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Spectroscopy and magnetic properties of Ln-[Ag(CN)z]n
coordination polymers

(The University of Tokyo) oYuichiro Oue', Olaf Stefanczyk', Kosuke Iguchi', Guanping Li',
Koji Nakabayashi', Kenta Imoto!, Shin-ichi Ohkoshi!

Keywords: fluorescence; lanthanide; silver; magnetism; single molecule magnet

The [Ag(CN).] ions have a natural predisposition to form Ag—Ag bonds, generating
diverse structures, including one-dimensional chains and two-dimensional layers. Meanwhile,
tris(2-pyridylmethyl)amine (tpa) is a versatile ligand for lanthanide(II) complexes, enhancing
their single-molecule magnet (SMM) properties and sensitizing their luminescence. Substituted
tpa ligands can be easily synthesized, enabling functionalization. Despite the potential
application of such complexes, including luminescence', SMM properties®, and terahertz
absorption®, reports on lanthanides(IIl)-silver(I) complexes remain scarce, as do studies
employing tpa as a coordinating ligand for lanthanides.

In this study, cyanometallate-bridged lanthanide complexes incorporating tris(2-
pyridylmethyl)amine were synthesized using Tb(III), Dy(IlI), Ho(III), and Y(III) ions. Their
spectroscopic and magnetic properties were studied (Figure 1), revealing distinct features such
as lanthanide-centered luminescence in the Tb(III)-Ag(l) and Dy(IIl)-Ag(I) systems,
lanthanide-centered absorption in the Ho(III)-Ag(I) system, and broad luminescence attributed
to extensive Ag~Ag bonding in all systems. Notably, all emissions are temperature-dependent.
In addition, the Dy(II)/Y(III)-Ag(I) compounds show field-induced single-molecule
magnetism, with dilution by Y(III) reducing Dy(IIl) dipole interactions and increasing the
energy barrier. These compounds hold potential for various applications, including lanthanide-

centered luminescence thermometry.
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Figure 1. Structural unit of Ln-Ag systems (a) and emission spectrum of Dy-Ag system (b).
1) S. Ohkoshi et al., Inorg. Chem., 2019, 58, 5677-5687. 2) S. Ohkoshi et al., J. Mater. Chem. C,
2023,11, 1008-1020. 3) S. Ohkoshi et al., Inorg. Chem. Front., 2024,11, 3906-3918.
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Catalytic Decarboxylative Oxygenation of Carboxylic Acids by Titanium and Cerium
Combined Catalysts under Visible Light Irradiation (' Graduate School of Engineering Science,
Osaka University, *Graduate School of Engineering, Osaka University) O Sota Tamaki,'
Tetsuro Kusamoto,' Hayato Tsurugi?

Photo-induced homolysis of a metal-ligand bond is an efficient strategy for generating organic
radicals in a selective manner under mild reaction conditions, which is a key step to develop
photocatalytic organic transformations.! We previously reported that cerium(IV) carboxylate
complexes served as photocatalysts for decarboxylative oxygenation of carboxylic acids under
blue LED irradiation, in which homolysis of the cerium(IV)-carboxylate bond generated
carboxyl radicals.> We herein report efficient titanium and cerium combined catalysts for
decarboxylative oxygenation under visible light irradiation in the presence of air. The
photocatalytic activity was strongly affected by the ratio of titanium to cerium: titanium
alkoxide was inactive under visible light irradiation, whereas the addition of an equivalent of
cerium alkoxide to titanium alkoxide showed the highest catalytic activity among the reactions
with different ratios of the two metals, in which cerium(IV) and titanium(IV) containing
clusters are formed with a 1:1 ratio of the two metals. In addition, the catalytic activity of the
mixed-metal clusters is higher than the previously reported cerium(IV) clusters. Optimization
of the reaction conditions and the scope of substrates are disclosed in this presentation.

