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This paper deals with the first synthesis of well-
defined glycopeptide macromonomers by living ring-
opening polymerization of sugar-substituted R-amino
acid N-carboxyanhydrides (NCAs). Glycopeptide mac-
romonomers are of great importance, since they provide
a variety of carbohydrate polymers with sugar residues
having molecular information and biological function.
Actually, development of a new class of artificial glyco-
conjugates with glycopeptide side chains, which show
high recognition ability to a protein receptor, is achieved
by copolymerization using glycopeptide macromono-
mers.
Glycoproteins comprise several essential classes of

macromolecules such as enzymes, hormones, immuno-
globulins, cell adhesion molecules, and transport pro-
teins, exhibiting various biological activities. The in-
terest in the synthetic glycoconjugates, especially
glycopeptide-containing polymers, has risen tremen-
dously in the past decade, together with the progress
in the field of glycotechnology.1 We have already
proposed a new general methodology to synthesize
stereoregular glycopeptides by the NCA method.2 A
glycopeptide-containing AB-type block copolymer has
also been reported.
Structural control of glycopolymers has a significant

meaning in their recognition functions. Fully sugar-
substituted globular dendrimers, “Sugar Balls”, have
been created based on three-dimensional architectures
of synthetic glycoconjugates.3 The structure-recogni-
tion ability relationship has been investigated in a
system between sugar balls and lectins. Versatile
synthetic utilities of living polymerization have been
demonstrated for design of well-characterized carbohy-
drate-bearing biofunctional materials.2,4 Recently, gly-
copolymers of controlled molecular weight have been
prepared by ring-opening metathesis polymerization of
sugar-substituted norbornenes.5 In the present study,
glycopeptide macromonomers and related graft-type
glycopolymers were designed with motivation from
arranged terminal sugar residues of natural multian-
tennary oligosaccharides. Glycopeptide macromono-
mers should be important as a building block of artificial
arrayed sugar-bearing units. Graft copolymers having
monodisperse glycopeptide side chains have not been
hitherto reported to our knowledge.
Glycopeptide macromonomers with an R-styryl group

were synthesized by using D-glucose and N-acetyl-D-
glucosamine derivative-carrying monomers, i.e.,O-(tetra-
O-acetyl-â-D-glucopyranosyl)-L-serine N-carboxyanhy-
dride (1a) and O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-
â-D-glucopyranosyl)-L-serineN-carboxyanhydride (1b).2,6
Significant functions of glycosides of glycopeptides are
currently known. Intracellular O-linked N-acetyl-D-
glucosamine is, for example, implicated in cellular

stimuli7 and in the pathogenesis of Alzheimer’s disease.8
Ring-opening polymerization of 1 with p-vinylbenzyl-
amine as an initiator was carried out in dry dichlo-
romethane under a nitrogen atmosphere (Scheme 1).9,10
The structure of macromonomer 2 was determined by
1H, 13C NMR, and IR measurements.9 No side reaction
such as production of hydantoic acid was observed.11 A
sole unimodal peak was detected by direct size exclusion
chromatography (SEC) of a reaction mixture at the end
of polymerization. Results of polymerization are sum-
marized in Table 1. Degrees of polymerization (DPs)
were almost regulated by the monomer/initiator feed
molar ratios. SEC analysis indicated the relatively
narrow molecular weight distribution of 2, taking a
Poisson distribution into account. The oligomer 2a
obtained in entry nos. 1 and 4 showed Mw/Mn values
smaller than the theoretical values, which is probably
caused by the removal of the low molecular weight
fraction by a reprecipitation procedure. We have al-
ready reported that polymerization of 1a with n-hexyl-
amine proceeds without chain termination and trans-
fer.2 In the present system, the nucleophilicity of
p-vinylbenzylamine is somewhat lower than that of
n-hexylamine. However, initiation is sufficiently fast
to control their DPs, since initiation in entry no. 3 was
nearly complete within 5 min and then propagation
proceeded gradually for over 100 h.12

A glycopeptide macromonomer 3 was derived from 2
as shown in Scheme 2. Deacetylation of 2a was
performed by using hydrazine monohydrate in methanol
at 0 °C to afford glycopeptide macromonomer 3a in
81.5% yield.13 The quantitative deprotection was con-
firmed by 1H, 13C NMR, and IR spectra. The terminal
vinyl group did not change during the deacetylation
procedure.13

Water-soluble glycopeptide-containing polymeric ma-
terials are expected to be useful in medical and bio-
medical applications.1-4 A new type of synthetic gly-
coconjugate 5 with glycopeptide side chains was prepared
by copolymerization of 3 and acrylamide (path A in
Scheme 2). Radical copolymerization between 3a and
acrylamide was carried out with 2,2′-azobis(2-amidino-
propane) dihydrochloride (AAPD) as an initiator in
water at 55 °C.14 Results are listed in Table 2. Graft
copolymer 5 was also derived frommacromonomer 2 via
protected glycopeptide-carrying graft copolymer 4 as
illustrated in path B of Scheme 2. Judging from the
data of Table 2, the macromonomer 2a was efficiently
introduced into the copolymer due to the higher reactiv-
ity of the styryl group than that of acrylamide. Deacety-
lation of 4a using hydrazine monohydrate was readily

Table 1. Preparation of Glycopeptide-Based
Macromonomer 2a

monomer product

entry
no.

