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ABSTRACT

A unique lignin model dimer, 2-(2-methoxyphenoxy)-1-(3-methoxy-
4-hydroxyphenyl)-1,5-pentanediol (8), was attached to a macroretic-
ular polystyrene resin by means of a trityl ether linkage. The
extent of model loading was determined by gravimetric analysis and
Zeisel methoxyl content. When reacted under simulated kraft
pulping conditions, the polymer model, 8-TrP, afforded moderate
yields of gualacol, a fragmentation product. The addition of 297
of p-dioxane or DMSO drastically- depressed the yield of guaiacol
from 8-TrP. . The polymer bound dimer model 8-TrP and monomer model
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.
A set of exploratory functionalization reactions showed that benz-
ylation occurs principally at the phenolic OH, rather than at an
aliphatic OH, for substrates possessing both groups.

INTRODUCTION

Lignin model compoﬁnds are'aesignéd to approximaté the pfedom?
inant structural units in lignin and their reactivity should mimic
the basic, underlying chemistry of delignification. The model
compounds are generally soluble in tﬁe reactioh medium; are réla-
tively easy to structurally characterize, and give rise to prod-

ucts that are relatively simple to define and measure.




Chemical reactions of native lignin, on the other hand,
usually involve at least two dissimilar phases.1 The phases
during pulping consist of solid-1iquid interfaces of lignin and
pulping 1iquor.2 The heterogeneous nature of lignin degradation
reactions make studying rates and mechanisms very difficult; there
is no straightforward method to quantify products and charac;
terize the starting material.

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) access-
ibility of reagents to lignin in different morphological'regiqns,4
(b) polyelectrolytic behavior of the degrading polymer, postulated
by Schuerch as an "ion-exclusion" (Donnan equilibrium) effect,>
(c) diffusion—-, transport-, adsorption-, and desorption-
phenomena,! (d) a loss in entropy on the reaction transition
state,6:7 and (e) temperature and solvent effects which .impart -

greater flexibility to a polymer backbone and enhance the penetra-

tion of reactants to specific sites.B

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 &oes not, (2) heterogeneity, which

soluble models lack, and (3) easily analyzable reaction products.




Design Criteria:

The design of the insoluble model described herein will follow

a polymer-bound protecting group methodology.9 Premanufactured
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 Several lignin model dimers having propyl alcohol
handles have been.synthesized11 and are considered appropriate
substrates for binding to a polymer via a trityl ether linkage.

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  A1so,
polystyrene resembles lignin, superficially at least, in that it
is a cross-linked, aliphatic-aromatic polymer.

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
solvents.19,13a14 The structure of macroreticular resins can be
envisioned as sponge~like, where the macropores are responsible
for the absorption of 1liquid, and the gelular agglomerates of
polymeric material will only be penetrated by a good polymer-
swelling solvent.12,13

The choice of the trityl ether protecting group was in part
based on its reported stability at pH > 12 and 150°C; 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 SN2 processes, so the addition
of a nucleophilic additive (such as hydrosulfide in a kraft
system) would not be expected to affect trityl ether stability.
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RESULTS AND DISCUSSION i

Polystyrene- Support

The specific macroreticular polystyrene chosen for this study:
was Amberlite XE-305. The resin reported1y16 has a large average
pore diameter (1000 A), which should ensure the transport of
reagents and products in and out of the network, and has a low
degree of cross-linking (4% divinylbenzene).l7 ‘A multistage
procedure18»19 was employed to purify this industrial-grade resin.

The stability of Amberlite XE-305 under high temperature alka-
line éonditions was confirmed in several ways. Portions of: the
polymer were subjected to aqueous LE NaOH at 150°C for three hours,
after which they were quantitatively recovered, thoroughly washed,
dried qnder vacuum, and weighed; no loss in.weight was observed.
Each cooking liquor was extracted with ether and chloroform, and
gas chromatographic analysis of the extracts showed no polystyrene
degradation products. No macroscopically observable differences
were observed ‘between the thermally treated and untreated resin
samples. Boveel? also found no significant microscopic differen-
ces between untreated resin and resin heated for seven days at
175°C, in 1IN NaOH. _

Amberlite XE-305 (1) was. functionalized to a polymer-bound
trityl chloride (5) employing the synthetic route- shown in Scheme
1.20  The elemental analyses‘of the various polymer products are
presented in Table l. The chlorine content of the final product $
corresponds to 1l chlorine per 8.5 polystyrene aryl rings, and
represehts 607% of the theoretical maximum based on the original .
amount of bromine in 2. ‘

From the elemental analysis (disappearance .of Br) and the fact
that the conversion of trityl alcohol to trityl chloride is typi- -
cally quan_titative,21 the 60% conversion of 2 to 5 probably. ..
reflects only a modest success in the coupling of the lithiated:
intermediate with 3.



