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Abstract

The synthesis of a methacrylated d-galactopyranose monomer is described; its copolymerisation reaction with ethyl acrylate using a

radical initiator is also discussed; the copolymer obtained has an average molar mass lower than 10 000 g/mol; this and other physico-

chemical properties of this copolymer are presented. q 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Sugars are an important resource for development of new

materials such as water soluble polymers (Descotes, 1993;

Khan, 1984; Roy, 1998; Schiweck, Rapp & Vogel, 1998);

owing to their low price, sugars such as sucrose and

d-galactose play an important role for this purpose. Some

possible applications for these type of polymers are drug

delivery systems, dental medicine, bioimplants, contact

lenses and tissue engineering (Pachence & Kohn, 1997).

Furthermore they have the advantage of being potentially

biodegradable.

In this work, the preparation of a d-galactopyranose

derivative is described; the copolymerisation study of the

monomer obtained with ethyl acrylate and the characterisa-

tion of some physico-chemical properties of the copolymer

are also presented. The methodology used with d-galacto-

pyranose, has been applied with success to other sugars such

as d-mannitol and is being applied also to sucrose and the

results will be presented elsewhere.

A monofunctionalised monomer (1) containing a d-galac-

topyranose unit attached through an ester linkage to a vinyl

group was synthesised and reacted with ethyl acrylate to

form a copolymer. Synthesis of monomer (1) was carried

out by reacting 1,2:3,4-di-O-isopropylidene-a-d-galacto-

pyranose (2) with methacryloyl chloride (Scheme 1). The
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copolymerisation reaction between monomer (1) and ethyl

acrylate was performed in DMF at 808C using AIBN

as radical initiator. GPC analysis has shown that the

average molar mass of the copolymer obtained was lower

than 103 g/mol (Figs. 1 and 2), which is in agreement with

published results (Jhurry, Def®eux, Fontanille, Betremieux,

Mentech & Descotes, 1992) for similar copolymers

obtained under similar conditions. GPC data was obtained

using polystyrene standards in the molar mass range 600±

7.7 £ 106 g/mol; the chromatogram (Fig. 3) shows that

the sample has a bimodal distribution, which could be due

to the presence of oligomers. Thermal analysis indicates

that the copolymer is thermally stable until about 1608C;

thermogravimetric data (TG) show a mass loss of the galac-

tose copolymer of about 25% in the range 160±3108C;

differential thermal analysis (DTA) has revealed that this

mass loss occurs in two stages, which are probably due to

thermo-oxidative decomposition of the sample (Fig. 4). 1H

NMR (Fig. 5) shows typical broad signals around 1±2 ppm

(±CH, ±CH2 and ±CH3 groups) and 4±5 ppm (±CH, ±CH2

groups from galactose unit and alkyl ester groups). The

copolymer is soluble in organic solvents, such as CHCl3

or CH2Cl2 and insoluble in water.

2. Experimental

THF was dried under sodium/benzophenone, re¯uxed

and distilled under nitrogen before use. DMF was puri®ed

by distillation under reduced pressure and kept over mol-

ecular sieves. Ethyl acrylate and AIBN were used without

further puri®cation.

Synthesis of 1,2:3,4-di-O-isopropylidene-a-d-methacry-

loylgalactopyranose (1). To a solution of 1,2:3,4-di-O-

isopropylidene-a-d-galactopyranose (5.017 g; 19.2 mmol)

in CH2Cl2 (190 ml), was added triethylamine (38.5 ml)

