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Chitosan is a polysaccharide composed mainly of
â-(1-4)-2-amino-2-deoxy-D-glucopyranose repeating units.
Chitosan shows interesting biological properties such
as immunological,1 antibacterial,2,3 and wound healing
activity.4 Moreover, it is a nontoxic3 and biodegradable
polymer,5 and the free amino groups of chitosan offer
great potential for further derivatization. Alternatively,
dendrimers also offer several possibilities in molecular
design owing to their multifunctional attachment sites.
They have been used to scaffold neoglycoconjugates,6
probes, catalysts, and so on.7 Herein we report the
preparation of sialic acid bound dendronized8 chitosan-
dendrimer hybrids. These molecules may have the
potential to inhibit the hemagglutination of human
erythrocytes by influenza virus hemagglutinin as re-
cently observed with straight polymers and hyper-
branched polymers.6 As polymer backbones used so far
are highly toxic, it is expected that scaffolding poly-
(amidoamine) (PAMAM) dendrimer onto nontoxic chi-
tosan core would present biopharmaceutical advantage.

To build up the desired long spacer necessary to allow
multiple branch construction, commercial tetraethylene
glycol 1 was modified into aminoacetal 6 in five steps
(Scheme 1). Monotosylate 2 was prepared from 1 in only
40% yield (TsCl, 1.0 equiv, Et3N, CH2Cl2) owing to the
simultaneous formation of undesired ditosylate. Accord-
ing to a published procedure,9,10 oxidation (DMSO, P2O5,
CH2Cl2) and acetal formation (HOCH2CH2OH, pTsOH,
PhH) were performed in good yields (3, 92%; 4, 89%).
After azide displacement and reduction [(i) NaN3, EtOH;
(ii) H2, 10% Pd-C, EtOH],11 amine 6 was obtained in
23% overall yield from 1. Using 6 as an amine source,
poly(amidoamine) (PAMAM) dendrimers were prepared
according to Tomalia et al.12 by repeating cycle of methyl
acrylate and ethylenediamine treatment. The methyl
esters of each dendrimers 7a-c (G ) 0.5, 1.5, 2.5) were
purified by silica gel column chromatography (CH2Cl2/
MeOH ) 10/1) which were obtained in moderate to good
yields (7a, G ) 0.5, 70%; 7b, G ) 1.5, 73%; 7c, G ) 2.5,
57%). The terminal amines of each generation (G ) 1,
G ) 2, and G ) 3, 8a-c) were obtained from each
methyl esters quantitatively by treatment with excess
ethylenediamine at room temperature for 3 days.

The sialic acid residues were initially attached onto
each dendrimer by reductive N-alkylation with known
p-formylphenyl R-sialoside 913 using NaCNBH3 in metha-
nol (Scheme 2).14 Since 3 equiv of aldehyde 9 was used
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Scheme 1a

a Reagents: (a) TsCl, Et3N, CH2Cl2, 0 °C r.t., 16 h, 40%; (b)
DMSO, P2O5, CH2Cl2, 0˚C r.t., 2 h, 92%; (c) HO(CH2)2OH,
pTsOH, PhH, Reflux, 4 h, 89%; (d) NaN3, EtOH, Reflux, 4 h,
90%; (e) 10% Pd/C, EtOH, H2, r.t., 6 h, 78%; (f) H2CdCHCO2Me,
MeOH, 45 °C, 5 days; (g) H2N(CH2)2NH2, MeOH, r.t., 3 days.

Scheme 2a

a Reagents: (a) NaBH3CN, r.t., 16 h; (b) 80% aqueous TFA,
r.t., 16 h.
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to ensure complete amine substitutions, partial N,N-
disubstitution of 10a-c inevitably occurred. (On aver-
age, 10 mol of sialosides was bound to 8 mol of amine
in dendrimer 10c, 3 sialosides in G1 10a, and 5 in G2
10b.) The deprotection of dendritic sialoacetal 10a-c
was carried out with 80% aqueous trifluoroacetic acid
(CF3CO2H) at room temperature for 16 h to provide
aldehydes 11a-c. The aldehyde-ending sialodendrimers
were obtained by evaporation to dryness, followed by
drying in vacuo for a day.15 In the high field 1H NMR
(500 MHz) spectra of 11a-c, the typical hydrated acetal
proton (δ 5.10 ppm) completely disappeared. Compounds
11a-c were then directly used in the reductive amina-
tion of chitosan without any further purification (Scheme
3).16 The deprotection of O-acetyl groups and methyl
ester of the R-sialoside moiety was performed with 0.1
M NaOH at room temperature for 2 h, and the resulting
hyperbranched hybrids 12a-c (220 mg) were obtained
from 200 mg of chitosan. The purification of hybrids
12a-c was performed by exhaustive dialysis (H2O;
MW ) 12 000 cutoff) which could be separated from
aldehyde 11a-c (MW e 7567) and its deprotected form
(MW e 5967). From the 1H and 13C NMR spectra of
12a-c, the corresponding signals of the chitosan back-
bone (δ 3.4-4.2 and 4.6 ppm), dendrimer backbone (δ
2.80 ppm), and the phenyl R-sialoside residue (δ 2.28,
6.95, and 7.35 ppm; Nac, Ar) were clearly observed. The