Keywords: Cerium; Titanium,; Carboxylic Acid; Photo-catalytic Reaction; Decarboxylation
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Ce(O'Bu), (1.0 mol%)  NaBH,

.0 Ti(O'Bu), (1.0 mol%) (2.0 equiv.) R _OH
R on > - 7
R R3 PhCl, r.t., 2 h MeOH R3
427 nm LED, under air up to 97%
- co,

1) Bhattacharyya, A.; Reiser, O. et al. Angew. Chem., Int. Ed. 2021, 60, 21100.
2) Tsurugi, H.; Satoh, T.; Mashima, K. et al. J. Am. Chem. Soc. 2020, 142, 5668.
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Synthesis and Photoluminescent Properties of Novel Luminescent Sm(Ill) Complexes with
Pyrazolone-type Ligands (!Sagami Chemical Research Institute (SCRI), *College of Industrial
Technology, Nihon University) O Ryohei Enomoto,! Keisuke Araki,! Airi Masaki,'
Takayoshi Fujii’

Luminescent rare-earth complexes exhibit luminescence specific to the type of rare earth
element and are known to exhibit luminescence with a large Stokes shift and high colour purity.
In addition, the absorption wavelength can be controlled by the introduced ligands, making
them promising candidates for applications as wavelength-conversion material. Among these,
Sm (III) complexes have been previously reported; however, their photophysical properties
remain suboptimal, posing challenges for practivcal application. To overcome this challenge,
we designed pyrazolone-based ligands that exhibited high T; values predicted by DFT
calculations, synthesized novel Sm (III) complexes with these ligands, and evaluated their
photophysical properties, which will be presented in this report.

Keywords : Lanthanide Complex; Luminescent Material;, Samarium; Pyrazolone-type Ligand
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la) H. Kawai; C. Zhaoa; S. Tsuruoka; T. Yoshida; Y. Hasegawa; T. Kawai; J, A/loy.
Comp, 2009, 488, 612-614.

1b) A. Ail; Z. Ahmed; K. Iftikhar; R. Uddin; Dalton Trans, 2024, 53, 1105-1120.

Ic) W-.S. Lo; J. Zhang; W-.T. Wong; G-. L. Law; Inorg. Chem, 2015, 54, 3725-3727.
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X-ray Structure Analysis of Nucleophilic Liquid Compounds by a New Crystalline
Sponge

(Kao Corporation, *Sumitomo Pharma Co.,Ltd., *Kirin Holdings Company, Limited, *Shionogi
& Co., Ltd., *Daicel Corporation, °Nissan Chemical Corporation, "Mitsui Chemical Analysis
& Consulting Service Inc., Merck KGad, °Rigaku Corporation, '°Graduate School of
Engineering, The University of Tokyo, "Institute for Molecular Science(IMS))

O Kazuhiro Osawa!, Ryo koike!, Shoukou Lee?, Mutsuki Ikeda®, Yoshimasa Taniguchi®,
Yusuke Takata*, Keisuke Gondo®, Kei Nagae®, Norihiro Nasu’, Carolina Von Essen®, Takashi
Kikuchi®, Sota Sato!'®!!

The crystalline sponge (CS) method has been utilized for molecular structure analysis."
However, the structure determination of nucleophilic compounds by this method has been
restricted because they collapse the crystallinity of CS.? In this study, we mined MOFs with
crystalline sponge functionality from the Cambridge Structural Database, and confirmed that
even the structure of liquid nucleophilic compounds which would collapse the conventional
crystalline sponge can be determined. In addition, these MOFs can also be stored for a long
time in polar solvents, making it possible to apply them to compounds that are only soluble in
highly polar solvents. These new CSs would be expected to expand the polar range of
compounds to which the CS method can be applied.

Keywords : Crystalline Sponge, MOF, X-ray diffraction, Structure Analysis
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1) X-ray analysis on the nanogram to microgram scale using porous complexes, Y. Inokuma et al.,
Nature 2013, 495, 461.

