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Synthesis, structure, and methane oxidation of a tricopper complex with a methane-binding
sites near the active center

("Undergraduate School of Science and Engineering, Doshisha University, *Graduate School
of Science and Engineering, Doshisha University) OKyoka Akamatsu!, Kyosuke Fujikawa?,
Masahito Kodera!-2

Recently, we found that a hexacopper complex with octadentate 6-hpa®® ligand [Cus(ps-
OH)2(u-OH)4(6-hpa®),](C104)s (1) efficiently catalyzes methane oxidation with H,O,. A p-
oxyl radical tricopper [Cus(u-OH)(u-O¢)(02°)(6-hpa®)]3* was proposed as the active species
for methane oxidation. However, solvent oxidation may occur to decrease the catalytic activity.
In this study, we synthesized a tricopper complex with new octadentate ligand L™ having
hydrophobic methane binding pocket for the selective and efficient methane oxidation. Pyridyl
groups of 6-hpa® ligand are replaced by N-benzylimidazole groups in L™ where the benzyl
groups may function as a methane binding site. The ligand L™™ forms a tricopper complex
[Cus(u-OH)(OH)(LP™)]3* (2). Here, the synthesis, structure, and methane oxidation of 2 will
be presented.

Keywords : tricopper complex; O: activation; u-oxyl radical; alkane oxidation; methane
oxidation;
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Synthesis, structure, and methane oxidation of a dicopper complex with hexadentate

ligand having a hydrophobic pocket

(Molecular Chemistry and Biochemistry, Doshisha Univ) OYukiya Hayashi, Kyosuke Fujikawa,
Masahito Kodera

It has been reported that copper complexes of bidentate and tridentate amine ligands react with H>O»
in a 2:1 ratio to form p-n?:n-peroxo and bis-p-oxo dicopper complexes. However, the H>O; activation
by these complexes in the catalytic reactions is still unclear. We studied cyclohexane (CyH) oxidation
with H,O» catalyzed by monocopper complex [Cu(Medpa)(X)2]*" (1) of N-methyldi(2-piycolyl)amine
(Medpa) tridentate ligand. The reaction of 1 with a large excess of H,O, added at once caused Fenton
type reaction to produce HOe, and fast CyH oxidation occured in the initial reaction, but the TON was
low where HO+ nonspecifically oxidized Medpa ligand of 1. Meanwhile, in the reaction when H>O»
added dividedly, p-Oe bridged dicopper active species was mainly formed, and TON in CyH oxidation
increased significantly. A dicopper complex [Cux(L)(n-OH),]** (2) with a new hexadentate ligand L,
two dpa units linked by a biphenyl group, gave large TON in CyH oxidation even when a large excess
of H,O, was added at once because it mainly forms a p-Oe bridged dicopper active species but not
HO-e. In this study, a new hexadentate ligand L1 having a hydrophobic pocket as a methane binding
site was synthesized. Here, we report the synthesis of L1 and its dicopper complex (3).

Keywords : Dicopper(Il) complex; H>O: activation; Alkane oxidation; methane oxidation
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Reactivity of Copper(l) Complexes Supported by a Tetradentate Amine Ligand Bearing

Guanidino Groups with peracids or acids. (Graduate School of Engineering, Osaka
University) ORin Ito, Hideki Sugimoto, Shinobu Itoh

Mononuclear copper-active oxygen complexes are important active species in various
biological and catalytic oxidation reactions. However, the mononuclear copper-oxide or -oxyl
complexes has not yet been identified. In this study, we examined the reaction of a copper(I)
complex supported by a tetradentate tren type ligand bearing tetramethyl-guanidino groups and
m-CPBA (m-chloroperbenzoic acid). As a result, we found that the methyl group of the ligand
was hydroxylated, suggesting the involvement of the copper(Il)-oxyl species. In addition, when
an acid, such as acetic acid, was allowed to interact with the copper(I) complex under anaerobic
conditions, we found that the copper(I) complex was oxidized to a copper(Il) complex, where
reduction of proton may take place. We will discuss the reaction mechanism of these reactions.

