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Nickel-Catalyzed Amination of Biphenylene C—-C Bonds with Electrophilic Amination
Reagents (Graduate School of Engineering, Osaka University)

(OTakeru Inoue, Soshi Nishino, Kosuke Yasui, Koji Hirano

Deconstructive functionalization of cyclic compounds has emerged as a synthetic strategy
providing compounds that are otherwise challenging to synthesize". However, most existing
methods require a stoichiometric amount of reagents. Moreover, it is necessary to expand a
range of introduced functional groups to access a wider variety of compounds.

In this study, we focused on expanding the functional groups in deconstructive
functionalization based on the nitrogen-umpolung-enabled reactions®. As a proof-of-concept,
we commenced with reactions using biphenylene. As a result, we developed the nickel-
catalyzed deconstructive aminoarylation of biphenylene with arylboronates and hydroxylamine
derivatives, involving the ring opening of biphenylene. In this presentation, we will also discuss
the related aminoborylation and hydroamination reactions of biphenylene.

Keywords : Nickel catalysts; Electrophilic amination; Biphenylenes, C-C Bond cleavage

%ﬁmA%%%%LOOEEﬁM¢é$& HHF AR LTV EA RO SR A
2 B0, ITHEICD ;%%éMTwé“ —, BEFEOFEDSL 13 bR

*Emﬁ%%%w FEATX HEREOCHEBEICIHERORHME S 5,
AWFGE TIT YW= T L C & 7o isfiic S REBE 07 2 /{RICSIL
DHRE L LRI BERELICBWTCEATE S EREDSZH LA HIE LT, £71%
FOSN—TFTart e LT T 2= DT Y —L7 I LK ISEDOBFSIC
AT, EOREE, @7 Ni s T, e7x=1v> 7V —/NAdhn g
AT B R T I UBEREKGSEDLE BT = LU OBREY & bR,
LT 27 V=T I pEnGEons xR Lz, fEL T, 73 /7 FUHEb
RIGE LV Ra7 I {ERISIZOW T AhbETHET 5,

cat. Nllllgand
) - w e weo 0 &

Nu=H, B, C T base

1) (a) Roque, J. P;; Kuroda, Y.; Géttemann, L. T.; Sarpong, R. Science 2018, 361, 171-174. (b) Roque, J.
P.; Kuroda, Y.; Géttemann, L. T.; Sarpong, R. Nature 2018, 564, 244-248. (c) Review: Morcillo, S. P.
Angew. Chem. Int. Ed. 2019, 58, 14044-14054.

2) Hirano, K. Bull. Chem. Soc. Jpn. 2023, 96, 198-207.
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Mechanistic Studies of Nickel-Catalyzed Reaction of Acylsilanes
with Norbornenes for the Synthesis of Silyl Enol Ethers

(‘Osaka Univ.* Osaka Univ. ICS-OTRI) O Akihisa Matsuura,' Mamoru Tobisu'"2
Keywords: Nickel catalyst; DFT calculations; Acylsilane; Silyl enol ether; Norbornene

Our group reported on Pd-catalyzed cyclopropanation of alkenes using acylsilanes?.
Mechanistic studies revealed that the reaction proceeds via oxidative addition of the C—Si bond
of acylsilane and the subsequent 1,3-migration of a silyl group to form palladium-siloxycarbene
intermediate®. On the other hand, when a nickel catalyst was used, aliphatic acylsilanes reacted
with norbornene to form silyl enol ethers¥, rather than undergoing decarbonylation or
cyclopropanation*. Mechanistic studies based on DFT calculations will be presented.
Keywords : Nickel catalyst; DFT calculations; Acylsilane; Silyl enol ether; Norbornene
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1) Sakurai, S.; Inagaki, T.; Kodama, T.; Yamanaka, M.; Tobisu, M.; J. Am. Chem. Soc. 2022, 144, 1099.
2) Inagaki, T; Kodama, T.; Tobisu, M. Nature Catal. in press (doi: 10.1038s41929-023-01081-5)

3) Matsuura, A.; Tobisu, M.; The 103rd CSJ Annual Meeting, K406-1am-10 (2023)

4) Nakatani, S.; Ito, Y.; Sakurai, S.; Kodama, T.; Tobisu, M.; J. Org. Chem., 2020, 85, 7588.