Scheme 1

Amberlite XE-305 2
Polystyrene

T 1

5 : 4

Table 1. Elemental analyses of purified Amberlite XE-305 (1) and
- functionalized polymer products 2, 4, and 5.

Sample . %C ZH %0 ZBr 72 C1
1 91047 70 75 1036 b -
2 77.78 6.47 1.93 14.67 . --
4 89.48 7.36 2.99 0.67 -

Lignin Models

The lignin models which were to be bound to the polymer are
6 -8.17 The simple compound 6 was to be used as a test substrate.
The most desirable model for binding is 7 since the site of
polymer attachment is far from the reactive a- and B-side chain

carbons. However, 7 was difficult to tritylate, In contrast,

both 6 énd 8 were4reédily converted to trityl derivatives 6—?:}andu

8-'1'1‘. 17
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Several unsuccessful attempts to tritylate 7, precursors of 7,
or siﬁilarly substituted molecules led to the conclusion that the
phenolic hydroxyl group interfered with tritylation of the pri-
mary alcohol. Therefore, some indirect functionalization routes,
utilizing protection group methodologies, were examined. Generaliy,
more readily available compounds (9-14) were used as. substrates
for examining these routes. Compound 9 is similar to. the precur-
sor used in prepéring 7. .

Scheme 2 outlines an attractive route to specifically trityl- '
ate a propanol side chain. The phenolic. hydroxyl is protected. by
a B-(trimethylsilyl)ethoxymethyl (SEM) group which. later will be
removed with n—BuaNF.22 This route had appeal because the
deprotecting agent (F~) should not interfere with the acid sen-
sitive trityl linkage. The sequence of steps was successful to a
point of producing 12. Difficulties were éncountered,'however,
with removalvof the SEM group.

A fresﬁly prepared, "active"'ﬁ—Bu4NF appérently is requi;ed to
remove SEM'ﬁrotecting gfouﬁs.23 ‘We-experiepced prdblémé-in pre-
paring such an "active" reagent. However, with a véfy_large o
excess of freshly prep;red n-ﬁﬁ4Nf, we were ;blé to deprStécE ll,'
thus preparing 14 (R=H). The'pfocédure was pét appliéd’to com-
pouhd 12; fbt reésons fo Sé explained later andﬁbécéuse dé felt
that the deprotection would probably not be successful in a ‘

heterogeneous (polymer) case.
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Thelcomplicated synthetic routes needed to bond model 7 to a
pol&mer led us to abandon this model in favor of models 6 and 8.-
Compound 8 has already been successfully tritylated11 and 6 was
tritylated, giving 6-Tr, in 61% yield. '

Stability of Trityl Ether Models

Trityl ethers are reported to be stable at 150°C in IN




NaOH.13,24 Nevertheless, we checked the stability of the trityl-
ated monomer 6-Tr under the kraftlike conditions to be employed
in studying the lignin models. Portions of 6~Tr were reacted for
up to 2 hours at '150°C in a 0.11N NaOH/0.02IN NaSH system; an
aqueous medium employing 297% p-dioxane was used to ensure the
solubility of 6-Tr. No trityl ether cleavage was observed. ‘Based
on this result, a trityl model-to-polymer linkage should be stable
to the planned kraft pulping conditions.

Preparation and Characterization of Polymer—-Bound Monomer 6-TrP

A known weight of polymer bound trityl chloride (5) was
slurried in pyridine with a 3-fold excess of guaiacylpropanol (6).
The gain in weight displayed by .the beads after thoroughly Qeshing
away the liquid phase (and drying) corresponded to a loading of
0.26 milliequivalents of 6 per gram.

Another method of determining model loading involved treating
6-TrP with trifluoroacetic acid (TFAA) and analyzing for the 6
liberated into solution; this method relies on the fact that tri-
tyl ethers readily undergo acid hydrolysis.25 The loading value
obtained by the acid hydrolysis procedure was 102% of the value
obtained b& the gravimetric analysis.

Preparation and Characterization of Polymer—Bound Lignin Model
Dimer 8-TrP

.A known weight of polymer bound trityl chloride was slurried
in 337 dry benzene/pyridine with a 6-fold excess of model dimer
8. The benzene was added to assist in swelling the macroreticular
polymer backbone and promote greater 1oading of 8 onto the beads.
The gravimetric analysis indicated a loading of O 41 milliequiva—
lents of 8 per gram.

Reliable weight differences are difficult to obtain when-
working with polymer beads; quantitative delivery from vessel to

vessel i1s awkward and complicated by ‘the fact that functionalized




polymer beads often take on a static electrical charge. Therefore,
a specific analytical technique for determining the loading of
model dimer on the beads was sought. The previously used TFAA
method was considered to be too destructive in this case.

