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Aqueous solution synthesis process and electrochemical properties of lithium niobium oxides
and their analogues (' Kanazawa Institute of Technology) O Yuta Ito,' Isao Tsuyumoto'

LiNbOs-coated LiCoO; has been widely used in all-solid-state lithium-ion batteries, because
LiNbOs suppresses interfacial resistance between solid electrolyte and LiCoQs. In this study,
LiNbOs and its analogues were prepared through new solution processes based on our previous
research on KNbOsY, and their electrochemical properties were investigated.

LiNbOs3 was successfully prepared by heating the lithium salt of peroxo-polyniobic acid,
which formed by a reaction between NbC and H>O,, at 400 - 500°C in air. The ionic
conductivity of the powder compact of LiNbOs; was estimated at 2.53x10¢ Sem™! from complex
impedance plot in Fig. 1. The capacity of neat LiNbOs was small enough in the potential
window in which LiCoO, was practically used as a cathode material, indicating LiNbO3 serves
as an ordinary ionic conductor appropriate for an intermediate layer. The charge-discharge
properties of its solid solutions with V or T were also investigated.

Keywords : Niobium; Lithium,; Oxide; Solution process; lonic conductivity

R F 7 hA Ao ZIREMTIE, EMFT LiCoO, & EUAEME DRIC =47
fE U F 7 A(LINDOs) S e & L CTHEH &4 T b, LiNbO; % LiCoOx (12 —7 ¢
IYHZ kY, BREOBES G S, REEAMERESND EshTns, —
¥, BARIZINETICHF L WVIRIK 7 2t 22X 5D KNbOs DERRICARII L TW\WA D,
ARFFETIXH LUVRIK 7 2 212 LD LINDOs & F DA A G L, FDES
LM E 2Rl 5 2 2 B0 E Lz,

NbC & H 0, B AR T Dl bR Y =4 71 200
KIRIKIZLIOH 2Nz 5 Z & Cilafig{bR U =4~
fe ) o LKIRIR 2 %L L, 400~500°C CHNELS 130
% Z LT LINbO; 455 Z LT LT, JE¥A
B DA A L HERILZWA L E—H AT 1
v &V 253x10°Sem” EEH SN (Fig. 1),
KIT LiNbO; B & O Fe i feik 2 30 < 7o k5 5, o
LiCoO, \Zff ] S D BB OFIPH CIIR EZ 1T
LALTREP, PRIBICHE L7 e A 4 AR T e
{Z,-(& LT, *%%ﬁ‘é‘é—%): &753\63\75)/37'30 E%%{ﬁ&i R (kQ)
31VvsLi Thotz, SHIZTIRV EOHEEFE
b agifl L, Zortm#Es Li 4 4 DOF ek Fig. 1 Complex impedance plot
BRI OV TR LT, of LiNbOs.

-X (kQ)

1) Preparation of Nanocrystalline Perovskite KNbO3; by Peroxo-Precursor Decomposition Method. 1.
Tsuyumoto, T. Arai, T. Kato, Mat. Res. Bull. 2010, 45, 1899-1902.
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Structural and physical properties of A-site layer-ordered double-perovskites RBaFe,Os(R=Nd,
Sm) synthesized by ozone oxidation ('ICR, Kyoto University) OMakoto ITihoshi,! Masato
Goto,! Yuichi Shimakawa!'

We synthesized A-site layer-ordered double-perovskites RBaFe,Os(R=Nd, Sm) with
unusually high valence Fe**" by ozone oxidation of oxygen-deficient 4-site layer-ordered
double-perovskites RBaFe;Os. RBaFe,Os (R=Nd, Sm) were found to show successive
transitions. We will show the detailed structural and physical properties of the ozone-oxidized
compounds and discuss the effects of the A-site layer ordering.

Keywords: Unusually High Valence, Perovskite, Mixed-Valence; Ozone Oxidation, A-Site
Layer-Ordering
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REEAICHESIBIEZ VR IILERDBEERL

(BARBEEET) Ohnfg wReE - R AT - RE a1
Effects of defects on structure of TasNs crystal (Department of Applied Chemistry, Meiji
University) OMaho Kato, Tomoaki Watanabe, Tomoko Ikeda-Fukazawa

Tantalum nitride (TasNs) crystal is a visible-light responsive photocatalyst. The catalytic
activity of the crystal is affected by defects formed during synthesis of the crystal. To
investigate the effects of defects on the structure of the crystal, the molecular dynamics
calculations of the tantalum nitride including oxygen defects have been performed. From the
results, the mechanisms of the structural changes are discussed.

Keywords : Photocatalyst, Tantalum Nitride, Molecular Dynamics Calculations

#ZbZ 2V (TasNs) fhgnld, FIRDEEZRINT 2 2 LI X0 &RITKE DR+ %
T ERHBEZ ARG B M AL & U CHERE ST D, BIkX U X VRSO G RL
e LT, # XNV (Ta0s) 27 U E=T XML TG 57 =T A
BILELIEN TR TH D, ZOEOMWIRE THEE LIRS T R MahS TasNs #bn
DOKRFABIEEOM IR 2B LIET 2 ERER SN TS 2, ARkFO%ERESR
DFEBIZ LV FEROBENENT HZ EDRINTNDD, MEELD A =X LI
DWTIEH LN TIEZRW Y, AIFZETIE, RIGOBAI,E I HEZLD A T = A L%
HOEMNZT B0, T8 FEEZRHOTERZED T D, SENIRIC, BRRE R
ROBACIT: D B EEACDIRATHRE R OV THRE T 2,

Sy FENEFEIT MXDORTO 70 7T A 9 AW Tz, FHTHEART v %
WRT A =B —ITIE, FEdhOBER X OBRE, REMMEROEAIE L BT 5 &
NI b L7l 7o, BHRICIE 96TasNs.Ox 2> DA S5 ZE/IEE Cmem O
FREMHAL, Wt AMRERSGGZEA L, x 12 0 5 5 ofif e ks, B
FEHFEOBACI E D WEELACEfENT L=, BHRSMIE NTP 737 e L, |
JEIX 300K, JE/JIE 0.1 MPa & L7z,

IR ORE R, BAREBRIKTF L TEEB LU FERNELT 5 Z LRI
7oo TasNs fhpnllIB T BRI, [MFRECEY ¢ A e 3RO f A1 |,
ABNLD f A O ZFEFEIC 1:2:22 Ol THHEIND, AFEOFERER, BIBEBRY A
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1) G. Hotoki, A. Ishikawa, T. Takata, J. N. Kondo, M. Hara, K. Domen, Chem. Lett. 31
(2002) 736.

2) K. Kishida, T. Watanabe, J. Ceram. Soc. Jpn 122 (2013) 156.

3) S. J. Henderson, A. L. Hector, J. Solid State Chem. 179 (2006) 3518.

4) K. Kawamura, MXDORTO, Japan Chemistry Program Exchange, #029 (1996).
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Synthesis of Methylammonium Hepta-Monomolybdate and
Its Transformation by Heat-Treatment

Ndaru Candra Sukmana', Tatsuhiro Kojima?, Masaru Fujibayashi',
Sadafumi Nishihara!, Masahiro Sadakane!
"Hiroshima University, Higashi-Hiroshima, Hiroshima 739-8527, Japan
?Osaka University, Toyonaka, Osaka 560-0043, Japan

Abstract

The methylammonium  hepta-monomolybdate  (CH3NH3)3[M07024-M004]-4H,O  was
synthesized by the evaporation of solution resulting from the reaction of MoOs3 and methylamine. The
solid crystallizes in the space group P-1, which is consists of [M07024]% anion, [MoQO4]* anion, lattice
water molecule, and methylammonium cation. The [M07024]% anion is built up of seven condensed edge-
sharing MoOg octahedra. The crystal structure also contains co-crystallized monomolybdate [MoO4]*
anion with tetrahedral geometry as shown in Figure 1. A similar structure containing [M07024]® and
[MoO4]*> with butan-1-ammonium (BuNHj3) counter cation was also reported earlier [1]. The
transformation of methylammonium hepta-monomolybdate was investigated by thermal treatment in the
air. Based on powder X-ray diffraction (XRD) and Fourier transform infrared spectroscopy (FTIR),
formation of various methylammonium isopolymolybdate such as (CH3NH3)s[Mo10O3s] and
(CH3NH3)4[Mo0g0O2s], and molybdenum oxide such as hexagonal MoOs and orthorhombic MoO3 were
confirmed. The thermal transformation was similar to that of (NH4)s[M07024]-4H,0 [2].

Keywords: Polyoxometalates, Molybdenum

Figure 1. Structure of (CH3NH3)s[M07024-Mo00O4]-4H>0.
Mo, light blue; O, red; C, grey; N, blue

References:

[1]  A. Wutkowski, B. R. Srinivasan, A. R. Naik, C. Schiitt, C. Néther, and W. Bensch, “Synthesis,
structure, and photochemistry of an organic heptamolybdate- monomolybdate,” Eur. J. Inorg.
Chem., pp. 2254-2263, 2011.

[2] T.N.Kovacs, D. Hunyadi, A. L. A. de Lucena, and I. M. Szilagyi, “Thermal decomposition of
ammonium molybdates,” J. Therm. Anal. Calorim, pp. 1013—-1021, 2016.
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The consideration of the coordination of water molecules between the layers of sodium
tetrasilicic mica after ion exchanged with cesium ions. (‘Showa Pharmaceutical University,
*Tokyo Gakugei University) ONoriko Suzuki,' Yasushi Kanzaki.”

Sodium tetrasilicic mica, Na-form synthetic mica: Na-TSM), is well known as the ion-
exchanger that exchangeable cations between layer undergo an ion exchange reaction with
external cations. The interlayer gallery height changes in a reaction with cesium ions. This
phenomenon is mainly attributed to the interlayer water, that exchangeable sodium ions react
with hydrated water molecules, although anhydrous cesium ions absorbed.  Authors
investigated the state of water molecules and cations at the interlayers before and after the ion
exchange reaction using the thermal analysis and the powder XRD. Even if the XRD pattern
of Na-TSM after ion exchange shows a single-layer type, cesium ions were not bound to water
molecules because the DTA peak was different compare to raw Na-TSM.

Keywords : sodium tetrasilicic mica, clay mineral, ion exchange, cesium ion, interlayer water

molecules.

Al VRV Y|
74 #RZEHR (Na-
TSM) [ PE KRS
T THY ., T
FE 70 % F2 B D 35
a. oz 2 WaY A
DT DOKERFFL AL
TW5b, £7fEH
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DA T IR
B OGA A b
AF R ETH T EDRMBNT WD, BT ARIRE DA A 2 WIS DA
T RU T AL F IR T E o TR DIKIT ARV IZE Y T AA F U BIET
LI, KFORE SIS U @B O Z R H i1 D, Na-TSM LI EE D 5%
WX DEFEIT 2 KERLE 1 KBRNREL TBY A 4 U RHITBHRT 5 D131 551
ThdEELZLND (Figurel), L7eR-> T, MNMEIZXRD # L 5 & 1KfE (124)
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Figure 1 The schematic image of the lon exchange reaction.
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Integration of layered double hydroxide nanosheets and
nanoparticles for high-performance anion exchange membrane

(‘International Center for Materials Nanoarchitectonics (WPI-MANA), National Institute
for Materials Science, *Graduate School of Advanced Science and Engineering, Waseda
University) OFang Xian'?, Renzhi Ma'?, Yoshiyuki Sugahara?®, Takayoshi Sasaki'
Keywords: layered double hydroxide; Nanosheets; Nanoparticles; lon conductivity

Layered double hydroxides (LDH) nanosheets exhibit high OH™ conductivity
approaching 10" S cm™ along in-plane direction, promising for the fabrication of anion
exchange membranes.' However, 2D anisotropic conduction of the nanosheets results in the
substantially low conductivity of 10°® S cm™ along cross-plane direction, posing a great
hurdle to achieve ultrafast ion pathways along cross-membrane direction.' Herein, inspired
by formation of effective electron-conducting channels within the electrode materials of

lithium batteries,>”

a composite membrane was prepared based on mixing/assembling of
LDH nanosheets with nano-sized LDH platelets (nanoparticles) via a filtration process. The
results revealed that the incorporation of nanoparticles reduced the parallel restacking of
nanosheets. Nanosheets surrounded by nanoparticles could form effective ion conducting
paths and networks in the membrane, which could help to reduce the high anisotropy of
LDH nanosheets and therefore greatly improve the cross-membrane conductivity. As a
result, ion conductivity of the composite membrane was measured to be in a range between
10°~102 S cm™, in both in-plane and cross-membrane directions. The cross-membrane
conductivity of the composite membrane was significantly increased by 2-3 magnitudes of
order compared with that of membrane composed of pure nanosheets (10¢ S cm™).

a Ratio of nanosheets/nanoparticles b Ratié;oof nanosheets/nanoparticles
1 ]-==9/0 —-
10 e 72 ——T7/2
,j—5/4 10" —5/4
~10"5+3/8 P ——3/6
g 10_3——0—1/&_____—‘/‘———_‘ g ——1/8
) e e
° 1075 M‘ © 1074
10 e
10° T T T T T 10° T T T T T
300 310 320 330 340 350 300 310 320 330 340 350
T (K) T (K)

Fig. 1. Temperature-dependent ion conductivity for (a) cross-plane and (b) in-plane direction of different membranes with

different mixing ratio of nanosheets to nanoparticles under 80% RH.
1) P. Sun, R. Ma, T. Sasaki, Sci. Adv. 2017, 3: €1602629. 2) a) F.-Y. F. Kang, Nano Energy 2012, 1,
429.b) H. Wang, Y. Cui, H. Dai, Angew. Chem., Int. Ed. 2011, 50, 7364.
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Topochemical synthesis and anion exchange of iron (ll, 1) layered
hydroxides toward oxygen evolution reaction (OER)

(*International Center for Materials Nanoarchitectonics (WPI-MANA), National Institute for
Materials Science (NIMS) , *Graduate School of Advanced Science and Engineering, Waseda
University) OLulu JIA,'? Renzhi MA,'? Yoshiyuki SUGAHARA,? Takayoshi SASAKI!
Keywords: iron-based hydroxides; anion exchange; electrocatalyst

Layered double hydroxides (LDHs), especially Ni-Fe, Co-Fe LDHs, have displayed
significant oxygen evolution reaction (OER) electrocatalytic activity in alkaline conditions.'?
In these cases, Fe plays an essential role in enhancing the electrocatalytic performance. Green
rust (GR), a Fe?"-Fe*" LDH, is considered a promising single-iron electrocatalyst. However,
GR synthesized by conventional methods is generally of low crystallinity. It is required to
develop an alternative and reliable method to synthesize GR with a high quality.

In the current work, an innovative topochemical oxidative intercalation method was
explored for preparing micrometer-sized hexagonal platelets of GR under rigorous exclusion
of oxygen.? Highly crystalline hexagonal platelets of brucite-like ferrous hydroxide (Fe(OH).)
were first prepared by homogeneous precipitation. After treatment with stoichiometric iodine
(I2) for 72 h, I'"-intercalated GR was formed via oxidative intercalation. The interlayer spacing
was correspondingly expanded from 4.6 A to 8.2 A. Using dehydrated dimethylformamide
(DMF) as a solvent, [ -intercalated GR was anion exchanged into dodecyl sulfate (DS") form
with an interlayer spacing of 25.6 A. During the topochemical transformation and anion
exchange processes, the high quality of precursor crystals was perfectly inherited. As
synthesized GR can be further exfoliated into monolayer nanosheets and used as
electrocatalysts in water splitting, which is of great importance to understand the reaction
mechanism since Fe is widely recognized as the active sites for efficient OER catalysis.

Sy e aw

N ¢
I, topo-oxidative .
Poiityiiir=—ll intercalation © Anion exchange

= ——
EEEEEE- Tt O =
Ahh Kk k& o v ] W.

A

%

8 .‘
256 A

Brucite-like Fe(OH), Fe2*-Fe¥ LDH

I- intercalated ﬁ%.

Fe?*-Fe®* LDH
DS~ intercalated

Fig. 1 Schematic illustration of topochemical synthesis and anion exchange of iron layered hydroxides.

1) MA, Wei, et al. ACS Nano, 2015, 9, 1977-1984.
2) BURKE, Michaela S, et al. J. Am. Chem. Soc., 2015, 137, 3638-3648.
3) MA, Renzhi, et al. J. Am. Chem. Soc., 2012, 134, 19915-19921.
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METIEEMET T L— b LI-FZ L EEERO ZRTBBIAEDE
3

(R BAoEWAFHM KPR RTY) Of»5F #BAE - B i - Gwénaél Rapenne
Construction of two-dimensional assembly of rare-earth complexes by utilizing clay nanosheet
template (Nara Institute of Science and Technology) O Yuka Ishigamori, Toshio Nishino,
Gwénaél Rapenne

Clay compounds, in which anionic nanosheets and exchangeable cations are alternatively
stacked, work as a template for the assembly of cationic molecules. In this study, we have
constructed a two-dimensional assembled structure of tetracationic double-decker complexes
by utilizing clay nanosheets as templates (Figure (a)). We have designed and synthesized an
amphiphilic double-decker complex 1:4PFg, in which the cerium ion was sandwiched between
a  hydrophilic  tetra(N-methyl pyridinium-4-ly)porphyrin and a  hydrophobic
tetraphenylporphyrin derivative. In the presence of the clay compound, the Soret band of
1-4PF¢ was shifted from 400 nm to 405 nm. This result indicated the structural changes of 1
through adsorption on the nanosheet. We are now investigating the optical and electrochemical
properties of the composite.

Keywords : Clay minerals , Double decker complex , porphyrin , self-assembly

WEACAEET =F T ) — N E AR 0 F A U N EAERE LTS &
HLTBY, hF A oMo roEREEGE L CAHRWE Th 5, AFge i, itk
W) — b eT T L— R e LT T NI HTFA UMD T TIVT v B —E D
WICHRRIR ZRE8E+5 2 L 2 BB & L7z (Figure (a)),

T N T HFF MEOBBUEIL T VT T —gE R & LT, BUKMED tetra(N-methyl
pyridinium-4-ly)porphyrin & £847 /L /L % 9 BUKMED tetraphenylporphyrin 7 54
D Ce A AU HERIGANTEL T NT > 1 —86K 1-4PFe Z8%GH. AR L7, 1-4PFg D
WL A7 BV TRE, 400 nm Bl Sz Y — Lo E— 27 3, LB ORI
£V 405mm 2R EY 7 R L7z (Figure (b)), ZAuE, /v — b E~OWHEIZED
SIREEDEZ TR L TV D, BUE, EEEONTH), ERALFREIC DV Tt
ZiT> TN D,

(b)
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Figure (a) Schematic illustration of 2D assembly of double-decker complexes on clay
nanosheet, (b) Comparison of absorption spectra of 1-4PFg and 1-clay composite.
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Zn IR ETOH ZnAl REBIREKERIEMDERIZRIZT ZnCl-7RY) E
FOxY Al KK BERDEEE Zn/Al LD EE

(FINKEERR A BT L - AZMRT2) OHFFTR L « ANREER T« [ A 2 - MG 2
Effect of the concentration and Zn/Al ratio of ZnCl,-polyhydroxoaluminum complex mixed
solution on the formation of Zn-Al layered double hydroxides on Zn-plate (:Grad. Sch. Sci.
Techol., Shinshu Univ. - 2Fac. Eng., Shinshu Univ.) OKanta Yamanaka', Yota Kobayashi,
Tomohiro Yamaguchi®, Seiichi Taruta®

Zn-Al layered double hydroxides (LDHSs) were synthesized on a Zn plate by the homogeneous
precipitation method using a polyhydroxoaluminum (PHA) complex solution as an Al source.
The Zn plate acted as a Zn source, as well as a substrate, to precipitate Zn-Al LDH particles.
The addition of ZnCl, to the PHA solution led to the promotion of LDH precipitation.
Hexagonal plate-like LDH particles were precipitated on the Zn plate, depending on the
concentration and the Zn/Al ratio of ZnCl,-PHA mixed solution.

Keywords - Layered double hydroxide; Homogeneous precipitation method; Zn plate;
Polyhydroxoaluminum complex

[ES]& ABIRMEEH E LT, A R X LA~ [MgsAl, (OH)16][CO3-4H,0] &
JERAEKER{EY (LDH) Nk < SN TWS, LDH 1%, [M¥ 1, M3 (OH)]* [AMy, *
yH O O— TR I I, A TR E AT 5 2 L OIHEMEOWNAERS KT
v 7TV NY = AT NEADICAPFE STV D, £72 M (21X Mg* Offlic b
Zn2 72 EDORE & 12 2l F A SN D o LDH TR0 — TR IE TARR S LD M3,
KFHA B2 LDH 24T S8 28586130 2, RAFZETIE, A Y B Re XY Al 5K
(PHA) KR Z AlJRE LT, Zn R TP Zn-Al 5% LDH O &Rk & kA 7=,

[EBR 1] BiEE O PHA KIER = 4R ([APRY]=0.5,0.25,0.05, 0025 M) L. =h
ZIUCIRFE (JRFIAI=2 (E/VER) 72, Z OIRAEEIRIZ ZnCly % FTE O Zn/Al b
(0,0.074,0.12,0.25,0.74) L7225 L 2IZMAT=DBHIZ Zn kL (45X 15X0.3mm) %z L,
1000CT 24 higfit L7z, ZDt%, 7T AaNOD Zn REHY H L THEBEAK TG - i@
BL. 2 Zn BGAE % XRD 35 X OV SEM (2 & 0 237 - R L 7=,

[FE5R L &%) Zn Hakklo XRD ZllliE L2 & 2 A, 0.05 M @ PHA /KiA# % T
PERLL 72306 TR, Zn/Al=0 O34 TH LDH IZIRE S 5 s HEL L. Zn/Al =
0.12 % Tix Zn/Al OB AE > T LDH OEIIFTHRRENI L=, Zn/Al tba &5
IZR&EL T 5L, LDH OEIPFHFRE K T LikdT=, 2D LB, Zn Hiid LDH ©
ZnJRE L CHERT R E LTiE, ZniiE L CHE&ED ZnClL 2367385 2
ET Zn R EISHT T D LDH OFE SR B4 5 Z R o Tz, Zn BBl 3
%z SEMBlE2 L7z & Z A PHA KIEIRDOPREE & Zn/Al Heloikfr L CORABIR D LDH
K- DAEHE D K O ITHT T D E R BlE2 S vz,
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72 U DWINRr— L BT DB

(-7 1« SRTRSEEAE 2 - ZRISCREEEL T 3) ORPWANAY |« sUBEH#Sf 2 - Aileen
Brandt? - A= H &2 3 « HJFRIZ 2 - b Eig !

Development of microscale separation technique for uranium ('Japan Atomic Energy Agency,
2 Laboratory for Advanced Nuclear Energy, Tokyo Institute of Technology, 3Graduate School

of Sci. and Eng., Ibaraki University,) OKazuki Ouchi'!, Yuki Muto?, Aileen Brandt?>, Nozomi
Nabatame®, Takehiko Tsukahara?, Yoshihiro Kitatsuji'

In the analysis of radioactive waste including the decommissioning of the Fukushima-
Daiichi nuclear power plant, there are problems such as complicated operations, high exposure
risk and generation of a large amount of secondary waste. In this study, we tried to develop a
microscale separation technique for uranium ion with a microchip column loaded an anion
exchange resin in order to automate and microscale the chemical separation performed
manually. The uranium adsorption and elution rates of the lanthanides-uranium mixed sample
by this column (I.D. 0.15 mm semicircle, length 11 mm, column capacity 0.39 uL) were > 95 %
only for uranium. This indicates that this column is capable of quantitative separation of
uranium. The operation time of separation using this column took about 4 minutes. This was
faster than a conventional column which took several tens of minutes. When this column was
applied to uranium separation of the standard seawater, the uranium concentration was
determined to be 2.86+0.05 ppb, which was in good agreement with the certified value
(2.81£0.16 ppb). Therefore, this microchip column has the performance applicable to
separation of uranium for a real sample.

Keywords : Uranium; Separation, Microchip, Anion exchange column

BEE R R EHTOFEIEHE 21X U &3 2 B EBEEEY O 58T Ti, tEHE R
BE, MWEIES U AT RL BO ZIRBEFEM OFEDRIE & 70> T 5. ABFFE T,
FAEETIT > TV O m itz BEML X ORUNA T — b3 5720, ~ A 7 v fb5F
v N AR E B LT~ A 7 uF v T TN (FTR) ICLD U744
Y OWUNAR T — VB A BT S ERL e T A (W 015 mm 1, R 11
mm, BT AEFE039 ul) IZXDTUF AR - U7 RAREO YT UG - IR
HBRIZT T DR5 %L ETHAT=Z b, VT OEBNRSHENFRETH 5.
ZOEAEREITA 4 5 TH OB ET L e T ALV RETHD. Fim, Z
DH T LEAERERGKO T T BHCEA Lz 24, 7T U EET 2.86£0.05 ppb A3
o, WEEHE (2.81£0.16ppb) & K< —H L7z, Lo T, ZO~A 7 uF v T A7
LNTEREO T 7 B EA FTRER MR A A L TV D LNk b,

ER Llc~A o aF v 70T A,
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absorption

measurements of chiral azo-salen Mn(Il) and Zn(II) complexes in

combination with silver nanoparticles

(M Faculty of Science Tokyo University of Science, 2National Institute of Advanced

Industrial Science and Technology, 3 Pohang Accelerator Laboratory)

O Kazuya Saiga', Tomoyuki Haraguchi!, Takuya Hosokai?, Yasutaka Kitahama?, Hiroyuki

Matsuzaki?, Dohyun Moon®, Takashiro Akitsu'
Keywords : DSSC; Schiff base complex; Mn, Zn, LSPR

[Abstract] As an approach to improve dyes’
performance and mechanism of dye-sensitized solar
cells (DSSC) [1-3], we have originally developed chiral
azo-salen metal complexes (Fig. 1) for inducing
localized surface plasmon resonance (LSPR) caused by
incorporating silver nanoparticles (AgNPs) [4]. In this
context, understanding excited state and reaction
intermediate during light irradiation to return to ground
state may be important. Therefore, we investigated such
systems using time-resolved luminescence and transient
absorption measurements.

[Experimental] Metal complexes were synthesized and
characterized (including X-ray crystal structure analysis
based on powder XRD) according to similar procedures
to previous ones [2,3]. Induced CD bands from chiral
complexes could be observed in the plasmon region of
AgNPs. DMSO solutions of four complexes (MM,
MZn, CMn, and CZn) and ethanol solutions of
composite materials of each complexes with AgNPs
were also prepared. The time-correlated single photon
counting (TCSPC), the streak camera which is much
shorter period of time than TCSPC and transient
absorption measurement was performed for eight
samples.

[Results & Discussion] The fluorescence lifetime of the
sole complex and the composite materials with AgNPs
was derived from curve-fitting analysis of luminescence
decay curves of TCSPC (Figs. 2 and 3). Lifetime of all
three components (¢/, ¢2, and ¢3) of the composite with
AgNPs was longer than that of the corresponding sole
metal complexes. During relaxation from excited state
to ground state, composite systems may go through
three reaction intermediates.

[1] M. K. Nazeeruddin, M. Gratzel et al., J. Am. Chem. Soc., 1993,

115, 6382-6390.
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Fig 1. Structures of metal complexes
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[2] S. Tanaka, T. Akitsu, et al., J. Korean Chem. Soc., 2018, 62, 328-332.
[3] H. Sato, T. Akitsu et al., J. Indian Chem. Soc., 2018, 95, 1487-1495.
[4] M. Thara, M. Kanno, S. Inoue, Physica E, 2010, 42, 2867-2871.
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FITHEERZECRV A VIR T UBREHMEICH - BEMEKE
[C&kBoaOnFTFE oL T7OEVEBADEIERE (3)

(PEpREE) Ofee A desb - Al RHE
Oxdation of Cyclohexene to Adipic Acid with Hydrogen Peroxide Catalyzed by
Polyoxotungstolanthanoate (3) (Chubu University) OHokuto Sasaki, Eri Ishikawa

We have reported a process using a 30 % hydrogen peroxide aqueous solution as an oxidant
to convert cyclohexene to adipic acid in the presence of sodium salts of [L(WsOas),]* (L = rare
earth). [L(WsO1s)2]> also promoted oxidation of several kinds of cycloalkane to dicarboxylic
acid. This study compares catalytic activity of [L(Ws01s)2]* (L = La*", Sm*, Eu®*, Gd**, Tb*",
Dy*, and Y*") for oxidation of cycloalkane under organic solvent-free and phase transfer
reagent-free conditions.

Keywords - Polyoxotungstate; Rare earth metal; Adipic Acid; Oxidation; Catalyst

TYERITT A 16,6 DIFELE L THROFTEICEELZYETCH D, €D
TEMREIT Y 7 o A~X VU 2 RE e LB LIES T CTH 528, miREE 2 X
JIGEMEE T 5 2 L0 BIET D B EEBRPEREEREME CTH L Z ERMEE 2> T
W5, ARFFEE Tl THEA R & & T NanH@n[L(Ws01s)2]emH,0 (L= La**, Sm*, Eu®*,
Gd*, Tb*, Dy**, Y*) (K1) AR EAREL ARSI, b kFE & v
I aNFY U DBENFET D KR T 7 a~Xt o OBLS 2R SE, U
AT v EINETT D UBBNERT S 2 &% R L7z, NaHen[L(WsOis)2]smH-20
(L=Eu®, La*, Y¥) Iy 7 a7 7 U cB L THRBRC, @ bKkFEZBRLA & LT
CANKRUETEDHARY U E TR A RE ST, L Ly e~FtEro
BRL & Ty 7 vt 7 7 v OBRALSIZ x5 fBE IR < . La 2/ B8ICHY
A AT Nag[La(WsOis)2]#32H,0 il IV T AUSIREE 2 90 ‘C T
IMEGER L2356, V7 and 2y 2 K6 ST 5A 13O0 3
REfE CIE 85% CT VB VBB LNT-DIZX LT, vy orut s
T VR OG ST TG EIIRCRRZ 24 R & L THE o A
U UEEDINERIT 22 % Th 72, 0 K 9 I\ SUSEREESFH B Eh fid
B2 OISR LSS & (R & B ARABESOS R 1T, FEE & bt
BAMEDS RN RICRE BT L 2 LRSS, AR, fillk
WERT 28 LR OGS 2 HREOFEWIZ Lo Tt

BEHEMEN PO L 9 ICB L Lm0, R BC NMR ALY kL7 ¥ Ok
BB R T AT o T S, o W

1 [L(Ws01s)2]%> DFEE
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BERETEIZE D Ag/Ga0s I FDER & BMIEIZ L S COE
TRt REDRE

(ARSI () ' - SORBET. )

OVEAR K- BTl Bz ! - SFAT FOKER 2 - | e 2

Synthesis of Ag/Ga,0Os Particles by Ultrasonic Reduction Method and Improvement of their
Photocatalytic Performance for CO, Reduction by Heat Treatment ('Sumitomo Metal Mining

Co., Ltd., *Graduate School of Engineering, Kyoto University) O Masamu Nishimoto',
Yoshiyuki Abe!, Kentaro Teramura?, Tsunehiro Tanaka?

Ag nanoparticles as cocatalyst were loaded on Ga,Os particles by the ultrasonic reduction
method. The obtained Ag/Ga,O; particles were heated at 373 K to 773 K and evaluated the
photocatalytic performance for CO, reduction. As a result, the selectivity toward CO evolution
was improved by the heat treatment. It is considered to be affected by the removal of organic
materials remaining on the Ag/Ga,Os particles and the generation of AgGaO, by the reaction
between Ag and Ga,Os.

Keywords : Ag; Cocatalyst; Nanoparticles, Photocatalyst,; Ultrasound

CO EPRAbHAT & LT, Jefbiiic X5 COEIEATER ZHEDTWD, CO % CO ~
BT DO ORI 7- & U Cid, R 2 ki 7Bt 2 0 EF U 72F-{b T U ¥ 2ok 1
(Ag/Ga,03) BEZTH D EHESINTWD, Fix i, BfittOMERE L L TEE W
WITIEE WD 2 L CEERER AT TR 20nm FEE D Ag T/ kL
TEMFFTCE D2 E2ME L D, AWFE CIE, B IHETIE CTER L7 Ag/Ga0s &
R CEUHE AT 5 Z & T, CO BIRFE (CO FA ML (Ha+CO FEAERE) X100)
ER ESELZENTELZEEHLNIC LT,

HE I IEITCIEIZ L D Ag/Ga0s DERK & BBLEILL FOFIETIT - 72, GaOs Fi ¥
EAQO R FZIEG LTc= & ) — VIR S (28 - 45kHz OUVERIR) % 3 IKFfH
BEL7Z, 20k & Ag IRINEIE Gay03 126 LT 3wt% & Lz, Al X v ki+%[ml
IZ U 333 K CizlgEtk, 373 K~773 K T 5 K& TRULE L 7=,

473 K TEMLEE D Ag/Ga,03 @ SEM (4R
T) B &2X 117 T, £20nm O Ag T/ KL 1-H3HH
FFSn e, BULELH O Ag/Ga,05 @ CO, it
PR BE A AN L 7o AE R, SR CEVLEE T 5 Z &
IZE DIEHITOCIE T3 553 CO @BIRE N E
DARE N F BT, Ag/GaOs FiF-FIZFEE L T
WA NBAEIC LY RETE L »
R, Ag & Ga03 & DEUSIZ LD AgGaO, 234 ! g;ijf?fﬁéﬁg ?E/GMO}
BT = b S LT D LR LT, o
DIEAKRE, FElEEZ, SFARRRES, HHER, BALTRE 100 FFRES, 2PB-083 (2020).
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Development of a compact Low-Temperature
Polarization-dependent Total Reflection Fluorescence XAFS
(LT-PTRF-XAFS) measurement system using liquid nitrogen as a
cold agent

(*Graduate School of Arts and Science, International Christian University, *KEK-IMSS-PF)
(OWang-Jae Chun,! Hiroaki Nitani?
Keywords: XAFS, PTRF-XAFS, nanoparticles, porous coordinated polymers, SURMOFs

Understanding governing factors in heterogeneous catalysts, XAFS could be the most
practical tool though it gives only one-dimensional information in general. This limitation
has been resolved by PTRF-XAFS, which allows determining the metal-support interfacial
bonds.! This state-of-art technique is still scope for improving S/N ratios in a higher k-range
(~13 A™), which is essential for precise structure determination in EXAFS.

Generally, a low-temperature measurement with a conventional cryostat is a simple
solution obtaining a high S/N ratio EXAFS oscillation due to suppressing thermal
Debye-Waller factors. However, the cryostat's mechanical vibration problems disturb Total
Reflection, a crucial technique for a high signal-to-background ratio. For the issue, we have
proposed the first LT-PTRF-XAFS measurement system
with a liquid He-flow cryostat.> The prototype successfully
improves the S/N ratios in EXAFS oscillations, but
practical issues arise from a high cost of liquid He, the size

and weight of the system. L oo
: ; ; : LT N Al shroud with
This report introduces our recent progress in a simple, TN /"”‘\! three Kapton-
i | window ports

cheap, and compact LT-PTRF-XAFS system (Fig. 1) while ﬁ"
-

satisfying the improvement in S/N ratios. The new system
cooled with liquid N» requires only 15 min to 80 K and can '

=
keep the temperature for two hours. Fig. 1 LT-PTRF-XAFS system

Fig. 2 shows k*-weighted Au L; PTRF-EXAFS |
spectra of Au nanoparticles (NPs) on TiO»(110) surface. 157 s

We found a dramatic improvement in the S/N ratio

A°

appeared from k& = ~10 Al. In the presentation, we will
also demonstrate other case studies of PtOx NPs,
PCP/MOFs thin films on TiO2(110) or Si(100) surfaces.
This work was supported by JSPS KAKENHI Grant
Number 19K05509. We thank Dr. O. Endo, Dr. T. Ano, ki A
and Dr. S. Tsubaki for supporting this work. Fig. 2 Au L3 PTRF-EXAFS spectra
DHW.-J. Chun et al., X-ray and Neutron Techniques for Nanomaterials Characterization,
Springer-Verlag Berlin Heidelberg (2016). 2) W.-J. Chun et al., PF Act. Rep. 2018 #36.

Kx(k) /
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Catalytic activity and selectivity of copper-based ammonia oxidation catalysts for hydrogen
purification ('7oyota Central R&D Labs., Inc.) OMitsuru Matsumoto,* Kiyoshi Yamazaki,’
Tsuyoshi Hamaguchi!

Ammonia has been considered as a promising candidate of the future green energy carrier.
Intensive studies for the ammonia synthesis, decomposition to hydrogen, and combustion have
been carried out. When ammonia is decomposed to supply hydrogen to polymer electrolyte
membrane fuel cell (PEM-FC), the remaining ammonia in hydrogen gas has to be limited below
<0.1ppm to avoid deteriorating PEM-FC. Ammonia selective oxidation (eq. 1) is one solution
to eliminate small amount of ammonia in hydrogen gas.

