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The synthesis of vinylic derivatives of 2,3:5,6-di-O-isopropylidene-α-D-mannofura-
nose 1a as polymerizable glycomonomer moieties was accomplished. Firstly, 
in order to carry out the selective reactions on polyhydroxylic carbohydrate 

molecules, all of the hydroxyl groups of D-mannopyranose 1 except one of the 
hydroxyl groups in anomeric centre (C1-OH) were protected with the formation of acetal
compound. Then the acetal protected derivative 1a was reacted with acryloyl chloride,
methacryloyl chloride, methacrylic anhydride and ρ-(chloromethyl)styrene in the 
presence of triethylamine and sodium hydride to give the vinyl saccharide monomeric
compounds 2a, 2b and 2c. Then monomers 1-O-acryloyl-2,3:5,6-di-O-isopropylidene-
α-D-mannofuranoside 2a, 1-O-methacryloyl-2,3:5,6-di-O-isopropylidene-α-D-mannofu-
ranoside 2b and ρ-(2,3:5,6-di-O-isopropylidene-α-D-mannofuranose-1-oxymethyl)
styrene 2c were isolated with column chromatography method using a gradient of
hexane and ethyl acetate as eluant. The homopolymerization of above mentioned
sugar-protected glycomonomers led to poly(1-O-acryloyl-2,3:5,6-di-O-isopropylidene-
α-D-mannofuranoside) P3a, poly(1-O-methacryloyl-2,3:5,6-di-O-iso-propylidene-α-D-
mannofuranoside) P3b and poly[ρ-(2,3:5,6-di-O-isopropylidene-α-D-mannofuranose-1-
oxymethyl)styrene] P3c in the presence of benzoyl peroxide by heating at 60°C using
solvent. The obtained glycopolymers were purified through solvent and non-solvent
systems. The structure of all purified glycomonomers and glycopolymers were 
confirmed using 1H, 13C and 2D NMR and FTIR. The molecular weights of the obtained
glycopolymers were determined using gel permeation chromatography (GPC).

INTRODUCTION

Carbohydrates are bioorganic and
ubiquitous compounds, that display
a very wide range of biological
functions from acting as nature's
energy source such as starch and
glycogen, to providing structural
materials (cellulose, chitin, collagen
and proteoglycans) [1]. Carbo-
hydrates are now known to 
assume an even wide variety of 
biological roles. For example, the

sulphated polysaccharide heparin
plays an essential role in blood
coagulation [2]. Cell surface cluster-
ing carbohydrates are involved in
numerous biological functions
including cellular recognition, 
adhesion, cell growth regulation,
cancer cell metastasis and inflam-
mation [3,4]. Carbohydrate-protein
binding plays an important role 
in biological recognition. Proteins
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achieve sufficient binding strength to carbohydrates
on the surface of antibodies, viruses, bacteria and etc.,
by clustering the carbohydrate recognition domain of
the protein and also by recognizing clusters of carbo-
hydrate molecules on the surface of these entities
[5,6]. Therefore, it is necessary either to make 
compounds to link the carbohydrate recognition sites
on the protein or polymer backbone with much
stronger binding. Some approaches to this problem
have previously been reported in the literature 
including native carbohydrate clusters, regioselective
synthesis of non-glycosidically linked oligosaccha-
rides [7,8], synthesis of carbohydrate dendrimers [9]
and preparation of the carbohydrate mimics [10,11].

It is therefore not surprising that synthetic poly-
mers containing sugar branches, from glycol-
monomers, have attracted considerable interests [12-
14]. A number of research collaborations have begun
to develop carbohydrate-containing polymers 
aimed at biomedical, pharmaceutical and medical
applications such as surfactants [15], texture-
enhancing food additives [16], drug release [17,18],
scaffolds for tissue engineering [19,20], inhibitors to
avoid rejection in xenotransplantation and treatment
of HIV. Yashida et al. reported the synthesis of poly-
methacrylates bearing sulphated maltoheptaose,
which display anti-HIV activity [2]. Also from the
view point of preservation of the natural environ-
ment, biodegradability is very important in the 
development of new materials. The synthetic 
glycomonomers, which could be employed in the
preparation of biocompatible and biodegradable
polymers, can be potentially used in agricultural, 
consumer's goods packaging and other applications
[21,22].