The only source of methoxyl groups in the insoluble model is
from the attached lignin model (two methoxyls per dimer). The
Zeisel methoxyl determination has proven to be reliable for a
variety of insoluble substrates;26v27 values are generally very -
reproducible in the range of the methoxyl content expected for
insoluble model 8-TrP. Methoxyl group analyses gave values of
2.67, 2.67, and 2.79% (triplicate determinations); this methoxyl
content corresponds to a loading of 0.44 millimoles of dimer per
gram of polymer product. Although this value is slightly higher
than the value determined by weight difference, it is considered °
more reliable.

Additionally, the general degree of loading was confirmed by
weight differences of a sample of 8-TrP before and after an acid
treatment (ca. 0.38-0.44 mmol/g of material could be hydrolyzed
off the polymer using TFAA).25 Also, a sample of 8-TrP was
treated with diazomethane to methylate the phenol of the attached
dimer. The methoxyl content of the diazomethane treated product
(with threé methoxyls per dimer) was found to be 4.33%, which com—
pares favorably to the theoretical value of 4.06%Z, based on the
original methoxyl analysis. .The excess methoxyl content of the
diazomethane treated 8-TrP may be due to the methylation of pheno-
lic contaminants which are part of the functionalized polystyrene
beads. ’

The loading value of 0.44 millimoles per gram represents a 517
conversion of trityl chloride groups (to trityl ethers) and
corresponds to 1 model dimer per ca. 14 polystyrene aryl rings.

Although it seems unlikely that even a strongly adsorbed
substrate would remain on the polystyrene foilowing extensive
Soxhlet extraction purification procedures (see Experimental), a

control experiment was designed to rule out adsorption as a possi-




bility. The polymer-bound trityl alcohol 4 does not have a reason-

able mechanism for forming covalent bonds with a primary alcohol
substrate but may absorb lignin models. ' Therefore, & was stirred
with an excess of compound 8, in a manner analogous to the prep-
aration of 8-TrP. After the workup/purification procedure, the
polymér beads were dried in vacuo to a 'constant weight; the
resultant beads showed no weight gain, ‘confirming that adsorption

was not occurring.

Model Degradation Reactions

Now, the critical question: how do the rates and product
distributions change when comparing the reactions of alkali
soluble models 8 and 8-Tr with the insoluble polymer. model 8-TrP?
The first problem to be addressed was which model 8 or 8-Tr..best
represents the soluble analog of the polymer model? The answer
seems obvious, 8-Tr, since it more closely resembles 8-TrP.

However, 8-Tr appears to be insoluble at room temperature in

aqueous alkali and probably ﬁas quite limited solubility at 150°C.

Very little gualacol (ca. 5%) was liberated when 8-Tr was heated

in IN NaOH. at 150°C; guaiacol production corresponds to B-aryl .

ether cleavage. In contrast, if either dioxane or DMSO is added

as a 29% cosolvent to help solublize 8-Tr, the guaiacol yield
increases more than 10 fold (Fig. 1).28 The low reactivity of

8-Tr in pure water systems may be due to micelle formation in

which there are polar phenoxide ions on the .exterior and nonpolar
side chains in inaccessible interior regions. )

The fact that 8-Tr and underivatized 8 display different reac-~
tivities at 150° in alkali, either in pure water or water organic
mixtures,z8 argues that 8-Tr is not hydrolyzed to 8 under these
conditions. Again, another obsérvation which appears to support
the stability of the trityl ether linkage under simulated pulping
conditions. . ]

A‘problem associated with using 8 for comparative purposes, 1is

that it displays a unique chemistry - primarily because the propyl

10



alcohol "handle" is not derivatized. The chemistry of 8 in IN

NaOH is dominated by a cyclization reaction which gives rise to
compound 22 [Eq. (1)].28

CH20R
c‘:uz CH CH30 CH, CH30
|, CH30 VN L en—o
¢H2 CH, cn—o—@ CHy  CH ‘@
?H—0—4<:> CH, CH CHZ/FH
CHOH -oH \o_ \0
c—— —A._
<  CH30 (D
CH30 (o] CH30 _
OH
8, 8-Tr, 8-TrP 22

We therefore anticipated that the most meaningful comparison
between the soluble and insoluble models would be between 8-Tr and
8-TrP in a cosolvent system. Polymer model 8-TrP was reacted in both

water-only and water/p-dioxane under kraftlike conditions. Figure

1 depicts the production of guaiacol from each of these systems.

80
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Figure 1. The relative yield of guaiacol from the kraftlike
degradation of insoluble model 8-TrP and 8~Tr in
aqueous and aqueous/29% p-dioxane systems.




