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Boron-mediated aglycon delivery method and its applications
to the total synthesis of terpioside B and the synthesis of arabinogalactan fragments

Thesis Summary

Carbohydrates play crucial roles in many biological processes including various serious diseases. Against this
background, the investigations of their detailed modes of action and structure-activity relationships, as well as the
development of new drugs, have attracted much attention in many fields including biology and medicine.
Therefore, the development of glycosylation methods, one of the key elementary reactions linking sugar to sugar
or sugar to non-sugar moieties, has been vigorously pursued worldwide. However, the development of
1,2-cis-stereoselective glycosylation remains a challenging and urgent problem to overcome in synthetic organic
chemistry. In this context, our group has recently developed a boron-mediated aglycon delivery (BMAD) method
in which the position of the hydroxyl group of the glycosyl acceptor and the 1,2-cis-stereoselectivity of the
glycosidic bond formed are simultaneously controlled. In this thesis, the extension of the versatility of the BMAD
method and its applications to the total synthesis of terpioside B and the synthesis of arabinogalactan fragments
are described.

First, the total synthesis of natural glycosphingolipid (GSL), terpioside B, using the BMAD method has been
described. Terpioside B is a GSL with inhibitory activity on the production of nitric oxide (NO) induced by
lipopolysaccharide (LPS) stimulation as a biological activity and has a Galo(1,4)Gal moiety that is chemically
challenging to construct as a structural feature. Therefore, the total synthesis of terpioside B was investigated
using the BMAD method with a boronic acid catalyst, 1,2-anhydrogalactose, and unprotected
1,6-anhydrogalactose as a key step. It was found that the desired Gala(1,4)Gal structure was effectively obtained
with high regioselectivity and complete stereoselectivity in the key reaction. In addition, the first total synthesis of
terpioside B was accomplished in a total of 55 steps, indicating that the BMAD method is a useful method that
can be applied to natural product synthesis.

Next, regioselective and stereospecific B-arabinofuranosylation by the BMAD method and its application to the
synthesis of arabinogalactan fragments are described. The stercoselective construction of the five-membered
sugar 1,2-cis-furanoside is sterically and electronically more difficult than that of the six-membered sugar
1,2-cis-pyranoside. Therefore, there is an urgent need for new methods of stereoselective synthesis. In this
context, this study focused on B-arabinofuranosides, which are found in biologically active natural glycosides
among 1,2-cis-furanosides, and the development of novel B-arabinofuranosylation using the BMAD method and
its application were investigated. It was found that the glycosylations of various diol acceptors with
1,2-anhydro-D/L-arabinofuranoses proceeded effectively to provide the corresponding B-D/L-arabinofuranosides
in high yields with complete B-stereoselectivities and high regioselectivities. In addition, mechanistic studies
using DFT calculations and NBO analysis supported a highly dissociative concerted Sni mechanism for this
present P-arabinofuranosylation. Furthermore, based on the DFT calculations, the predictive models for the
regioselectivity of the BMAD reaction were developed. Moreover, it was found that the previously unprecedented
reversal of regioselectivity in the BMAD reaction for cis-3,4-diols could be accomplished by re-optimizing
reaction conditions. Finally, the present glycosylation method was applied successfully to the synthesis of
arabinogalactan fragments, indicating that the BMAD method is a useful method that can be applied to the
synthesis of biologically active glycosides.




