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ABSTRACT: The -2,3-bis(benzyl ether) of xylan, a natural polysaccharide, has been
prepared by using a new benzylation method. This method was first tested on methyl-
[-D-xylopyranoside, the monomer model of xylan. It implies the use of potassium hy-
droxyde, a crown ether as a catalyst, and benzyl bromide as a benzylating agent.
Perbenzylated xylan is obtained with a good yield (80%) in a one-step reaction. It is
soluble in most organic solvents. The *C- and '"H-NMR spectra of this polymer were
assigned and are typical of a regular linear polymer. Differential thermal analysis
and thermogravimetry indicate the temperature range at which this polymer can be
processed at high temperature. © 1998 John Wiley & Sons, Inc. J Appl Polym Sci 67: 455—

460, 1998
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INTRODUCTION

Benzyl ethers are efficient substituting groups for
polyols and are stable in acidic and basic condi-
tions. They can be removed by hydrogenolysis
(H,/Pd) to regenerate the original polyol. Xylans
are natural polysaccharides, essentially found in
the walls of wood cells. One of the major com-
pound is the poly-8(1-4)D-xylopyranosyl poly-
mer, branched with short chains or units of differ-
ent sugars. These branched sugar units can be
easily cleaved in an oxalic acid solution, leaving
a linear poly-3(1—4)D-xylopyranosyl chain.’ Each
constitutive unit then contains two hydroxyl reac-
tive groups. Xylan is difficult to dissolve in organic
polar solvents like all 5(1-4) linked polysaccha-
rides as, for example, cellulose. The reaction of
the hydroxyl functions yields either ethers, esters,
or carbamate derivatives. This leads to organic
soluble polymers, as it has been widely shown for
cellulose derivatives. However, little attention
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has been paid to xylan derivatives. Xylan diace-
tate was mentioned and found to be soluble in
organic solvents only when its molecular weight
was low,? while xylan dimethyl ether was found
to be soluble in chloroform.? We have shown that
xylan aromatic carbamates present a good solubil-
ity in polar organic solvents such as dimethylsul-
foxyde, N,N-dimethylacetamide and N,N-dimeth-
ylformamide.* The aim of this work is the prepara-
tion of bis(benzyl ether) of xylan by using a new
benzylation method, as well as the characteriza-
tion of this polymer by using spectroscopic and
thermic analytical methods.

EXPERIMENTAL

Methyl 2,3,4-tri-O-benzyl-B-b-xylopyranoside (2)

1 g of methyl [-D-xylopyranoside (Sigma, St.
Louis, MO, USA) (see Scheme 1) is dissolved in
20 mL of dry acetonitrile. 0.25 g of the catalyst
18-crown-6 ether (Janssen Chimica, Geel, Bel-
gium ) is added to the solution, then 3.5 g of potas-
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(1) Methyl-b-D-xylopyranoside (X = H)
(2) X = CH2C8HS

(3) D-xylan (X = H)
{4) X = CH2C6H5

Scheme 1

sium hydroxide powder (5 mol per hydroxyl
group). The suspension is stirred 15 min at room
temperature and 2.7 mL of benzyl bromide is
added slowly (1.2 mol per hydroxyl group). The
reaction medium is stirred vigorously during 3 h
at room temperature. It is thus diluted by 50 mL
of dichloromethane. The organic solution is
washed three times with water (100 mL), then
by a saturated sodium chloride solution, and dried
over anhydrous sodium sulfate. The solution is
concentrated under vacuum to a syrup and di-
luted by hot methanol. From the methanolic solu-
tion kept in a freezer, a white precipitate is ob-
tained (1.1 g; 42% yield). Its melting point is 70°C.
Microanalysis is as follows.

ANAL. Calced: C, 74.65%; H, 6.91%. Found: C, 74.67%);
H, 6.96%.

Linear -(1-4)-D-xylan (3) was prepared from
oat spelts as indicated previously.*

2,3-di-O-benzyl-B-b-xylan (4)

1 g of linear xylan is dried under vacuum at 45°C
during one night. It is swelled in 60 mL of anhy-
drous dimethylsulfoxyde under stirring during 30
min. Then 0.5 g of the catalyst 18-crown-6 ether
is added to the suspension, and 5.3 g of potassium
hydroxyde powder (9 mol per hydroxyl group).
The turbid suspension is stirred one night at room
temperature, then cooled in an ice bath to allow
the addition of 5.5 mL of benzyl bromide (3 mol
per hydroxyl group). The temperature is raised
to 70°C for 20 h, and finally for 3 h at 85-90°C.

