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Annual Research Highlights

(1) "Stereoselectivity in spontaneous assembly of
rolled incommensurate carbon bilayers"

We constructed incommensurate carbon bilayers as
molecular entities by assembling two helical cylindrical
molecules, [3]cyclo-3,11-dibenzochrysenylene ([3]C%C)
and [4]cyclo-3,11-fulminenylene ([4]CF) (Fig. 1). The
spontaneous assembly proceeded stereoselectively in
solution to give specific bilayer structures among several
possible combinations. Notably, the selectivity was
different from the proposal in studies of infinite carbon
nanotubes.
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Fig. 1 Finite molecular versions of incommensurate carbon
bilayers, [4]CF D [3]CC.

1.(1)-5) Nat. Commun., 12, 1575 (2021).

(2) "A hybrid molecular peapod of sp>- and sp’-
nanocarbons enabling ultrafast terahertz rotations"

We constructed a hybrid molecular peapod comprising
an sp’-carbonaceous cylinder, [3]C®C, and an sp’-
diamondoid, adamantane (adm) (Fig. 2). Crystallographic
analysis of the hybrid revealed an ideal peapod structure
with adm disordered at the center of the cylinder of
[3]C%C. Solid-state NMR analyses clarified the ultrafast
inertial rotations of adm in the carbonaceous cylinder
with the 1.06-THz rotation at 560 K.

Fig. 2 Crystal structures of a molecular peapod, [3]C%®C D adm,
which exhibited ultrafast solid-state rotations.

1.(1)-3) Nat. Commun., 12, 5062 (2021).

(3) ""Metal-templated oligomeric macrocyclization via
coupling for metal-doped n-systems"

We developed a method for the synthesis of metal-
doped aromatic macrocycles, which was coined metal-
templated oligomeric macrocyclization via coupling
(MOMC). The method allowed for the efficient assembly
of five pyridine units with Ni as the template to furnish
Ni-embedded macrocycles (Fig. 3a). Harnessing this
method, we succeeded in the synthesis of a 120zn
nanocarbon molecule doped with Ni/N elements (Fig. 3b).
X-ray crystallographic analysis revealed the large bowl-
shaped structure with a unique pentagonal bipyramidal Ni
coordination geometry (Fig. 3c).
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Fig. 3 Metal-templated oligomeric macrocyclization via
coupling (MOMC). (a) Reaction scheme. (b) Metal-doped
nanocarbon molecule (NiCl2¢3) and (c) its crystal structure.

1.(1)-2) J. Am. Chem. Soc., 143, 15017-15021 (2021).
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