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Annual Research Highlights

(1) “Pt-centered molecular gear with reversible
clutch function”

Metal ions can serve as a center of molecular motions
due to their coordination geometry, reversible bonding
nature and external stimuli responsiveness. Such essential
features of metal ions have been utilized for met-
al-mediated molecular machines with the ability to mo-
tion switch via metalation/demetallation or coordination
number variation at the metal center; however, motion
switching based on the change in coordination geometry
remain largely unexplored. Herein, we report a
Pt'"-centered molecular gear that demonstrates control of
rotor engagement and disengagement based on photo- and
thermally driven cis—trans isomerization at the Pt center
(Fig. 1). This molecular rotary motion transmitter has
been constructed from two coordinating azaphos-
pha-triptycene rotators and one Pt ion as a stator. [som-
erization between an engaged cis-form and a disengaged
trans-form is reversibly driven by ultraviolet irradiation
and heating. Such a photo- and thermally driven motional
interconversion between engaged/disengaged states on a
metal ion would provide a selector switch for more com-
plex interlocking systems.
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Fig. 1 Schematic representation of a Pt!-centered molecular
gear. This molecular gear has two azaphospha-triptycene rota-
tors coordinating to the central Pt'! ion as a stator. Isomerization
between an engaged cis-form and a disengaged trans-form are
reversibly driven by ultraviolet irradiation at 360 nm and heat-

ing.

1.(1)-1) Nat. Commun., 8, 14296 (2017).

(1) "Cyclic peptide composed of biphenyl-cored
C-amino acids"

Aiming at spatially arranging several proteinogenic
a-amino acids on a cyclic scaffold, we have developed a
rigid cyclic hexapeptide comprising biphenyl-cored
C-amino acids and proteinogenic a-amino acids (Fig. 2).
The resulting structure was characterized by NMR spec-
troscopy and mass spectrometry, and its conformation in
solution was also elucidated by circular dichroism (CD)
and theoretical calculation. Furthermore, the cyclic pep-
tide became soluble in water by hydrolyzing three methyl
ester groups at the periphery of the cyclic skeleton. This

o/C-cyclic peptide is therefore expected to serve as artifi-
cial enzymes based on the arrangement of several func-
tionalities on the cyclic scaffold.
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Fig. 2 Construction of cyclic hexapeptides composed of bi-
phenyl-cored C-amino acids and proteinogenic a-amino acids

1.(1)-2) Chem. Asian J., 12, 1087-1094 (2017).

(3) “A hexad triptycene gear molecule”

Designing synthetic molecules capable of motion
transmission with high structural correlation is a chal-
lenge in the development of molecular ma-
chines. Molecular gearing is an integral structural motif in
such molecules that can transmit or convert rotational
motions. However, only a few examples of triple or
quadruple gearing systems have been reported to date.

This paper describes the synthesis of a circularly ar-
ranged sextuple triptycene gear molecule, hex-
akis(10-dodecyloxy-9-triptycyl)ethynylbenzene, via the
trimerization of the corresponding triyne with a cobalt
catalyst (Fig. 3). The six triptycene gears are closely en-
gaged with each other as confirmed by single crystal
X-ray structure analysis, and their motion in solution was
established by NMR spectroscopy. Notably, when one
bulky RuCp* complex was attached to one triptycene
gear, the whole movement of the six gears was highly
restricted via their mechanical engagement. Development
of such a multigear molecule would provide a structural
basis for molecular motion transmission systems with a
switching function.

R = (CHz2)11CHs

Fig. 3 Chemical structure (left) and ORTEP diagram (Right,
50% probability) of the hexad triptycene gear molecule. Do-
decyl side chains (R: (CH,);1CH3) are omitted for clarity in the
ORTEP diagram.

1.(1)-3) J. Am. Chem. Soc., 139, 1214-11221 (2017).
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