As reported in the literature, the synthesis of 
glycopolymers from related glycomonomers have
been prepared through either modification of a poly-
mer backbone with carbohydrates or polymerization
of carbohydrate-containing monomers. So far the
methods that have been used to synthesize the well
defined glycopolymers, relay on conjugation of a
polymerizable monomer with the desired sugar 
followed by various polymerization methods [23,24].
In our efforts to synthesize the glycopolymers, we
describe here the synthesis of several new monomer
moieties that include acrylate, methacrylate and

styrene having sugar molecules that linked through
ester or ether functional groups. However, for the
organic chemists who are working with carbohy-
drates, a major consideration in designing any 
reaction is the selection of only one of the several
identical functional groups in a sugar molecule. One
response to this problem is the protection of function-
al groups [25,26]. The process of protection and
deprotection requires choosing a protecting group
that can be added and removed in high yield also 
it must be stable during the other reactions in the 
synthetic sequences [27]. Among number of known
protecting groups, acetal and ether would be the most
suitable choice for our purpose. This protecting group
can quite easily be removed afterwards in acid 
conditions in the required cases [28,29]. Here we
report the synthesis of new vinyl saccharide 
glycomonomers associated with 2,3:5,6-di-O-
isopropylidene-α-D-mannofuranose and their poly-
merization. The literature survey showed that these
kinds of glycopolymers are interesting as model 
compounds for investigation of carbohydrate-protein
interactions and also as glyconanoparticles in drug
carrier systems [30-32]. In the first step, isopropyli-
dene derivative of α-D-mannfuranose was 
synthesized from the reaction of D-mannose sugar
molecule with acetone in the presence of sulphuric
acid as catalyst [33]. In the second step, the isolated
monosaccharide of 2,3:5,6-di-O-isopropylidene-α-D-
mannofuranoside 1a as the protected precursor was
reacted with acryloyl chloride, mathacryloyl chloride,
methacrylic anhydride and ρ-(chloromethyl)styrene
in the presence of triethylamine (TEA) or sodium
hydride and glycomonomers 2a, 2b and 2c were 
isolated through column chromatography method
using hexane and ethyl acetate as eluant. In the last
step the isolated glycomonomers conducted to the
homopolymerization reactions and finally glycopoly-
mers P3a, P3b and P3c were obtained.

EXPERIMENTAL

Materials and Measurements
Solvents and benzoylperoxide were purified and
dried by appropriate standard procedures. Acryloyl
chloride, methacryloyl chloride and ρ-
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(chloromethyl)styrene were purchased from Aldrich;
methacrylic anhydride and D-mannose from Fluka
and Merck, respectively. All the monomers were used
without purification. 2,3:5,6-Di-O-isopropylidene-α-
D-mannofuranose was synthesized with common 
protecting methods used in carbohydrate chemistry
[33]. 1H NMR and 13C NMR spectra were recorded
on a Bruker-NMR 400 MHz and 2D NMR on a
Bruker-NMR 500 MHz spectrometer in chloroform
deuterium. FTIR Spectra were measured on a Bruker
model Tensor27 spectrometer. The molecular weight
of the resulted glycopolymers was obtained with GPC
apparatus fitted with a Waters 410 RI Detector.

Preparation of 1-O-Acryloyl-2,3:5,6-di-O-iso-
propylidene-αα-D-mannofuranoside (2a)
A solution of synthesized protected sugar 2,3:5,6-di-
O-isopropylidene-α-D-mannofuranose 1a [33] (2.6 g,
10 mmol) in dry dichloromethane (10 mL) with 
triethylamine (4 mL, 30 mmol) was magnetically
stirred for 30 min. Then the solution was cooled and
acryloyl chloride (2.5 mL, 30 mmol) was added 
dropwise at 0°C. The mixture was stirred for 2 h at
0°C and for additional 4 h at room temperature. The
system was diluted with cold water (25 mL) and
extracted three times with chloroform (20 mL). The
combined extracts were dried over anhydrous sodium
sulphate. When the solvent was evaporated, the crude
product was purified using column chromatography
with ethyl acetate/cyclohexane (1:3, v/v) as an eluant
to yield 1-O-acryloyl-2,3:5,6-di-O-isopropylidene-α-
D-mannofuranoside 2a as a white syrup. Yield: 75%, 
Rf = 0.46.

