  and appeared 

t o  be the only component i n  f r ac t ions  40-133: 

( r e l a t i v e  t o  the  compound's i n t e r n a l  MegSi s i g n a l )  0.00 ( 8 ,  9, 

I(.3Si), 0.85-1.03 (m, 2, CH2Si), 1.46 (d ,  3, J 

1.70 (d ,  1, J - 3.2 He, OR), 1.82-2.10 (m, 2, f3-CE2), 2.71-2.86 (m, 

2, u - C E ~ ) ,  3.15 ( t ,  2, J 6.4 Hz, y-C820), 3.74-3.91 (m, 2,  

OCE2CH2Si), 3.85 ( 8 ,  3, OcE3), 4.72-4.84 (m, 1, CEOH), 5.10 ( 8 ,  2, 

0CE20), 6.73 (d,  1, J - 1.7 Hz, C2-aryl-E), 6.81 (d, 1, J = 1.7 

Hz, C6-aryl-8) and 7.2-7.5 (m, 15, Cpb3); I3C-NMR (CDC13) p p  

-1.26 ( q ,  MejSi), 18.2 ( t ,  CH2Si), 25.2 ( q ,  BnCH3), 27.3 ( t ,  

The p r i n c i p a l  

lH-NMR (CDC13) 6 

6.3 Hz, BnCEs), 

B-CH.21, 30.9 ( t ,  crCHq), 55.6 ( 9 ,  OCH3), 63.4 ( t ,  Y-CH20), 67.0 

( t ,  OCHZCH~S~), 70.1 (d ,  CHOH), 86.3 ( 8 ,  CPhs), 96.9 ( t ,  OCH201, 

107.4 (d, C2), 118.7 (d,  C6), 126.6, 127.5, 128.5 (d ,  t r i t y l  a ry l -  

CH), 144.2 (s, t r i t y l  a r y l  C), 143.2, 152.0 (a, C5) and 135.8, 

141.4 ( C l ,  C3). 

Portions of t h i s  work were used by PEA and RAB a s  p a r t i a l  

fu l f i l lmen t  of t h e  requirements fo r  the  Ph.D. degree a t  The 
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