Keywords : Copper(l) Complex, Peracid, Acid, Reactive Oxidant, Reaction Mechanism
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The effect of a side-chain indole group for conversion of Cu(Il)-phenolate to Cu(Il)-phenoxyl
radical complexes by O (!Graduate School of Science and Engineering, Ibaraki University,
2Faculty of Chemistry, Materials and Bioengineering, Kansai University) O Hoshihiko
Kaneshiro,' Tatsuo Yajima,? Yuichi Shimazaki'

Non-covalent interactions play important roles in biological systems. For example, the
indole group of tryptophan side chain has been known to stabilize not only the phenoxyl radical
through n-w stacking interaction but also the Cu(I) species by interaction with Cu(I) ion. In this
study, the effect of the side-chain indole group was investigated in the conversion of Cu(Il)-
phenolate to Cu(Il)-phenoxyl radical by O, using the phenolate ligands with a pendent indole
moiety. The Cu(Il)-dimethylaminophenolate complex having a side-chain indole group formed
Cu(I)-phenoxyl radical species in CH,Cl, solution. On the other hand, the Cu(Il)-phenolate
complex without side-chain indole group showed no conversion to Cu(ll)-phenoxyl radical by
O,. These results suggest that the Cu(I)-phenoxyl radical species is important in the conversion
of Cu(II)-phenolate complexes to Cu(Il)-phenoxyl radical complexes by O, and the side-chain
indole group contributes to the stabilization of Cu(I)-phenoxyl radical.

Keywords : Copper; Side-chain indole group,; Phenoxyl radical; Phenolate ligand; Oxidation

ARG B ENTAERNTERERERZ L TEBY, N7 M7 7 o OMIgE
ThHr A4y R—=NVEE nn A2y X THEERICE D7 2 ) VT OANDE
EAERL, Cul)ED L ENICEHH LT\ D, ABFFE T, Bl FOMIEHIc 1~ F— k&
ZEANL, Oi28 D Cu(l)-7 = 7 77— ReERID Cu(ll)-7 = / F VT V1 )VEHR
SOBEBEONTBIT 54 0 =V EOMRZ et Uiz, g1 > F—VEE2FGT 5
Cu(l)-7 = / 7 — FEAR(L)IE CHLL T Cu(l)-7 = / F VT U 1 VAl A~ZE
S, O ERUS LT CU(l)-7 =/ X2 T D NVEEIRQ) E AR LT, — 5. 8o
¥ R VBRI WE(I)-7 = 2 T — REATIZ, Ol LD Cu(ll)-7 =/ F T2
NASOEBIIR DN/ hoT-, ZOZ EiE, 012K 5 Cu(ll)-7 =/ 7 — MEEDmE
BT IEA > R—ABRIC KV EE(L Sz Cu(l)-7 = / v T ¥ H V%R H
LTWAZ EERELTWND,

Figure 1. &K 1 () & $51K 2 (b) Dk S

m

© The Chemical Society of Japan -F1232-2pm-04 -



F1232-2pm-05 BAL$4 H104EFES (2024)

IFZILEEDERDERRNRIC K D CuAAC G D1

(IS B RBR T JR B KRBT JeERE T %) O kA - /KH #f 2« Af% F132 2+ Shang Rong? -
UK it 2

Control of CuAAC reaction by orientational effect of nitrogen near ethynyl ('School of Science,
Hiroshima University, >Graduate School of Advanced Science and Engineering, Hiroshima
University) O Haruki Horiuchi,! Tsutomu Mizuta,> Kazuyuki Kubo,? Shang Rong,> Shoko
Kume?

Azide-Alkyne cycloaddition (CuAAC) is a widely applied click reaction. Its facile reactivity,
together with undefined active Cu(I) intermediate makes it difficult to select a specific reaction
point when multiple ethynyl groups exist.! We have reported that a coordinatively encapsulated
Cu(I) with multiple ethynyl groups proceeds the CuAAC reaction in specific order.> To
elucidate the directional and structural factor by Cu(l) coordination, competitive CuAAC
reaction in simplified 2,5-diethynylpyridine with 1 equivalent 4-azidemethyltoluene with
[Cu(CH3CN)4]PF¢ and base was monitored. In CDCI3, conversion of 2-ethynyl group was
favored than 5-position, in contrast to rather random conversion in CH3CN. It is considered
that pre-coordination of the pyridyl group leads to selective activation of the 2-ethynyl group,
which is less effective in the coordinative CH3CN.