In this study, we sought the ammonia selective oxidation catalyst in hydrogen gas generated
by thermal decomposition (eql). Material screening was carried out for transition metal as
active site, inorganic compounds as support, and alkali metal as additive. We found Barium
— Copper — sepiolite (sep) catalyst was the most promising combination to achieve both high
ammonia decomposition activity and high reaction selectivity (see Figure 1).

Keywords : Ammonia, Selective oxidation, Catalysts, Hydrogen

TrEETIEHEMNRET AN 2R T 5T R LF—F ¥ VT L LTHEASL
T, il R - PRI & =3 L F—FIHICET 2 ER 23 T0Wbd, 7E
=7 ok U CHRLE U 7oK SR & A & oy - REE R L (PEM-FO) I b G - 2 1213,
PEM-FC O b &R T2 /KFBHR OB T =T 1K % 0.1ppm LU FIZH#HI$ 2 &%
BN D, TUE=TIERANMRMEIGEE DICE W EFREKRFBEEL DN, OIS
RIS THY | MEDT VE=T BWKRIIEEND Z LI D, ZOMET VE=
T 2RO BRLS FEO—oONRT =T OERBILREE 2)TH 5,

AL IR IR LA OB 2 B 5 U, A RCBR LS R | FIR, 3 L ORI
PEIRINICR)D AR 7 U == T2 AT oTle, TORR AN UL —l—F AT A b(sep)
THERR SN DML L0 BT VB =T BRER L RSERIRE L N TE 5 2 L A
BT 78 > 7 (Figure 1),

2NHz > N, + 3H, (Qo=46kJ/mol) (1)
4NHs + 302 > 2N + 6H.0 (Q1=-317kJ/mol) (2)

40
Cs-Cu-sep Ba-Cu-sep
°

® 3
2z K-Cu-sep @ \ /
Z 30 \o
(&)
< Cu-sep
[
w» 25

20

70 80 90 100

Conversion (%)
Figure 1. Selectivity and Conversion rate for ammonia oxidation reaction with X-Cu-sep catalysts; X=K, Cs, Ba
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TS9P REITK YRS LT SrTaOaN St DKRERE Y

(BRI - BRIEHSEIE 2 - IST S & AT %) O SLha - AE P 22 - atfy —
Bk 2

H, evolution reaction activity of SrTaO,N photocatalyst by flux method ('Faculty of
Engineering, Shinshu University, >Research Initiative for Supra-Materials, Shinshu University,
'PRESTO, Japan Science and Technology Agency) OTakehiro Otsuki,' Takashi Hisatomi,>?
Kazunari Domen,>

SrTaO,N is a promising visible-light-driven photocatalyst for water splitting with the
absorption edge wavelength of 580 nm. Conventionally, StTaO>N was synthesized by nitriding
a precursor oxide as is, but the hydrogen evolution activity from aqueous solutions containing
sacrificial reagents tended to be low. It is considered that there is a problem in the crystal growth
process during the nitridation. In this study, SrTaO,N was synthesized by nitridation in the
presence of flux to improve the crystal growth, and the physical properties of the products and
the hydrogen evolution activity after loading of Pt cocatalysts were investigated. Single-phase
SrTaO,N was obtained regardless of the flux species, although the morphology and hydrogen
evolution activity were different.

Keywords : Visible light; Oxynitride; Water splitting reaction, Co-catalyst

SrTa0N [ LRI R A 580 nm (24 L, AIEGISERL O YEfEE - LCTH
LR INTWD, €K, SrTaON [ IRLWRIERIAAE 2D F FEL L THERI LTV
D3, BRI 2 & oK D & DK B AERSS OIEMEIZIR < . EERFICB T D HEmE
FRAEICER S - 7=t B2 B D, AR T, B ROSESE BWIZ, HREWE
%7 T w7 AFEFTE{L LT SrTaON OARK L, Z 0t &L Pt B RfRE DK
TR R LT,

HFEE D SrC0; & Ta05 12xF L, NaCl, KC1, RbCl ZEp 7 b V) @it st 7 <
v 7 AL LT SrTa0oN JREEDS 10 mol%fHY L7225 K9 lTMA CTIRA Lz, Tk 1223
K C8HEH., 7rE=T R CEEL L TREVZ AR LT, &b -alkHokE
AARRBfEE E LT Pt 2518 « KEETBIOREBEEZHOTHEL, A ¥/ —L
IKIRIED D ORI (A > 420 nm) /K EAERRTEME A 2740 L7~

WO TV E ) EEElbmE 7 Ty 7 AZHWT S, HE TEE D720 SrTa0N
B35GB LT, NaCl & W26 IR B S RIE A 300 nm F2EE O 375 AR ORI 173,
KC1,RbCl % WAoo/ NMEDERERIR ORI E b= (M 1), KFEARK
TEMEIX RBCL 27 F v 7 AL L THWEGAIZHERBE < 220 . /IMBRORL D57 03 i
F LW R X7,

(b)KCI

g
s

1. &pk L7z SrTa02N @ SEM 8, 77 /7 A (a)NaCl, (b)KCI, (c)RbCl
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Ni-Zn $EIEEMIEMEIZEL S B-7 IR TILERBEIIZ L2 ED
Michael TR : KEMLIBE G A AR ETHEIZE X H8E
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Michael Addition Between B-Ketoester and Unsaturated Ketone by Use of Ni-Zn Hydroxy
Double Salt Catalysts: Effect of Hydrothermal Conditions on Their Catalytic Activities
(*Graduate School of Engineering, Chiba University) ONaoki Yokokawa!, Takayoshi Hara!,
Nobuyuki Ichikuni!, and Shogo Shimazu!

We have already developed new type Breonsted base catalysts by use of anion-exchangeable
layered Ni-Zn hydroxy double salt (NiZn)Y. To improve the catalytic acitivity of NiZn, we tried
to synthesize the small size of acetate-intercalated NiZn (AcO7/NiZn) by changing the
hydrothermal conditions, in this study. In the case of hydrothermal temperature of 413 K for
the synthesis, a smaller size of AcO/NiZn was obtained than that of 473 K, confirmed by SEM
images. The Michael addition reaction of ethyl 2-methylacetoacetate with methyl vinyl ketone
was carried out with the synthesized AcO/NiZn catalysts in n-hexane solvent. The product
yield was increased from 58 to 81 %, by changing the hydrothermal temperature from 473 K
to 413 K.

Keywords : Ni-Zn Hydroxy Double Salt, Solid Base Catalyst, Hydrothermal Synthesis, Michael
Addition

YRR TIL, T =AU Ziiea A7 58k Ni-Zn GV (NiZn) 2 BRI
filit & U CTH W IE 21T > CT&E 72 D, AWFIETIE, NiZn 2 AT 5 RO KBS B S
PREFZERICRRGETT 2 Z &2 X0 NiZn ki - Z2uMb U, SEREAEEEOm B2 B L
7oo HEERT =4 38 AT NiZn (AcO/NiZn) % AT 2 BRO K BULELEFE %2 473K 75
A3 KIZEFTDH L, “RRLFEED/NE 72 AcO/NiZn DA T 5 Z & 2% SEM 14 T
W TE Tz, 413K OKEG AR Tl L7 fhliii 2 2- X F L7 & M= TV & AT
NE= N Nt O~ A T AAIIGZEH T 5 & ERRIEED 58%7025 81 %~
CHINT A Z ENRH ST,

O O
AcO7/NiZn
/\f (0 19) °F! Hydroth |
air, n-hexane Yield (%) iler;op ?rKn)’na
323K,6h :
(1 mmol) (1.5 mmol) fo) 81 413

58 473

1) a) T. Hara, J. Kurihara, N. Ichikuni, S. Shimazu, Chem. Lett. 2010, 39, 304. b) T. Hara, J.
Kurihara, N. Ichikuni, S. Shimazu, Catal. Sci. Technol. 2015, 5, 578.
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Effect of the Crystalline Structure on the Thermally-activated
Catalytic Properties of TiO,

(‘Osaka Research Institute of Industrial Science and Technology) O Satoru Dohshi,'
Kazuki Maeda,' Yoshiki Aoto'

Keywords: TiO,, thermally-activated catalytic property, PM combustion, crystalline
structure

TiO, has been utilized as photofunctional materials such as photocatalysts and solar
cells. Moreover, TiO, has been expected as precious metal free oxidation catalyst due to its
high thermally-activated catalytic property for the decomposition of volatile organic
compound (VOC) with high concentration'. However, the effects of the crystalline structure
and crystallite size of TiO, on thermally-activated catalytic property have not been clarified.
In this study, the effect of the crystalline structure of TiO, (anatase, rutile and brookite) on
the thermally-activated catalytic property for PM combustion was investigated.

TiO, catalysts (JRC-TIO-7, JRC-TIO-16 and brookite type purchased from KOJUNDO
CHEMICAL LABORATORY CO., LTD.) were calcined at 800 °C. Characterization studies
were performed by XRD, BET surface area measurements and SEM observation. The
model PM (carbon black #2600, Mitsubishi Chemical Co., Ltd.) and TiO, catalysts (weight
ratio of 1 : 9) was ground for 15 min in an agate motar (tight contact). Catalytic tests were
performed in a fixed-bed reactor at atmospheric pressure under a gas flow (50 mL/min)
containing 5 % O, from room temperature to 800 °C with a heating rate of 10 °C /min. The
CO and CO, concentrations in the reactor outlet were monitored with a quadrupole mass
spectrometer.

Characterization studies revealed that TiO, catalysts were found to be composed of
anatase, rutile and brookite single phases, respectively, even after calcination at 800 °C.
BET surface areas for TiO, catalysts after calcination at 800 °C were 20 - 30 m® g'. As
shown in Fig. 1, the PM combustion is promoted by mixing TiO,. The combustion
temperatures of PM for TiO, catalysts are the following sequence, brookite < rutile <
anatase, which means that thermally-activated
catalytic property of TiO, depends on the crystalline

100 k :PM only

structure. It was also found from H,-TPR g8 _iae™
measurement that the amount of lattice oxygen g 60 —:brookite
released from brookite type TiO, was the lowest %405

o

among three TiO, catalysts, despite being the most
active for PM combustion. These results suggest that

0 : | . 1 .
400 500 600 700

the PM combustion mechanism for TiO, catalysts can Temperature (°C)

be different from those of other metal oxide catalysts  gig 1 PM conversion profiles as
such as CeO,. a function of temperature for TiO,
1) T. Makino et al, Jpn. J. Appl. Phys. 2007, 46, 6037. catalysts.
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Ni-Zn $818 B 1418 % ERIE R Y & ¥ 5 &M@ Aza-Henry &
Jits

(TEERBE L) O - FFEE - —Ehz ! BEEE!

Ni-Zn Hydroxy Double Salt Catalyzed Aza-Henry Reaction by Use of Continuous-Flow
System

(‘Graduate School of Engineering, Chiba University) OYusuke Sakasai', Takayoshi Hara',
Nobuyuki Ichikuni!, Shogo Shimazu'

The base-catalyzed condensation of nitroalkanes with carbonyl compounds (Aza-Henry
reaction) is one of the common methods for the synthesis of nitroalkenes, which are useful as
intermediates for pharmaceuticals and agrochemicals. We have already designed the
“intercalation catalysts” by use of the unique characteristics of the acetate anion-intercalated
Ni-Zn hydroxy double salt (AcO7/NiZn) as a solid base catalyst. In this study, we applied AcO
/NiZn catalyst as a fixed bed for the continuous flow reaction system toward the efficient
nitroalkene synthesis.

When only AcO7/NiZn catalyst was filled in the reactor as a fixed bed, the reaction eluent
could not be flowed by the fouling. The celite as a packing diluent with AcO7/NiZn catalyst,
however, effective liquid-flow reaction system was able to be created. When nitromethane and
benzophenone imines were reacted at 363 K in this flow system, the 24% yield of nitroalkenes
was obtained continuously at the steady state. Furthermore, side-produced benzophenone due
to imine hydrolysis were inhibited.

Keywords : Ni-Zn Hydroxy Double Salt, Solid Base Catalyst, Aza-Henry Reaction,
Continuous-Flow System

WHRMBAFET, = ka7 v WA= bEWE A S %5 Aza-Henry i
%, EEEPEALE LTHERAR= a7y o B ST AN FiEOOE ST
b5, BIFERETIE, 7 =AM EIREE N TH DR T =4 AR Ni-
Zn BHIIEMEHE (AcO/NIZn)DRHEZFIA L, BEAEREME S L O L TERZ D AR
FZECTIE, AcO/NiZn fililit & il it [ PR VS, (8145 R & B U C WA ERE S
R SN DA RSICR A I L, RN = a7 v Ok Bf L.

AcONIZn DB ZEERICTEE LIZGE, 77V ) v 72 EZ LSRR CTE o 7=,
FIZT, BIA FEFEFAHRAFE LTINZ T AcO/NiZn % SEIZFIE L, 363 K 12
TP R RAF R T2 ) A IV ENIGESETZE DA, A X OINKGiRIK
L DR Y 7 = CORIENTHETE, EFREIZBWNW = a7 L7 R
28 %R TIHELND Z Lo Tz,

363 K ‘)/\‘ + NH,
/‘, 24% vyield

Densely packed
AcO-/NiZn and Celite

CH;NO, +

1) T. Hara, J. Kurihara, N. Ichikuni, S. Shimazu, Catal. Sci. Technol. 2015, 5, 578.
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BARE KB LY Z RiBEA & L TEAR L 1= Mn-Al BR1EW4E & (A fhE
2&d7LTERDT VEBRIERE

(TERTL, TEREL? OWE E5& ' - FE> —F Mz’ B 457
Ammoxidation of Aldehydes With The Mn-Al Oxide Nanocomposite Catalysts Derived From
Layered Double Hydroxides ('Faculty of Engineering, Chiba University, *Graduate School of

Engineering, Chiba University) OMomoka Kono,' Takayoshi Hara,> Nobuyuki Ichikuni,?
Shogo Sshimazu®

Catalytic ammoxidation from aromatic aldehydes into nitriles has been widely studied due to
the high industrial demand as versatile intermediates in pharmaceuticals, agrochemicals, and
dyes. By use of Mn as a catalytically active species, effective ammoxidation systems with
OMS-2 (KMnsO16)" and MnO,? have been reported. In this study, Mn-Al oxide nanocomposite
(Mn-Al-O,) catalysts, synthesized by the calcination of layered Mn**-Al**double hydroxide
(Mn**/ATI*" = 2/1) in an air atmosphere, were applied to the ammoxidation of benzaldehyde. In
the presence of Mn-Al-O, catalyst and ammonium acetate (1.5 equivalents relative to substrate),
benzaldehyde reacted in N, N-dimethylacetamide at 423 K under an O, (0.5 MPa) atmosphere,
and then yielded 53 % of benzonitrile and 45 % of benzamide.

Keywords : Mn-Al Layered Double Hydroxide; Mn-Al Oxide Nanocomposite Catalyst;
Ammoxidation; Molecular Oxygen

HEHE= MUV, EIE, B Yukte Sl a2 otk e LTTENIC
BWRENR D DD FERT VT b REOMBR) T LIS X2 5EFKR= k
VLA DOWIFENIEL TN TWD, Mn % il & VERE & 9 5 5] TlE OMS-2
(KMn3O16)"=° MnO?% & W 2 ROG R BEIC#E S Tn 5,

ARFFETIX, IR Mn? AP KR b (Mn>' /AP =2/1) 2 28R P CRERR T2 2 & T
BE L2 Mn-Al BREESIR Mn-ALLO)fillli A | XU X7 VT K (1)DOT - Ef#
{ESGIZIEHA Lz N, N- A F VT2 b7 2 R Mn-Al-O, fillit s J OVEE RR
ELCOEET E=0U LMMFEF, 423K, 0:(0.5MPa)ZHK FIZT 1 2K SH 7
EZA R NINANBIORZEOKFTH DX AT I RNENEI 53 %, 45%
R TH LN,

Mn-Al-O, catalyst

CHO (5 ma) CN CONH,
©/ ACONH, (7.5 mmol) ©/ + ©/

DMA, O, (0.5 MPa)
1 (5 mmol) 423K, 3 h Yield =53%  Yield = 45%

1) K. Yamaguchi, H. Kobayashi, T. Oishi, N. Mizuno, Angew. Chem. Int. Ed. 2012, 51, 544. 2)
a) T. Ishida, H. Watanabe, T. Takei, A. Hamasaki, M. Tokunaga, M. Haruta, Appl. Catal. A:
Gen., 2012, 425-426, 85.b) X. Jia, J. Ma, F. Xia, Y. Xu, J. Gao, J. Xu, Nat. Commun. 2018, 9,
933. ¢) Y. Wang, K. Yamaguchi, N. Mizuno, Angrew. Chem. Int. Ed. 2012, 51, 7250.
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23 v9 REIZE Y AR LT- Ba(Ta,Nb)ON BB ADYHER T
FeARE IR DIRES
(R - ERIEBUTRHIE - IST & & 4317 2) O/ SR - A Bt > -
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Physical properties and photocatalytic activity of Ba(Ta,Nb)O:N solid solution synthesized by
the flux method ('Faculty of Engineering, Shinshu University, *Research Initiative for Supra-
Materials, Shinshu University, 3PRESTO, Japan Science and Technology Agency)

(OKanta Kobayashi,' Takashi Hisatomi,>* Kazunari Domen?

BaNbO:;N has an absorption edge at a longer wavelength than BaTaO.N. However, Nb is
easily reduced and BaNbO:N has shown negligible activity in hydrogen production reactions.
Recently, it was found that BaTaO,N synthesized by nitridation using RbCl flux formed well-
shaped single-crystal particles and showed excellent hydrogen production activity. In this study,
Ba(Ta,Nb)O:N solid solutions was synthesized by nitridation using RbCl flux to extend the
absorption edge toward longer wavelengths and improve the hydrogen production activity.
Perovskite-type oxynitrides were obtained as the main phase in all composition ranges,
although the particle sizes became greater and the hydrogen evolution activity was lowered
with increasing the Nb/Ta ratio. Control of the particle size of Nb-rich Ba(Ta,Nb)O.N was
examined. It was found that smaller particles sizes could be obtained by reducing the molar
ratio of flux to solute or lowering the nitriding temperature.

Keywords : Particle size; Hydrogen evolution, Cocatalyst

BaNbO,N [T~ 7 27 A NiltgE 2 A3 HBEOCAEA B CH D | BaTaON
X0 L EHREMCRIUGEEZAT D, L, Nb & sined <, BEEOWIE T
BaNbO,N [3/K B ARSI TIE & A ETEPRITI R S 2o 72, #xilt. BaTaON % RbCl 7
T I AFIE T TOECIZE D BT D L RO - 7= BfE Sk 723G b D, i
Y72 51T Pt B A 5 BN K E AR A TR T 2 E N b ot £
T, AWFFETIE, Ba(Ta,Nb)O:N [ERIAE RbCl 7 7 v 7 AfFAE F TOEILIT L W &Rk
L. Wl & O R Bl & KB AERIEMEO® S 2 X - 72,

EREH T e T A A NUOBREMNEMRE L TH LA, Nb/Ta Fhad K
LD ERENRKREL 2D (K1), KBEBIEMEFIK T L7z, £Z T, Nb/Ta tkd
K& 72 Ba(TaNb)O.N DRARDHIE Z G LTc, 77 v 7 ADFENE/NS LT 5,
FRTEMEEAELS T2 2L TRENL VNS WRFE2ELND Z ENDhoT-,

1) Ying Luo et al. Crysz. 2010, 1, 255-261.

© The Chemical Society of Japan - PO2-3am-09 -



P02-3am-10 A2a B101ESE4 (2021)

7539 AFEAETTOEEICEYER LT LaTiON DKFERE
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Photocatalytic H, evolution activity of LaTiO,N nitrided in the presence of a flux ('Faculty of
Engineering, Shinshu University, *Research Initiative for Supra-Materials, Shinshu University,

3PRESTO, Japan Science and Technology Agency) OAyaka Ono,' Takashi Hisatomi,>* Kazunari
Domen?

LaTiO:N, a perovskite-type oxynitride, has the absorption edge wavelength of 600 nm and has
been widely investigated as a visible-light-responsive photocatalyst for water splitting. Recently,
the hydrogen evolution activity of BaTaO,N having the same perovskite-type structure was
significantly improved by applying flux-assisted nitridation and by refining the loading method
of hydrogen evolution cocatalysts. In this study, LaTiO,N was synthesized by direct nitridation in
the presence of a flux, and the H» generation activity was studied after loading Pt as a hydrogen
evolution cocatalyst. The morphology of LaTiO:N particles was found to be changed drastically
by adding a small amount of CaCl, to the RbCl flux. Loading of the Pt cocatalyst via sequential
impregnation and hydrogen reduction and photodeposition promoted the hydrogen evolution
activity of the LaTiO,N samples more effectivity than loading by only the impregnation and
hydrogen reduction method.

Keywords : Cocatalyst / Perovskite-type structure / Oxynitride

R T ANA NUBRENY TH D LaTiOoN TR IUH 2 600nm Th Y . iy
72 R0 DAL STV D 7o | AN BT O K i et & LA S h
TW5b, RtXa7 x4 NMUREEY) TH D BaTaON ORE, 77 v 7 AFEFT
DEHEZELIZE VEFRIRORI RN ERRATRETH D D, w72 5 TR 3R ARk Bhfilitt %
HEFT 2 & A X 7 — VKRR S OKFAERIEHER KR E W L35, AFETIE, 77
v 7 ALFE T TOEHEZEIIT L VAR Lz LaTiONN ORi-£IE R & KB ARIEM: % M
L7,

75w 7 22 LT RbCI
WD & RSk ok
B LTk 7035 b vz,
Ll D &ED CaCl, ¥R
fnL 7= RbCI-CaCl, 7 7 v
7 A NS & REED A W snnm W
Bk L R e I RbClI X U'RbCI-CaCl, 7 7 » 7 A% N THE LT
W LEGACIRO E <O LaTio,N o SEM
U 7ol AL ORL 7 23 15
BNDZERbhoT, BFHNTREHT Pt Bl 2 EF4 2 & AKFE ARSI %
R LT, DA S A RET Lo L 2 A, &R - KFEITTIET Pt 2 HEF L2121,
BAELEE A TRKRINCHERF T 5 2 & TX 0 RCKRFEERIEER M L35 2 &5
Dinoiz,

1) Luo et al., Cryst. Growth Des. 2020, 20, 255-261.
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Fabrication of titanium oxide-based visible-light-responsive photocatalyst and evaluation of the
photocatalytic activity (' Faculty of Textile Science and Technology, Shinshu University) OMoe
Shioiri,' Yosuke Tsuchiya,' Yuta Morioka,' Norikazu Karasawa,' Naoki Asao'

We have previously succeeded in fabricating titanate nanowires with layered structures by
immersion of titanium alloy powder in NaOH aqueous solution at room temperature' . We found
that black anatase titanium dioxide nanowires formed by annealing protonated titanate nanowires
under inert gas after acid treatment shows a high photocatalytic activity in the air alcohol
oxidation. In this work, we synthesized titanate nanowires using Ti-NaCl composite material, and
fabricated black anatase titanium dioxide nanowires from that. Here, we report that the obtained
material as visible-light-responsive photocatalyst exhibited the activity for the efficient air
oxidation of toluene to benzaldehyde under blue LED light source.

Keywords : Photocatalyst; Titanate; Nanowire; Visible light responsivity; Oxidation

BxIIINETIC, FX¥ AR EEERTKEBILT
R U 2OKERIRICIEET 2 2 Ltk 0, BikE s A
HFH BT ) TA YRR AR TS Z LTI L
TWB Y F7, ZOUA Y B R BRALEL L CARIE N
HAFCRKT 2L, 7FH&—BREBEARILFZ T/ ,
TA X —=NEON, ZNRT IV T— L DRI f— ~
BOTENMBEE 27T 2 s 2R Lz, 4H
Bx i, F4 v —HESHEZ VTR AT B L
F AR B LS L, chmb Ty el HET AT T AT
—BRIBGERLT ¥ T ) U4 Y —2ER L7 (K1),

& O E 2 ATEDEIS AR & LT M U ORISR Lz & 2 A,
H LED MBHC Ko TRUXT AT B RBIEMICELND Z L2 L LoD Tl

T2,
©/CH3 Photocatalyst ©/CHO
Air, Blue LED

1) Y. Ishikawa, S. Tsukimoto, K.S. Nakayama, N. Asao, Nano Lett. 2015, /5, 2980-2984.

2) T. Saito, M. Zhang, R. Kavthe, K. Akagi, K. S. Nakayama, T. Adschiri, N. Asao, Chem. Lett. 2017, 46,
1825-1827

3) T. Saito, N. Shiraiwa, Y. Morioka, K. Akagi, K. S. Nakayama, T. Adschiri, N. Asao, ACS Appl. Nano
Mater. 2019, 2, 6793-6797.
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(B REEAAFLT L - 15 RICHHEHIF 2 + Jain University® - ST S Z 2307 4) OB #n
! . Shwetharani Ramu?® - A& P& 24 - 4fg —pk 2

Study on LaNbON, with smaller particle sizes toward enhancement of the oxygen evolution
activity (*Graduate School of Science and Technology, Shinshu University, 2Research Initiative
for Supra-Materials, *Centre for Nano and Material Science, Jain University, “PRESTO, Japan
Science and Technology Agency) ONatsutogi Iwasa®, Ramu Shwetharani?, Takashi Hisatomi?#,
Kazunari Domen?

LaNbON: has an absorption edge wavelength near 700 nm. However, high photocatalytic
activity was not obtained due to structural changes and reduction of Nb during the nitridation.
In this study, LaNbON, was synthesized by nitriding perovskite-type precursor oxides
containing volatile Na and Zn components to enhance the photocatalytic oxygen evolution. In
addition, the effect of miniaturization of the precursor oxide was investigated. A precursor
mainly composed of perovskite-type oxides was obtained by a flux method, although the size
of some particles was greater than 5 um. The precursor oxide was miniaturized to 3 um or less
while maintaining its crystal structure by planetary ball milling. After the miniaturization,
LaNbON, was obtained by nitridation for 2 h as the major product, which exhibited the
absorption edge of about 700 nm and visible light activity. This indicates that ball milling of
the precursor oxide can effectively shorten the nitridation of the precursor oxide into LaNbONs.
Keywords : Crystal structure, Volatile element, Flux method

LaNbON 1% 700 nm fF3E iz MU s 2 & o8, 22 (LRI HEEZE L5 Nb DB A
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»
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*

TS THDEEL NS, &Y, A :LaNbOs, A :LasNbO;,
1) Lipeng etal. J. Energy Chem., 26, 367-371, 2018 X HITBR AR L)

2) Jadhav et al. J. Mater. Chem. A, 8, 1127-1130, 2020
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KEERICEEGAERERERIEYMT / o — FEMEDO & BERE
(HRTERY - RVVANZT R =y 2 275 v 7 ERYER TS 2)

O dege fink!'- RE  S#%° - #k B K? - Thomas Mallouk® - HiflH  HIE !

Investigation of synthesis method for dye-sensitized H, evolution oxide nanosheet

photocatalyst ('Tokyo Institute of Technology, *University of Pennsylvania, *Max Planck

Institute for Solid State Research, *) (OKoya Hojo', Takayoshi Oshima®, Shunta Nishioka?,

Thomas E Mallouk?, Kazuhiko Maeda'

Dye-sensitization of a semiconductor photocatalyst is a useful method to make a wide gap
metal oxide visible light responsive. We investigated preparation conditions of HCa:Nb3O1o
nanosheet as a component in a dye-sensitized H, evolution photocatalyst, with the aid of a Pt
cocatalyst and a Ru(Il) complex photosensitizer. In this study, we found that the use of
HCa;Nb30Oo nanosheets synthesized by a flux method, gave 3 times higher activity than that
by solid state reaction. In the HCa;NbszO;o nanosheet system, Pt is deposited in the interlayer
of nanosheet'. It was found that electronic states of the deposited Pt species on HCa;Nb;O1o
were close to oxide and metal, respectively, in the case of solid state reaction and flux method.
Valence state of Pt influences the rate of electron transfer from semiconductor to Pt and
photocatalytic activity. It has been reported that electron transfer to metallic Pt is faster than
that to oxidized Pt.* Therefore, HCa;Nb;O1o nanosheets synthesized by the flux method could
provide an enhanced activity, as compared to those obtained by the solid state reaction.
Keywords : Dye-sensitized photocatalyst;, Photocatalytic H> evolution,; Flux method

HERSEABE O A FIRIT, VA XY v 7O BRI & iGN E LS5 6
M7 ETH D, RUFFETIX, ARG T TOKRBARITIEMZ Ru(l) &5 (K E i
HCa;Nb;O10 F / > — b DEGM Zetd 5 2 & Tt b 257 72, HCaNbsOqo
ITIERBEAEIC L VER L TR 7T v 7 RAIRIC X V1ERT 2 & 3 fEEWiErE
EIRBD I ENGINoTn, ARBRTIE, B LT Pt Z HWTUW 523, Pt AiBIAZ I
EIHlS /- bEEEESE, TO%KEETLTHIEICLD, EBREIC Pt 2
FEL QW 5, BEMEDOLEA . PHTEES OIR
RETHEINDIDIZK L, 77 v 7 ZAIETIX
SRBIZIV 0 ORETHE IS Z &N
Do T, Pt OFEFIREEIFERND Pt~
DEFBINEE L KEBARIEMEIC L B
hH2 %, ZIVE TOWZET, Y8R5 Pt
GBA~DOEBFBENL Pt LV b E R
TERXZZERHEIN TS, *ARICD
WTH . 7T w7 AEIC LY fERIG2 - L¢  Figure 1. Ru(IDSE&EERT HCaNb3O1o
PERIND Pt BRA~OBFBEINMEEL,  F P —FOEFIN
EHERm ELZEEZ NS,

1) T.Oshimaetal, J. Am. Chem. Soc. 2020, 142, 18, 8412.
2) X.Renetal., ACS Appl. Mater. Interfaces. 2017, 9, 35, 29687.
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B[RS IS E AL PboTioOs.4F 12 MKFREREMEIC T 5 BhfRE
HER

RO TIERE @A) O BOK ! - F50 WEsR ' - il AR5 2 - AT fiZ !
Effects of cocatalysts loading on the hydrogen evolution activity of visible light responsive
photocatalyst Pb,Ti2Os.4F 2.

(‘Tokyo Institute of Technology, *Kindai University) OKenta Aihara,' Haruki Wakayama,'
Kengo Oka,? Kazuhiko Maeda'

The oxyfluoride Pb,Ti,Os 4F1 > has a narrow band gap (2.4 eV), which can utilize visible light.
Unlike conventional visible-light-responsive mixed anion photocatalysts such as oxynitrides
and oxysulfides, the valence band maximum of Pb,Ti,0s 4F 2 consists of O 2p orbital. Therefor
it is expected to work as a highly stable photocatalyst with minimal extent of self-oxidation."
In our previous report, the H» evolution activity of Pb,Ti,Os 4F; 2 was shown to be improved by
heat treatment with alkaline chloride, but its photocatalytic activity was not satisfactory.

In this study, various metals were investigated as cocatalysts to improve the H, production
activity of Pb,Ti,Os4F 1. It was found that the highest activity was obtained when Rh was
loaded using NazRhCls-nH>O by a photodeposition method. Furthermore, Rh and other metals
were co-loaded to investigate the change in activity, and the combination of Rh and Pd greatly
enhanced the activity. Its hydrogen evolution rate under visible light irradiation was about 2.3
and 21 times higher than that of the catalyst loaded with Rh and Pd individually, respectively,
and about 3.6 times higher than that of conventional Pt cocatalyst.

Keywords : photocatalyst; hydrogen evolution; cocatalyst

7 At PboTinOsaFio 13, FIANEZFIH CTED/NS 7N RE¥ v v 724 eV) %
BT 5. €Dy FREEIIIER DI E L CERNA L 72 & OIS EWEG T =
VOfibEE L B2 0 | lEEFHF O LA SERR D 2p MUEN B D, FORR. HCEMb
ZolEE Z LI WEZERJCAE & LT < Z &aliffashs D, T Cicfkx i,
PbyTirOs 4F 1, YA Z 7 v 7 U & @i 2 W T2 BV 2 a7~ 2 & CAREAERITEED 7
FFLZ2LE2HMELTWDD D, ZONMBETEMEIZ 5772 b O TR0,

AW TR, KFBEMIEHOE 22 2 BfEL, 740 ) @BEOBMIE 21T -
72 PbyTir0s4F 1 MBI ZFE 4 D4 )@ & Bhfitfit & U TG L 72, ZOR5R,. Rh ZHHEf
L7EBRICiR ISHER B 72D 2 Ebho e, Fiz, BhfiE D RiBRACH R L% b
B L72 & 25 NasRhClenH,O A RIBRAR & U CHEHTHIE CHE Lo b OB R EiEEE
RLTc, S BHIZRh EOeEZ ILHE U TEHEOZEL 2~ TR R, Rh & Pd Of
HE DD ETEENRE <ML U, ARG 2 ST L 72BRoKEABORE IE, Rh, Pd
ZAE 2\ HEF Lo 58 OKRFAEEICR LT, ZNENR 23 5, M21 5L o7,
e Pt Bt & Lol U T H K 3.6 fFOmIEMEE oo T,

1) R. Kuriki, T. Ichibha, K. Hongo, D. Lu, R. Maezono, H. Kageyama, O. Ishitani, K. Oka,
and K. Maeda, J. Am. Chem. Soc. 2018, 140, 6648—6655.

2) H. Wakayama, K. Kato, K. Kashihara, T. Uchiyama, A. Miyoshi, H. Nakata, D. Lu, K.
Oka, A. Yamakata, Y. Uchimoto and K. Maeda, J. Mater. Chem. A, 2020, 8, 9099.
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Improvement of catalytic activity of Pt nano particle with cationic polymer for hydrogen
production from formic acid (' Graduate School of Science, Osaka City University, *Research
Center for Artificial Photosynthesis, Osaka City University) O Yusuke Minami,' Yutaka
Amao!?

Hydrogen has attracted attention as an alternative energy of fossil fuels. However, an
economic transportation and storage is difficult because hydrogen is a gas at ambient conditions.
Formic acid is a liquid at the same conditions and contains a 4.3 wt.% hydrogen, so it is suitable
for a hydrogen carrier. Platinum nano particles dispersed by polyvinylpyrrolidone (Pt-PVP)
catalyzes hydrogen and carbon dioxide production from formic acid. Formic acid was
decomposed by binding as formate on Pt-PVP in this reaction. Therefore, it is difficult to
achieve sufficient formic acid decomposition in acidic solution such as 1 M formic acid due to
diffusion-limitation. In order to improve the catalytic ability of Pt-PVP in more acidic condition
with formic acid, poly-L-lysine(PLL), cationic polymer, was added in Pt-PVP. The hydrogen
production rate in 1 M formic acid was 1.5 times increased by addition of PLL, and the
improvement was contributed by increasing in the frequency factor.

Keywords : Hydrogen production; Platinum nano particles;, Formic acid decomposition;
Hydrogen carrier
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LYY/ —IL-TRILLATILTE RRP# gk F TOESMESR
BIEEM(VOCs) DS R R s

(FRILART) OffkED - RAEM
Photodegradation of volatile organic compounds (VOCs) on resorcinol-formaldehyde (RF)
resin photocatalysts (Osaka Institute of Technology) oRyuki Tokunaga, Shinya Higashimoto

Inorganic semiconductors such as tungsten oxide (WO3) can completely decompose volatile
organic compounds (VOCs) to CO; as a visible light responsive photocatalyst. In recent years,
polymer photocatalysts has been developed, and the resorcinol (R) -formaldehyde (F) resin
photocatalysts was previously reported to synthesize H,O» from H>O and O, under visible light
irradiation. In this study, photocatalytic decomposition of VOCs was carried out under visible
(A> 420 nm) irradiation on the RF resin (R/F = 1). When the photodecomposition of formic
acid was examined on the RF resin photocatalyst, the amounts of CO, were confirmed to
increase with the reaction time. Furthermore, in the coexistence of Fe3" ions (0.05 mM) as co-
catalyst promoted the photocatalytic activity. It is considered that this accelerating effect is due
to hydroxyl radicals generated by the photo-Fenton reaction of H»0O,, resulting in
decomposition of formic acid.

Keywords : Hydrogen peroxide (H>O;); resorcinol-formaldehyde(RF )resins, volatile organic
compounds (VOCs),; photocatalyst; photo- phenton reaction
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1) S. Higashimoto et al, Catal. Commun. Fig. 1 RF¢AbfE FCXm% s
2020, 133, 105831. A %ODCOQUJEEE%: Fe3+
2) Y. Shiraishi et al., Nature Mater. 18 (2019) 985. £ F i L(a),Fe £ 4 H b (b)
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Development of Highly-dispersed Ni-Zn Hydroxy Double Salt Catalyst and Its application for
Epoxidation of Enones With Hydrogen Peroxide ('Graduate School of Engineering, Chiba
University) O Ayaka Kimimura,' Takayoshi Hara,! Nobuyuki Ichikuni,! Shogo Shimazu'

We have designed highly functional nanostructure catalysts by using the anion-exchange
ability of acetate-intercalated Ni-Zn hydroxy double salt (AcO7/NiZn), and applied them to
various liquid-phase organic transformations V. For the improvement of their catalytic activity
as a Bransted base in this work, highly dispersed NiZn onto SiO; surface is synthesized by the
addition of SiO; as a support during hydrothermal preparation.