The rate of guaiacol production from the insoluble model

'8-TrP in the p-dioxane system is unusually slow, ca. 9% after 8

hours. It 1s even lower in DMSO/H30, not reaching more than 1l.5Z%.
The dramatic effect of p-dioxane on the production of guaiacol
from 8-TrP was unexpected; possible explanations include phase
separation of the reaction medium and/or collapse of the macro-
reticular network. Phase separation of pfdioxane/aqueous NaOH
mixtures has been observed at high temperatures (90 to 170 C) by
Obst.29 1If phase separation occurred during the reactions of.
8-TrP, and the organic layer penetrated and surrounded" the
polymer, then the accessibility of hydroxide and hydrosulfide to
the reaction sites would have been limited.

Moreover, while macroreticular polystyrenes are generally con-

~sidered "nonswelling,"12 functionalized Amberlite XE-305 has been

shown to swell moderately in_pfdioxane.3° The presence of p-
dioxane in the kraftlike reactions could have swelled the polymer
backbone of 8-TrP and caused the macroreticular network to
collapse. In this instance, the availability of the reactive

sites would be restricted.

‘Stability of Polymer Bound Trityl Ether Models

N

A more important aspect of the polymer model's high temperature

reactions is the observation of the cyclic compound 22 in the liquld
phase of reaction samples. This signifies that the polymer—to~model
trityl linkage 1is not stable to the reaction conditions! The guaiacol
which was observed could have come either from a direct polymer
model fragmentation reaction or from breakdown of 22 which was
released into solution.?8 The extent of each pathway is unknown.
There are two reasonable ways for the cyclic compound to. be .
forned. ?irst; the bound model might undergo a heterolysis (SNI)
reaction, giving rise to a relatively stable triarylmethyl car-
bonium fon and the conjugate base of 8, which could cyclize as
shown in Eq. (1). 1f this;'howevér, were the case, wpy are the

"soluble" trityl models apparently stable?

12



A second pathway might be an attack of the C,-0" oxyanion
on the terminal methylene, via a 6-membered ring SNZ cyclic tran-
sition state, with the leaving group being “OCPhj-polystyrene.
The reactions of polymer bound lignin model monomer 6-TrP were,
therefore, examined; 6-TrP lacks an a-OH for an intramolecular SNZ
displacement of the polymer trityl ether and, consequently, may be |
expected to have a greater stability than 8-TrP.

Two samples of 6-TrP were examined. The samples have similar
loading values, 0.26 and 0.22 mmol/g of resin, but differ in the
solvent used in the coupling of the lignin model 6 to the polymer:
sample A used pyridine, while sample B used a mixture of pyridine
and benzene. Cleavage of the polymer—-bound trityl ether bonds
gave the yields of compound 6 shown in Table 2. Examination of

these data shows that the fraction of cleaved ether bonds (a) is

. fairly high, (b) levels off with long reaction times, (c) is not

very sensitive to the presence of NaSH, (d) is temperature dependent,

and (e) differs significantly with the polymer substrate employed.

_TABLE 2
Yields of 6 liberated from polymer—bound monomer 6-TrP.

Time % 6 from 6-TrP(A)2 % 6 from 6-TrP(B)b
(min) Kraft-135°C Kraft-150°C Kraft-147°C Soda-147° C
15 4 14
30 K 18
45 21
60 12 25 41 41
90 15 23
120 - 15 24 59
150 ' 75
180 68 ,
240 17 25 78 75

aKraft conditions employed O.11N NaOH and 0.021N NaSH; the % 6
was determined by analyzing the amount of 6 liberated into
solution using GC and an internal standard.

bkraft conditions as above; soda conditions were IN NaOH; the
% 6 liberated was determined by methoxyl analysis of the resin.

13




A possible explanation for the above behavior is that a frac-
tion of polymer-bound trityl groups are intrinsically strained
(being part of a cross-linked polymer), and form relatively weak
trityl ethers with primary alcohol substrates. These weak ethers
cleave more readily than a soluble trityl ether; the remaining ‘
fraction of polymer-bound ethers may be relatively unstrained and
may maintain an alkaline stability similar to their soluble
counterpartse.

