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Abstract

In this doctoral thesis, I describe developments and mechanistic investigations of C—C bond
formations via cleavage of unreactive C—O bonds using ruthenium complexes.

Transition metal-catalyzed molecular transformations play important roles in synthetic organic
chemistry because they may enable efficient synthesis of organic compounds which would be difficult or
require multiple steps to prepare by conventional methods. Especially, direct catalytic C—C bond formations
via selective cleavage of unreactive bonds can be regarded as powerful tools in organic synthesis.

There are various C—O bonds of esters and ethers in organic compounds but they are hard to cleave
directly. Development of general methods for conversion of these C—O bonds to other bonds would lead to
provision of various novel strategies in organic synthesis. Mechanistic investigations of these reactions may
also reveal unexpected fundamental processes which can be used for further development of novel reactions.
Therefore 1 conducted researches on developments and mechanistic investigations of catalytic reactions
proceeding via cleavage of various types of unreactive C—O bonds.

First, I studied the mechanism of the previously-reported ruthenium-catalyzed coupling of C—O bonds in
alkenyl esters with C—H bonds in aromatic compounds. As a result, it was suggested that the C—O bond and
C-H bond are cleaved via B-acetoxy elimination and oxidative addition, respectively. Based on the
mechanistic studies, I envisioned that other alkenyl compounds, such as alkenyl ethers and alkenyl carbonates
can also be employed for the alkenylation reaction through B-oxygen elimination. Indeed, I found that these
reactions proceed to give the alkenylation products in good yields. The alkenylation using alkenyl esters,
which produces carboxylic acids as byproducts, with aromatic compounds containing an oxazoline ring
needs addition of a base due to the relatively high basicity of the oxazoline nitrogen, but no additional base
was required for the reaction with alkenyl carbonates because it gives alcohols as byproducts.

It is considered that sp’ C—O bonds in alkyl ethers are one of the most unreactive C-O bonds, and
catalytic conversions of these bonds to C—C bonds have been limited to those of relatively activated ones. I
envisioned that the C—O bonds of alkyl ethers bearing appropriate coordinating groups can be cleaved by the
metal centers of the catalysts, and found that the C—O bonds of alkyl ethers bearing pyridyl groups are
converted to the C—C bonds by the reaction with organoboron compounds and a ruthenium catalyst.

I also investigated Direct transformation of simple benzoates to benzophenone derivatives via acyl C-O
bond cleavage by transition metal catalysts that is a difficult process and still rare. The reactivity of the
ruthenium complex, RuH,(CO)(PPhs);, which can cleave the acyl C—O bond in methylbenzoate,
prompted me to synthesize RuHx(CO)(PAr;); and their precursors, RuHCI(CO)(PAr;);, containing
various triarylphosphines and to examine their catalytic activities for the reaction of methyl
benzoate derivatives with organoboron reagents. As a result, it was revealed that the desired
benzophenone  derivative is  obtained wusing the novel ruthenium complex,
RuHCI(CO){P(3-MeCsHa)s}3 with CsF as an additive.