In the XRD profiles of synthesized catalysts (AcO/NiZn_SiO), the peaks based on the AcO
/NiZn was observed. Moreover, the small and dispersed particles were immobilized on the
surface of support, confirmed by SEM images. Additionally, in the case of the epoxidation
reaction of 2-cyclohexen-1-one with H>O,, the AcO/NiZn_SiO, catalyst showed higher
catalytic activity than that of AcO/NiZn, based on the normalized value between epoxy ketone
and the amount of Ni?* and Zn?" in the catalyst matrix.

Keywords ; Ni-Zn Hydroxy Double Salt; Solid Base Catalyst; Epoxidation; Hydrogen Peroxide
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/NiZn_SiO,, ZH R L, fiyEEZm LxEs 2 &2 BB LT,
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1) a) T. Hara, J. Kurihara, N. Ichikuni, S. Shimazu, Catal. Sci. Technol. 2015, 5,578.b) T. Hara,
N. Fujita, N. Ichikuni, K. Wilson, A. F. Lee, S. Shimazu, ACS Catal. 2014, 4, 4040.
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New Type Novel Small Peptide Organocatalyst for Asymmetric Aldol
Reaction of Various Ketones with Aldehydes

(‘Division of Sustainable and Environmental Engineering, Graduate School of Engineering,
Muroran Institute of Technology, *Tohoku Medical and Pharmaceutical University, *Research
and Analytical Centre for Giant Molecules, Graduate School of Sciences, Tohoku University,
‘Tokiwakai Group) O Rajkumar Thiyagarajan,’ Zubeda Begum,' Chigusa Seki,’ Yuko
Okuyama,” Eunsang Kwon,> Koji Uwai,' Michio Tokiwa,® Suguru Tokiwa,® Mitsuhiro
Takeshita* and Hiroto Nakano'

Keywords: Organocatalyst; Amino Acid; Peptide; Asymmetric Reaction; Aldol Reaction.

The development of new chiral organocatalyst is very important for obtaining of a chiral
product with a high optical purity in a catalytic asymmetric reaction. Therefore, the
development of an effective organocatalyst for this reaction is a significantly challenging task.
Most recently, we have developed chiral amino amide organocatalyst showing a high level of
catalytic activities in some asymmetric reactions.' Recently, small synthetic peptides have been
demonstrated to be effective catalysts for an increasingly wide array of asymmetric reactions.”
In many cases, these peptide catalysts have enabled novel multifunctional substrate activation
modes and unprecedented selectivity manifolds.

In this study, new small peptide organocatalyst X confused both proline amide and dipeptide
sites in the single molecule was designed and synthesized as a new small peptide organocatalyst.
This catalyst contains a primary amino group acting as an enamine formation site as well as
hydrogen bond formation site, secondary amide groups for forming hydrogen bonding site to fix
substrates for obtaining superior stereoselectivities in an asymmetric reaction. Furthermore,
pyrrolidine ring of proline amide as backbone, alkyl or aryl groups on the peptide chain and also
polycyclic aromatic groups on amide group may act as a steric and electronic influences sites.
The catalytic capability of the obtained organocatalyst X was tried in the asymmetric aldol
reaction of various ketones A with aldehydes B. The aldol reaction is one of the most versatile
reaction for the constructions of carbon-carbon bond formation reaction.’As a results, the
peptide catalyst Y showed good to excellent catalytic activities in this reaction to afford the
corresponding chiral aldol products C in good to excellent chemical yields (up to 99%) and
stereoselectivities [up to syn:anti 20:80, up to 99% ee (anti)].

R AN-g ! MO HiE O A + catalyst Y
o : CHo asymmetic NO,
O _NH : Oy -NH aldol reaction
' up to 99%,
j\: X . Y up to 20:80 (syn : anti)
. P HoN up to 99% ee

small peptide ' B
organocatalysts NO,

1) LA. Owolabi, U.V. Subba Reddy, M. Chennapuram, C. Seki, Y. Okuyama, E. Kwon, K. Uwai, M.
Tokiwa, M. Takeshita, H. Nakano, Tetrahedron, 2018, 76, 4705. 2) W. Huang, H. Tian, H. Xu, L. Zheng,
Q. Liu and S. Zhang, Catal. Lett., 2011, 141, 872. 3) K. Sakthivel, W. Notz, T. Bui, C.F. Barbas, J. Am.
Chem. Soc., 2001, 123, 5260.
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Coordination Ability and Structures of Complexes of Triangular Macrocycles Bearing Three
Each of Bipyridine and Salen Units ('Faculty of Pure and Applied Sciences, University of
Tsukuba, *Tsukuba Research Center for Energy Materials Science (TREMS), University of
Tsukuba) OSyuhei Yano,' Takashi Nakamura,'* Tatsuya Nabeshima'*

Selective complexation of a rigid macrocyclic ligand bearing different coordination units
can lead to functions based on precise arrangement of metal ions. We have previously reported
a triangular macrocyclic ligand, bpytrisalen H¢l, which has three salen units as its vertex and
three bipyridine units as its side, and its hexanuclear complexes”. In this study, aiming at
creating more variety of multinuclear complexes of bpytrisalen, we investigated synthesis of
trinuclear complexes [1M3] in which metals various such as nickel are coordinated only to the
salen units (Scheme 1). We will report the investigation on coordination ability of salen and
bipyridine moieties, the structure of [1M3], and the unique molecular assembly in the cavity of

the macrocyclic complexes.
Keywords : Multinuclear Complex;, Macrocycle; Nickel; Bipyridine; Salen

FL72 2 R O BN 2 b OMINE 722 REDRBLNL 7125t U CRIRB 22 BEE 21T 9
ZENRTENIE. BEA AL OREBEREIC L ABENE IS, DTN, 3
OOV L UM ETESR E L, 350 PUEiail & LA T 5 A RERIRAL
{77 bpytrisalen Hel &, 2D 6 ZEEREZHRE LTS D, ABFETIE, LV 22
bpytrisalen DR E S 2 Z L 2fRM L, VL pIicOiH=y Tl EDOffx
D& 2B S W72 3 A [IMs] OGRRFT 21T > 72 (Schemel), ¥R TlL, W
Ly BROEY Y VUM ORIERICE T 2MEHC, [IMs] O, 38 L OKRERIRES
RONFIUIZI T DFFE LR FHEBIZOWTIRE T 5,

[1Mg]
Scheme 1. Synthesis of [1M3].

1) T. Nakamura, Y. Kawashima, E. Nishibori, T. Nabeshima, Inorg. Chem. 2019, 58, 7863.
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Synthesis of (ﬂ—Diketonato)Ruthenium Complex with Phenyl Groups and Electrochemical
Sugar Recognition by Surface Modification (Faculty of Science and Technology, Sophia
University) OKazuho Tagami, Hiromichi Shinono, Takeshi Hashimoto, Takashi Hayashita

A rapid, sensitive and stable system for the recognition of sugars in vivo is desired. In
previous studies, we have found that adamantane-incorporated acetylacetonato ruthenium
complex [Ru(acac),(mhak)] was water-soluble by forming inclusion complex with S-CyD
and could detect sugars in both organic solvents and water. In this study, we prepared novel
bis(1,3-diphenylpropandionato) ruthenium complex [Ru(bhba),(mhak)] to improve its
hydrophobicity and redox potential for electrochemical measurements. Furthermore, the
inclusion ability of [Ru(bhba),(mhak)] to S-CyD was evaluated.

The positive potential shift in CV was obtained as desired, but the inclusion ability for
F-CyD could not be confirmed. The possibility of steric hindrance between S-CyD and the
phenyl group of the complex was estimated by single crystal X-ray crystallography.
Keywords : Ruthenium Complexe; Electrochemistry, Molecular Recognition, [-Diketone;
Inclusion Complex

FTexlIol, TH~ VB HEAN LT T AT N MAT =0 AR, B
R THRANY AATEHEIND I & TKIBMEEZERD AR & KT o7 ThER
HRAIEETH DL EZ R L TnD, UL, 7'F A7 M MERIT, HAHRE
DREMER DV | BABC L5 EELE 2 bz, &2 TR TIX, BoktEm Eo
D7 ==V ER oo VT = U AR R BRSO FIE Y &b S ITHHLE R
(Scheme 1) L. ZDERULFHIE S L VB-CyD ~OEEREDFHI &7 > 72,

ZOfER, HIEY OTEBMY 7 N %2155 2 LR TELN, ﬂ@Dfﬂféaﬁ%
iaﬁn \TCERoT-, ZOFKE LT, f-CyD LEERD 7 = = )L E L ORI O REE

HEMEDS X RS A E AT IC L W RS T,

< M 3 Chy
0. m b, ] o w@ T
o~ |
Zr HCI
E10H reflux 1 hin Ar t./c @ 1 day l

Scheme 1  Synthesis of [Ru(bhba),(mhak)]

1) T. Hashimoto, S. Hara, Y. Shiraishi, M. Yamauchi, K. Natarajan, and K. Shimizu, norg. Chim. Acta,
358, 2207-2216 (2005).
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Synthesis and Properties of a Tetrahedral Chiral-at-Iron Complex bearing an N-Heterocyclic

Carbene Ligand (Graduate School of Science, The University of Tokyo)
OToru Ebihara, Koichi Nagata, Hitoshi Ube, Mitsuhiko Shionoya

In recent years, research on selective synthesis methods of chiral-at-metal complexes having
chirality only at the metal center has attracted attention, and it is being developed for use in
asymmetric catalytic reactions. However, most of the reported examples of these metal
complexes are octahedral hexacoordinate complexes," and only a limited number of tetrahedral
complexes have been reported” due to the relatively rapid ligand exchange reactions. In this
study, we have synthesized a tetrahedral chiral-at-iron complex 4 using an achiral N-
heterocyclic carbene (NHC) ligand with a bulky substituent. Iron(0) complex 1 and a
diazonium salt 2 were reacted in acetone at —78 °C for 10 min, and an NHC ligand 3 was added
to the reaction mixture to obtain the desired racemic iron complex 4. The tetrahedral structure
coordinated by four achiral ligands was determined by single crystal XRD analysis. We will
discuss the synthesis, structural characterization, and chemical properties of 4 in detail.
Keywords : Tetrahedral Fe Complex,; Chiral-at-Metal Complex,; Achiral Monodentate Ligand;
N-Heterocyclic Carbene Ligand; Asymmetric Induction

T, BJEHPOLICDOHRFT U T 4 —%FFO Chiral-at-metal $5{8 DRI G RTE D
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Fe.,, acetone, =78 °C, 10 min acetone, =78 °C, 1 h I~
oo O
co =
1
PPN = [(Ph3P)2N]* rac-4

Dipp = 2,6-diisopropylphenyl!

1) E. Meggers et al. Chem. Asian J. 2017, 12, 2335.
2) M. Shionoya et al. Nat. Commun. 2020, 11, 6263.
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Oxidative Si-Si Bond Cleavage in Oligosilanes by
Isocyanide-Coordinated Group 9 Metal Species

(! School of Engineering, The University of Tokyo, *Institute of Industrial Science, The
University of Tokyo, *JST PRESTO) OlJingfeng Shen', Yusuke Sunada*?
Keywords: Transition Metals, Silicon, Catalysis, Oxidative Addition

It has been demonstrated that organosilicon compounds containing one or multiple Si-Si
bonds can serve as good precursors for the formation of transition metal clusters with a two-
or three-dimensional architecture !. In the last few years, our research group has reported
that group 10 metal species bearing isocyanide ligands such as [Pd(CN'Bu),]; can react with
oligosilanes such as cyclotetrasilane and ladder polysilanes to afford corresponding
palladium clusters. In addition, suitable methods for the activation of Si—Si bonds in
disilanes bearing two hypercoordinate silicon centres have been extensively studied in order
to pursue more access to catalytically active organometallic complexes. There are
precedents concerning the incorporation of hypercoordinate organosilicon ligands into
group 10 metal species®, yet a paradigm shift from group 10 to group 9 has been little
discussed. In this presentation, we wish to report that oligosilanes having various backbones
react with group 9 metal precursors with the general formula (RNC)4sM>X, (M =Rh or Ir, X
= any counter anion species) to give group 9 complexes or clusters, where silicon atoms are
directly bound to the metal centres.

In our previous reports, we described that introducing isocyanide ligands to low valent
metal precursors was an efficient methodology to generate a series of highly reactive metal
precursors. In this study, group 9 metal precursors with the formula [(COD)MCI], (COD =
1,5-cyclooctadiene, M = Rh or Ir) were selected, and isocyanide ligands were introduced
onto the metal centres via ligand exchange from those precursors. In this manner,
air-sensitive isocyanide-coordinated metal halide precursors were generated in situ, which
was followed by the addition of an array of hypercoordinate silicon compounds,
RoSi(u-PZM2),SiR,  (PZM? = 3,5-dimethylpyrazolyl). For instance, the reaction of
[(COD)IrCl], with 8 equiv. of CN'Bu was performed in toluene for 2 hours, and then 1
equiv. of RySi(u-PzM?),SiR, was added to the solution. Although no reaction took place at
room temperature, formation of new organometallic complexes was confirmed upon heating
overnight. The detailed molecular structures of these metal clusters obtained, as well as their
application to catalytic transformations, will also be reported.

1) a) K. Shimamoto, Y. Sunada, Chem. Eur.J. 2019, 25, 3761-3765. b) C. Yanagisawa, S. Yamazoe, Y.
Sunada, ChemCatChem. In press. 2) R. Usui, Y. Sunada, Chem.Commun. 2020, 56, 8464-8467.
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Synthesis of a Werner-type Tetrahedral Chiral-at-Cobalt(ll)
Complex with an Achiral Unsymmetric Tridentate Ligand

(Graduate School of Science, The Univ. of Tokyo) OYuanfei Liu, Hitoshi Ube, Mitsuhiko
Shionoya
Keywords: Chiral-at-Metal Complex; Cobalt(Il) Complex; Chirality; Redox-active

Chiral metal complexes show promises for asymmetric catalysis, chiroptical devices and
so on. Most of them are synthesized by combining carefully tuned chiral ligands with metal
salts or organometallic reagents. On the other hand, since Werner studied the chiral cobalt
complexes, it is well known that overall chirality can also be generated from the stereogenic
metal center. The synthesis of such chiral-at-metal complexes is a useful method for
constructing a new chiral metal complex structure without the need for any chiral ligands in
the coordination sphere of the metal center. There are many examples of octahedral and
half-sandwich shaped chiral complexes, but due to the rapid racemization, few tetrahedral
chiral-at-metal complexes have been reported.

Recently, our group reported a tetrahedral chiral-at-zinc complex with high
enantiopurity and its catalytic application.! Herein we report the synthesis of a redox-active,
tetrahedral chiral-at-cobalt(Il) complex with an achiral unsymmetric tridentate ligand.

First, Co(N(SiMes),), was prepared by mixing anhydrous CoCl, and LiN(SiMes), in
Et,O. The mixture was then mixed with H,L. and subsequently precipitated to afford a
dinuclear cobalt-lithium complex 1 in 90% yield. X-ray diffraction analysis revealed that
the relative configurations of the two metal centers are fixed in the crystal state. Next, by
adding ‘BuCN and crystallizing, racemic [CoL('‘BuCN)] was obtained in 56% yield. A
slightly distorted tetrahedral structure was confirmed by X-ray diffraction. We are currently
in the process of optical resolution with a chiral auxiliary. In this presentation, the synthesis,
structural details, and electrochemical properties of this cobalt complex will be discussed.

Chiral-at-metal complex This work: Ongoing:
Asymmetric induction
|/\NH2—|2+ D @
HoNo,,, ]. .NHg |
Co B Enantiopure form
H,N" | ~ci Q/M \D
Cc
NH, Potentials:
Octahedral Tetrahedral Electrochemistry
Well-known Hard to synthesize s bi s ) Asymmetric redox reactions
due to fast racemization | Redox-active chiral metal center
HO_ . Crystallization
Z“NHMes _ CoClz(1 equiv.) (L:i—OElz i
- LiN(SiMe3)2 (2.2 equiv.) cl O\\Q,CFS uCN (2 equiv.)
O NH > c‘ v S ipr
g 0.,
ipr 90% Mess 7 WD 56%
NTf O K Q
HaoL (Sco*, ALi*)-1 & (Rco*, Su*)-1

' K. Endo, et al. Nat. Commun. 2020, 11, 6263.
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(fREBRIEAET AT LHT) OFEIEA - @ill->EF - JE{#E . Synthesis of iron-
selenium cubane type cluster (MesSiCsHs)sFesSes (Faculty of Symbiotic System Science,
Fukushima University) OTakuto Abe, Tsugiko Takagi, Shinji Inomata.

We have reported that the iron-selenium cluster Cp'sFesSes can be easily synthesized by the
reaction of the iron carbonyl complex Cp'2Fe(CO)s (Cp' = MeCsHa, ‘BuCsHs) with gray
selenium.? We now report the synthesis of a novel iron-selenium cubane type cluster
(MesSiCsHas)sFesSes having MesSiCsHy ligands in which one trimethylsilyl group is attached
on a cyclopentadienyl ligand. The cluster (Me3SiCsHa)sFesSes was obtained in 41% yield
by the reaction between (Me3SiCsHs):Fe)(CO)s and gray selenium under toluene refluxing
condition for 17 h. The characterization of the product was performed by usual spectroscopic
methods. '"H NMR spectrum (C¢Ds) showed single sharp signal at 0.63 ppm assigned to the
trimethylsilyl groups and two triplet signals at 4.40 ppm and 3.37 ppm assigned to ring protons
on cyclopentadienyl ligand. The mass spectrum gave a molecular ion peak at m /z = 1092.
These results strongly suggest chemical formula of the cluster.

Keywords : Iron; Selenium, trimethylsilyl group
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(1) (a) Akito Ouchi, Tsugiko Takase, Shinji Inomata, The 70" Conference of Japan Society of
Coordination Chemistry, 2PA-07 (2020). (b) Ryunosuke Shimomura, Shinji Inomata, Tsugiko Takase,
The 101%* CSJ Annual meeting (2021).
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Syntheses and structures of novel Ag(l) complexes using multidentate nitrogen ligands with a pyrimidyl
group ("Fac. of Sci. and Eng., Kindai Univ., 2Res. Inst. for Sci. and Tech., Kindai Univ.) O Yuta TANAKA,
Masahiko MAEKAWA,2 Takashi OKUBO, " Takayoshi KURODA-SOWA!

The reactions of AgX (X=C3F;COOQ; BF4) with 2,6-di(pyrimidin-4-yl)pyridine (dpympy) in 2-butanone or
MeOH/2-butanone afforded {[Ags(dpympy)2(CsFCOO)s]} (1) and {[Ag(dpympy)]BFa}, (2). X-ray analyses
showed that Ag(l) atoms in complex 1 are bridged by dpympy and CsF;COO- anions to form a ladder-
type Ag(l) coordination polymer. In contrast, Ag(l) atoms in complex 2 are bridged by dpympy to form a
1D zigzag chain Ag(l) coordination polymer.

Keywords : Ag complexes; Polynuclear complex; X-ray Crystal structures; Multidentate nitrogen ligands
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Fig. 1 Structure of complex 1
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Fig. 2 Structure of complex 2
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Effect of Metal Mixing by Microflow Reactors on MOF Crystallization (*School of Science
and Technology, Kwansei Gakuin University, 2JST PRESTO) OAyumi Hirano,* Yoko Tanaka,*
Saki Yamada,! Daisuke Tanaka'?

By mixing different metals on the synthesis of metal-organic frameworks (MOFs),
polymorphic control and improvement compared to single-metal MOFs are expected. In this
study, the effect of adding AI** or Cr® to the synthesis of MOF composed of Fe** and
terephthalic acid was evaluated using a microchannel that enables precise mixing (Fig. 1a).
Mixing only Fe®* and terephthalic acid resulted in MIL-88BY (Fig. 1b). In the case of two-step
fluidic synthesis with addition of AI**, MIL-68? (Fe, Al) (Fig. 1c) was obtained. On the other
hand, when Cr3* was added, MIL-88B(Fe) was obtained. From these results, it is suggested that
the addition of AI®* affects the polymorphic change of MIL-88B, but the addition of Cr** does
not. In the presentation, we will discuss the difference of effect of the mixing metals on the
crystallization process based on the fluidic synthesis.

Keywords . Micro flow reactor; Metal-Organic Frameworks
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BB E RGE L= (Fig. 1a), Fe¥* & 7 L 7 X VR DO I THRL L7234 . MIL-88BY (F|g
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Figre.1 a) Synthesis apparatus and structure of b) MIL-88B(Cr), c) MIL-68(Fe). Gray, red,
orange, and blue represent carbon, oxygen, iron, and chromium, respectively.

1) S Surble et al., Chem. Commun., 2006, 284—286
2) A Fateeva et al., Eur. J. Inorg. Chem., 2010, 3789-3794
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Ligand substitution reaction on coordinatively unsaturated iron(Il) disilyl complexes
(!School of Engineering and *Institute of Industrial Science, The University of Tokyo) O
Minesato Nakagawa' , Yusuke Sunada':?

It is well known that the organosilyl ligands can effectively contribute to create the
coordinatively unsaturated transition metal complexes because they show strong electron
donating property as well as strong trans-influence. Thus, we have focused on the synthesis of
a series of transition metal silyl complexes, and described the catalytic performance of the
obtained complexes.

Recently, we have reported the synthesis of a 14 electron coordinatively unsaturated iron
disilyl complex, Fe[Si(SiMes)3]o(THF), (1). The characteristics of this complex is that two THF
ligands on the iron center can be exchanged to two pyridine ligands'. In this presentation, we
wish to report the details about the ligand substitution reaction of 1 with various two electron
donating ligands. As a consequence, it was found that the introduction of the mesityl isocyanide
led to the formation of six coordinated octahedral Fe(II) disilyl complex in which a
rearrangement of the ligand skeleton on the supersilyl moiety took place. The reactions with
other auxiliary ligands will also be described in this presentation.

Keywords : Iron; Organosilyl Ligand; Ligand Substitution; Coordinatively Unsaturated;
Isocyanide

BT A TN 1T, BB LA~ORWVE LG L TR N T AR IRT 720,
BEAZ BV AR BN 2R BEIR DN R e EE - ZEAIZH G T 5 2 &b TN D, £D
7o DY TIE 2N E Tk 2 RS 2 FF oA A BILAWE RN 1 & 3 25—
DEB ARV U VRO G ZT1T > TX 72, HTHITHE, supersilyl Biiz 1% FFORLNL
AREAFN72ERAT) Y 2 U VEEIR Fe[Si(SiMes); o THF), (1) & &Rk L. &k D THF EAL 173
2 BAHEEEUL 7 Th S pyridine & FHICRZMARETHH Z L2 R LTS, !

Z 2 CAMFE T, S5 1 O THF BN 7 OB T2 S 722 5 ML 52155
L flix O 2 B AMERN A L DRISERFT LIc, £ORR., o BRI Th
% mesityl isocyanide & @D JitxCl, supersilyl BN F-INOEEENETTH E LD
(2., 6 BoAL/\ A 2 FF O8I Y & U VEEIR DG B D 2 RN hhoTe, D 2 8
FHEGENLF & DU OWT bR THE T 5,

Si(SiMe
Me,Si” ( 33
SiMe
V.Si NC 2
(Me3S|)3S|\ THE MeQSi/
Fe/ + 4 —— > MesNC,, | wCNMes
“THF Fe
(Me3Si),Si MesNC” |\CNMes
SiMes

This work was supported by a project of Kanagawa Institute of Industrial Science and Technology (KISTEC).
1) Arata, S. and Sunada, Y., Dalton. Trans., 2019, 48, 2891.
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Synthesis of Heteroleptic [4Fe—4S] Cluster with Arenethiolato Ligand Having Bulky

Acylamino Groups (Graduate School of Science, Osaka University) OTOMITA, Yusuke;
OKAMURA, Taka-aki; ONITSUKA, Kiyotaka

Nitrogenase catalyzes reduction of N, to NH3 using unique metal-sulfur clusters under mild
condition. M-cluster is made of two [4Fe—4S] cluster units in biosynthesis and linked to the
protein by the coordination of 2 amino acid residues. In order to construct the structural model
complex of M-cluster, we first synthesized a fundamental unit, [4Fe—4S] cluster with a single
arenethiolato ligand having bulky acylamino groups.

In this presentation, we report the synthesis of (NBu"4):[FesS4(L2)Cl3] with arenethiolato
ligand L2  having bulky R? substituent by the reaction of sodium salt NaL2 with
(NBu"s)2[FesSsCls]. X-ray analysis revealed that the cluster was covered with bulky
substituents and the heteroleptic structure with single thiolato ligand was stabilized by the steric
hindrance. This fact indicates the cluster is suitable for the precursor of the model complexes.

Keywords : Structural Model Complex; [4Fe—4S] Cluster; Thiolato Ligand; Bulky Substituent,
Heteroleptic Cluster
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Syntheses and properties of (‘BuCsHa)sFesSes and its monocation [(‘BuCsHs)sFesSes](BPhy)
(Faculty of Symbiotic System Science, Fukushima University) (ORyunosuke Shimomura,
Tsugiko Takase, Shinju Inomata

New iron-selenium cluster (‘BuCsHa)sFesSes was synthesized by refluxing toluene solution
of (‘BuCsHs):Fe,(CO)4 and grey selenium for 17 h under nitrogen atmosphere. A monocationic
cluster [(‘BuCsHs)sFesSes](BPhs) was easily obtained by air-oxidation of (‘BuCsHs)sFesSes in
the presence of NH4BPhy in acetone for 30 min. The X-ray structural analysis revealed that the
both clusters have two Fe-Fe bonds. The average values of inter iron distances are 3.284 A for
the neutral cluster and 3.218 A for the monocationic cluster. This slight shortening indicates
that the bond order for Fe-Fe bonds increased by one-electron oxidation. The cyclic
voltammogram of (‘BuCsH)4FesSes showed two reversible redox waves at E1,=-0.321 (1+/0)
and +0.441 (2+/1+) V vs Ag/AgCl in 0.1 M BusNPFs-CH,Cl,. For [('BuCsHa)4FesSes](BPhy),
the rest potential was around at +0.24 V vs Ag/AgCl , supporting that the air-oxidation product
is monocationic.

Keywords : Iron; Selenium,; Metal cluster
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Deprotonation of silane with silyllithium bases (‘Department of Materials Chemistry and
Processing, and ‘Department of Chemistry and Biomolecular Science, Gifu University)
OSyoki Ito,' Atsushi Takamori,” Yuji Naruse"*

Deprotonation from silanes is still a challenging venture. Previous reports show that
additional silyl substituent(s), which is capable of the negative hyperconjugation, or
intramolecular chelating group(s) should be necessary for successful deprotonation.
Furthermore, Kira reported deprotonation of diphenylsilane was failed with LDA or tBuLi,
only to afford the corresponding substituted products. We have succeeded in deprotonation
from diphenylsilane by use of bulky phenylsilyllithiums, and found that the resulting silyl
anions can react with an electrophile to introduce a substituent. The yields were considerably
improved by use of trimethylsilyllithium as base.

Keywords : Deprotonation of silane; silyllithiums, Introduction of a substituent; Electrophiles
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(1) Iwamoto, T.; Okita, J.; Kabuto, C.; Kira, M. J. Am. Chem. Soc., 2002, 124, 11604. (2) {Jtji 5.8
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Synthesis of a Ruthenium-aqua Complex Incorporating [Ru(bpy)s] as an Electron Acceptor
Site and Its Redox Behavior (Rikkyo University)OYuto Morita, Takashi Nakazono, Tohru
Wada

Water splitting by sunlight irradiation has been attracting attention as one of the solutions to
environmental and energy problems. Water oxidation, which is the half reaction of water
splitting, requires four-electron transfer at relatively high potential (£° = 1.23 V vs. NHE, pH
=0). Development of high-efficient water oxidation catalyst, therefore, is an important issue to
realize photocatalytic water splitting. In this study, we synthesized a ruthenium-aqua complex
with bbpaq (1,8-bis(bipyridylphenyl)anthraquinone) incorporating [Ru(bpy)s]?* as an electron
acceptor, [{Ru(bpy)}{Ru(tpy)(OH)}(bbpaq)]** ([1]**). In this paper, we report the details of
redox behavior of [1]**and its catalytic activity for water oxidation.

Keywords : Ruthenium Complex, Redox Behavior, Electrochemistry
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1. H. Inoue et al., ChemSusChem 2011, 4, 173-179. B H[11(ClOs)s D CV

2. S.Masaoka, K. Sakai, Chem. Lett. 2009, 38, 182-183.
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Electrodeposition of a homochiral coordination polymer with (+)-camphoric acid ligands on
metal electrodes (!Faculty of Science Division I, Tokyo University of Science) O Ryuma
Umino,! Masaaki Sadakiyo!

Coordination polymers are porous solids constructed through self-assembly of metal ions
and organic linkers. They are expected to be applied as catalysts or catalytic support materials
because of their excellent designability and high surface area!. However, there are few reports
on catalytic electrodes coated by coordination polymers. In this research, we newly prepared a
composite metal electrode modified with a homochiral coordination polymers by
electrochemical method.

We focused on a homochiral coordination polymer, [Pb(cam)-H,O] (Pb-MOF), which
consists of (+)-camphoric acid (H.cam) and Pb (1) ions?. Composite metal electrode with Pb-
MOF was prepared using a solution of (+)-camphoric acid dissolved in a mixed solvent of
water, ethanol, triethylamine, and nitric acid. Pb foils were immersed in the solution as the
anode and cathode. Electrochemical deposition of the homochiral coordination polymer on the
Pb foil was carried out by applying a constant current. The materials deposited on the electrodes
were characterized using X-ray powder diffraction. The surface structures of the electrodes
were observed using scanning electron microscope. We found that the Pb-MOF was
successfully deposited on the anode side and that the amount of Pb-MOF depended on the
deposition time.

Keywords : Coordination polymer; Homochiral; Electrodeposition

BNL & 7 L m A A 2 GRS H O T 5 2 &L TR SN D AL D
BEIATH Y | ENICHEREHESCE WSR2 RO Z L b | AR L L
TOAPHFESTWD Y, —5 T, BfLEms 2 Emftt s L THWD Z & &ts
M L7 EpliE R 72 i Ch, REX TAREN ST %248 LB L4
JB-7REF T VBN S FEAEMICE T 2RI & A EE STV ey, ARHF
ZETIE, @R-FEF TN ES FEGEROFERELEL LT, ST HEL
HWaZ 2k, HileeB-Rex 7 VENLE S TEASEMOIER 21T -7,

M ESEs KT T AERMNES L LT,

(-1 7 7 — B (Hycam) 3 L USRI A A > 7> | Cu- K
572 5 78 E X 7 VBT E 47 - [Pb(cam)-H,O] | PbMOFonPbfol
(Pb-MOF)IZEH L 2, (H)-H 77 ' '

@‘E\ 7k\ . ) Y AV | PR A S L SR N e
X )—)L, NI ZF LTI, BLOEED
IBATIRICE IR Z ik & L Cigi&E L, gL L 7
NH—EDERETT I EIZE0 ., g kiz

Pb foil

Intensity (a.u.)

Pb-MOF @%%{K?E‘j*ﬁm %?‘TO f:o %*@J: a: \‘Pb—M(?F slmulatitlnn

BPH L B R X RIS 0 [RIE L )
AR EABFEMERIC L VBRI, X 20 (degree)

T 5 RN ONTHEITENT R R o1 e it

5= L nbmoi S XRPD /35—

1)J. Y. Lee, O. K. Farha et al., Chem. Soc. Rev. 2009, 38, 1450.
2)Y. X. Tan, F. A. Meng et al., J. Mol. Struct. 2009, 928, 176.
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Synthesis of Group 8 and 10 Transition Metal Complexes Bearing Oligosilyl Ligands
('School of Engineering, and *Institute of Industrial Science, The University of Tokyo, *JST

PRESTO) OYoshihiko Umehara' * Yusuke Sunada'*?

Our research group has established the synthetic methodology of transition metal clusters by
the sequential insertion of the metal species into the Si-Si bonds of oligosilanes. An advantage
of this method is that the structure of obtained metal clusters as well as the number of metal
atoms in a cluster molecule can be finely designed by tuning the structure of oligosilanes as
well as the number of Si-Si bonds. According to this method, we have recently described the
synthesis of a series of group 10 metal clusters, for instance, Pds or Pdi; clusters can be facilely
constructed by the reactions of Pd(CN'Bu), with Sis(‘Pr)s or bicyclic ladder polysilane.” In
addition, Pd¢ cluster having unique edge-sharing tetrahedron structure have also been
synthesized by the reaction of Pd(CN'Bu), with Ph,CISi-SiClPh,.?

In this presentation, we wish to report the synthesis of Ru and Pt complexes having oligosilyl
ligands consisting of multiple Si-Si bonds. First, we focused on the use of silyl dianion to
introduce the silyl ligand via salt metathesis, thus reactions of silyl dianion with transition metal
halide were performed. Second, treatment of oligosilane bearing two Si-H groups with low
valent metal species was performed to synthesize the corresponding metal-disilyl complexes.
Details including the molecular structure of the obtained complexes will also be presented.
Keywords : ruthenium, platinum; organosilyl ligands, oligosilyl ligands;
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Yanagisawa, S. Yamazoe, Y. Sunada, ChemCatChem 2020 in press.
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Synthesis and catalytic activity of tris(N-heterocyclic carbene) pincer-type rhodium(lll)

complex (Graduate School of Engineering, Nagoya Institute of Technology) O Kyohei
Horiguchi, Takeyoshi Yagyu

The N-heterocyclic carbene (NHC) ligands have recently attracted attention as one of the
useful supporting ligands to give stable complexes by forming strong bonds with metal centers.
Various tridentate NHC complexes have been reported due to their additional stability and high
catalytic activity. However, there is only one report for the tridentate tris(NHC) pincer-type
complex, which has palladium(ll) center.? Thus, the details of its chemical properties and
catalytic activity have not been clarified.

In this study, a tris(NHC) ligand precursor in which each imidazolium ring is connected by
a methylene chain and an analogous tridentate ligand precursor having a pyridyl group instead
of a terminal imidazolium ring were prepared. The corresponding rhodium(l11) complexes were
synthesized according to a modified procedure described in the literature.? Their catalytic
activities were investigated in the hydrogen transfer reaction.

Keywords - Rhodium complex; N-heterocyclic carbine; Homogeneous catalyst; Tridentate
ligand
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Synthesis of a Novel hexanuclear Cluster Containing Ni-S Bonds

("School of Science and Technology, Kwansei Gakuin University, 2JST PRESTO) oYuka
Nakatani,' Yoshinobu Kamakura,' Takuma Wakiya,'! Ryo Hamano,' Hayato Kominami,'
Daisuke Tanaka'?

Metal-organic frameworks (MOFs) composed of multinuclear structures at their nodes exhibit
interesting properties such as luminescence and catalytic activity. On the other hand, MOFs
whose nodes are constructed from sulfur atoms have been reported as the unique
semiconductive materials. In this study, we synthesized a novel Ni hexanuclear complex,
([Nis(Httc)s(EtOH)s]-6EtOH, complex 1; where Hsttc = trithiocyanuric acid(Figurel.a)) by
solvothermal reaction with ethanol solvent, and crystal structure was determined. Crystal
structure of complex 1 showed that six EtOH coordinate to Ni ions (Figure 1.b). We
demonstrated MOF synthesis using complex 1 as a precursor of nodes because EtOH can be
replaced with another donor ligands.

Key words; Metal-organic framework, multinuclear complex
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Figure 1. a)Hsttc  b)FH{A 1 Oiff bk
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Studies on the Synthesis and Teaching Materials of the Magnetic Ionic Liquids (' Graduate
School of Education, Kagawa University, *Faculty of Education, Kagawa University)
OXKousuke Kubo', Yumiko Takagi’

The magnetic ionic liquid can be synthesized from the ionic liquid from previous studies in
our laboratory. I was synthesized magnetic ionic liquid corresponding to the ionic liquid of
each and stirred at a rate of equimolar Metal salts and the ionic liquid. lonic liquid. The ionic
liquid was prepared by direct mixing of anhydrous FeCl3 and [bmim][Cl] in an Ar-atmosphere.
In our laboratory, we focused it is considered a ferromagnetic material and can be synthesized,
for the synthesis of magnetic ionic liquid containing iron salts. These magnetic ionic liquid
and ionic gel are expected to become a new class of materials with potential further educational
applications.