2) X-ray structure analysis of N-containing nucleophilic compounds by the crystalline sponge method,
F. Sakurai et al., Chem. Eur. J. 2017, 23, 15035
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Photophysical Properties of Chiral Europium Complexes with Camphor-Derived B-Diketonate
Ligands (!School of Engineering, Hokkaido University, *Graduate School of Chemical
Sciences and Engineering, Hokkaido University, *Faculty of Engineering, Hokkaido University,
*Institute for Chemical Reaction Design and Discovery (WPI-ICReDD), Hokkaido University)
O Kaoru Koizumi!, Kosuke Itaya’?, Mengfei Wang>*, Yasuchika Hasegawa®*, Yuichi
Kitagawa®*

Chiral molecules exhibit circularly polarized luminescence (CPL), which is characterized by
the differential luminescence intensity of right- and left-handed circularly polarized light!!l. The
luminescence dissymmetry factor (gcpL) defined as gecp =2 x (I — Ir) / (I + Ir), where I and
Ir are the luminescence intensities of left- and right-hand circularly polarized light, respectively.
Recently, a luminescent film with large gcp. value ( = 1.2) was reported using a chiral Eu(III)
complex!?. In this study, we report on novel luminescent films composed of two types of chiral
tetrakis Eu(Ill) complexes (Fig. 1, TEA[Eu(-tfc)s] (gecr = +1.54 in CHCl3) and
TEA[Eu(+pfc)s] (gere = +1.28 in CHCI;))B. The mixed film (TEA[Eu(-tfc)s]
TEA[Eu(+pfc)s]= 1 : 2) provides the largest gcpr value in solid state ( = +1.58).

Keywords : Luminescence, Chiral, Europium, Camphor, 4f-4f Transition

MR YEHESE(CPLYIE S 7 Vo T3R8 T 2 BRI 2 P Y & A PR YEIC R E =3 A4 ©
HBGTH DN, LA TR ICTRE OMR O X GHERE F(ger =2 % (I — Ir) / (I + )T &L
STIHEESN D, Z2TChL E RIZENZIEFRCEE & AMRCHEETH D, I
R E 72ger [ E(=1.20)% 7173 7 /L7 Bu(IIDEEAENHE S =R, AR T E
DICRER g HZ RTRNEOAIKZ BRI E L, —FOT b7 % 2% Z )L By(1Il)
B (Fig. 1, TEA[Eu(~tfc)s] (gce = +1.54 in CHCl3) & TEA[Eu(+pfc)s] (gcrL = +1.28 in
CHCL) BYRAZ AR L. TOXBHEICHOWTIHM L, ZTORE, RAMK
(TEA[Eu(—tfc)s] : TEA[Eu(+pfec)s] =1 : 2THB W THEIRSHIZ BT DK D gep H( =
+1.58) Bl = T,

[~ s
\/N+ “‘-/N‘
4 W C,Fs n W
TEA[Eu(-tfc),) TEA[Eu(+pfc),]

Fig. 1 Chemical structures of tetrakis chiral Eu(IIl) complexes.

[1] J. Han, et al., Adv. Opt. Mater, 6, 1800538 (2018). [2] Y. Kitagawa, et al., Commun. Chem., 3, 119
(2020). [3] M. Tsurui, et al., Angew. Chem. Int. Ed., 63, 34 (2024).
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Synthesis and Photophysical Properties of Polyether-Functionalized Benzoate-Typed Eu(IlI)
Complexes (! School of Engineering, Hokkaido University, *Graduate School of Engineering,
Hokkaido University, *Institute for Chemical Reaction Design and Discovery (WPI-ICReDD),
Hokkaido University) OKyohei Okada,! Mengfei Wang,>* Yuichi Kitagawa,>® Yasuchika
Hasegawa??