Keywords : CudAC reaction; selectivity;, sequential transformation; directed activation;
autocatalysis
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Development of Electrode-Supported Catalysts with CO, Reduction Ability Using
Electrochemical Polymerization of Metal Porphyrin Complexes ('Osaka Univ., *Tokyo Tech.

3JST PRESTO) OSenri Katsuhira!, Takumi Matsuzaki', Tetsuya Kambe!, Yutaka Saga', Mio
Kondo'?3, Shigeyuki Masaoka'

CO; reduction reaction is an attractive reaction that can convert CO; into high-value-added
substances, and the development of highly active catalysts is demanded. In this study, we
succeeded in the fabrication of a conductive polymer catalyst by the electrochemical
polymerization of a Cu porphyrin complex bearing an alkyne moiety. We also achieved a CO,
reduction reaction by using the polymer attached to an electrode as an effective heterogeneous
catalyst.

Keywords : Porphyrin, CO:; Reduction, Electrochemical Polymerization, Heterogeneous
Catalyst
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Electrochemical CO2 Reduction by a Framework Catalyst Based
on Copper Porphyrin Complex Bearing Pyrene Moieties

(!Graduate School of Engineering, Osaka University, *Graduate School of Science, Tokyo
Institute of Technology, *JST PRESTO) OMarc Alec Dominic Ong Yau', Kento Kosugi', Maho
Imai!, Yutaka Saga', Tetsuya Kambe!, Mio Kondo!**, Shigeyuki Masaoka'

Keywords: CO; Reduction, Framework Catalyst, Electrochemistry, Porphyrin, Metal Complex

The electrochemical reduction of carbon dioxide (CO>) to value-added carbon products is
a promising approach to simultaneously address global environmental and energy demand
issues. Therefore, extensive efforts have been made to develop catalysts for CO, reduction with
high activity, selectivity and stability. In this context, molecule-based heterogeneous catalysts
have attracted much attention since they satisfy the advantages of both homogeneous and
heterogeneous systems. Our group recently introduced the concept of supramolecular
framework catalyst!, which is constructed by the self-assembly of discrete catalyst modules
bearing catalytic sites and intermolecular interaction sites via noncovalent interactions, to
construct a molecule-based heterogeneous catalyst. In this work, we aim to develop a novel
supramolecular framework catalyst using a copper(Il) porphyrin complex bearing pyrene
moieties as the catalyst modules.

The target molecule CuBPPy (Figure a), 5,10,15,20-tetrakis(4-(7-(tert-butyl)pyren-2-
yl)phenyl)porphyrinato copper (II), was synthesized by inserting copper into the free-base
porphyrin, 5,10,15,20-tetrakis(4-(7-tert-butyl)pyren-2-yl)phenyl)porphyrin (HBPPy). By the
simple recrystallization in o-dichlorobenzene and DMF, the framework catalyst (FC1)
structure was obtained and its structure was confirmed via X-ray diffraction (Figure b). It was
observed that the CH-x interactions between the pyrene units stabilizes the porous structure.
Then, the light absorption, gas adsorption, and electrochemical properties of FC1 were all
studied. Finally, the catalytic ability of FC1 for CO, reduction was investigated, both in

%

photochemical and electrochemical systems, and formic acid is observed as the main product.
Figure (a) Chemical structure of CuBPPy. (b) Framework structure of FC1.

References: [1] (a) T. Itoh, M. Kondo, M. Kanaike, S. Masaoka, CrystEngComm. 2013, 15, 6122. (b)
M. Tasaki, M. Kondo, S. Masaoka, et al. Small. 2021, 17,2006150. (c) K. Kosugi, M. Kondo, S. Masaoka,
etal. J. Am. Chem. Soc., 2023, 145, 10451.
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Electrochemical Water Oxidation by a TiO» Electrode Modified with a Novel Cu Porphyrin

Molecular Catalyst Having a Pyridyl Anchor
(‘Dept. Chem., Kyushu Univ.) OTakumi Nakamura', Ken Sakai', Hironobu Ozawa'

Recently, we have reported that solar-driven water splitting efficiently proceeds only by
giving a small applying bias by using the molecular-based TiO, photoanode modified with both
a polypyridyl ruthenium photosensitizer and a Ru(bda)-type water oxidation catalyst (WOC).
Nevertheless, photoelectrocatalytic performance of the TiO, photoanode is found to gradually
decrease with time due to the desorption of the multi-electron-oxidized species of Ru(bda)-
type WOC. In this study, a novel copper porphyrin WOC with a pyridyl anchor (CuP-py) has
been synthesized to effectively suppress the desorption of multi-electron-oxidized species of
WOC due to the extremely lower water solubility. Electrocatalytic water oxidation performance
of the CuP-py-modified TiO; electrode will be presented.