Keywords : lonic Liquids,; Teaching Materials, lonic Liquid Gel

AF UL, PERCTHEETHIHAORELRARTH D, AFRITBEMEETH D
GBI L RIS 5 2 LN TAIRETH DA A IRIRICE B L, BPEIRIKICE D 5 8-
e E L TCHE STV DBMEA A BIKRD B R E T T2, 1-7F-3-AF A
AV LAY ROfE & (D) NAFMORELZSEELTRALZ .
A, WEMEMOGNEZ Y, R0 T hTFdF A7 eegk () -1-7F /L 3-2AF
NAIEY VT AOREEKRDERR LTz, FEARHOBMA A U RIRE . B E
IToleA U EIKEROCTER Lz, P BICAS TEATH B X514 4 RIK
DORBEEAERR LTz, DI, ZOMMEA & IR EFERA LT, A 4 7V E1ER
L. BMLIZOWTHRET LTz, Eo, A A RIKOEM O, £k % 7227 0 o il
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(

Cl
HO! FOC|3'6H2° .
He NN ¢ - =
| NON
174.7mg 270.3mg H;C " ~"""CH,
(1mmol) (1mmol) )
\_ [bmim][FeCI

1) Review. C. Biao, L. Quan, Z. Baozhong, Progress in Chemistry, 2012, 24, 225-234.

2) J. Wang, H. Yao, Y. Nie, L. Bai, X. Zhang, J. Li, Ind. Eng. Chem. Res. 2012, 51, 3776-3782.

3) Y. Takagi, Y. Kusunoki, Y. Yoshida, H. Tanaka, G. Saito, K. Katagiri, T. Oshiki. Aust. J. Chem.,
2012, 65, 1557-1560.
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Exploration of Unprecedented M, L., Gigantic Coordination Polyhedra

(‘Graduate School of Engineering, The University of Tokyo, *Institute for Molecular Science)
OTomoaki Hara,' Yuya Domoto,' Sota Sato,' Makoto Fuj ita!?

Self-assembly of bent bidentate ligands (L) and Pd** (M) affords M, L,-type spherical complexes.
It has been elucidated that the final structure of M,L,, depends on the bent angle and flexibility of
the ligands. In this research, we have investigated modification of the core skeleton and spacer of
the ligand. As a result of complexation of a benzene-cored ligand 1 and Pd** under relatively long
heated conditions, the formation of an unprecedented discrete structure (15-20 nm of diameter) was
observed by AFM imaging. Additionally, we are investigating application of Cryo-EM techniques,
which have been developed mainly for structure determination of large proteins, to structure
elucidation of our artificial gigantic assemblies. By introducing hydrophilic chains into a known
M3oLso complex, the dispersibility of the complex particles was improved, and a part of the spherical
shell of the complex was three-dimensionally modeled.
Keywords : Self-assembly,; Spherical complex
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1) M. Fujita et al. Nature 2016, 540, 563-566; 2) M. Fujita et al. Chem 2016, 1, 91-101.
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FREEERE—MHREY 5 X2 —(CsHsR)2(Ph2C2S2)2Fe2Mo2Ss (R =
H Me)DEmR &ME

(EEBRLE AT LET ) OKRW AT FER H5iC - @il D&+ 1 - JEfRE !
Synthesis and property of new mixed-metal sulfur clusters (CsH4R)2(Ph2CsS,),FeaMo02Ss (R =
H, Me) ("Faculty of Symbiotic System Science, Fukushima University) O Akito Ouchi,'
Takanori Inomata, Tsugiko Takase,' Shinji Inomata'

Mixed-metal clusters are expected as a unique catalysis showing synergy effect by using
different metals. The clusters containing both iron and molybdenum atoms supported by
sulfur ligands are important because they can be model compounds of nitrogenase. We report
here synthetic methods and structures of new mixed-metal sulfur clusters containing a
FexMo,S4 core.  The cluster (CsHs)2(PhoC»Sz),FeaMo,Ss was obtained in 17% yield by
thermal coupling of diiron complex FexSa(S2CoPhy),” and  dimolybdnum complex
(CsHs)>:Mo2(CO)s in the presence of elemental sulfur in refluxing mesitylene for 17 h.

The cluster has a distorted cubane type Fe;M0,S4 core with five metal-metal bonds (2.785-
2.805A) as shown in the figure. Only iron-iron distance is long, indicating the absence of
metal-metal interaction (3.278 A). These bonding features consistent with the result of the
molecular orbital calculation for cubane type clusters and the number of skeletal electrons (62¢
cluster) occupying the molecular orbitals.>?’ The similar mixed-metal cluster with CsHsMe
ligands instead of CsHs ligand was also prepared by the thermal coupling reaction.

Keywords : iron; molybdenum,; mixed-metal cluster

BE&B 7 T 22—, B 548 RR0REZ I X 0 ERE 2 b fE A 23 B &
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7T AE—DERITEIIL, WEZRE LD THET 5,
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\Z FeoMooSy B DFEE 273, KO L D ITERKITEAT
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2.805A), SR FRIBEEES T I3 R <, ARV 3.278A),
ORI T 2 XY TR K —D Gy FEE~D Y
T AL —EA(62 BF)OEARRILLOTFHIE —FH LT BAGERSr DOREE
Wb, 2728, CHMe B T2 EZ05E CTHRKR Y 722 =BG TV5,
1) Schrauzer, G. N.; Mayweg, V. P.; Finck, H. W.; Heinrich, W. J. Am. Chem. Soc. 1966, 88, 4606.

2) Venturelli, A.; Rauchfuss, T. B. J. Am. Chem. Soc. 1994, 116, 4824.
3) Harris, S Polyhedron 1989, 8, 2843.
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Synthesis of Zirconium and Hafnium Complexes with Chelating Bis(phenoxide) Ligands
(Department of Chemistry, Tokyo Institute of Technology) OTaku Kojima, Masato Ohguchi,
Yutaka Ishida, Hiroyuki Kawaguchi

Phenoxide derived multidentate ligands are useful frameworks for stabilizing a variety of
reactive transition metal species. We have found that the methine-linked triphenoxide ligand is
capable of supporting early transition metals. Here we present the synthesis of zirconium and
hafnium complexes bearing the 2,2’-(phenylmethylene)bisphenoxide ligand [OO]*". Treatment
of Zr(CH,Ph)s with H,[OO]; in a 1:1 molar ratio in THF gave [(OO)Zr(CH,Ph)>(THF)] (1).
The similar reaction of Hf(CH>SiMes)s afforded [(OO)Hf(CH.SiMes)»(THF)] (2). The X-ray
structures of these complexes revel a five-coordinate metal center in a trigonal bipyramidal
geometry with the axial positions occupied by a THF molecule and one phenoxide oxygen of
the bidentate [OO] ligand. Within the O-M—O chelate ring, the methine group and the metal
center are brought into relatively close proximity, which could facilitate C-H activation. When
the toluene solution of the Zr complex 1 was heated at 80 °C, C-H activation took place to
generate [(OCO)Zr(CH,Ph)(THF)] (3).

Keywords : Phenoxide Ligand; Zirconium,; Hafnium
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Reactions of an Anionic Titanium Dinitrogen Complex with Alkyl Halides
(Department of Chemistry, Tokyo Institute of Technology) O Teruhisa Sadakane, Yusuke
Nakanishi, Yutaka Ishida, Hiroyuki Kawaguchi

Functionalization of coordinated N> to form new N—C bonds is one approach to generate
nitrogen-containing molecules directly from N». We previously reported that the dinuclear
titanium anion with an end-on bridging N> ligand undergoes insertion of CO; into the Ti—N
bonds to yield the tricarboxylated hydrazine. Here we present the reaction of the anionic
dititanium dinitrogen complex with alkyl halides. Treatment of the anionic dititanium N,
complex with excess iodomethane at room temperature readily yielded the 1,2-
dimethylhydrazido complex. The X-ray structure revealed that the product consists of two
titanium metals bridged by a side-on hydrazido ligand. Upon prolonged stirring, further
methylation proceeded to afford the hydrazinium salt [NoMes]l. The similar reaction with
benzyl bromide produced dibenzyl, where no alkylation of the coordinated dinitrogen was
observed.

Keywords: Dinitrogen Complex; Hydrazido Complex; Titanium,; N> Functionalization
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Synthesis of Polymers with Disulfide Bonds for MOF synthesis (! School of Science and
Technology, Kwansei Gakuin University, *JST PRESTO) OAkito Inaishi,' Ryo Hamano,'
Yoshinobu Kamakura,! Takuma Wakiya,! Hayato Kominami,'and Daisuke Tanaka'?

Metal-organic frameworks (MOFs) composed of metal ions and ligands have attracted attentions
as multifunctional materials. Particularly, The MOFs with metal-sulfur bonds in (S-MOFs) are
applied to catalysts and semiconductors. However, S-MOFs are generally hard to crystallize
because of rapid precipitation. Therefore the reports about crystal structure of S-MOFs have been
limited. One of the reported strategies to improve the crystallinity of S-MOFs is cleavage of
disulfide bonds, while there are no examples of using polymer as ligands. In this study, we first
attempted to synthesize a polymer having disulfide bonds from monomer thiol ligands for use in S-
MOF synthesis (Figure 1).

Keywords: polymer, disulfide bond, crystal
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1) Polyphenyl polysulfide: a new polymer cathode material for Li-S batteries, Pengfei Sang,
Yubing Si and Yongzhu Fu, Chem. Commun., 2019, 55, 4857--4860
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Machine-Learning-Assisted Exploration of Synthesis Condition of Novel MOFs Containing Bi-

S Bonds ('School of Science and Technology, Kwansei Gakuin University, >JST PRESTO)O
Hiroki Shibahara,! Yoshinobu Kamakura,! Takuma Wakiya,! Hayato Kominami,! Daisuke
Tanaka,'*?

Metal-organic frameworks (MOFs) have attracted much attention as multifunctional materials.
MOFs with sulfur-based ligands (S-MOFs) are expected to display the photocatalytic and
semiconducting properties. In this study, we attempted to synthesize novel S-MOFs composed of
Bi** ion, and used machine learning technics to optimize the synthesis conditions. We synthesized
Bi-S-MOFs under solvothermal conditions, and obtained powder samples. We evaluated the
products by powder X-ray diffraction (PXRD) measurements, and automatically classified the
patterns by cluster analysis. In addition, the relationship between the classification and the
synthesis conditions was evaluated by decision tree learning to analyze the dominant factors in
the synthesis. It is confirmed that PXRD pattern from novel unknown phase appeared under
reaction temperature below 80°C and starting material concentrations above 300 mM (Figure. 1).
We have demonstrated that cluster analysis and decision tree analysis are useful to explore
synthesis conditions for novel MOFs.

Keywords: Metal-Organic Frameworks, Machine Learning, Sulfur-based ligands, Bismuth
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Low-Valent First-Row Transition Metal Complexes Featuring
Vanadocene or Chromocene Bisamides

(‘Graduate School of Science, Osaka University, *Graduate School of Science, Tokyo
Institute of Technology) OHinano Kusunose,' Tsubasa Hatanaka,' Hiroyuki Kawaguchi,?
Yasuhiro Funahashi'

Keywords: Dinitrogen activation; Arylamide ligand; Metallocene

A number of dinitrogen complexes of iron have been thus far prepared while only a
few research groups have reported significant N-N bond weakening (N-N > 1.16 A) of
dinitrogen moiety. As a representative example, Holland group has achieved reduction of
iron f-diketiminate complexes to provide dinitrogen complexes with N-N bond lengths of
1.215(6)-1.257(8) A, To achieve more effective activation of dinitrogen, we employed
metallocene bisamide ligands, in which 1) the amide groups make the metal center
electron-rich and 2) metallocene units would slightly stabilize a reduced state of the metal
center through a metal-metal interaction. We report synthesis and reductions of iron and
cobalt complexes derived from 1,1’-bis(arylamide)vanadocene and chromocene ligands.
Reduction of the vanadium-iron complex was found to result in formation of a
three-coordinate dinitrogen complex, where the N-N bond length lies in the longest
category of the reported values!”.

The VFe complex 1, VCo complex 2, and CrFe complex 3 were isolated from the
reactions of the corresponding MCl, (M = Fe, Co) with the metallocene bisamide ligands
which were obtained from the reaction of N-(cyclopentadienyl)amide and M’Cl, (M’* =V,
Cr) (Fig. 1). X-ray crystallography showed the V-Fe distance of 2.6373(3) A and the V-Co
distance of 2.6443(7) A, indicative of bonding interactions between two metal centers in the
complexes 1 and 2. Addition of KCs to the complexes 1-3 under argon atmosphere provided
Fe(I) and Co(I) products 4-6. respectively. Surprisingly, under 1 atm of N, the complex 4
was converted to the complex 7, where two iron centers bind to the molecular dinitrogen in
end-on fashion. The N-N bond distance of 1.208(5) A is comparable to the reported values
for N=N double bonds.

Figuret tl?.f.)z
oh N/Mes oh N/Mes Bh N/Me‘s "M{e'\sl ; Ph
P ; | KCe P ' | N, T \ / s

M‘ ........ MII —_— M,_MI —_— VII Fe”ﬂN=N2Fe” VII
e e e \Shre
Mes Mes Mes_ ... Mes
1-3 4-6 7(M=V,M=Fe) (thf2

[1] P. L. Holland et al., Inorg. Chem. 2016, 55, 2960-2968; J. Am. Chem. Soc. 2006, 128, 756-769; J.
Am. Chem. Soc. 2001, 123, 9222-9223.
[2] T. Hatanaka, H. Kusunose, H. Kawaguchi, Y. Funahashi, Eur. J. Inorg. Chem. 2020, 1449-1455.
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Spectroelectrochemistry of dinitrogen-bridged dimer of oxoacetato-bridged trinuclear
ruthenium complexes (Faculty of Science and Engineering, Waseda University) O Tadashi
Yamaguchi, Yidong Hua

The dinitrogen-bridged dimers of oxoacetato-bridged trinuclear ruthenium complexes
showed significant differences in the electronic states of the two Rus units, despite the
similarities between the two units. Infrared and visible-near-infrared spectroelectrochemistry
were performed to reveal the electronic states of the bridging N, in addition to the two Rus
units. The vis-NIR-SEC spectrum showed that the interaction between the two Rus units is not
so large. The IR-SEC spectrum showed that not only Rus unit but also bridging N, were
involved in the redox process.

Keywords : Mixed valence complex; Multinuclear complex
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Synthesis of a novel anionic metal-organic framework with large pore size (' Fuculty of Science
Division I, Tokyo University of Science) (OTsukasa Kobayashi,' Masaaki Sadakiyo'

In recent years, there has been a lot of research on ion-conductive metal-organic frameworks
(MOFs). Anionic MOFs including cations inside the pores are important as mother frameworks
for cationic conductors. However, there are still few reports on anionic MOFs with large pore
size, which can introduce some guest molecules that accelerate ionic conductivity. In this study,
we tried to synthesize a novel anionic MOF with large pore size.According to a previous report
on the synthesis of an anionic MOF, UiO-66-NHSO,CF3, having small pore size, we
synthesized a novel anionic MOF, UiO-67-NHSO,CF3, having large pore size through a similar
post-synthetic method. UiO-67-NHSO,CF; was synthesized by stirring UiO-67-NH; in CH,Cl,
solution including triethylamine, trifluoromethanesulfonic anhydride and pyridine. Powder X-
ray diffraction measurements revealed that the crystal structure was maintained before and after
the post-synthetic modification. In the Infrared spectra, adsorption peaks derived from O=S=0
group was observed, indicating that the post-synthetic reaction was proceeded (Figure 1). The
nitrogen adsorption isotherm measurements at 77 K confirmed that additional functional
groups were successfully introduced into UiO-67-NH, framework.

Keywords : Metal-organic framework,; post-synthesis
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1) Fulong Zhu et al., ACS Appl. Mater. Interfaces., 2019, 11, 43206—43213
2) Jeroen A. van Bokhoven et al., ChemCatChem., 2014, 6, 1887 — 1891
3) Fritz E. Kuhn et al., Dalton Trans., 2015, 44, 15976—15983
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Synthesis of Silaphenalene (Department of Chemistry, Faculty of Science, Shizuoka University)
(OKazuki Inagaki, Ayaka Furusawa, Kenkichi Sakamoto

Recently, we have synthesized hexahydrosilaphenalene, which has a silicon atom at the
center of the fused tricyclic flamework. In this work, oxidation of hexahydrosilaphenalene 2
was carried out and the generation of silaphenalene 3 was confirmed. Due to the 12-electron
antiaromatic nature of silaphenalene, characteristic chemical shifts of protons due to the
paramagnetic ring current was observed in '"H NMR. The NMR showed obvious high field
shift for the hydrogens on the 12-membered ring, and low field shift for those of the substituent
on silicon. We are currently investigating the isolation of 3 and the construction of a 14n-
electron aromatic anion species that can be obtained by removing the substituent on silicon.
Keywords : Silaphenalene; Antiaromatic;, Paramagnetic Ring Current
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Development of a novel function-integrated Ru complex bearing an N-heterocyclic carbene

ligand ('Graduate School of Engineering, Osaka University, *JST PRESTO) O Taito
Watanabe', Yusuke Nakayama', Yutaka Saga', Mio Kondo'? Shigeyuki Masaoka'

CO; is abundant, inexpensive and renewable C1 chemical feedstock. The conversion of CO»
is, however, highly difficult chemical process due to its high thermodynamic stability. We
previously developed a function-integrated Ru complex 1 bearing both light-harvesting and
substrate-activation functions and achieved visible-light-driven catalytic reduction of CO, gas
to CO or formic acid. For the next direction, we extensively studied the catalytic CO; insertion
reactions into organic molecules using a function-integrated Ru-based catalyst. In this study,
we newly designed and synthesized a Ru complex 2, which possesses a N-heterocyclic carbene
moiety instead of a phosphine moiety in 1. The detailed results of the synthesis, the structural
analysis, and the studies on the catalytic reactivities will be given in the presentation.
Keywords : Ru complex; Light-harvesting function; Substrate-activation function, N-
heterocyclic carbene

CO T ZMTEEICHFAELFAMNETH DL Z b, EFITHIIN: C1 REETR
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RN, Fox i, SRR - SR & BTSN & O REORERERT &Y Ru SR
1 (Fig. 1, /&) B L. ZNEHAND Z & TCOy & Al HEIRE ST CO RXERIC
EWARECTHH Z L2 WE LT D Dy RIFSETIE, AHREFE AL O T 70 2 5% i
ELT, RuU-CO, ZVBNT =AU HERE L VIR L ERTE D E THEINDH
To IRy AR L. TR AW TH
AL G W)~ D RRBEY) COL A S~ & i
A+ taHE LT, TD=HIT,
1 ODFEATZ 4 VALY HEW o R —
B\ T/ X —RER AT DH N—
~T Yt AT Y T IR N A A
L7-#Hssk 2 (Fig. 1. ) Z#&i - &
B L7c, B, S8R 2 DA, FIE,
*%353: 73? % U\Gl}iﬁi\‘ﬁﬁi %g L/ T%ﬁ;ﬂﬂ ;&%&%: Fig. 1. Structures of function-integrated complexes, 1 and 2.
THTETHD,

1) Lee, S. K., Kondo, M., Okamura, M., Enomoto, T., Nakamura, G. and Masaoka, S. et al., J. Am.
Chem. Soc. 2018, 140, 16899-16903.
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Photoinduced electron- and phase-transfer behavior of the ferrocene-type redox mediator for
reductive photocatalytic reactions ('Faculty of Science and Engineering, Chuo University,
2PRESTO/JST) ORen Itagaki,' Ho-Chol Chang,' Akinobu Nakada'?

The backward electron transfer owing to re-oxidation/-reduction of the reversible electron
mediator is the cause of the loss of efficiency in photocatalytic reactions. In this study, a new
photocatalytic system toward suppressing backward electron transfer was constructed in a
biphasic system of water and organic solvent. Herein we present that in the biphasic solution,
where ferrocene supplies an electron to a photoexcited Ru(Il) complex in organic solvent
followed by phase migration of the generated ferrocenium cation to the aqueous phase,
spatially separating the redox form of the electron mediator.

Keywords : Photocatalyst; Electron Mediator; Ferrocene; Photoinduced Electron Transfer, Phase
Transfer
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Mechanistic study of CO, reduction using a Ru-Re supramolecular photocatalyst (! School of
Science, Tokyo Institute of Technology * Department of Chemistry, Faculty of Science, Kyushu
University) O Kei Kamogawa!, Shimoda Yushi?, Kiyoshi Miyata?, Ken Onda® Yusuke
Tamaki', Osamu Ishirani'

A supramolecular photocatalyst consisting of [Ru(diimine);]**-photosensitizer and
fac-Re[(diimine)(CO);L]"-catalyst units can reduce CO, to CO with high selectivity and
efficiency. In this presentation, we report mechanistic study of photocatalytic CO; reduction
using RuC2Re based on time-resolved visible and IR spectroscopies and electrochemistry.
Changes of vibrational energy of not only the carbonyl ligands but also inserted CO, into the
Re unit after photochemical electron transfer were successfully observed by using the time-
resolved IR spectroscopy. These results revealed the kinetics, the structure, and the reactivity
of one-electron reduced species of RuC2Re as a key intermediate. In addition, the kinetics of
the subsequent reaction of the one-electron reduced species was examined by cyclic
voltammetry method.

Keywords : CO; reduction; Photocatalyst; Time resolved spectroscopy
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[1]Y. Tamaki, O. Ishitani et al., ACS Catal. 2017, 7, 3394.
[2] Y. Tamaki, O. Ishitani et al., J. Am. Chem. Soc. 2016, 138, 13818.
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Pd(0)-Catalyzed Cyclization of Isoindoline Derivatives by C(sp®)-H Bond Activation
(Department of Chemistry, Okayama University of Science) O Satoru Kishimoto, Kan
Wakamatsu, Haruo Yamada

Isoindoline derivatives are widely used as synthetic intermediates in pharmaceuticals and
natural products. An example of a synthetic method is C-H bond activation using Pd(0)
catalyst.' In this reaction, alkyl groups are introduced on the nitrogen to give cyclic compounds
in high yields. However, it is difficult to use for the next reaction after synthesis because alkyl
groups are present on the nitrogen. In this study, we introduced an electron-withdrawing
protective group on the nitrogen instead of an alkyl group. Deprotection allows for use in the
next synthesis. In addition, the electron-withdrawing protective group prevents the nitrogen
lone pair from coordinating to Pd(Il) intermediates.

First, we chose the Ts group as an electron-withdrawing protective group because our
laboratory has extensive experience in the synthesis of Tosylation. However, we were not able
to give the target cyclic compound. Therefore, we changed to Teoc protective group, which is
a carbamate protective group with weaker electron-withdrawing property than sulfonyl
protective group. We were able to activate the C(sp’)-H bond, and obtained a small amount of
cyclic compound 2.

Keywords :Palladium(0) catalyst; Isoindoline derivatives; C(sp’)-H bond activation
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1) Rousseaux, S. et al. J. Am. Chem. Soc. 2010, 132, 10692.
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Electrochemical Hydrogen Evolution Reaction Catalyzed by Dinuclear Cobalt and Nickel
Complexes with Doubly N-confused Hexaphyrin

(College of Science, Rikkyo University) ORisa Takada, Takashi Nakazono, Tohru Wada

Electrochemical properties and hydrogen evolving activities of dinuclear nickel and cobalt
complexes with doubly N-confused hexaphyrin (Ni,.DNCH and Co.DNCH) were investigated.
Results of cyclic voltammetry in phosphate buffer (pH7) suggested Co,.DNCH shows higher
catalytic activity for electrochemical hydrogen evolution reaction than Ni,DNCH.

Keywords : Hydrogen Evolving Catalyst,; Nickel complex; Cobalt complex; Doubly N-confused
Hexaphyrin
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1) B. B. Beyene, S. B. Manea, C. H. Hung., Chem. Commun., 2015. 51, 15067-15070
2) TEAPKREE. EER. FET. SR FRE 59 BlEHERS (2019) 1Ca-08.
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Visible Light-Promoted Electron Transport Across Vesicle Membranes Sensitized by Iridium
Complexes (Graduate School of Arts and Sciences, The University of Tokyo) O Keiya
Matsunaga, Shin-ya Takizawa, Shigeru Murata

Our research group has been studying a photoinduced electron-transport system across
vesicle membranes. This system can convert light energy into chemical energy of the charge-
separated state, which is expected to lead to artificial photosynthesis by coupling with efficient
redox catalytic systems. In this study, we examined photophysical properties of visible-light
absorbing iridium complexes 1-3 in solution and vesicles. Furthermore, we conducted
photoinduced electron transport reactions across vesicle membranes sensitized by these
complexes. In this presentation, we will report on the detail results of these experiments.
Keywords : Artificial Photosynthesis, Iridium Complex; Photoinduced Electron-transfer,
Photophysical Property
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1) S. Takizawa, N. Ikuta, F. Zeng, S. Komaru, S. Sebata, S. Murata, Inorg. Chem. 2016, 55, 8723.

© The Chemical Society of Japan -P01-3vn-35 -



PO1-3vn-36 AA2a H101ESE2 (2021)

NSO LEZFRA NV - EERIGICEAIEZRI A VRE
FYILTILIA—ILDERK

(BARBEHET ' - HPRET?) OB BE - JRE A0 - Rk b’

Palladium-Catalyzed Diastereoselective Synthesis of (Z)-Conjugated Enynyl Homoallylic
Alcohols ('Graduate School of Science and Enigineering, Toyama University, *Faculty o
Engineering, Iwate University) OJuri Sakamoto, Yoshikazu Horino,' Toshinobu Korenaga

Homoallylic alcohols possessing conjugated enyne are useful building blocks, and found
in natural products and bioactive compounds. However, it is still difficult to synthesize the
(Z£)-conjugated enynyl homoallylic alcohols stereoselectively. We herein report the first
palladium-catalyzed diastereoselective synthetic method for providing (Z)-conjugated enynyl
homoallylic alcohols. Palladium-catalyzed reaction of benzaldehyde 1, y-boryl-substituted
allyl benzoate 2 and TIPS-substituted alkynylstannane 3a in toluene at 90 °C gave desired
product 4 in 68% yield. It was found that the bulkiness of alkyne terminus was important
role in the three-component reaction. For example, use of TBS, TPS, and TMS groups instead
of a sterically hindered TIPS group afforded 4 in 50%, 30% and 16% yield, respectively.
Keywords : Palladium,; Three-component reaction, Allylation; Alkynylstannane; Conjugated
enyne
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Scheme 1. Effect of substituent of alkyne terminus.
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Photocatalytic C-H Halogenation of N-Hetrocyclic Aromatic Compounds by a Dinuclear
Palladium Complex (Institute of Industrial Science, The University of Tokyo) OShaoting Liu,
Takayuki Tsubata, Kei Murata, Kazuyuki Ishii

Half-lantern-type d®-d® complexes are known to show Metal-Metal-to-Ligand Charge
Transfer (MMLCT) transitions based on their metal-metal interaction in visible region. Our
group previously reported the development of catalytic organic molecular transformations
based on the MMLCT excited state. In this study, we aimed at development of the
photocatalytic C—H halogenation. Through the screening of reaction conditions, the half-
lantern-type dinuclear palladium complex was found to catalyze the C-H halogenation of
aromatic N-heterocyclic compounds under visible light irradiation at room temperature.
Keywords : palladium; photocatalyst; C-H functionalization

IN=T T B D A RS (Fig 1) 13, ATBDERER L 13
ZBWT, @R —&@BMHEEERICESS EmMBEEER

(MMLCT: Metal-Metal-to-Ligand Charge Transfer) % r9°, =
@ MMLCT bk igIL, ol &k & 2 ERe OS2~ w13
T ENMBENTVD Y, HMFFEETIE, LLAT, 2O MMLCT
Sl EC R B8 A B U 7 e Ak 0 A 4 Oy 7 S BOS & ALIE L 7z Fig. 1 The structure of
D, 7 = CAHIGE T, X Bt S A R TS OB & B 1S Half-lantern-type complex
L. flix DOl iz AT 5B IZOW TR 2 T2 7, TORK, N—T7T7 7 M
TG UU LMD & IR - ATEDEIRES T T AR N-ERE(E A O C-
H a7 ACBOR DRI ST 2 Z L 2 A L7z (Schemel) , AZEK TiE, fil
BEZRAE DR X OV ERR RS DOFER IOV TRl A W T 5.

Scheme 1

( N cat. [Pd] ( N
C—H halogen sourse (X) C—X

hv (visible light)

1) V. Sicilia, M. Baya, P. Borja, A. Martin, Inorg. Chem. 2015, 54, 7316.
2) T. Tsubata, K. Murata, K. Ishii, #5{&{t5-2% 69 FIFTHm £, 2Da-03.
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(RIEHERAEME) OFs #it - | EK - KA #H - KL HEF
Ir-Catalyzed Monoalkylation of Amino Acids and Its Application (Faculty of Life and Medical
Sciences, Doshisha University) OYushi Nakamura, Yui Tanaka, Tetsuo Ohta, Yohei Oe

The direct N-alkylation of unprotected amino acids based on the "Borrowing Hydrogen"
methodology has attracted much attention in recent years due to permitting easily available
alcohols as alkylating reagents and generating water as the sole by-product. On the other hand,
N-monoalkylation with primary alcohols has tended to give the corresponding monoalkylated
products in lower yields because of the formation of the dialkylated products as by-products.

We report here an Ir-catalyzed N-monoalkylation of unprotected amino acids with primary
alcohols. Thus, the reaction of L-phenylalanine with 1-butanol in the presence of
[Cp*Ir(NH3)3][Cl], afforded the monoalkylated product in the excellent yield and enantiomeric
excess (90% isolated yield, 99% ee). In this presentation, we will discuss the details including
the substrate scope and application.

Keywords : Iridium; Amino Acids; Alkylation; Borrowing Hydrogen

“Borrowing Hydrogen” F{EfwIZEE DWW HELRFE T X/ RO EHR T L F (kT A
FRGIRT N A= NETIF)LRE L LCRIFATE, £72. KOBERIERD E L
BNOETINXNWALT X VBEEERTEX 5720, THEFHEZED WD, —FH T, 1#&
Toa—vERHWEEEET X O N-E T IVX kL, VTV LR OEIA
D TOZONRIFIELS RO R L THoT2 Y,

DX REFROL & AMETIT LT v a—E W BEET X BROERR
1) N-& ) 7 IVE ALK O W TR L7z, Bix ZeBREtofE S, [Cp*Ir(NH3):][Cl]»
1F7E T 2, L-phenylalanine & 1-butanol % St SH 5 &, JEOWFMEZHE2 5 2 &7
<ENFETHMETLE ) TAXIUEERE NS Z L& RH L7z (90% isolated
yield, 99%ee), F£7-. BOHNIZE S TAXIMMUEEZFRIT L, FEd#H2 3 %7 3 7 Hx
BT D57 BOAKRIZONTHIRE Lz, iz W TIIASTHET 5,

] (0]

[CP*IFNH),IICIL, (5 mol%)
OH *+ HO ™" 22 - OH
1M NaHCO, ag., 100 °C, 22 h

90% isolated yield, 99%ee

(0]
Shvo cat. (1 mol%)
EtOH, 90°C, 3 h OH
rN\/\/

96% isolated yield, 98%ee

1) T. Yan, B. L. Feringa, K. Barta, Sci. Adv. 2017, 3, eaa06494.
2) R. Kawahara, K. Fujita, R. Yamaguchi, J. Am. Chem. Soc. 2010, 132, 15108-15111.
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Synthesis of Copper-Dipicolylamine Derivative Complexes and
Their Electrochemical Behavior Under Carbon Dioxide

(Graduate School of Science and Technology, Meijo University) O Kohei Nojima, Toshi
Nagata

Keywords: CO; reduction, Cu complex, cyclic voltammetry, dipicolylamine, controlled
potential electrolysis

Introduction. CO; reduction is expected as a technology that can reduce the amount of
fossil fuel used because carbon resources can be obtained in a shorter time than biomass.
Angamuthu et al', reported the reduction of CO; to oxalate using a Cu complex having a
tetradentate dipicolylamine (DPA) derivative containing sulfur as a ligand. In this work, we
synthesized a Cu-DPA complex and examined its electrochemical properties, in order to find
out whether a similar reaction of CO, occurs with the tridentate complex.

Synthesis. The Cu (II) DPA complex 1 was synthesized by mixing copper perchlorate (II)
hexahydrate and DPA in methanol and then stirring under reflux conditions for 4 hours (Fig.
1). The product was recrystallized from CH;CN/tBuOMe (16% yield).

Electrochemistry. The cyclic voltammogram between -1.3V and OV (vs. ferrocene) under

N> showed two consecutive reduction waves at -0.35V and -0.70V. It is likely that the complex
forms a dimer in a solution and the two waves correspond to the redoxprocesses
Cu(ILID/Cuy(ILI)/Cux(1,I). When the sweep range was widened, the reduction currents were
observed at around -2.1V. The current became much larger when measured under CO,. This
large current was attributed to the reduction of the pyridine site of the complex and the
reduction of CO; occurring at the same potential.

Cu(ClO4),*6H,0
~N— CLI—N

(OHy)x (ClOy),
Cu-DPA (1)
Fig.1 Synthesis of Cu(II)-DPA

] \3 I/
= —
g
E OpA
'S
&} 1
-1 -0.5 0
L 1 1 1 1 ]
2.5 -2 -1.5 -1 -0.5 0

Potential (V vs. Fc/Fc™)
Fig.2 Voltammogram of 1

1) R. Angamuthu, et al., Science, 2010, 327,313-315
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Ir(I1)-2 < 1) L E84KIRHF Pt-TiO F / MIFHAEIZH TS
Bl FE#RMR

(AERBERE - AERBeEE 2) Offfr SE—RR - /R B 2 - & H fF2 2 g &7 2
Ligand Substitution Effect of Ir(Ill)-Coumarin Complex immobilized Pt-TiO, Nanoparticle
Photocatalyst (' Graduate School of Chemical Sciences and Engineering, Hokkaido University,
2Faculty of Science, Hokkaido University) O Eiichirou Muramatsu,' Atsushi Kobayashi,’
Masaki Yoshida,” Masako Kato?

Heteroleptic Ir(Ill) complexes showing an long-lived intramolecular charge separation state
have attracted much attention as photosensitizers (PSs) for solar water splitting. In order to
achieve both enhancement of the absorption coefficient in the visible light region and highly
efficient charge separation, we have newly synthesized two Ir(II) PSs bearing coumarin dyes
(C6 or C30) as the cyclometalated ligand, Ir-C6 and Ir-C30, and immobilized them to Pt-TiO»
nanoparticle surface. The photocatalytic activity for hydrogen evolution reaction increased in
the order Ir(ppy).bpyPa@Pt-TiO [1] (turn over number: TON = 38) << Ir-C30@Pt-TiO,
(TON = 699) < Ir-C6@Pt-TiO, (TON = 1299), indicating that the introduction of coumarin
dye is effective. Details will be reported.

Keywords : Hydrogen evolution, Photocatalyst, Nanoparticle, Coumarin dye, Iridium complex.

150 T T
A?uv7?4y7ﬁumm#¢i;§%A —/\%fm”” W]
SEIEFRIRIEIC BV T TNER R T L L \ ]
%ﬂbﬁiﬁ‘é x 75: DARERBIG BT T [ LS
é%wmﬁkbff<&5%%wf%tox B[ i .
MR ClE. IR 38 1T D WA ER D HY 58 ,_% A . lir-CSO@H-Tl()z” ]
LB DBEOm N 2 BT, 7~ v 7 .t . PRY@PLTOR,
a3 C6. M TR C30 BT Li- 2 ik e R
O Ir(MD$EME (Fig. 1inset) Z4HR L. PtB) » fme/n "
WL TiO, 7/ KT ~digs 5 o o O INEEEE CERLTIO HT

T, KBRS ) ok AR LT, pH=4.5, 10 mLof H,0/ACN, v/v=1/1,

Ef’ﬁﬁifﬁ@%?@ - 420 nm)ilj'éﬁ %567k [PS] = (1)10 pM, (2)40 pM, [L-Ascorbic acid] = 0.2 M
$%’t\é$}ifi ZRRET LTSRS, WO RIZI W T LAY 72 7K 3R 38 A BSOS D BRE) 23

ATz, RS 6 FEEZICERIT D Ir A 1 01 & 72 O OREEIERE(TON)IL Ir-
ppy@Pt-TiO, ! (TON = 38) << Ir-C30@Pt-TiO, (TON = 699) < Ir-C6@Pt-TiO, (TON =
1299)DNEFTREL 2D, 7~V AROBFEANGROTH D Z L PR SN,
Ir-C6 HH{ADIT 9 73 Ir-C30 SR & 0 b RIZRMIC LV 5ROEALFNIER LRI Z &
ZHEET D L. Ir-Co@Pt-TiO, DIE 9 A EiEMEAR DI, @V AT E RN =1 k3
HEBEADLND, sHMIEYE A#ET D,

[1] S. Takizawa et al., Eur. J. Inorg. Chem. 2012, 25, 3975.

