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Our research interests cover broad areas of organometallic chemistry, which include synthesis of new complexes having
novel structures, development of more efficient, more selective catalysts for olefin polymerization and organic synthesis,
and exploration of new chemical transformation processes by use of organometallic compounds. Much of our work lies at
the interfaces between inorganic, organic, polymer and material chemistries. Researchers in this laboratory have access to
the state-of-the-art inert atmosphere workstations and other modern facilities for organometallic and related researches.

1. New single-site catalysts for regio- and stereospecific olefin polymerization and copolymerization

(1) Random terpolymerization of norbornene, ethylene, and styrene
The [Cp’Sc(CH2SiMe3)2(thf)]/[PhsC]l[B(CsF5)s] combination did not copolymerize styrene and norbornene, which yielded
only homopolystyrene in the presence of both monomers. In contrast, the random terpolymerization of ethylene, styrene,
and norbornene took place rapidly under the coexistence of the three monomers. By changing the norbornene/styrene feed
ratios under 1 atm of ethylene, the corresponding terpolymers with styrene contents of 7-53 mol% and norbornene contents
of 7-27 mol% could be easily prepared. The high and controllable incorporation of styrene in the present terpolymerizations
is particularly noteworthy, and is in striking contrast with what was observed for the only previously reported titanium
catalyst for the terpolymerization of ethylene, styrene, and norbornene, in which the maximum incorporation of styrene
was less than 3 mol%.

(2) Polymerization of 1-hexene and copolymerization of 1-hexene with ethylene
The combination of the half-sandwich scandium bis(alkyl) complexes [Cp’Sc(CH2SiMes)2(thf)] (Cp’ = CsMesSiMes) with 1
equiv. of [PhsC][B(CsF5)4] showed high activity for the polymerization of 1-hexene. The average number molecular weight
(M) of the polymers obtained at room temperature was rather low (M, = 4800-5800), and was independent of the amount
of monomer consumed. However, when the polymerization was carried out at low temperatures, the molecular weight of
the resulting polymers increased dramatically, and reached as high as 332.5 X 102 at -40 °C. This catalyst system also
showed high activity for the copolymerization of 1-hexene with ethylene to produce ethylene/1-hexene copolymers. The
activity of the present catalyst system for the copolymerization of 1-hexene with ethylene could reach as high as ca.2.3 x
103 kg/(mol-Sc-atm'h) at room temperature, which ranks the highest ever reported for a rare earth metal catalyst for
ethylene—1-hexene copolymerization, and could be compared with those reported for the most active group 4 metal
catalysts.

(3) Living cis1,4-polymerization and copolymerization of isoprene and butadiene
A cationic rare earth metal alkyl species bearing a PNP ancillary ligand, generated by treatment of the corresponding
dialkyl complexes [(PNPPh)Y(CH2SiMes)o(thf)] (PNPPR = (2-PhePCsH4)2N) with one equivalent of a borate compound, such
as [PhMesNH][B(CeF5)4l, can serve as an excellent catalyst for the living cis-1,4 polymerization of butadiene and living
cis-1,4 copolymerization of isoprene and butadiene as well as for the living cis 1,4 polymerization isoprene. This system
affords, for the first time, polyisoprene, polybutadiene, and poly(isoprene-butadiene) with both an extremely high cis-1,4
content (ca. 99%) and an extremely narrow molecular-weight distribution (Ms/Mx=1.13).

(4) Cationic polyhydrido rare earth metal complexes. Synthesis, structure, and catalysis in 1,3-cyclohexadiene

polymerization
The reaction of neutral rare-earth—hydride clusters [(Cp’Y)4Hs(thf).] (Cp’ = CsMesSiMes; n= 0 (1a), 1 (1b), 2 (1c)) with one
equivalent of a borate compound such as [PhsC]l[B(CsFs)a] gave the corresponding cationic polyhydrido complexes
[(CpY)sH7{B(CsF5)4}] (2a) or [(Cp’Y)sH7(thf) | [B(C6F5)4l (n=1 (2b), 2 (2c)). The cationic complex 2a and 2b showed very high
activity for the polymerization of ethylene (ca.103 kg/mol-Y-h-atm) and syndiospecific polymerization of styrene (ca. 10
kg/mol-Y-h, rrrr>99%). More remarkably, these cationic complexes 2a and 2b (either isolated or generated in situ) showed
excellent regio- and stereoselectivity for the polymerization of CHD (1,3-cyclohexadiene), which afforded almost pure
cis'1,4-poly(CHD) (1,4 selectivity: 100%; cis selectivity:99%). The bis-thf adduct 2¢ did not show polymerization activity
under the same conditions. In addition to Y, analogous rare-earth metal clusters, such as those of Gd, Dy, Ho, Er, Tm, and
Lu, were also effective catalysts for the cis-1,4-selective polymerization of CHD under similar conditions. Moreover, a
significant influence of the ionic radius of the rare-earth metal centers on the catalytic activity was observed, that is, an
increase of the ionic radius led to an almost linear increase in the catalytic activity among the metals examined.

