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Synthesis and Properties of Strongly Electron-donating Phosphines with a Tetrairon-
tetracarbon Core as Substituent (!Graduate School of Science and Technology, Hirosaki
University) OKenta Nakayama', Shun Ohta', Masaaki Okazaki'

Our group has successfully synthesized a tetrairon cluster bridged by two acetylene
molecules. The cluster has been shown to be electron-rich and exhibit multi-step redox
behavior.! Incorporation of the cluster core into a phosphine ligand as a substituent would lead
to alternation of reactivity and selectivity of metal centers.? Herein, we report the synthesis and
properties of a redox-active phosphine ligand 3 possessing a [4Fe—4C] core and two cyclohexyl
groups as substituents. The reaction of 1 with HPCy, and ‘BuOK in CH>Cl, at room temperature
afforded 2 in 81% vyield. The further reaction of 2 with DBU (1,8-diazabicyclo[5.4.0]-7-
undecene) in CH3;CN gave 3 in 90% yield. The crystal structures were determined by single
crystal X-ray diffraction studies. 3 reacted with H,O», Sg, and Se to give phosphine oxide,
phosphine sulfide, and phosphine selenide, respectively, and this reactivity is characteristic of
tertiary phosphines. To estimate an electron-releasing character of 3, the s character of the lone
pair orbital will also be discussed based on the coupling constant 'Jps. of phosphine selenide.
Keywords:cluster chemistry, phosphine ligand; redox activity
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Scheme 1. Synthesis of complexes 2 and 3

1) Okazaki, M. et al. J. Am. Chem. Soc., 1998, 120, 9135-9138.
2) Okazaki, M. et al. Organometallics, 2009, 28, 7055-7058.
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Synthesis of a Cuboidal [Mo,Fe,S4] Cluster Bearing Cyclopentadienyl (Cp) Ligands and Its
Catalytic Activity for CO, Reduction (ICR, Kyoto U.) OSayaka Shimoyama, Yuto Matsuoka,
Kazuki Tanfuji, Yasuhiro Ohki

Transition metal-sulfur clusters catalyze reductions of inert small molecules as enzymatic
cofactors. FeMoco ([(R-homocitrate) MoFe;S¢C]) is the catalytic active site of nitrogenase and
is known to reduce CO, as well as N». We have synthesized [Cp*sMosFeS4Cl] (1, Cp*t =
CsMesSiEts) as a structural and functional analog of FeMoco and demonstrated its N> and CO,-
reducing activity. For further investigating the influence of the number of Fe reaction sites and
steric hindrance of provided by Cp ligands on the product profiles, [Cp*“2Mo,Fe>S4Cl] (2),
containing two Fe sites, was synthesized and tested as a catalyst in CO; reduction. Cluster 2
was characterized through X-ray and electrochemical analyses and exhibited higher activity in
the catalytic conversion of CO; to CH4 than cluster 1 with single Fe site.

Keywords : Metal-sulfur cluster; Fe; Mo; CO; reduction
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1) Lee, C. C.; Hu, Y.; Ribbe. M. W. Angew. Chem. Int. Ed. 2015, 54,1219 —1222. 2) Ohki, Y. et al. Inorg.
Chem. 2019, 58, 5230-5240. 3) Ohki, Y. et al. Nature 2022, 607, 86-90. 4) Kawaguchi, H.; Yamada, K.;
Ohnishi, S.; Tatsumi, K. J. Am. Chem. Soc. 1997, 119, 10871-10872.
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Construction of Modified Electrodes with [Mo3S4] Clusters (Institute for Chemical Research,

Kyoto University, *Graduate School of Science, Tokyo Institute of Technology, *Graduate

School of Engineering, Osaka University) (ORin Watanabe,' Hitoshi Izu,' Kazuki Tanifuji,'

Mio Kondo, Shigeyuki Masaoka,’ Yasuhiro Ohki'