Keywords : Water Oxidation, Copper Porphyrin, TiO,, Electrocatalyst

RER AT, CVPOAT A= FT 2R U PN T =0 LOCHIEA &
Ru(bda) i 55 2E Al ittt 2 fel 25 X872 TIO Bk Z 7+ b7/ — RE L THW=40 7
PENEERALF B MZBW T, DT RINTEEZEIINT 5 2 &2 X - TIHEFITE W)
FCKBGHARDEPHEITT D Z L 2WmE LN, —F . 28 1l S -k A pkfid
#EAS TiO, BB 2> D WBET 5 2 L2 K » CORBHEEE S the IIEFLTLE S &
EBHLMNERSTND,

ARWFFETIX, BT AP Cu RV 7 4 U CuPTMpy (PTMpy = meso-tetra(4-N-
methylpyridyl)porphyrinato)™ 23 i\ g S A A RS RE 721 T 72 < mWEENE S R FF
SZLIZERL, FYUAT U h—AEA L
Cu ANVT ¢ U PR R (CuP-py, £ )DA AL
L TNEER LT TIO, B OER 41T - 7=, fid T
IREEPEDMEV Y CuP-py & BB AERAMEE L L CTHWD Z
L X oT, ZEFRLIRN TiO, BRI HID & DiHES
HZ M TE L EWFFIN D, 7 TliX, CuP-py
ZER L7z TiO, AR EESE A Ak R RE 1C DU T
KRTHTETH D,

FTO TiO, CuP-py

[1] X. Yan, K. Sakai, H. Ozawa, ACS Catal., 2023, 13, 13456.
[2] R. Cao, et al, Chem. Sci., 2019, 10, 2613.
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Photoelectrocatalytic Water Oxidation Performance of the TiO, Photoanode Modified with

Novel Cationic Cu Porphyrin and Polypyridyl Ruthenium Photosensitizer

(Kyushu Univ. ") OXin Yan,! Ken Sakai,! Hironobu Ozawa'

Recently, we have achieved the second highest solar-to-hydrogen conversion efficiency by
using the molecular-based TiO, photoanode modified with both a polypyridyl ruthenium
photosensitizer (Ru-qpy) and a Ru(bda)-type water oxidation catalyst (WOC). Nevertheless,
photoelectrocatalytic performance of the TiO photoanode is found to gradually decrease with
time due to the desorption of the multi-electron-oxidized species of Ru(bda)-type WOC. In
this study, a novel cationic copper porphyrin WOC with a pyridyl anchor (CuP(Hpy)3-py) has
been synthesized to further improve the long-term stability of the TiO, photoanode.
Photoelectrocatalytic performance of the TiO» photoanode modified with both Ru-qpy and
CuP(Hpy)s-py will be presented.

Keywords: solar water splitting; copper porphyrin, water oxidation; photosensitizer, TiO;
photoanode

BB AIZ BV AT v h—% T 5K U DALT =7 DEEEHS](Ru-qpy.
1) & Ru(bda) Uz 3 A Bl fi i (Ru(bda)-py. bda = 2,2"-bipyridine-6,6'-dicarboxylic acid)
W AE LT TiO, iz 7+ b7/ — K& L THW = FEEERLFEE LB W
T, EFITE KGR BEER B2 T D LI L, W

—F. ZOTiO, 7+ b7/ — RIZBWTIE, %% 7k 7= Ru(bda)-py 73 TiO, #
2D BBET 5 Z I L o TRMBRERE N R4 IR T2 2 L b LN E > T
Do AWETIX, WFAECuRLT 4 —a+
J > CuPTMpy (PTMpy = meso-tetra(4-N-
methylpyridyl)porphyrinato)!! 3 /& \ i 55 2
RRARBERERE 721 T2 < BV EM b IR
FOZ LICHERL. BV YOAT U I—%K
L. 2@ WBK M 2 73 8o 7 A Mk
Cu RNV 7 4V vk H#EAERKME
(CuP(Hpy)s-py. X )YDEKEIT- T, &
#TlZ. CuP(Hpy)s-py & Ru-qpy % 3L
SH7 TiO) 74 M7/ — R4 M1 Ru-gpy & CuP(Hpy)s-py Offis
flERERE I DWW THETH TETH D,

