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Annual Research Highlights

(1) "Synthesis of a negatively curved nanocarbon
molecule with an octagonal omphalos via
Design-of-Experiments optimizations supplemented
by machine learning"

We synthesized a negatively curved nanocarbon
molecule, phenine [8]circulene, via
Design-of-Experiments (DoE) and machine learning
(ML) (Fig. 1). An octagonal omphalos was prepared by
Ni-mediated macrocyclization. Three major factors (M, 7,
C) were selected to be optimized in the macrocyclization,
where M is equivalent of Ni(cod),, T is the addition time,
and C is the final concentration of 1. The experiments
were performed according to DoE, and the results were
subjected to ML to allocate the optimum conditions, in
which the octagonal omphalos was obtained in 60%

yield. The subsequent three-steps transformations
furnished phenine [8]circulene.
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Fig. 1 Synthesis of phenine [8]circulene.
1.(1)-2) Angew. Chem. Int. Ed., 61, ¢202204035 (2022).

(2) "A defective nanotube molecule of Css2Ha96N24
with pyridinic and pyrrolic nitrogen atoms"

We designed and synthesized a nitrogen-doped
phenine nanotube (NpNT 2) decorated with 8 pyridinic
nitrogen atoms at the cylindrical core and 16 pyrrolic
nitrogen atoms at the rim (Fig. 2). The 3-nm cylindrical
structure of NpNT 2 was fully revealed by X-ray
crystallographic analysis. It was found that the presence
of the pyridinic and pyrrolic nitrogen dopants endowed
the nanotube with solvatochromic fluorescence by
charge-transfer interactions.
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Fig. 2 A defective nitrogen-doped phenine nanotube 2.
1.(1)-7) Angew. Chem. Int. Ed., 61, €202114305 (2022).

(3) "A minimal cage of a diamond twin with
chirality"

A chiral carbonaceous network, diamond twin, which
has maximal symmetry and strong isotropy like diamond,
was obtained for the first time (Fig. 3a). We designed and
synthesized the minimal cage molecule extracted from
diamond twin. The materialization of diamond twin
enabled the structural analyses to disclose the unique
properties. The existence of the chirality in diamond twin
was proved by the fixation of chirality and optical
resolution of the enantiomers (Fig. 3b).
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Fig. 3 A chiral carbonaceous network, diamond twin. (a) The
network and minimal cage. (b) Optically resolved enantiomers.

1.(1)-6) Proc. Natl Acad. Sci. USA, 119, 2120160119
(2022).
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