[2] A. Kobayashi et al., ACS Appl. Energy Mater., 2018, 1, 2882.
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ZILALXTERAILKRZIL Re(DHEERIZL D CO HE L
BERIEFHN CO, BT RIEAD A
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CO; capture of alkoxi biscarbonyl Re(l) complexes and application to electrochemical
CO; reduction. ('School of Science, Tokyo Institute of Technology) O Yuta Fujino , Yusuke
Tamaki , Osamu Ishitani

CO; reduction catalyzed by metal complexes has attracted attention as a solution to the problems
of global warming and depletion of energy and carbon resources. However, there is a problem that
the catalytic performances of the reported catalysts are low under low concentration of CO,. We
already found that fac-[Re(diimine)(CO)3(OCoHsNR2)] (-OC,HsNR> = deprotonated
triethanolamine) can capture CO> even from low concentration of CO», such as 10%, to form a
carbonate ester complex (CO, adduct),! and the captured CO, can be photocatalytically and
electrocatalytically reduced to CO?3. In this study, we tried to improve the reactivity of the Re(I)
complex with low concentration of CO, by introducing a phosphorus ligand with strong ¢ donation
into the trans position of the -OC,H4NR; ligand for improving the nucleophilicity of the complex
to CO2. As a result, the reactivity with CO, was improved 4 to 6 times compared to the
corresponding tricarbonyl complex. Electrochemical reduction of CO; by using these complexes
are also reported.

Keywords : Re(l) complexes, Electrochemical catalysts, CO; capturing, CO:; reduction

SRR AL Lo COy iZonITMIERIER LR R - = L X —F RO BRI E
T OFRR L L THERZED TWD, L LS Sz, RETHD
CO, SR B THAF L 22 P AU ERE MR < 7o TLE 9 L WO RN ST
W5, F & 13 . fac-[Re(diimine)(CO);(OC,HsNR,)] (-OC,H4NR, = deprotonated
triethanolamine) 73, 10%F2E DIKIRE CO, & TH Kk LIREE™ A T VESAZ BT 5
ZlaWmEL TS, 2O COMERISZRITT S Z LT, 10%RE DK CO;
FRHSRT T A X OVESIEFAMERIC 2R L < CO & CO ~L BT 5%F
WZHREIL TV D 23, RBFETIL, CO, L DRUGHED E B m ExBHfEL, COy &
D T B -3 5 -OCoHuNR, BUAL - O trans (22, offt G-HE DGR Y S BT 238 A3
% Z & T Re(DEEIRD COITxfT DR A0 L &7, TORRE, CO, & DS
PUERD 4~6 £ L7z (N1, BRTIEZ, 246D Re(DEERZ il & L THUZ
BRALFHR COIETISICE L THHMET 5,

HO HO

o]
,
___N-rOH ,thNguH

~ o

4 /N-.,l €0 . 4 /‘ﬁ\_l _Co

é; 1o oo é\; T co

= PRy ~ PRy
Figure 1. COx fSHAIMAR DI AL

[1] T, Morimoto, O. Ishitani, J. Am. Chem. Soc. 2013, 135, 16825-16828.

[2] T. Nakajima, O. Ishitani, J. Am. Chem. Soc., 2016, 138, 13818—13821.

[3] H. Kumagai, O. Ishitani, Chem. Sci., 2019, 10, 1597-1606.
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BY UBIATIVEBUFEETDILT UL EEARZAIEE L
FRUX7ILTE ROE FOd ) )Lelzxtd 55 4T

AEEBEXRBeE) Omd g5 - SHl HkE
Evaluation of the catalytic activity of phosphite-ligated ps-oxido-triruthenium acetate
complexes for hydrosilylation of benzaldehydes (Graduate School of Science, Kitasato
University) OSuzu Tanaka, Hidetaka Yuge

A series of pz-oxido-triruthenium acetate complexes catalyze hydrosilylation of ketones.
The Ru'™;0 species were found to be active, but the Ru"Ru'™,O were inactive. In this study,
we have investigated the substituent effect on the hydrosilylation reaction of para-substituted
benzaldehydes with the [RusO(OAc)s{OP(OMe).}(Me:py){P(OMe)s}]" catalyst. = The
reactions were accelerated by the electron-withdrawing substituents of .the benzaldehydes.

Keywords : Phosphite Esters; us-Oxido-triruthenium Acetate Complexes; Catalytic
Hydrosilylation; Benzaldehydes

RusO B4 & OFRZEESS AL, 7 P BEO e R v U UbRs i+ 2%, Zh
F TV OO KRR FEHA T, =M Ru"Ru™,0 Fil & EREA Ru™s0 Fil oD fil it
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IZBWTIX, L=CO X L=Meypy ([ZHATEEETH o7, D, o BiERAI T
D CO MWl L TS ZRMAL L TV D EHEE Lz, ABFECTIX, o BeM:EOAL 1
IR OIS ME FElE . 38 X O[Ru;O(0AC)s {OP(OMe), } (Meapy)2{P(OMe):}]* % F v C p-
BN AT LT R2RE L L TFTROE Fa v U bR SIc BT 5 EFH
WA ES LT,
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Oxidation of Ni'-phenolate and Ni"-phenol complexes with Oa: Effects of proton for oxidation
(‘Graduate School of Science and Engineering. Ibaraki University) OTakashi Suzuki,' Yuichi
Shimazaki'

Copper amine oxidase (CAO) activates O, for conversion from a phenol moiety of the
tyrosine residue in the active-site of the apo-protein to a 2,4,5-trihydroxyphenylalanine quinone
(TPQ). In the formation process of the TPQ, a valence tautomer of the Cu''-phenolate species,
a Cu'-phenoxyl radical, has been proposed to be formed.!"! On the other hand, the TPQ
biogenesis is also observed in apo-protein reconstituted with nickel ion. In this process, Ni'-
phenolate or Ni"-phenol species has been proposed to activate O, to form Ni"-phenoxyl radical
intermediate without the redox of Ni" ion. However, a detail formation mechanism of TPQ by
Ni" ion is still unclear. In this study, we have investigated the oxidation of the Ni'-phenolate
and/or Ni"-phenol complex containing two different phenol moieties by O, and its detail
reaction mechanisms.

Keywords : enzyme models, dioxygen activation, phenoxyl radical

CAO DR I B 22 A% 3 TPQ 1%, CAO O 7 RRIZ Cull 1 A A8 A
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[1] J.P.Klinman, Chem. Rev., 1996, 96, 2541-2561.
[2] K. J. Humphreys, L. M. Mirica, Y. Wang, J. P. Klinman, J. Am. Chem. Soc., 2009, 131, 4657.
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Pd-Catalyzed Cyclization of Carbazole Using the C-H Activation Effect of Pivalic Acid and
Aryl Halides (Department of Chemistry, Okayama University of Science) O Daiki
Okamoto, Kan Wakamatsu, Haruo Yamada

Carbazole is one of structural motifs for pharmaceuticals and organic EL materials.
Synthesis of carbazole from 2-aminobiphenyl derivatives using Pd(ll) catalyst has been
reported. In that reaction, oxidants such as oxygen and Cu complexes are added to the
system.

In this work, we changed the oxidant to aryl halides and investigated the effect of aryl
halides on synthesis of corresponding carbazole from N-tosyl-2-aminobiphenyl under
argon atomosphere. This reaction did not proceed by only addition of aryl halides, but with
pivalic acid as an additive, carbazole was obtained in high yield. Pivalic acid is known to
exchange a bromide coordinated to Pd(ll) in the intermediate complex and to promote
C-H activation. We found pivalic acid was also effective in this reaction. Additionally, we
report the effect of bromobenzene derivatives and the one-pot carbazole synthesis by
C-H activation with pivalic acid.

Keywords; Palladium Catalyst; Carbazole; Onepot Synthesis; C-H Activation

TN — VT EIR LA EL MEOEETF —7 O—>2>Th 5, 2 i Pd filtlf % H
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Ts Pd(PPhs), 10 mol%

I PhBr 1.2 eq. -,I—S
[:T\ Ny PivOH 3.8 eq. N
' - OO
Z K>CO3 2.4 eq. O
Toluene 0.01 M
120 0C, 24 h 75.6 %

1) W. C. P. Tsang, R. H. Munday, G. Brasche, N. Zheng, S. L. Buchwald, J. Org. Chem. 2008, 73,
7603.
2) M. Lafrance, K. Fagnou, J. Am. Chem. Soc. 2006, 128, 16496.
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Synthesis and properties of palladium(Il) complexes bearing hydrazone derivatives

having a chromonyl group. (‘Grad. Sch. Nat Sci. & Tech., Okayama Univ., *RIIS, Okayama
Univ.) OAsahi Kamei,' Takayoshi Suzuki'-

Hydrazones are easily derived by condensation of carbonyl compounds and hydrazines and are
utilized as versatile ligands in transition-metal compounds, because the coordination via the
imine-N atom to a metal center induced an increase of acidity of the adjacent N-H moiety.
Therefore, it is expected that the resulting complexes exhibit reversible changes in their physical
and chemical properties, dependent on the acidity of the environment. Furthermore, various
hydrazones having different bonding modes can be designed, using a variety of carbonyl and
hydrazine derivatives used. In this study, we focused on the Pd" complexes of a hydrazone
derivative having a chromonyl group (H,L' and HL?: Fig. 1).

Complexes 1 and 2 were obtained by a stoichiometric reaction of HoL' with [PdCly(PhCN),]
and that of HL?, respectively, in MeOH. Complex 2 afforded Complex 3. It was also found that
an addition of acid to a yellow CH,Cl, solution of Complex 2 converted to a colorless Complex
3. A similar chromic behavior of this compound was observed in the solid state.

Keywords : Hydrazone ; Pd" complex
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Intermzallic interactions between binuclear complexes inserted iron(IIl) irons in porphyrazine

(Graduate School of Natural Science and Technology, Shimane University)OYurika Yamada,'
Azusa Tokura,' Michie Irisawa', Takahisa Ikeue'

Intermetallic interactions between metal ions over long distances are a mainly problem in
the field of magnetic property. We were synthesized biunclear complexes in various bonding
modes using the porphyrazine’s ring. And we inserted iron(III) irons in the dinuclear complexes
as the central metal. As axial ligands to the complexes, we were coordinated Imidazole (Hlm).
In this report, we will report intermetallic interactions between iron(IIl) irons to the binuclear
complexes in various bonding modes.

Keywords : Porphyrazine; Iron(Ill) complexes; Intermetallic interaction
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Photoluminescent property of gadolinium-chromate hexacyanide
magnet

(‘Department of Materials Science, Faculty of Pure and Applied Sciences, University of
Tsukuba, *Department of Chemistry, School of Science, The University of Tokyo,) OShuhei
Murakami,' Shin-ichi Ohkoshi,? Hiroko Tokoro'

Keywords: Cyano-bridged bimetal assemblies; Molecule-based magnets

Molecule-based magnets are colorful magnet, which can exhibit various optical
functionalities. Among molecule-based magnet, cyano-bridged metal assembly can exhibit a
ferromagnetic property due to a superexchange interaction between metal ions through the
cyano-ligands. In this work, we have synthesized a cyano-bridged bimetal assembly containing
gadolinium and chromium, to realize coexistence of photoluminescence and magnetic
properties.

Gd[Cr(CN)s] - 4H,0O (1) was prepared by adding an aq. solution of K3[Cr(CN)e] to an aq.
solution of GdCls* 6H,0, then heated up to about 50 °C. The powder sample of 1 was obtained
by filtration. Sample characterization was performed by ICP and CHN elemental analyses,
XRD pattern, UV-vis spectrum and IR spectrum. Magnetic property was measured using by
SQUID magnetometer. Photoluminescence property was observed by using spectrofluorometer
Fluorolog-3 at 77 K.

The crystal structure of 1 was determined by XRD pattern and Rietveld analysis that 1 is
orthorhombic (space group: Cmcm) with lattice constant of a = 7.54 A, b=13.13 A, c = 14.07
A (Fig. 1a). The optical absorptions of the d-d transition due to *As; — *Ta, and *Asy — *Ti,
were observed at 300 nm and 370 nm, respectively, by UV-vis spectroscopy. IR spectroscopy
shows a peak due to the CN stretching mode of Gd"-NC-Cr'" was observed at 2162.8- and
2155.1 cm™'. The field cooled magnetization (FCM) curve indicated that Tc is 10.4 K (Fig. 1b).
By setting the detector to 810 nm at 77 K, 1 exhibits the excitation spectra at 320 and 395 nm.
A broad peak centered around 810 nm was observed at 77 K by irradiating 320- and 395-nm
light (Fig. 1c) due to the energy transfer process of *Tg, Eg — *Asg.

1

a 5000 c
2
5 40004 —e— FCM ]
—L‘ T i
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& 3000 >
z @
-% 2000 ig
| 104 K =
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& L \6 g | hexc
t ~_ 0 e N T T T T T T T !
-} o’ v o 2 4 6 & 10 12 1 760 780 800 820 840 860 880 900

Temperature / K Wavelength / nm
Fig. 1, Schematic crystal structure (a), Magnetization vs temperature curve (b),
and emission spectra at 77 K (¢) for 1.
1) H. Tokoro and S. Ohkoshi, Dalton Trans., 2011, 40, 6825-6833. 2) S. Ohkoshi, S. Takano, K. Imoto,
M. Yoshikiyo, A. Namai, H. Tokoro, Nature Photonics, 2014, 8, 65-71.
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Snectrosconic and X-rav crvstalloaranhic studv for lysozyme
binding affinity of dipeptide Schiff base Zn(Il) complexes

(*Tokyo University of Science, ?National Institute of Advanced Industrial Science and
Technology, *lbaraki University)

Yuika Onami?, Tomoyuki Haraguchi,® Yasutaka Kitahama? Takuya Hosokai?, Hiroyuki
Matsuzaki?, Masaki Unno?®, OTakashiro Akitsu*

Keywords : Schiff base Zn(11) complex; Lysozyme ; Quenching; Transient spectroscopy; X-
ray crystallography

[Abstract] Disrupting protein conformation is useful
information for the treatment of proteins in unreported
diseases [1,2]. Previously, we found that hybrid of
Human Serum Albumin with a Schiff base zZn(II)
complex could by damaged easily by irradiation of
infrared free electron laser (IR-FEL) for 30 min, which
was associated with disruption of conformation of the
secondary structure of protein [3,4]. Herein, to
investigate the effect of a complex and its
intermolecular interaction with a lysozyme (Lyz), we
performed (transient) fluorescence spectroscopy for

guenching and life-time of excited state and X-ray » N

crystallography for proof of equilibrium state of / N A

docking to a surface of Lyz. ¢ f\f!‘ o )
[Experiment] Dipeptide Schiff base Zn(Il) complexes % I L) :
(ZnGlyGlyH and ZnGlyGlyPh (Fig. 1)) were prepared ﬁﬁ'ﬁ*ﬁ p

and characterized previously. Commercially available r Jf& - ; ) iww
chicken egg white lysozyme (Lyz) was used. After | PP~ - -
adjusting phosphate buffer solutions of ZnGlyGlyH or |\ ‘g/‘ SN

ZnGlyGlyPh and Lyz, we measured conventional and  Fig 2 Docking simulation of Lyz and
transient fluorescence spectra and grew single crystals

(Fig. 3). ZnGlyGlyH

[Results and discussion] Docking simulation (Fig. 2)
showed that the Zn (I1) complex was spatially stacked on
the concave molecular surface of Lyz. This played an
important role in disrupting conformation of Lyz. The
extinction and lifetime of the excited state of Lyz also
supported intermolecular features by the computaion. The
variable temperature fluorescence spectra also indicated
their equilibrium thermodynamically. In addition, we
attempted to prepare a single crystal of Lyz containing the
Zn(11) complex. Although color changed from colorless to
yellow appeared, electron density of the Zn(ll) complex  Fig.3 Pale yellow crystals of Lyz
could not be observed by X-ray crystal structure analysis.
This also suggested weak bonding of the Zn(11) complex
to molecular surface of Lyz.

containing Zn(II) complex

[1] T. Kawasaki, et al., Sci. Rep., 9, 10636 (2019).

[2] T. Kawasaki, et al., Cell Mol. Neurobiol., 38, 1039 (2018).
[3] Y. Onami, et al., Int. J. Mol. Sci., 20, 2846 (2019).

[4] Y. Onami, et al., Int. J. Mol. Sci., 21, 3 (2020).
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Oxidation Properties of Ferrocene Substituted Spirosilabifluorene ('Tokyo Metropolitan
University) OTaichi Kurimoto,' Yusuke Inagaki,! Wataru Setaka'

Spiro connection between two functional units has been widely investigated so far, because
unique interaction by orthogonal arrangement is expected.? Spirosilabifluorene (SB) has also
attracted attention for function as a linker. In this study, synthesis and properties of
ferrocenylspirosilabifluorene (1 and 2) were investigated, and a SB moiety is evaluated as a
redox linker by cyclic voltammetry (CV) studies (Figure 1). Compounds 1 and 2 were
synthesized by Negishi coupling reaction of bromospirosilabifluorene with ferrocene and
characterized by NMR and MS. CV study for diferrocenyl derivative 1 shows a redox wave
slightly positive shift compared to that of ferrocene.

Keywords : Spirobifluorene; Iminoiodinane; Functional Linker; Organosilicon Compounds;
Ferrocene; CV
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Figure 1. Structure of Spirosilabifluorenes. Figure 2. Cyclic voltammograms of

compound 1 (red line) and ferrocene
(gray line) in THF containing 0.1 M
NBU4PF6.

1) W. Setaka, C. Kabuto, M. Kira, Chem. Lett., 317-318 (1999).
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The Synthesis and Properties of Oxypyriporphyrin Iron (III) Complex Coordinated with
Chloride Ion and Imidazole ('Shimane University, *Hokkaido University, Institute for
Chemical Reaction Design and Discovery, *Graduate School of Natural Science and

Technology, Shimane University, *Chiba University) oNanako Oue', Yuki Ide’, Masaaki
Suzuki®, Saburou Neya*, Takahisa Ikeue®

Heme proteins are involved in the storage and transport of oxygen in vivo, and porphyrins
are coordinated by iron ions. Oxypyriporphyrin which is the porphyrin derivative is stable
because it can form an 18 7 system in the same way as porphyrin, however, few research has
been reported except for the system coordinated with imidazole or pyridine. We synthesized
oxypyriporphyrin iron (III) chloride complex (1FeCl), and also obtained a six-coordinate
oxypyriporphyrin iron(IIl) complex (1Fe(Cl)(1-Melm)) by adding 1-methylimidazole (1-
Melm) to 1FeCl. Properties of the target complex were analyzed by X-ray crystallography,
ESR, and SQUID measurements.

Keywords : porphyrin, oxypriporphyrin, iron, imidazole
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Effect of Mixed-Metal Strategy on Electrochemical Property of MOFs (!Science and
Technology, Kwansei Gakuin University, 2JST PRESTO) OShota Matsuoka,* Yu Tsukamoto,*
Yoko Tanaka,! Daisuke Tanaka®?

Metal-organic frameworks (MOFs) consisting of metal ions and organic ligands have been
studied in recent years for application to battery materials. In this study, we focused on MOF-
74 (M2(dhtp); dhtp=2,5-dihydroxyterephthalic acid) which has one-dimensional pores (Fig.
1Y) , and evaluated the effect of mixed-metal strategy of Mn and Co on battery performance.
MnCo-MOF-74 was synthesized by hydrothermal reaction, and powder X-ray diffraction,
scanning electron microscope-energy dispersive X-ray spectrometry, and nitrogen adsorption
measurements confirmed the successful synthesis of MnCo-MOF-74 with Mn: Co =1: 1.12.
Furthermore, the synthesized material was used as the anode material of the lithium-ion battery,
and galvanostatic charge/discharge measurement was performed at a current density of 100
mAg . The discharge capacity was 3349 mAhg* in the first cycle (Fig. 2). In the presentation,
the electrochemical properties of single metal MOFs and mixed-metal MOFs will be discussed.
Keywords . Mixed-Metal; Metal Organic Frameworks; MOF-74
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Figure 2. Charge/Discharge curve

Vs, LilLi* (V)

1) H. Fjellvag et al., Angew. Chem. Int. Ed., 2005, 44, 6354
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Solid-state magnetic circularly polarized luminescence (MCPL) from achiral quantum dot
luminophore (' Faculty of Science and Engineering, Kindai University, *Graduate School of
Advanced Science and Technology, NAIST) Yuki Mimura,' Michiya Fujiki,> O Yoshitane Imai'

Magnetic circularly polarized luminescence (MCPL) could be emitted by applying an
external magnetic field to achiral quantum dots in the powder and PMMA film states. Their
anisotropic factors (gucpr) are on the order of |gmcpr| = 10 around 410 nm. The sign of these
MCPL spectra can be controlled solely by the direction of the magnetic field.

Keywords : Quantum dot; CdS;, Magnetic circularly polarized Iluminescence (MCPL);
Nanoparticles; Chiral
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1) H. Yoshikawa, G. Nakajima, Y. Mimura, T. Kimoto, Y. Kondo, S. Suzuki, M. Fujiki, Y. Imai, Dalton
Trans., 2020, 49, 9588.
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Crystal Structure and Magnetic Properties of a Cyano-Bridged Ni-
W Bimetal Assembly

(‘University of Tsukuba, *The University of Tokyo) OShintaro Akagi,' Junhao Wang,? Kenta
Imoto,” Takefumi Kanno,? Shin-ichi Ohkoshi,? Hiroko Tokoro'
Keywords: Cyanide complex, Molecule-based magnet, Metal assembly

Introduction: Cyano-bridged bimetal assemblies are molecular-based magnets that can exhibit
various magnetic functionalities, e.g., photomagnetic effects, humidity-sensitive magnetization,
and so on."? In this study, we synthesize a [Ni"(imidazole)s] {[Ni"(imidazole)s][W"(CN)s]}2*

4H,0 (1) , where Ni and W are selected as magnetic metal ions, and report the crystal structure
and magnetic property.

Experiment: Single crystals of 1 were obtained by the slow diffusion of NiCl,*6H,O (0.2 mol
dm™) and imidazole (0.4 mol dm™) dissolved in water into Cs3[W(CN)s]+2H,O (0.1 mol dm™
%) dissolved in water at room temperature for two weeks. Crystal structure was investigated by
single crystal X-ray structural analysis. Valence state was evaluated by IR spectra. Magnetic
properties were measured by SQUID magnetometer.

Results: IR spectrum of 1 showed the CN stretching modes due to WY—CN-Ni" at 2194, 2174,
2146, and 2134 cm'. Single crystal X-ray structural analysis indicated that 1 is a monoclinic
structure (C2/m). 1 consists of an 1D anionic {[Ni(imidazole)s][W(CN)s]}~ chain and an
isolated counter cation [Ni(imidazole)s]>', as shown in Figure 1. In the chain, two cyanide
ligands of [W(CN)s]*~ bridges two Ni" ions and the other six cyanide ligands are terminal ones.

Ni" ions in the chain are coordinated to two N atoms of the cyanide ligands and other four N
atoms of imidazoles. Magnetic measurement of 1 showed a paramagnetism with an
antiferromagnetic interaction between W" (S = 1/2) and Ni" (S = 1).

[Ni(imidazole)g]2*

-~
" 1D chain N
“._[Ni(imidazole)JIW(CN)gl- %54 «

Figure 1. Crystal structure of 1.

1) H. Tokoro, A. Namai, M. Yoshikiyo, R. Fujiwara, K. Chiba, S. Ohkoshi, Sci. Rep., 8, 63/1-
11 (2018). 2) S. Ohkoshi, K. Nakagawa, K. Imoto, H. Tokoro, Y. Shibata, K. Okamoto, Y.
Miyamoto, M. Komine, M. Yoshikiyo, A. Namai, Nat. Chem., 12, 338 (2020).
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Synthesis and Photophysical Properties of a New Ion Pair Comprising Cationic and Anionic Ir

complexes (Graduate School of Arts and Sciences, The University of Tokyo) O Takahiro
Okuyama, Shin-ya Takizawa, Shigeru Murata

In recent years, cyclometalated Ir complexes have attracted much attention as
photosensitizers for photocatalytic hydrogen evolution. They are categorized into neutral,
cationic, and anionic complexes, and the properties are also largely dependent on ligands. On
the other hand, there are problems to be solved in each type of complex. In this study, we
synthesized a new ion pair of cationic Ir complex [1'] featuring excellent photostability and
anionic Ir complex [27] having strong absorption in the visible region, and investigated its
photophysical properties.

Keywords : Iridium complex,; Photosensitizer; Phosphorescence,; Electrostatic Interaction

VAR, Y7 m A X L— N I SERSE
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HRNTIROTING, €2 TABS T, X [17]CI™ + n-BuN'[27] —> [17][27] + n-BuN'CI"
CEVEIABILIZ N T A A I BRI L | o ’
AIRRSEREIER RN 2 > 7 = 4 UM Ir SBR[ 10O B R &2 R EF 8 A 4 2T
(127D AR A AT,

FJ°. [1PFs 23S STV 5 30k V& 2B 28R 1CIr 2 &4 A L, CHCl; 1 TlK
W X UORIEART SVERIE LT, £ OFER, [17PFs EFERI L7t 2Rk LTz,
WIZ, TNEGIIEE THROTBIR L7z n-BWN[27PE A% ) — /L CIRE L., A4
SH1[27] & B S D [EAR 2 BiEE L 7=, = @ "THNMR % DMSO-ds CHIE L7 & Z A,
B D n-BuN IZRHGNT D B — 7 NEE L272d, BHIWWOERN RSz, £
T ARBESG REI & T35 &L [17]CI7 & n-BwN'[27]D AT MLOEREG DY & I1EIE—
H UL, LarL, CDCL FCTIl—#D " — 27 23[11C1EB L O n-BulN 21 & 1T B2 DAL
B~ T M D2 EAHEA Lz, 2L, DMSO H CIIIASEF T & 2 N f#EES 5
23, CDCL I ClEA AUkt L TWD Z & 2R 5, Y4 H, [17[27]0
WZOWTHHETLHTETH D,

1) S.-J Liu, Q. Zhao, Q.-L. Fan, W. Huang, Eur. J. Inorg. Chem. 2008, 2177.
2) S. Takizawa, R. Kano, N. Ikuta, S. Murata, Dalton Trans. 2018, 47, 11041.
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Construction of Inorganic Structures from a Molecular AlsP4 Cuban—type Complex (' Faculty

of Science and Engineering, Chuo University, *PRESTO/JST) OTakumi Takahashi,' Akira

Imaizumi,' Akinobu Nakada,'* Ho-Chol Chang'

We have previously proposed the method with the structurally and compositionally defined
molecule is expected to be a molecular precursor and reported the synthesis of zeolites. Further
the method is expected to be extended to the Al/P system. The purpose of this study is to
investigate the construction of inorganic structures composed of Al and P from a Cuban-type
complex [Al4(HPO4)4(HPO4)4(EtOH)2]Cls-4EtOH (Al4P4) by heating in the presence of base

and template molecules.

Keywords : Molecular Precursor; Aluminophosphate; Inorganic Structure; Secondary Building

Unit; Zeolite

PR Tl s X O\ e/ 72 7 U 1 —
P—IZHW = MP IEE2HRE L, SVAl R EA T4 FEE
FIEL TS, MZTMPED AP R E, SRR
LG ERRA~DIEENHFF SN TS, ! AR TIET v
SRAT =— b ERBED GRS L, RIS
WK U OE RE B A2 FF oo & oo N v B (R
[Al4(HPO4)4(EtOH)12]Cls-4EtOH (AlsP4) 2 (X 1) D ANELER
BIOT U7 L= o7 HRIMNMCED, AlE PG5 E
BEHEE R OREEL & = OB ORRF 21T - 72,

BE LT AldPs AL I TR ERIRRE CREPITI 3 & HEE
FHRR[ Ala(HPO4)4(EtOH)10(H20)2]Cls (Caled: C, 20.90; H, 6.93;
Found: C,20.83; H, 6.64) OIEFEEMAR~EEL LTz, ZD
FEFE R 1E TG-DTA (28T 400 °C £ TIZ EtOH, H-0,
Cl 3 Z U OH £ H OEBEPEFRIE: 56.3%)2HH% 3%
53.0%DEEHAD &R L7124 2), 150°C (23T 12 FFfH]
MEEFT 5 & APy DNEA L 72 RO FESE R KM
bilz, &HIT, KT APy & TMAOH ZiR&G L, A4 —
k7 L—7H1 150 °C THIENT % &SI DBm R S B i
72o XRD /XZ—2 10 | AT AIPOstridymite T 2
ZERHBMNETSTZ(H 3), P B HIE, BkxleT T
— "y FEANTZAWPsEMP LT BTNV JIRAT = —
r DA EF L ONE DO EREICE L THET 2 TFETH
Do

1) Imaizumi, A. et al., CrystEngComm 2020, 22, 5862.

2) Azais, T. et al., J. Chem. Soc. Dalton. Trans. 2002, 297, 609
3) Heribert, A. et al., Acta Cryst. 2002, C58, 118
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Synthesis and Evaluation of Physical Properties of Coordination Polymers Consisting with
Copper(I) Halides and Nitrozgen—containing Heterocyclic Compounds (' Faculty of Science and
Engineering, Kindai Univ., “Res. Inst. for Science and Engineering, Kindai Univ.) OKeisuke
Tanaka,' Tomoki Nishiyama,1 Misaki Ohkita,' Takashi Okubo,'* Masahiko Maekawa,’
Takayoshi Kuroda-Sowa,'

Coordination polymers are inorganic-organic hybrid materials with specific functionalities
based on the characteristic assembled structures. We are working on developing new
coordination polymers having both conductivity and light emitting properties to apply them to
organic devices such as OLED and thin film solar cells. We have synthesized coordination
polymers consisting of copper(I) iodide and nitrogen-containing heterocyclic ligands, and
studied the physical properties. In this conference, we will present synthesis, crystal structures,
luminescence and electrical conductivity of new coordination polymers, [Cu,l(1,5-naph)],
(1,5-naph = 1,5-Naphthyridine) (1) and [Cul (4,7-phen)], (4,7-Phenanthroline) (2).

Keywords : Copper Halide; Coordination Polymer; Luminescent Material; Electrical
Conductivity

IAEFE O A T E ARG EMSCAREL 2 AT L7 fa=27 AD%;
BRZB T D2 MEMEE LT, B Ay FIXBRIR MR CH D, BfEy 1 & id, &
BA v ERERREAMF O R DA - B ESIATHY | &R A 4 & AHRAL
T OMBEOEEBET H & TEOYHECHERED KN FIRETH 5, AHFFEE TIX
WM L FERE & i 2 728 LB @ T O L | oMo, B O
FAITIY ATV D, BARIIZIE, @B A 4 R —Vigikie z Fom 7 ol
)L BHRZEHERERADN S 2 DN &S TICER L TR Y AE 3 v{LEH)
& XU UFHEBRNS 72 D8 BLE AL S 47 F [Cualy(1,5-naph)], (1,5-naph = 1,5-
Naphthyridine) (1), [Cul(4,7-phen)], (4,7-Phenanthroline) ()D& & 1TV, Z Dk Sl i
A HNITL 9 2T, FOLRE & B RURENE 2 FEM L 72,

4.0 1.8x10°
——1.5-naph

——4.7-phen

(a) (b) soli™h

4 1.5x10°
| 1.2x10°

49.0x10°
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Fig.1 Crystal structures of (a) 1 and (b) 2 Wavelength (nm)

Fig. 2 Diffuse reflectance and
emission spectra of 1 and 2
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Synthesis of Ethylene Glycoxy Chain Modified Redox-active Pt(II) Catecholate Complexes
and their Assemblies with Li Electrolytes ('Faculty of Science and Engineering, Chuo
University, “PRESTO/JST) OTeppei Tokiyasu,' Ryoya Echigo,' Akira Imaizumi,' Akinobu
Nakada,'? Ho-Chol Chang'

We have reported that Pt(Il) complexes having an ethylene glycoxy (EG) chain form
assemblies with lithium electrolytes and show a redox response under neat conditions. On the
other hand, the interaction between redox-active Pt(I[) complexes and lithium electrolytes
together with electron transfer mechanism have not been elucidated. In this study, we found the
coordination interaction between Li ions and the EG moiety of the EG-chain-modified
bipyridine complexes.

Keywords : Ethylene glycoxy chain; Redox-active complex; Platinum complex; Lithium ion;
Assnemblies
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WO D EEIROERR L T OWE O % /ET L7z,

[PtCl(DEGbpy)] & LiBr @7 & b ¥ /n-~F % RA I D 8 FH IR & [PtBr
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DEG $H23 LilZ7 & b KUK F & & HIZ =

Kl % — 7. {1770 DEG 841 Li Ik 7 & & mlﬁﬂﬁﬂﬂga

HAZ TIERNT D 2L NI B T 72 5 7= (Fig. | a
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1) SEAMESHS 69 MR, Bt sedk, tHH DI, 3R JEA 3Fc-03, 2019
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Synthesis and properties of coordination polymers with polyamine ligands (' Faculty of Science
and Engineering, Chuo University, *PRESTO/JST) OHayato Tabata,' Kanae Abe,' Akinobu
Nakada,'? Ho-Chol Chang'

We have reported that the THF solution of a tris-o-phenylenediamine Fe(Il) complex releases
hydrogen under irradiation of UV light at room temperature. While this photoreaction is
expected to be a clean hydrogen-storage/releasing process which does not require any additives,
development of renewable solid materials based on the hydrogen-evolving complex is desired.
In this study, we synthesized polymer type metal complexes having redox-active aromatic
polyamine ligands and clarified their properties.

Keywords . Coordination Polymer, Aromatic Polyamine, Redox Active Ligand, Hydrogen Storage
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(1) Matsumoto, T. et al., J. Am. Chem. Soc. 2013, 135, 8646. (2) Kato, R. et al., Nat. Commun. 2016, 7,
13032. (3) Chem, Y. et al., Angew. Chem. Int. Ed. 2019, 58, 14731.
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Aggregate structure of planar N*C"N platinum ( Il ) complex with polymorphic crystals
(‘Graduate School of Nanobioscience, Yokohama City University, *School of Science, Tokyo
Institute of Technology) O Shusei Kawajiri,' Akiko Sekine,” Shingo Hattori,' Kazuteru
Shinozaki'

Planar platinum (II) complex exhibits high-efficient and long- *
life light emission. It is expected to be applied to a light emitting
material for organic light emitting diode. Furthermore, Pt(Il) x S
complex can form integrated structure due to its flatness and | _N Nl et
intermolecular interaction, and therby, changes its solid color
and luminescence color. If multiple emission colors of Pt(II)
complex could be observed in the solid state, light emitting
device made of a single substance would be realized. In this CHs
study, we succeeded ;gn preparation of a polymorphic crystals [Pt(dpb)(CH3CN)]OT1
(yellow-green crystal, red crystal) of [Pt(dpb)(CH3CN)]OTf (dpb=1,3 di(2pyridyl)benzene,
OTf= trifluoromethanesulfonate). Furthermore, the difference in stacking structure was
investigated by single crystal X-ray structual analysis and quantum chemistry calculation, and
the details are reported.

Keywords : Pt-Pt interaction, Polymorphic crystals
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Figure 1. Single crystal structure of [Pt(dpb)CH3;CN]OT(f dimer (yellow-green: left, red:
right")

1) V. V. Sivchik, E. V. Grachova, A. S. Melnikov, S. N. Smirnov, A. Y. Ivanov, P. Hirva, S. P.
Tunik, I. O. Koshevoy. Inorg. Chem., 2016, 55, 3351-3363.
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Synthesis and Ring Rotation of Ruthenium #-Oxo N-Confused Porphyrin Dimer (Grad. Sch.
Eng., Kyushu Univ.) OOsamu Iwanaga, Kazuki Fukuyama, Takaaki Miyazaki, Masatoshi
Ishida, Hiroyuki Furuta

N-Confused porphyrin (NCP) is an isomer of porphyrin that possesses an inverted pyrrole
ring connected to the surrounding meso-carbon at the - and f-positions. Recently, we have
reported the novel ruthenium(Il) NCP complex (Ru-1) that exhibited the catalytic activity for
alkene epoxidation.' In this work, we have synthesized novel ruthenium(IV) NCP y-oxo dimers
(Ru;z-2/3) by the reaction of Ru-1 with specific oxidants, and their structures, electronic
properties, and the unique NCP ring rotation in the dimers were studied by various
spectroscopic methods, including VT 'H NMR, and crystallographic analyses.

Keywords : Porphyrin; Ruthenium; u-Oxo Dimer, Ring Rotation
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Figure 1. Synthesis of ruthenium(IV) NCP u-oxo dimers

1) T. Miyazaki, K. Fukuyama, S. Mashita, Y. Deguchi, T. Yamamoto, M. Ishida, S. Mori, H. Furuta,
ChemPlusChem 2019, 84, 603—-607.
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Synthesis and luminescence properties of iridium complexes with ligands having triplet

acceptor moieties (* Faculty of Science Josai University, 2 National Institute of Advanced

Industrial Science and Technology) O Hiromi Uchida,' Yasuha Miyashita,! Masashi

Hashimoto, Takayuki Uwada,! Hideo Konno,? Kazuhide Koike?

