MOLECULAR TECHNOLOGY INNOVATION

Annual Research Highlights

(1) Atomic resolution
"Cinematic chemistry"
The formation of salt crystals is often experienced in daily
life. We have cinematographically recorded the whole
process of salt formation by electron microscopy (Fig. 1).
Here, the ion pairs, which were first assembled in a
vacuum in a disorderly manner, suddenly form and grow
into a nano-sized crystal. Not only did the published paper
win the Top 1% citation, but the video recording of this
scene won the "63rd Science and Technology Film Festival

- gé-%'} — Naci Award for Excellence in

electron microscopy for

NaCl crystal Research and
Development." It was also
featured in a picture book
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(1)-1) J. Am. Chem. Soc., 143, 1763-1767 (2021).

Organofullerene amphiphiles show diverse behaviors
in water, forming vesicles, micelles, Langmuir—Blodgett
films, and anisotropic nanostructures. We found that
gradual in situ protonation of an organic solution of (4-
heptylphenyl)sCso K™ by water or buffer generates the
corresponding protonated molecule, which self-assembles
to form nano- and microspheres of organofullerene
(fullerspheres) with uniform diameters ranging from 30
nm to 2.5 um. Using an aqueous solution of an organic dye,
inorganic nanoparticle, protein, and virus, we encapsulated
these entities in the fuller sphere (Fig. 2). The
unconventional utility of the sphere is found for electron
tomographic imaging of nanoparticles and biomaterials.
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Fig. 2 Nano- and Microspheres Containing Inorganic and
Biological Nanoparticles
(1)-2) J. Am. Chem. Soc.,143, 28222828 (2021).
Cyclodextrins (CDs) are doughnut-shaped cyclic
oligosaccharides having a cavity and two rims. Inclusion
binding in the cavity has long served as a classic model of

molecular recognition, and rim binding has been neglected.

We found that CDs recognize guests by size-sensitive
binding using the two rims in addition to the cavity, using
single-molecule electron microscopy and a library of
graphitic cones as a solid-state substrate for complexation
(Fig. 3).

(2) Organic synthesis using ubiquitous metals (Element
Strategy)
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Fig. 3 Rim Binding of Cyclodextrins in Size-Sensitive
Guest Recognition
(1)-3) J. Am. Chem. Soc., 143, 57865792 (2021)

Regioselective thienyl-thienyl coupling is arguably one
of the most important transformations for organic
electronic materials. We reported the regioselective thienyl
C-H/C-H coupling with an iron(III) catalyst under mild
conditions (Fig. 4). The efficient catalytic system
accelerated by ligand optimization polymerizes thiophene-
containing monomers into homo- and copolymers bearing
a variety of electron-donative m motifs. The findings
suggest the versatility of iron catalysts for the synthesis of
functional polymers, for which the potential of this
ubiquitous metal has so far not been fully appreciated.
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Fig. 4 Iron-Catalysed Regioselective Thienyl C-H/C-H
Coupling and Polycondensation
(2)-1) Nat. Catal., 4, 631-638 (2021).
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Fig. 5 Iron-Catalyzed Tandem Cyclization of

Diarylacetylene for Narrow-Band-Gap Materials
(2)-2) J. Am. Chem. Soc., 143, 6323-6328 (2021).

We reported a mild and versatile synthetic access to the
1,4-dihydropentalene framework enabled by iron-
catalyzed single-pot tandem cyclization of a
diarylacetylene using mild iron catalysis. The new method
provided access to a variety of substituted indeno[2,1-
aJindenes and their thiophene congeners CTV. With its
high HOMO level and narrow optical gap, CTV serves
as a donor unit in a narrow-band-gap non-fullerene
acceptor and has found use in a near-infrared
photodetector device that exhibited an excellent
external quantum efficiency.
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Press Release [Scientists prepare new organic semiconductor materials for iron-catalyzed C-H/C-H regioselective
coupling of thiophenes] (2021 47 H)