1H NMR (CDCl3, ppm) δ: 1.35-1.50 (4s, 12H,
4CH3 of isopropylidene units), 4.05 (m, 2H, H-6', H-
4), 4.11 (dd, 1H, J6,6' = 8.9 Hz, J6,5 = 6.1 Hz, H-6),
4.42 (ddd, 1H, J5,4 = 7.9 Hz, J5,6 = 6.1 Hz, J5,6' = 
4.2 Hz, H-5), 4.75 (d, 1H, J2,3 = 5.9 Hz, H-2), 4.88
(dd, 1H, J3,2 = 5.9 Hz, J3,4 = 3.6 Hz, H-3), 5.9 (dd,
1H, Jba = 10.5 Hz, Job = 1.3 Hz, H-b), 6.09 (dd, 1H,
Jack = 17.3 Hz, Jab = 10.5 Hz, H-a), 6.21 (s, 1H, H-1),
6.45 (dd, 1H, Jac = 17.3 Hz, Jbc = 1.3 Hz, H-c). 
13C NMR (CDCl3, ppm) δ: 24.67-27.01 (4C, 4CH3),
66.85 (1C, C-6), 72.88-85.10 (4C, C-2, C-3, C-4, 
C-5), 101.06 (1C, C-1), 109.38-113.31 (2C isopropy-
lidene), 127.84-132.22 (2C vinylic), 164.44 (1C 
carbonyl group). 

Preparation of 1-O-Methacryloyl-2,3:5,6-di-O-iso-
propylidene-αα-D-mannofuranoside (2b)
The above mentioned experimental procedure was
adopted for preparation of 2a carried out for preparing
2b except methacryloyl chloride instead of acryloyl
chloride. When the solvent evacuated, the crude 
product was purified using column chromatography
with ethylacetate/n-hexane (1/3, v/v) as an eluant to
yield 1-O-methacryloyl-2,3:5,6-di-O-isopropylidene-
α-D-mannofuranoside 2b as a white powder. Yield:
70%, Rf = 0.57.

This glycomonomer was synthesized using
methacrylic anhydride agent also: to a solution of
2,3:5,6-di-O-isopropylidene-α-D-mannofuranose
(2.6 g, 10 mmol) in dry dichloromethane (10 mL)
with triethylamine (2.8 mL, 20 mmol), methacrylic
anhydride (3 mL, 20 mmol) was added dropwise. The
mixture was heated at 65°Cand then for another 6 h at
room temperature. The work up of the resulting 
compound 1-O-methacryloyl-2,3:5,6-di-O-isopropy-
lidene-α-D-mannofuranoside 2b was similar to above
the experimental procedure. Yield: 50%.

1H NMR (CDCl3, ppm) δ: 1.35-1.50 (4s, 12H,
4CH3 of isopropylidene units), 1.94 (s, 3H, CH3 of
methacryl group), 4.04 (m, 2H, H-4, H-6'), 4.11 (dd,
1H, J6,6' = 8.8 Hz, J6,5 = 6.1 Hz, H-6), 4.42 (ddd, 1H,
J5,6' = 4.2 Hz, J5,6 = 6.1 Hz, J5,4 = 7.9 Hz, H-5), 4.76
(d, 1H, J2,3 = 5.9 Hz, H-2), 4.89 (dd, 1H, J3,2 = 
5.9 Hz, J3,4 = 3.6 Hz, H-3), 5.64 (t, 1H, vinylic), 6.10-
6.19 (2s, 2H, H-1, vinylic). 13C NMR (CDCl3, ppm)
δ: 22.15 (1C, CH3), 24.67-27.01 (4C, 4CH3), 66.85
(1C, C-6), 72.88-85.10 (4C, C-2, C-3, C-4, C-5),
101.06 (1C, C-1), 109.38-113.31 (2C isopropylidene),
127.84-132.22 (2C vinylic), 164.44 (1C carbonyl
group).

Preparation of ρρ-(2,3:5,6-Di-O-isopropylidene-αα-
D-mannofuranose-1-oxymethyl)styrene (2c)
2,3:5,6-Di-O-isopropylidene-α-D-mannofuranose 
(2 g, 7.69 mmol) was dissolved  in dry DMF (15 mL)
and was magnetically stirred with sodium hydride
(0.22 g, 9.23 mmol) at room temperature for 2 h. ρ-
(Chloromethyl)styrene (1.17 g, 7.69 mmol) was
added dropwise to the mixture. The reaction mixture
was heated in an oil bath at 50°C for 6 h. The solution
was diluted with CCl4 and was extracted with four 
10 mL portions of water. The organic layer was dried
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over magnesium sulphate. After the solvent was
evacuated, the crude product was purified by column
chromatography with ethylacetate/cyclohexane (1:4,
v/v) as an eluant to yield colourless syrup as a pure
product. Yield: 65%, Rf = 0.49.

