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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) Cationic scandium aminobenzyl complexes. Synthesis, structure and unprecedented catalysis of copolymerization of

1-hexene and dicyclopentadiene
The scandium complexes bearing mono(cyclopentadienyl) ligands, [Cp’Sc(CH2CsHsNMez-0)2] (Cp’ = CsMesSiMes, CsMes,
CsMesH), can be easily prepared by reaction of the tris(aminobenzyl) scandium complexes, [Sc(CH2CsHsNMes-0)sl, with the
corresponding cyclopentadiene ligands. Because of the intramolecular coordination of the amino group, external Lewis
bases (such as THF) are not required for the stabilization of the highly Lewis-acidic metal center. This has enabled the
isolation and  structural characterization of the THF-free cationic aminobenzyl-scandium complex
[(CsMesSiMe3s)Sc(CH2CeHaNMez-0) (k2 F*  CeF5)B(CeF5)sl, the first example of an external-Lewis-base-free cationic
half-sandwich rare earth metal hydrocarbyl complex. More remarkably, the aminobenzyl group in the cationic complex,
even though in a chelating form, is active enough to initiate the polymerization of a variety of olefins such as ethylene,
1-hexene, styrene, norbornene and dicyclopentadiene (DCPD). Because of the absence of an external Lewis base and the
sufficient activity of the benzyl unit, the cationic complex or [Cp’Sc(CH2CsHisNMes-0)2l/[PhsCl[B(CsF5)s] showed
unprecedented catalytic activity for the copolymerization of 1-hexene with DCPD to afford the copolymer materials with a
wide range of 1-hexene contents (32—70 mol %) unavailable previously.

(2) Synthesis, Characterization, and Reactivity of Mono(phospholyl)lanthanoid(III) Bis(dimethylaminobenzyl) Complexes
Monocyclopentadienyl rare earth metal complexes have recently attracted growing interest due to their high potential in
organic transformations and polymerization catalysis, however, no study has been reported on the influence of
heteroatom-containing cyclopentadienyl ligands on the olefin polymerization activity of half-sandwich rare earth metal
complexes. Reaction of YCls or SmIs(THF)s5 with 1 equiv of 2,5-di- tert-butyl-3,4-dimethylphospholide potassium [K(Dtp)]
in THF followed by reaction with 2 equiv of o-dimethylaminobenzylpotassium [K(CH2CsHsNMez-0)] afforded the
solvent-free mono(phospholyl) rare earth metal bis(benzyl) complexes [(Dtp)Ln(CH2CsHsNMesz-0)2] (Ln = Y, Sm). The Sc
analogue could not be obtained under these conditions, as the reaction between K(Dtp) and ScCls in THF led to the
THF-ring-opened product [{Sc[z-O(CH2)4«(Dtp)ICl2(THF)2}2]. Replacing THF by a mixture of toluene/pyridine gave
[(Dtp)ScCla(pyridine)]l, which on  further reaction with [K(CH2C¢HsNMez-0)] in  toluene  afforded
[(Dtp)Sc(CH2CsHsNMez-0)2], which could also be obtained from the reaction between the protonated Dtp-H and
[Sc(CH2CsHsNMez-0)s] in toluene. These Dtp-ligated complexes constitute the first examples of catalytically active
mono(phospholyl)-ligated rare earth metal bis(hydrocarbyl) complexes. The Sc and Y complexes showed high activity for
the syndiospecific polymerization of styrene when treated with 1 equiv of [PhsCl[B(CeF5)4l, although Sm complex did not
show any activity.

(3) Synthesis and reactivity of novel rare earth metal bis(alkyl) complexes
Bis(cyclopentadiene), {(2,3,4,5-MesCsH)SiMe2CHa}z, phosphino group(s)-substituted cyclopentadiene,
1,2-(PheP)2-3-BuCsHs and (PhePCH2E)CsR4H (E = CHs, SiMes; R = H, Me), and pyrrole, 2,5-Bus(CsH2NH), reacted with
[Ln(CH2SiMes)s(thf) ] or [Ln(CH2CsHsNMez-0)s] to give  the corresponding  bis(trimethylsilyl) or
bis(o- N, N-dimethylaminobenzyl) complexes. The novel polymerization by using these complexes and the synthesis of new
polymers are investigated.

(4) Regio- and stereoselective polymerization catalyzed by rare earth metal bis(alkyl) complexes
The regio- and stereoselective  polymerization of isoprene catalyzed by benzamidinate complex,
[{(3,5-R2C6H3N)2CPh}Y(CH2SiMes)o(thf)] (R = iPr, Ph), and 2-phosphinoethylcyclopentadienyl complex,
[{(PhePCH2CH2)CsMes Ln(CH2CsHaNMesz-0)2] (Ln = Sec, Y, Er, Lu) are investigated. Scandium-catalyzed syndiospecific
copolymerizations of stylene with isoprene and with lactone are also investigated.

2. New organometallic catalysts for efficient organic synthesis

(1) Catalytic Addition of Amine N-H Bonds to Carbodiimides by Half-Sandwich Rare Earth Metal Complexes: Efficient