[monomer]0/
[initiator]0

time,
h

yield,
% Mh n

b DPb Mh w/Mh n
c

1 1a 5.0 24 95.4 2090 4.7 1.06
2 1a 10.7 48 99.7 4820 11.2 1.09
3 1a 31.7 120 99.2 13900 33.0 1.07
4 1b 4.0 24d 77.8 1840e 4.1e 1.18
a Initiator, p-vinylbenzylamine; solvent, CH2Cl2; [monomer]0,

0.10 mol/L; temperature, 27 °C; under nitrogen. b Determined by
the 1H NMR spectra in CDCl3 at 50 °C. c Estimated from the SEC
curve, using standard polystyrenes for calibration (in CHCl3 at
38 °C). d At 25 °C. e In CD3OD at 25 °C.
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performed in methanol at 20 °C for 12 h to give artificial
glycoconjugate 5a. Similarly, 5b was also derived from
4b.
In order to clarify the molecular recognition ability,

inhibition activities of erythrocyte agglutination by
wheat germ agglutinin (WGA) lectin was examined with
multivalent glycopeptide-carrying polymer 5b and con-
trol monovalentN-acetyl-D-glucosamine. WGA is known
to have several sugar-binding sites,15 which specifically
recognize N-acetyl-D-glucosamine, N,N′-diacetylchito-

biose, and N,N′,N′′-triacetylchitotriose. Extracellular
carbohydrates of erythrocyte interact with the lectin to
make agglutination. In the hemagglutination inhibition
assay,16 N-acetyl-D-glucosamine did not inhibit ag-
gregate formation between erythrocyte and WGA up to
the N-acetyl-D-glucosamine concentration of 2.3 × 10-2

mol/L. On the other hand, the minimum concentration
of 5b to inhibit agglutination was as low as 4.9 × 10-5

mol/L based on a monomeric sugar unit. Highly ef-
ficient interaction between 5b and WGA is apparently

Table 2. Copolymerization of Glycopeptide-Based Macromonomers and Acrylamide

product graft copolymer

macromonomera

DPb Mh w/Mh n
c

feed ratio
[macromonomer]0/
[acrylamide]0 initiatord solvent

temp,
°C

time,
h

yield,
%

unit ratioe
macromonomer/
acrylamide

path Aa 3a 4.1f 1.04g 0.010 AAPDh H2Oi 55 0.5 5a 68m 0.015f
path Ba 2a 4.7 1.06 0.010 AIBN Me2SOj 60 15 4a 91n 0.010
path Ba 2a 11.2 1.09 0.010 AIBN Me2SOk 60 3.3 4a 13 0.045
path Ba 2a 11.2 1.09 0.010 AIBN Me2SOk 60 15 4a 63 0.013
path Ba 2b 4.1 1.18 0.010 AIBN Me2SOl 60 15 4b 59 0.0077o

a See Scheme 2. b Determined by the 1H NMR spectra in CDCl3 at 50 °C. c Measured by SEC in CHCl3 at 38 °C (polystyrene standard).
d [Initiator]0/[acrylamide]0 ) 0.0050. e Determined by the 1H NMR spectra in CF3CO2H at 27 °C. f In D2O at 27 °C. g In Me2SO at 27 °C.
h 2,2′-Azobis(2-amidinopropane) dihydrochloride. i Acrylamide]0 ) 1.5 mol/L. j [Acrylamide]0 ) 1.3 mol/L. k [Acrylamide]0 ) 0.50 mol/L.
l [Acrylamide]0 ) 2.0 mol/L. m [η] ) 13 dL/g (in H2O at 25 °C). n [η] ) 0.85 dL/g (in H2O at 25 °C). o In D2O at 25 °C.

Scheme 1

Scheme 2

Macromolecules, Vol. 29, No. 12, 1996 Communications to the Editor 4457

+ +



ascribed to the multivalency of the sugar moieties of a
5b molecule.
The living character of the polymerization of sugar-

carrying NCA monomers 1 offered key glycopeptide
macromonomers and then new diverse directions of
glycopeptide-containing macromolecular design. These
glycopeptide-based materials should contribute to rapid
progress in broad areas including biology, medical, and
the life sciences.
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