In biological reductions of inert molecules such as N, and CO,, clusters containing multiple
metals and sulfur act as the catalytic active centers. Based on our bio-inspired [Mo3SsFe] cluster
catalysts ([Cp®;sMo3;SsFeCl], where Cp® = CsMes, etc.) that catalyze N reduction, this study
focuses on the development of electrodes that accumulate cubane-type [Mo3SsM] clusters (M:
a transition metal for the reaction site) and charge transfer sites, aiming for the electrochemical
reduction of inert small molecules. Our novel ligands, containing a coordination site and a
charge transfer site, were observed to bind to a [Mo3S4] cluster. Applying an oxidation potential
to the resultant complex led to a polymerization reaction through the dimerization of the charge
transfer units and gave a modified electrode with the cluster immobilized.

Keywords - Metal-sulfur cluster; Electrochemistry; Modified electrode
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1) Y. Ohki et al. Nature 2022, 607, 86-90.
2) H. Iwami, M. Okamura, M. Kondo, S. Masaoka, Angew. Chem. Int. Ed. 2021, 60, 5965-5969.
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Syntheses of Ruthenium Complexes having a Non-Innocent PNS-
Type Pincer Ligand

(!Graduate School of Engineering, Nagasaki University, *Université Toulouse III - Paul
Sabatier) O Motoki Yamada!, Marceline Humbert?, Julien Monot?, Blanca Martin-Vaca?,
Yasuhiro Arikawa!, Didier Bourissou?

Keywords: PNS-type pincer ligand; Dearomatization; Ruthenium

Transition metal complexes featuring pincer ligands play a major role in synthesis, bond
activation, and homogeneous catalysis. In this work, we synthesized two ruthenium
complexes having a novel PNS-type pincer ligand and we started to explore the
dearomatization of the PNS ligand.

Reaction of [Ru(CO)CIH(PPh;);] with 1.5 equiv. of a PNS-type pincer ligand at 65 ‘C for
1h afforded [(PNS)Ru(CO)CIH] (1) in 89 % yield. Also, [(PNS)RuCl,(PPhs)] (2) was
synthesized by the reaction of [RuCly(PPhs)] with a PNS-type pincer ligand. The X-ray
structural analysis of 2 revealed that two chloride ligands were located in the trans position.
Then, we studied the dearomatization of the PNS ligand by deprotonation. Complex 1 was
reacted with 1 equiv. of ‘BuOK in THF at r.t. for 1h to give a dearomatized species, which was
confirmed by NMR spectra.  However, this dearomatized species decomposed after
evaporation of the reaction solution. Therefore, to avoid this decomposition treatment of 1
with 1.2 equiv. of ‘BuOK in the presence of PMes resulted in a dearomatized ruthenium
complex [(PNS)Ru(CO)H(PMe;)] (3). The *'P NMR spectrum showed a new additional
signal and the "H NMR spectrum exhibited a hydride signal, which was more shielded than
that of the condition without adding PMe;.  Additionally, one PNS side arm’s 'H NMR signal
disappeared. These indicated that PNS ligand was dearomatized. This complex may display
metal-ligand cooperativity.

@ 1) PMe;  MesR @
[Ru(CO)CIH(PPh;);] _2)'BuOK_

S \ THF THF

65°C, 1 h sH rt,1h s W
1 3
cu\,
RuCl,(PPh 7é
[ 2(PPhy),] . Ru—PPh,
THF
65°C,1h s Cl
2

Figure 1. Syntheses of ruthenium complexes having a PNS-type pincer ligand and
dearomatized reaction of 1
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Anion and Solvent—Response of Diruthenium Complexes with Bridging Non-Chelate
Diphosphine Ligands (' College of Life Sciences, Ritsumeikan University, *School of Materials
and Chemical Technology, Tokyo Institute of Technology) OSoma Kato,' Kazuki Shinozaki,’
Satoshi Suzuki,? Yoshihito Kayaki,? Shigeki Kuwata'

We have recently synthesized a diruthenium complex 1 bearing a non-chelate diphosphine,
1,3-bis(diphenylphosphino)benzene (DPPBz), as the bridging ligands. Complex 1 has a closed
Ruy(dppbz), skeleton owing to the hydrogen bonds between the protic pyrazole ligands and
chloride counteranion. Addition of PF¢ anion to 1 led to conformational change of the
Rux(dppbz), core to an open structure. We report here a solvent-response of the structure of 1.

