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Abstract of Thesis

Macrocyclic hosts have been a key player in the research field of supramolecular
chemistry, and the creation and development of macrocycles with unique host-guest properties
have received increasing attention, with expanding their applications in chemistry, biology,
engineering, and nanotechnology. Recently, pillar[n]arenes, which are pillar-shaped macrocyclic
molecules with a rigid cavity constructed from electron rich arenes, have become attractive
candidates to study supramolecular host-guest chemistry and self-assembly because they can
use a rigid central cavity to encapsulate guest molecules through CH-m interactions. However,
synthesis of pillar[5]larenes, in particular, with highly functionalized structures and low-
symmetrical structures, is still challenging. In this work, the post-functionalization of
pillar[5]arenes was carried out, and the physical and chemical properties of the resulting
pillar[5]arene derivatives, together with their supramolecular self-assembling behavior, were

investigated.

Part I: Pertosylated pillar[5larene: self-template assisted synthesis and supramolecular
polymer formation.

The first research avenue in this thesis was the synthesis of the pertosylated
pillar[5]arene (1), which is a functionalisable macrocyclic compound. The cyclization reaction
of the ditosylate monomer afforded 1 in a high yield as a result of a tosylate self-templating
effect. Single-crystal X-ray analysis revealed the five-fold symmetric structure of 1, together
with the formation of a linear polymeric structure that is stabilized by the intermolecular
inclusion of tosylate arms into pillar[5]arene rings. Macrocycle 1 with tosylate groups acts as
a reactive species instead of the corresponding macrocycle with halogen groups, allowing to
produce a wide range of pillar[5]arene derivatives through post-synthetic modifications. This
post-synthetic modification should lead to the creation of tailored macrocycles for specific

applications.

Part II: Tosylate Self-Templating Selective Synthesis and Supramolecular Assembly of
Tosylated Co-Pillar[4+1]arenes.

The innovative tosylate self-templating strategy, which can allow to construct unique
supramolecular networks resembling pseudorotaxanes in the solid state, led to the successful
creation of octatosylated copillar[4+1]arenes (P[4]0Ts[1]A) in a high yield without producing a
mixture of constitutional isomers or polymeric by-products. This method also facilitated the

precise synthesis of mono-quinone functionalized pillararenes (P[4]OTs[1]Bq). Notably, the




incorporated mono-quinone exhibited not only unique electrochemical property but also
temperature-dependent self-assembly behavior that was confirmed by VI' NMR and SAXS
techniques. Moreover, the degree of supramolecular self-assembly was supported by
spectroscopic method, single crystal X-ray analysis, and FMO modeling calculations. This
research highlighted the significant potential of tosylate groups to enhance the selectivity,

efficiency, and functionalization of pillar[5]arene in the synthesis and self-assembly process.

Part III: Supramolecular Architectures Consisting of Cationic Pillar[5]arene Derivatives and
Anionic Metal Complexes with D-Penicillamine.

In this chapter, pertosylated pillar[5]arene (1) was modified to pillar[5]larene with
imidazolium side arms (P[5]Imi), which can work as a cationic building block for creating ionic
supramolecular architectures. Treatment of the cationic pillar[5]arene with the anionic
Aul3Collly complex with D-penicillamine, [AusCoz(D-pen)s]3” ([1-D]3-, D-Hapen = D-penicillamine),
afforded a metallosuparmolecular compound (P[5]Imi)s[1-Dlio ([1-D]Imi) through a co-
crystallization process. The creation of a porous ionic framework via the electrostatic interaction
between the cationic P[5]Imi and anionic [1-D]3-species was confirmed by single crystal X-ray
analysis using synchrotron radiation. Notably, only the Sp configuration of cationic
pillar[5]arene was incorporated into the framework upon the crystallization with the optically
active AulsColll complex with D-pen. This result demonstrated that porous supramolecular ionic
compounds created via the co-crystallization of chiral cationic/anionic pillar[5]arenes and chiral
anionic/cationic metal complexes can show a unique mutual chiral recognition between cationic

and anionic species.

Conclusions

This study proposed three practical methods to design and fabricate pillar[5larene
derivatives by the modification of tosylate substitutions. First, pillar[n]larene was developed to
novel pertosylated pillar[5]larene that can be functionalized by the employment of tosylate
groups as a self-templating strategy. The synthetic approach of this compound demonstrated
not only the self-templation of pendent tosylate substituents but also their role as effective
leaving groups in post-synthetic modifications, which enables the creation of tailored
macrocycles for specific applications. Second, tosylate monomers on pillar[5]arene were modified
through co-cyclization, resulting in the creation of tosylated-copillar[5]arene derivatives. This
method facilitated the precise synthesis of mono-quinone functionalized pillararenes, allowing
to study their electrochemical properties and self-assembly behaviors at different temperatures.
Third, pertosylated pillar[5]arene was modified to its cationic form via the post-synthetic
method. The cationic form was found to be used as a building block for the construction of ionic
supramolecular architectures in combination with an anionic multinuclear complex, exhibiting
a unique chiral recognition event in the solid state. The achievements presented in this thesis
provided effective methods for the design and synthesis of new class of pillar[5]arenes, which

can enhance the selectivity, efficiency, and functionalization in self-assembly processes.
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