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Water soluble hybrids of chitosan and sialic acid were
prepared in good yields via reductive N-alkylation of p-
formylphenyl a-sialoside 2 onto chitosan amine function-
alities.

Chitosan 1 is a polysaccharide mainly composed of the b(1-
4)-2-amino-2-deoxy-D-glucopyranose (D-glucosamine) repeat-
ing unit and includes a small amount ( < 20%) of N-acetyl-D-
glucosamine (GlcNAc) residues. At present, several interesting
biological properties have been reported for chitosan alone,
such as wound healing,1 immunological activity,2 and anti-
bacterial effects.3 Moreover, chitosan itself is non-toxic.
Therefore, chitosan is an appealing bioactive polymer for
further development. Additionally, sialic acid-containing poly-
mers4 have been shown to be potent inhibitors of hemag-
glutinination of human erythrocytes by influenza viruses.4–6 N-
Acetylneuraminic acid (Neu5Ac) is the most ubiquitous
member of the sialic acid family of derivatives present on
mammalian cell surface glycolipids and glycoproteins and is the
key epitope recognized as being essential for a number of
pathogenic infections.7 We are now investigating the prepara-
tion and biological properties of sialic acid-bound chitosan
(chitosan–sialic acid hybrid) as a new family of sialic acid-
containing polymers. A noteworthy point is the effect of
chitosan as a backbone polymer for investigating the biological
properties of sialic acid, especially against infection by the
influenza virus and for its immunological activity. We report
herein the first preparation and chemical aspects of chitosan–
sialic acid hybrids.

Reductive N-alkylation8,9 of chitosan with aldehydes is a
very convenient method for its chemical modification. There-
fore, we attempted the direct reductive N-alkylation of chitosan
with p-formylphenyl a-sialoside 2.10 Scheme 1 shows the
preparation of the chitosan–sialic acid hybrid 3† by reductive N-
alkylation using sodium cyanoborohydride (NaCNBH3). The
degree of substitution (DS) of Neu5Ac can be controlled by
increasing the amount of aldehyde 2 in the reaction mixture
(Table 1). The reactivity level of 2 to chitosan was found to vary
in the range 25–48%, which was caused by the simultaneous
reduction of some of the aldehyde groups of 2 under the acidic
reaction conditions. Water soluble material was obtained only at
high DS (DS = 0.53) due to the high level of charged carboxyl
groups.

Hybrids 3 of low DS were insoluble in neutral water and thus
would not be useful for biological evaluation. To improve the
solubility, the remaining amino groups of the hybrids were
transformed by succinylation with succinic anhydride (AcOH,
H2O, MeOH, room. temp., 1 day, neutralized with aq. NaOH
then dialyzed and lyophilized) to give hybrids 4 in 90–100%
yields. Under these mild aqueous conditions and basic workup,
no lactones or cyclic imides were formed.9 The chemical
structures of the succinylated hybrids 4 are summarized in
Table 2. Despite using a large excess of succinic anhydride,
some unreactive amino groups (DS = 0.07–0.17) still re-
mained. Complete succinylation was difficult owing to increas-
ing steric hindrance of the polymer. High field 1H NMR spectra

also indicated that no succinylation had occurred at the N-
glycosylation sites (d H-1 of GclN-Neu5Ac). All succinylated
products 4 were soluble in water. The protein binding properties
of the novel sialylated polysaccharides were initially evaluated
with wheat germ agglutinin (WGA: Triticum vulgaris) which is
a plant lectin specific toward GlcNAc and Neu5Ac residues.
Strong immunodiffusion bands were observed for water soluble
hybrids 3 and 4 when compared to a negative control (N-
succinylated chitosan), thus demonstrating the specificity of the
binding of the Neu5Ac epitope in the hybrid to WGA lectin. The

Scheme 1 Reagents and conditions: (i) succinic anhydride (0.2 g, 2 mmol),
AcOH (50 mg, 0.83 mmol), H2O (8 mL), MeOH (32 mL); (ii) 1% aq. NaOH
(20 mL), room temp., 2 h.

Table 1 Preparation of conjugates 3 with aldehyde 2

Entry 2 (equiv.) DSa Yieldb (%)
Solubility
in H2O MWc

1 0.2 0.06 100 No 27000
2 0.4 0.10 77 No 29000
3 0.6 0.29 76 No 39000
4 0.9 0.44 74 No 48000
5 1.2 0.53 84 Yes 53000

a DS was determined from the peak area of phenyl protons (d 7.0–7.4) and
H-2 of GlcN and N-alkylated GlcN residues (d 3.2: 0.96 H). b Yield
determined by weight recovery and accounting for changes in FW
according to the substitution level determined by NMR spectroscopy. c MW
calculated on the basis of the original chitosan MW of 23 061  (DP = 140)
and accounting for FW changes based on NMR data  (values rounded to the
nearest thousand).
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very faint band shown in N-succinylated chitosan could be due
to the small amount of GlcNAc residues already present in the
initial polymer chain (DS = 96% GlcN; 4% GlcNAc).

