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[Purpose and Background of the Research]

The development of new catalysts for more
efficient, selective chemical transformations and for
the creation of novel functional materials has been
and will remain a long-standing important research
subject, in view of the increasing concerns about
energy and environment issues and the sustainable
development of our society. On the basis of our
previous studies on half-sandwich metal complexes,
in this research we focus on the synthesis,
structural  characterization, and  reactivity
exploration of a new series of cationic alkyl
complexes and polyhydride complexes bearing
monocyclopentadienyl ligands, aiming at the
development of a new generation of molecular

catalysts for the activation and transformation of

dinitrogen (N3), the carbon-carbon bond cleavage

and asymmetric hydrogenation of aromatic
compounds, and the synthesis of new functional
polymer materials showing unique chemical,
physical, thermal, mechanical and optical
properties.

[Research Methods]

At first, we will synthesize a new series of
half-sandwich multialkyl complexes of rare earth
and group 4 transition metals bearing various
monocyclopentadienyl ligands and then transform
them into the cationic species by treatment with
appropriate borate compounds. The catalytic
activity and selectivity of the cationic alkyl species
for various transformations, such as the synthesis
of functionalized polyolefins and asymmetric C-H
bond alkylation of aromatic compounds with
alkenes, will be examined. These examinations
will led to better understanding of the catalyst
structure-performance relation and offer
guidelines for the design of more efficient and
more selective catalysts. We will also synthesize
various multimetallic polyhydride complexes by
the hydrogenolysis of the half-sandwich multialkyl
complexes and examine their reactivity for the
activation and transformation of dinitrogen and
aromatic carbon-carbon bonds. Finally, we will
design and synthesize new ligand systems for the
immobilization of half-sandwich metal active

species to achieve efficient chemical

transformations.
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[Expected Research Achievements and

Scientific Significance]

The half-sandwich metal multialkyl complexes
and polyhydride complexes developed in this
research are expected to show unprecedented
activity and selectivity in various chemical
transformations such as the synthesis of
functionalized polyolefins, asymmetric alkylation
of aromatic C-H Dbonds, activation and
transformation of dinitrogen and aromatic
carbon-carbon skeletons. The half-sandwich
multialkyl and polyhydride complexes
immobilized on mesoporous structures could work
as unique catalysts showing the advantages of
both homogeneous and heterogeneous catalyst
systems. This research could make significant
contributions to the development of synthetic

chemistry, and open a new avenue In
organometallic  chemistry and  molecular
catalysis.
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