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Scope of Research

Fundamental studies are being conducted for the creation of new functional m-systems with novel structures and
properties, and for evaluation of their application as organic semiconducting materials for photovoltaic and electrolumi-
nescent devices. The major subjects are: 1) organochemical transformation of fullerenes C,, and C,,, specifically organic
synthesis of endohedral fullerenes by the technique of molecular surgery; 2) generation of ionic fullerene species and their
application for the synthesis of functional material; 3) synthesis of new carbon-rich materials by the use of transition
metal complex; and 4) creation of new functional m-materials with unique photoelectric properties.
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Cage-Expansion of Fullerenes

Despite the first proposal on the cage inflation of
fullerenes in 1991, the chemical expansion of fullerenes
has been still a formidable challenge. Herein, we provide
an efficient methodology to expand [60] and [70]fullerene
cages by the inclusion of totally C5N unit, giving nitrogen-
containing closed structures as C,;N and C,;N with double
fused heptagons. This method consists of two steps
commenced with the construction of an opening by the
reaction with triazine as a C3N source, followed by the
cage reformation using N-phenylmaleimide as a C2 source.
We also synthesized endohedral cages, demonstrating that
the encapsulated H,O molecule inside the C,sN cage prefers
the orientation which maximizes the intramolecular inter-
action with the carbon wall. Additionally, we revealed the
existence of a through-space magnetic dipolar interaction
between the encapsulated H, molecule and the embedded
N-atom.

Figure 1. Cage-expanded fullerenes.
Synthesis and Oligomerization of CpM(CO),

We showcase efficient synthetic protocols of cyclopen-
tadienyl metal dicarbonyl, CpM(CO), (M = Rh and Ir).
Reflecting the relativistic effect, the *H and '*C signals of
the Cp ring in Cplr(CO), were upfield shifted when com-
pared with the Rh analogue. A missing dinuclear complex,
(Cplr),(u-CO)(CO),, was spontaneously generated together
with [Cplr(CO)], by the loss of CO. The crystallograpgic
analyses unambiguously determined their unique structures
with one and three Ir—Ir bonds, respectively.

Figure 2. Cyclopentadienyl group 9 metal carbonyl complexes.

Tuning Transition Electric and Magnetic
Dipole Moments: [7]Helicenes Showing
Intense Circularly Polarized Luminescence

Helicenes are promising candidates for chiral optoelec-
tronic materials, however, the emission intensity of unsub-
stituted helicenes is very weak (®; < 0.05) due to a small
oscillator strength for the S,—S, transition. In this work,
we designed the S,—S, transition of [7]helicene derivatives
so that it has a large transition magnetic dipole moment
(TMDM) and is partially symmetry-allowed. A [7]helicene
derivative thus designed showed a large fluorescence
emission rate (k; = 0.02 ns') and a large TMDM for the
S,—S, transition (jm| = 2.37 x 107 erg-Gauss '), which
are more than 10 times greater than those of unsubstituted
[7]helicene (k;=0.001 ns™!, |m|=0.045 x 102 erg-Gauss ).
As a result, we achieved the [7]helicene derivative whose
dissymmetry factor of CPL and fluorescence quantum
yield were both high (|gep| = 1.3 x 1072, ®; = 0.17) in the
solution phase.

Figure 3. A design of emissive [7]helicene with large dissymmetry factor
of CPL.
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