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Synthesis of Silicon-containing Cyclic Compounds by Silylative Cyclization of Arynes
(Graduate School of Advanced Science and Engineering, Hiroshima University) O Shoya
Moriyama, Masaaki Nakamoto, Takumi Tsushima, Hiroto Yoshida

Silicon-containing cyclic compounds such as dibenzosiloles and silabenzene derivatives are
useful as synthetic intermediates and functional molecules; developing new methods for
synthesizing them has been an important subject. Dibenzosiloles are typically synthesized by
capture of dianionic species generated from 2,2°-dibromobiaryls with dichlorosilanes; however,
due to the difficulty in obtaining unsymmetrical 2,2’-dibromobiaryls, the synthesis of
unsymmetrical dibenzosiloles via this route often becomes laborious. On the other hand,
dibenzosiloles can also be synthesized by transition metal-catalyzed intramolecular
cyclizations.

Herein, a novel silylative cyclization with arynes is demonstrated to occur under transition
metal catalyst-free conditions, wherein an organolithium compound or magnesium metal is just
utilized, allowing easy access to diverse silicon-containing cyclic compounds.

Keywords : Aryne; Cyclization; Silicon-containing cyclic compound, Silylation
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1) K. Ozaki, W. Matsuoka, H. Ito, K. Itami, Org. Lett. 2017, 19, 1930.

2) Y. Koide, Y. Urano, K. Hanaoka, T. Terai, T. Nagano, ACS Chem. Biol. 2011, 6, 600.
3) L. Britt, Y. Zhao, Phys. Chem. Chem. Phys. 2024, 26, 26526.

4) T. Ureshino, T. Yoshida, Y. Kuninobu, K. Takai, J. Am. Chem. Soc. 2010, 132, 14324.
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Reductive Transformation of Esters by Cooperation of Photocatalyst and Silicon Lewis Acid
(Graduate School of Engineering, The University of Osaka) ORyota Takahashi,' Yoshihiro
Nishimoto,! Makoto Yasuda,'

Activation of esters by single-electron reduction has attracted considerable attention in
organic chemistry. Photoredox catalysis has emerged as a powerful tool for reductive
transformations of carbonyl compounds under mild conditions. Recently, photoredox-
catalyzed reductions of esters to alcohols or aldehydes have been reported.> However, C-C
bond formation to afford ketone derivatives via single-electron reduction of esters remains
challenging. Herein, we report the single-electron-transfer (SET) activation of aromatic esters
through the cooperative action of a photocatalyst and a silicon Lewis acid. Coordination of the
ester to MesSiCl lowers the LUMO energy of the ester, thereby facilitating single-electron
reduction to generate an acetal radical. This radical species undergoes dimerization to afford a
protected diketone.

Keywords : ester, silicon Lewis acid, reductive transformation
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1) S. Okumura and Y. Uozumi et al., J. Am. Chem. Soc. 2024, 146, 16990.
2) K. Liang and C. Xia et al., Angew. Chem. Int. Ed. 2025, 64, ¢202420084.
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Synthesis of Functional Disilane and Trisilane Compounds via Si—Si Bond Formation Reaction
and Investigation of Their Optical Properties ('School of Engineering, Hokkaido University,
2Graduate School of Chemical Sciences and Engineering, Hokkaido University, *Graduate

School of Engineering, Hokkaido University, *WPI-ICReDD, Hokkaido University) ORyohei
Nakayama,' Natsumi Hammyo,? Hajime Ito**

Oligosilanes with aryl substituents exhibit c-conjugation through the Si chain and o—=n
conjugation between the aryl group and the Si group. These properties depend on their
molecular conformation, and the effective conjugation occurs in oligosilanes with an all-anti-
conformation.” However, in general, conformationally constrained oligosilanes have been
difficult to synthesize.? In this work, we synthesized novel pyrenyl-substituted disilane and
trisilane compounds with various silicon chain structures via Si—Si bond formation reactions
using silylboranes with nucleophilic activators.” We investigated their molecular structures by
single-crystal XRD analyses and also studied their optical properties.