A second explanation is that there are a variable number
(depending on the preparation) of bound models in environments
conducive to heterolysis reactions. For example, regions which -
are exposed, or can be penetrated by the water and alkali, may
experience model-polymer bond breakage (presumably via an SNl'type
mechanism in the case of 6-TrP). Other regions, having prin-
cipally an impenetrable "organic" environment are stable. A con— °
tinuation of this theme argues that the "soluble" models were not -
really soluble, but formed impenetrable micelles, which prbtected
the trityl bonds from cleavage reactions and provide the illusion
that the molecules are inherently stable. )

Lending support to tﬁeée arguments, we observed different
degrees of podel loading,'depending:upon the solvént used in the
coupling reactions leading to a polymer bound cellulose model.19-31
Also, in this cellulose model case, the methods used to determ1n¢
model loading do not always agree.31 We suspect that the dif-
ferent solvents used in the reactions‘§f the polymer, (i.e.,
coupling the model to the polymer and determining the loading)
result in different degrees of polymer swelling and different

degrees of reaction.
Benzyl Linkages-

Because of the instability of the model-to-polymer trityl
ether'linkégé,_we briefly ékamined méthods to generate a mo@el—tbfi
polymer benzyl ether linkage. These preiiminary investigations
were done mainly/with simple godels having both propyl aléohbl

14



side chains and phenolic hydroxyl groups. Direct treatment of 6
or 14 (Scheme 2) with benzyl halides did not give the anticipated
propyloxy benzyl products 6-Bn or l4-Bn (R=Bn); rather benzylation
occurred principally on the phenolic hydroxyl group. Thus, treat-
ment of 6 with NaH/DMSO/PhCHyBr gave 15, which was characterized .

as its acetate, 16.

CH2 OR CH,
CH2 CH,
CH3 CHj
OCH3 OCH3j
ORI OR”
6, R=R'=H 17, R=H, R'=p-BnOMe 20, R"=H
15, R=H, R'=Bn 18, R=Bn, R'=p-BnOMe 21, R"=p-BnOMe
16, R=Ac, R'=Bn 19, R=Bn, R'=H

This result suggested anothernpossible protecting group
method. 32 Compound 6 was treated with p-—methoxybenzyl iodide to
give 17; the latter was then benzylated, affording 18. Attempts
to specifically remove the p-methoxybenzyl group by treatment with
2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) led to a complicated
product mixture, rather than.pure 19. Apparently, the DDQ also
oxidized the electron rich ring of the model. This was further
verified by attempting unsuccessfully to cleanly deprotect the
simple phenol derivative 21 to 20 with DDQ.

Clearly, it should be possible'to bind a lignin model to a
polymer via a benzyl linkage if the phenolic hydroxyl group is

protected. This approach is being taken to prepare suitable

polymer bound lignin models.

CONCLUSIORS

A propyl alcohol substituted lignin model monomer and dimer

have been successfully attached to a polystyrene support. The

15




linkage between the model and the polymer, a trityl ether type, .
does not, however, have good stability in aqueous alkali at 150°C.
This lack of stability prevents these polymer models from being
useful substrates in the study of pulping reactions. However, the
trityl linked models may have value for studying heterogeneity
effects under less severe conditions, suéh as exist in pulp
bleaching or biodegradative reactions of lignin.

The lérge difference in trityl ether stabilities between
simple models and polymer bound models is puzzling.. Accessibility
and solvent effects appear to play major roles in both the polymer
bound models and the relatively water insoluble simple models.

Our studies here suggest that a more stable model-to-polymer
linkage, such as a benzyl ether linkage, is needed for producing a
useful heterogeneous lignin model. ,

Attempts to functionalize the propyl alcohol side chain of the
A-ring model 7 met with difficulties. Apparently, the phenolic
hydroxyl group interfers with direct derivatization of the nearby
propyl alcohol. Even if an appropriate trityl ether linked model
(7-TrP) could be prepared, it is highly likely that the stability
under pulping conditions would'be poor. Studies directed at deri- .
vatizing 7 led to the observation that phenolic OH groups are more

readily benzylated than aliphatic OH groups.

EXPERIMENTAL -

The specific instrumentation, the performance of elemental
analyses, and the reagents and solvents have been previousli
detailed.l! Amberlite XE-305 (macroreticular polystyrene) was‘
purchased from Polysciences, Inc., Warrington, Pennsylvania, as
manufactured by Rohm and Haas Co., Philadelphia, Pennsylvanié.'
The methoxyl analyses of the insoluble model were pefformed by
Chem-Lig International, Inc., Schofield, Wisconsin.

The procedures for doing model degradation reactions at a
0.015 mmole level (either as :a soluble model or corresponding

amount of model bound to a polymer bead) and gualacol analysis by

16




methylation, followed by gas chromatography using p-isopropylphenol
as an internal standard, have been previously described.33 The
cyclized product 22 from the degradation of 8-TrP was charac-~
terized by methylation and GC/MS; it was identical to a previously
prepared sample.28

Purification of Amberlite XE-305 resin followed the procedure
outlined by Bovee.l9 The final steps in this purification,

Soxhlet extraction with ethyl ether and with hexane for 8-10 hours
and drying in a vacuum to a constant weight, were used with all
polymer products. The preparation of polymer-bound trityl chloride
(5,‘Scheme 1) followed the procedures outlined by Frechet and
coworkers.20,25 Ppolymer analyses are given in Table 1.