In conclusion, water soluble and lectin binding chitosan–
sialic acid hybrids have been successfully prepared. Further
biological evaluation of these promising compounds will be
investigated.

We are indebted to Nippon Gaishi Co., Japan for generously
supplying sialic acid.

Notes and references
† Materials and methods: chitosan 1 [DS = 96% GlcN, 4% GlcNAc,
DP = 140; molecular weight (MW) 23061] was used in this study. The
degree of polymerization (DP) of the initial chitosan 1 was determined by
GPC using pullulan as standard. The DS of the hybrids was determined by
1H NMR spectroscopy (Bruker 500 MHz AMX). The remaining unmodi-
fied primary amino groups of the hybrids were quantitated by colorimetric
determination using ninhydrin at 570 nm.

Typical procedure for the preparation of hybrid 3: Chitosan (50 mg, 0.24
mmol NH2) was dissolved in H2O (8 mL) and MeOH (32 mL) containing
AcOH (50 mg, 0.83 mmol). Various amounts of 2 (Table 1) were added to
the solution which was stirred at room temperature. After 1 h, NaCNBH3

(100 mg, 1.6 mmol) was added and after 1 day, the reaction mixture was
quenched by precipitation with 5% aq. NaOH (2 mL, 2.5 mmol) and acetone
(80 mL). The precipitate was collected by filtration, dispersed with H2O
containing NaOH (100 mg), dialyzed and lyophilized.

Selected data for 3 (DS = 0.53): 1H NMR (0.2 M DCl in D2O) d 1.88 (t,
0.53 H, J3ax–4eq 12.1 Hz, H-3ax of NeuNAc), 2.06 (m, 1.71 H, NHAc of
Neu5Ac and GlcNAc in chitosan), 2.32 (dd, 0.53 H, J3eq–4eq = 5.0 Hz, H-

3eq of Neu5Ac), 3.20 (br, 0.96 H, H-2 of GlcN and N-alkylated GlcN),
3.55–4.10 (m, H-4,5,6,7,8,9 of Neu5Ac, H-2 of GlcNAc, H-3,4,5,6 of GlcN
and GlcNAc), 6.97 (d, 1.06 H, J = 7.44 Hz, H-3 and H-5 of –OPh), 7.27 (d,
1.06 H, J 7.44 Hz, H-2 and H-6 of –OPh); 13C NMR d 25.0 (NAc), 41.7 (C-3
of Neu5Ac), 53.3 (CH2Ph), 55.0 (C-5 of Neu5Ac), 58.8 (C-2 of GlcN), 63.0
(C-6 of GlcN), 66.1 (C-9 of Neu5Ac), 69.5 (C-4 of Neu5Ac), 71.2 (C-7 of
Neu5Ac), 73.2 (C-8 of Neu5Ac), 73.4 (C-6 of Neu5Ac), 77.7 (C-3 and C-5
of GlcN), 79.4 (C-4 of GlcN), 98.1 (C-2 of Neu5Ac), 100.4 (C-1 of GlcN),
119.0 (C-2 and C-6 of Ph), 125.0 (C-4 of Ph), 135.0 (C-3 and C-5 of Ph),
159.8 (C-1 of Ph), 175.9 (NHCO), 177.9 (CO2H of Neu5Ac).

Succinylation of hybrid was performed as described previously.9
Agar gel diffusion experiments were performed in 1% agarose (BDH)

containing 2% poly(ethylene glycol) (MW = 8000, Sigma) in phosphate-
buffered saline (PBS) according to the method of Ouchterlony and
Nilsson.11 The concentration of conjugate 3 was 1 mg mL21 in PBS, and
that of WGA lectin was 2 mg mL21. The precipitation bands were allowed
to form overnight at 4 °C in a humid chamber.
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Table 2 Chemical structures and binding assay of chitosan–Neu5Ac
derivatives to WGA lectin

Functional group (DS)

Compd. –Sugar –Suc –NH2 –NHAc MW
Binding to
lectina

4 0.10 0.79 0.07 0.04 40000 ++
4 0.29 0.53 0.14 0.04 47000 ++
4 0.53 0.26 0.17 0.04 59000 ++
3 0.53 0 0.43 0.04 53000 ++
—b 0 0.50 0.46 0.04 30000 ±
a ++, strong band; ±, very faint band. b N-succinylated chitosan.
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