A CD;0D solution of 1 exhibited two '"H signals for the /Bu groups as well as two *'P signals
and 7Bu signals in contrast to the CD,Cl, solution. The spectra indicate that the conformation
of 1 changed from the C,,-symmetrical closed structure to an open one, in which one of the
two DPPBz ligands flipped (eq 1). Evaporation of the solvent and dissolution in CD»Cl,
reproduced the original NMR spectra.

Keywords : Ruthenium,; Dinuclear Complex; Hydrido Complex; Proton-responsive Ligand;
Hydrogen Bond
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1) S. Shinozaki, S. Suzuki, Y. Kayaki, S. Ando, S. Kuwata, The 103rd CSJ Annual Meeting, 2023, K504-
2pm-14.
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Synthesis of Ruthenium Complexes Bearing o-Dinitrosobenzene Ligands and Various Protic
Ligands. ('College of Life Sciences, Ritsumeikan University, *School of Materials and
Chemical Technology, Tokyo Institute of Technology) Ryo Kanai,! O Takuya Harada,’
Yoshihito Kayaki,? Shigeki Kuwata'

Ortho-dinitrosobenzene (L°f) is a non-innocent ligand, which undergoes reversible
reduction to o-benzoquinone dioximate ligand L™ having a quinoid structure.! We previously
reported hydrogen transfer between the L and L™ ligands in [Rulo(L°*)(L™H,)] obtained
from the reaction of the dinitrosobenzene complex [Rul>(dmso)2(L°¥)] (1) and L™H,.? Here,
we introduced various protic chelate ligands to 1.

Reactions of 1 with ethylenediamine and dimethylglyoxime led to the formation of the
corresponding bis(chelate) complexes 2 and 3, respectively (eq 1). The structures of 2 and 3
were determined by single crystal X-ray structural analysis. The redox properties and proton
response of complexes will be discussed.

Keywords : Ruthenium,; Oxime Complex, Nitroso Complex, Amine Complex
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1) T. Harada, S. Ando, S. Kuwata, Eur. J. Inorg. Chem. 2022, €202200293.
2) T. Harada, S. Kuwata, The [01st Annual Meeting of CSJ, 2021, A14-4pm-02.

© The Chemical Society of Japan -F1231-2pm-06 -



F1231-2pm-07 BALSS HE104BFES (2024)

ROREBRAESTZILFOOEZY) T U

(PREET) O=fF $hoK - I 14h - 5A BT - AJF 3

Vinylidene Rearrangement of Internal Alkynes with a Boryl Group (Faculty of Science and
Engineering, Chuo University) OTakuya Mitsubo, Kosuke Sakajiri, Takahiro Iwamoto,
Youichi Ishii!

Vinylidene rearrangement of alkynes provides a well-established and powerful method for
alkyne transformations, while use of borylalkynes is still limited to one example with a terminal
alkyne despite the synthetic utility of organoboron compounds. We herein report the first
vinylidene rearrangement of internal borylalkynes, in which commonly used tricoordinate
boryl groups are applicable in addition to a tetracoordinate borate-type group. Mechanistic
study revealed that the rearrangement proceeds via 1,2-boryl migration regardless of the
coordination number of the boron center, and that the electrophilic tricoordinate boryl group
dramatically facilitates the rearrangement. The migration mode was elucidated by theoretical
calculations to imply that the migration of the tricoordinate boryl groups is estimated to be an
electrophilic process.

