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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, 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. A series of half-sandwich fluorenyl (Flu) scandium
dialkyl complexes [(Flu)Sc(CH:2SiMes)2(THF)] (Flu = CisHo, 2,7-Bu2CisH7, 9-SiMesCisHs,
2,7-Buz-9-SiMesC13Hs) have been synthesized and their catalytic activities for polymerization were
examined (Scheme 1). In comparison with the cyclopentadienyl ligated catalyst system
[(C5sMesSiMes)Sc(CH2SiMes)2(THF))/[PhsCl[B(C6F5)4]l, the combination of fluorenyl-ligated
complexes and [PhsC][B(CsF5)4] show
relatively low activities, albeit with Schemel

similar syndiospecificity for styrene R2 T 2 . -
polymerization and styrene—ethylene i QQ Ry g _ N ."" _,-;;'/%%H
copolymerization. However, on sc. AlBuy 7 D :“- e .\"‘ ,H:“,
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without changes in the P e > 90% »—
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and then, THF-free cationic species 9.6 x 10° g of copolymer/mols.hatm

sPS content around 17-80 mol%
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[(F1u)Sc(CH2SiMes)] [B(CsF5)4] with less steric hindrance around the metal center is generated in the
presence of [PhsC][B(C6F5)4l. The DFT calculation results should shed new light on improving catalyst
performance and designing novel, excellent molecular catalysts for precise olefin polymerization.

2. Efficient, selective organic synthesis by rare-earth and other transition metal catalysts (Hou,
Takimoto, Nishiura, Oyamada, Kawai, 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. We have found that
cationic half-sandwich rare-earth alkyl complexes, generated from the reaction of the dialkyl complexes
[(C5Mes)Ln(CH2CsH4NMez-0)2] (Ln = Sc, Y, Gd) with an equivalent of [Ph3C][B(CsF5)4], can serve as
unique catalysts for C—H alkylation of anisoles with various olefins such as styrenes and 1-alkenes
(Scheme 2). The alkylation of anisole took place only at an ortho C—H bond through the coordination of
a methoxy group to the catalyst, affording an ortho mono-alkylated anisole. This is the first example of
catalytic, ortho C—H alkylation of anisole. Anisole derivatives with functional groups such as halides
and allyl group are compatible. On the other hand, 2-methylanisole which has an ortho methyl group
underwent alkylation at the ortho benzylic C—H bond rather than at the ortho aromatic C—H bond.
Similarly, alkylation of 2,4,6-trimethylanisole having a methyl group at para position also took place
only at orthobenzylic C—H bonds, suggesting that the coordination of the methoxy group to the catalyst
is essential. Studies on further application of the catalytic C—H activation/insertion process are in

progress.
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3. Synthesis, structure and reactivity of multinuclear rare-earth complexes (Hou, Shima, Nishiura,
Cheng, Hu, Li)

Metal carbene and alkylidene complexes have been extensively studied in the past decades due to
growing demand for their unique reactivity in synthetic applications. We reported the synthesis and
characterization of the first cubane-type rare-earth methylidene complexes, which were given by the
reaction of half-sandwich rare-earth dialkyl complexes (Ln = Tm, Lu) with 1 equivalent of AlMes. This
reaction mechanism for cubic structure formation can be clearly explained by X-ray diffraction study.
An 1nitial study of reactivity showed that these cubane-type methylidene complexes carried out Wittig
type reaction with carbonyl compounds to give the corresponding alkenes and oxo complexes. On the
results of further investigation of reactivity, we have also reported that the reactions of cubane-type
lutetium complex with various unsaturated substrates gave the particular products with structural
changes as shown in Scheme 3. The reaction with CO gave the ketene dianion/methylidene complex
through insertion of two molecules of CO. Carbodiimide and isothiocyanate showed the similar
reactivity to give ethylene diamido or ethylene amido thiolato complexes through insertion of one
molecule of substrate. The reaction with isocyanate gave the malonodiimidate complex through
insertion of four molecules of isocyanate. On the basis of these unique reactions, we are now studying
on their application to catalytic reactions, which should be useful methods in organic synthesis.
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Polynuclear rare-earth metal hydrides are among the most reactive organometallic compounds,
which play an important role in various molecular transformations. Particularly, terminal hydrides on
rare-earth metal would be expected to carry out various unique reactions. However most of the
polynuclear rare-earth metal hydride species easily form the bridging hydrides affording stabilized
polynuclear complexes due to the steric unsaturation and electric deficiency of the rare-earth metal
ions. We have recently reported the first synthesis of binuclear rare earth metal tetrahydride
complexes containing one terminal hydride and three bridging hydride ligands, which can be given by
the hydrogenolysis of the rare-earth dialkyl complexes bearing an amidinate ancillary ligand (Scheme
4). This terminal hydride obviously showed higher reactivity than the bridging hydride and readily
carried out C-O bond cleavage and 1,2-addition to CEN and C=C triple bond under mild conditions.
Further studies on the reactivity of these new hydride complexes are in progress.
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4. Development of new phosphorescent organometallic complexes for efficient organic EL materials
(Hou, Nishiura, Takimoto, Rai)

The heteroleptic iridium(III) complexes bearing various cyclometalated ligands can be used as more
useful phosphorescent materials for organic light emitting diodes (OLEDs) than the homoleptic
iridium(III) complexes such a [Ir(ppy)sl. We already reported that novel iridium(III) complexes bearing
guanidinate ligand [Ir(ppy)2(guanidinate)] showed phosphorescence emission in high quantum yields,
current efficiency, and power efficiency. In addition, these EL spectra were independent of the doping
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concentration and the applied voltage. However, the range of emission color given by
[(Ir(ppy)2(guanidinate)] complex was still quite narrow. To resolve this problem, we examined next tried
to synthesize novel complexes by introducing modifications to phenyl pyridine ligand on
[(Ir(ppy)2(guanidinate)] complex and to investigate the properties of phosphorescence emission (Scheme
5). The novel complexes were given by the reaction of lithium guanidinate salts and the corresponding
dimeric iridium complexes in high yields (65-85%). These complexes showed wide visible light emission
from bluish-green to red (505-655 nm) in high quantum yields without any loss of efficiency by the
modification. And also, these complexes worked at high current density (20 mA cm™2), which is a
practical current density for passive matrix OLEDs. These excellent EL properties should be desirable
for the practical use.
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