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Hyperbranched polysaccharides have attracted much attention due to their advantages such as high
solubility, low viscosity, and high density of functional groups at their peripheries that can be readily
modified leading to novel nanomaterials. In addition, their diverse bioactivities allow them to have
the potential applications in the fields of biochemistry and pharmacology such as antitumor activity
against human hepatic cancer, immunomodulator, and glycosidase inhibition. Therefore, the synthesis
of this type of polymer has an important meaning. Although, numerous hyperbranched polysaccha-
rides have been investigated, the preparation of hyperbranched polysaccharides from 1,6-anhydro-D-
hexofuranoses, namely 1,6-anhydro-8-D-glucofuranose (1), 1,6-anhydro-3-D-mannofuranose (2), and
1,6-anhydro-a-D-galactofuranose (3) have so far not been reported since 1-3 were difficultly obtained
in large amount. Hence, the preparation of 1-3 and their polymerizations are necessary to produce a
new structure of hyperbranched polysaccharide which probably has certain interesting properties.

One of the objectives of this study is the selective synthesis of 1-3 as monomers for ring-opening
multibranching polymerization. The microwave-assisted heating and the solid-acid catalyzed heat-
ing were used for the selective synthesis of 1-3. In addition, the present study also focused on the
ring-opening multibranching polymerization of 1-3 leading to novel hyperbranched polysaccharides.
Moreover, the cluster effect (multivalent effect) of the hyperbranched polysaccharides was also inves-
tigated via the interaction between concanavalin A (ConA) and hyperbranched polysaccharide.

This thesis touches on the selective synthesis and ring-opening multibranching polymerization of
1,6-anhydro-D-hexofuranose and are. presented in five chapters as follows:

Chapter 1 describes the general introduction of this study.

Chapter 2 describes the selective synthesis of 1 and 2 using microwave-assisted heating. The effect
of different types of starting materials as well as reaction conditions on the selectivity of 1 and 2 were
investigated. For example, the dehydration of D-mannose and D-glucose in the ordinary sulfolane gave
the mixture of 1,6-anhydrohexopyranose and 1,6-anhydrohexofuranose. In contrast, the demethano-
lization of methyl-(a,8)-D-glucofuranoside (MGF) and methyl-a-D-mannofuranoside (MaMF) in the
dry sulfolane afforded high selectivities for 1 and 2, respectively. The microwave-assisted heating of
MGF in dry sulfolane at 260 °C and that of MaMF in dry sulfolane at 240 °C were chosen for the
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preparation of 1 and 2, respectively. For the synthesis of 3, both microwave-assisted heating and solid-
acid catalyzed heating were used. The microwave-assisted heating of D-galactose and methyl-8-D-
galactofuranoside (MBGaF) gave the mixture of 3 and 1,6-anhydro-8-D-galactopyranose (6) with the
ratio in the range of 24:76 — 64:36. On the other hand, the solid-acid catalyzed heating of D-galactose
using Amberlite1SDRY (A15D) gave a high selectivity of 3 versus 6 (3:6 = 63:37 —- 85:15). As the
result, the solid-acid catalyzed heating of D-galactose at 135 °C using A15D in DMF was chosen for
the preparation of 3. )

Chapter 3 describes the synthesis and characterization of hyperbranched polysaccharides from 1-
3 using ring-opening multibranching polymerization in the presence of thermally induced cationic
catalyst. The polymerizabilities, the polymer structures, and the solution properties were discussed
based on the NMR, light scattering, and viscosity measurements. In addition, the characteristics of
poly1-3 were thoroughly compared with the corresponding hyperbranched polysaccharides obtained
from 1,6-anhydro-3-D-hexopyranoses, namely 1,6-anhydro-g-D-glucopyranose (4), 1,6-anhydro-8-D-
mannopyranose (5), and 6. For example, the obtained polyl-3 have low intrinsic viscosities in the
range of 4.9 to 7.4 mL-g~! and were highly branched structures with degrees of branching in the range
of 0.40 — 0.46. The structures of polyl-3 were constructed by a- and 8-linked D-hexopyranosyl and
D-hexofuranosyl residues with the percentages of the terminal units from 31.3 to 43.4 mol %. The
portion of the D-hexofuranosyl terminal units of polyl-3 was higher than those of the corresponding
polymers {(poly4-6).

Chapter 4 describes the cluster effect of the interaction between hyperbranched polysaccharide and
ConA. The high portion of the D-hexofuranosyl terminal units of polyl-3 encouraged to investigate
its properties. In addition, the high percentage of nonreducing terminal units of polyl-3 provided the
efficient cluster effect. Therefore, the cluster effect was investigated via the interaction between hy-
perbranched polysaccharide and ConA. The saccharide~ConA interaction was investigated by means
of the change in fluorescent intensity of fluorescein isothiocyanate (FITC)-ConA when adding hyper-
branched polysaccharides into FITC-ConA solutions. The binding constant of poly1,2-ConA interac-
tion was calculated and compared with those of poly4,5-ConA interaction. Polyl and poly2 showed a
strong interaction to ConA due to the cluster effect of numerous nonreducing saccharide units on their
surfaces with binding constants from 1.7 x 10* t0 2.7 x 10° M~!. The binding constants increased with
the increase in molecular weight of polyl. In contrast, the binding constants were almost unchanged
irrespective of molecular weights of poly2. Interestingly, the nonreducing D-glucofuranosyl terminal
unit of polyl enhanced the binding constant to ConA, while the nonreducing D-mannofuranosyl ter-
minal unit did not show any change in binding constant. Poly1, which contains a higher portion of
D-glucofuranosyl terminal unit than poly4, has stronger interaction with ConA compared with poly4.

Chapter 5 describes the conclusion of this study. The selective synthesis and ring-opening multi-
branching polymerization of 1,6-anhydro-D-hexose were first researched. The obtained hyperbranched
polysaccharides have interesting properties so that they can be used in the field of biotechnology and

pharmacology.
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