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Curved & -conjugated architectures offer unique opportunities to modulate electronic structure, excited
state dynamics, and functional photophysical properties beyond the limits of conventional planar
chromophores. In this doctoral dissertation, the curved bowl-shaped framework of sumanene and its
triketone derivative, trioxosumanene, is exploited as a versatile molecular platform for the design of ion-
responsive and luminescent organic systems. Emphasis is placed on elucidating how molecular curvature
governs charge distribution, spin—orbit coupling (SOC), and excited-state processes, thereby enabling
advanced optical functionalities.

Chapter 1

A series of four luminescent Ru(II) complexes (C1-C4) incorporating sumanene-functionalized
terpyridine ligands were synthesized and characterized. The rigid yet rotatable connection between the
sumanene unit and the terpyridine ligand introduces conformational flexibility, enabling twisted
intramolecular charge transfer (TICT) processes. These complexes exhibit dual emission arising from
photoinduced electron transfer from the sumanene moiety to the Ru—terpyridine center, followed by
back electron transfer to the phenyl spacer. In addition, sensitive recognition of Li* ions were observed,
which is attributed to cation—m interactions on the convex face of the sumanene core.

Chapter 2

A series of trioxosumanene derivatives were synthesized via Lewis acid—mediated Suzuki-Miyaura

cross-coupling reactions. Electrochemical and optical investigations revealed the intrinsically strong




electron-accepting nature of the trioxosumanene scaffold, arising from the conjugation of three carbonyl
groups with the curved & -system. Notably, pronounced bowl strain in a 2-hydroxyphenyl-substituted
derivative enabled an unusual ring-opening transformation at room temperature, highlighting the role
of curvature-induced strain in facilitating unconventional reactivity under mild conditions.

Chapter 3

A novel bowl-shaped near-infrared (NIR) Iluminophore, TPA-TOS, was developed using
trioxosumanene (TOS) as a curved electron acceptor and triphenylamine (TPA) as a donor. This
molecule exhibits pronounced solvent-dependent photophysical behavior, showing weak ultraviolet
emission in polar solvents and intense NIR emission (650-850 nm) with quantum yields exceeding 60%
in nonpolar media. Spectroscopic and theoretical analyses indicate that the emission originates from a
photo-relaxation pathway involving exciton relaxation from a locally excited state to a charge-transfer
state, followed by thermally activated delayed fluorescence (TADF) and room-temperature
phosphorescence (RTP), ultimately forming a long-lived charge-separated state. The enhanced SOC
induced by the curved sumanene framework plays a critical role in enabling efficient intersystem

crossing and reverse intersystem crossing.
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