Keywords : Ruthenium; Boryl Group, Vinylidene Rearrangement; Internal Alkyne
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(1) F, Hill. et al. Dalton Trans. 2015, 44, 5713-5726.
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Amination of Naphthylmethyl Alcohols with Protic Pyrazole Complexes of Ruthenium
('College of Life Sciences, Ritsumeikan University, *School of Materials and Chemical
Technology, Tokyo Institute of Technology) O Keisuke Fujii,! Naoto Tashima,” Yoshihito
Kayaki,? Shigeki Kuwata'

We have synthesized a variety of B-protic pyrazole complexes and explored their metal—
ligand cooperative reactivities.? For example, we have revealed that a ruthenium pyrazole
complex 1 reacts with 1-naphthylmethyl alcohol to give the n-benzyl complex 2.> We report
here amination of 1-naphthylmethyl alcohol catalyzed by 1.

The reaction of 1-naphthylmethyl alcohol with an equimolar amount of p-acetylaniline in
the presence of 5 mol% of 1 resulted in formation of the benzylic substitution product 3 in 28%
yield. The reaction mechanism and substituent effect of aniline will be discussed.

Keywords: Ruthenium; Pyrazole Complex, n-Benzyl Complex; Amination
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LT, a XU UNEER2 #5252 L AL LEEY, AE $EEK1 N 177 F
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5 mol% DK 1 DIFFETF, 1-F 7 F A AF AT Va—LE 1 48D p-TEF LT
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btz (X2), RIGHEEST =V v OBEENARKISIZE 2 5 B2 OO0 Tikm

25
ﬁjp':e —IPFG

— u /Ru
Y
CH3OH (1)
OH
0,
+ HN < > < (5 mol%) @)

CH;OH
1:1 50 °C 3, 28%
1) W.-S. Lin, S. Kuwata, Molecules 2023, 28, 3529.

2) N. Tashima, S. Ohta, S. Kuwata, Faraday Discuss. 2019, 220, 364.
3) N. Tashima, S. Kuwata, The 99th Annual Meeting of CSJ, 2019, 2D1-36.
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Synthesis and Properties of Multinuclear Copper Complexes Supported by a Bis(aminal)—1,8-

Naphthyridine Ligand (Graduate School of Science, Tohoku University) O Ayano Mitake,
Takashi Komuro, Hisako Hashimoto

Multi-nuclear copper complexes supported by nitrogen-based chelate ligands are of great
interest due to their relevance to the active centers of metalloenzymes such as tyrosinase.! In
this study, we developed a new multidentate ligand 1 composed of a rigid 1,8-naphthyridine
backbone and cyclic aminal moieties, which was then used for the synthesis of several
multinuclear complexes 2—4. For example, treatment of 1 with Cul afforded 2. Meanwhile,
treatment of 1 with CuCl afforded 3 and 4 through the ring opening of the aminal moieties.
Although 3 and 4 were not separable, addition of 2,7-diacethyl-1,8-naphthyridine a to the
mixture gave a helical-type dicopper complex 5 as the main product. Complex 5 was also
obtained directly from 1, a, and [Cu(NCMe)4]BF..

Keywords : Multinuclear Complex, Copper Complex, Naphthyridine; Cyclic Aminal; Crystal Structure
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XX O s
HN,NH HN_NH NGl Clu—
S A +2cucl e .
S CD4CN, rit., 1 week N s
. = F
ligand
1 3

+ 2 [Cu(NCMe),]BF,
va CD4CN
60°C, 1 week [§
a

The gation part of §
1) M. Rolff, J. Schottenheim, H. Decker, F. Tuczek, Chem. Soc. Rev. 2011, 40, 4077—4098.
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Catalytic C-H Hydroxylation by Dinickel and Dicopper Centers supported by a Macrocyclic
Ligand (Osaka Univ.) O Tamaki Nishimura, Keita Yamanaka, Kenta Ochiai, Tsubasa
Hatanaka, Yasuhiro Funahashi

To achieve more efficient and selective hydroxylation of hydrocarbon, we performed synthesis
and reaction of dinickel and dicopper complexes having a macrocyclic ligand. The macrocyclic
ligand has two bis(aminnomethyl)pyridine moieties, and thus is capable of retaining dinuclear
metal centers. Reaction of the ligand with nickel salts or copper salts provided desired
complexes 1-3, confirmed by X-ray diffraction, respectively. The complexes 1-3 were found to
promote hydroxylation of benzene and cyclohexane in the presence of hydrogen peroxide as
an oxidant, and to be highly durable in comparison with the reported catalysts.