Keywords : Organosilicon compounds, Disilane; Oligosilane; o-Conjugation; o-r Conjugation
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1) Fukazawa, A.; Tsuji, H.; Tamao, K. J. Am. Chem. Soc. 2006, 128, 6800-6801.
2) Tsuji, H.; Michl, J.; Toshimitsu, A.; Tamao, K. J. Syn. Org. Chem. Jpn. 2002, 60, 762-773.
3) Kawachi, A.; Minamimoto, T.; Tamao, K. Chem. Lett. 2001, 30, 1216-1217.
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C(sp®)-H Bond Alkylation by Zirconium Photocatalysis ('School of Engineering, Okayama
University, *Graduate School of Environmental, Life, Natural Science and Technology,
Okayama University) O Akane Tomita,' Naoki Oku,”> Tomoya Miura?

Photoredox catalysis is a convenient method to generate various radicals. However,
photoredox catalysts often require expensive precious metals, such as iridium and ruthenium.
Therefore, it is important to develop new catalysts based on earth-abundant and cost-effective
metals. Zirconium is abundant in the Earth's crust, and its Clarke number is higher than that of
copper and nickel. Herein, we report C(sp®)-H bond alkylation reaction using zirconium
photoredox catalysis.

A mixture of cyclohexane (5.0 equiv), benzalmalononitrile (0.20 mmol), ZrCls (5.0 mol%),
bathophenanthroline (bphen, 5.0 mol%), and LiCl (20 mol%) in acetonitrile (2.0 mL) was
stirred under purple LEDs (390 nm) irradiation at ambient temperature. After 24 hours, the
alkylation product was formed in 88% isolated yield. Mechanistically, photoinduced LMCT of
ZrCls generated a chlorine radical, which abstracted a hydrogen atom from cyclohexane.
Electron-deficient olefins captured the resulting alkyl radical.

Keywords : Photoredox Catalysis; Zirconium, Radicals; C(sp3 ')—H Functionalization
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Regio- and Diastereoselective Aldol Reaction Using Cyclic Germyl Dienolates from
Allenoates with Ge(Il) Salts (Graduate School of Engineering, The University of Osaka)
(OTaishi Nojima, Akihito Konishi, Makoto Yasuda

Dienolates are fundamental nucleophilic reagents for the synthesis of various natural
products. Their two reactive sites make the control of regioselectivity a primary focus for
synthetic chemists. However, achieving a selective aldol reaction of a dienolate with an
aldehyde is challenging because it can produce up to eight possible regio- and stereoisomeric
aldol adducts. In terms of the synthetic utility, accessing two or more specific isomers from the
same dienolate is in high demand. Herein, the selective synthesis of three aldol adducts 4 using
cyclic Ge-dienolates 2 through precise control of reaction conditions.

The cyclic Ge-dienolates 2 was obtained from the (4+1) cycloaddition of allenoates 1 with
GeCl; salt. By the choice of the solvent and the presence of a Lewis acid, the selectivity of the
aldol reaction of 2 with aldehydes 3 was precisely controlled, affording three specific isomers
(syn-a, anti-a, anti-y) with high regio- and diastereoselectivity. Furthermore, the
functionalization of 4 enabled the synthesis of complex indene derivatives.

Keywords : Germylene, Allene; Aldol Reaction,; Regioselecticity, Diastercoselectivity
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1) M. Oiarbide, C. Palomo, Chem. Eur. J. 2021, 27, 10226.
2) P. Ballester, A. Costa, A. Garcia-Raso, R. Mestres, Tetrahedron Lett. 1987, 28, 3853.
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Stannylation of Aryl Chlorides with Stannylpotassium Reagents ( Graduate School of Advanced
Science and Engineering, Hiroshima University)OYuto Aoki, Ryoka Hirata, Mao Maeda,
Masaaki Nakamoto, Takumi Tsushima, Hiroto Yoshida

Arylstannanes are versatile carbon nucleophiles in synthetic organic chemistry, with their
practicality arising from high stability toward air and moisture, which can be utilized for a
variety of chemoselective transformations, including the Migita—Kosugi—Stille cross-coupling.
Nucleophilic stannylations using such stannyl anionic reagents as stannyllithium and
stannylsodium are one of the representative methods for accessing them, and aryl
iodides/bromides are generally employed as carbon electrophiles; the stannylation of less
reactive aryl chlorides, in contrast, remains challenging. Herein, we disclose that diverse aryl
chlorides can also be stannylated smoothly using highly nucleophilic stannylpotassium species
generated from silylstannanes; even electron-rich amino-substituted aryl chlorides are
efficiently convertible into the respective arylstannanes under visible light irradiation
conditions.

