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Borane-olefin complexes have been envisioned as intermediates in a variety of boron-mediated organic reactions, such
as hydroboration. However, borane-olefin proximity interaction is weak, and no direct experimental observation has been
reported. Therefore, in this study, the author synthesized new boron-containing cyclic n-electron compounds in order to
observe the intramolecular boron-olefin proximity interactions experimentally and to investigate the chemical reactivity
manifested by borane-olefin proximity interaction.

In chapter 1, the author summarized research backgrounds for the borane-olefin proximity interactions and organic
reactions mediated by these interactions. Then, the author explained the purpose of the doctoral thesis.

In chapter 2, boron-containing cyclic n-electron compounds were synthesized using a sequential 1,2-carboboronation
in which multiple cyclooctynes are inserted into the B-C bond of the 9-borafluorenes. 9-membered ring compound were
obtained by insertion of two equivalents of cyclooctynes and the author revealed crystallographically that the intramolecular
borane-olefin proximity interaction were changed depending on the substituents X on the borane moiety (X = Cl or OMe).
Moreover, the author revealed that different type reactions between 9-membered ring compound and cyclooctynes
proceeded depending on the Lewis acidity of the borane moiety in 9-membered ring compound. When the Lewis acidity of
the borane is high (X = Cl), the skeletal rearrangement proceeded via the intramolecular n-coordination structure in the 11-
membered ring compound, which was generated as an intermediate, and the boron-bridged bicyclic compound was formed.
On the other hand, when the Lewis acidity is low (X = OMe), the intramolecular n-coordination is suppressed and the
insertion of cyclooctynes into B-C bond proceeded. For these reactions, the theoretical calculation was performed using
GRRM program to search for energetically rational reaction pathways.

In chapter 3, the author described a unique skeletal rearrangement that proceeded by CI” abstraction from the boron-
bridged bicyclic compound synthesized in chapter 2. By crystallographic analysis, it found that borocenium ion (Cp-B*-R)
was formed. The reaction mechanism was revealed using the GRRM program. Borocenium ion was reacted with LiAlHy4
and obtained a hydride ion adducted compound. Moreover, this compound was transformed into polycyclic borane via
intramolecular C-H activation at 80 °C. The author also discussed the reaction mechanism by trapping the intermediate
experimentally.

In chapter 4, the author tried to synthesize 1,2-diboracyclohexadiene derivative. This compound was considered stable
under low-temperature conditions, however it was found that 1,2-diboracyclohexadiene underwent a skeletal rearrangement
to pentagonal carborane when the temperature was raised to room temperature. In this compound, 2-electrons reduction
could be proceeded and 1,4-diboratabenzene was quantitatively formed. Moreover, 1,4-diboratabenzene was formed back
to pentagonal carborane by 2-electrons oxidation. The author was able to gain new insights into the structure and the
reactivity of boron-containing m-electron compounds from this reaction system.

In chapter 5, the results of the thesis are briefly summarized.
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