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Scope of Research

Our research activity focuses on the development of new molecular ~ Resource/Material Development of Metals and Carbons toward Organic Synthesis
transformations, which can contribute to better or ideal synthesis of ' . Nl ‘
functional molecules as well as to exploitation of new chemical
(metal and carbon) resources. The present research subjects are (1)
metal-catalyzed carbon—carbon and carbon—heteroatom bond form-
ing reactions by using universal metals such as iron (2) development
of small metallic nanocluster catalysts based on supramolecular
approaches (3) utilization of woody biomass as the renewable
carbon resources by mild catalytic transformations of wood mole-
cules into useful compounds and materials.
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Topics

Iron-Catalyzed Organic Synthesis

Transition-metal-catalyzed carbon—carbon and carbon—
heteroatom bond forming reactions are powerful tools for
the synthesis of functional molecules. Our group focuses
on use of iron as a catalyst, and so far developed a variety
of iron-catalyzed cross-coupling reactions, some of which
can’t be achieved by conventional transition-metal catalysts
such as palladium. As a recent representative example, we
developed the iron-catalyzed enantioselective carbometal-
ation of azabicycloalkenes (Figure 1a), which is of signifi-
cant interest due to the facile installation of four stereocen-
ters retaining the azabicyclic skelton. By the combination
of X-ray absorption spectroscopy and DFT calculation, we
proposed a catalytic cycle of diaryliron complex involving
coordination of azabicyclic alkene, olefin insertion, and
transmetalation steps (Figure 1b).
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Figure 1. Tron-catalyzed Suzuki-type cross coupling between alkyl chlo-
rides and arylboronates. (a) General reaction scheme and (b) proposed
catalytic cycle.

Supramolecular & Superatomic Catalysis

This project focuses on development of smart materials
based on synergistic effect of various metals on artificial
peptides. Based on this concept, we have developed novel
ruthenium complex bound with norvaline, which catalyze
efficient and selective oxidation of several methoxy-
benzene analogues to quinones. Now we are trying further
modification of the catalysts toward investigation of future
chemical resources.

Wood Molecular Transformation

Woody biomass is renewable and the most abundant
carbon resouce on the earth, thus expected to utilize as a
feedstock to chemicals and energy toward a sustainable
society. This project focuses on the chemical transforma-
tion of woody biomass into useful materials under mild
catalytic conditions. To achieve this purpose, we have
developed two key technologies; 1) direct transformation
of woody lignin to fluorescent molecules, 2) one-pot disin-
tegration of wood powder into nanocellulose. As a recent
representative example, we reported the development of
artificial urushi-coating materials by installing trienyl side
chains from natural linolenic acid to the bio-renewable
phenoxypropanone compounds obtained from enzymatic
degradatio of woody lignin.
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Figure 2. Artificial urushi-coating materials derived from renewable
woody lignin.
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