1H NMR (CDCl3, ppm) δ: 1.32-1.46 (3s, 12H,
4CH3 of isopropylidene units), 3.98 (dd, 1H, J4,3 =
3.6 Hz, J4,5 = 7.6 Hz, H-4), 4.01 (dd, 1H, J6',6 = 8.7 Hz,
J6',5 = 4.4 Hz, H-6'), 4.12 (dd, 1H, J6,6' = 8.7 Hz, J6,5
= 6.3 Hz, H-6), 4.41 (ddd, 1H, J5,4 = 7.6 Hz, J5,6 = 
6.3 Hz, J5,6' = 4.4 Hz, H-5), 4.45- 4.65 (2H, benzylic),
4.65 (d, 1H, J2,3 = 5.9 Hz, H-2), 4.80 (dd, 1H, J3,2 =
5.9 Hz, J3,4 = 3.6 Hz, H-3), 5.06 (s, 1H, H-1), 5.24 (d,
1H, Jba = 11.2 Hz, H-b), 5.74 (d, 1H, Jca = 17.6 Hz,
H-c), 6.71 (dd, 1H, Jac = 17.6 Hz, Jab = 10.9 Hz, 
H-a), 7.26- 7.40 (4H, aromatic). ¹³C NMR (CDCl3
ppm) δ: 24.49-26.91 (4C, 4CH3), 66.95-80.43 (5C,
C-2, C-6 ), 85.09 (1C, benzylic), 105.49 (1C, C-1),
109.26 (2C, isopropylidene), 112.61-114.04 (2C,
vinylic), 126.32-128.30 (4C, C-2,3,5,6 of aromatic
ring), 136.42-136.73 (2C, C-1,4 of aromatic ring).

General Procedures for Synthesis of
Glycopolymers P3a, P3b and P3c
Polymerization Procedure
All polymerization reactions were carried out in the
solvent. In each case a solution of monomers 2a, 2b
and 2c (5 mmol) in solvent (8 mL) containing ben-
zoyl peroxide (0.05 mmol) as an initiator was charged
in a Pyrex tube, degassed by three freeze-pump-thaw
cycles, and sealed off under vacuum. The tube was
stirred and heated in an oil bath at 65°C for 24 h, and
quenched to room temperature. The content of the
tube was poured into a large excess of non-solvent to
precipitate. All the resulted homopolymers were 
purified by reprecipitation using solvent/non-solvent
systems (solvent/non-solvent systems were chloro-
form/methanol for P3a and P3b, and THF/n-hexane

for P3c) and dried in vacuum to yield glycopolymers:
poly(1-O-acryloyl-2,3:5,6-di-O-isopropylidene-α-D-
mannofuranoside) P3a, poly(1-O-methacryloyl-
2,3:5,6-di-O-isopropylidene-α-D-mannofuranoside)
P3b and poly[ρ-(2,3:5,6-di-O-isopropylidene-α-D-
mannofuranose-1-oxymethyl)styrene] P3c as the
white powders. Yields of polymers were usually
quantitative and higher than 65%.

RESULTS AND DISCUSSION

The protection of hydroxyl groups in carbohydrate
chemistry due to their polyol nature is a very 
important issue. In many cases, using protecting
groups is a necessity to multi-step reactions. In this
work, our opinion is performance of the selective
reaction on the one of the selected hydroxyl groups of
aimed monosaccharide. The alkylidene protecting
groups can be used for protection of one or multi
pairs of hydroxyl groups located in cis vicinal 
positions in the molecule. Isopropylidene derivative
of D-mannose monosaccharide is its furanoide form
1a (Scheme I). Therefore, with preparation of starting
material, the monomers 2a, 2b and 2c containing 
pendant type acetal-protected monosaccharides were
synthesized and purified through column chromato-
graphy method using n-hexane or cyclohexane/ethyl-
acetate with various volume ratios as the eluant. The
type and volume ratios of the column chromatogra-
phy solvents were determined with thin layer 
chromatography (TLC). 