Keywords : Catalytic Hydroxylation; Dinuclear Complexes;, Macrocyclic Ligands;
Multidentate Ligands; Hydrogen Peroxide
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(I0), HEEAER(ID), E72FHAN N Y 77— F2EHSE 5 Z & THB L7 (Figure1), X
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Synthesis and Crystal Structures of Ni(II) Complexes Having an N-Benzimidazolylmethylated
Imidazolium or Its Deprotonated Form

(' Graduate School of Science and Technology, Hirosaki University) OTatsunari Murakami,'
Masaaki Okazaki,! Shun Ohta'

Transition metal complexes bearing benzimidazole derivatives form various network
structures as the benzimidazole ring serves as the site for hydrogen bonds and/or w-m
interactions.! In this study, we newly synthesized complexes 1 and 2 (Figs. 1c and 1d) and
investigated the network structures in their crystalline states.

Keywords : Nickel Complex, Imidazolium Salt; Benzimidazole, Single Crystal X-ray Structure
Analysis; Hydrogen Bond

NU A IE T VHEE AT & 8 b) o :
. NS A:M = Ni =
THEBRBIERIT, VALY ,}mﬁ) SO

MR ARRE S IR N o HWN
LTS 72, fmIREIC BT & Cj o oH .
EEFE TRy NI S BRT B D, Fox ’ N

> > c) d) 7 74
4 Fig. la R 2 ODR Y A I XY — A \ND (N\-aN\/ﬁ»O

VBRI IR A S T B & B N ‘ wg
DR AR B DXy N — I HEEE 2 R CI/N{"",CI /\N”N(;\Q;@
FTHI B LT R ), RBFACIL B o ~p oW
FEFEZNL TR A I LS — LB Fig. 1 Structures of (a) A, B (b) L, (¢) 1, and (d) 2.

Cc

A XYY Y AR LT L (Fig. 1b) /\T *%k T)T/a
HOLWEEOBT 1 ki ALRZFFOER 1 & 2 ‘ \\ /\/\/
(Fig. lc B LU 1d) 2B L fEdIREE L~z
B 113, NiCL:6H,0 12%F L CEU T~ L % 1R )

SEAHZ LTIV AR LT, Bk X R W{}
MrofE g, 1 1XBE9 %55 ¢ N-H---Cl k& / N ~ /,«

it C-H---Cl KFEEER L nn AHEIEH % )y\f

WAk LT = L Ao t- (Fig 2), — bk \ k /“\/
IZ. L % KOBu T L7-%., ¥ YED ))e( /:j\
NiCl'6H,0 &GS A& THM LT, BE

. ) --:hydrogen bond -« -t interaction
L, SR 2 DRy FU—ZREE LG T D, Fig. 2 Crystal structure of 1.

1) Wang, Y.-Y. et al., J. Coord. Chem. 2006, 59, 1106—1121. 2) Ohta, S. et al., (a) Cryst. Growth.
Des. 2020, 20, 4046-4053. (b) Inorg. Chem. 2022, 61, 19890-19898.
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Generatlon and Reactivity of Monovalent Palladium Mononuclear Complexes (School of
Material and Chemical Technology, Tokyo Institute of Technology'; Department of Applied
Chemistry, National Defense Academy?) ORyoga Inoue!, Shuhei Ikeda!, Sayuri Takeuchi',
Koji Yamamoto?, Tsubasa Omoda', Tetsuro Murahashi!

Mononuclear Pd(I) radical complexes with d” electron configuration have been thought to be
unstable due to the facile disproportionation to Pd(0) and Pd(II) species or dimerization through
the formation of a Pd—Pd bond. There are few reports on the synthesis and reactivity of
mononuclear Pd(I) complexes. Our group has successfully synthesized mononuclear Pd(I)
complexes containing phosphine ligands. In this presentation, we will report the generation of
the mononuclear Pd(I) complexes and some reactions.