Triplet-triplet annihilation photon up-conversion (TTA-UC) studies have been reported
recently® 2. Herein, we have aimed to develop a novel iridium complex (1) with covalently
linked sensitizer and acceptor, which is able to complete TTA-UC in the single-molecule by
itself. The iridium complex 1 as a photosensitizer comprises three perylenes that are sterically
close to each other, and each distance is 1 nm or smaller. The optimized structure of the
complex 1 obtained from quantum chemical calculation shows that the distance of each
perylene within the molecule is 1 nm or smaller. The time-resolved emission spectrum of the
toluene solution of 1 was measured by pulse laser excitation at 532 nm, delayed fluorescence
by TTA-UC derived from the perylenes was observed.

Keywords . Iridium Complex; Triplet-Triplet Annihilation; Luminescence
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1) N. Yanai, N. Kimizuka, Angew. Chem. Int. Ed., 2020, 59, 10252.
2) J. Zhou, Q. Liu, W. Feng, Y. Sun, F. Li, Chem. Rev., 2015, 115, 395.

Fig. 2. Absorption spectra of 1, Ir(EtPig)s and DPA.
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Synthesis and Ionic Conductivity of a Metal-Organic Framework Including Magnesium Salts
inside the Three-Dimensional Pores ('Faculty of Science Division I, School of Engineering,
Tokyo University of Science) OKouhei Aoki,' Sadakiyo Masaaki,'

Metal-organic frameworks are porous solids with high designability and materials variety. In
recent years, researches on creating ionic conductors using their pores have been widely
studied®. However, there are few reports of ionic conductive metal-organic frameworks having
ionic carriers other than protons, hydroxide ions, and lithium ions. In this study, we tried to
create novel magnesium ion conductive metal-organic frameworks using UiO-66 that has
three-dimensional pores. We synthesized UiO-66 including magnesium salt, Mg(TFSI)
(TFSI™=Bis(trifluoromethanesulfonyl)imide), as an ionic carrier. UiO-66 was synthesized by
hydrothermal method according to the previous report 2. The obtained UiO-66 powder was
immersed in an ethanol solution of Mg(TFSI), and was heated at 70 °C to evaporate the solvent.
The results of X-ray powder diffraction measurements indicated that the crystal structure of the
host framework was maintained before and after the reaction (Fig. 1). Nitrogen adsorption
isotherms measurements revealed that the magnesium salt was successfully introduced inside
the pores of UiO-66. The ionic conductivity was evaluated by measuring the AC impedance
measurements.

Keywords . lonic conduction; Coordination Polymer; Magnesium ion;
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1) M. L. Aubrey, et al., Energy Environ. Sci., 2014, 7, 667.
2) Cavka, J.H, et al., j. Am. Chem. Soc., 2008, 130, 13850-13851
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Slow magnetic transition and crystal structure in halogen-substituted iron(Il)-gsal complexes
(!Grad. School of Science and Engineering, Kindai Univ., *Res. Inst. for Science and
Engineering, Kindai Univ.) OMizuki Andachi,’ Tomohiro Fukumasu,' Takayoshi Kuroda-
Sowa,! Masahiko Maekawa,> Takashi Okubo!

We synthesized iron(Il) complexes with Hgsal®® (X = F (1), Cl (2), Br (3)). Their structures
were determined by single crystal X-ray analysis. Magnetic measurements of 1 - 3 reveal that
their crystals show high spin state for all temperature, but their powder and precipitates show
slow spin transition between 75 - 150 K. As the halogen changes F (1) to Br (3), magnetic
transition becomes slow. We will reveal mechanism of spin transition from their crystal
structures.

Keywords : Spin Crossover, Mononuclear Iron Complex
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Fig. 1 Magnetic properties of complexes 1 -
3. Scan rate: 0.1 K/min for 1, 0.05 K/min for
2 and 3 between 75 K and 150 K.
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Crystal structure and magnetic property of a low spin [Fe(gsal’®"),] complex stabilized by
hydrogen bonds (' Faculty of Science and Engineering, Kindai University, *Res. Ins. for
Science and Technology, Kindai University) oSora Kosaka,' Saki Hiraoka,' Takashi Okubo,'
Masahiko Masahiko,” Takayoshi Kuroda-Sowa'

SOH . .
I give rise to two

Complexation of an iron(Il) ion with the N,O tridentate ligand Hqsa
different shaped crystals, a plate-like(1) and a needle(2), depending on the reaction speed.
When two solutions are mixed slowly by using interface method, 1 could be obtained, while
if they are mixed quickly, 2 could be obtained as microcrystals. The magnetic properties of
them are quite different: 1 and 2 shows a low-spin and a high-spin state, respectively, for all
the temperature range (5 K-380 K). X-ray crystal structure analysis of 1 reveals that the

hydrogen bonds network involving hydroxy groups stabilizes the low-spin structure.

Keywords : Spin Crossovers Mononuclear Iron Complex; Hydrogen Bonds
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Fig. 1 Magnetic properties of 1 and 2 Fig. 2 Hydrogen bonds network in 1
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Near-infrared emission piezochromism of paddle-wheel type metal complexes in crystalline
state (Graduate School of Material Science, University of Hyogo) o Kazutaka Nobori, Yoshiki Ozawa,

Keishiro Tahara, Masaaki Abe

N-alkylbenzimidazole thiolate (R-bimt) copper(l) hexanuclear paddle-wheel type
complexes [Cug(R-bimt)e] show photoluminescence in the near-infrared region around 880 nm
at room temperature by UV irradiation in the crystalline state. We demonstrate the emission
piezochromism and x-ray crystal structure analyses under high-pressure conditions by using a
diamond anvil cell (DAC). The red color of the sample crystal under ambient pressure
gradually changed to black as pressure increased indicating that the absorption peak will be
red-shifted.

Keywords - Copper(l); High pressure; paddle-wheel type; Photoluminescence
piezochromism; Near-infrared emission
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1) Y. Ozawa, M. Mori, H. Kiyooka, Y. Sugata, T. Ono and M. Abe, Chem. Pap., 2020, 74, 3717-
3725.
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Synthesis and Photophysical Properties of Luminescent N-Heterocyclic Carbene Platinum(1I)
Complexes with CAN~C Tridentate Ligands (Grad. Sch. Chem. Sci. Eng., Hokkaido Univ.';
Dept. Chem., Fac. Sci., Hokkaido Um’v.z) O Daisuke Saito,! Masaki Yoshida,> Atsushi
Kobayashi,?> Masako Kato?

N-heterocyclic carbenes are stable and useful ligands that can provide strong ligand fields.
We recently succeeded in the construction of Pt(II)-NHC complexes with a C*N bidentate
chelate ligand which exhibited red to blue intense luminescence in the solid state at room
temperature. ) In this study, three cationic Pt(II) complexes (Fig.1) bearing a C"N~C tridentate
NHC ligand were synthesized and the crystal structures and the photophysical properties were
investigated. The nearest intermolecular Pt---Pt distances in the crystals were found to be
3.723(5) A (CI), 3.8212(3) A (Br), and 6.0609(5) A (AN), which are significantly larger than
twice the van der Waal radius of Pt (3.5 A), suggesting the absence of Pt---Pt interactions. Broad
emission spectra (Fig. 2) were observed for all the complexes in the solid state at room
temperature, and the maximum wavelengths (Cl: 601 nm, Br: 629 nm, AN: 532 nm) were
changed depending on the auxiliary ligands. The DFT calculations suggested that the emission
was originated from the *MLCT state.
Keywords : N-heterocyclic carbene; Metal-metal interaction; Luminescent complex, Platinum
complex,; Photoluminescence
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(C1), 3.8212(3) A (Br), 6.0609(5) A (AN) TH V., H4
MM EER N 722 EXRBENT-, W OSEA
b ERBERKRETT v — FRELPBN S
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1) D. Saito et al., Angew. Chem. Int. Ed., 2020, 59, 18723.
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Photophysical properties of platinum(0) complexes bearing monodentate phosphine ligand
(Seikei university) OYoji Mizumoto, Yasuomi Yamazaki, Sigesaburo Ogawa, Taro Tsubomura

In recent years, the luminescence of organometallic complexes have attracted attention. In
particular, it is known that a d'° metal having 10 electrons in the d-orbital does not undergo a
d-d transition that causes quenching, and it exhibits peculiar luminescence. However, there are
very few reports on the emission of platinum(0), which is a d'° metal. Therefore, in this study,
we synthesized metal complexes with simple 3- and 4-coordinate structures using platinum(0)
and a monodentate phosphine ligand, and investigated their luminescence properties.

For the target complexes, we succeeded in synthesizing 3- and 4-coordinated complexes by
changing the ratio of the metal and ligand used in the reaction. When the emission of each
complex in the solid state was measured, the emission maximum wavelength was observed
from 510 nm to 750 nm, and the 4-coordinated complex had the emission maximum
wavelength on the shorter wavelength side as compared with the 3-coordinated complex.

Keywords : d10 metal complex, luminescence, platinum, phosphine ligand, photophysical

properties
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[1]1. V. Caspar, J. Am. Chem. Soc. 1985, 107, 6718-6719.
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Synthesis of a Metal-Organic Framework Incorporating Aluminum Salts inside the Pore
( 'Faculty of Science Division I, "Tokyo University of Science) ORyo Nakashima, ' Masaaki
Sadakiyo'

Solid-state ionic conductors have been widely studied because of their potential applications
in electrolytes of secondary batteries and sensors. So far, ionic conduction of monovalent ions
such as protons and lithium has been mainly reported. We have focused on creating novel ionic
conductors that can efficiently conduct high-valent cations such as divalent and trivalent ions,
which are generally considered to be difficult due to strong electrostatic interactions. In this
study, we synthesized a metal-organic framework (MOF) incorporating aluminum salts as an
ionic carrier in its pores. We found that several MOFs are stable against AI** having Lewis
acidity. Then we choose HKUST-1 as the mother framework. HKUST-1 was synthesized
according to previously-reported method. After that, it was immersed in a ethanol solution of
aluminum salt A1(OTf)s (OTf = trifluoromethanesulfonate) and was heated at 50 °C for several
days for evaporating the solvent to obtain the sample. The results of powder X-ray diffraction
measurements (Fig. 1) indicated that there was no change in the structure of the HKUST-1
before and after inclusion of the aluminum salt. Nitrogen adsorption isotherm measurements
at 77 K revealed that the aluminum salt was included inside the pores.

Keywords : lonic conduction, Metal-organic framework, Aluminum ion

BEEA F MBI IR EBMERECE v — B ~DIS AN SN D Z &
SUBATHIEEIN TS, — T, ZNFETITHEINTWDLA L U mEDE < 1,
7u bRV FULREDMliA A DEETHD Y, Forld, —RICEREMAIE
HAMBS R THD & INTWD il Loz oA 4L 2R L FET D
e A A MR8 ROFIRZ BIE L T\, AFETIZ, =M F4 o ThHD AP %
Giete, A4 Fr VT & L THIALANIZ
HALTEERALE D TOEREI T T2, VA CuKa
AT 5 AP L TR E 7 MOF %
A L7 B, BEE#E LT HKUST-1 2
W, BER DITEVE R L 72 HKUST-1 %
TV =7 LML AI(OTS); (OTf=trifluoro
methanesulfonate) % {&fif S /=¥ /) —
IVERIRICIRIE L. 5 H [ 50 °C THELL T
TH ) VIR R R S S 2 L TRE
PR, MR XARETHIE ORER (K1)
X0, 7N =0 AEOAEERR T, RS . : .
<% HKUST-1 m%aﬁc:wms@\: L " Doegee) *

L7z, . JTIKICBIT A ERENES L
%ﬁ{ﬁ%@é% HKUSGT;? Q??f; &%f 1 AI(OTf)3 @Tﬁguﬁé@ HKUST-1 ®
W a s LRk O, A RO XRPD/SY =
WENTZZEND, T =T AENHANICAEISN TWD ZERHLNE T,
1) Nobuhito Imanaka and Shinji Tamura Bull. Chem. Soc. Jpn. 2011 84, 4, 353-362
2) Shotaro Yoshimaru et al. Chem. Commun. 2017, 53, 6720-6723
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Terahertz wave absorption properties of cyanide-bridged metal
assemblies including heavy alkali metal ions

(Graduate School of Science, University of Tokyo) OYuuki Mineo, Koji Nakabayashi, Kenta
Imoto, Kosuke Nakagawa, Marie Yoshikiyo, Shin-ichi Ohkoshi
Keywords: Terahertz spectroscopy; cyanido-bridged metal assembly

Cyanido-bridged metal assemblies have a lot of interesting physical properties such as
ferromagnetism, second harmonic generation, charge-transfer phase transition, and photo-
induced magnetization.!> Recently our laboratory reported that CsooMn[Fe(CN)]o.o3*1.9H,O
shows low-frequency THz wave absorption at 1.4 THz due to a phonon mode vibration of the
Cs" ion captured in the cyanido-bridged metal framework.* To control the THz wave absorption
property, we focused on an alkali metal ion substitution. Here in, we present the THz absorption
properties of RbMn[Fe(CN)sJo.06°0.3H,O (RbMnFe) and Rbg 31Cso.17Mn[Fe(CN)s]o.96°0.2H,0O
(Rbg.s1Cso.17MnFe) with different ratio of Rb* ions and Cs* ions.

The target compounds were obtained as blown powder Mn IO e 0% 22
by reacting an aqueous solution containing K;[Fe[(CN)g] N ' cf‘ 244
and either RbCI or both CsCI and RbCl with a solution of c ¢ Rb'Y% ?

MnCl; and the same alkali chloride at 50 °C. The Rietveld Fel ©*5<- c o
analyses of the PXRD patterns revealed that they are ~ N 3
classified in a cubic structure with a space group of F43m L o 1,

at room temperature. Iron ions and manganese ions are 40 b

bridged by cyanido ligands alternately to form three
h Figure 1. Crystal structure of

RbMn[Fe(CN)s] at room temperature.

dimensional frameworks, and they confine Rb* ions or bot
Rb" ions and Cs" ions in the interstitial sites. Terahertz time-
domain spectroscopy at room temperature revealed that 3°
RbMnFe shows a THz wave absorption band with a peak 254445 THz— .
at 1.15 THz, while RbosiCso..7MnFe exhibits an | ‘_,.'\ 1
absorption band with a peak at 1.27 THz. The absorptions o {}f' -_“;\
are considered to be a result of the phonon mode of alkali A
cations in the cubic lattice. The frequency of THz wave |
absorption becomes lower as the rate of Rb* ions increases.
This phenomenon can be related to the larger space around oot
the Rb" ion in the lattice than that around the Cs® ion Frequency I THz

because a Rb" ion has smaller ionic radii than a Cs™ ion. Figure 2. Terahertz absorption spectra of
Therefore, the Rb" ion can travel a longer distance, which RbMnFe (red) and RbosiCso.i7MnFe
leads to the lower frequency vibration. (black) at room temperature.

Absorbance

054

1) S. Ohkoshi, K. Nakagawa, K. Imoto, H. Tokoro, Y. Shibata, K. Okamoto, Y. Miyamoto, M. Komine,
M. Yoshikiyo, A. Namai, Nat. Chem., 2020, 12, 338. 2) T. Yoshida, K. Nakabayashi, H. Tokoro, M.
Yoshikiyo, A. Namai, K. Imoto, K. Chiba, S. Ohkoshi, Chem. Sci., 2020, 11, 8989. 3) S.Ohkoshi,
M.Yoshikiyo, A.Namai, K.Nakagawa, K.Chiba, R.Fujiwara, H.Tokoro, Scientific Reports, 2017, 7, 8088.
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Formation of a stannylene complex by thermal isomerization of a 2-stannanaphthalene-group
6 transition metal complex and its reactivity (!nstitute for Chemical Research, Kyoto
University) Yang Yi,' Yoshiyuki Mizuhata,' Norihiro Tokitoh,'

Chemical species in which one carbon of an aromatic compound is replaced with a high-
period Group 14 element are known as extremely reactive compounds, but they can be handled
at room temperature by providing steric protection with bulky substituents. The previously
reported 2-stannanaphthalene is one of them, and it has been demonstrated that it is an aromatic
compound having a rigid planar structure. While it was found that 2-stannanaphthalene itself
is thermally stable, the rearrangement reaction of the substituent on the tin atom proceeds in
the Group 6 metal complexes under heating conditions to form the corresponding stannylene
complexes. The tin atoms of these stannylene complexes have a peculiar electronic state in
which an electron pair is donated from the transition metal within the molecule. In this work,
we conducted the reactions of the newly obtained stannylenes with several reactants such as
chalcogen sources in order to investigate their reactivity.

Keywords : stannylene; stannanaphthalene; organotin compound; transition metal complex
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1) Y. Mizuhata, T. Sasamori, N. Takeda, N. Tokitoh, J. Am. Chem. Soc. 2006, 128, 1050.
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Synthesis and Properties of Transition Metal Complexes with Triangular Triaryl Ligands
(Graduate School of Science, Osaka City University) O Shinya Rikimaru, Masatoshi Kozaki,
Yoshimitsu Tachi.

The planar triangular ligands are built by bonding 3 aryl groups to 1, 3, and 5 positions of the benzene
skeleton. Several studies on transition metal complexes with this triangular ligand are recently reported.
For example, Ag complexes showed a unique structural change from planar triangular to tetrahedral
shapes depending on the Ag'/ligand ratio. In addition, some complexes demonstrate anion recognition
and anion transport abilities by encapsulating specific anions inside the structure'. In this work, we
synthesized transition metal complexes with planar triangular ligands and cations of group 10 to 12
transition metals and explored their functions.

In this study, the organic molecules (ligands) L1 and L2 were synthesized as triangular tridentate
ligands. L1 and L2 have 1,3,5-triarylbenzene as a main skeleton (aryl = 2-benzimidazolyl). Iodo groups
were incorporated at 2, 4, and 6 positions of central benzene ring of L2. We prepared transition metal
complexes using L1 and L2 as ligands and Cu*", Zn*", and Pd*"-compounds as metal sources. In the
presentation, we will report in detail the synthesis of the triangular triaryl ligands and the transition metal
complexes as well as their structures and properties.

Keywords : Triangular Ligands,; Tridentate Ligands; 1,3,5-Trissubsutituted benzene

SRR = ARENLFIIR_ P B D 1,35 (T Y — LA A LA T
b5, TO=MAENFEHWTOERS BRI T 2R EBFIHRE SN TN D
B 21X, Ag /BN T AR AT U CAEE DS ot — A TR R © 0 i (R B ~ 4 1 22 ﬂ:?‘é
%?fﬂb\%@%ﬁﬁ“ééﬁﬁméﬁ%énfu\éo F . BEDT =4 ENATLHI LT

=F OB, MENTEX LA LMEIN TS |, AT, Bk = AR
ﬁau%%:ﬁﬁu\t B4 BISRICBE T 2R 21T H 7201, 10 IR BE 12 KiER
RA A O TEHRDO G & ERER B 21T o 7,

A TIL13,5-F VTV —=AR_RBUZFFHKE L, TU—AKIZ2-_" XA 3
AV NVEEEHAGE L1 & L1 O 2,46 (\LicavFELZEALEZ L2 A0+ (Bl
i) & LTEK L, BALF L1, L2
& Cu”, Zn™, PdY (LEWE TN E N4
JBIR & U CEER A A MGt Lo, AR
T =AY 7 U — VBN L,

H H
L2 OARME L O T & & His R & Ns N Ns N
DEEFRE R, HEXE . WIVE % Bt L=l @“” H ”@ @“” ! ”@

nf'ﬁﬂ —I"\E)

HN_ N HN_ N

1) S. Hiraoka, T. Yi, M. Shiro, M. Shinonoya, J. Am. Chem. Soc. 2002, 124, 14510-14511.
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Pressure dependency of metal centers formed by flexible tripeptides (' Ochanomizu University,
2Tokyo Institute of Technology, *Chuo University, “PRESTO) ORyosuke Miyake,' Yui Sato,’
Hiroaki Mizuno,” Hirotoshi Mori,> Gaku Fukuhara®*

Previously, we reported that a flexible tripeptide 1 form both giant cyclic complexes
([12sNi2s]*®", [114Ni14]**", etc.) and complex ([(1-3H")sNig]*") providing heterometallic cyclic
interactions. In this study, we report the pressure dependency of UV-Vis absorption spectra of
the complexes to clarify the effect of flexible peptide framework for the electronic properties
of metal centers. We will discuss the design strategy of flexible framework on the pressure
dependency of each metal centers.

Keywords : Tripeptide Macrocyclic Complexes, Flexible Peptide,; Spectroscopy under High
Pressure

Forid, o, 7 B U RTF R 1 PNEREREEMR( [12sNiss]™", [11aNia )8k
DL EA A MR 2R OA((1-3H )N Y2 B2 Z L2 mE Lz, Y Z
o O&EBSEROAERET O, FERVEHICERY B ERLTRY ., E7 & ORI
IZE > TEDOMENENT D B2 NS, A1l ENEME LUZEORFERREE R
DRI, « AIRIRIL AT S VOB, &R L OJEFTNSENE 272, ERERIR
PEIRCIX, X COE—7 THEAFIMZ LB T —2 7 R8I S (1), —J7.
ZDOTN—7 MM, BHOZME L OBEN R ST, BN LD 2 0&RA
I EFEA L. B OZEEED LT D BIREEAR[(1-3H ) Nis ] Tl, BB
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DR (a) & B RERIREEA D UV-Vis 27+ L DJE J1Z51k(b)
1) Miyake, R.; Ando, A.; Ueno, M.; Muraoka, T. J. Am. Chem. Soc. 2019, 141, 8675-8679.
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Properties of redox-active platinum(Il) complexes with ligands deprotonated from o-
phenylenediamine derivatives. (College of Science, Rikkyo University) OGenki Hatakeyama,
Nobuyuki Matsushita

Redox-active platinum(Il) complexes with ligands deprotonated from o-phenylenediamine
derivatives [Pt(s-bqdi):] (s-bgdi=semibenzoquinonediimine) (1) has been reported to show the
five-step electronic state V. We have focused on the substituent effects of ligands deprotonated
from o-phenylenediamine derivatives. In this study, to evaluate an effect of electron
withdrawing fluoro group, cyclicvoltammetry have be conducted. Fluoro substitute [Pt(s-
dfbqdi).] (s-dfbqdi=4,5-difluorosemibenzoquinonediimine) (1-F) was characterized by UV-
vis-NIR, "H-NMR and ESI-MS spectroscopies. The redox potential of E1,, (1-F) showed a shift
of + 0.10 V compared with that of £, (1) (Fig. 1). We evaluated E1,, of five complexes, plots
of these redox potential of £1» against Hammett ¢ gave straight line.

Keywords : Pt complex, redox-active complex; electrochemistry

0-7 == LU T ORI e N ARBENL LT L Ry 7 AN F 4 (D) EE R [Pt(s-

bqdi)2] (s-bqdi=semibenzoquinonediimine) (1) 1L, B9 A MW TR 5 B
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5 DDOEEROBEHIL N TN OV TEEMIT G L 7.

AR LT R 1E UV-vis-NIR, '"H-NMR 3 X OV ESI-MS A7k LHIE D 5 &
D HIEE ERE LT, £ TEMNZR_To L 25, 74 mEHR iﬁ%
AR L EETH0.10 V IEM~> 7 b LTV = (Fig.d). & EHUED LR TTEN 2 T
FIZEH U7= & = A, Hammett BJICHES TWAZ ERBH BN o T~

H H - F 1.C1 1-
R N N- R_._,' lMe 1 1-F 1-CI 1-Br
R N N R £
H H 3
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Scheme 1. AR TV FEH L K E /N(vs. F¢*/Fc)
v 7 ZTEME A4 (D) $51R D45 F-HEk Fig. 1 & EHIKD CV OfE R

1) A.L.Balch, R. H. Holm, J. Am. Chem. Soc. 1966, 88, 5201-5209
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Syntheses and Characterizations of Chiral-Diphosphine-Protected Gold Clusters (Graduate
School of Environmental Science, Hokkaido University) O Ang Li, Yuri Ogawa, Yukatsu
Shichibu, Katsuaki Konishi

Phosphine-protected gold clusters with nuclearity of around ten have recently attracted much
interest due to their various properties. By using achiral diphosphine ligands, we previously
reported syntheses of gold clusters and revealed the unique geometries and optical properties.
In this work, we synthesized chiral-diphosphine-ligated gold clusters, and examined the
correlations between their optical properties and the geometric structures.

Keywords : Gold cluster; Diphosphine; Chirality

W42 10 EREE DS T 2 H T DR AT 4 UNERE 7 7 A X —1%, B 7
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I L D80k % & e “BEBEROGNC LV | BE2 72 PR A7 ¢ (dppe <° dppp 72
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dppe FFERDF T VPR AT 4 (8,S)-,(R,R)-DIPAMP % i\ T Scheme 1 (2759 )5
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5(S,S)-,(R,R)-DIPAMP {Efifi Auiz 7 7 AZ =G5 05 Z ERNpnotz, Bobnizs
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— ., AR EYEARRT RLie E DR ERS MR S, ABE T, T4
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AUZLC|2 FtoH ’ AUXLyCIZ FtOH
Polydispersed [AU 13'—4C|4:| Cl (L:dppp>
mixture

- R0 89
dppeij
Scheme 1. 77X TNV KRR T 4 AEH Auis 7 T A X —DERK.

1) Y. Shichibu et al., Nanoscale 2012, 4, 4125.  2) Y. Shichibu et al., Nanoscale Adv. 2021, in press.
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Photophysical Properties and Photoreactivities of Organoiridium Porphyrin  Complexes
(Institute of Industrial Science, The University of Tokyo) OKohei Onishi, Kei Murata,
Kazuyuki Ishii

Development of the visible-light-triggered uncaging of organic molecules is crucial for the
construction of tumor-selective cancer treatment systems. In particular, since organometallic
porphyrins can induce a homolytic cleavage of the metal-carbon bond at axial position by
visible-light excitation, they are considered to be promising candidates. Our group previously
reported that the organorhodium (I11) phthalocyanine possessing a methyl ligand released
formaldehyde by red light excitation in the presence of oxygen. In this study, organoiridium
(1) porphyrins possessing an alkyl ligand were synthesized, and their photophysical
properties and photoreactivities were investigated. As a result, the methyl-iridium
octaethylporphyrin (1) was found to release formaldehyde by visible-light excitation in the
presence of oxygen. The electronic absorption as well as magnetic circular dichroism spectra
of the S,-T; band will be also discussed in the presentation.

Keywords : Iridium; Porphyrin; Photoreaction
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(1) w7 4 U ERONAZT VR BN T2 /T D8RG L. Ok
Rtk LOUERISMEZ TR~ o, EOFRER, ATFABNMNFEHT DAV TN () F
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B RLOBRKMEE A7 M ZRE LIZERIC OV T STl 25,
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1) D. Dolphin, A. W. Johnson, R. Rodrigo, J. Chem. Soc., 1964, 3186.
2) K. Murata, Y. Saibe, R. Misawa, Y. Ikeuchi, K. Ishii, $&{A{L24%5 69 [AlF 1774, 3Ca-08.
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Syntheses, Crystal Structures, and Properties of One-dimensional Chains Consisting of
Dawson Polyoxometalate and Platinum Tetranuclear Complex (‘Faculty of Engineering, Gifu
University, 2Graduate School of Engineering, Gifu University) OHaruka Hasegawa,* Atsushi
Takamori,” Kazuhiro Uemura’

Polyoxometalate (POM) ions are multinuclear compounds with high valence metals
showing strong reducing properties. In this study, it was succeeded in obtaining POM
one-dimensional chains, where Dawson typed POM are linked by amidate bridged
tetranuclear platinum complexes. Several physical measurements revealed that this chain has
mixed-valence state with unpaired electrons. The measurements of electrical conductivity in
various temperature showed semiconductive behaviors.

Keywords . Polyoxometalate; Multinuclear Complex; Mixed-Valence; Electric Conductivity
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1) L. Cronin et al., J. Am. Chem. Soc., 2012, 134, 6980-6983.
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Synthesis of Heteroleptic Cu(I) Bipyridine Complexes Aiming at Visible Light Absorption
(Graduate School of Science and Technology, Gunma University) OYui Namiki, Hiroyuki
Takeda, Motoko S.Asano

The heteroleptic Cu(I) complex, which is attracting attention as a photosensitizer for
photocatalytic reaction, has weak light absorption in the visible region. In this study, we
attempted to enhance absorption of the Cu(l) complex in the visible region by introducing
substituents at the 4,4'-positions of 6,6'-dimethyl-2,2'-bipyridine (dmb). Introduction of the 4-
CFsph group caused a red-shift of the MLCT (metal-to-Igand charge transfer) absorption band
about 20 nm from that of the non-substituted one. Because the shift is only 10 nm for the similar
substitution of phenanthroline, it was found that the introduction of a substituent into dmb was
more effective.

Keywords : Cu(l) Complex; Photosensitizer; Visible Light Absorption
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Fig. 1. Structure of (a) Cu'-Rodmb and (b) Cu'-R;phen complexes, and (c) absorption spectra of
Cu'-Rodmb complexes in CH,Cl,.

1) H. Takeda et al., Front. Chem. 2019, 7, 418.
2) M. FIE. i, BA(LSFERE 97 [MIAFEFAES, 2PA-67 (2017), Hik.
AWFZEIE. BEERKF OHEERER Y e 27 MO X AWM 2= T -,
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Synthesis and stimuli responsiveness of neutral platinum(Il) complex with halogenated
phenylpyridine (!College of Science and Engineer, Kanazawa University, *Nanomaterials
Research Institute, Kanazawa University, 3Graduate School of Natural Science and Technology,
Kanazawa University) O Tatsuya Nomoto,! Yasuhiro Shigeta,” Takuya Kurihara,® Shogo
Amemori,” Tomonori Ida,’> Motohiro Mizuno*?

Square-planar Pt(Il) complexes have drawn much attention as chromic materials which
exhibit color/luminescence change induced by external stimulus. Because of its unique
photophysical properties based on intermolecular Pt---Pt interaction. In this study, to obtain
various external stimuli responsiveness, we have newly synthesized Pt(Il) complex with Cloppy
ligand (= 2-(3-chlorophenyl)-4-chloropyridine; Fig. 1). Phenyl pyridine moiety would enable
the complex to exhibit luminescence with high quantum yield, chloride atoms could contribute
various interaction modes and expect to obtain various external stimuli responsiveness.

As shown in Fig. 1, [Pt(Clyppy)(Clacac)](Clacac=3-chloroacetylacetone)exhibited
luminescence with vibronic progression, could be assigned to the 3m-m* emission from
phenylpyridine (Fig. 2). After grinding, the complex exhibited broad red-shifted emission,
suggestedeftective Pt---Pt interaction.In addition, emission of initial state was recovered by
DMA vapor-exposure to ground complex.

Keywords : Platinum(Il) Complex; Stimuli Responsiveness,; Luminescence
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Synthesis and photophysical properties of porphyrinic thin films prepared by interfacial
complexations (Institute of Industrial Science, The University of Tokyo) OYuna Aoki,
Kazuyuki Ishii

Porphyrin analogues with peripheral substituents, which can work as ligands, have been used
as building blocks for metal-organic-frameworks. Recently, it has been reported that the two
dimensional framework linked by dinuclear paddle-wheel copper complexes can be formed by
the interfacial complexation between the carboxylate and copper ion, when the organic solution
containing Pd porphyrin with carboxylates is added into the aqueous solution of copper ion. In
this work, we prepared the two dimensional framework by adding the organic solution of metal-
free porphyrin with carboxylates onto the aqueous solution of copper ion, and investigated the
photophysical properties, such as electronic absorption spectra.

Keywords: Porphyrin; Interfacial complexations,; Photophysical properties
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nanosheets (M = Pd or H>).

1) G. Xu, T. Yamada, K. Otsubo, S. Sakaida, H. Kiatagawa, J. Am. Chem. Soc. 2012, 134, 16534. 2) R.
Makiura, O. Konovalov, Sci. Rep. 2013, 3, 2506.
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Luminescence Color Alteration Induced by Trapped Solvent Molecules in Crystals of
Mnonuclwar Gold(I) Complexes (‘Fac. Eng., NIT, *Lab. Chem. Life Sci., Tokyo Tech.) O
Sakie Soma,' Masahisa Osawa,' Yuya Tanaka,” Munetaka Akita’

The tetrahedral gold(I) complex [Au(Lwg.):2]Cl1 1Cl1 [Lg. = 1,2-bis[bis(4-tert-
butylphenyl)phosphino]benzene], having eight tert-butyl (1Bu) groups, was synthesized and
characterized. Emission color alteration caused by solvent molecules captured in the crystal
lattice of 1Cl was investigated. The recrystallization of 1Cl in mixed solvents of
tetrahydrofuran, THF, and various alkanes afforded two single crystals: 1CI*"THF, presenting
intense blue-green luminescence with an emission peak wavelength, Ama, = 507 nm and
1CI*THF+0.5xn-hexane - H,O, exhibiting weak orange luminescence with Amax= 625 nm. The
emission quantum yields, @b, of the two complexes were 0.95 and 0.06, respectively.
Keywords : Au(l) complexes; Emission,; Phosphorescence,; Delayed Fluorescence
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1) M. Osawa, I. Kawata, S. Igawa, M. Hoshino, T. Fukunaga, D. Hashizume Chem. —Eur. J., 16,
12114-12126 (2011).

2) M. Osawa, H. Yamayoshi, M. Hoshino, Y. Tanaka, and M. Akita Dalton Trans., 48, 9094-9013
(2019)
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Synthesis of New Alkyl-Decorated Platinum(Il) Complexes for Proton-Coupled Electron
Transfer-Based Functionalization and Their Properties (' Faculty of Science and Engineering,
Chuo University, >PRESTO/JST) OLika Makita,' Akinobu Nakada,'? Ho-Chol Chang'

We have reported the synthesis and electrochemical phase transformation of a series of
redox-active metallomesogens constructed from redox-active ligand with alkylated bpy
coordinated to Pt(I) center. In this study, we aimed at developing novel metallomesogens
bearing PCET function toward the construction of active molecular assemblies possessing
labile electron and protons. This paper will report the synthesis of new Pt(II) complexes with
PCET-type ligand and alkylated bpy derivatives.

Keywords : Platinum Complex; Diimine Complex; Redox-Active Complex,; Proton-Coupled
Electron Transfer
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(1) (DTBbpy = 4,4’-di-tert-butyl-2,2>-dipyridyD) X O' 11, a) 481k 1 0% b) 2 Dt
[Pt(CNpzdo)(C9bpy)] (2) (C9bpy = 4,4’-di-nonyl- -20

N, RT. 100 mV/s, 0.5 mM in CH,Cl,

2,2’—dipyridyl)0)/a}ﬁi e @‘fﬁ’%ﬁ%*ﬁ%ﬁ L7, 10 | O MTBAPF;, GC(W), PX(C), Ag/Ag*(R)

[PtCly(DTBbpy)] & 72 IX[PtCL(CObpy) | & 1 %4 & 0
? CNpzH, K ORI T OB 2 8 _
fﬂl:ﬁ#%m1&wzﬁ¢ﬁbtoik\ .
LMD N 7 A B ERRINC LY SEE10 S
RY-13V H‘Jﬁ@LE@{/ILZ)Wﬁ‘/7‘4 77k 0
L2 &5 PCET G DHELT 3R S 47z o
(M2). MHAE, 1RO 2 ORIEFOEE e
CELTHEET D FETH D, 252 s aL 980
1) a) H.-C. Chang et al., J. Mater. Chem., 2007 17,4105, [ 2. a) stk 1 OBEFINATR O b) WRIN
b) $ERILERIRRREE 66 MIFtaE, FE 5, 2Fa-05, #O¥A 2 ) v 7 RLHES T L

2016.
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THNMR #ZHWW=EERFEZ-ZILT / o OREFMIKEFESIE
EZDEEKREFNE

(EKBRFHER T« JAK N-BARD?) O£ ' - g 5 12

Valence detrapping of mixed-valence biruthenocene using '"H NMR and its concentration
dependence (‘Graduate School of Advanced Science and Engineering, Hiroshima University,
*N-BARD, Hiroshima University) ORyuki Kurooka,' Satoru Nakashima,'

Biruthenocene is oxidized with iodine to become mixed valence state compound [Rc(II)-
Rc(IV)-I]'15". The valence detrapping is observed with increasing temperature in solution using
VT 'H NMR. In this study, we investigated the change in transition temperature (Tc) by
changing the concentration, solvent, and counter anion to reveal the effect of intermolecular
interaction. Based on '"H NMR measurement, it was revealed that Tc of [RcRcl]l; depends on
its concentration, while Tc of [RcRcl]BF4 and [RcRcI]PF¢ does not show significant
dependence. It was suggested that 5™ supports the halogen transfer.

