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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. Novel catalysts
can facilitate novel reactions that have been previously considered impossible, lead to more efficient,
selective chemical transformations, and can also help us to make novel functional materials that can
not be made 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, H. 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 a combination of a
half-sandwich scandium complex (CsMesSiMes)Sc(CH2SiMes)2:(THF) with [PhsC][B(CeF5)4] can serve as
a excellent catalyst system for the polymerization of 1,3-cyclohexadiene (CHD) and its
copolymerization with ethylene (Scheme 1). The homopolymerization of CHD afforded soluble
crystalline cis1,4-1linked poly(CHD)s with very high stereoselectivity (tacticity up to 99 mol%). The
copolymerization of CHD with ethylene gave the corresponding copolymers with a wide range of CHD
contents (10-67 mol%) in a regio- and stereospecific 1,4-cis fashion.
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By using the (CsMesCsHsOMe-0)Sc(CH2SiMes)o/[PhMesNH][B(CsF5)4l catalyst system, we have
achieved the unprecedented living, syndiospecific block copolymerization of styrene and caprolactone
(CL) via a sequential copolymerization process (Scheme 2). The structure (block length) of the resulting
block copolymers can be easily controlled by adjusting the reaction conditions, such as monomer feed
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concentration and reaction time. This synthetic method represents the first example of sequential
synthesis of well-defined A-B type syndiospecific styrene-caprolactone diblock copolymers, which
containing a hard, nonpolar sPS block and a polar PCL sequence. The sPS-PCL block copolymers
showed excellent mechanical properties, with tensile strength (up to 51.4 MPa) and flexibility
(elongation at break up to 1359%) being much higher than those of the homopolymers or their blend.

Furthermore, by using the cationic half-sandwich aminobenzyl scandium complexes, we have
achieved for the first time the terplymerization of 1,5-hexadiene (or 1,6-heptadiene) with styrene and
ethylene to give the corresponding copolymers which possess syndiotactic styrene units, cyclopentyl (or
cyclohexyl) units and terminal C=C double bond units. The contents of styrene content and the
non-conjugated dienes in the resulting terpolymers could be easily controlled in a wide range by
changing the styrene/diene feed ratio under 1 atm of ethylene.

Scheme 2

=% 0

|

Me;SiCH /SEI"OMe 3 Q

- €912 o siMe, Wﬁf\/\/\/o\}

Ph 2n m
Ph Ph

[PhMe;NH][B(CgFs)4]

2. Efficient, selective organic synthesis by rare-earth and transition metal catalysts (Hou, Takimoto,
Nishiura, Oyamada, J. Wang, L. Zhang, Guan)

The use of carbon dioxide (CO2) as a C1 building block for chemical synthesis is of much importance
and interest, not only because of the value of the products but also because of its potential contribution
to the reduction of the greenhouse gas. We have previously reported that N-heterocyclic carbene
copper(I) complexes can serve as an excellent catalyst for the carboxylation of alkenyl- and arylboronic
esters under an atmosphere of COz. Recently, we found that this Cu catalyst could efficiently work for
the direct carboxylation of aromatic heterocyclic C-H bonds of benzoxazole derivatives under the
atmosphere of CO2 (Scheme 3). The catalytic CO2 incorporation reaction proceeds under mild
conditions and various functional group (halogen, nitro group, ester group, nitro group etc) could be
compatible with the reaction conditions. This novel catalytic protocol offers an economical and
environmentally benign process for the synthesis of heterocyclic carboxylic acids. Moreover, some key
reaction intermediates such as a benzoxazolylcopper complex (Scheme 3) and its subsequent CO2
insertion product have been isolated and structurally characterized, thus proving clear insight into the
mechanistic details. Further studies on catalytic fixation of COz with other substrates are under
progress.
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By using the rare earth catalyst having a CGC ligand, we have achieved for the first time the
regioselective, direct silylation of ortho-C-H bonds of anisole derivatives. We have also found that the
combination of a half-sandwich scandium dialkyl complex with [PhsC][B(CsF5)4] can serve as a highly
efficient catalyst system for the carbozincation of internal alkynes and the C-H bond alkylation of
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anisole and aniline derivatives with alkenes and styrenes.

3. Synthesis and structure of rare earth metal polyhydride complexes (Hou, Nishiura, Shima, Cheng, Kawai,
Y anagi, Chen, Hu)

There is currently intense interest in the synthesis and reactivity of rare earth metal polyhydride complexes
consisting of the dihydride species “(L)LnH," with one ancillary ligand per metal, because of their fascinating
structure and reactivity, which are remarkably different from those of their monohydride relatives “(L).LnH".
Previously, we have reported the synthesis, structure and reactivity of the CsMesSiMes-ligated tetrnuclear
rrae-earth polyhydride complexes. Recently, by using the half-sandwich bis(aminobenzyl) complexes
[(CsMeR)LN(CH,CsHsNMe-0),] (LN =S¢, Y, La~Lu; R = SiMes, Me, Et, H) to react with H, or PhSiH3 in different
solvent, we have synthesized a new series of tetra-, penta-, and hexanuclear rare earth metal polyhydride complexes

(Scheme 4).
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We have also achieved the synthesis of bis(phosphinophenyl)amido-ligated rare earth polyhydride complexes
[(Me-PNP™)LnH,]5 (Me-PNP™ = {4-Me-2-('Pr,P)-CgHs} oN); Ln =Y, Lu) by the hydrogenolysis of rare earth metal
dialkyl complexes (Scheme 5). The cationic binuclear trihydride complexes [(Me-PNP™),Ln,Hs(THF),][BPh4] have
also obtained for the first time (Scheme 5).
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4. Development of new phosphorescent organometallic complexes for efficient organic EL materials (Hou,
Nishiura, Takimoto, Rai)

The heteroleptic bis(cyclometalated) (C*N) iridium(l11) complexes bearing an ancillary monoanionic ligand with a
general formula of (C*N).lr(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
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complexes. However, in contrast with plenty of cyclometalating ligands developed for the phosphorescent Ir(I11)
complexes, the secondary ancillary ligands suitable for such emitting complexes have been much less extensively
explored. We have recently synthesized and structrally characterized a novel 2,2'-dipyridylamido (dpa)-supported
bis(cyclometalated) iridium(l11) complex [Ir(ppy)2(dpa)] (ppy = o-(2-pyridyl)phenyl), which represents the first
example of a neutral bis(cyclometalated) iridium(l11) complex bearing an ancillary 2,2'-dipyridylamido (dpa) ligand
(Scheme 6). This compound can be easily sublimed in vacuum for OLED fabrication, and shows intense green
€l ectroluminescence with high current efficiency (123.5 cd/A) and high power efficiency (43.2 Im/W).
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