As it is shown in Scheme II, 2,3:5,6-di-O-iso-
propylidene-α-D-mannofuranose was reacted with
acryloyl chloride in the presence of TEA. White
syrup was obtained after work up and was purified
using column chromatography which resulted to 2a
in yield 75% (Scheme II). The structure of isolated
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compound was confirmed through 1H NMR, 
13C NMR and FTIR spectra. The comparison of the
1H NMR of precursor 1a and resulted monomer 2a
shows that the signal of H-1 in compound 1a at 
5.38 ppm has been shifted to the lower fields 
6.21 ppm in compound 2a and deshielded effect about
0.83 ppm due to substitution of acryl group in C-1 is
observed. The presence of signals 5.9, 6.09 and 
6.45 ppm of vinylic protons prove the attachment of
acryloyl group to the position C-1 in compound 2a.
Also the appearance of signals 127.84-132.22 ppm
(2C of vinylic) and 164.44 ppm (1C of carbonyl) in
13C NMR spectrum show the formation of this 
compound. Infra-red spectroscopy is the most widely
used method for analysis of vinyl saccharide and their
poly(vinyl saccharide)s. Since, most of the work in
this area involved polymerization of the vinyl sugars,
the disappearance of C=C bond was used as a means
for determining the completion of polymerization. In
almost all cases, IR spectroscopy was done using 
KBr only for qualified analysis. In FTIR spectrum 

the presence of absorbance bands 1633, 1731 and
3100 cm-1 of stretching vibration of C=C, C=O and
=C-H, respectively, confirmed that the reaction was
completed.

In the same way, the reaction of 2,3:5,6-di-O-iso-
propylidene-α-D-mannofuranose with methacryloyl
chloride or methacrylic anhydride was carried out in
the presence of TEA. Using the column chromatogra-
phy for the purification of crude syrup, the compound
2b resulted in yields 70% and 50%, respectively
(Scheme II).

The 1H NMR spectrum of compound 2b shows
about 0.81 ppm deshielding for the H-1 (δ: 6.19) in
comparison to the 1H NMR spectrum of compound
1a. The presence of signals in 5.64 and 6.1 ppm 
related to the vinylic protons demonstrates the 
substitution of the methacryl group in C-1 of the 
starting material.

The absorbance bands 1636, 1720 and 3090 cm-1

in FTIR spectrum, are related to stretching vibration
of C=C, C=O and =C-H, respectively, and they are 
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Scheme II. Synthesis of vinylsaccharide monomers 2a, 2b and 2c.
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Figure 1. 500 MHz COESY spectrum of 1-O-methacryloyl-
2,3:5,6-di-O-isopropylidene-α-D-mannofuranoside 2b in
CDCl3.

confirmation for the formation of compound 2b. The
splitting of vinylic protons was interesting in expand-
ed 1H NMR spectrum of this compound. Investigation
of COESY spectrum showed the relationship between
vinylic protons with the protons of methyl in
methacrylate group as shown in Figure 1. Also, 
investigation of the hetero-COESY spectrum showed
that two carbons of isopropylidene group, vinylic 
carbon containing a methyl group (c) and the carbon
of carbonyl group (d) with the chemical shifts of 110-
115, 136 and 164 ppm, respectively, do not show 
diagonal peaks, because there are not any attached 
protons to them (Figure 2).

The compound ρ-(2,3:5,6-di-O-isopropylidene-α-
D-mannofuranose-1-oxymethyl)styrene 2c was 
synthesized from reaction of 2,3:5,6-di-O-isopropyli-

Figure 2. 500 MHz Hetero-COESY spectrum of 1-O-
methacryloyl-2,3:5,6-di-O-isopropylidene-α-D-mannofura-
noside 2b in CDCl3.

dene-α-D-mannofuranose with ρ-(chloromethyl)-
styrene in the presence of sodium hydride (Scheme
II). After the purification, compound 2c resulted in
yield 65%. The presence of signals related to the 
aromatic protons in region 5.24-6.71 ppm in 1H NMR
spectrum of compound 2c are some evidence for the
substitution of methyl styrene group (Figure 3). Also
the existence of signals in 85.09 ppm (1C of ben-
zylic), 112.61-114.04 ppm (2C of vinylic) and
126.32-136.73 ppm (6C of aromatic ring) in 13C
NMR spectrum shows that the reaction has been 
completely accomplished. In IR spectrum, the
absorbance bands 1630 and 3088 cm-1 are related to
stretching vibration of C=C and =C-H, respectively.