R= Hexyl-
Ru-qpy CuP(Hpy)s-py

[1]. X. Yan, K. Sakai, H. Ozawa, ACS Catal., 2023, 13, 13456.
[2]. Y. J. Liu, Y. Z. Han, Z. Y. Zhang, W. Zhang, W. Z. Lai, Y. Wang, R. Cao, Chem. Sci., 2019, 10, 2613.
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Photocatalytic Ammonia Production with Water as Proton Source (School of Engineering, The
University of Tokyo) OYoshiki Endo, Yasuomi Yamazaki, Yoshiaki Nishibayashi

In recent years, ammonia has attracted attention as a new energy carrier and synthetic
methods for green ammonia are desired to build a sustainable society. Previously we studied
photocatalytic ammonia production driven by visible light irradiation as a pioneering method
for green ammonia.? In this study, we have successfully developed a new photocatalytic system
for ammonia production using a tertiary phosphine as an electron source and water as a proton
source in the presence of a molybdenum complex and an iridium complex as a catalyst and a
photosensitizer, respectively (Scheme 1). This photoreaction was promoted by adding a
pyridine derivative such as 2,4,6-collidine and the maximum amount of produced ammonia
reached 31 equiv based on the molybdenum atom of the catalyst. In the presentation, we will
also report on the optimization of reaction conditions and the investigation of the reaction
mechanism based on stoichiometric reactions.

Keywords : Ammonia, Nitrogen Fixation, Photocatalytic Reaction; Water

T, Ty E=T 3= f X=Xy U T E LCHEAINTEY , Rt rlae7
MEORBUZT 27 ) = T VB =T ARIEORBENBLE I N TN D, YHFJEET
XINFETT Y =07 =T ARIEOERT & LTI X 0 BRE 35 )
iR 7 B =T AU EBIR L CE D, SR A 1L, BB A7 0 %%
FRELTHWDZ LT, fEBEOE) 7TV RO, U DT LEERIFET, KE7 1 K
VIR E LI efhitey 7 v = 7 ARG T A Z L & R L7z (Scheme 1), A
BT, 24,6, ) DU SO AZINZ 52 & T, FOSEENRRKREL A ET D Z &N
BOMNIRY, TUoE=TAREITRKTEY 7T U RH20 31 YEIcE LR,
TR TIPSR ORGSR K O E A BUS I K D OSSO RRRERE R 2 O T

I 5,
Scheme 1. Mo cat. (2 pmol)

Ir photocat. (4 pmol)

2,4,6-Collidine (360 pmol)

N, + 3PhsP + 3H,0 > 2NH; + 3Ph3PO
(180 pmol) (1080 pmol) Benzene (5 mL) 31 equiv/Mo
r, 20 h (62 pmol)
hv (405, 430, 530, 590 nm)
Mo cat. Ir photocat. CF3 —| ONf
N
P I
FaC N/"l
Z::tﬁrwoﬂ ISNA
-P N N tBu

P= PtBU2

1) Y. Ashida, Y. Onozuka, K. Arashiba, A. Konomi, H. Tanaka, S. Kurlyama, Y. Yamazaki, K
Yoshizawa, Y. Nishibayashi, Nat. Commun. 2022, 13, 7263.
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Unique Reactivity of Molybdenum-Oxo Complexes for Nitrogen Fixation (School of
Engineering, The University of Tokyo) O Yoshikatsu Kameda, Shun Suginome, Yoshiaki
Nishibayashi

!
ity

Ammonia is an important compound used as a raw material for fertilizers, various chemical
products, and as energy carrier. We have succeeded in catalytic ammonia formation by the
reaction of nitrogen gas at ambient temperature and pressure with appropriate reductants and
proton sources in the presence of molybdenum trihalogen complexes bearing pincer ligands'.