To the cold solution, 400 mL of methanol are
added, and an amber precipitate is obtained. The
precipitate is filtered, washed with methanol, and
dried. The dried powder is extracted by dichloro-
methane in a Soxhlet apparatus. After evapora-
tion of the solvent, 1.9 g of benzyl ether is obtained
(80% yield). Microanalysis is as follows:

ANAL. Calcd: C, 73.04%; H, 6.41%. Found: C, 72.83%;
H, 6.39%.

NMR Analysis

'H-, 3C-, and two-dimensional heteronuclear *C—
'"H-NMR spectra have been obtained on a Bruker
AC200 spectrometer, having a frequency of 200 MHz
for proton and 50 MHz for carbon resonances.

Thermal Analysis

Differential thermal analysis (DTA) curves have
been obtained on a Setaram PRT analyzer by us-
ing a linear heating rate of 8°C/min and alumin-
ium oxyde as reference. A thermogravimetric
analysis (TGA) diagram was obtained on a Set-
aram TGL85 thermobalance by using a heating
rate of 2°C/min.

RESULTS AND DISCUSSION

The synthesis of benzyl ethers of polyols, such
as polysacharides, has been studied widely.® The
general procedure to obtain benzyl ethers involves
the treatment of the polyol in an anhydrous
aprotic solvent, such as N,N-dimethylformamide
or dimethylsulfoxyde, with a strong base, solid
sodium or potassium hydroxyde or sodium hy-
dride, in order to obtain the alcoolate anion. Then,
benzyl chloride or bromide, used as benzylating
reagent, can be added.

The reaction of mono and oligosaccharides
takes place in an homogeneous solution since they
are soluble in aprotic solvents. In that case, the
benzyl ethers are easily obtained. Polysaccha-
rides, such as amylose, are benzylated in solution
in a one-step reaction,® while most of these poly-
mers are not soluble; then the reaction takes place
in heterogeneous conditions and requires several
repeating steps to be completed. Among the stud-
ies on polysaccharides benzylation, the work of
Keilich et al. must be mentioned,” as it was ap-
plied to a large number of polysaccharides.

It has been recently shown that crown ethers
increase the rate of alkylation of carbohydrates
by alkyl halides.® This method has only been ap-
plied to monosaccharides.

2,3-di-O-benzyl-B-p-xylan (4)

We have first used a modified method derived from
Bessodes et al.® on methyl-3-D-xylopyranoside (1),
which can be considered as a model of the xylan
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Figure 1 200 MHz 'H-NMR spectrum of 2,3-di-O-benzyl-3-D-xylan in CDCl; solution.

(3) repeating unit (see formulas). The tri-O-benzyl
ether of this monosaccharide is easily obtained and
characterized (see the Experimental section).

The extrapolation of the benzylating reaction
conditions used for the monomer leads to a par-
tially substituted polymer not soluble in organic
solvents, as can be expected for the completely
substituted compound. When the aprotic solvent
acetonitrile is replaced by dimethylsulfoxyde, the
complete substitution is obtained in a one-step
reaction in the following experimental conditions:
3 mol of benzyl bromide per mole of hydroxyl; tem-
perature, 70°C; reaction time, 24 h. The infrared
(IR) spectrum of the substituted polymer (film
prepared from a chloroform solution) reveals an
important decrease of the OH vibration at 3400
cm '. However, as in the case of the monomer,
there remains a small absorption that can origi-
nate either from unsubstituted hydroxyl groups
or from adsorbed water. In order to be sure of the
complete substitution of all the hydroxyl groups
of the chain, polymer (4) has been submitted to
a second benzylation reaction in the same experi-

mental conditions. After a two-step reaction, the
new polymer presents exactly the same spectra
as polymer (4), and particularly a small hydroxyl
absorption band located at 3400 cm ! in its IR
spectrum. It can be concluded that this remaining
hydroxyl vibration originates from adsorbed wa-
ter molecules.