5) Srimontree, W.; Lakornwong, W.; Rueping, M.; Org. Lett., 2019, 21, 9330.
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Pd/Ni-catalyzed thiomethylation of haloarenes using a novel organic thiomethylating agent
(Graduate School of Advanced Science and Engineering, Waseda University) OSae Toyoda,
Keiichiro lizumi, Junichiro Yamaguchi

Aryl sulfides are important motiefs that are frequently used in pharmaceuticals and
agrochemicals. In recent years, research on the C—S bond formation has rapidly progressed,
particularly the method for cross coupling reaction between aryl halides and thioalkylating
agents. However, there are few reports on thiomethylation because methanethiol, which has
been used for coupling with aryl halides, is highly volatile and poisons metal catalysts. In this
study, we succeeded in the palladium-catalyzed thiomethylation of aryl halides using a novel
organic thiomethylating agent. Additionally, we achieved thiomethylation of arylsulfonates in
the presence of nickel catalyst.

Keywords : sulfidation; thiomethylation; organic thiomethylating agent, Pd,; Ni
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1) (a) Baldovino-Pantaledn, O.; Hernandez-Ortega, S.; Morales-Morales, D. Adv. Synth. Catal. 2006,
348,236-242.
(b) Isshiki, R.; Kurosawa, M. B.; Muto, K.; Yamaguchi, J. J. Am. Chem. Soc. 2021, 143, 10333—
10340.
(c) Hopkins, B. A.; Zavesky, B.; White, D. J. Org. Chem. 2022, 87, 7547-7550.
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Nickel-Catalyzed Cross-Coupling of 2-Fluorobenzofurans with Arylboronic acids via
Construction of Metalacycles (*Division of Chemistry, Faculty of Pure and Applied Sciences,
University of Tsukuba, 2Sagami Chemical Research Institute)

OHaruna Yabuki,! Ryutaro Morioka,* Kohei Fuchibe,* Junji Ichikawa,? Takeshi Fujita?

We developed a synthetic method for 2-arylbenzofurans using C—F bond activation via
metallacycle formation as a key step. Treating 2-fluorobenzofurans 1 with arylboronic acids 2
and a zero-valent nickel catalyst at room temperature resulted in high yields of Suzuki—
Miyaura-type coupling products. NMR analysises suggested that the reaction proceeded via the
formation of nickelacyclopropane A followed by pg-fluorine elimination, rather than direct
oxidative addition of the C—F bond.

Keywords . C-F Bond Activation; Metallacycles; pS-Fluorine Elimination; Benzofurans;
Arylboronic Acids
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1) Morioka, R.; Fujita, T.; Ichikawa, J. Helv. Chim. Acta 2020, 103, e2000159.
2) Fujita, T.; Morioka, R.; Fukuda, T.; Suzuki, N.; Ichikawa, J. Chem. Commun. 2021, 57,
8500; Li, Y. Monatsh Chem. 2022, 153, 193.
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Synthesis and Reactivity of Ni(0) Complexes Bearing Monodentate Triarylborane Ligands
(Faculty of Engineering, Osaka University, *ICS-OTRI, Osaka University, *Center for Future
Innovation (CFi), Faculty of Engineering, Osaka University) Yutaka Mondori,! Yasuhiro
Yamauchi,' Yuta Uetake,"? Hidehiro Sakurai,'> Sensuke Ogoshi,! Yoichi Hoshimoto!**