In this study, we report on the unique reactivity of a newly developed oxo complex (1,
Scheme 1) from a molybdenum triiodide complex bearing a pincer ligand. Oxo complex 1 can
be converted to a nitride complex as active species for ammonia synthesis in a good yield by
reduction under nitrogen atmosphere (Scheme 1), and we found that ammonia can be
synthesized from nitrogen gas at room temperature and pressure using 1 as a catalyst (Scheme
2). This result contrasts with that oxo complexes are generally regarded as inactive species in
ammonia synthesis. By taking advantage of its unique reactivity, 1 was adsorbed on MOF-808>
composed of zirconium(IV) clusters and used as a supported catalyst for ammonia synthesis.
Keywords : Ammonia, Nitrogen Fixation, Metal-Organic Framework (MOF), Supported
Catalyst, Oxo Complex

T =T IIEERRORE 2 B DO JFEE, =R F—F x U T & LTRSS E
WiIMETH D, éﬁ%%i NETICE Y —BfNFE2ATHEY 7T MU e
FUSEROFEE T EIREEDOEZEN A LHEYINE AL O T 1 b URE G S D
ZLITRY ., AT =T ARSI LTS

AEETIX, oV —EN 26T 5FY 7T b 3 — ReREFRENE L CHiz
WZBAZE L7e A% V85K (1, Scheme 1) DFFFRFISIEIZOWTIRET 5, 4% VK
1IEEFHA F COBRTICEIN TV E=TAROIEEETH A= N A~ L2
$iTX (Scheme 1), £7- 1 Zfifit L L CEZ T ANLFIRFEOFRETTT V&=
TARMNARETH D Z & & R L7 (Scheme?2), Z DOFEFIL, 4 F VAN —f%IZT
VESTEARDKIERE L B ENTWAZ & EHBIITH D, & 5T, K1 ORUG
PEEEN LG E LT, Yva=g A(IV)Z 7 A X —%49 2% MOF Toh % MOF-
8082 ~L 1 AW AESE, T E=TAROHEFHEE L L THWAS Z LI LT,

Scheme 1: Conversion of Oxo Complex to Nitride Complex Scheme 2: Catalytic Ammonia Formation Using 1

1
N PBu—zl (1 atm N/—||;P Bu, N, + 6e + 6H" —= 2NH;
@ )—Mo\l + Sml, @ Mo\l (1 atm) rt
- A Sml, H,O 57 equiv/Mo
tBuz 1) BUz 87% B: CoCp*, [ColH]OTf 56 equiv/IMo

(1) Ashida et al., Nat. Synth. 2023, 2, 635-644.
(2) Furukawa et al., J. Am. Chem. Soc. 2014, 136, 4369-4381.

BEE - Z ORURIR, ENIAFIEEBRIE N = R L X — « EEEHIR GBI (NED
0) OZEFEFEZE (JPNP21020) OfERAELNTZH D TY,
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Reduction of carbon dioxide to methane with silanes by using the synergistic effect of cationic
zirconium complexes and B(CsFs)s (Graduate School of Science and Engineering, Saitama
University) OKakeru Maeda, Akihiko Ishii, Norio Nakata

Carbon dioxide, known as a greenhouse gas, is an abundant and stable C1 carbon source,
and has been expected to be used as a raw material for various chemical products. Although
catalytic reduction of carbon dioxide by hydroboration and hydrosilylation reactions have been
reported so far, there are few examples of the reduction of carbon dioxide up to methane. In
this presentation, we describe the reduction of carbon dioxide with silanes catalyzed by
cationic zirconium(IV) complexes supported by [OSSO]-type ligands and B(CesFs); as a
catalyst. The reduction of carbon dioxide (1 atm) with Et;SiH in the presence of 1.6 mol%
dibenzyl zirconium(IV) complex 1 and B(C¢Fs); proceeded in C¢Ds, and after 43 h, the
formation of bis(siloxy)methane, methane, and siloxane were confirmed by NMR
spectroscopies (98% conversion).

