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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. Create new catalysts having novel structures and functions

4. Develop efficient, selective chemical transformations

5. Create 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, phosphorescent materials, organic EL device

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, Pan, K. Zhang, Guo, S. Li, T. Li, H. Zhang, Wang, Yamamoto)

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 character of the rare earth metal complexes. Recently, we have found that the THF-free
aminobenzyl scandium  complex with a  sterically demanding ligand, such as
(CsMesSiMe3)Sc(CH2CsHsNMes-0)2, in combination with an equivalent of [PhsC][B(CesF5)4l, serves as an
excellent catalyst for the cyclocopolymerization of 1,5-hexadiene (HD) with styrene to afford a new
family of polymer materials containing methylene-1,3-cyclopentane (MCP) units, vinyltetramethylene
(VTM) units and unique syndiotactic styrene—styrene sequences (Scheme 1). By use of this catalyst, the
terpolymerization of HD, styrene and ethylene has also be achieved for the first time to afford novel
cyclopolymer materials containing the five-member ring MCP units, ethylene—ethylene blocks and
syndiotactic styrene—styrene sequences. The composition of the copolymers can be controlled in a wide
range simply by changing the co-monomer feeding ratios.
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By using the (CsMesSiMe3s)Sc(CH2CsHsNMez-0)2/[PhsCl[B(CeF5)4] catalyst system, we have achieved,
for the first time, the cycloterpolymerization of 1,6-heptadiene (HPD) with styrene and ethylene to give
a new series of novel polymers, which possess syndiotactic polystyrene units, methylene-1,3-
cyclohexane (MCH) and ethylene-1,2-cyclopentane (ECP) units and ethylene units. The styrene and
HPD contents in the resulting polymers could be easily controlled in a wide range by changing the
styrene/HPD feed ratio.

Furthermore, by using two different scandium metal catalyst systems, which show syndiospecific
selectivity and excellent livingness for styrene polymerization and cis-1,4-selectvity and excellent
livingness for isoprene polymerization, respectively, in the presence of a chain-shuttling agent
(triisobutylaluminum), we have achieved for the first time the regio-, and stereospecific chain-shuttling
copolymerization of styrene, isoprene and butadiene to give unprecedented multi-block copolymers
(sPS-cis-1,4-PI-cis-1,4-PBD) with high regio- and stereoselectivity (Scheme 2).
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2. Efficient, selective organic synthesis by rare-earth and other transition metal catalysts (Hou,
Takimoto, Nishiura, Oyamada, Nemoto, L. Zhang, Guan, Song)

The development of new catalytic reactions for synthetic organic chemistry on the basis of our
original rare-earth metal complexes is also a major interest in our laboratory. By using the rare earth
catalyst having a CGC ligand, we have achieved for the first time the regioselective, direct silylation of
orthoC—H bonds of anisole derivatives (Scheme 3). The reaction smoothly proceeds without
requirement for a hydrogen acceptor to achieve high conversion. Aromatic C—X bonds (X = Cl, Br, I,
SMe, NMe2) can survive the reaction conditions. The successful isolation and structural
characterization of the anisyl complex and the hydride complex have offered important insight into the
mechanistic aspects of the catalytic process.
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We have also found that half-sandwich rare-earth dialkyl complexes such as
(CsMes)Ln(CH2CsH4NMes-0)2 (Lin = Sc, Y) in combination with an activator such as B(CsF5)s can serve
as an excellent catalyst for the orthoselective direct C—H addition of pyridines to a variety of olefins
such as 1-alkenes, styrenes, and 1,3-conjugated dienes to afford straightforwardly a series of alkylated
pyridine derivatives in an atom-economical way (Scheme 4). The addition reaction proceeds in a
regioselective manner regarding the insertion of the C-C double bond, depending on the structure of
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functionalizations with other substrates are in progress.

3. Synthesis and structure of rare earth metal polyhydride complexes (Hou, Shima, Nishiura, Cheng, S. Li, Kawai,

Chen, Hu, T. Li)

Heteromultimetallic hydride clusters containing both rare-earth and d-transition metals are of remarkable interest in
terms of both their structure and reactivity. However, such heterometallic complexes have hardly been investigated to
date because of difficulty in synthesis and structural characterization. We have carried out detailed studies on the
synthesis, X-ray and neutron diffraction, and hydrogen addition and release properties of a novel family of
rare-earth/d-transition metal heteromultimetallic polyhydride complexes of the core structure type of “LnyMH,” (Ln =
Y, Dy, Ho; M = Mo, W; n = 9, 11, 13) (Fig. 1). Monitoring of hydrogen addition to a hydride cluster such as
[{(CsMe,SiMes) Y }a(1-H)gMo(CsMes)] in a single-crystal-to-single-crystal process by X-ray diffraction has been
achieved for the first time (Fig. 2). The density functional theory (DFT) studies have revealed that the hydrogen
addition process is cooperatively assisted by the Y/Mo heteromultimetallic sites, thus offering unprecedented insight
into the hydrogen addition and release process of a metal hydride cluster.
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Fig. 2. Real time monitoring of hydrogen addition reaction to the YsMo cluster.

4. Development of new phosphorescent organometallic complexes for efficient organic EL materials (Hou,
Nishiura, Takimoto, Rai)

The heteroleptic bis(cyclometalated) (C”N) iridium(I11) complexes bearing an ancillary monoanionic ligand with a
general formula of (C*N).Ir(L) have recently attracted much interest as useful phosphorescent materials for organic
light emitting diodes (OLEDs). It has been found that for a certain bis(cyclometalated) iridium(l11) species, changing
the secondary ancillary ligands could significantly change the photo- and electrophysical properties of the resulting
complexes. However, in contrast with plenty of cyclometalating ligands developed for the phosphorescent Ir(111)
complexes, the secondary ancillary ligands suitable for such emitting complexes have been much less extensively
explored. We have recently synthesized and structrally characterized a series of heteroleptic bis(cyclometalated)
iridium(111) complex with various ancillary guanidinate ligands that could be easily prepared by the reaction of a
lithium amide with N,N’-diisopropylcarbodiimide (Scheme 6). These new Ir(l11) complexes showed intense emissions
at room temperature in the range of 528-560 nm with high quantum yields. Organic light-emitting diodes fabricated
by the use of these complexes as dopants in a CBP (N,N’-dicarbazolylbiphenyl) host showed high current efficiency
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(~137.4 cd/A) and power efficiency (~45.7 Im/W). Moreover, their EL efficiencies were insensitive to the doping
concentration in a wide range of current density. The EL emission colour could be changed in the range of green to
yellow by choosing appropriate guanidinate ligands. These good EL properties may result from the steric hindrance of
the guanidinate ligands, which could significantly reduce the intermolecular interaction of these complexes, thus
leading to the reduction of self-quenching and triplet—triplet annihilation.
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