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ABSTRACT:

We synthesized sugar-polysiloxane hybrids having rigid main-chains by reaction of sugar-lactones

with amine-functionalized polysiloxane (1). Reaction of gluconolactone (2) with 1 was performed to obtain polysilox-

ane (3) having polyol moieties derived from glucose. This material has the regularly controlled higher-ordered structure
in solid state such as the hexagonal phase. A hydrophilic sugar-polysiloxane hybrid (5) was prepared by reaction of

lactobionolactone (4) with 1. Furthermore, an amphiphilic sugar-polysiloxane hybrid (8) was synthesized by introduc-
tion of stearoyl groups in addition to sugar groups on the surface of 1. The SEM image of the amphiphilic material 8
exhibited formation of nano aggregates having the particle diameters of ca. 50 nm in water.

[doi:10.1295 /polymj.PI2006268]
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There has been a growiﬁg interest in sugar portions
of the glycoproteins because of exhibiting to bind to
carbohydrate-recognition proteins, toxins, viruses,
and cells. It has been known that a molecular assem-
bly formed from the sugar-residues in the living sys-
tem expresses stronger recognition ability than that
of a single sugar molecule. This, so-called multivalent
or cluster effect, has become a principle in the design
of artificial glycoconjugate ligands. Therefore, poly-
meric materials having such functional sugar-residues,
i.e., ‘glycopolymer’, have widely been investigated
because these materials efficiently show the multiva-
lent effect.! So far, a number of such glycopolymers
have been synthesized, which are composed of vari-
ous organic polymer main-chains combined with a
variety of sugar side-chains.>™

Inorganic polymers such as polysiloxanes have var-
ious of interesting properties, e.g.. high oxygen per-
meability, low toxicity, and biocompatibility, which
are advantages as biomaterials. Therefore. sugar-poly-
siloxane hybrids would be expected to have a signifi-
cant potential for biological applications. In previous
study, synthesis of such sugar-inorganic hybrids. com-
posed of polydimethylsiloxane main-chain has been
reported.””'? Since the main-chain has relatively flex-
ible nature, nanostructures of the hybrid materials
have not been controlled well.

Based on the above viewpoints, we paid attention to
amine-functionalized polysiloxanes'!'? for the main-
chain of new sugar-polysiloxane hybrids, which were

Glycopolymer / Sugar-lactone / Polysiloxane / Amphiphilic / Hybrid / Nano

prepared by sol-gel reaction of amine-functionalized
organoalkoxysilanes in strong acid aqueous solutions.
The materials have rigid structures and construct
hexagonal phase in solid state, because their frame-
works are Si-O-Si network structures derived from tri-
functional organoalkoxysilane. Furthermore, the ma-
terials are soluble in water and have reactive amino
groups on the surface. Their rigidity, solubility, and
reactivity would be advantageous properties to con-
trolling nanostructures and introduction of various
functional groups on the surface, in addition to the
general characteristics of the inorganic polymers.

In previous communication, we briefly reported
simple preparation method for a rigid polysiloxane
hybrid (3) having polyol moieties using the amine-
functionalized polysiloxane (1) and gluconolactone
(2) (Scheme 1).!* Because the sugar lactones like 2
react with the amino groups without protection of
the hydroxy groups, they are useful substrates for such
the simple procedure to exclude multi-reaction steps.
However, 2 was not suitable for preparation of mate-
rials containing the sugar substituents, because the
ring-opened moieties like the side chain of 3 formed
from 2 had no any sugar-residues. Therefore, we have
been cairying out studies on the synthesis of sugar-
functionalized polysiloxane hybrids using disaccha-
ride-lactone such as lactobionolactone (4). because
the existence of sugar-residues can be maintained in
spite of opening the lactone ring of 4 by the reaction
with 1. ‘

*To whom correspondence should be addressed (Tel: +81-99-285-7743, Fax: 481-99-285-3253, E-mail: kadoka.wa@eng.kagoshima»u.ac.jp).
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