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This thesis is entitled "Asymmetric Synthesis of Chiral Cyclic n-Conjugated Molecules via Rhodium-Catalyzed [2+2+2]
Cycloaddition of Alkynes" and consists of five chapters.

In Chapter 1, "Introduction", I gave an overview of the synthetic examples of chiral cyclic n-conjugated molecules and
their potential applications, and then I described the difficulties of asymmetric synthesis of belt-shaped m-conjugated
molecules using conventional synthetic strategies. I further explained that such high hurdles can be overcome with cationic
rhodium/chiral phosphine-catalyzed [2+2+2] cycloaddition reactions. On the basis of these backgrounds, I reviewed the
purpose and results of this research and summarized them.

In Chapter 2, Section 1, "Asymmetric Synthesis of Planar-Chiral Zigzag-Belt Molecules", I developed cationic rhodium-
catalyzed [2+2+2] cycloaddition of unsymmetric triynes, which resulted in the synthesis of zigzag-type belt molecules with
excellent enantioselectivity of 98% ee. The enantioselection mechanism was also demonstrated experimentally, clarifying
that chiral cationic rhodium catalysts are superior in controlling planar chiralities.

In Chapter 2, Section 2, "Asymmetric Synthesis of Naphthalene-Embedded Armchair and Chiral Cyclophenylene Belts,"
I introduced a naphthalene-skeleton into the molecular design established in Section 2-1 and achieved the comprehensive
synthesis of zigzag/chiral/armchair type-belts. The reaction mechanism analysis using DFT calculations revealed that
molecular strain destabilizes the transition state of the oxidative cyclization step of the [2+2+2] cycloaddition reaction.
Furthermore, I found that the m-extension is effective in improving the chiroptical properties.

In Chapter 3, "Asymmetric Synthesis of Cycloparaphenylenes with Helical Chirality," I have succeeded in the synthesis
of multihelicene-containing CPPs with very high enantioselectivity of >99% ee. The thus obtained CPPs showed good
quantum yields of 40-48% and good chiroptical properties with gabs = 0.0095. These results demonstrate that this molecular
design is excellent for achieving both large g values and high fluorescence quantum yields.

In Chapter 4, "Asymmetric Synthesis of Multply Twisted Aromatic Belt," I designed a hybrid molecular design consisting
of curved metaphenylene units and linear paraphenylene units, resulting in the synthesis of highly twisted aromatic belts
with high enantioselectivity of up to 95% ee. Their 3D structures and topologies were studied in detail using X-ray structural
analysis and DFT calculations, indicating that the triply twisted Mdbius belt has the largest amount of twists among the belt-
shaped m-conjugated molecules.

Chapter 5, "Conclusion", summarizes the results obtained in this study.
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