(5) Rare earth metal bis(alkyl) complexes bearing a monodentate arylamido ancillary ligand
The acid-base reaction of [Ln(CH2SiMes)s(thf)o] with 1 equivalent of 2,6-PraCéHsNH(SiMes) afforded straightforwardly the
corresponding mono-amido-ligated rare earth metal bis(alkyl) complexes [{12,6-Pr2CéHsN(SiMes)} Ln(CH2SiMes)2(thf)] (Ln =
Sc (1), Y (2), Ho (3), Lu (4), which represent rare examples of the bis(alkyl) rare earth metal complexes bearing a
monodentate anionic ancillary ligand. In the case of a larger metal such as Gd, further reactions (intramolecular C-H
activation and ligand redistribution) took place to give the bimetallic complex [Gda(x-CH2SiMeaNCeHs/Pro-2,6)s(thf)s] (5).
Complexes 1-5 were structurally characterized by X-ray analyses. On treatment with 1 equiv. of [PhsCl[B(CsF5)4] in
toluene, complexes 1-4 served as active catalysts for the living polymerization of isoprene at room temperature. The
combination of the Sc complex 1 with [PhsC][B(CsF5)4] showed high activity also for the polymerization of 1-hexene and
styrene. The active catalyst species in the present polymerization systems might be a cationic, THF-free,
mono-amido-ligated rare earth metal alkyl species, such as [{2,6-PrsCsHsN(SiMes)}Sc(CH2SiMe3)[B(CsF5)s]l or its
mono-THF-coordinated analogue.

(6) Computational study on alkene insertion into the metal-alkyl bond of a cationic binuclear yttrium complex
The insertion reactions of isoprene and ethylene into the Y-CH2SiH3s bond of a cationic binuclear yttrium complex
[{H2Si(CsH4)(1rPMe)Y}2(CH2SiH3)]* are computationally investigated by use of the hybrid B3LYP density functional
method. It has been found that these insertion reactions take place via a kinetically preferable five-center transition state
rather than a conventional four-center transition state that is well known for the mononuclear-complex-catalyzed alkene
insertion reactions. The cooperative bonding of the two metal centers to an alkene moiety plays an important role for the
stabilization of the five-center transition state in the present system.



2. New organometallic catalysts for efficient organic synthesis

(1) Catalytic addition of secondary amines to carbodiimides by a half-sandwich yttrium complex
The catalytic addition of secondary amines HNRR' to carbodiimides R"N=C=NR" has been achieved by use of an yttrium
half-sandwich alkyl complex [{Me2Si(CsMes)(NPh)}Y(CH2SiMes)(thf)2], which offers a straightforward, atom-economical
route to N, N, N", N"tetrasubstituted guanidines R"N=C(NRR)(NHR"). An yttrium guanidinate species has been confirmed
to be a true catalytic species in this reaction. This is the first example of metal-catalyzed addition of secondary amines to
carbodiimides.

(2) Alkali-metal-catalyzed addition of phosphines to carbodiimides to give substituted phosphaguanidines
Organo alkali metal compounds such as n-BuLi and (MesSi):NK can act as an excellent catalyst precursor for the addition
of various phosphines HPRR' to carbodiimides R"N=C=NR", which offers the first general and atom-economical route to
substituted phosphaguanidines R"N=C(PRR)(NHR"), with excellent tolerability to aromatic carbon—halogen bonds. In
addition, this catalytic process is very clean and can also be carried out under solvent-free conditions, showing high
potential of practical use.

(3) mn-Conjugated aromatic enynes as a single-emitting component for white electroluminescence
Catalytic dimerization of terminal alkynes by organolanthanide complexes to give conjugated enynes has been reported
previously. By wuse of the organolanthanide catalysts {Me2Si(CsMes)(NCsHsMeso-2,6);Lu(CH2SiMes)(thf)s and
(CsMes)2LaCH(SiMes)s, the carbazole-substituted phenyl enynes (2)-CPEY and (Z£)-CPEY (CPEY = carbazole-substituted
phenyl enyne) could be easily prepared, respectively, with excellent regio- and stereoselectivity. (E)-CPEY can act as an excellent
single-emitting component for WOLEDs (white organic light-emitting devices). This is the purest white emission with high luminescence
and high efficiency ever reported for a single-emittingcomponent WOLED.

3. Synthesis and synergistic reactivity of rare earth metal hydride clusters
(1) Hydrogenation of carbon monoxide to ethylene by tetranuclear rare earth metal polyhydrido complexes
The hydrogenation of carbon monoxide by the tetranuclear rare earth metal polyhydrido complexes [Cp'Lin(z-H)2l4(thf) (Ln
=Y, Lu) resulted in unprecedented selective formation of ethylene under mild conditions. This reaction also afforded a new
series of well-defined novel polymetallic rare earth metal complexes, such as the hexahydrido/oxymethylene complex
(Cp'Ln)4(z-OCH2)(-H)s(thf) (Ln =Y, Lu), the tetrahydrido/dioxo complex (Cp'Y)s(us-0)2(-H)4(thf), and the tetraoxo cubane
complex (Cp'Lin)a(us-0)s (Ln =Y, Lu), and might shed new light on the mechanistic aspects of the Fischer-Tropsch process.
(2) DFT study of a tetranuclear yttrium polyhydrido complex [(CsMesSiMes)YHol4
First-principle calculations of multinuclear substituted cyclopentadienyl metal complex are computationally demanding.
To reduce CPU time, 7-aallyl (73-CsHs) as a new ligand model has been used to replace 75-CsMesSiMes for DFT calculations
of the tetranuclear polyhydrido yttrium complex (75-CsMesSiMes)sYsHs. In view of the core structure, isomerization energy
barrier and charge population analysis of the complex, the 73-CsHs model ligand can be comparable to 7°-CsHs. Moreover,
the frontier molecular orbital features of the real complex (77-CsMesSiMes)sY4Hs are well retainedkept in the z-allyl
modeled complex (73-CsHs)sYsHs.
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