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Transition metal-catalyzed carbene transfer reactions into inactive bonds such as
cyclopropanation of electron deficient olefins, Si—H and C—H functionalization, are a new
generation of organic reaction and has attracted much attention because of the powerful and
dynamic molecular transformation from an initial skeleton to more complicated and
functionalized organic compounds. However, the selective functionalization of inactive bonds
frequently encounters difficulties in controlling the regioselectivity and enantioselectivity.
Therefore, region- and enantioselective carbene transfer reaction into inactive bonds had
reminded as a challenging research target.

In 2010, we developed a series of chiral Ru(ll) phenyloxazoline catalyst (Ru(Il)-Pheox)
from Ru(Il) source and oxazoline ligands which can be easily synthesized from inexpensive
and commercially available benzoyl chloride derivatives and amino alcohols in high yields.
Ru(IT)-Pheox catalysts were found to effectively promote asymmetric intra- and
intermolecular carbene transfer reaction of diazo compounds with wide variety of olefins to
give cyclopropane derivatives in high yields with high enantioselectivities. In this work. we
focus on the catalytic asymmetric inter- and intramolecular carbene transfer reaction into
inactive bond such as electron deficient olefins, Si—H and C—H bond using Ru(ll)-Pheox as
our new challenge.

In chapter 1. the generation of carbene and its chemical and physical properties are
summarized. In chapter 2, the development of Ru(Il)-Pheox catalyst and Ru(Il)-Pheox
catalyzed previous reactions are summarized.

Chapter 3 presents catalytic asymmetric intramolecular cyclopropanation of diazoesters
having a, B-unsaturated carbonyl group. As a results. excellent enatioselectivities (up to 99%
ee) and yields were obtained by using Ru-Pheox catalyst. This process could be successfully
applied for the formal synthesis of DCG-IV and Dysibetaine CPa which are known as an
important bioactive compounds for neurotransmission. Those useful intermediates were
obtained in 67% and 54% yields respectively with 99% ee for both.

Chapter 4 describes the ligand exchange reaction of an acetonitrile of Ru(Il)-Pheox with a
pyridine and examined the reaction by DFT calculations. This ligand exchange reaction
proceeded site selectively from the position frans to C—Ru bond. DFT calculations show that
the direction of the ligand exchange is determined based on the energy gap of the ligand
elimination instead of the stability of the metal complex.




Chapter 5 presents the first mechanistic study of Ru(ll)-Pheox-catalyzed highly
enantioselective intramolecular cyclopropanation reactions to elucidate the mechanisms of
the reaction and of chiral induction. The computational results indicate that the desired
intramolecular cyclopropanation by Ru(ll)-Pheox proceeds via a stable metallacyclobutane
and two transition states. The enantioselectivity by Ru(Il)-Pheox was affected by the energy
gap between the metal-carbene complexes. These results provide important information about
the origin of the observed enantioselectivity, which will allow the design of new and more
efficient Ci-symmetric catalyst systems.

Chapter 6 describes the catalytic asymmetric Si—H insertion reaction of diazoester by using
Ru(Il)-Pheox. As the results, we demonstated three types of enantioselective Si—H insertion
reactions to construct chiral centers at the silicon and/or neighbouring carbon atoms as the
first example of a high enantioselective Si—H insertion reaction using a Ru catalyst. The Si—H
insertion reactions of a-methyl a-diazoesters proceeded smoothly in the presence of 1 mol%
of Ru(Il)-Pheox resulting with high yields and excellent enantioselectivities at both the
neighbouring carbon and silicon atoms (up to 99% yield and 99% ee). The Si—H insertion
reactions with prochiral silanes also proceeded to give the chiral organosilicons in high yield
but with low enantioselectivity. To the best of our knowledge, it was the first report of the Ru
catalyzed Si—H insertion reaction and chiral induction to only silicon atom via catalytic
asymmetric Si—H insertion reaction.

Chapter 7 presents the highly regio- and enantioselective functionalization of inactive
primary C—H bonds such as the N-fert-butyl group of various diazoacetamides by using the
Ru(Il)-Pheox catalyst. The intramolecular catalytic asymmetric amide carbene insertion
reactions of diazoamide proceeded rapidly in the presence of Ru(ll)-Pheox to give the
corresponding y-lactam derivatives in moderate to high yields with high enantioselectivities
(up to 91% ee). This is the first report of the highly regio- and enantioselective
functionalization of the inactive primary C~H bonds of the tert-butyl goup.

Chapter 8 provides the experimental and analytical data for chapter 3 to 7.




