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[Abstract of Thesis]

The author describes her achievements for activating dioxygen by new cerium complexes, leading to the
isolation of a dinuclear peroxo bridged cerium complex upon supported by a pentadentate Schiff-based ligand
(Chapter 2) and the formation of hexanuclear oxo-cerium clusters when less crowded tridentate amine ligands
were selected as supporting ligands (Chapter 3). Thus, the choice of the supporting ligand on mononuclear
cerium precursors resulted in different coordination environments around the cerium center to form different
oxygen-derived cerium complexes.

In Chapter 1, she briefly reviews background of interaction of dioxygen with transition metals and
lanthanide metals, resulting in the formation of superoxo, peroxo, and oxo metal complexes with focusing how
these superoxo and peroxo metal complexes acted as intermediates in oxidative transformation of organic
substrates. In addition, she summarizes oxo-bridged metal complexes as well as polynuclear oxo-bridged
clusters that were derived as the secondary products of metal-dioxygen species. In the last section, she
summarizes the outline of her thesis.

In Chapter 2, she reports synthesis of Ce(IV) and Ce(III) complexes supported by the same Schiff-based
pentadentate ligand, and their catalytic performance towards oxidation of arylmethanols using dioxygen as an
oxidant in presence of 2,2,6,6-tetramethylpiperidine 1-oxyl and molecular sieves 4A. She measured UV-Vis
spectroscopy for the catalytic reaction, revealing that the initial step was the reduction of the Ce(IV) complex to
generate the catalytically active Ce(III) complex. In the next step, the Ce(III) complex reacted with dioxygen to
give dinuclear peroxo-bridged complex, whose structure was determined by a X-ray analysis. The peroxo
complex abstracted a hydrogen atom from TEMPO-H to produce dinuclear hydroxo-bridged complex. Based on
these experiments, a plausible mechanism was proposed for the oxidation of arylmethanols through the peroxo
and hydroxyl-bridged complexes as key intermediates.

In Chapter 3, she reports hexanuclear oxo-bridged Ce(IV) clusters, which have a CesOs cage core
surrounded by eight carboxylates and four diethylenetriamine ligands. The Ce(IV) hexanuclear cluster was
synthesized by the treatment of Ce(NO3s)s 6H20 with 3 equiv of pivalic acid and 5 equiv of diethylenetriamine
under air. In contrast, under argon atmosphere, reaction of Ce(NOgs)s6H20 with pivalic acid and
diethylenetriamine produced a mixture of Ce(III) aggregates, Cen(O2CBu)sn(INNN)2, whose exposure to dioxygen
afforded the Ce¢Os cluster, presumably through Oz adduct as key intermediates. In contrast, when
N,N*bipyridine and N-methyldiethanolamine were used as supporting ligands instead of diethylenetriamine,
dinuclear Ce(III) complexes were obtained even under O: atmosphere. Thus, the electron-donating
diethylenetriamine ligand was essential to assist oxidation of Ce(III) species by dioxygen to build up to the CesOs
core of hexanuclear clusters. The choice of ligand controlled oxidation event of Ce(III) species by dioxygen,

resulting in the selective formations of Ce(IV)-oxo clusters and dinuclear Ce(III) complexes.
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