Keywords: Monovalent Palladium
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Synthesis of Bis(chelate) Cobalt Complexes Bearing Benzoquinone Dioxime Ligands
(‘College of Life Sciences, Ritsumeikan University, *School of Materials Science and Chemical

Technology, Tokyo Institute of Technology) ODaichi Kato,' Yuya Kusano,' Takuya Harada,’
Shigeki Kuwata'

Ortho-benzoquinone dioxime L™H, is expected to be a non-innocent ligand participating in
proton and electron transfer.! For example, the ruthenium complex [Rul»(L)(L™'H,)] (1)
contains the deprotonated oxime ligand L™ and two-electron oxidized form L, which undergo
facile hydrogen transfer between them.” We report here related cobalt complexes.

Reaction of anhydrous cobalt(I) dichloride and two equiv of L™'H, and subsequent
recrystallization from DMSO led to the formation of the anionic cobalt(Ill) complex
[H(dmso):][CoCly(L™*H),] (2) in 56% yield. The sharp signals in the '"H NMR spectrum of 2
suggested the diamagnetic nature of 2. X-ray analysis revealed that detailed structure of 2
bearing two singly-deprotonated, monoanionic L™H ligands. The redox behavior and proton
response of 2 will also be discussed.

Keywords : Cobalt; Oxime Ligand; Redox
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IRCBUERNAF L AR L TERY, BIREDELR D Z2DF L— MEALFRITO
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1) T. Harada, S. Ando, S. Kuwata, Eur. J. Inorg. Chem. 2022, ¢202200293.
2) T. Harada, S. Kuwata, The 67th Symposium on Organometallic Chemistry, 2021, PA-42.
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Redox Interconversion and Reactivities of Isoindoline-Based
Polyprotic Cobalt(ll)/(111) Pincer Complexes

('School of Materials and Chemical Technology, Tokyo Institute of Technology, *College of Life
Sciences, Ritsumeikan University) (OWei-Syuan Lin,' Shigeki Kuwata?
Keywords: Cobalt; Pincer Ligand; Pyrazole, Isoindoline; One-electron Redox

Protic pyrazole has been attractive ligands in coordination chemistry owing to their proton-
responsive nature.! Recently, our group has introduced two protic pyrazoles into
diiminoisoindoline framework to synthesize a new type of pincer ligand, ®“LHj (1,3-bis(5-tert-
butylpyrazol-3-ylimino)isoindoline), which has a total of three ionizable NH groups. We have
also isolated a series of its iron and cobalt complexes and explored their reactivity.>* In this
work, we investigated the redox interconversion between cobalt(I1)/(III) complexes as well as
their reactivity.

The reaction of [CoCly(®"LH3)] (1) with PMes in a 1:2 ratio resulted in the formation of a
cobalt(I) transient species, which was observed by '"H NMR spectrum. Subsequent addition of
an equimolar amount of NEt; and FcPF«/KPF¢ (Fc = Cp,Fe) afforded cobalt(Il) and cobalt(III)
bis(phosphine) complexes [CoCl(PMes3)2(BYLH»)]™" (n =0 (2), 1 (3)) with a mono-deprotonated,
L,X-type ligand, respectively. The interconversion of 2 and 3 could be achieved with FcPFs
and Cp»Co, which highlights the one-electron redox ability of the cobalt complexes. On the
other hand, addition of hydrazine to the transient species or 3 afforded the hydrazine-bridged
cobalt(IIT) complex [Co(PMes)(BUL)]a(u12-N2Ha), (4) with dissociation of a phosphine ligand.
The products 1-4 were fully characterized by X-ray diffraction analysis along with ESI-MS
and "H, 3'P NMR spectroscopy.
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1) W.-S. Lin, S. Kuwata, Molecules 2023, 28, 3529.
2) T. Toda, S. Kuwata, Z. Anorg. Allg. Chem. 2021, 647, 1471.
3) W.-S. Lin, S. Kuwata, The 73rd Conference of JSCC, 1Aa-01 (2023).
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