Keywords : Stannylpotassium; Aryl chloride; Stannylation,; Photo-excitation
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1) Y. Hiraoka, T. Imagawa, K. Nakanishi, H. Kawabe, M. Nakamoto, T. Tsushima, H. Yoshida, Chem.
Sci.2024,15,15152-15159.
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Niobium-catalyzed synthesis of amidines from nitriles and amines ('Kansai University,
Department of Chemistry and Materials Engineering Faculty of Chemistry, Materials and
Bioengineering, > Daikin Finetech, LTD.) OMotonari Obinata, ' Wataru Hato, ? Yuto Isomura, >
Akito Uchida, > Yasushi Obora !

Amidine is important intermediates for pharmaceuticals and functional materials.” Therefore,
the development of efficient and sustainable synthetic methods is a significant challenge in
organic chemistry. Conventional methods often require stoichiometric amounts of metal salts
or expensive catalysts such as lanthanides,” resulting in environmental concerns and poor atom
efficiency. Accordingly, we focused on niobium, an earth-abundant element. In particular,
niobium pentachloride has been widely employed as a catalyst in various reactions owing to its
strong Lewis acidity.?

In this study, we developed a novel catalytic reaction for the synthesis of amidines from nitriles
and amines using niobium pentachloride as a catalyst precursor. This catalytic system exhibited
high selectivity toward the target amidine, minimizing the formation of byproducts. Furthermore,
it successfully converted substrates that were difficult to transform under conventional conditions
into the corresponding amidine with high yields. This presentation reports the optimized reaction
conditions, substrate scope and discusses the reaction mechanism.

Keywords : Niobium, Amidine, Nitrile, Amine, Catalytic reaction
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1) J. Limwongyut, A. S. Moreland, K. X. Zhang, M. Raynor, S. Chattagul, T. A. Fitzgerald,
Y. Breton, D. V. Zurawski, G. C. Bazan, J. Med. Chem. 2023, 66, 14303.

2) P. A. Koutentis, S. 1. Mirallai, Tetrahedron 2010, 66, 5134.

3) J. Wang, F. Xu, T. Cai, Q. Shen, Org. Lett. 2008, 10, 445.

4) Y. Satoh, Y. Obora, Eur. J. Org. Chem. 2015, 7771.
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Constructions of Methylenecyclobutane Flameworks Using Sn(II) Salt as a Redox Catalyst
(Graduate School of Engineering, The University of Osaka) Taishi Nojima, OYuto Miura,
Akihito Konishi, Makoto Yasuda

Two-electron redox catalysis based on main group elements has attracted attention. While
group 15 elements have been actively explored owing to their bistable redox behavior, the
application of group 14 elements remain less explored because of the instability of redox
processes. Herein, we describe dimerization of allenone catalyzed by Sn(II) salts.

Treatment of allenone 1 with catalytic amount of SnBr; in Et,O gave methylenecyclobutane
derivatives 3. Notably, the product 3 was obtained in high yield with high stereoselectivity.
Further, we confirmed the generation of a high reactive Sn(IV)-dienolate 2 as a key
intermediate by trapping experiment. The derivatizations of 3 constructed the spirocyclic and
fused frameworks featuring the four-membered ring. Additionally, we applied this reaction to
the cross dimerization of allenones with a.f-unsaturated carbonyls.

Keywords : Sn(ll) salt; Allenone;, [2+2] Cycloaddition, Methylenecyclobutane;
Stereoselectivity
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Ar = Ph : 88% (Z/E = 96/4)

1) J. M. Lipshultz, G. Li, A. T. Radosevich, J. Am. Chem. Soc. 2021, 143, 1699.

Cl
(4+1) J-C j\/C%tB
10 mol% Sn(ll)Br, o— Ar = u Ar
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Mechanochemical Birch Reductive Silylation of Polycyclic Aromatic Hydrocarbons (Graduate
School of Science, Nagoya University) OShota Mikawa, Yoshifumi Toyama, Hideto Ito

Silicon-substituted polycyclic aromatic hydrocarbons (Si-PAHs) are promising luminescent
materials, as silicon substitution often enhances fluorescence quantum yields.!"! However, the
synthesis of Si-PAHs remains limited by the poor solubility and less availability of halo-
substituted PAH precursors. Birch reductive transformations one of complementary reactions
directly providing Si-PAHs from unfunctionalized PAHs via anionic activation of PAH by
alkali metal.”! We have previously reported a lithium(0)-mediated mechanochemical Birch
reductive arylation of PAHs,"! in which efficient generation of anionic species is achieved by
direct ball-milling of bulk lithium. Herein, we report a mechanochemical Birch reductive
silylation of PAHs by ball-milling PAHs with lithium(0), followed by reaction with
chlorosilanes. This protocol enables the rapid silylation of various PAHs without the need for
prefunctionalized substrates. In this presentation, we will discuss the efficient synthesis of
various Si-PAHs, along with their substrate scope and photophysical properties.