Keywords : zirconium, carbon dioxide, hydrosilylation, borane, methane

BESHRET AL L THLRD ZBbRFET, BEIHFETILER Cl REFRTH
D, A IAEREDJREELE L CTOFRIABR G I TWD, 2k Tlg, fiagic —F
fbRFEAEE LT DHE FrBRURERIERE a2 U HERIGDHE STV D A,
| A B ETRILT DEIERENTH 5 19 WIS T, fiik - BRRIES R — g
B F2EAN LT a=0 MERE SR L TEBY, TR EkA Roa-F L7 14 >~
FORBESIZB T DA S LTENT 22826 LTS 3. RIFE T,
—HD[OSSOV MU FERIN. F- 2 AT DA F A LMD a =7 KA L B(CeFs)s % filili
LTV T AW R ERFE DR TS G LD TG T 5.
1.6 mol% M ¥ /L 21 =7 AEEIR 1 3 L OV B(CeFs)s 77E F, 1 KUED "Btk & Et;SiH
| EEANVCE PR S & A, 3T 98%ET L, B A (S mF )R
H o, AZ R DR A ST NMR A7 ML R Y fEER LT,

Bu
cat. 1 (1.6 mol%) Q\’Bu
B(CgFs)3 (1.6 mol%) o
Et3SiH + CO, CH,(OSiEt3), + CH; + (Et3Si),0 SN lr_\\CHZPh
Ce¢Dg, 43 h, RT /6‘CH2Ph
conv. = 98% Bu
TOF=15h"

1) Matsuo, T.; Kawaguchi, H. J. Am. Chem. Soc. 2006, 128, 12362—12363.
2) Wehmschulte, J. R.; Saleh, M.; Powell, R. D. Organometallics 2013, 32, 6812—6819.
3) Nakata, N.; Toda, T.; Ishii A. Polym. Chem. 2011, 2, 1597-1610.
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Catalytic Reactions with Pyridine-Based Metal-Organic Layer (' Department of Chemistry and
Biological Science, Aoyama Gakuin University, *National Institute of Technology, Tsuruoka
College, *Faculty of Materials for Energy, Shimane University) OKengo Honda,' Hiroyuki
Arafune,” Takahiro Sawano,’ Ryo Takeuchi'

As an emerging class of porous molecular materials, metal-organic frameworks (MOFs)
synthesized from metal salts and organic linkers provide a highly tunable platform to realize
highly active heterogeneous catalysts. =~ Among MOFs, two dimensional MOFs are
categorized as Metal-Organic Layers (MOLs), and MOLs have been regarded as excellent
platform with the accessible active sites for catalytic reactions. Our laboratory has recently
synthesized novel pyridine-based MOLs.

A mixture of zirconium tetrachloride or hafnium tetrachloride and a tricarboxylic acid
containing a pyridine formed new two MOLs. The measurement of powder X-ray diffraction
(PXRD) of the MOLs provided similar peaks to a known MOL." The synthesized MOL
metalated with a cobalt salt showed high catalytic activity for hydrogenation of alkenes.
Keywords : Metal-Organic Layer; Heterogeneous Catalyst,; Pyridine; Hydrogenation; Zr-MOF

SR LAY o — DA E 5 Metal-Organic Framework (MOF)/ 38T L\ Vil
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Metal-Organic Layer (MOL) & FE[TFU, JEMERICE D E 0TV & WD R A b o720 fih
BESORIZTHE LTV D, T iddmill, BV Vv aRE s L7-#H7272 MOL OERIZRE
L7,

ik a=g AERITENT7 =0 L EE ) VU EET N U VR VEED DT
7272 MOL ZAERE L 7=, /ERR L7z 2 200 MOL DA X #fs i i AT 12677 © MOL
LD —r R LTz, Eiz, 55472 MOL (X291 MR Z VT X Z 14b
THZENARETH Y, TNT v OKRFACIBEAN T TS 2R LT,

COLH

O O Py-MOL(Zr or Hf)
HO,C CO,H

1) Feng, X.; Song, Y.; Lin, W. J. Am. Chem. Soc. 2021, 143, 8184—8192.
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Catalytic Nitrogen Fixation Using Visible-Light Photosensitizers (Graduate School of
Engineering, The University of Tokyo) O Takahiro Kubo, Yasuomi Yamazaki, Yoshiaki
Nishibayashi