The reactions leading to and involving the p-methoxybenzyl
compounds 17, 18, and 21 will not be described because of their
dead-end nature and the lack of fully characterized products.

3-(3-Methoxy-4-hydroxyphenyl)~1-(polystyryltrityloxy)propane
(6-TrP) - Procedure A. Polymer-bound trityl chloride (5), 4.6334
g (4.21 mmol chlorine content), was gently stirred (with a small
magnetic stirbar) in 60 mL dry pyridine (under Nj) and 2.50 g (3
equiv) of 3-(3-methoxy-4-hydroxyphenyl)-l-propanol (6)11 was added.
The mixture was stirred for 5 days after which the polymer was
washed sucéessively with dry pyridine and dry Et20. The beads
were placed in a cellulose thimble and Soxhlet extracted for 12 hr
with Etzo and hexane. The resultant beads were dried in vacuo at
40°C until a constant weight of 4.8118 g was achieved. The amount
of material loaded, 0.2233 g, was calculated from the following
equation:

[weight gain of polymer product]

[MW of HC1]
[(MW of model) - 1]

The loading level, determined from this gravimetric analysis, was

[model loaded (g)] =
l -

calculated to be 0.26 mmol/g. The quantity of compound 6 which
could be liberated from 6-TrP upon acid hydrolysis (as measured by
GC) corresponds to 102%Z of the abovementioned loading.
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Procedure B. A second batch of 6-TrP was synthesized by sus-
pending a second preparation of the trityl chloride (5), 5.05 g
(2.61 mmol Cl), in 75 mL of a 1:3 (v/v) mixture of dry benzene:
dry pyridine solvent. The lignin model (65, 3.00 g (16.5 mmol),
was added and the mixture stirred for 6 days at 45-50°C. The prod-
uct was isolated as described above in Procedure A. Methoxyl
analysis gave a loading of 0.22 mmol/g.

Model degradations of the procedure B product 6-TrP were con-
ducted under simulated soda or kraft conditions at 147°C for up to
4 hr. Once cool, the reacted model was isolated by filtration and
washed successively with 3-5 mL of the following solvents: water,
methanolwater (50% v/v), methanol, dichloromefhane, and low
boiling pet. ether. The model was then extracted with ethyl ether
and hexane for 8 hr each and dried in vacuo at 45°C. Residual
model loadings were determined by methoxyl analysis and compared
with the methoxyl content before reaction to give the Qalues

reported in Table 2.

2-(2-Methoxyphenoxy)-1-(3-methoxy-4-hydroxy)-5-(polystyryl-
trityloxy)-l-pentanol~(8-IrP). Into 50 mL of dry pyridine and 25
nL dry benzene was suspended 3.9121 g (3.55 mmol chlorine content)
of 5. To this was added 7.10 g (20.4 mmol) of compound 8.1l The
reaction mixture was gently stirred at 45-50°C for 6 days and
worked up as in the case of 6-TrP to afford 4.4756 g of product.
The amount of 8 loaded on 8~TrP was calculated to be 0.630 g,
which corresponds to 0.40 mmol/g. A more reliable estimate of
loading, 0.44 mmol/g, was derived from methoxyl analyses; the
latter value was used when calculating stoichiometries for the
degradation studies. '

Acid Hydrolysis of Polymer-Bound Models; General Procedure.
Approximately 50-150 mg of insoluble model was suspended in 2 mL
CHpClp in a 60 mL separatory funnel (which had a plug of glass
wool compressed into place just above the stopcock). To this
suspension was added 0.5 mL of trifluoroacetic acid (TFAA) and the

mixture was periodically swirled over 15 min. The mixture was
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then drained into another separatory funnel which contained an
excess of saturated aqueous K9CO3; the K9CO3 neutralized excess
TFAA and hydrolyzed any trifluoroacetates which may have formed.31
The overall process was repeated 2-3 times with the polymer beads,
after which the resultant CH9Cl; layer was separated, and its con- -
tents analyzed by GC, or GC/MS, compared to an internal standard.
The weigﬁt of polymer, in the case of 8-TrP, was compared before
and after treatment. .

