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Abstract

Metal carbenes and carbynes are organometallic compounds containing
metal-carbon multiple bonds, which play an important role in organic synthesis owing
to their unique structures and reactivities. Recently, our group reported the first
five-membered cyclic metal carbyne complexes, metallapentalynes, which are more
reactive because of the large ring strain. In this dissertation, we studied the reaction
chemistry of the metallapentalynes, which leads to the formation of polycyclic
metallacycles. The main contents of this dissertation are shown in below.

In chapter 1, the chemistry of metal carbynes and fused-ring metallaaromatics
are summarized. In addition, the physical properties and promising applications of
fused-ring metallaaromatics are reviewed.

In chapter 2, three-membered unsaturated metallaiodirenium ion and
metallabromirenium ion were unprecedently isolated from the reaction of
metallapentalynes with ICl and Br,. Treatment of metallapentalynes with chalcogen
electrophiles, three-membered unsaturated metallachalcogenium ions can also be
obtained. The reactivities of se metallachalcogenium ions were also investigated

In chapter 3, the reactions of metallapentalynes with isocyanides were studied.
Treatment of metallapentalynes with isocyanides containing the strong electron
donating groups resulted in the nucleophilic addition reaction. In contrast, the
reactions of metallapentalynes with isocyanides containing the moderate electron
donating groups led to the isolation of m 2-iminoketenyl metallapentalene. For the
isocyanides containing the weak electron donating groups, the reactions produced the
N “-iminoketenyl metallapentalene, which can further undergo the insertion with
isocyanides to afford the metallabenzofulvenes. The metallabenzofulvenes can be
regarded as the first metal-bridged indenes, in which the transition metal center is
shared by the two rings. The metal-bridged indene exhibit the near-infrared
absorption.

In chapter 4, aza-metallacyclopropene was achieved by the reaction of

osmapentalyne with NaNi;. The insertion reactions of various alkynes to

1



Abstract

aza-metallacyclopropene resulted in the transformation to polycyclic metallacycles.
The color of the resulted polycyclic metallacycles changed obviously under different
pH values. In addition, these polycyclic metallacycles show good absorption ranging
from visible light to near-infrared.

In chapter 5, the first stable metallacyclopentadiene-vinylidene complexes were
isolated from the reactions of metallapentalynes with alkynes in presence of base. The
metallacyclopentadiene-vinylidene complexes have never been isolated before,
although they are well-accepted as the key intermediates of metal-catalyed alkyne
coupling reactions. The visible absorption spectroscopy of

metallacyclopentadiene-vinylidene complexes was also preliminarily investigated.

Key words: metallapentalyne, unsaturated cyclic metallahalonium ion,

metal-bridged indene, metallapolycyles, metallacyclopentadiene.
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