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Abstract of Thesis

Direct C-H bond activation followed by functionalization reactions is one of the most attractive organic transformations
for converting simple organic molecules to a wide range of valuable organic compounds. Recently, C(spz)-H bond activation
for transforming the organic compounds has been extensively investigated using a variety of metal complexes. The author
describes his achievements for activating and functionalizing C(sp3)-H bonds using organometallic group 2 and 4 metal
complexes. C(sp3)-H alkenylation of 2,6-dimethylpyridines with internal alkynes was found to be catalyzed by a N,N,N-
tridentate ligand-supported cationic alkylhafnium complex (Chapter 2). Modifying the supporting ligand to O,N-bidentate
system resulted in the formation of a tetrabenzyldihafnium complex with Hf,O, core (Chapter 3). In addition, a related N,N-
bidentate ligand supporting a alkylmagnesium metal center was shown to catalyze the isomerization of terminal alkynes to
allenes to internal alkynes (Chapter 4). By modifying the heteroatom donors and denticity of the ligand systems, the author
could control a range of organic transformations and metal nuclearity.

In Chapter 1, the author briefly reviews the development and achievements in C(sp3)-H activation and functionalization
by electropositive metals. In addition, both intramolecular and intermolecular stoichiometric C-H activation followed by
functionalization and catalytic transformations were described. In the last section of chapter 1, he summarizes the outline of
his thesis.

In Chapter 2, he reports the synthesis and characterization of a series of neutral dibenzylhafnium, and their catalytic
reactivity toward the C(sp3)-H alkenylation of 2,6-dimethylpyridines with internal alkynes. A mechanistic study of the C(spS)-
H alkenylation revealed the identification of a catalytically competent cationic monobenzylhafnium complex. In addition, the
rate determining step was found to be C-H activation of 2,6-dimethylpyridine by an alkenylhafnium intermediate with a release
of the alkenylated product from the hafnium metal center, based on both a kinetic and Eyring analysis. A reaction mechanism
was proposed on the basis of the controlled experiments and kinetic study.

In Chapter 3, he reports the synthesis and characterization of a series of neutral, mono-, and dicationic dihafnium
complexes. Reacting the alcohol-imine pro-ligand with Hf(CH,Ph), resulted in the formation of the tetrabenzyldihafnium
complex. Addition of 1 or 2 equiv. of B(C¢F;); gave the formation of a monocationic and dicationic dihafnium complexes,
respectively, with PhCH,B(C4Fs); as the counter anion.  Similar results were found when [Ph;C][B(C¢F5)4] was used instead
of B(CgF3)3, in which the counter anion was changed to B(C¢Fs)4. Thermolysis of the mono- and dicationic species clarified
that the dicationic complexes was more reactive than the monocationic complexes in terms of the C¢F5 transfer reaction.

In Chapter 4, the author describes the alkylmagnesium complex catalyzed isomerization of terminal alkynes to allenes to
internal alkynes, along with small amounts of cyclodimerized product. Notably, the reaction proceeded through temporally
separated autotandem catalysis. A mechanistic study suggested the catalytically active tetraalkynyl complexes consist of a

tautomeric mixture of alkynyl-, allenyl-, and propargylmagnesium species.
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