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The objective of this research group is the
development of novel reactions that will generate
novel strategies for creation of new functional
materials. To this end, we are studying the behavior of
molecules of complex electronic and structural
properties such as organozinc compounds and
organofunctionalized fullerenes.

(1) “Generation of novel organozinc species and its
application to multi-component coupling
reactions’

Generation of novel organometallic species provides
an opportunity to find out new molecular transformations,
which cannot be achieved by conventional synthetic
reactions. We recently found a trimethylenemethane
species (TMM), an open-shell reactive intermediate,
undergoes facile addition of a polar organometallic
reagent such as an organozinc reagent to generate a
highly nucleophilic alylic zinc reagent A. This new
finding led us to develop a novel three-component
coupling reaction, in which a TMM precursor, a
dialkylzinc compound and a carbonyl compound react to
afford afunctionalized acetal in a highly efficient manner
(eq 1). A gem-Zn/B diorganometallic species B has been
synthesized by the addition of an alylic zinc reagent to a
vinyl boronate compound. This novel organometallic
intermediate can aso be utilized for a onepot
three-component coupling reaction, which provide a new
access to organoborane compounds of a broad range of
structural diversity.
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(2) “Theoretical studies of reaction pathways of
transition metal-catalyzed reactions’

Understanding the reaction mechanism of
organometallic cluster catalyzed synthetic reactions
has been an important issue in recent organic
chemistry. We carried out density functional studies
of the Pauson-Khand reaction, which represents a
one-step Co,(CO)g-catalyzed synthesis of a

cyclopentenone ring derivative through [2+2+1]
assembly of an akene, and akyne, and carbon
monoxide. We successfully elucidated the reaction
pathway and a stereo- and regio-chemistry
determining step of this reaction We also performed
theoretical studies on a carbocupration reaction, and
showed the importance of cooperative effects of a
cationic bridging moiety and solvent. These studies
provided guiding principles for designing synthetic
reactions.
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(3) “Molecular assembly of organofullerenes”

On the basis of recent developments in our
laboratories, we designed and synthesized several
functional fullerene molecules. We have shown that the
water-miscible organofullerenes can be utilized as
valuable functiona materials. For instance, we
discovered the formation of the molecular assemblies in
water. With appropriate molecular design, the molecules
form bilayer vesicles. The new materials based on the
fullerene assembly, such as vesicles and membranes, will
find applications in various interdisciplinary areas of
research.
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