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Abstract

This doctoral thesis describes the development of palladium-catalyzed cycloisomerization of
dienes via a chain-walking mechanism.

Carbon—carbon bonds are one of the most important classes of bonds which constitute the core
structures of various organic molecules. In general, carbon—carbon bonds are formed by
connecting reactive sites of substrates. On the other hand, the chain-walking mechanism, which
is widely acknowledged in the area of olefin polymerizations, allows a metal to move around on
an aliphatic carbon chain by repetitive f-hydride elimination of an alkylmetal species and alkene
insertion without dissociating the alkene during the process. This mechanism enables the
carbon—carbon bond formation at unreactive sites, but application of this feature of the
chain-walking mechanism to organic synthesis has been limited. Therefore, I explored the
development of new methods for carbon—carbon bond formation in organic synthesis using the
chain-walking mechanism. In this research, I developed the cycloisomerization reaction of
dienes proceeding via the chain-walking mechanism and synthesized a variety of five-membered
ring compounds.

First, the reaction of 1,n-dienes bearing a cyclohexene and a terminal alkene moieties with a
1,10-phenanthroline palladium catalyst selectively produced five-membered ring compounds and
silver nitrate/silica gel column chromatography was found effective for isolation of the major
products. Mechanistic studies including a deuterium-labeling experiment strongly indicated that
the cycloisomerization proceeds via the chain-walking mechanism.

The reaction of various 1,n-dienes bearing a cyclic and a terminal alkene moieties was
examined using a protocol in which the cycloisomerization was followed by hydrogenation.
I,n-Dienes bearing a cyclohexene moiety were converted to the corresponding
bicycle[4.3.0]nonane derivatives. Bicycle[3.3.0]octane core was prepared from 1,8-diene having
cyclopentene ring. The cycloisomerization proceeding via the chain walking over a tertially
carbon and the synthesis of a nitrogen-containing five-membered ring compound were also
achieved.

Various 1,n-dienes having a linear internal alkene and a terminal alkene moieties were found
as suitable substrates for the reaction as well. Cyclopentane and pyrrolidine derivatives were
obtained from corresponding acyclic dienes. In addition, cycloisomerization of 1,8-diene bearing
a trisubstituted alkene moiety proceeded smoothly to give a five-membered ring product. The
reaction was also applied to the synthesis of prostane, which is a hydrocarbon having the core
structure of prostaglandins.

Finally, pyridine-oxazoline palladium complexes were also found to catalyze the
cycloisomerization of various 1,n-dienes. In addition, the wuse of optically-active
pyridine-oxazoline ligands enabled the enantioselective cycloisomerization of dienes having a
linear internal alkene moiety.
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