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In this thesis “Development of rhodium-catalyzed asymmetric [2+2+2] cycloaddition of diynes with
cyclic alkenes and application of enantioselective synthesis of chiral aromatic molecules”, I described the
development of the rhodium complex-catalyzed asymmetric [2+2+2] cycloaddition of diynes with cyclic
alkenes and the enantioselective synthesis of the chiral aromatic molecules by using these reactions as key
steps.

In introduction, I described the transition-metal-catalyzed asymmetric [2+2+2] cycloaddition of two
alkynes with a 1,2-disubstituted cyclic alkenes is one of the most convenient methods for the synthesis of
chiral bicyclic 1,3-cyclohexadiene with high atom economy. However, the precedents of the reaction have
been limited to a few examples and the successful use of the chiral bicyclic 1,3-cyclohexadienes in
synthetic application has not been reported so far.

In part 1 of body, I investigated the cationic rhodium(I)/bisphosphine complex-catalyzed asymmetric
[2+2+2] cycloaddition of diynes with cyclic alkenes systematically.

In chapter 1 of part 1, I investigated the asymmetric [2+2+2] cycloaddition of symmetrical diynes with
unsymmetrical cyclic alkenes. Thus, in section 1 of chapter 1 (part 1), it was found that the cationic
rhodium complex catalyzes the one-pot [2+2+2] cycloaddition-aromatization-protection of 1,6-diynes
possessing no substituents or the electron-donating group at alkyne termini with cyclic enol ethers to give
the corresponding homobenzyl alcohol derivatives. In section 2 of chapter 1 (part 1), it was found that the
cationic rhodium complex catalyzes the asymmetric [2+2+2] cycloaddition of diynes possessing the
electron-withdrawing group at alkyne termini with 2,3-dihydrofuran or various diynes with indene,
1,2-dihydronaphthalene, and benzofulvenes.

In chapter 2 of part 1, I investigated the asymmetric [2+2+2] cycloaddition of unsymmetrical diynes
with symmetrical cyclic alkenes. Thus, in section 1 of chapter 2 (part 1), it was found that cyclopentene and
acenaphthylene are capable of reacting with diynes by using cationic rhodium catalyst. In section 2 of
chapter 2 (part 1), it was found that the cationic rhodium complex catalyzes the one-pot [2+2+2]
cycloaddition-aromatization of diynes with 1,4-naphthoquinones.

In chapter 3 of part 1, I investigated the asymmetric [2+2+2] cycloaddition of unsymmetrical diynes
with unsymmetrical cyclic alkenes. As a result, it was found that cationic rhodium complex catalyzes the
one-pot [2+2+2] cycloaddition-aromatization-protection of the diyne with 2,3-dihydrofuran to give the
corresponding homobenzyl alcohol derivatives in perfect regioselectivity. On the other hands, it was found
that indene and benzofulvenes are capable of reacting with diynes by cationic rhodium catalyst to give the
corresponding cyclohexadienes with high regio- and enantioslectivity.

In part 2 of body, I investigated the enantioselecive synthesis of chiral aromatic molecules via the
asymmetric [2+2+2] cycloaddition of a diyne with a cyclic alkene described in part 1. Thus, in chapter 1 of
part 2, it was found that the enantioselective synthesis of n-extended distorted chiral triptycenes consisting
three distinct aromatic rings could be accomplished by using the asymmetric [2+2+2] cycloaddition
described in section 2 of chapter 1 (part 1) as a key step. In chapter 2 of part 2, it was found that the
enantioselective synthesis of PAH-based chiral cyclophanes could be accomplished by using the regio- and
enantioselective [2+2+2] cycloaddition described in chapter 3 of part 1 as a key step. As described above, it
has been established that cationic rthodium complex-catalyzed the asymmetric [2+2+2] cycloaddition of
diynes with cyclic alkenes and the highly enantioselective synthesis of chiral triptycene and chiral
cyclophanes by using these reactions as key steps.

In conclusion, this thesis was summarized.
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