Eu(Ill) complexes with bright red emission and long luminescence lifetimes hold great
promise as luminescent probes. Recently, we successfully incorporated Eu(IIl) complex into
tumor cells and observed that change in the Iuminescence property correlates with the
malignancy of the tumor cells'. This discovery highlights the potential of Eu(IIl) complexes
for tumor diagnostics. Medical studies have suggested that alterations in the metabolism of
amino acids are connected to tumor cell activities?. Therefore, Eu(IIl) complex-based probes
designed for in vitro and in vivo amino acid sensing provide a highly reliable tumor diagnostic
method. In this study, we propose a straightforward molecular design for Eu(Ill) complexes
capable of interacting with amino acids in aqueous environments. The synthesis and
luminescence properties of polyether-functionalized benzoate-typed Eu(Ill) complex were
reported.

Keywords : Europium,; Complex;, Amino Acid; Water-soluble
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SEIRZ W= invitro B X Winvivo D7 X et v TR 0 —T7 ORIL
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1) M. Wang, M. Kono, Y. Yamaguchi, J. Islam, S. Shoji, Y. Kitagawa, K. Fushimi, S. Watanabe, G.
Matsuba, A. Yamamoto, M. Tanaka, M. Tsuda, S. Tanaka, Y. Hasegawa, Sci Rep 14, 778 (2024). 2) P.
Stepka, V. Vsiansky, M. Raudenska, J. Gumulec, V. Adam, M. Masarik, Curr. Med. Chem. 28, 7, 1270—
1289 (2021).
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Synthesis and Photophysical Properties of Eu(IlI) Complexes with Phosphine Oxide Ligands
Containing Galactose Groups (!Sch. Eng., Hokkaido Univ., *Grad. Sch. Chem. Sci. Eng.,
Hokkaido Univ.,>Fac. Eng., Hokkaido Univ., *WPI-ICReDD, Hokkaido Univ., Grad. Sch. Eng.,
Kyushu Univ.)) OXKaito Suzuki,! Masaki Enokido,> Mengfei Wang,** Yuichi Kitagawa,>*
Yoshiko Miura,’ Yasuchika Hasegawa®*

Lanthanide(IIT) (Ln(III)) complexes exhibit long-lived emission with apparent large Stokes
shift based on 4f-4f transition, which are promising bioimaging applications. The introduction
of sugar groups in terbium(IIl) complexes is expected to improve their water solubility and
sensing property for lectin (proteins interacting with sugars). ! Eu(IIl) complexes with sugar
groups have not been reported to possess lectin sensing ability, and the enhancement of
luminescent intensity was required to get the sensing ability. ? In this study, we introduce the
galactose group into highly luminescent Eu(Ill) complex, [Eu(hfa);(tppo).] (hfa;
hexafluoroacetylacetonate, tppo; triphenylphosphine oxide, Fig.1a).> Emission lifetime of
synthesized Eu(Ill) complex, [Eu(hfa)s;(tppo-Gal),], in a methanol 10% aqueous solution was
longer than that in a methanol solution (Fig. 1b).

Keywords : Europium; Complex; Sensing; Luminescent Probe; Sugar
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[Eu(hfa)s(tppo-Gal)n] & ¥ &9~ % (Fig. 1b), Ak L7cBHAD X & /7 — )L 10%/KEEHKIZ I 1T
HIENFMIIA X ) — MR TEN -T2,
a) b)
CFs

CF5
O\ ¢ o P
= . P=0-1Eu )

