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The laboratory focuses on 1) the development of breakthrough synthetic processes and 2) the creation of new material science
based on synthetic organic chemistry, physical chemistry, and computational chemistry.

1) Tools for chemo-, regio- and stereo-selective introduction of various functional groups onto organic molecules are still limited
in their applicability. One of our projects aims to provide a novel approach to functionalizing organic compounds by means of
development of the chemistry of newly designed ate complexes. Success in this project will provide a powerful tool for designing
and creating new functionalized molecules.

2) The laboratory pursues various lines of scientific exploration surrounding elements chemistry, including organometalic
chemistry, organic chemistry, macromolecular chemistry, spectroscopy, theoretical chemistry, and biochemistry. This project
aims to figure out unexplained phenomena and to open a new window onto material science at the initiative of chemistry.

1. Design of New Ate Complexes and Their Practical Application for Organic Synthesis

(1) Synthesis of Aromatic Metal Species
Organometal compounds have been widely used both in industrial and laboratory synthetic chemistry, serving as polymer
synthesis catalysts, Lewis acid reagents, and organic synthetic building blocks. As demonstrated by recent developments,
organometal species have become extremely important synthetic intermediates in the formation of carbon—carbon and
carbon—heteroatom bonds, especially in aliphatic chemistry. Therefore, aromatic metal compounds should be potentially
attractive as functional materials and synthetic building blocks. However, aromatic metal chemistry has not been well
developed, simply because of the poor synthetic availability of these systems. A conventional preparative method for aromatic
metal compounds has been the transmetalation of aryllithium or aryl Grignard reagents. This method, however, suffers from
the limited compatibility of functional groups on aromatic rings with intermediary ArLi or ArMgX species, or their precursors
(alkyllithiums or alkyl Grignard reagents), which are too highly reactive towards various electronegative functional groups,
such as halogen, amide, and cyano groups and n-deficient heterocycles. Hydro- or carbo-metalation, which is known to be a
powerful preparative method in aliphatic chemistry, is ineffective for aromatics because of the structural limitations of benzene
rings.
To overcome the preparative limitation of aromatic aluminums discussed above, we recently reported that the direct regio- and
chemoselective generation of functionalized aromatic zinc and aluminum compounds was achieved by developing novel zinc
and aluminum ate bases, respectively.

(2) Development of Novel Silyl-metalation Reactions
Organosilyl compounds exhibit unique structural, electronic, optical, and chemical properties. It is these properties that make
these compounds so attractive to researchers and they are used in various ways in material sciences, biotechnology, and
organic synthesis.
The challenge for organic chemists is the selective synthesis of specific organosilyl compounds which also contain other reactive
groups. To date, only a few practical methods have been developed. A new, simple synthetic method to selectively prepare
compounds containing carbon-silicon bonds by using dianion-type organosilyl zinc ate complexes has been developed. This new
method treats alkenes, simple carbon-carbon double bonds, with complex catalysts containing silicon-zinc bonds to give the
organosilyl compound. In the reaction, the silicon atom adds preferentially to the very end of the double bond and where there
are two carbon-carbon double bonds in a molecule only the terminal one reacts leaving the other intact. This means that a
range of starting compounds can be used. The method can also be modified to give compounds that have other functional groups
adjacent to the silicon atom.

2. Computational Chemistry

(1) The origin of differences in selectivity between two types of bimetallic reagent, Zincates and Alkyllithiums
A theoretical study has revealed the origin of differences in selectivity of a chemical reaction between two types of bimetallic
reagents, zincates and alkyllithiums. For decades, the choice of catalyst for a successful organometallic reaction has depended
on which reactive group components were on the starting material. Moreover, a complete understanding of some of the
difficulties encountered and of the underlying reaction mechanisms was lacking in many cases. Our group, which includes
collaboration with Keiji Morokuma from Emory University, US, and Kyoto University, use a computational model that
provides a rationale for the differences in the mechanisms between the two bimetallic reagents studied.

These differences have implications for chemists wishing to develop better methods for improved reactivity and selectivity. The
teams’ work also gives an insight into why reactions sometimes result in a product containing two metal atoms as opposed to
one. Our research emphasizes the importance of applying established theoretical methods to rational catalyst design. We
understand that traditional approaches to design new reactions based on past experiences, or trial and error, are often
expensive and time-consuming. We believe a dual approach combining the benefits of theoretical and experimental chemistry
should be encouraged: an approach that will result in breakthrough synthetic processes, use fewer chemicals and be more cost
effective.

3. Design of Functional Dye Complexes and Analysis of Their Properties
(1) Development of synthetic methods for new dye complexes combined with functional aromatic units
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It is well known that compounds such as cyclophanes, biphenyls, ferrocences and azulenes are aromatic molecules with various
functionalities. In our laboratory, novel dye molecules with these functional units have been designed, and the methods for
synthesizing these materials were developed.

(2) Analysis of the spectroscopic properties of dye assemblies
The spectroscopic properties of dye molecules are often affected when the dyes are assembled. Since interactions between dyes
play an important role in light-harvesting in photosynthetic systems and origin of color of flowers, we have analyzed
synthesized dye oligomers, as well as naturally-occurring dye assemblies, by means of physicochemical and computational
techniques.
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