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Abstract—Vinylpolymers carrying a kanamycin cluster at the side chain were prepared via regioselective N-acylation of amikacin
withN-succinimidyl p-vinylbenzoate, followed by radical homo- and co-polymerization with acrylamide. Two independent biological
assays disclosed that the polyvalent kanamycin models showed neither antibacterial activity nor inhibitory activity againt rRNA-
based protein synthesis, suggesting that the multivalency-binding approach is not valid for integrating the potential of amino-
glyoside anitibiotics. # 2002 Elsevier Science Ltd. All rights reserved.

The assembly of multivalency binding models has
become a general strategy to enhance the binding activ-
ity of carbohydrates to the receptor proteins.1 Many
types of carbohydrate cluster models have been designed,
in which neoglycoconjugates,2 glycodendrons,3,4 and
starfish glycoconjugates5 are widely investigated. The
binding activity is highly enhanced by multivalency
binding or carbohydrate cluster effect, especially when
the receptor protein possesses plural carbohydrate
binding sites in a multiple subunit structure. For exam-
ple, we previously showed that acrylamide copolymers
carrying a synthetic globosyltriaoside (Gb3) cluster
highly enhanced the activity to trap and neutralize a
Shiga toxin (Stx-I) comprised of five B-subunits, each of
which has two Gb3 binding sites.6 Analogous effects
have been communicated by many other groups,4,5

supporting that the assembly of a carbohydrate cluster
can significantly integrate the biological potential of
synthetic carbohydrates and their mimics.

The strategy based on multivalent binding effect can be
extended to biologically active compounds other than
carbohydrates as long as the activity arises from species-
specific binding to the receptor molecules. For example,
Whiteside et al.7 have just recently communicated
highly enhanced activity of a peptide cluster along an

acrylamide backbone for neutralizing Anthrax toxins.
Intense interest is directed to the assembly of multi-
valent antibiotic compounds since Arimoto et al. repor-
ted the first synthesis of a vancomycin-embedded
polymer and its highly integrated antibiotic activity.8

Multivalent antibiotics are expected to provide a pro-
mising way to circumvent the problem of antibiotics-
resistant microbes like MRSA (methicilin-resistant Sta-
phylococcus aureus) and VRE (vancomycin-resistant
enterococci). This is mainly because some of the multi-
valent aminoglycoside antibiotics are reported to show
tolerance to modifying enzymes like acetyl and phospho-
transferases expressed in resistant strains.9 In the pre-
sent study, our interest is directed to the development of
a convenient chemical way to convert kanamycin A 1 to
multivalent models. In the present communication, we
describe a general pathway starting from amikacin 2
towards polyvalent kanamycins 5a and 5b. The bio-
logical property of the polyvalent kanamycins is also
communicated.

Kanamycin is one of the most popularly used amino-
glycoside antibiotics. The antibiotic activity is thought
to originate in its binding to ribosomal rRNA and the
inhibition of protein synthesis in a way similar to the
case of neomycin and other aminoglycoside anti-
biotics.10 Though the multivalent assembly has been
extensively studied for neomycins and their homo-
logues,11 kanamycin has not been targeted yet in related
studies. In the synthesis of multivalent kanamycin
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models, difficulty seems to arise from the differentiation of
four amino groups for chemical manipulations. In this
study, amikacin 2 (Scheme 1), showing an antibiotic
spectrum analogous to that of kanamycin, was employed
as a convenient starting compound (Fig. 1). Though ami-
kacin also has four amino groups, an amino group at the
side chain [4-amino-2-hydroxy-butanoyl group: AHB
group] is known to have the highest basicity12 suggest-
ing the availability of selective modification at this
position. It can also be predicted that the other three
amino groups in the core structure are responsible for
antibiotic activity as in the case of neamines.11

To examine the reactivity of the four amino groups,
amikacin 2 was N-acylated with a series of p-vinyl-
benzoyl agents 3 carrying different leaving groups [i.e.,
Cl, p-nitrophenoxy, and O-(N-succinimidyl)]. The iden-
tification of the products by 1H NMR and mass spec-
troscopy allowed us to confirm that the AHB amino
group has the highest reactivity to afford 4a with
p-vinylbenzamide at the AHB position (Table 1).
Another amino group at the primary C-60 position was
also N-acylated to give 4b together with a concomitant
amount of di-N-acylated amikacin 4c. The relative ratio
of the main products 4a and 4b changed slightly
depending on the leaving groups. When p-vinylbenzoyl
chloride was employed, a mixture of 4a and 4b was
derived in 68:32 ratio (1H NMR and FAB-MS analy-
sis13). The use of p-nitrophenoxyl, and O-(N-succinimi-
dyl) groups could improve the selectivity at the AHBFigure 1. Structures of kanamycin A 1 and amikacin 2.