The carbohydrate based synthetic polymers 
usually requires some extra steps to prepare the poly-
merizable sugar derivatives through protection of 
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Figure 3. 400 MHz 1H NMR spectrum of ρ-(2,3:5,6-di-O-
isopropylidene-α-D-mannofuranose-1-oxymethyl)styrene
2c in CDCl3.

unnecessary hydroxyl groups. The purified
monomers 2a, 2b and 2c containing pendant 
monosaccharide were polymerized easily via free
radical polymerization in solvent using benzoyl 
peroxide as an initiator at 65°C and glycopolymers
P3a, P3b and P3c as shown in Scheme III were
obtained. The synthesized glycopolymers showed
good solubility in variety of solvents such as ethylac-
etate, dichloromethane, chloroform, acetone and
THF. The investigation of 1H NMR spectrum of poly-
mer P3a shows that the signals of vinylic protons of
monomer 2a were disappeared and the number of
aliphatic protons at 1.34-2.20 ppm has been
increased. The signals at 4.00-4.89 ppm are related to
H-2 and H-6' (or H-6) of mannofuranose residue.

Homopolymer of P3b was prepared from radical
polymerization reaction of glycomonomer 2b in the
presence of benzoyl peroxide at 65°C in chloroform.
The comparison of P3b 1H NMR spectrum with its
precursor 2b glycomonomer spectrum pointed out
that the signals related to vinylic protons of monomer
have disappeared and a number of new proton signals
have appeared in aliphatic area at 0.92-1.71 ppm. The
existence of signals at 3.89-4.88 and 6.09 ppm is
related to H-2, H-6' (or H-6) and anomeric proton of
mannose residue, respectively. 1H NMR spectrum of
P3c displays the H-1, H-6' and benzylic protons at
3.98-5.02 and aromatic ring protons (4H) at 6.42-7.26
(Figure 4). Also disappearance of the signals of
vinylic protons of monomer 2c and the additional
proton signals in aliphatic area at 1.20-1.85 in P3c
1H NMR spectrum denote that the polymerization of
monomer was accomplished. The spectroscopic
results indicated that there are not any side products
formed in the polymerization reactions. Because, in
the first step all of the prepared precursors 2a, 2b and
2c isolated from each reaction and purified through
column chromatography and their chemical structures
were confirmed. Secondly, only one hydroxyl group
remained in the protected isopropylidene derivatives
of mannofuranose 1a. The molecular weights, 67983
for poly(1-O-acryloyl-2,3:5,6-di-O-isopropylidene-
α-D-mannofuranoside), 69542 for poly(1-O-
methacryloyl-2,3:5,6-di-O-isopropylidene-α-D-
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Figure 4. 400 MHz 1H NMR spectrum of poly[ρ-(2,3:5,6-di-
O-isopropylidene-α-D-mannofuranose-1-oxymethyl) styrene
P3c in CDCl3.

mannofuranoside) and 37682 for poly[ρ-(2,3:5,6-di-
O-isopropylidene-α-D-mannofuranose-1-oxymethyl)
styrene glycopolymers were determined using GPC
method. These differences in yields and molecular
weights from GPC could be explained with various
activities originating from their chemical structures
and their chemical identities of the synthesized gly-
comonomers 2a, 2b and 2c (Scheme II).

CONCLUSION

In summary, the novel glycomonomers and gly-
copolymers bearing α-D-mannofuranose residues
have been successfully synthesized and fully 
characterized. The literature review shows that these
mannose-carrying vinyl monomers could be useful
for the synthesis of a variety of biodegradable and
glycopolymers architectures with potential biological
and biomedical relevance. Also, after the polymeriza-
tion the acetal protecting groups in monosaccharide
can quite easily be removed in acid conditions.
Therefore, it is clear that more efforts are needed to
synthesize poly(vinyl saccharide)s by avoiding 
multi-step protection-deprotection procedures, at the

same time having the ability to control the 
incorporation of sugars to give tailor made properties
for biodegradability, hydrophilicity, solubility and
physical and mechanical properties. The current
efforts in our laboratory are exploring the preparation
of well-defined glycocopolymers and glycopolymers
from these dissimilar glycomonomers using the ATRP
method in comparison with published results [34]. 
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