3-(3-Methoxy—4-benzoxyphenyl)propanol (15). In dry glassware,
over a nitrogen atmosphere, was placed 5 mL of anhydrous distilled
DMSO and 54.4 mg (2.3 mmoles) of sodium hydride. After heating at
75°C for 5 hr, the-turbid green solution was cooled to room tem-
perature. A solution of 200 mg (1.1 moles) of 3-(3-methoxy-é4--
hydroxyﬁhenyl)propanol (6)11 in dry DMSO was added dropwise to the °
solution and the reaction mixture became yellow in color. After
stirring for 15 minutes, the solution was stirred further while
0.144 mL (1.2 mmoles) of benzyl bromide was added; the -color turned
orange-brown. After stirring overnight, the solution was diluted
with water and CHCl3. The CHClj3 phase was separated, washed
thoroughly with water and 0.5M NaOH (to remove residual DMSO and
starting phenol), dried (NaySO4;) and evaporated to yield 150 mg of
15: lH-NMR (CDC13) & 1.6-1.8 (m, 2, 8-CHp), 2.5-2.6 (m, 2, ArCHj),
3.43 (t, 2, J = 6.4 Hz, CHyOH), 3.40 (s, 1, OH, exchangeable in
D,0), 3.75 (s, 3, OCH3), 5.02 (s, 2, BnCH20), 6.6-7.0 (m, 3,
aryl-H) and 7.2-7.4 (m, 5, aryl-H of benzyl).

The crude product (15) from above was acetylated by stirring.
with 0.11 mL (2 eq.) of acetic anhydride and 0.09 mL (2 eq.)
of pyridine in 2 mL of CHCl3 at 0°C for 2 hr and then at room
temperature for.2 hr. The reaction mixture was poured into water,
and extracted with CHCl13. The combined CHClj3 extracts were washed
successively with 3M -HC1, sat. NaHCO3, and water, dried (Na3S504)
and evaporated to give 16: lH-NMR (CDCl3) .6 1.7-2.0 (m, 2, B-CH3),
2.00 (s, 3, COCH3), 2.5-2.6 (m, 2, ArCHy), 3.75 (s, 3, OCH3), 3.99°
(t, 2, J = 6.6 Hz, CHy0Ac), 5.02 (s, 2, BnCH20), 6.6-7.0 (m, 3,
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aryl-H) and 7.2-7.4 (m, 5, aryl-H of benzyl). The large shift of
the C; methylene (3.43 to 3.99) upon acetylation established that
the C; hydroxyl group had not been benzylated in the first step.
Ethyl 5-Acetyl-3-methoxy-2-[f-(trimethylsilyl)ethoxymethoxy]:
dihydrocinnamate (10). A solution of 8.47 mL (3 eq.) of N,N-
diisopropylethylamine in 25 mL of CHyClj was prepared in dry
glassware under a nitrogen atmosphere. To this was added suc-
cessively, in rapid dropwise fashion, 5.73 mL (2 eq.) of B-(tri-
methylsilyl)ethoxymethyl chloride ("SEM-C1")22,34 ip CHyC1, and
then 4.31 g (16.2 mmoles) of ethyl S-aéetyl—3-methoxy—2—hydroxy—
dihydrocinnamate (9)11 dissolved in CHyCl,; the final volume was
roughly 150 mL. The solution was stirred overnight at 35°C, '
washed twice with dilute HCl and twice with water, dried (NayS04),
filtered and evaporated to leave 6.1 g (95%) of 10 as a syrup:

- lu-NMR (CDC13) 6§ (referenced against the compound's internal Me3S

signal) 0.00 (s, 9, SiMe3), 0.84-1.03 (m, 2, CHpSi), 1.22 (t, 3, J
= 7.0 Hz, CHyCH3), 2.54 (s, 3, COCH3), 2.52-2.69 (m, 2, ArCHj),
2,90-3.10 (m, 2, CH7CO), 3.73-3.91 (m, 2, OCHCH2Si), 4.10 (q, 2,
J = 7.0 Hz, CHyCH3), 5.20 (s, 2, OCH20), and 7.40 (s, 2, aryl-H).
1-(3-Hethoxy-4-[B—(tiimethylsilyl)ethoxymethoxy]-S-ly-hydroxy—‘
propyl]phenyljethanol (11). A slurry of 0.61 g (16 mmoles) of lithium
aluminum hydride in 50 mL of freshly distilled THF was stirred vig-
orously while a solution of 2.5 g (6.3 mmoles) of 10 in 50 mL of
THF was dripped in slowly over a 45 min period. Another 300 mL of
THF was rinsed through the dropping funnel into the reaction mix-
ture and the solution refluxed for 90 min and then stirred at room
temperature overnight. A saturated aqueous solution of NajSO, was
cautiously added until fizzing stopped; a white solid (aluminum-
salts) was present. The suspension was then filtered and the
collected solids rinsed thoroughly with ether. The filtrate was
dried (NayS04) and evaporated. An IR spectrum of the residue
showed some carbonyl absorptions, indicative of starting material.
The residue was placed on a 40 x 2.5 cm column of silica gel