Scheme 1. N-p-Vinylbenzoylation of amikacin 2.

Scheme 2. Homo- and co-polymerization of p-vinylbenzoylamikacin
with acrylamide. Reagents and conditions: (a) 2,20-azobis (2-amidino-
propane) dihydrochloride (1mol%), H2O, 60

�C, 8 h, 52%; (b) acryl-
amide (9 equiv), 2,20-azobis (2-amidinopropane) dihydrochloride
(3mol%), H2O, 60

�C, 4 h, 70%.
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amino group, in which the N-succinimidyl group
showed better efficiency for selectivity and yield.
Unreacted amikacin 2 could be recovered from the
reaction mixture (ca. 25%) and reused after purification
on a short ODS column.

A p-vinylbenzoyl derivative 4 thus derived was subjected
to radical homopolymerization and copolymerization
with acrylamide to afford desired polyvalent kanamycin
models 5a (Mr=150KDa, determined by SEC) and 5b
(kanamycin/acrylamide=10/90 as determined by 1H
NMR spectroscopy, Mr=90KDa), respectively
(Scheme 2). The acrylamide copolymer 5b was prepared
to examine possible effects of the flexibility of the back-
bone and the clustering of amikacin at the side chain.
Thus, polyvalent kanamicin models could be derived
starting from amikacin in a facile way without the
tedious protection and deprotection processes.

Antibiotics activity was assayed for the monomeric
ligand 4 and the polyvalent models 5a and 5b. An
authentic micro-dilution assay revealed that the mono-
meric ligand 4 shows activity at 40–60 mg/mL against
S. aureus, Escherichia coli, and P. aeruginosa, indicating
that the modification at the AHB group did not fatally
affect the antibacterial activity. On the other hand, none
of the polyvalent models 5a and 5b showed apparent
activity at 100 mg/mL against these microbes as well as
against other species, Staphilococcus epidermidis, Entero-
coccus hirae, Enterococcus faecalis, Klebsiella pneumo-
niae, Citrobacter freundii, Enterobacter cloacae, and
Serratia marcescens. It is apparent, therefore, that the
assembly of polyvalent kanamycins results in the
complete loss of antibacterial activity. The result is
contraty to our expectation and the concept of multi-
valency binding effects, suggesting that activity
enhancement is not always achieved for multivalent
binding models.

In the present case, the polymeric compounds 5a and 5b
seemed to hardly internalize into bacterial cell walls
even though they might possess enhanced activity for
rRNA binding to inhibit protein synthesis. In order to
verify this expectation, an in vitro assay using E. coli S30-
extract and green-fluorescence plasmid DNA system15

was performed for 4, 5a, and 5b. Under the conditions
that the monovalent ligand 4 inhibited the protein synth-
esis (IC50=5mM), however, none of the polyvalent

models 5a and 5b showed inhibitory activity
(IC50>100mM). This has revealed that the assembly of
polyvalent models results in the complete loss of anti-
bacterial activity even in the inhibition of protein synthesis.

The results in Table 1 apparently conflict with the cur-
rent topic of applying multivalent models for anti-
biotics. The loss of antibacterial activity may be due to
the steric factor of high molecular-weight polymers 5a
and 5b. The conformation of the polymer backbone
and/or the shortage in the linker length may not allow
kanamycin at the side chain to access to the A-site of
the rRNA chain responsible for protein synthesis. It is
also possible that the polyvalent aminoglycosides may
have altered binding sites to those other than the rRNA
A-site. In this case, the strategy based on polyvalent
binding effects will be hardly applicable to aminoglyco-
side antibiotics, and the approach based on di- and tri-
valent binding models may be more effective. Such
comparison is under investigation with the synthesis of
di- and tri-valent kanamycins from the N-benzoylated
amikacin derivatives and the results will be reported in
due course.

In conclusion, we have presented the first synthesis of
polyvalent kanamycin models and examined their anti-
bacterial activity. It has been also found that the poly-
valent models have lost the antibacterial activity of
amikacin. The result strongly suggests that the activity
enhancement by polyvalency binding models may not be
extended to aminoglycoside antibiotics. The result, how-
ever, does not rule out the potential utility of polymer-
based aminoglycosides. For example, they have biological
potential as polymer prodrugs16 and also as polycationic
vectors for drug and DNA delivery.17 Such applications
will be investigated in our group along with the design of
other multivalent aminoglycoside antibiotics.
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