CF3

3

0= HO O
CFs / HO OH

2 HO

Fig. 1 Molecular structure of (a) [Eu(hfa)s(tppo):] and (b) [Eu(hfa)s;(tppo-Gal)s].
1) K. Wojtczak et al., Chem. Commun., 2023, 59, 8384. 2) R. Brooks et al., J. Inorg. Chem.,
2013, 498598. 3) Y. Hasegawa et al., J. Phys. Chem. A., 2003, 107, 1697-1702.
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Preparation of Eu(III) Diketonate Coordination Nanoparticles by Ligand Exchange (‘Sch. of
Eng., Hokkaido Univ., ’Grad. Sch. of Chem. Sci. Eng., Hokkaido Univ., ’Fac. of Eng., Hokkaido
Univ., *WPI-ICReDD, Hokkaido Univ.) O Taise Nakajima!, Masaki Enokido?, Mengfei
Wang®#, Yuichi Kitagawa>*, Yasuchika Hasegawa®*

Eu(Ill) complexes exhibit long-lived luminescence with high color purity. Eu(Ill) coordination
polymers, in which Eu(Ill) ions are linked with multidentate ligands, have attracted attention
as sensing materials for temperature and oxygen pressure!. Rigid coordination polymers
generally show poor solubility in either water or organic solvents. Therefore, nanoparticulation
to achieve good dispersion in solvents is required. Nanoparticles of Eu(Ill) coordination
polymers(Eu(IIl) coordination nanoparticles) synthesized by solvothermal method and micelle
method have been reported >, It suggested that crystal phase and photophysical properties of
the nanoparticles obtained by these bottom-up method depend on the crystal growing process.
In this study, novel top-down method for preparing Eu(Ill) coordination nanoparticles is
demonstrated. Here, we report on the nanoparticulation of [Eu(hfa)s(m-dpb)]. by ligand
exchange reaction with monodentate or bidentate phosphine oxide(Fig.1). The average particle
size of Eu(IIl) coordination polymers decreased by 27 % using this method.

Keywords: Europium, Nanoparticle, Ligand Exchange, Coordination Polymer, Luminescence
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1) Y. Hasegawa et al., J. Photoch. Photobiol. C 2022, 51, 100485. 2) H. Dongqin et al., J
Nanopart. Res. 2015, 17, 310. 3) M. Enokido et al., J. Phys. Chem. C 2023, 127, 23785.
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Electrostimuli-responsive supramolecular hydrogel cross-linked by
guanine quadruplex

(School of Science, The University of Tokyo) OKan Matsui, Hongyao Zhou, Teppei Yamada
Keywords: Guanine quadruplex; Supramolecular gel; Electrochemistry; Polyethylene glycol

Guanine-terminated PEG (G,-PEG) is known to form supramolecular hydrogels in the
presence of alkali metal cations (K*)."! This gelation is caused by the formation of a network
structure with guanine quadruplexes as crosslinking points, which are cation-templated
assembly of four guanines. Recently, we discovered that PEG chain forms the helical structure
by incorporating K into the helices in aqueous triiodide (Is") solution. The oxygen atoms of
PEG coordinate to K™ while iodine molecule (I;) and 15~ are located outside the PEG helices.

In this presentation, we aimed to switch the mechanical properties of G>-PEG hydrogels
by electrochemical redox reaction of KI; when iodide (I") is oxidized to Is~ in G>-PEG hydrogel
matrix containing KI, the PEG moiety of G2-PEG is expected to form the helical structure and
coordinate to K*. In other words, the oxidation of I” allows G2-PEG to coordinate to K* at two
different sites—the guanine residue and the PEG chain. This conformational change in the PEG
chain may result in two possible changes in the physical state of hydrogel: a) if K is lost from
the G-quadruplex and bound by the PEG chain, the G,-PEG hydrogel would collapse, and the
hydrogel turns into sol phase (Figure 1 (a)). b) if K remains in the G-quadruplex and PEG
forms the helix at the same time, the hydrogel remains as gel phase, while its physical properties
such as viscosity and elasticity may change (Figure 1 (b)). Our preliminary result showed that
aqueous solution of G,-PEG forms a viscous gel after addition KI, which is consistent with the
report by Lehn et al." Further, addition of I~ in the gel transformed the gel into dark viscous
precipitate. This dark precipitate is more viscous than the precipitate formed by unmodified
PEG, possibly because of the coordination of K™ by the G terminal. More detailed studies such
as the influence of molecular weight of PEG on this phase transformation upon the addition of

I5” are ongoing, and the result will be presented to elucidate the structural change of G»-PEG.
)

G-quadruplex

>

Figure 1. Structural change of G2-PEG after the addition of I5™: (a) hen K" is lost from the G-quadruplex
(b) when K* remains in the G-quadruplex.

