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Transition metal catalyzed direct C—H bond activation followed by functionalization with unsaturated substrates is regarded
as one of the most attractive and straightforward synthetic protocols that can convert simple organic molecules to a wide range of
valuable organic compounds. Particularly, direct C—H bond functionalization with non-polar unsaturated coupling partners
such as alkene and alkyne has been extensively studied compared to the coupling with polar unsaturated substrates containing
C=N and C=0 bonds. Late-transition metal complexes of Ni, Pd, Co, Rh, Ir, and Ru have been applied as catalysts for the C—H
bond functionalization reactions, however, early transition metal complexes has rarely been used due to the low functional group
tolerance. In this PhD thesis, the author focuses on the unique reactivity of early transition metal alkyl and amido complexes
towards the functionalization of pyridine C(spz)—H bond and propargylic C(sp3)—H bond with polar unsaturated substrates
containing C=N moiety.

In chapter 1, the author overviews the background of C—H bond activation followed by functionalization using early
transition metal complexes, by taking into account the a- and B-agostic interaction for alkylmetal complexes prior to assist
intramolecular and intermolecular C—H bond activation via o-bond metathesis process. Stoichiometric and catalytic C—H
bond functionalization by early transition metals are reviewed by categorizing the types of the C—H bonds, C(spa)—H and
C(sp)—H.

In chapter 2, the author demonstrated a yttrium alkyl complex bearing an N,N’-diarylethylenediamido ligand served as an
efficient catalyst for ortho-pyridyl C—H addition into non-activated imines in the presence of catalytic amount of HNBn, as an
additive. C—H activation step was found to be the rate-determining step based on deuterium labeling experiments. Based on
the kinetic study and isolation of an imine inserted intermediate containing a five-membered diazametallacycle, the author
proposed a reaction mechanism. The initial step is the C—H activation of 2-substituted pyridines by the yttrium alkyl complex
to produce ortho-C—H bond activated nz-pyridyl species, whose Y—C(spz) bond reacts with imines to generate five-membered
metallcycle complex. Aminoalkylated products are eliminated by protonating the yttrium-nitrogen bond of 7 with HNBnj, to
generate the catalytically active amidoyttrium complex. In addition to the development of the mixed-ligated amidoyttrium
complexes, chiral aminoalkylated products were synthesized in moderate yield and ee by employing an enantiomerically pure
N,N’-diaryl-1,2-diphenylethylenediamido ligand in combination with a lutetium trialkyl complex.

In chapter 3, the author reported the synthesis and charecterization of n3-propargyl/allenyl yttrium complexes prepared by the
reaction of propargylic C—H activation of 1-substituted-1-propyne such as 1-trimethylsilyl-1-propyne, 2-hexyne, and
1-phenyl-1-propyne with a yttrium alkyl complex bearing dianionic ene-diamido ligand. Insertion reaction of
N,N’-dicyclohexylcarbodiimide into then3-propargyl/allenyl yttrium moiety lead to the selective formation of either n'-propargyl

or 1'-allenyl-inserted products, depending on the substituents.
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