Keywords : Mixed Valence State; Electron Transfer; Metallocene,; Intermolecular Interaction

NANT 7 'da v RBIE SN THREES A MBS P [Re(ID-Re(IV)-1'T5 & 72 5,
ZHUE TH NMR (2 X0, Wi CIRIETIE 2 i 4 i3Sz U 72 IR ER o J5 (iR
REDNBLl SN D23, @R TIEI vEDOS THNRRBOBEEN '"H NMR DX A LA r—
NEBZ, BT B3 MO MREE & 722 0 R MR EEO EEL AR s s D, A
WFFE T, 2D I DEDOHN S FNTET TR S FRITOREL EET & i
LT A0, S URBILENTANANVT )2 DORBRE B, 12 —T =
w2 CIRERIZE THNMR ORIE 2170, JR IR AE 2L DR (Te) D 4L %

BT,
HEZLY, AT Z—T=F DIy 265
(@) ZFANTZIET Te IIERIFENS  ,,, @ER 4 A
bz, LnL, IO H—T =40 g AW E ® ®m ]
BF; (M)} O} PFs(A)% V=B L, JiE ° o °
BRI IWR ST, o &7 !
Z Lk, FRHEREO iy 208 .4

M CORBRARONDZEBHPY . A 250

VR —T = FrD TEBL RS T el 4% v
v SR DMIEIE S I D FTREMEDSRIR S h e

Too BUE, BTV H—T =4 OBBICONT LY MR EED TN D,

1) M. Watanabe, et al., Inorg. Chem., 31, 177-182, (1992).

© The Chemical Society of Japan - P02-3vn-40 -



P02-3vn-41 AXb2a H101ESE2 (2021)

FIUNSTIVEERTHVY JBERBRREOER E ZDERERH
CGRFEARBET) O LML - ik

Synthesis and Metal recognition of Schiff Base Macrocycles Based on Chiral Diamine
(Graduate School of Engineering, Tokyo Denki University) O Wataru Inoue, Miyasaka Makoto

The Schiff base compounds obtained via the dehydration-condensation reaction between
aldehydes and amines functional groups are known as a ligand for metal complexes. By
applying selected dialdehyde and diamine derivatives, some of them obtained may produce the
specific cyclic Schiff base structures incorporating the multiple metal coordinating sites.
Macrocyclic compounds are widely used as chemical sensors and catalysts. In our laboratory,
we have reported the synthesis of Schiff base type [2+2] cyclic C-1 composed of 1,2-
cyclohexanediamine and 1,1'-bi-2-naphthol derivatives, and its metal recognition and
luminescence properties. In this study, we synthesized a novel Schiff base macrocycle using
1,2-diphenylethanediamine as diamine instead of 1,2-cyclohexanediamine and examined the
metal recognition and luminescent properties.

Keywords : Schiff Base;, Macrocyclic Compound, Complex; Chiral Molecule; Chemosenser

TNATE RET I VORKEAERIGZE D ARISID >y 7HIEIE, &EEIED
BN & LTHERET D, F7-. T AT E REDTIVEHWSZ LT, s
JBENLENL 2D Y T HIFIBRIRIR DO SR FRE & 72 50, Z D X 5 7a KERIRER
A NI, BSOS BRI A RS 5720, (bR it s L TR IEH
ENTWBHY, YFFEETIE, 1,2-> 7 a~FH o IO7 I 0811 E-2-F77 h—Lik
WRING 70D Yy 7HEA[2+42] BRIRIAC-1D G L. B L OF D& BB & RO RE
%%&ﬁbl/f%to AEETIE, 12-3 70~ "FHh oI T7I0%212-V 7 =)L F L

VUT IVNIEEL, LB ORBEEN S 72 b TR L ORI E~ DR
BAIHE LT,

Previous work Q This work

1) Y. A. Ustynyuk et al., Chem. Rev. 2007, 107, 46-79.
2) S. Brooker et al., Inorg. Chem. 2018, 57, 2480-2488.
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Rh/NKILiRA —)LEEAZ B B LT E I L —LT—OMBOEE

(B RBE T« Z3F-4JF 2« AR 3 - JIST S8 %) OB FI8+ ' - Ak Bl 20 g
T M - RIS 1 - T SERR M - IERE ERAT!

Construction of Framework Structures Consisting of Rh(Il) paddle-wheel Complex Units
(‘Graduate School of Engineering, Osaka University, *Institute for Molecular Science,

3SOKENDAI, *JST PRESTO) OKanako Okuda,'! Hikaru Iwami,** Shinki Fujisawa,' Yutaka
Saga,' Mio Kondo,'* Shigeyuki Masaoka'

Porous crystalline materials such as metal organic frameworks (MOFs) or porous
coordination polymers (PCPs) have considerable attention as functional materials bearing
specific porous functions for gas absorption/separation, chemical sensors and heterogeneous
catalysis. Previously, we reported the self-assembled construction of a novel porous framework
with substitution-inert paddle-wheel Rh(II) dimers by using non-covalent Ar-ArF interactions.
Very recently, we also demonstrated that the framework was efficient catalysis for C-H
insertion reactions with various substrates via Rh-carbenoid intermediates. It was also of
noteworthy that the framework realized the unique reactivities and selectivities where
conventional homogeneous Rh catalysis have never achieved. Inspired by the unique
propensities of the framework, in this work, we aim to identify kinetically unstable structures
of reaction intermediates as well as achieve in situ X-ray crystallography to elucidate whole
reaction schemes. Detailed studies will be discussed.

Keywords : Metal organic framework; Rh complex; paddle-wheel complex

& JB A IS IR(MOF) 23R S 2 Ak Bt O 2 FLIEA BHE,
ZOMALNORE R MEZIEHT 5 2 & T, W AORBAERL
2o —, R RS L CEAS A SN TWDS, Fx
%, SEEEREAL & LT Rh(ID) &% R RV A — VB RIZ T H by
L. 22 A-ArT ALY A 2 AT 2R F28AT 5 2 Figure. |
& T, BENEVERS R A BT D7 L— LU — 7 HE AT
RRTHDHZLERH LTS (Figurel) ', IMx T, A7 L—2ATU—27 ZH\WT, Rh-
TN ) A RFEEVEVERE & 35 2R EICH T2 C-H ARISIZHREEI L, 16k
DY) IR, 5 AV 72 Dy o T R B 70 OGS HE S OV IR D58 BL 2 R+ D ik R & 15
TW5 2, LIEORERIT, Fex DB LIZ7 L—2U—27 825, mWBEIE & 5
MEATLHZLERL TS, LEORRIZESE AFFETIL, 7L —2U— 71
120G U7 BOSTEME P RMA O 72 b TSR ELX BIfF T2 & & Lz, ¥ HIL,
MDD 7 L— LU — 7 fifiE Z F O T2 SOSH RIS B3 2 Bt 72 © O A
BICEV#ETHLEZONAIFTHR I L — LU — IV EEDOSRBRFNCE L THET 5
TETH S,

1) T. Itoh et al., Dalton Trans., 2015, 44, 15334.
2) S. Fujisawa ef al., manuscript in preparation.
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RETSUO by, ATOATHARELET SASEEERTHERK
RELEYDOBERN

(LB TRAM) OFFHiE - REFELEME - PERM

Chemical Structure Determination of the Toxic Substances and Biological Activities of the
Harmful Phytoplankton, Heterocapsa circulariusquama (Faculty of Life Sciences, Hiroshima
Institute of Technology) OAmi TANAKA, Kimika YANO, Yoshikazu HIRAGA

Marine dinoflagellate, Heterocapsa circularisquama caused mass mortalities of bivalves,
e.g. oyster. Recently, super long carbon-chain compounds which have molecular weight of
ca 5,000 (HTX-A) and ca 2,000 (HTX-B) were isolated as the toxic substances produced by
H. circularisquama. In order to determine the molecular structures and the biological
activities of HTX-A and B, the decomposition reaction of HTX-A and B were carried out. In
this study, the decomposition reaction by ozone oxidation and periodic acid oxidation of HTX-
A and B was carried out. The chemical structure of the periodic acid decomposition products
obtained from HTX-A and HTX-B are currently under consideration.

Keywords : Marine Dinoflagellate; Heterocapsa circularisquama, Super Long Carbon-chain
Compounds

MHEERE, ~T 7Y =% TV RAD—<IX, BX70E0KEEEYREEr
BN S LR T T o7 b Th b, Bxld, ~T a7V RELET L EEY
BELT, &K 5000 (HTX-A) XU 2000 (HTX-B) OBKFZEHLEWE
HL72, Z3UFE TIZ, HTX-A B8 X OVHTX-B OESERNT 21T 5 728, 4V VERKIZ &
Do fRFEBR ATV, HTX-A 12OV TCIE, HTX-A-1 (F&EREHF ) & HTX-A-2 (1%
EARRE) O 2 50L& EFFT=, —J, HTX-B 5 1%, HTX-B-1 (FEEREH»)
& HTX-B-2 (HERIE) O 2 >OLEWE G-, RIS TIE, MERRETH DA
VR HTX-A-2 38 X OVHTX-B-2 O § 72 5 3R B & 15 B = i sk o
Sy BESRAE DRGT & SRR 21T o 72,

HTX-A-2 & HTX-B-2 i%, THEN 1,2-P4— L ORAURIETH 5l 3 7 HERRIZ &
DR EAT 272D B, NaBH L X DL EAT o 72, F o ERMIL, i
ZhvEdiRIA 7 v~ ~ 2727 (HPLC) |2 X 2450 « ¥H 21T~ 7=,

HTX-A-2 (22T, 8 3 7RISR K-> TR O NIIREW E 50T 572, i
¥ HPLC # 7 & (MeOH-H,O=7:3, UV210nm-300 nm) (Z X250 & ML, 4
DMy 21572, FERIZ, HTX-B-2 IZ8 W\ T RERIC AR O/ m 21TV, 220
Wiy 24572, BUE, THZIHESIT-OV T NMR IC X D& T 2 506 LT\ 5,
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Scopadulciol D& B

(hriRBeEdn T /) Ol 2856 - alll #—
Synthetic studies of Scopadulciol (Graduate School of Nanobioscience, Yokohama City
University) O Arimi Takahashi, Yuichi Ishikawa

Scopadulciol is expected to be a lead compound for novel anticancer drugs against Wnt
signaling pathway. In this study, we will develop the synthetic method of Scopadulciol and
elucidate the expression mechanism of its activity. Up to date, we have accomplished the
construction of the main skeleton and the syntheses of key intermediates.

Keywords : Scopadulciol; Wnt signaling pathway, Structure activity relationship

AWML DX ER T 2 Scopadulciol (£ Wnt ¥ 7 F IARZEREIE X3 5 FHRHT AH
DY —RNMeameE LTHIff S Tnsd D, £ T, Scopadulciol DERKSTIEDHENL &
FEIETE AR B IE 2 AT WO IEMERBLA 1 = X L% 5129 % Z & T, Scopadulciol ™
FHIBRARDOY — NMeEWmE L TORIEBHEDORIAEEZITS 2 & & L, BIEIX
Scopadulciol DFEEMR 1 DERICEHE T L TWDH, HEWE & L T(+)-Wieland-Miescher
ketone WMK) & T, 7 B&MET A, BEREOGHREZITo72 2, Hit\ T, MREFD
REWCYNMEFET C, DEREAD AT D HIEEMHELT D720, IRO 3 DDEHIL
— MZE>THEIR 1 DG EAAT-, /L— MO TIE Robinson FLKZ L > T C
BRaE AW 2 21571, Claisen A\ ST K- T C MIZRFEHAZEFEAL D
BREWEST D, V—FOTIHMELAEW 2 D CONLIZY T /7 HAEAL, T E BHND
IZDBREFMT D, V—hOTIET AT E K3 EHM L, D CI NI IRFEHEEA
L7ct%. C. DERZIEKT 5, BUEIX, ZNENDON— MIBWTEHERPHEZ S

TW5h,
o o
o=
WMK Ho—A 60
Ph
Scopadulciol
—1+®

1) R.G. Fuentes, K. Toume, M. A. Arai, S. K. Sadhu, F. Ahmed, M. Ishibashi, J. Nat. Prod. 2015,
78, 864-872.

2) K. Hatzellis, G. Pagona, A. Spyros, C. Demetzos, H. E. Katerinopoulos, J. Nat. Prod. 2004, 67,
1996-2001.
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B & s 2 EHNHEI ¥ E Hacbaruol D2 & RLE

(hriRBeEdn T /) OME FEAEE - Al #—
Synthetic studies of Haebaruol (Graduate School of Nanobioscience, Yokohama City
University) OKotaro Ringa, Yuichi Ishikawa

Haebaruol is a 9,11-secosteroid compound that inhibits differentiation of preadipocytes. It is
expected to be effective as a preventive medicine for lifestyle-related diseases. In this study,
We considered that Haebaruol could be constructed from three parts (AB ring, C ring, side
chain), and tried to synthesize them. We constructed the AB ring part from Wieland-Miescher
ketone which available at low cost, and the C ring part using baker's yeast to introduce an
asymmetric center. At present, we have synthesized compounds I and II as coupling fragments
of AB and C ring parts.

Keywords : Haebaruol; 9,11-secosteroid

TP I JEF AT I CTERILE NIz~ A AT X F v 7 Zoanthus sp.7> & BB S 7z
Haebaruol (% H A AENTHIRL~D 3 LIHEHER 2 F52 9,11-E 2 X7 v A FMEEWTH Y
DD ATEEEIRA~O TR E L TCOMEPHFIN TN D,

AW TIX, Haebaruol & AB 88, C B, IS5 D 3 AT TEKT HZ &
BT, AB BRIy & 22 C AT HEZ: Wieland-Miescher 7 ks Iy BRGS0 |
C BRI/ R IO TAF R EA LR L., BIELTIC, AB B, C B
DAY T VT T TA SN ThOHEMT L TNOERREERL TV D,

CHO
foo i o
PO PO"& _)
o}
Coupling fragment I Haebaruol - ____.

Coupling fragment II

1) T.Inuzuka, Y. Kawazoe, S. Kobayashi, R. Matsumoto, J. Yabe, S. Ohmura, D. Uemura,
FE5T BIXAERIEE Y m=#EE5%. 2015, 57, 27.

2) T.Inuzuka, Y. Kawazoe, S. Kobayashi, R. Matsumoto, J. Yabe, S. Ohmura, D. Uemura,
Chem. Lett. 2016, 45, 81-82.
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Synthetic Study of ent-Dragmacidin C

(*Faculty of Science and Technology, Keio University, 2Graduate School of Pharmaceutical
Sciences, Kyoto University) O Shusuke Fujii,' Shota Kawakami,! Zenyu Shiokawa,
Takanori Matsumaru,' Shinsuke Inuki,"? Yukari Fujimoto!

Keywords: Dragmacidin; Bis-indole Alkaloid; Photoredox Reaction; Flow Reactor; Larock
Indole Synthesis

Dragmacidins (Figure 1) are bis-indole alkaloids, which o
were isolated from marine sponges or tunicates,! and exhibit N [Q
various important biological activities including antitumor BrWN] Br
properties. Several groups have thus far reported the total

. .. . . . dragmacidin A: R1 Me, R2=H

synthesis of dragmacidins, but the enantioselective synthesis dragmacidin B: R!, RZ = Me
of dragmacidin C has not been reported. R

Recently, our group has reported a formal total synthesis \Qj/[NJ/ZQB'
of L-ossamine via decarboxylative functionalization using N
visible-light photoredox catalysis, with using continuous flow Hzragmacidin c
chemistry to increase the efficiency of reaction and conduct at
larger-scale.® In this study, we develop a concise synthetic
route to cis-dragmacidin C via the visible-light-mediated decarboxylative alkynylation of

Figure 1. Dragmacidins

the serine derivatives, and to implement a flow reactor.

The visible-light-mediated photoredox reaction of the serine derivative 1 and alkynyl
sulfone 2 afforded the desired alkyne 3 with good stereoselectivity (Scheme 1). This
reaction was implemented in a continuous flow reactor, allowing for the efficient
conversion. Larock indole synthesis of alkyne 3 and subsequent elaboration provided the
intermediate 6 as a single isomer. The investigation of intramolecular cyclization to
synthesize dragmacidin C are now underway.

: TIPS o RO Br BocHN
tBu/(H/OPht W ’Bu 3'u, . ‘f” 5 MeOZC \ R E>Br
Boc O =oTes = BocHN '\ §
1

photoredox catalysis NR
visible light 3 4:R=H

Decarboxylative alkynylation in Flow 5:R=Me R' dragmacidin C

Scheme 1. Synthetic route of dragmacidin C via photoredox reaction

1) a) Morris, S. A. et al. Tetrahedron 1990, 46, 715. b) Fahy, E. et al. J. Nat. Prod. 1991, 54, 564. 2)
a) Sakamoto, M. et al. Org. Lett. 2000, 2, 3027. b) Sakamoto, M. et al. Tetrahedron Lett. 2000, 43,
4245. c) Tonsiengsom, F. et al. Synthesis 2006, 1, 49. d) Garg, N. K.; Stoltz, B. M. Tetrahedron Lett.
2005, 46, 2423. 3) Inuki, S.; Sato, K.; Fukuyama, T.; Ryu, I.; Fujimoto, Y. J. Org. Chem. 2017, 82,
1248.
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PESRE EAEH O AZ B B9 & LTz GM3 D NZAIEIR Y & RO B 3E

(P T BREE) O R @ 1l - JeiE Fafdt- (i B

Development of stereoselective synthesis of GM3 for elucidating the interaction between GM3
and Gg3 (Department of Chemistry, Okayama Univ. of Science)

oMakoto Hirashita, Yusuke Yamanaka, Mizuki Hyodo, Haruo Yamada

On the cell surface, signal transduction may occur via carbohydrate-carbohydrate interactions.
Despite the carbohydrate-carbohydrate interactions are an important area of research, structural
activity relationship in the recognition process has not yet been elucidated. We have succeeded
in measuring the interaction between GM3 on gold nanoparticles and lactose on gold plate on
Biacore sensor chip. The synthesis of GM3 has been carried out with benzoyl protecting groups.
However, sialylation using a benzoyl group resulted in poor reactivity, stereoselectivity and
regioselectivity. This Time Sialylation was carried out by changing the protecting group from
benzoyl group to benzyl group. As a result, only the target compound was obtained. The conditions
for sialylation are investigated by changing the activation group from an imidate group to a
thiophenyl group.

Keywords : Carbohydrate Chemistry; Carbohydrate-Carbohydrate interaction

ERNOHMIEZEE EOESIIRESH- A BAEHZ LT, UANVARNR T T T I
KT DRI S LN ST e A TS TWAZE N EN STV, Y222 ClahEs
[/ E2MED 9 F A AER IS B U, BESHIRERS0RL 7 LI [ B b L7 B8 & O AR AL
YEF % Biacore Z# W CHIEZ T TXT~,

GM3 7EF L 1 DA RRIZEB WY HFFE R TIPS K R FL i /0 O L2 B 1R 5 [
DIRGEILETHL X AN FHNTEREITOTE T2, LInLXU Y AVEEH W 3-
OH ~DY T UNACSUGIE B it SEAGRIRME | AL E B IR Z LW R IS~ 72, VS
[\, Fx LTI BIZEBWT, BTG R IREL THL VNI E WA ZEIZED X
it SEARERIRME, AL ESRIEO M EE BIRRLUIGEIT2>T-82A, BRHELAEM THD
o Q3)IKRZF AR THIEITR S LT, o IEH b A2 AT —FCldel T4 7 ==
VI THRIZ DR RN EONLD TILRWINEE 2 L T VAL D SRR Th b,

NPh
OAc
AcO OAc [} CF;
AcHN Q7" co,Me
OAc

3
OAc . COMe

OH CH,C1,-MeCN(2:1) (0.04 M) AcO OA OBn
OBn OBn 2072 OH,
& O_ Bno 0 \ Lot acd (05 e A\/W .
HO R i cHN OBnO
0 o RS Lewis acid (0.5 eq) OAc [0} o} 0 0\
H OBn H
1 OBn

-90°C to -60°C

Sialyl Lactose Unit Lewis acid NIS Yield Time B(2-3)/(2-4)/x(2-3) Glycal
284.2 mg 57.8 mL
(1)0117'1 mg ! 0.34 mmol TESOTf 0.26 mmol 82'50‘“3 6h a(2-3) only 31;.;“mg
.17 mmo 2.0 eq 1.5¢q 40% Yo

D it By, PR A S L i X 2018
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Native Chemical Ligation using Cyclic Peptide Thioester (Faculty of Science and Technology,
Kochi University) O Yasuhito Akai, Keigo Hashimoto, Norio Koseki, Masayuki Izumi

Native chemical ligation (NCL) is a peptide ligation reaction widely used in chemical protein
synthesis. In NCL, a peptide-a-thioester and an N-terminal cysteinyl peptide are normally used
to obtain a ligated peptide through a native peptide bond. Usually, linear peptide-o-
alkylthioesters are used in the presence of arylthiol additive, i.e., 4-mercaptophenylacetic acid
(MPAA). In our study of the chemical synthesis of PhoSL, a small lectin with 40 amino acid
residues, we found that thiolactone (cyclic peptide thioester) was produced as an intermediate
during the NCL reaction between PhoSL(1-16)-a-alkylthioester 1 and PhoSL(17-40) peptide
3 under the standard NCL conditions using MPAA. Thus, we examined the NCL reaction using
thiolactone 2 instead of alkylthioester 1 and found that the ligation reaction proceeds smoothly
in the absence of MPAA in two days. The NCL reaction between 1 and 3 also proceeded with
similar reaction rate in the absence of MPAA.

Keywords : Chemical Protein Synthesis, Native Chemical Ligation: Peptide thioester
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D) RS, AAREFSE 97 KFH4, 2017, 1C1-13.
2) Tsuda, S.; Yoshiya, T.; Mochizuki, M.; Nishiuchi, Y. Org. Lett. 2015, 17, 1806.

© The Chemical Society of Japan -P01-3pm-06 -



PO1-3pm-07 BALSS BE101ESES (2021)

Synthetic Studies of glycolipid complexes for modulating
immunological activities

(Faculty of Science and Technology, Keio University) OTomomi Yokoyama, Shunya, Kikuchi,
Takanori Matsumaru, Yukari Fujimoto'
Keywords: a-GalCer, CD1d, MHC molecule, Glycolipid complexes

CD1d is a non-polymorphic MHC class I-like molecule on antigen-presenting cells, and
its ligand such as a-GalCer (KRN7000) activate NKT cells and act as an immune adjuvant.
Recently, we reported that the introduction of amide group to the long fatty acyl chain of a-
GalCer affect the immunomodulatory activities,'* the selectivity of Th1/Th2 cytokine
introduction. On antigen-presenting cells, both lipid antigens and peptide antigens are
recognized to activate the acquired immunity, and conjugation of lipid antigen (a-GalCer) and
peptide antigen showed enhanced activity.® It suggested the molecular design for activating
both NKT cell and T cell, can modulate the immune activation, which would be applicable
synthetic vaccine. Based on these findings, we designed and conducted the synthesis of the
complexes using a-GalCer derivatives and the peptide antigen, that can be recognized with
MHC class I or I molecules.

For the conjugation of a-GalCer and peptide antigen by Huisgen cycloaddition, we
introduced azide group to N-terminus peptide, and alkyne containing linker to 6- hydroxy group
of GalCer derivative (Scheme 1).

In order to introduce the linker to the 6-OH of GalCer, it was converted to the oxidized
form (carboxylic acid), with establishing the condition of GalCer 6-OH selective oxidation,
and achieved to synthesize 6-PEGylated GalCer complex 1. For the synthesis of hydrophobic
peptide antigen 2, we introduced a linker (Ddax-Lyss),* which enhanced water-solubility of the
peptide to obtain higher yield. The GalCer-peptide antigen 3 will be used for the investigation
of selective immunomodulation.

. N- N,
Linker Linker N—| peptide
— Huisgen =

ti HO
HO o OYR cycloaddition o OYR
HO NH OH * Ns Y o ) N oM
HOO\/Y'\/CBHN 2 oA ~Ci3H27
OH 3 OH

1
Scheme 1. Synthetic route of GalCer-peptide complexes as immunomodulator

1) Inuki, S. et al. ACS Chem. Biol. 2016, 11, 3132. 2) Inuki, S. et al. Angew. Chem. Int. Ed. 2018, 57,

9655. 3) a) Li, Y.-M. et al. Mol. Pharmaceutics 2020, 17, 417. b) Florindo, H. F. Acta Biomaterialia

2018, 76, 193-207. 4) Kay, M. S. Org. Biomol. Chem. 2019, 17, 10237-10244.
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Synthetic study of D-Lac-terminated peptidoglycan fragment structures

(Faculty of Science and Technology, Keio University) O Yu Saito, Takanori Matsumaru,
Yukari Fujimoto

Keywords : Peptidoglycan, Lactate; Glycopeptide; Solid-Phase Peptide Synthesis

Peptidoglycan (PGN) is a bacterial cell wall component and known to be recognized by various
receptors or enzymes to lead the activation immune system. The general structure of PGN
consists of sugar chain including N-acetylglutamine (GIcNAc), N-acetylmuramic acid
(MurNAc) and cross-linked peptide chains. PGN fragment having D-Lac terminus peptides
have been found,' but the chemically synthesized PGN fragment having D-Lac terminus
peptide has not been examined in detail. We thus focused on the synthesis of PGN fragment
structures that include D-Ala-D-Lac residue at the terminal part of the peptide chain. In order
to synthesize these fragment structures, we planned to combinate solid-phase peptide synthesis
(for peptide- Lac part) and liquid-phase synthesis (for glycan preparation and the
condensation).? This approach is advantageous for the preparation of peptidoglycan fragments
having complex branched peptide moiety. We firstly prepared the sugar moiety MurNAc
derivative 1 in liquid-phase synthesis from a glucose derivative. While, the Lac-containing
peptide 2 was prepared with solid-phase peptide synthesis using 2-chlorotrityl chloride resin.
Having these compound 1 and 2, the condensation of these compounds 1 and 2 gave the desired
D-Lac-terminated peptidoglycan fragment 3.

i Liquid-Phase

R OR ! Synth
OR o : Synthesis
0OR :
——>, BnO" ‘NHAG OR

HO™ “OH 0 ‘ o_,OR
OH ]: :
O” "OH !

Glc derivative HOY ‘NHAc
MurNAc derivative 1 (@)

Lo : |:> 0" peptide-Lac

HO’-\n'OH >, Ala-isoGin-Lys(R)}-Ala-Lac(R) 3
°© e 2 ! Solid-Phase
D-lactate pep : Peptide Synthesis

_______________________________________________

1) Handwerger, S.; Pucci, M. J.; Volk, K. J.; Liu, J.; Lee, M. S. J. Bacteriol. 1992, 174, 5982.
2) Wang, K.; Hasegawa, H.; Huang, C. Y.; Fukase, K.; Fujimoto, Y. Chem. Asian. J. 2017, 12,
27.
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A synthetic study of 3 -mercapto-Leucine for the facile synthesis of glycoproteins(' Grad. Sch.

Sci., Osaka Univ., °Grad. Sch. Sci. PRC, Osaka Univ.) OTsubasa Osakada', Ryo Okamoto'?,
Yuta Maki'?, Yasuhiro Kajihara'?

Glycoproteins have been synthesized by using native chemical ligation. However, the inherent
site-limitation of native chemical ligation significantly restricted the convergent synthesis of
glycoproteins. In this study we carried out the synthesis of 3 -mercapto-Leu derivative, which
can implement NCL at Leu site. Leu residue is frequently found in the consensus sequence
of glycoproteins, and thereby expecting to utilize as a ligation site in the chemical synthesis of
glycoproteins. Consequently, we established a new synthetic strategy of 3 -mercapto-Leu
from glycylphosphonate through only 6 steps.

Keywords : [-mercapto-Leucine, [ -mercapto-amino acid, Peptide Ligation, Glycoprotein
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Synthetic study of High-mannose Glycan Using Various Glycosyl Donors by Dendric

Glycosylation (Faculty of Science and Technology, Seikei University) OTatsuya Hirukawa,
Ruchio Usui, Taiki Kuribara, Kiichiro Totani

Various synthetic approaches for high-mannose glycans have been reported. However,
complicated synthetic steps to each structural isomers in the previous studies were problematic.
Although, one-pot glycosylation-deprotection approach has been reported to reduce the
synthetic steps, there are no examples of this approach for high-mannose glycans. In this study,
we attempted to obtain branch structure of high-mannose glycans through the one-pot
glycosylation-deprotection approach with dendritic multi-glycosylation method. We carried
out double glycosylation of mannosyl donor with Fmoc group 2 and di-OH-mannosyl acceptor
1 followed by deprotection of Fmoc group in one-pot to give trimannoside 3 in 97% yield.
Keywords : High-Mannose Glycans; Fmoc Group,; Dendric Glycosylation; One-pot Synthesis
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Design and synthesis of molecular probes to detect singlet oxygen by Raman spectroscopy
(Graduate School of Science and FEngineering, Aoyama Gakuin University)
OYuki Kimura, Tomotaka Mizutani, Tatsuya Nishihara, Kazuhito Tanabe

Anthracene derivatives were known to be reactive toward singlet oxygen ('0,) to form the
endoperoxides (EP). Herein, we constructed a molecular system to monitor EP formation by
Raman spectroscopy and Raman imaging to detect cellular 'Os.

We prepared anthracene derivative with acetylene unit as Raman tag (PA1) and characterized
its photoreaction in the presence of photosensitizer methylene blue by Raman spectroscopy. As
shown in Figure, strong signal at 2200 cm! that was attributed to the acetylene unit in PA1 was
observed before photoirradiation. On the other hand, the photoirradiation resulted in an
appearance of new band at 2240 cm™!, while the signal at 2200 cm™ attenuated. The signal at
2240 cm! was identified as the signal of acetylene unit of PA1-EP, because the signal was
gradually increased as increasing photoirradiation time. Thus, the EP formation was clearly
monitored by Raman spectroscopy of PA1.

It is well-known that the Raman scattering light was extremely weak. At present, the
improvement of the system by means of surface-enhanced Raman scattering (SERS) is in
progress.

Keywords: Singlet Oxygen, Raman spectroscopy, Endoperoxide
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Figure 1. Raman spectra of PA1 after photoirradiation for 0 (red),
30 (green), 60 (navy) min in the presence of photosensitizer.

Scheme 1. Photoreaction of PA1
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Vanillin production by the interaction between oryzanol and lipid during heating (1.National
Agriculture and Food Research Organization Food Research Institute) OWakako Tsuzuki'

Cereal brans sometimes are heat-treated for the purpose of improving their storage stability.
We confirm that vanillin is produced in the roasted wheat bran. This vanillin was predicted to
be a decomposition product of the oryzanol components (steryl ferulates, SF) located in wheat
bran. In this study, SF and various lipids (triacylglycerols) were heated simultaneously. After
heating, the amount of lipid oxidation, the antioxidant capacity of SF, the amount of SF
reduction, and vanillin production were analyzed. SFs showed an antioxidant ability to lipids
oxidation. However, less than 1% of SF were oxidized due to the involved lipids radicals and
vanillin was resultantly produced. We also investigated the effects of structural lipids with a
different binding position of unsaturated fatty acid on vanillin production from SF by heating.
Keywords : Steryl ferulate, gamma-Oryzanol, Vanillin
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Synthesis of immunomodulatory lyso-phosphatidylinositol

(Faculty of Science and Technology, Keio University) (OKana Okubo, Yohei Arai, Takanori
Matsumaru, Yukari Fujimoto
Keywords: Inositol phospholipid; Allylic protecting groups; Immunomodulation

Phosphatidylinositol (PI) is a lipid widely observed in eukaryotic cells and
play important roles in lipid signaling. Among the PI, lyso-type structures show characteristic
immunomodulatory activities. 2-Acyl lyso-phosphatidylinositols (LPIs) have been known as
the ligands of GPRS55, but the comprehensive synthetic study and the detailed
immunomodulatory activities of 1-acyl LPIs have not been fully investigated. Although it has
been known that various organisms including human have the variety of 1-acyl LPIs. We have
thus envisioned to build the compound library of 1-acyl LPIs, based on our previous synthesis
of l-acyl LPIs, eg. EhPIs from Entamoeba histolytica, which activate NKT cells via lipid
antigen presentation of CD1d."* The 1-acyl LPI have been found in various organisms, and we
focused on the 1-acyl LPIs from human serum along with microbial structures.

For the investigation of the structure-immunomodulatory activity relationships of lyso-
phosphatidylinositol focusing on the structure of fatty acids, we firstly synthesized various 1-
acyl LPIs. As for the synthetic strategy, we used allyl-protecting groups for the protection of
hydroxy groups and phosphate for its mild deprotection reaction conditions at the final stage
of the synthesis.” The regioselective phosphorylation reaction of inositol moiety' was also
applied for the LPI. We established the synthetic route of 1-acyl LPI, and then used the methods
for the synthesis of the lyso-type phospholipids including 1-acyl LPIL
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1) T. Aiba, S. Suehara, S.-L. Choy, Y. Maekawa, H. Lotter, T. Murai, S. Inuki, K. Fukase, Y. Fujimoto,
Chem. Eur. J. 2017, 23, 8304. 2) S. L. Choy, H. Bernin, T. Aiba, E. Bifeld, S. C. Lender, M. Miihlenpfordt,
J. Noll, J. Eick, C. Marggraff, H. Niss, N. G. Roldan, S. Tanaka, M. Kitamura, K. Fukase, J. Clos, E.
Tannich, Y. Fujimoto, H. Lotter. Sci. Rep. 2017, 7, 9472.
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Glycosphingolipid GlcCer; developing synthetic methods and
investigation of the biological activities

(Faculty of Science and Technology, Keio University) OXKazunari Ueki, Junichiro Kishi,
Takanori Matsumaru, Yukari Fujimoto
Keywords: Glycolipids; GlcCer; Allyl-type protection group; CD1d; cytokine

Glucosylceramide (GlcCer), one of major glycosphingolipids, widely presents in living
organism including plants, fungi and mammals.! In mammalians, GlcCer usually possess C16-
C24 lipids as N-acyl chain. The acyl chain distributions vary depending on the tissues or cell
types.? However, there are only some examples of chemically synthesized natural GlcCer
having diverse N-acyl chain. Therefore, we aimed to develop a synthetic strategy for
introducing various fatty acids to GlcCer, and to build their compound library, for the analysis
of the biological activities.

For the synthesis of GlcCer, we used allyl-type protecting group strategy’ to enable the
divergent synthesis of GlcCers containing various lipids. We firstly synthesized sphingosine
moiety 3 and glycosyl donor 4, then constructed the glycolipid backbone by the glycosylation
reaction of 3 and 4. The key intermediates, Glc-psychosine 5a and 5b, were then prepared by
cleavage of protecting groups including allyl groups and reduction of azido group. Subsequent
selective amidation with various fatty acids gave GlcCer 1 and 2 , containing a variety of lipids
including endogenous lipids. The evaluation of their biological activities will also be discussed.
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Scheme 1. Synthetic route of GlcCer including various lipid

1) Heinz, E. et al. J. Biol. Chem. 2001, 276, 33621. 2) Obeid, L. M. et al. J. Biol. Chem. 2011, 286,
27855. 3) a) Fujimoto, Y.; Lotter, H. et al. Sci. Rep. 2017, 7, 9472. b) Fujimoto, Y. et al. Chem. Eur. J.
2017, 23, 8304.

© The Chemical Society of Japan -P01-3pm-14 -



PO1-3pm-15 The 107st CSJ Annual Meeting

Synthesis and immunomodulatory function of lipid-modified a-
GalCer derivatives having nitrogen-containing functional groups

(‘Faculty of Science and Technology, Keio University, *Graduate School of Pharmaceutical
Sciences, Kyoto University) OKodai Sueyoshi,' Natsumi Hirata,' Junichiro Kishi,! Shinsuke
Inuki,"? Takanori Matsumaru,' Yukari Fujimoto'

Keywords: Glycolipid; CD1d; Immunomodulation; Cytokines

On antigen presenting cells, CD1d recognizes lipid antigens to form complexes, leading
to the activation of NKT cells and secretion of various cytokines. We have previously revealed
that the lipid moiety of the CD1d ligand (a-GalCer) strongly affects the binding affinity and
balance of the immunological activities." To further explore the functions of CD1d and the
ligands, various derivatives of a-GalCer with distinctive lipid structures containing nitrogen
functional groups (amide, amine and nitro groups) were designed and prepared, and their
immunomodulatory activities were analyzed.

The target a-GalCer derivatives were synthesized with introducing modified fatty acids
(having nitrogen functional groups such as amide, amine and nitro groups) to an intermediate
1, which was prepared from D-galactose and phytosphingosine with previously reported
methods.'? The biological activities of the synthesized a-GalCer derivatives were then
evaluated, which include competitive binding affinity assay with CD1d protein, antigen
presenting cell (APC)-free assay and cytokine secretion assay using mouse splenocytes. The
results showed that the introduction of nitrogen-containing functional groups to a certain
position of the lipid section leads to the increase of binding and cytokine induction ability of

the ligands.
OH RCOOH OH

HO o Modified fatty acids HO o OYR
OH NH, OH (with amide, amine, nfo) OH NH OH
HOL = > Hol %
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1) a) Inuki, S.; Kashiwabara, E.; Hirata, N.; Kishi, J.; Nabika, E.; Fujimoto, Y. Angew. Chem. Int.
Ed. 2018, 57, 9655. b) Inuki, S.; Aiba, T.; Hirata, N.; Ichihara, O.; Yoshidome, D.; Kita, S., Maenaka,
K.; Fukase, K.; Fujimoto, Y. 4CS Chem. Biol., 2016, 11, 3132.