Keywords : Polycyclic aromatic hydrocarbons, Mechanochemical reactions; Birch reduction;
Silyl group, Lithium
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ERZET B D®, ZHUCEEE LT 2025 45, 4P TIEA—/L I L& fv 7z PAH
DA/ 2 J1)v Birch it 7 U — ALIEE B L T B0, RIS T, @BER
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PAH (Zxt L C Birch 3@l U LRI T35 Z 2 R Lz, BRTIEL, ATFEE
Tk 2 7e4i&E D > U v b PAH OBGEA Rk & ZEEE &P, etk 7e SleonC

3 SEa A
Ho Ho "~ S'Rs ' ReSi_ H |
o -* Li T “ il Rss|C| *. -
—_—
L. “ <. ball-milling .- . baII -milling .- “ ..
1 ' anionic 1 : silylation : :

! ' activation
[1] T. Karatsu, R. Hazuku, M. Asuke, A. Nihsigaki, S. Yagai, Y. Suzuri, H. Kita, A. Kitamura, Org.
Electron. 2007, 8, 357.
[2] () H. Gilmax, R. L. Harrell, C. L. Smith, K. Shixa, J. Organomet. Chem. 1966, 3, 387. (b) K.
Kanno, Y. Maemura, N. Kobayashi, S. Kyushin, Chem. Lett. 2013, 42, 112.
[31Y. Toyama, A. Yagi, K. Itami, H. Ito, Nat. Commun. 2025, 16, 5044.
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Exploring the Mechanochemical Generation of Tertiary Alkyl-Metal Nucleophiles (' Faculty

of Engineering, Hokkaido University, * Institute for Chemical Reaction Design and Discovery
(ICReDD)) Olunichi Sugimoto', Yamato Fukuzawa', Koji Kubota'? , Hajime Ito'?

Direct metalation of tertiary alkyl halides with zero-valent metals is generally challenging due
to the relatively high stability of the radical intermediates and the substantial steric hindrance
around the reaction site. We previously demonstrated that mechanochemical activation using
ball milling enables the highly efficient direct synthesis of a variety of organometallic species'
*. In this study, we extended this approach to the preparation of tertiary alkyl-metal nucleophiles.
We found that reaction of adamantyl bromide with commercial Ca metal in the presence of
TMEDA, followed by reaction with hexafluorobenzene, resulted in the formation of an
aromatic nucleophilic substitution product.

Keywords : Mechanochemistry, Ball mill ; Direct synthesis, Organometallic; Solid-state
reaction

0 id)Ez W= E =T VRN NT A ROEHEAZ AL, TREAEE LTH
K25 T DN DHERRE W EMER X ORGEE O OSREE R E D= % &
SHEATESH DL Z LIIREETH 5, FxlTLIFI, xR GERIEEMOBEEIEICL S
B, A=V IV EZHNTZ AT 7 I VEICE Y RIEICIET S Z 2R LT
WA RIFGE IR, 2O EEE R T VR Ve R SRR OF LA & R L7z,
EtofE e, BT X~ % % TMEDA fF(E T, HiRD Ca &L & HITR—
VIV L% AT T A Fa R P U AR ER S S LT BER R E A
SO EITTHZ E 2R LT,

F
F F F
F F
Br CaBr F F
Ca/TMEDA F F F
—_— —_—
ball milling ball milling

1) P.Gao,J. Jiang, S. Maeda, K. Kubota, H. Ito, Angew. Chem. Int. Ed. 2022, 61, ¢202207118.

2) Y. Gao, K. Kubota, H. Ito, Angew. Chem. Int. Ed. 2023, 62, ¢202217723.

3) K. Kondo, K. Kubota, K, H. Ito, Nature Synth. 2025, 4, 744.

