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Key Sentences :

1. Maximize our capability of breaking and making a desired chemical bond
2. Explore and utilize the potential of untapped elements and resources

3. Develop molecular catalysts having novel structures and functions

4. Develop efficient, selective chemical transformations

5. Synthesize novel functional materials

Key Words :

organometallic chemistry, coordination chemistry, organometallic molecular catalyst, organic
synthesis, polymer synthesis, C—H bond activation and functionalization, activation and utilization of
small molecules, multi-component copolymerization, rare earth metal, polyhydride cluster, d-f
heteromultimetallics

Outline

The main objective of our research is to develop new generations of molecular catalysts, which can
facilitate new reactions that have been previously considered impossible, lead to more efficient,
selective chemical transformations, or create novel functional materials that can not be prepared by
previous means. The primary focus of our research is the development of our original catalysts. We
have paid special attention to rare earth elements (group 3 and lanthanide metals), as we believe that
the exploration of the potential of untapped elements is an important strategy for the development of
new catalysts that are complementary or superior to the existing ones. Our research interests span
broad areas of organometallic chemistry, ranging from the preparation, structural characterization,
and reactivity study of metal complexes having novel structures to the design, synthesis, and
application of organometallic catalysts for precision polymerization, fine-chemicals synthesis, small
molecule activation and utilization, and materials innovation.

1. Regio- and stereospecific polymerization and copolymerization by organo rare-earth catalysts (Hou,
Nishiura, Shi, H. Wang, Yamamoto, Nishii)

Aiming towards the creation of novel high-performance polymer materials, a part of our research
programs focuses on developing highly active and selective polymerization catalysts on the basis of the
unique characters of rare earth metal complexes. The polymerization of styrene in the presence of
various anisole derivatives has been examined by using the half-sandwich scandium diaminobenzyl
complex (CsMesSiMes)Sc(CH2CsHsNMez2-0)2 (1-Se) with borate [PhsCl[B(CsF5)al. The syndiospecific
chain transfer polymerization of styrene proceeded efficiently via the orthoC-H bond activation of
anisoles, affording the corresponding end-ortho anisyl-functionalized syndiotactic polystyrenes. The
molecular weight of the resulting polymers could be controlled in a wide range by changing the
styrene/anisole feeding ratio. Propenyl, and halogen (F, Cl, Br and I) substituents on the anisole
compounds are compatible with the present catalyst system, thus enabling easy introduction of
unsaturated C=C double bond or halogen moieties together with the anisole functionality to the

chain-end of syndiotactic polystyrene.
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2. Catalytic C—H activation for organic synthesis (Hou, Nishiura, Ma, Yong Luo, Nako)

Pyridine units are important heterocyclic structural motifs which exist widely in biologically active
natural products, pharmaceuticals, ligands, and functional materials. We previously reported that
half-sandwich rare—earth alkyls can serve as efficient catalysts for the ortho-C—H addition of
pyridines to various l-alkenes, which afforded the corresponding alkylated pyridines bearing a
branched alkyl side chain with excellent regio— and enanitioselectivity. In this fiscal year, we examined
the use of rare-earth catalysts for the C—H bond addition of pyridines to allenes, which was difficult by
other previously existing catalysts. We found that the half-sandwich scandium complex 1-Sc¢ in
combination with [PhsC][B(CsF5)4] can serve as an excellent catalyst for the regio— and stereoselective
C-H bond addition of pyridines to terminal allenes (Scheme 2), leading to formation of the
corresponding alkenylated products. These results represented the first example of catalytic addition of
pyridines to allenes as well as an atom—efficient route to alkenyl pyridine derivatives, which were
difficult to synthesize previously. This protocol features high yields, excellent regio— and
stereoselectivity, and good functional group tolerability. Further studies to explore the potential
rare—earth catalysts for other transformation involving C—H activation are in progress.
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3. Activation and Utilization of Unreactive Small Molecules by Organometallic Catalysts (Hou, Takimoto, Shima,
Kamiguchi, Zhang, B. Wang, Carry, Yi Luo)

Carbon dioxide (CO2) is a naturally abundant, readily available, inherently renewable carbon
resource. Thus, the use of CO2 as a chemical feedstock has attracted much current interest. Our
research group has been working on the transition metal-catalyzed synthetic reactions using COz as a
C1 building block and we previously reported that N-heterocyclic carbene (NHC) copper(I) complexes
can serve as an excellent catalyst for the carboxylation of various substrates. In this fiscal year, we
examined the Cu—catalyzed carboxylation of ynamides, which are a class of alkynes bearing an amide
group directly connected to a C—C triple bond, to synthesize a,p—dehydro—a—amino acid (DHAA)
derivatives. DHAAs are important class of components found in several biologically active natural
products and can serve as useful intermediates to synthesize non—natural amino acids. In this study,
we found that [(IPr)CuCl] (2-Cu) can serve as an efficient catalyst for the alkylative carboxylation of
ynamides with COz and dialkylzinc reagents. In the presence of a catalytic amount of 2—Cu, the
addition of ReZn and COgz onto alkyne moiety of ynamides smoothly proceeds in highly regio- and
stereoselective manner to give the corresponding alkylative carboxylation products bearing a skeleton
of B,p-disubstituted o,B-dehydro-o-amino acid (Scheme 3). In this system, both cyclic and acyclic
ynamides can be used as the substrate. In contrast to the previously reported catalysts, the present
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catalyst system can use dialkylzinc reagents bearing a B-hydrogen atom, such as Et2Zn and BusZn, to
obtain the desired alkylated product despite the potential for B-hydride elimination.
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We are also investigating the synthesis of various organometallic complexes bearing unique

structures and studying their utility as the catalysts in activation of CO, Ng, and other unreactive
small molecules.
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