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This thesis “Construction of multi-functionalized linear- and cyclic carbon skeletons via the rhodium-catalyzed highly selective
intermolecular trimerization of alkynes with unsaturated compounds™ described the development of novel and highly selective
intermolecular trimerization, and its application to the construction of multi-functionalized linear- and cyclic carbon skeletons to
overcome the unsolved problem limited to complete intramolecular or partially intramolecular trimerization to date.

In part 1, chapter 1 “Synthesis of a,f,y,6-unsaturated carbonyl compounds by the intermolecular trimerization of terminal alkynes
with carbonyl compounds™, | described the synthesis of a,f,y,6-unsaturated carbonyl compounds by the unachieved intermolecular
trimerization of two alkynes with carbonyl compounds. | found that the intermolecular trimerization with carbonyl compounds
proceeds at room temperature by using a cationic rhodium(l) complex as a catalyst and aryl ethynyl ethers as alkynes to give the
corresponding o, f3,y,6-unsaturated carbonyl compounds in high yields with perfect regioselectivity as well as high steroselectivity.

In part 1, chapter 2 “Synthesis of chiral cyclohexadienes by the tandem intermolecular trimerization/intramolecular asymmetric
cycloaddition of terminal alkynes with alkynylaldehydes”, | described the application of the above novel catalytic reaction to the
construction of multi-functionalized cyclic carbon skeletons. | found that the intermolecular trimerization and intramolecular
asymmetric [4+2] cycloaddition with two aryl ethynyl ethers sequentially proceed in the presence of the cationic rhodium(l)
complex catalyst at 80 °C by using 5-alkynylaldehydes as carbonyl compounds to produce the corresponding chiral cyclohexadienes
in good yields with perfect regio- and stereoselectivity.

In part 2, chapter 1 “Synthesis of macrocyclic cyclophanes by the sequential intermolecular trimerization of a
dipheylcyclohexane-linked terminal diyne with an alkyne”, | described the synthesis of macrocyclic cyclophanes by the unachieved
sequential intermolecular trimerization of diynes with alkynes. | found that the sequential intermolecular cyclotrimerization with
di-tert-butyl acetylenedicarboxylate proceeds at room temperature by using the cationic rhodium(l) complex as a catalyst, a
L-shaped dipheylcyclohexane-linked terminal diyne as a diyne, di-tert-butyl acetylenedicarboxylate as an alkyne to give the
corresponding macrocyclic cyclophanes.

In part 2, chapter 2 “Synthesis of macrocyclic cyclophanes by the sequential intermolecular trimerization of a
dipheylcyclohexadiene-linked terminal diyne with an alkyne”, | found that the sequential intermolecular cyclotrimerization with
di-tert-butyl acetylenedicarboxylate proceeds in the presence of the cationic rhodium(l) complex catalyst at room temperature by
using a diphenylcyclohexadiene-linked terminal diyne as a diyne to produce the corresponding macrocyclic cyclophane.

In part 2, chapter 3 “Synthesis of a multi-functionalized [12]cycloparaphenylene by aromatization of the macrocyclic
cyclophanes”, | described the synthesis of a multi-functionalized cycloparaphenylene (CPP) by aromatization of the macrocyclic
cyclophanes. | found that the reductive aromatization of the cyclohexadiene-linked macrocyclic cyclophane with excess amount of
sodium naphthalenide as a reductant proceeds at —78 °C to produce the corresponding [12]CPP-hexacarboxylate. Then, an X-ray
crystal structural analysis revealed the columnar packing of the [12]CPP-hexacarboxylate dimer, which forms through six C-H...O
hydrogen bonds. Moreover, Scanning Tunneling Microscope characterization also revealed nanotube assembly of
[12]CPP-hexacarboxylate on the Au(111) solid surface.

In part 2, chapter 4 “Intermolecular trimerization of cyclohexadiene-linked terminal diynes with alkynes”, | described the
intermolecular trimerization of cyclohexadiene-linked terminal diynes with alkynes. | found that the desired trimerization proceeds
at room temperature by using the cationic rhodium(l) complex as a catalyst to give the corresponding benzobarrelenes in good
yields. I also found that the intermolecular trimerization with nitriles proceeds at 80 °C and the corresponding azabenzobarrelenes
are obtained in moderate yields.
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