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Main Research
Projects

® Development of practical organic synthesis methods

In recent years, demand has grown for the development of environmentally
friendly organic synthesis methods from the perspective of green chemistry.
Accordingly, we have been working to develop chemical reactions that pose less
of a burden on the environment. We successfully realized a carbon-carbon bond
formation reaction under mild conditions by using heterogeneous Pd catalysts
(Pd/C). This reaction does not require the use of expensive and toxic ligands,
which are essential in conventional reactions, and it is possible to quantitatively
recover the Pd/C for reuse. We have also successfully developed fibron-supported
catalysts (Pd/Fib; fibron is the main component of silk) as well as polymer-
supported copper catalysts with a reduced amount of metal (Cu/HP20). Cu/HP20
can be used for Cu-catalyzed azide-alkyne cycloaddition (CuAAC). During
development of Cu/HP20, we found that terminal alkynes with heteroatoms at
the adjacent position of the ethynyl group react efficiently with azides. Based on
this finding, we developed several terminal alkyne probes suitable for the CuAAC
reaction and synthesized them using simple methods. Furthermore, we have also
succeeded in developing a novel azidomethylation reaction that allows the direct
introduction of azidomethyl groups into compounds.

@ Creation of useful technologies leading to the discovery of

oligonucleotide therapeutics

Oligonucleotide therapeutics, which are based on nucleic acid oligomers, are the
focus of intensive development efforts because they can target molecules such
as mMRNA that are impossible to target using conventional small molecules and
antibodies. Short interfering RNAs (siRNAs) and microRNAs, which are short
functional RNAs, are of particular clinical interest because they suppress gene
expression in a sequence-specific manner. We have found that the use of
chemically modified nucleic acids or chemical modification of two overhang
nucleotides at the 3' end of siRNAs or miRNAs can overcome problems such as
degradation by endogenous enzymes and suppression of off-target genes (the
off-target effect). We are also working to develop simple chemical modification
methods for nucleic acid oligomers. Using terminal alkynes that can be introduced
into nucleic acid oligomers, we successfully developed ligand-free rapid CuAAC,
which can be used to prepare PET probes for the pharmacokinetic analysis of
nucleic acid oligomers. This reaction does not require ligands, which are essential
for conventional reactions, and it proceeds rapidly at room temperature and can
be used to chemically modify any nucleic acid oligomers in both DNA and RNA.
Based on these findings, we are working to uncover novel functional nucleic acids
and develop practical synthetic methods for nucleic acid oligomers.

3 Design and synthesis of drug candidates with diversity-oriented

synthesis in mind

Conventionally, drugs are synthesized mainly through sequential addition of
component raw materials (linear synthesis). However, when preparing drugs
with complex structures, this approach is expensive and labor-intensive. Thus,
diversity-oriented synthesis methods that produce target compounds by
assembling pre-synthesized intermediates (convergent synthesis) have been
attracting increasing attention. Convergent synthesis can produce target
compounds more efficiently than linear synthesis and also enables the creation
of novel derivatives that were previously impossible to synthesize. We
successfully developed a practical convergence method for complete synthesis of
macrolide antibiotics, which was difficult to achieve in the past due to their
structural complexity, and synthesized more than 300 novel macrolide
antibiotics, including solithromycin (a clinical candidate compound). With the aim
of developing revolutionary new drugs, we are designing and synthesizing
candidate compounds that can be produced via diversity-oriented synthesis using
highly chemoselective reactions (e.g., CuAAC) in the last step of synthetic
process.
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