packed in CHyCl, and eluted with progressively stronger con-
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centrations of methanol in CH7Cl, to give 1.8 g (ten combined
collected fractions) of 11 as syrup: lH-NMR (CDCl3) & (relative
to the compound's internal Me3Si signal) 0.00 (s, 9, Me3Si),
0.87-1.04 (m, 2, CHpSi), 1.44 (d, 3, J = 6.5 Hz, a—-CH3), 1.82 (p,
2, J = 6.5 Hz, B~CHy), 2.75 (t, 2, J = 7.2 Hz, a-CH2), 3.54 (t, 2,
J = 6.1 Hz, Y-CH0H), 3.74-3.91 (m, 2, OCHyCHyS8i), 3.81 (s, 3,
OCH3), 4.78 (q, 1, J = 6.5 Hz, benzyl-CHOH), 5.08 (s, 2, OCHy0),
6.73 (d, 1, J = 1.8 Hz, C2-aryl-H), and 6.78 (d, 1, J = 1.8 Hz,
Cé-aryl-H).
1-(3-Methoxy—-4-hydroxy—-5~{y-hydroxypropyl]phenyl)ethanol (14).
In dry glassware, under nitrogen, 45 mg (0.12 mmoles) of 11 and
460 mg (10 eq.) of tetrabutylammonium fluoride33 in 25 mL of dry
THF were stirred for 36 hours. At this time, a TLC showed very
little remaining 1l1. The solution was diluted with CHCl3 and
extracted three times with 0.5M NaOH. The combined base extracts
were acidified and extracted three times with fresh CHCl3. The
latter extracts were combined, dried (NasS0O4), and evaporated to
leave ~ 30 mg of 14 as an oil. An NMR spectrum of 14 produced in
this way was identical to thét of an aﬁthentic sample of 14.17
1-(3-Methoxy-4—-[B-(trimethylsilyl)ethoxymethoxy]-5-{y-tri-
phenylmethoxypropyl]phenyl)ethanol (12). In dry glassware, under
nitrogen, 1.0 g (2.81 mmoles) of 11 in 15 mL of dry pyridine was
added dropwise over an hour to a stirred solution of 1.58 g (5.7
mmoles) of freshly recrystallized triphenylmethyl chloride. The
mixture was stirred for 24 hr at 45°C, cooled, diluted with 100 mL
of water and the layers separated. The aqueous phase was éxtracted
three times with toluene. The organic phase and‘toluene extracts
were combined, washed with water (until the washes were neutral),
washed with saturated NaCl solution, dried (NasSO4;), and evaporated.
The gold colored liquid residue was applied to a 40 x 2.5 cm dfy-
packed alumina column and eluted with CHoClo contaiﬁing suc—
cessively increaéing amounts of methanol. The early collected
fractions, which appeared by TLC analysis to be a mixture of 11,

trityl chloride, and some minor impurities, were column chromato-
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graphed again using. only toluene as the eluent. The principal
product 12 was observed in most collected. fractions and appeared
to be the only component in fractions 40-133: IH-NMR (CDCl3) §
(relative to the compound's internal Me3jSi signal) 0.00 (s, 9,
Me3Si), 0.85-1.03 (m, 2, CHpSi), 1.46 (d, 3, J = 6.3 Hz, BnCH3),
1.70 (4, 1, J = 3.2 Hz, OH), 1.82-2.10 (m, 2, B-CHp), 2.71-2.86 (m,
2, a-CHp), 3.15 (t, 2, J = 6.4 Hz, Y-CH20), 3.74-3.91 (m, 2,
OCHyCHyS1), 3.85 (s, 3, OCH3), 4.72-4.84 (m, 1, CHOH), 5.10 (s, 2,
OCH0), 6.73 (d, 1, J = 1.7 Hz, C2-aryl-H), 6.81 (d, 1, J = 1.7
Hz; Cé-aryl-H) and 7.2-7.5 (m, 15, CPhj); 13c-NMR (CDC13) ppm
~1.26 (q, Me3Si), 18.2 (t, CHpSi), 25.2 (q, BnCH3), 27.3 (t,
B—CHz), 30.9 (t, aCHp), 55.6 (q, OCH3), 63.4 (t, .Y-CHp0), 67.0
(t, OCHyCHpSi), 70.1 (d, CHOH), 86.3 (s, CPh3), 96.9 (t, OCH20),
107.4 (d, C2), 118.7 (d, C6), 126.6, 127.5, 128.5 (d, trityl aryl-
CH), 144.2 (s, trityl aryl C), 143.2, 152.0 (C4, C5) and 135.8,
141.4 (Cl, C3).
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