The 'H-NMR spectrum of (4) in a CDCl; solu-
tion is shown in Figure 1. This spectrum has been
assigned by using the two-dimensional 'H/'H ho-
monuclear nuclear magnetic resonance (NMR),
and one must notice the two methylenoxy signals
corresponding to the benzyl substituents, respec-
tively, at 4.68 and 4.48 ppm. The *C-NMR spec-
trum of (4) is shown in Figure 2 and characterizes
two carbon signals, C-3 and C-2, strongly shifted
to high chemical shift values (6c.s = 82 and 6¢.s
= 81.4 ppm) due to the benzyl ether substitution.
The assignment of the *C-NMR spectrum has
been obtained via the 'H/'*C two-dimensional
heteronuclear NMR technique. These spectra are
characteristic of a regularly and fully substituted
ether derivative of xylan.
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Figure 2 '*C-NMR spectrum of 2,3-di-O-benzyl-3-D-xylan in CDCIl; solution (50

MHz). S represents CDCl; signals.

Thermal Properties

The substitution of the xylan hydroxyl groups
brings about an excellent solubility in classical
organic solvents and, at the same time, a new
thermal behavior. Figure 3 shows the DTA dia-
grams of the original xylan (3) [Fig. 3(A)] and
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Figure 3 Differential thermal analysis (DTA) curves
of (A) xylan and (B) 2,3-di-O-benzyl-8-D-xylan.

of the benzylated polymer (4) [Fig. 3(B)]. Xylan
presents the same behavior as most linear polyhy-
droxylated polymers, showing only one exother-
mic transformation at high temperature (275°C),
corresponding to its decomposition.

Polymer (4) shows the following two exother-
mic transformations: one at 165°C in the solid
state; and a second one at 275°C, which corre-
sponds to the degradation temperature. The ob-
servation on a melting apparatus indicates no vis-
ible transformation up to 205°C, temperature
where the solid polymer starts softening up to
225°C. In this temperature range, the DTA curve
shows no endothermic transformation, which is
an indication of an amorphous polymer. When
polymer (4) was submitted to a first heating run,
up to 180°C, and then cooled at room temperature;
the second heating indicates only one exothermic
transformation at 275°C. The unexplained solid—
solid transformation at 165°C is then irreversible.
It can be mentioned that the intensity of this
transformation is sometime less important than
that shown in Figure 3(B); depending on the
sample.

Figure 4 shows the thermogravimetry curve of
polymer (4). There is a noticeable weight loss
(15%) beginning at 230°C, in the softened state,
followed by pyrolysis at 275°C, as indicated on the
DTA curve. This thermal study indicates that di-
O-benzyl xylan is an amorphous polymer that
presents a softening temperature range between
205 and 225°C, and that its thermal decomposi-
tion begins at 230°C.
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Figure 4 Thermogravimetric analysis of 2,3-di-O-
benzyl-4-D-xylan.

Viscosity Measurements
Natural xylans are known to have a low molecular

weight value. It is generally admitted that they
have a degree of polymerization in the range of

n-n /Cn (dL/g)
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several hundreds.® The intrinsic viscosity of a so-
lution of di-O-benzyl xylan in chloroform has been
determined (Fig. 5). The extrapolated value at
zero concentration [n] = 0.27 dL g~ is low and
indicates a low molecular weight value. In Figure
5(B) is shown the intrinsic viscosity of a polymer
that has been obtained after a two-step reaction.
As expected, the benzylation is achieved in basic
reaction conditions and thus induces a noticeable
degradation of the polymer chain since the intrin-
sic viscosity decreases from 0.27 to 0.24 dL g *.

CONCLUSION

It has been shown that the perbenzylated ether
of xylan can be obtained in a good yield, in a one-
step reaction, by a new method involving the use
of a crown ether as a catalyst and benzyl bromide
as benzylating agent. The perbenzyl xylan is
shown to be a regular linear polymer thanks to
NMR spectroscopy, which reveals a well-resolved
3C-NMR spectrum based on the five signals of
the D-xylopyranosyl repeating unit.

The substitution of the two hydroxyl groups of
the xylan chain induces, as expected, a great
change in the physical properties of solubility and
thermal behavior. It presents thermoplastic prop-
erties that allow its processing in a softened state
between 205 and 225°C, without degradation of
the polymer chain.
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Figure 5 Intrinsic viscosity measurement of 2,3-di-O-benzyl-8-D-xylan at 25°C in a
chloroform solution: (A) after one reaction step; (B) after two reaction steps.
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