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Dinuclear complexes with a metal-metal bond have been extensively investigated as minimum entities of metal clusters,
particular due to their unique cooperative scaffold for converting any substrates in stoichiometrically and catalytically.
Hydrocarbon-bridged dinuclear complexes are one of the important class of the dinuclear complexes, and five-membered
metallacylopentadienes are regarded as one of the versatile “metallo-ligand” for synthesizing homo- and hetero-dinuclear
complexes. In this thesis, the author has paid her attention in exploring the coordination behaviour of a tantallacyclopentadiene
to mononuclear tantalum and nickel complexes, resulting in isolation and characterization of ditantalum and tanalum-nickel
complexes.

In Chapter 1, she briefly reviews recent development of metal-metal bonded bimetallic complexes bridged by metallacyclic
ligands. Most of the bridging metallacyclic ligands are synthesized by the reaction of low-valent metal centers with unsaturated
hydrocarbons. She summarizes the dinuclear complexes with metal-metal interaction supported by unsaturated hydrocarbons
such as alkyne, dienes, and aromatic compounds resulting in 3—6 membered metallacycles along with brief discussion about the
structural characteristics based on the different metallacycle structures and coordination mode of the unsaturated hydrocarbons.

In Chapter 2, the author reports the synthesis and characterization of metallacyclopentadiene bridged dinuclear tantalum
complexes coordinated by bidentate nitrogen-based ligands, in which she observed the significant structural changes of the
bridging metallacyclopentadiene moiety. Reactions of ClzTa(u-n4,n4-C4Et4)(u-Cl)TaC13 with bidentate ligands such as
2,2’-bipyridine, 1,10-phenanthroline, and benzo[c]cinnoline produced dinuclear tantalum complexes with a planar
tantallacyclopentadiene, while the addition of pyridazine and phthalazine to ClzTa(u-n4,n4-C4Et4)(u-Cl)TaC13 gave
Cl;Ta(p-n4,n4-C4Et4)(u-L)TaCl3 (L = pyridazine, phthalazine) with a largely folded metallacycle. Furthermore, the reduction of
the dinuclear tantalum complex, C1zTa(u-n4,n4-C4Et4)(u-Cl)TaCl3, by organic reductant N,N -bis(trimethylsilyl)dihydropyrazine
in the presence of 1,2-dimethoxyethane (DME) and 1,10-phenathroline led to the successful isolation of low-valent dinuclear
tantalum complexes, respectively, in which the cleavage of Cp-Cg bond produces a doubly (772: nz)-alkyne bridged dinuclear
complex by the coordination of 1,10-phenathroline.

In Chapter 3, she reports that a mononuclear tantallacyclopentadiene complex, TaCly(C,H,'Bu,), serves as a unique
metal-containing diene ligand to nickel. In fact, the addition of Ni(COD), (COD = 1,5-cyclooctadiene) to TaCly(C4H,Bu,)
resulted in the selective formation of a heterobimetallic Ta—Ni complex, ClyTa(u-n*n*-C4H,'Bu,)Ni(COD).  The COD ligand in
the Ta—Ni complex was readily replaced by adding monodentate and bidentate phosphine ligands as well as
1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene (IPr) to afford the corresponding Ta—Ni heterobimetallic complexes. When
bulky phosphine ligands such as tricyclohexylphosphine and 1,2-bis(dicyclohexyl)phosphinoethane were used, the nickel atom
was dissociated from the metallacyclopentadienyl moiety. Structural analyses of these isolated heterobimetallic complexes
revealed the large conformational change of the metallacyclopentadiene moiety from a folded structure to a planar one upon the

substitution of COD ligand by IPr.
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