degree of substitutions (DS) were determined to be 0.08
(12a, 47%), 0.04 (12b, 25%), and 0.02 (12c, 25%), which
suggests that only a small proportion of aldehyde 11a-c
reacted with chitosan. The low reactivity in the third
generation could be ascribed to the steric hindrance of
the high molecular weight of 11c (MW ) 7567). From
the DS values (0.02-0.08) of the products and the DP
(140) in the original chitosan, it was assumed that an
average of 2.8-11.2 molecules of sialodendrimers were
attached per molecule of the polysaccharide (approxi-
mately 28-33.6 sialoside residues/polysaccharide chain).
In conclusion, we successfully prepared dendronized
chitosan-sialic acid hybrids via tetraethylene glycol
spacer. The low degree of substitution observed in the
higher generation was in line with previous reports
where polymer backbones are conjugated to preformed
dendrons.8 Work is now in progress to scaffold poly-
(amidoamine) dendrimers onto chitosan prior to sialic
acid attachment. These compounds are currently being
evaluated as inhibitors of hemagglutination of influenza
viruses.
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Scheme 3a

a Reagents: (a) (i) 11a,b,c, NaBH3CN, MeOH, r.t., 16 h; (ii) 0.1 M NaOH, r.t., 2 h.
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(14) To a solution of dendrimer 8c (G ) 3, 0.1 mmol, 0.8 mmol
of NH2) in MeOH (40 mL) was added 9 (2.4 mmol, 3 equiv/
NH2). After stirring at room temperature for 1 h, NaCNBH3
(4.8 mmol) and AcOH (4.8 mmol) were added. After a day,
the mixture was treated with saturated Na2CO3 and ex-
tracted with CH2Cl2, followed by drying to give sialoden-
drimer acetal 10c. Data for 10c: 1H NMR (D2O) δ 1.89 (t,
J ) 12.2 Hz, H-3 ax of Neu5Ac), 2.12 (NHAc), 2.75-3.20
(br, CH2 of dendrimer), 3.70-3.80 (m, CH2CH2O of spacer),
4.02-4.10 (m, 4 H, CH2CH2 of acetal), 5.14 (br, 1 H, CH of
acetal), 6.95 and 7.35 (Ph); 13C NMR δ 25.0 (NHAc), 42.2
(C-3 of Neu5Ac), 55.0 (CH2 of dendrimer), 62.8 (CH2CH2O
of spacer), 64.6 (CH2CH2 of acetal), 101.1 (CH of acetal),
118.8 and 134.6 (Ph), 174.2 (CONH).

(15) Acetal 10c (0.1 mmol) was dissolved in CF3CO2H (1.4 mL)
and H2O (0.5 mL). After stirring at room temperature for a
day, the mixture was evaporated and dried in vacuo to give
aldehyde 11c.

(16) Chitosan (NHAc ) 0.2, DP ) 140) was used in this study.
Chitosan (200 mg: 0.94 mmol of NH2) was dissolved in H2O
(10 mL) and AcOH (1.0 mmol). To a solution was added
aldehyde 11c (0.1 mmol: 0.11 equiv/NH2) and MeOH (30
mL). After stirring for 1 h, NaCNBH3 (1.6 mmol) was added
to the mixture and stirred for a day. The reaction was
quenched by precipitation with saturated Na2CO3 (5 mL)
and acetone (100 mL). The precipitate was collected by
filtration, dispersed with 0.1 M NaOH (20 mL) at room
temperature for 2 h, dialyzed, and lyophilized to give hybrid
12c (220 mg). The degree of substitution (DS) was estimated
from the ratio of phenyl proton at δ 6.95-7.35 ppm and H-1
proton of chitosan (δ 4.6-5.1 ppm). All compounds showed
satisfactory NMR (Bruker AMX 500 MHz). Selected NMR
data for 12c (DS ) 0.02): 1H NMR (0.2 M DCl/D2O) δ 2.04
and 2.06 (NHAc of chitosan and Neu5Ac), 2.28 (H-3eq of
Neu5Ac), 2.80 (-CH2CONH- of dendrimer), 3.18 (H-2 of
GlcN and NCH2), 3.4-4.2 (ring proton of chitosan, Neu5Ac,
and -CH2O- of spacer), 4.60 (H-1 of GlcNAc), 5.1 (H-1 of
GlcN and N-alkylated GlcN), 6.95 (H-ortho of Ph), 7.35 (H-
meta of Ph); 13C NMR δ 25.0 (NHAc of chitosan and
Neu5Ac), 42.1 (C-3 of Neu5Ac), 55.1 (CH2 of dendrimer), 58.7
(C-2 of chitosan), 62.9 (C-6 of chitosan and CH2O of spacer),
72.9 (C-3 of chitosan), 77.6 (C-5 of chitosan), 79.2 (C-4 of
chitosan), 100.4 (C-1 of GlcN), 104.1 (C-1 of GlcNAc), 118.8
(Ph), 134.6 (Ph), 177.5 (NHCO).
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