Synthesis of Substituted Guanidines through Amine Protonolysis of Rare Earth Metal Guanidinates
Reaction of [Ln(CH2SiMes)s(thf)s] (Ln=Y, Yb, and Lu) with one equivalent of Me2Si(CsMesH)NHR’ (R’ = Ph, 2,4,6-MesCsHs,
Bu) affords straightforwardly the corresponding half-sandwich rare-earth metal alkyl complexes
[{Me2Si(CsMes)(NR)}Ln(CH2SiMes)(thf)] 1: Ln =Y, R’=Ph, n=2; 2. Ln =Y, R’ = CsH2Mes-2,4,6, n=1; 3: Ln =Y, R’ = /Bu,
n=1;4:Ln=Yb, R"'=Ph, n=2;5: Ln = Lu, R'= Ph, n=2) in high yields. These complexes, especially the yttrium complexes
1-3, serve as excellent catalyst precursors for the catalytic addition of various primary and secondary amines to
carbodiimides, efficiently yielding a series of guanidine derivatives with a wide range of substituents on the nitrogen atoms.
Functional groups such as C=N, C=CH, and aromatic C—X (X: F, Cl, Br, I) bonds can survive the catalytic reaction
conditions. A primary amino group can be distinguished from a secondary one by the catalyst system, and therefore, the
reaction of 1,2,3,4-tetrahydro-5-aminoisoquinoline with ;PrN=C=NPr can be achieved stepwise first at the primary amino
group to selectively give the monoguanidine, and then at the cyclic secondary amino unit to give the biguanidine. Some key
reaction intermediates or true catalyst species, such as the amido complexes [{Me2Si(CsMes)(NPh)}Y(NRIR2)(thf)2] (NRIR2
= NEt2, NHCsH4Br-4) and the guanidinate complexes [{Me2Si(CsMes)(NPh)}Y{;PrNC(NR!R2)(N:Pr)}(thf)] (NR!R2 = NEt,
NHCsH4Br-4) have been isolated and structurally characterized. Reactivity studies on these complexes suggest that the
present catalytic formation of a guanidine compound proceeds mechanistically through nucleophilic addition of an amido
species, formed by acid-base reaction between a rare-earth metal alkyl bond and an amine N-H bond, to a carbodiimide,



followed by amine protonolysis of the resultant guanidinate species.

(2) Development of novel organic syntheses catalyzed by organometallic complexes
The regio- and stereoselective carboaluminations of alkenes and alkynes catalyzed by
[(CsMesSiMes)Sc(CH2SiMes)2(th)]/[PhsCl[B(CeéF5)s] were determined. The carbonylation of organoboronic esters
catalyzed by CuCl(I)/1,3- (2,6-diisopropylphenyl)imidazolinium chloride//BuOK is in progress.

(3) Syntheses of novel organic light-emitting materials and natural products
(B)-CPEY (CPEY = carbazole-substituted phenyl enyne), which was obtained by using organolanthanide catalyst,
(CsMes)2LaCH(SiMes)s, 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. So, some carbazole derivatives were synthesized. On the other hand, syntheses of
oceanapiside and punctatol were attempted by the olefin metathesis reaction catalyzed by organoruthenium complex.

3. Synthesis, reactivity, and computational study of rare earth metal complexes

(1) Computational study of ethylene insertion into the metal-hydrogen bond of the yttrium polyhydrido complex
The insertion of ethylene into a Y-H bond of the tetranuclear yttrium polyhydride complex (n3-CsHaSiH3)1+Y4Hs, a model of
(n3-CsMesSiMes)sYsHs, which possesses one ps-H, one ps-H, and six p2-H atoms, was computationally investigated by the
method of two-layer ONIOM (B3LYP:HF). It was found that the enthalpy barrier for the ps-H migratory insertion (15.3
kcal/mol) is higher than that for pu2-H migratory insertion (10.9 kcal/mol). Both p2-H and ps-H migratory insertion reactions
lead to a structurally and hence energetically identical insertion product, in which the resulting ethyl group adopts a
uz-Hbridging structure. These results suggest that the p2-H migratory insertion reaction pathway is kinetically preferable.

(2) Prediction of lanthanide(III) hydride clusters LnnH3n (Ln = La, Gd, and Lu; n = 3 and 4)
The binary lanthanide hydride clusters LnsHy and LnsHi2 (Ln = La, Gd, and Lu) were predicted theoretically to exist, their
formation being thermodynamically favorable. They make a link between the widely studied small molecules and bulk
solids of binary lanthanide hydrides. The cyclic pentacoordinated LnsHo was unexpectedly found to have significant
aromaticity.

(3) Synthesis and reactivity of anionic rare-earth-hydride clusters
The cationic polyhydrido complexes, [(Cp’Y)sH7(thf)a[B(CeFs)4] (2 = 0, 1), were synthesized, which are the first cationic
rare-earth-hydride complexes and showed not only very high activity for the polymerization of ethylene and syndiospecific
polymerization of styrene but also excellent regio- and stereoselectivity for the polymerization of 1,3-cyclohexadiene. The
cationic polyhydrido complex, [Li(thf)4][(Cp’Ln)4Hs] (Cp’ = CsMesSiMes), has been synthesized and studies on the structure
and the reactivity of the anionic rare-earth-hydride clusters are in progress.

(4) Synthesis and reactivity with hydrogen of d-f mixed metal polyhydride clusters
On the other hand, the reaction of yttrium polyhydride complex (n3-CsH4SiH3)4YsHs with Mo hydride complex gave the
corresponding d-f mixed polyhydride complex, which shows reversible uptake/release of hydrogen gas. The detail reaction
mechanism is investigated from both experimental and theoretical approach.

5 Synthesis and reactivity of d-f heterodimetallic complexes
Phosphino group(s)-substituted cyclopentadiene, 1,2-(Ph2P)2-3-fBuCsHs and (PhePCH2E)C5R4H (E = CHs, SiMe2 R = H,
Me), were synthesized in order to synthesize d-f mixed multimetallic complexes. The reactions of these ligand precursors
with [Ln(CH:2SiMe3s)s(thf)s] or [Ln(CH2CéHsNMez-0)s] and a variety of late transition metal complexes gave the
corresponding heterobimetallic complexes, in which the cyclopentadienyl group coordinated to rare earth metal and the
phosphino group coordinated to late transition metal. The reactivity and catalytic activity of these bimetallic complexes are
investigated.
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