1) A. Ghoussoub, J. M. Lehn, Chem. Com. 2005, 46, 5763-5765.
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Synthesis of a calcium coordination polymer with flexible
components

('Graduate School of Environmental Science, Hokkaido University, *Faculty of Environmental
Earth Science, Hokkaido University) OHan Xiao,' Xin Zheng,'? Shin-ichiro Noro'?
Keywords: Coordination polymer; Light metal cation; Phase transition

Recently, coordination polymer (CP) liquids/glasses have garnered significant attention
due to their absence of grain boundary and high processability."* In terms of the metal cation
for CP liquid/glasses, existing research primarily focused on heavy metal cations, while CP
liquid/glasses with light metal cations are relatively scarce. Considering that calcium cation
offers several advantages, including biocompatibility, affordability, and abundance, this study
targeted Ca CP liquid/glasses.

The 1D Ca CP [Ca(NTHL)(bppdo)(H20)2]- NTH, in  which NTf;
(bis(trifluoromethanesulfonyl)imide) and bppdo (1,3-bis(4-pyridyl)propane-N,N'-dioxide) are
flexible components to construct CP liquid/glasses, was synthesized from Ca(NTf3), and bppdo
in methanol solution. The secondary building units of [Ca(pyridine-N-oxide),] are bridged by
by the bppdo ligand to form a 1D doubly linked chain structure (Figure 1). The detailed phase
transition behavior will be presented.
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Figure 1. Structure of 1D Ca CP.

1) T. Bennett, S. Horike, Nat. Rev. Mater. 2018, 11, 431. 2) X. Zheng, M. Kato, Y. Uemura, 1., Yagi, K.
Takahashi, S. Noro, T. Nakamura, /norg. Chem. 2023, 62, 1257.
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Synthesis and Properties of the Metal Complexes with the 15-membered Cyclic Ligand Bearing
Pyridine Phosphonate Arms for Nuclear Medicine ('Graduate School of Science, Osaka
University, 2School of Chemistry and Materials Engineering, Kansai University) OKenshin
Yamashita,' Kenta Hamasaki,' Tatsuo Yajima,? Takashi Yoshimura!

Nuclear medicine therapy using radioactive metal elements is effective in the treatment of
cancer. In this therapy, a drug containing radioactive metal ions is administered into the body,
and the drug is delivered to a target site such as a tumor. Therefore, we currently need the
ligands that can form stable complexes with alpha-ray emitting nuclides (***Ra*", > Ac*") with
large ionic radii. In this study, we synthesized a new 15-membered N3O»-type cyclic ligand
(Hetpp15c¢5, Fig 1) to improve the stability of ***Ra and **Ac complexes. We synthesized and
characterized the complexes with non-radioactive Ba** and La** which are similar properties
to 22*Ra?" and ?>’Ac*". The potentiometric titration showed that the stability constant of the Ba
complex is log Kga = 7.76. The stability constant of the La complex exhibited greater (log
Kia=15.33) than the complexes with the ligands" ? which have been used in clinical
applications and ?*’Ac*" labeling experiments (Table 1).

Keywords : nuclear medicine; cyclic ligand; radioactive metal complex
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Table 1. HENLFIZH51T 5 La $5ARD % E E E 4 (log Kia, L=ligand)
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1. A.Roca-Sabio, et al., Dalton. Trans., 2011, 40, 384 — 392
2. M. Kodama, et al., Inorg. Chem., 1991, 30, 1270 — 1273
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