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The aim and goal of this division is to develop analytical methods based on molecular recognition, which provides solutions for environmental problems

and tasks in medicine. We believe that breakthroughs in analytical technology will be facilitated through the development and application of chemical

motifs capable of recognizing materials and through the establishment of methodology for separation/preconcentration and detection/determination

methods for materials of environmental and biological importance. Among such chemical motifs that we studied this year, two examples will be described:
1. Photothermal Effect and Cellular Uptake of Near-Infrared Absorbing Diradical-Platinum(Il) Complex and 2. Selective Synthesis of Heteronuclear

Lanthanide Cluster Complex.
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Fig.1 Structure of PtL. and temperature increase of
different concentration of PtL, under the irradiation
by NIR light at 725 nm. of PtL..

Fig.2 (a) Color image and (b) hyper spectral image
at 740 nm of MCF-7 cells incubated in the presence

Photothermal Effect and Cellular Uptake of
Near-Infrared Absorbing Diradical-
Platinum(ll) Complex

Photothermal therapy, which utilizes agents to convert near-infrared
(NIR) light energy into heat and kill cancer cells by local heating, has
attracted much attention as a minimally invasive therapy. Our group
previously revealed that a diradical-platinum(Il) complex with bromo
groups (PtL,, Fig.l) shows NIR absorption with a molar absorption
coefficient of ca. 10° M'em™ in hydrophobic media. Considering that PtL,
might be localized at the membrane of the cell surface or organelles in
cancer cells and cause cell death by its photothermal effect, we studied the
property of PtL, as a novel photothermal agent. In the presence of bovine
serum albumin (BSA), PtL, was solubilized in PBS. The solution shows an
absorption maximum at 740 nm. The solution temperature increases with
NIR irradiation (Fig.1). The complex solubilized by BSA was introduced
to the human breast cancer cell line MCF-7. The hyperspectral image of
MCF-7 was obtained (Fig.2). In some regions, PtL; is located to show NIR
absorption. The complex seems to be localized on organelle membranes.
We are now studying the intracellular location of PtL; and its cell-killing
ability through its photothermal effect. (43rd International Conference on
Coordination Chemistry (ICCC2018), Applied Sciences Poster Award)
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Fig.3 Schematic representation of selective
synthesis of heteronuclear Ln cluster complex.
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Z& (Ln + TCA — LmTCA1 — LnzTCAz — LnsTCAz) ICEBUL.
FEEDODERICE D ER Ln VSR —fEEDERZEH M (Fig.3),
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Fig.4 Chromatograms and an electropherogram
for samples (a) before fractionation, (b) after
fractionation, and (c) after addition of Yb.

Fig.5 Invitation to Chemistry

Selective Synthesis of the Heteronuclear
Lanthanide Cluster Complex

Selective synthesis of the heteronuclear lanthanide (Ln) complex is
difficult because the difference of the chemical properties between Ln
series is very small. We tried selective synthesis of the heteronuclear Ln
complex in a thiacalixarene (TCA) system. This reaction system proceeds
in a step-wise manner (Ln + TCA — LnTCA; — Ln,TCA; — LniTCA,).
We thought that selective synthesis of the heteronuclear Ln-TCA complex
may be possible with the reaction of isolated LnTCA; with multiple Ln
ions (Ln’). The reaction rate of Tb;TCA; — Tb,TCA; in the presence of
alkylammonium salt (e.g. tetrabutylammonium bromide) was slower than
that in the absence of the salt; therefore, the isolation of TbTCA, was
accomplished. The complexation reaction was proceeded by the addition
of a Yb* solution and buffer solution in the prepared solution of isolated
TbTCA,. The solution consisted of TbsTCA,, Tb,Yb,TCA,, and a small
amount of Tb;Yb,TCA.. The selectivity of TboYb,TCA; in this method was
not high enough, but the ratio of Tb.Y b, TCA, was higher than that obtained
with spontaneous formation in the mixture of Tb, Yb, and TCAS. Also, the
portion of Tb;Yb,TCA, was very low. Now, we attempt to enhance the
proportion of the single heteronuclear Ln cluster complex under the
condition of complexation. (The 38" Symposium on Capillary Electrophoresis
(SCE2018))

Achievements other than research

* Organization of academic meetings:
i) 67" Annual Meeting of Japan Society for Analytical Chemistry,
ii) 68" Conference of Japan Society of Coordination Chemistry,
iii) 43" International Conference on Coordination Chemistry (ICCC2018),
iv) Seminar on Separation and Sensing Functions 2018.

+ Contribution to events for scientific outreach:
i) The 274" Invitation to Chemistry, Miyagi,
ii) Science Day, Miyagi, Sendai

Fig.6 Prepared crystals in the event.
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