and 4-DMAP (0.115 g; 0.94 mmol); the resulting solution

was cooled to 08C and stirred under nitrogen. Methacryloyl

chloride (2.8 ml; 28.8 mmol) in CH2Cl2 (40 ml) was added,

and the reaction was left at room temperature for 4 h. The

reaction was monitored by TLC (ethyl acetate/petroleum

ether 40±608C, 1:1); the amine salt was ®ltered, and the

resulting solution was partitioned between water and

CH2Cl2; the organic phase was washed with 1 N HCl, and

then with saturated NaHCO3. The organic phase was

collected, dried with magnesium sulphate, ®ltered and

®nally concentrated to afford a yellow oil (11.968 g). The

oil obtained was eluted from a column of silica gel with

ethyl acetate/petroleum ether 40±608C, 1:1, to give an oil

(5.96 g; 94%). 1H NMR(CDCl3): d (ppm)� 6.12 (q, 1H,

CyC±Ha, J � 0:9 Hz�; 5.6 (q, 1H, CyC±Hb, J �
1:6 Hz�; 5.5 (d, 1H, H-1 0, J � 4:9 Hz�; 4.6 (dd, 1H, Ha-6 0,
J6;6 0 � 7:9 Hz; J5;6 � 2:5 Hz�; 4.28±4.24 (dd, 1H, Hb-6 0,

M.J. Carneiro et al. / Carbohydrate Polymers 45 (2001) 135±138136

0.00

0.05

0.10

0.15

0.20

0.25

0.30

2 3 4 5

Complete Distribution
w

(l
og

M
)

logM

Fig. 1. Graphic showing the complete distribution.
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Fig. 2. Graphic showing the higher molecular weight part of the distribu-

tion.
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Fig. 3. GPC chromatogram showing a bimodal distribution.
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Fig. 4. Thermogravimetric (TG) and differential thermal analysis (DTA) of copolymer (heating rate: 7.58C/min).

Fig. 5. 300 MHz 1H NMR spectrum of copolymer in CDCl3.



J6;6 0 � 7:9 Hz; J5;6 0 � 1:8 Hz�; 4.37±4.21 (m, 3H, H-2 0, H-

3 0, H-4 0); 4.06 (m, 1H, H-5 0); 1.94 (dd, 3H, CH3±CyC, J �
0:9 Hz and J � 1:8 Hz�; 1.5, 1.45, 1.33, 1.32 (4s, 12H,

(CH3)2C).

Copolymerisation reaction of (1) with ethyl acrylate. The

methacrylated monomer (3.23 g; 9.8 mmol) was dissolved

in DMF (80 ml), and ethyl acrylate (1.06 ml; 9.78 mmol)

was added, followed by AIBN (0.15 g); the solution was

¯ushed with nitrogen and the reaction was kept at 808C
for 24 h. The solution was cooled to room temperature,

1 N HCl (80 ml) was added and a white solid formed,

which was ®ltered and washed several times with water

and then with small quantities of acetone; the solid obtained

was dried under vacuum to afford the copolymer (4.05 g);

m.p.� 72±768C; IR (neat), nmax (cm21): 2978 (C±H st),

1732 (CyO), 1210±1125 (C±O±C as); 1H NMR(CDCl3):

see Fig. 4; GPC (molecular weight averages): Mz � 9248;

Mw � 5490; Mn � 3226; Mv � 5053 (Figs. 1±3).

GPC method. Solvent: dimethylacetamide containing

0.02% (w/v) lithium nitrate. Sample injection: 70 ml of a

0.3% (w/v) solution in the solvent. Solvent delivery: Knauer

Type 64 HPLC pump. Flow rate: 0.6 ml/min. Columns:

three 5-mm bead size Phenomenex Styragel-packed

columns with porosities of 105, 103 and 50 nm, respectively,

in series. Column oven: Anachem LC oven. Column

temperature: 808C. Detector: Knauer Type 98 differential

refractometer. Detector temperature: 308C. Flow rate

marker: diphenyl ether. Calibration: polystyrene standards

in the molar mass range 600±7.7 £ 106 g/mol. Data analy-

sis: Polymer Laboratories ªPL Caliberº version 6.0. Ther-

mal analysis was carried out on a Netzsch Simultan.

Thermal Analyser STA 409 EP.
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