2) Fan, G. T.; Pan, Y. S.; Lu, K. C.; Cheng, Y. P.; Lin, W. C.; Lin, S.; Lin, C. H.; Wong, C. H.;
Fang, J. M.; Lin, C. C. Tetrahedron 2005, 61, 1855.
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Synthetic study of lipid conjugates containing sugar-modified fatty
acids as ligands of the innate immune receptor Mincle

(Faculty of Science and Technology, Keio University) O Kasumi Sakuratani,' Takanori
Matsumaru,' Yukari Fujimoto'

Keywords: C-type lectin: Mincle: glycolipids: innate immunity: mannitol lipid

Mincle, a C-type lectin receptor, recognizes various kinds of lipid conjugates, leading to the
activation of the innate immune system. The ligand molecules recognized by Mincle include
glycero- or mannitol lipids, along with the better known trehalose-containing glycolipids.'~
Recently, a mannitol lipid conjugate "44-2", having sugar-modified fatty acids, was discovered
as a Mincle ligand showing potent Mincle-mediated signaling activity. However, the molecular
basis of the signaling activity is still unclear. In this study, in order to investigate the detailed
structure-activity relationships of Mincle ligands, especially ones having unique lipid moieties,
we developed a synthetic method for sugar-modified fatty acids containing 1,3-diacylglycerol
and related compounds.

As shown in the scheme, for the synthesis of the desired compounds we established a
synthetic method to modify the lipid with glycans and to introduce unique modified fatty acids
to 1,3-diacylgylcerols. First, the benzyl protected fatty acid 2a and f-mannosylated fatty acid
2b were prepared from chiral hydroxy fatty acids, obtained by optical resolution of racemic
methyl 10-hydroxyoctadecanoate. The key intermediate 1-acylglycerol 3 was prepared by
esterification of the appropriately protected glycerol 1 and subsequent cleavage of acetal
protection. Selective esterification of 3 with fatty acid 2a or b and hydrogenation gave the
respective 1,3-diacylglycerols. The established synthetic strategy will be applied for divergent
synthesis of 1,3-diacylglycerols containing various lipids.

. RO 3 / LR
3 M oH EOW ﬁL , W oA on = . RO o oy
L s OV\‘/}'\AOH Q 2a HO b o ‘ WOJ\

: o) V\ 2b: B-Man-§-Man ' 7 '8 ‘

i O ' i

7] '8 i E—— ' :

m : OH s ‘ W |

””””””””””” BnO O 1,,,,,,,,,,,(,),”,,,,,,
R' = g-Man-$-Man 1 3

R" = B-Man R'= p-Man-p-Man or H

Mannitol lipid "44-2" Diacylglycerol

1) Matsunaga, I.; Naka, T.; Talekar, R. S.; McConnell, M. J.; Katoh, K.; Nakao, H.; Otsuka, A.; Behar,
S. M.; Yano, I.; Moody, D. B.; Sugita, M. J. Biol. Chem. 2008, 283, 28835.

2) Ishikawa, T.; Itoh, F.; Yoshida, S.; Saijo, S.; Matsuzawa, T.; Gonoi, T.; Saito, T.; Okawa, Y.; Shibata,
N.; Miyamoto, T.; Yamasaki, S. Cell Host Microbe 2013, 13, 477.
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Boroxazolidone formation under mild conditions toward chemical modification of
biomolecules ('Graduate School of Pharmaceutical Sciences, Kanazawa University,
2Eshelman School of Pharmacy, The University of North Carolina) OYohei Saito,! Nanami
Yoshida,! Kyoko Nakagawa-Goto'-?

Boroxazolidone is a five-membered ring chelate compound in which amino and carboxyl
groups on o-amino acid are bound to the boron. The formation of boroxazolidone under
appropriate conditions could be applied to the chemical modification to identify target proteins
of bioactive molecules. However, known synthetic methods for boroxazolidone using amino
acids required vigorous reaction conditions, such as high temperature, which are not applicable
to the identification of target proteins. After several optimizations, including the use of varied
diarylborinic acids, amino acids, and solvents, we have found a proper method to yield the
desired boroxazolidone under mild condition in good yield.

Keywords : Diarylborinic acid; Amino acid; Chemical modification
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ThbreEEXLNT, LrL, THE TICEEHRE SN TWAHERTIEL 80°CLL
EEIRTH Y REMEEDEE X T EEOAKRE G TAFE T OILFE 2RI
THZEIIRETH T, - T, KVEMAREETORKZHEL, 7 U —/LR
U VBB, xtEd7 I i, KOG ORG 21T o7z, EORESR., —E#
T V=R U E o-T 2 S, 37°CT 1 BFERELE O RO TTRS T AR
oYY RUBHINERTH 25 k2R LT,

(o]
R Mild Condition OJI\/R
—_—— -

AB-OH * Ho

<88% B-NH,
Diarylboronic acid  a-Amino acid Boroxazolidone
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Functional analysis of azide-functionalized gold nanoparticles toward affinity labeling
(Grad. Sch. Fac. Eng., Tokyo Univ. of Agri. and Technol.) O Atsushi Adachi, Nanako Suto,
Shione Kamoshita, Kaori Sakurai

In this presentation, we developed azide-functionalized gold nanoparticles that allow facile
introduction of various electrophilic groups by click chemistry as a new method for glycan-
binding protein discovery by affinity labeling. To provide high dispersibility, we introduced
highly hydrophilic PEG chains as a linker to present azide group on gold nanoparticles. A set
of gold nanoparticles with a carbohydrate ligand and azide group at varied ratios were
synthesized, and the relationship between their structure and dispersibility were analyzed.
Keywords * Affinity labeling;, Chemical probes; gold nanoparticles,; carbohydrate ligand; click
chemistry
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1) S. Narita, N. Kobayashi, K. Mori and K. Sakurai, Bioorg. Med. Chem. Lett., 2019, 29, 126768.
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Evaluation of gold nanoparticle-based affinity labeling probes bearing electrophilic groups
('Graduate student, Tokyo University of Agriculture and Technology, *Coaching instructor, Tokyo

University of Agriculture and Technology) O Shione Kamoshita!, Nanako Suto', Saho Matsui,
Kaori Sakurai?

Electrophilic groups have been used as protein labeling reagents in affinity labeling and
covalent drugs'. We have previously developed gold nanoparticles-based affinity labeling probes
that multivalently display a ligand and an electrophilic group toward the identification of low-
affinity target proteins. In this presentation, we further evaluated different electrophilic groups by
comparing their suitability as affinity labeling probes. Target proteins were reacted with the new
affinity labeling probes, enriched by centrifugation and resolved by SDS-PAGE. By in-gel
fluorescence analysis, we found a new addition of an electrophilic group that effectively label the
target protein.

Keywords: Affinity labeling probes; Gold nanoparticle; Multivalent display, Target proteins;
Electrophilic groups
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@ # 4. SDS-PAGE
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1. S. Sakamoto and I. Hamachi, Anal. Sci. J, 2019, 35, 5-27.
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Development of new chemical tools for inducing membrane-membrane contact ('School of

Engineering, Nagoya Institute of Technology, *Graduate School of Engineering, Nagoya

Institute of Technology, *Earth-Life Science Institute (ELSI), Tokyo Institute of Technology) O

Keita Tsutsui,' Masaru Yoshikawa,” Tatsuyuki Yoshii,” Tomoaki Matsuura® Shinya Tsukiji,”

In the cell, various organelle membranes and the plasma membrane are in close proximity to
make "membrane-membrane contacts". Such membrane contacts also play important roles in
the regulation of cell-cell communications and immune response. Methods that allow control
of membrane contact between cell and cell, organelle and organelle, or cell and artificial cell
(liposome) would be useful for investigating biological processes and for biotechnological
applications such as drug delivery and cell control. In this poster, we report new chemical tools
that can be used to induce various types of membrane-membrane contacts using small-molecule
ligands and ligand-binding proteins.

Keywords: membrane-membrane contact; liposome, biological membrane; cell; small-
molecule ligand
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Development of small molecule-reactive peptide tags by SELEX using PURE system and
cDNA display (* Integrated Graduate School of Medicine, Engineering, and Agricultural
Sciences, University of Yamanashi, 2 Department of Integrated Applied Life Science,
Integrated Graduate School of Medicine, Engineering, and Agricultural Sciences, University
of Yamanashi, ® Faculty of Life and Environmental Sciences, Graduate Faculty of
Interdisciplinary Research, University of Yamanashi, 4 JST, PRESTO) OTakehiro Ando,!
Daisuke Fuji,? Yukio Takamori,® Takumi Yokoyama,! Daisuke Horiuchi,! Mizuki Yamamoto,*
Takashi Kawakami?®+

Protein labeling with  functional molecule through small molecule and
small-molecule-reactive polypeptide tag is a powerful technique for protein research.
Although a small-molecule-reactive protein tag is widely used for protein labeling, it has
some limitations because of its large molecule size. Thus, the development of
small-molecule-reactive peptide tag smaller than protein tag is important for protein
labelingV.

Here, we report the discovery of a novel small-molecule-reactive peptide tag by SELEX
using a combination of reconstituted Escherichia coli cell-free translation system (PURE
system) and cDNA display. [Sh T 84 words TF ., BEICLTTEL. ]

Keywords . Protein labeling; Peptide tag; SELEX; PURE system; cDNA display [B&X5
words])
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1) Directed evolution of dibenzocyclooctyne-reactive peptide tags for protein labeling. T. Ando, Y.
Takamori, T. Yokoyama, M. Yamamoto, T. Kawakami, Biochem. Biophys. Res. Commun. 2021, 534,
27-33.
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Antibody-glycan interaction analysis by quantum chemistry calculation considering
desolvation effect (College of Liberal Arts and Sciences, Kitasato University) OKaori Ueno-
Noto

A series of broadly neutralizing antibodies have shown to be bound directly to HIV-1 via
glycans on the glycoprotein. Despite the similarities in amino-acid sequences of antibodies,
their affinities for various glycans have been experimentally shown to be different. To
elucidate the causative factors of these differences, the affinities of the antibodies to the
glycan were analyzed by quantum mechanical calculations considering the desolvation effect
using crystal structures of antibodies complexed with a glycoprotein.

Keywords :Antibody, Glycoprotein, Glycan, Desolvation effect, Quantum chemistry
calculation
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Wb, 7 VA G T 2 RSEARIRESFIZIZPGTI2 ik b a3 5 .
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) ZATV, BLABFIh R % %8 L 7= Subsystem 7 Y12 L W MHAAERH = %L X —% 5t
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Table 2. Interaction energies (kcal/mol) between the glycan and PGT antibodies
calculated with FMO /RHF-D /6-31G(d)/PCM methods.

BEgH A PGTI121 PGT128 PGT151
B~ ) — ATEEGH 43.5 -49.6 -32.8
T VRIS -42.6 -12.9 -24.8

1) M. Kusumoto, K. Ueno-Noto, K. Takano, J. Comput. Chem. 2020, 41, 31. 2) L. M. Walker et al,,
Nature, 2011, 477, 466. 3) E. Falkowska et al., Immunity, 2014, 40, 657. 4) D.G. Fedorov et al., J.
Phys. Chem. A, 2016, 120, 2218.
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Effect of vitamin E with different hydrophobic group on the
interaction between amyloid 8 and membrane

(!School of Materials Science, Japan Advanced Institute of Science and Technology, *

Department of Medical Life Systems, Doshisha University) O Yusuke Nakatani', Naofumi
Shimokawa!, Yasuomi Urano?, Noriko Noguchi?, Masahiro Takagi'
Keywords: a-tocopherol; a-tocotrienol; Solid-ordered phase; Amyloid 8

Vitamin E (VE) is fat-soluble and antioxidant. Besides antioxidant property, a-tocopherol
(Toc), a most abundant form of VE, can suppress neural cell death induced by ER stress [1].
However, a-tocotrienol (Toc3) which is different from Toc only in hydrophobic structure
cannot suppress it. The reason Toc and Toc3 show different functions is not uncovered. Since
Toc and Toc3 exist in biological membranes, we hypothesis that the functional difference
between Toc and Toc3 arises from the difference in the intermolecular interactions in biological
membranes.

Biological membrane mainly consists of phospholipids, cholesterol (Chol) and membrane
proteins. It is believed that all components are not dispersed uniformly in membranes. The
region rich in saturated lipids and cholesterol, liquid-ordered (L,) phase, is known as raft which
plays an important role in signal transduction and membrane trafficking [2]. Recently, it was
reported that saturated lipid-rich solid-ordered (S,) phase is formed in ER membrane with low
cholesterol content [3]. L, and S, phases can be formed in biomimetic membranes which are
identical to biological membranes in structure. In this study, we investigated the stability
change of L, and S, phases by adding Toc and Toc3 in biomimetic lipid membranes consisting
of saturated lipids, unsaturated lipids, and cholesterol. Furthermore, we studied the effect of
Toc and Toc3 on amyloid B absorption on biomimetic membranes.

We observed the phase separation in VE-containing lipid membranes by fluorescent
microscopy. As a result, the stability of L, phase is not affected strongly by VE, whereas S,
phase formation is suppressed as VE concentration increases. Toc suppressed S, phase
formation stronger than Toc3. From differential scanning calorimetry (DSC) measurements,
we revealed the low affinity between VE and
Chol. In addition, VE prefers to localize in S,
phase, although the stability of S, phase is +VE
slightly decreased. Furthermore, Toc is more
likely to be distributed to S, phase than Toc3.
Amyloid B absorption on membranes is
decreased by adding Toc and Toc3. These ~ Fig. 1 Effect of VE on amyloid absorption on
results indicate the ability of the membrane (Green: Amyloid B, Red: Laphase)
suppression of neural cell death by Toc.

[1]Y. Kimura, et al., Biochimie 153, 203-209 (2018). [2] K Simons, et al., Nature 387:569-572(1997).
[3]1Y. Shen, et al., Proc. Natl. Acad. Sci. USA 114, 13394—-13399 (2017).
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Effect of Microwave Irradiation on Cell Penetration of Peptides (Faculty of Frontiers of

Innovative Research and Technology (FIRST), Konan University) (OMomo Hirata, Kenji Usui

Many researches of the effect of microwave (MW) in life phenomena have been conducted
based on epidemiology. However, the behavior of biomolecules under MW irradiation has not
been investigated based on biochemistry. Influence of MW in cell penetration of molecules, an
example of life phenomena, was examined in this study. Arginine (R)-rich peptides, which were
typical cell-penetrating peptides, were selected as models of these molecules and conjugated
with a fluorophore. We evaluated quantity of internalized peptides by fluorescence
measurement and observed cellular internalization by confocal microscopy. These results
showed that cell penetrating efficiency of R4 peptide with MW irradiation is increased
compared to that without MW irradiation. Additionally, it was found that the irradiation of MW
in this study did not affect cell viability. This study would contribute to development of novel
DDS and in vivo imaging.

Keywords - Cell Penetrating Peptide; Microwave; Cellular Internalization; Intracellular
Localization
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1) T. H. P. Nguyen et al., Int. J. Nanomedicine, 13, 8429, (2018). 2) S. Futaki et al., J. Biol. Chem.,
276, 5836, (2001).  3) Fj#ﬁ% th, HARERN T R F— I F i X s, 1, 17, (2017).
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Synthesis and biological evaluation of photosensitizer utilizing a novel synthetic pathway. (!
Department of materials Science, National Institute of Technology, Yonago College, *Faculty
of Medicine Tottori University, School of Life Science, *Department of Science, Faculty of
Chemistry, National Chung Hsing University,)OMiyu Eda' + Yuki Kato' + Keita Sakamoto' *
Ping-Shan Lai? - Kunishige Onuma® * Futoshi Okada? * Yoshiyuki Uruma'

Photodynamic therapy (PDT) is a treatment method for cancer that combines light and drugs,
and has been attracting attention in recent years as a less burdensome treatment method.
However, PDT is limited to cancers that are present on the body surface where light reaches.
Therefore, we believe that we can expect to solve the problems in PDT research so far by
paying attention to the high permeability of near-infrared (NIR) light to the skin, and we use
phthalocyanine, which has an absorption band in the near-infrared region. However, the
phthalocyanine skeleton synthesis method performed so far has a low yield problem.
Therefore, in this study, a synthesis plan was examined with the aim of improving the yield.
Cytotoxicity tests were performed using the synthesized compounds. Our research aims to
increase yields by using new synthetic methods and to adapt to deeper cancers by using near-
infrared light.

Keywords : Photodynamic therapy; Photosensitizer; Glucose, Cytotoxicity test
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1) Uruma, Y.; Sivasamy, L.; Yoong, P-MY.; Onuma, K.; Omura, Y.; Doe, M.; Osaki, M.; Okada, F.
Broorg.Med. Chem, 2019, 27,3279-3284.

© The Chemical Society of Japan - P03-3pm-06 -



P03-3pm-07 BAfLE2 H101EFES (2021)

WEARMRELIERFI DR - K

CKkT-miE ' - BREAAM 2 - BSOS ) Ot ' - A i
Ve BRARRER T« /N FRER 2 « [ FHK 2 - Ping-Shan Lai® - JEf] 32 !

Development and research of next-generation photosensitizers containing sugar

('Department of Materials Science, National Institute of Technology, Yonago College, *Faculty
of Medicine Tottori University, School of Life Science, *Department of Chemistry, National
Chung Hsing University) OSeiya Endo,’ Yuki Kato,' Keita Sakamoto,' Kunishige Onuma,’
Futoshi Okada,’ Ping-Shan Lai’, Yoshiyuki Uruma’

Photodynamic therapy (PDT) is a cancer treatment method that combines light and
photosensitizers. However, PDT has disadvantages such as low penetration of the light used
for treatment and low selectivity for tumor cells.

In this study, we aimed to improve the therapeutic efficiency by using naphthalocyanine,
which has an absorption wavelength of 700-900 nm. In the molecular design of the
photosensitizer, we took advantage of the knowledge gained from the 2016 synthesis of a
photosensitizer containing glucoce in a solaren molecule, which showed specific phototoxicity
[1]. The naphthalocyanine azide derivative 1, a precursor of the target 2, was obtained in 23 %
yield by refluxing at 150 °C for 16 h in the presence of DBU. Desired compound 2 was
synthesized in two steps using the Huisgen reaction as a key reaction.

Keywords : Photodynamic therapy; Photosensitizer;, Naphthalocyanine,; Cancer treatment
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Scheme Glucose-containing naphthalocyanine

[1]Uruma, Y.; Nonomura, T.; Yoong P.M.Y.; Edatani, M.; Yamamoto, R.; Onuma, K.; Okada,
F. Bioorg. Med. Chem. 2017, 25, 2372-2377.
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Preparation and fluorescence property of pyrene-modified unsaturated fatty acid fluorescence
probes

(! Graduate School of Science and Technology, Gunma University) Tomohisa Moriguchi,! O
Shunsuke Koizumi,'

Fatty acids are divided into saturated and unsaturated fatty acids according to the presence
or absence of double bonds. Although the dynamics of lipids and lipid peroxidation in cells are
known to be related to ferroptosis, one of the programmed cell deaths, the detailed mechanism
are many still unknown. The fluorescent probes has been widely used to study as a tool to
elucidate such an unknown mechanism. Although various fatty acid derivatives with
fluorescent compounds have been reported, they are all saturated fatty acid derivatives and no
unsaturated fatty acid derivatives have been reported so far. In this study, we synthesized
unsaturated fatty acids having pyrene as a fluorescent compound at the end of the alkyl chain.

In this study, we synthesized an unsaturated fatty acid probe with two double bonds, which
is a linoleic acid analog. The carboxylic acid side unit was synthesized by coupling Jones
oxidation and esterification of 9-decynol with 3-bromo-1-trimethylsilylpropine, and the
trimethylsilyl group was removed using the TBAF-acetic acid system. The pyrene side unit
was synthesized by reduction of 1-pyrene carbaldehyde with sodium borohydride and
bromination with phosphorus tribromide. The target product with cis structure was synthesized
by coupling each unit and catalytic hydrogenation. The fluorescence properties of the
synthesized fluorescently modified unsaturated fatty acid derivatives were also clarified and
reported.

Keywords : Unsaturated fatty acid; Fluorescence probe
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Synthesis and physical evaluation of second-generation photosensitizers

('National Institute of Technology, Yonago College, Department of Materiasl Science, *Faculty
of Medicine Tottori University, School of Life Science, *National Chung Hsing University,
Faculty of Science Chemistry ) ONozomi Hara,! Keita Sakamoto,! Yuki Kato,! Kunishige
Onuma,’ Futoshi Okada,? Ping-Shan Lai, Yoshiyuki Uruma'

Photodynamic therapy (PDT) with light and a photosensitizer is an excellent cancer
treatment. When a photosensitizer is irradiated with light of a specific wavelength, the
generated singlet oxygen causes necrosis of cancer cells. However, PDT has the problem of
low water solubility and cell selectivity of photosensitizers. Therefore, in 2016, it was revealed
that the introduction of glucose into the photosensitizer has an improving effect.”’” However,
PDT has There is an additional problem that it applies only to superficial cancers. In this study,
zinc Pc with a butoxy group was synthesized as a photosensitizer to prevent Pc from forming
layers, facilitate synthesis, and shift the absorption wavelength to a longer wavelength. In fact,
in the presence of butanol, DBU was used as a base and reacted at elevated temperatures to
synthesize the BuO-ZnPc OH compound in 16.5% yield. We also aimed to synthesize glucose-
containing BuO-ZnPc using the Huisgen reaction as a key reaction.

Keywords : Photodynamic therapy; Photosensitizer; Cancer treatment
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1) Uruma, Y.; Nonomura, T.; Yoong, P-MY.; Edatani, M.; Yamamoto, R.; Onuma, K.; Okada, F.
Bioorg.Med.Chem., 2017, 25, 2372-2377.
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Antiproliferative effects of cell-penetrating peptide-zerumbone conjugates on cancer cell lines
(Graduate School of Agriculture, Kindai University) OKurumi Isaka, Gengo Kashiwazaki,
Takashi Kitayama

Zerumbone is the major component of the essential oil of wild ginger, Zingiber zerumbet
Smith. The characteristics include the wide range of bioactivities such as antitumor, anti-
inflammatory and antioxidant effects'. Herein, we focused on its antiproliferative activity on
the T-cell lymphoid Jurkat cell line, and attempted to improve it by enhancing the cell
permeability?. Oligoarginine (R2-R8) was chosen for this purpose, and synthesized by Fmoc
solid-phase peptide synthesis®. The number of arginine in CPP conjugated to zerumbone was
optimized from the cytotoxicity assay against Jurkat cells (Scheme 1).

Keywords : Zerumbone; CPP; Jurkat cell
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Scheme 1. Synthesis of CPP conjugated to zerumbone derivatives

1. Kalantari, K. et al. A Review of the Biomedical Applications of Zerumbone and the Techniques for Its Extraction
from Ginger Rhizomes. Molecules 2017, 22, 1645.

2. Kitayama, T. et al. Novel synthesis of zerumbone-pendant derivatives and their biological activity. Tetrahedron
2013, 69, 10152-10160.

3. (a) Guidotti, G. et al. Cell-Penetrating Peptides: From Basic Research to Clinics. Trends Pharmacol. Sci. 2017,
38, 406-424. (b) Takeuchi, T. and Futaki, S. Current Understanding of Direct Translocation of Arginine-Rich Cell-
Penetrating Peptides and Its Internalization Mechanisms. Chem. Pharm. Bull. 2016, 64, 1431-1437.
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Metabolite analysis using DNA barcoding (Graduate School of Science and Engineering,
Aoyama Gakuin University) O Shuhei Moritani, Momoka Yajima, Tatsuya Nishihara,
Kazuhito Tanabe

Metabolites are very important biomolecules as disease biomarker. Although the conventional
metabolite analysis methods such as liquid chromatography-mass spectrometry (LC-MS) can
analyze multicomponent metabolites, it is difficult to achieve high throughput analysis due to
the time consuming step. To overcome this limitation, we employed a DNA high-throughput
sequencing technology to quantify the target metabolite. We attempted to construct a molecular
system to encode the information of target metabolite in each sample into the DNA sequences
and quantify each DNA sequences at once.

In this study, we selected glutathione (GSH) as a target metabolite and characterized its
reaction properties with disulfide-tethered ODNSs that was placed on the magnetic beads. The
reaction of the functional beads and GSH resulted in a release of ODNs with thiol group from
the beads, and we confirmed the presence of ODNs by PCR amplification. Thus, the
information of GSH could be transferred to DNA sequence information.

Keywords : Metabolite
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Synthetic study of (2E,6E,10E)-11-bromo-4,4,7-trimethyldodeca-2,6,10-trienoic acid
showing antibacterial activity (!Graduate School of Agriculture, Kindai University) O
Akane Taniguchi,® Gengo Kashiwazaki,! Miho Mori,* Takashi Kitayama *

(2E,6E,10E)-11-Bromo-4,4,7-trimethylundeca-2,6,10-trienoic acid (1) can be synthesized
from zerumbone (Figure 1). It was revealed that 1 inhibits the autophosphorylation of the
histidine kinase (WalK) in the two-component system WalK/WalR and consequently inhibits
the growth of Bacillus subtilis*2. In order to discuss the structure-activity relationships, it is
necessary to prepare the analogues, and a couple of synthetic routes to 1 were examined. Using
cross metathesis as a key reaction, we succeeded in synthesizing 1 by 11 steps, and the
antibacterial activities of the obtained analogues were evaluated.

Keywords . Two-component system ; inhibitor ; Antibacterial activity
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Figure 1. Structure of (2E,6E,10E)-11-Bromo-4,4,7-trimethylundeca-2,6,10-trienoic acid (1)

1) Kitayama, T. et al. Bioorg. Med. Chem. Lett., 2004, 14, 5943—5946.
2) Casino, P. et al. Curr. Opin. Struct. Biol. 2010, 20, 763—771.
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Triphenylmethyl Cations Binding to G-quadruplexes and Their Fluorescence Properties

(Department of Chemical Engineering, National Inst. of Tech., Nara College) Nishimoto
Noriko, lwata Nagomi, OUda Ryoko

Triphenylmethyl cations have been reported to bind to G-quadruplexes and to exhibit
fluorescence in near-infrared region. There are several structures of G-quadruplexes; however,
studies of triphenylmethyl cations having a high affinity to specific structure of G-quadruplex
are limited. In this work, triphenylmethyl cations binding to G-quadruplexes are investigated
from the points of their selectivity and fluorescence properties.

Keywords . Triphenylmethyl; G-quadruplex; Fluorescence
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1) Interaction of malachite green with guanine-rich single-stranded DNA: preferential binding to a G-
quadruplex, A.C. Bhasikuttan, J. Mohanty, H. Pal, Angew. Chem. Int. Ed., 2007, 46, 9305.

2) Triphenymethane dyes as fluorescent probes for G-quadruplex recognition, J.-H. Guo, L.-N. Zhu, D.-
M. Kong, H.-X. Shen, Talanta, 2009, 80, 607.
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Development of artificial nucleic acids that induce flip-out of the target nucleobase and its
functionalization (Institute of Multidisciplinary Research for Advanced Materials, Tohoku
University, Graduate School of Science, Tohoku University) O Madoka Sasaki, Kazumitsu
Onizuka, Sayaka Yajima, Ahmed Mostafa Abdelhady, Kei Ishida, Fumi Nagatsugi

Many enzymes acting on a nucleobase enable a specific chemical reaction by flipping the target
base out of the helix and taking the base into an active site. The base flip-inducing nucleic acids
are expected to create a specific field for various chemical reactions (Fig. 1)."

In this study, we designed and synthesized the novel artificial nucleic acids having a thymidine
derivative linked an aromatic compound with ethylene linker on a N3 position (Fig. 2). We
synthesized ODN1 (X = Cz, Cz", Cz""?) and assessed the flipping ability by the fluorescence
emission assay using ODN2. In this presentation, we will also report the properties of the ODN1.
Keywords : DNA; RNA; Flip-out; Artificial nucleic acid; Thymidine

DNA A F /L LEEFER° RNA fRtERE R 70 B EICE 3 B8R 1L R & T 2 2
WA LEADOIMU~T Y v 770 FSEAFOEETOA~F X AT Z & THE L
FROSZEFEB LTS, LD T, IERERBELEZ 7Y > 77 0 b I HaeEEE
TR AL SO 2 N THICIEY 32 & BFEEERIICRTRETH Y | Hr LWEEREAI R D
LD Z EMFFCE S (Fig. 1), Y

AMETIX, 7V 7T U NEFHRTHH LWERELOMEZHFEL, IV 3
FZoF Lo U v —%0 LB E W 2B LT FiBl N T 2% ét L7e (Fig. 2).
3FEFED X ZfAIA A T2 ODNI (X =Cz, Cz2%, C2N) 2 Ak L. 2-7 2 / 7 VU > (2AP)
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FEIC L ORI R AL OOEMELD 7Y o 77 7 NIRRT X 1=, AKFETIED
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1) K. Onizuka, K. Ishida, E. Mano, F. Nagatsugi, Org. Lett. 2019, 21, 2833-2837.
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Design and photophysical properties of phenylnaphthalene-containing 8-aza-3,7-dideaza-2’-

deoxyadenosine derivatives (College of Engineering Nihon University) O Ayaka Funato, Mei
Issikida, Takumi Tsukada, Saika Kobayashi, Yoshio Saito

We have developed a phenylnaphthalene-containing 8-aza-3,7-dideaza-2’-deoxyadenosine
(8372A) derivative 1 and investigated its photophysical properties. This nucleoside exhibits
strong solvent-polarity dependent fluorescence emission at long wavelength (ca.
378nm~455nm, AA=77nm). This environmentally responsive fluorescent 8-aza-3,7-dideaza-
2’-deoxyadenosine 1 can be powerful tools for structural studies of nucleic acids and also in
molecular diagnostics.

Keywords : DNA; fluorescence, adenine

Tk 41X, DNA JEIOMMECREE, pH 72 & ORHIEREE DZE(LIT L, SRS
W R 2 B0 S8 A EREEEBUS A S OISR L A PR L T D, Zi4UH & DNA ITEA
LTt —7& LTHWAS Z & T, 1 DNA O —HiHEZM (SNPs) %3k
THZEIWCRILTWD, £, 207 u—T 3RO EEILOE=% 1
TREMRNTD RNA Dy 1A A=V T & xR0~ b fF S v
%o ARFEFTIE, #IEDNA 7o —T7DOINHZ BRI E U FiBR RS A 5 R
WREL LTI -T2V F 7 XLV HEA LT 8- T H3,7-VF 72 -F 4%
VTT ) VUBERL ETYA L B L, E )~ —ONERHE ORI Z 1T o T2,
R D HL 70 2 S TRV THOE AT MV ERIE L7fE R, st E R b E
WETHD DMSO L bERETHD 7 U v —LORENIEEDZE AT 770m &
RO HH8-T W3, 7-CF T 2T AR T T ) U 11T, o2l
IRV E R REL BT A YNNI a I v 7 BB EZ S LRS-
(Fig. 1.); ABEKTIZ, TNLOFEMITONWTOMEZITO TETH D,

1 —— 1-Dioxane
NH; ——— Ethyl acetate
08 THF
7 =N . —DMF
N | E 6 DMSO
N e é ’ Acetonitrile
HO 42 0.4 2-Propanol
(o] — = Ethanol
Methanol
02 Ethylene glycol
OH N . Glycerol
0 ! 1 |
1 360 400 440 480 520 560
OO Wavelength
Fig. 1. Normalized fluorescence spectra of 1

in various solvents (10uM).

1) A.Suzuki, et al., Org. Biomol. Chem, 2015, 13, 7459-7468.
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Development of novel fluorescent DNA probes containing C3-ethynylnaphthylated 8-aza-3,7-
dideaza-2'-deoxyadenosines
(College of Engineering Nihon University) O Yurino Oku, Shoutoku Koboku, Yoshio Saito

A novel fluorescent nucleoside 2™“A has been synthesized. 237“A exhibited solvatochromic
properties and when introduced into ODN probes it was able to recognize 2'-deoxythymidine
in target DNA by a distinct change in its emission wavelength. 237A has the potential for use
as a fluorescent probe molecule for micro-structural studies of nucleic acids including the
detection of single-base alterations in target DNA sequences .

Keywords:  Fluorescence;, DNA

JED DBREEAAVIZ IS U CHOGIREE | KR & 21k S 2 BREUBUGT Od O CRZ B IR A3
PR ST 5, BREEEUSR OB LA EA L7z 7 1 —7 1%, 12 DNA <
RNA, —HHOERR EOMELZAEZRET 22 LB TE D,

T THAE, BB 8T W3-V T T2 T AR T T R (A R
R 24T - 7= (Figure 1.), &5 L7= 22A DWW AT IV Z Wbk 578 % A FEs i
TRELIZE ZA, VAN b u Ry s R AR L, RIS S h
ToZ EMpinotz, WIT, 27A Z ODN A L. #5#) DNA T ORFE D —HHED
EWERHE TE DR EITo72, ¥¥”A &% ODN 712 —7 (ODN1 B LW
Probeprpz) & 1EAL L, 2 DNA T& 5 cODN1 38 L UNDRD2 LA 7Y ¥ f XS4
THEIEART MILVOREZEIT- 7= (Figure 1.) , #55 & LT ODNI, Probeprpyld, V9
NLOFER DNA 1256 LT h RN 7 b~ v FOF I 2 OBFIZ O B a IR E 23 K
L., BHEENREEMNC 7 M52 R0 o F I AL TE T,
AFETIE., ZNEOHEMISVTHET S T ETH S,

ODNs Sequences

ODN1(X) 5-d(CGCAACXCAACGC)-3' X=23T2
cODNZ1(N) 5-d(GCGTTGNGTTGCG)-3' N=A,T,G,orC
Probeoroz) 5-d(GGCTGTCXGGAGTGC)-3'  X=*“"’A
DRD2(N) 5'-d(GCACTCCNGACAGCC)-3' N=T or C

CN
Figure 1. Structure of fluorescently responcive nucleoside 237A.

1) S. Koboku, M. Yanagi, A. Funato, A. Suzuki Y. Saito, Tetrahedron Lett. 2020, 61,
151841.
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Effect of surrounding base of target cytosine in photochemical RNA C to U editing (School
of Advanced Science and Technology, Japan Advanced Institute of Science and technology)
(OXKanako Ishino, Shigetaka Nakamura, Kenzo Fujimoto

Nucleobase editing is a useful technique for the treatment of genetic diseases, but genome
editing targeting genomic DNA has a high risk of off-target effects. On the other hand, RNA
editing targeting RNA requires continuous treatment, but the risk of off-target effects can be
reduced, because RNA is produced through DNA transcription. We have previously reported
the pinpoint editing of cytosine to uracil using a photo-cross-linker. To date, we have targeted
cytosine in the DNA strand and evaluated the effects of the counter base of cytosine, photo-
cross-linkers, and phosphate groups modified at the end of C to U deamination. In this study,
we demonstrated photochemical nucleobase editing targeting intracellular single-stranded
RNA and clarified the effect of the bases surrounding the target cytosine on editing efficiency.
The deamination efficiency was evaluated using guanine, inosine, and cytosine as the cytosine
counter base and 3-vinylcarbazole derivatives as the photo-cross-linker. As a result, the
deamination efficiency was found to be influenced by the surrounding bases, and the higher
the hydrophilicity, the greater the deamination efficiency.

Keywords : photochemical RNA editing,; deamination
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Simultaneous nucleic acids analysis based on 19F NMR using ultrafast DNA
photocrosslinking of 3-cyanovinylcarbazole derivatives to trifluoromethylthymidine (School
of Advanced Science and Technology, Japan Advanced Institute of Science and technology)
olssei Shinozaki, Yasuharu Takashima, Shigetaka Nakamura, Kenzo Fujimoto

In cells, short RNAs that are about 20 nucleotides in length are involved in gene expression
regulation and other pathways, and their detection in vivo is important for understanding
biological events. Currently, nucleic acid detection methods use a fluorescent reagent; however,
nuclear magnetic resonance is more useful than fluorescence for reading information stored
deep within the human body. In particular, 19F NMR using fluorine as a nuclide can detect
signals with high S/N. We have successfully changed the 19F signal derived from ™T by 8 ppm,
from -63.1 ppm to -72.1 ppm, using photo-cross-linking between 5-trifluoromethyltimidine
(™T) and 3-cyanovinylcarbazole (“NVK'). Furthermore, a large change in its chemical shift can
be detected, even in a contaminated system. In this study, we evaluated the change in chemical
shift due t