Recently, we successfully developed visible-light-driven uphill-type ammonia production.
Ammonia was photocatalytically produced from the reaction with dihydroacridine as a hydrogen
atom donor in the presence of a molybdenum complex and an iridium complex as a catalyst and a
photosensitizer, respectively, under ambient conditions and visible-light irradiation. In this reaction
system, the amount of produced ammonia was up to only 40 equivalents based on the molybdenum
atom of the catalyst. Therefore, further improvement in the catalytic activity is required. In this
study, we have investigated effective additives to enhance ammonia production. The amount of
produced ammonia and reaction rate were largely improved when adding both a pyridine derivative
and its conjugate acid. This is probably because the pyridine derivative functioned as a proton
mediator to promote both the proton-coupled electron transfer, which is the key process in the
ammonia production from nitrogen, and the deprotonation of dihydroacridine to form a dimer from
the dihydroacridine. Furthermore, the amount of produced ammonia reached 327 equivalents when
a methyl group was introduced at the nitrogen atom of the dihydroacridine. In the presentation, we
will also report on the optimization of reaction conditions and the investigation of the reaction
mechanism based on the stoichiometric reactions and absorption spectroscopy during the photolysis.
Keywords : Ammonia; Nitrogen Fixation, Photocatalytic Reaction; Molybdenum Complexes
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ALY, Lz, ARISRICBIT AT vE=TARBRITIRKRTEY 75 Uikkd
720 40 gL TR KENEEN, £ THREIEL L, RIGERETE S
WM ZALR Uiz, BV P UiFEk kO OB e RNz -2 A 7T oE=
THEREL OVEBGERE O G0 ET 52 ENHLNIRoT-, 2T ) Uikl
KRTa b AT fo—F—L L THREL, BENDLT VBT ~OLEBIC LB
[T'a N REFBEN EPe a7 27 U orns el LIz bR~
RN E Iy T a N oALRs) O FERE L0 EEZ LD, SHICVE
Fe7 27U DERBI[/F EICATFNAVRKREEAN LT L Z A, OSTEMER R E L THRKR
DT =T AEMEIL 327 YEICE L, BETIE, MCEFRHFORFHERIINZ, &
A S S OGRS HR DWRIN A~ 7 R OVRIE S A D < BUSHERE O R EHRE & 6 OfF

THET D,
FoCo 1P o
—Mo—I O
Mo cat. (1 pmol) N\—P/I L
= P | N
Ir photocat. (2 umol) P =PBu, Mo cat. H
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1) Y. Ashida, Y. Onozuka, K. Arashiba, A. Konomi, H. Tanaka, S. Kuriyama, Y. Yamazaki, K.
Yoshizawa, Y. Nishibayashi, Nat. Commun. 2022, 13, 7263.
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Catalytic Conversion of Dinitrogen to Isocyanate with Newly Prepared Molybdenum—Nitride
Complexes (School of Engineering, The University of Tokyo) O Keita Sugiyama, Shun
Suginome, Yoshiaki Nishibayashi

Recently, direct and catalytic synthesis of organonitrogen compounds from dinitrogen under
ambient conditions has attracted attention considering enormous energy required to produce
ammonia as an intermediate. Our group for the first time reported the catalytic reaction to
produce isocyanate (NCO") as one of the organonitrogen compounds directly from dinitrogen
by using molybdenum-nitride-iodo complexes as catalysts."

Herein, we have investigated the reaction mechanism of NCO™ formation in detail, and
newly designed molybdenum complexes to further improve catalytic activity. As a result, we
achieved the direct synthesis of over 40 equivalents of NCO™ per the catalysts from dinitrogen
by using molybdenum-nitride-triflate complexes as catalysts and benzyl chloroformates as
carbon-centered electrophiles (Scheme 1).

Keywords : molybdenum-nitride complex, isocyanate, organonitrogen compound, pincer-type
ligand; nitrogen fixation
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Scheme 1.
172 N, + 3 Smiy(thf), + BnOCOCI cat NCO™ st N pt
2 2 THF, rt, 16 he e
1 atm TON: 41.7 N~ Moot
4BnOCOCI was slowly added for 12 h “—PBu,
and reaction mixture was stirred for additional 4 h [Mo(N)(OTf)(PCP)]

1) Itabashi, T.; Arashiba, K.; Egi, A.; Tanaka, H.; Sugiyama, K.; Suginome, S.; Kuriyama, S.;
Yoshizawa, K.; Nishibayashi, Y. Nat. Commun. 2022, 13, 6161.
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