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Abstract of Thesis

An insertion of one-carbon-unit (C: unit) into a chemical bond is a powerful method to elongate carbon
frameworks and diversify the structural complexity of organic molecules. This efficient method is accompanied
with the introduction of functional groups and provides opportunities to streamline the synthetic routes of
natural products in pharmaceutical chemistry and agrochemistry. Many Ci1 sources have been widely applied in
this field, such as CO, ylides, isocyanides, and N-tosylhydrazones. Among which the diazo compounds have been
recognized as the most efficient one due to their diversity and ready availability. The insertion into C—H bond
using metal carbenoids generated from transition metal catalysts and diazo compound has been well
established. Other groups reported an insertion of diazo compounds into C—B bonds of boronic acids to prepare
elongated organoboron compounds, and Brensted acid-catalyzed insertion of isocyanides into C—O bonds of
acetals. The insertion of a C1 unit into a C—C o-bond can realize the effective construction of complex carbon
skeletons. However, the insertion into acyclic compounds has remained a challenging issue. According to
previous studies, it is essential that a carbonyl group works as a foothold and affords a driving force by re-
establishment of the carbonyl group. It obviously limits the diversity of applicable substrates and has hampered
progress in this field. The insertion of a C: unit into a carbon—halogen bond is also challenging and remains
underdeveloped.

Chapter 1 describes an elongation of benzylic acetates and ethers catalyzed by a combined Lewis acid
Inls/MesSiBr and an elongation of acetals catalyzed by InBrs via the insertion of diazo compounds into C-C o-
bonds. Various types of benzylic ethers, acetates, acetals, and diazo compounds were applicable. In these
elongations, the abstraction of alkoxy or acetoxy group by an indium catalyst, the electrophilic addition of a
carbocation or an oxonium ion to diazoesters followed by the rearrangement of aryl group proceeds to provide a
cation intermediate. The leaving group is re-captured by the carbocation intermediate to furnish the elongated
products.

Chapter 2 describes a Lewis acid-catalyzed elongation of benzylic halides via the insertion of diazoesters into
C—C o-bonds. This reaction proceeds via C—X (X = F, Cl, Br) bond cleavage and C—X bond re-formation at the
benzylic position. a,fDiaryl-fhaloesters were obtained with a high level of diastereoselectivity. DFT study
revealed that the diastereoselectivity was determined by the aryl migration step. The high functional
compatibility of the present elongation demonstrated its potential for use in the synthesis of pharmaceutical
building blocks.

Chapter 3 describes a BFs-catalyzed insertion of diazoesters into C—F bonds of benzylic fluorides. This
elongation exhibited high level of diastereoselectivity, and various benzylic fluorides and diazoesters were
applicable to afford a,fdiaryl-a-fluoroesters. DFT study suggested that the abstraction of F~ by BFs and the re-
formation of a C—F bond mediated by BF4~ led to the unique catalytic activity of BFs. In contrast to the C—C
bond insertion mentioned in previous chapters, this reaction proceeds without aryl rearrangement and enables
the re-capture of F~ at a-position of a carbonyl group. Moreover, the present strategy was successfully applied
to synthesize other organic halides via C—Cl, C—Br, and C-I bond insertions.

As mentioned above, the insertion of diazo compounds into C—C or C—X bond catalyzed by a Lewis acid have
been established in this doctoral dissertation. The insights obtained from the present study have a great

contribution to the methodology for the construction of highly-functionalized organic compounds.
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