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Thesis Summary

Among biologically active natural products, pharmaceuticals, and functional materials, numerous
carbohydrates feature 1,2-cis glycosidic bonds (1,2-cis glycosides). Derivatization of these structures is therefore
expected to yield novel drug candidates and high-performance materials. However, naturally occurring
carbohydrates are often heterogeneous in terms of carbon chain length, fatty acid chain length, and linkage types,
creating to significant demand for the chemical synthesis of structurally well-defined 1,2-cis glycosides and for
detailed elucidation of structure-activity relationships. Despite this demand, achieving stereoselective control in
1,2-cis-glycosylation reactions remains a major challenge and a key hurdle in organic chemistry. In this context,
our laboratory has successfully developed the boron-mediated aglycon delivery (BMAD) method, which utilizes
an organoboron catalyst to stereoselectively synthesize 1,2-cis-glycosides. In this thesis, the synthesis and
structure-activity relationship studies of natural glycolipid mannosylerythritol lipid (MEL) analogues and
a-galacto-oligosaccharides (GOS) through the BMAD method are described.

The introduction provides an overview of the BMAD reaction developed in our laboratory, the chemical
structures of MEL and a-GOS, previous synthetic approaches, and their reported biological activities. In addition,
the purpose and scope of this study are outlined.

First, the synthesis of MEL analogues using the BMAD reaction is described, along with their selective
cytotoxicity against human skin cancer cells and recovery effect on damaged skin cells. MEL has attracted much
attention in recent years not only for its excellent cosmetic properties, such as surface activity and moisturizing
effect, but also for its cytotoxicity against cancer cells. In this study, four novel MEL analogues were designed
and synthesized with the aim of creating highly functional cosmeceutical materials. Among these, one analogue
exhibited particularly high biological activity, making it a promising candidate for cosmeceutical applications.
Among them, it was found that a kind of MEL analogue had high activity, making it a promising candidate for
cosmeceuticals.

Next, the total synthesis of a-galacto-oligosaccharides (GOS) using the BMAD reaction is described, along
with their immune-enhancing activity. a-GOSs are non-digestible oligosaccharides composed of different
galactose units (n) attached to the glucose moiety of sucrose via a-galactosidic bonds. These compounds are used
as functional food additives due to their immune-modulating and gut microbiota-enhancing activities. In this
study, a-GOSs with chain lengths of n=1-6 were synthesized using D-galactal and D-sucrose as starting materials,
employing the BMAD reaction as a key step to achieve the desired a-stereoselectivities in good yields. The
immune-enhancing activities of the synthesized a-GOSs were evaluated through macrophage phagocytosis assays
and cytokine production in J774.1 cells. It was revealed that a-GOS (n=2) was found to show the highest
immune-enhancing activity via toll-like receptor 4 (TLR4). These results suggest that a-GOS (n=2) could serve as
a natural immunomodulatory agent in functional foods.

Finally, the thesis concludes with a summary of the findings and discusses future research prospects.




