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Abstract

Group 13 element compounds have attracted much attention due to their unique
structures, novel properties and potential applications. In this paper, we systematically
summarized the recent advances of BE (E = O, N) multiply bonded compounds,
1,3,2-diazacycloboranes and gallium-containing radicals, synthesized a series of novel
group 13 element compounds, deeply studied their electronic structures, and further
explored their redox properties. The main work of this paper is listed as follows:

1. Treatment of the bisboryl-substituted hydroxylborane I1-4 with KHMDS in the
presence of [2.2.2] cryptand afforded the acid-free acyclic anionic oxoborane I1-6. In
addition, reaction of bisboryl-substituted chloroborane 11-8 with azidotrimethylsilane gave
the acid-free iminoborane 11-9. NMR spectrophic, X-ray crystallographic and solid-state
infrared studies reveal that both 11-6 and 11-9 possess strong BE (E = O, N) multiple
bonding character. The calculated results showed that the BE multiple bonds in 11-6 and
11-9 are more polar than those in corresponding carbon-containing isoelectronic analogues.
Moreover, reactivities of 11-6 and 11-9 were explored and bisboryl-substituted borane 11-9
and carbocation 11-10 bearing a large m-conjugated system were isolated.

2. Reaction of 1,3,2-diazaborane compound I11-1 with bromine afforded 111-3 with a
more cleavable C—Br bond, which were reduced with four equivalents of lithium powder,
followed by addition of Alls, yielding twelve-membered cyclic ompound I11-3. This work
demonstrated that in the presence of a strong reducing agent, 111-3 could undergo the
formation of C=C triple bond and C—N bond cleavage to generate new cyclic compounds.

3. A dipyrromethene ligand ™PDPM-H (IV-1) with large steric hindrance, was
designed and synthesized. After deprotonation and salt elimination reaction with GaXs (X
= Cl, ), V-2 and 1V-3 were isolated. Although tri-coordinated gallium-centered radical A
were not obtained, in the presence of N-heterocyclic carbene, 1V-3 can be reduced by KCs,
affording the first structurally characterized dipyrromethene-based gallium-containing
radical 1V-4. Theoretical calculations revealed that the spin density of A is mainly
localized on Ga atom (0.69 e), while the unpaired electron in 1VV-4 is mainly delocalized on
the framework of dipyrromethene ligand.

Key words: group 13 elements; oxoborane; iminoborane; azaborane; gallium radical.
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