4) K. Kondo, M. Lowe, N. Davison, P. G. Waddell, R. J. Armstrong, E. Lu, K. Kubota, K. H.
Ito, Nature Synth. 2025, Accepted.
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Reductive Transformation of Thiophenes by Electron Injection (Graduate School of Science,
Kyoto University) OKeigo Miki, Takashi Kurogi, Hideki Yorimitsu

We have previously developed aromatic metamorphosis of thiophenes via reductive cleavage
of the two C—S bonds by electron injection with alkali metal reductants”. Herein, we report
reductive transformations of thiophenes bearing electron-withdrawing groups.

Reduction of thiophenes bearing electron-withdrawing groups, such as amides, at 2- and 5-
positions with alkali metal reductants resulted in the formation of dianionic species 1
quantitatively. Treatment of the dianionic species 1 with two equivalents of an electrophile led
to the Birch-type introduction of two functional groups, giving dihydrothiophenes 3. The
monoanionic species 2 formed by the reaction with one equivalent of an electrophile underwent
C-S bond cleavage to afford the ring-opened intermediates 4, which were trapped with a
different electrophile to yield 1,3-dienes 5.

Keywords : Thiophenes; Lithium; Reduction
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1) A.Kaga, H. lida, S. Tsuchiya, H. Saito, K. Nakano, H. Yorimitsu, Chem. Eur. J. 2021, 27, 4567.
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Cleavage of Ethers via Mixed Metal Reductants under Mechanochemical Conditions
(‘Graduate School of Engineering, Hokkaido University, *Institute for Chemical Reaction
Design and Discovery, Hokkaido University) OGenki Naito,' Keisuke Kondo,' Koji Kubota,"
2 Hajime Ito"?

Ether bond cleavage reactions using alkali metals enable the facile scission of chemically inert
C—O bonds and thus represent a synthetically useful methodology. However, under
conventional solution-based conditions, these reactions typically require a large excess of alkali
metals and complicated reaction set-ups under an inert atmosphere, and often proceed with low
yields.?

In this study, we found that, in the mechanochemical demethylation of anisole derivatives
using a ball mill, the simultaneous use of two different metals as reductants exhibited superior
reducing performance compared to the use of a single bulk metal. This phenomenon suggests
that mechanochemical treatment promotes the mixing and interaction of different metals,
leading to the formation of a new mixed-metal-based reducing system. We systematically
investigated the effects of various combinations of metal reductants on the reaction efficiency.
Keywords : Mechanochemistry,; Ball Mill; Alkali Metal; Reductant, Bond Cleavage
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metal (4.0 equiv)

OMe b1 (4.0 equiv) O |i+Na (2.4 equiv + 1.6 equiv) :74%
> Li 161 %
glucose (1.0 equiv) Na - 66 %

ball milling (30 Hz) ’

50 °C (internal), 60 min

1.0 mmol

1) Maercker, A. Angew. Chem. Int. Ed., 1987, 26, 972.
2) Bhatt, M. V.; Kulkarni, S. U. Synthesis, 1983, 4, 249.
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Stereocontrolled Reductlve Difunctionalization of Alkynes by Heavy Alkali Metal Reductants

(Graduate School of Science, Kyoto University) O Ziwei Zhang, Takashi Kurogi, Hideki
Yorimitsu

Alkali-metal-mediated reductive functionalization of alkynes is an important transformation
in organic synthesis. We have developed reductive syn-difunctionalization of alkynes using
alkali metal reductants and trialkoxyborane.'* Recently, we found the crucial role of the alkali
metal cation for the stereoselectivity in the reductive difunctionalization of alkynes.’ Here, we
report the investigation on the stereoselectivity of the reductive difunctionalization of various
alkynes using heavy alkali metal reductants, such as potassium and rubidium. Reduction of
silylacetylene with sodium and potassium reductants afforded an anti/syn mixture of the
diborated product, while reduction with rubidium reductants resulted in the exclusive formation
of the anti-diborated product.

Keywords : Organorubidium, Stereocontrol; Single-electron reduction
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1. S. Ito, M. Fukazawa, F. Takahashi, K. Nogi, H. Yorimitsu, Bull. Chem. Soc. Jpn. 2020, 92, 1171.
2.Y. Jiang, T. Kurogi, H. Yorimitsu, Nat. Synth. 2024, 3, 192.
3. Z. Zhang, T. Kurogi, H. Yorimitsu, ChemRxiv. 2025. doi:10.26434/chemrxiv-2025-j4kw.
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