Tris(pentafluorophenyl)borane, B(C¢Fs)s, is the representative boron-based Lewis acid,
which has been widely used for various molecular transformations. We recently revealed the
synthesis of Ni(0) complexes (2) bearing N-phosphine oxide-substituted imidazolinylidenes
(PoxIms) and B(CsFs); as a monodentate c-accepting ligand, namely a Z-type ligand. This is
the first example on a transition metal complex including a bonding interaction between metal
centers and B(CsFs)s. In this work, we report the reaction between 2 and gaseous oxidants to
afford Ni(II) biaryl complexes (2) through the aryl group transfer from the triarylborane ligands.
Keywords : Nickel complex,; Z-type ligand; N-Heterocyclic carbene,; Borane
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1) G. Erker, Dalton Trans., 2005, 1883. 2) Y. Hoshimoto, S. Ogoshi, Bull. Chem. Soc. Jpn., 2021, 94,
327.3) % 103 [EFEZFHFES K406-1am-04 4) A. Amgoune, D. Bourissou, Chem. Commun., 2011, 47,
859. 5) H. Braunschweig, R. D. Dewhurst, Dalton Trans., 2011, 40, 549.
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Photodriven Nickel-Catalyzed Acylcyanation of Styrenes with Acyl Fluorides and TMSCN (!
Graduate School of Environmental, Life, Natural Science and Technology, Okayama
University, >Graduate School of Engineering, Kyoto University)

OReo Saeki,! Naoki Oku,? Yuriko Doi, ! Tomoya Miura'

Photodriven transition-metal-catalyzed reactions without exogeneous photocatalysts have
rapidly gained much attention in the past few years. Herein, we report a photodriven nickel-
catalyzed acylcyanation of styrenes with acyl fluorides and TMSCN.

The mixture of 4-cyano styrene (1), benzoyl fluoride (2), and TMSCN was stirred at room
temperature under blue LED irradiation for 48 hours in the presence of Ni(cod)2 and (rac)-Tol-
BINAP. The desirable product 3 was isolated in 70% yield. The photoexcited nickel complex
generates acyl radicals from acyl fluorides. The resulting radicals add onto the C—C double
bond of styrenes, and then the CN group is introduced at the benzylic position. This method
can be applied to a variety of styrenes and acyl fluorides including the substructure of natural
products and pharmaceuticals.

Keywords : acylcyanation, acyl fluoride, nickel, photoreaction, radical reaction
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Synthesis and Reactivity of Nickel Complexes Bearing a PAIP Pincer Ligand (Graduate School
of Engineering, Kyoto University) (OHayato Asano, Kotaro Nagase, Naofumi Hara, Kazuhiko
Semba, Yoshiaki Nakao

Group 13 metalloligands have received attention due to their high c-electron donicity and
Lewis acidity derived from the low electronegativity and a vacant p orbital of group 13
elements. Consequently, transition-metal complexes with a group 13 metalloligand exhibit
distinct reactivity toward a variety of Lewis basic substrates through cooperative action of the
two metals.

Here, we report the synthesis of nickel complexes bearing an aluminum pincer ligand and
the reactivity of the resulting aluminum-nickel bimetallic complexes.

Keywords : metalloligand; aluminum, nickel; bimetallic complexes

913 BROLRENL 1T, BRGMERSE 13 EERECRICHET @m0 o BTG L,
ﬂLum$?5W4xMi%ﬁ¢&%@kaﬁB%Eﬁﬁﬂ%%ﬁ?é%@éﬁﬁw
ﬁéﬁﬂ%@@%mién:~&ﬁ%ﬁ%ﬁmﬁﬂ%&@é”oa@ﬁbi,Twzzvb/
= I VHBARER B ANENY o HEOUNICEEETH D Z LIZEBL 2, TAI=ULE
B oY =B F2A8T 5=y RO A KB X ORISHEZ R,

PAIP v % —BfL 1 1 & ZE & D Ni(cod) (cod: 1,5-cyclooctadiene) & &R EFHX . N B
B BIR TGS ELEZA, TAI =T h— =y T VEESER 3 20K 79% Tl (A%
—A 1), 512, Al FICHZ2HET 5 PAIP B o4 —EUr T 2 &80 Ni(cod), 32 ot
50 CTRUSSED & SR 4 D3R 88% TR L ILZ, A5 DOEADHIEIL, %1 NMR 55
FOHLAE A X SRS ARAT (2 k> TRIE L7z,

Scheme 1
Ni(cod), ~all ) PiPr,
X=Cl (1.0eq.) / NI\N: I-/C|\N Me
N /s "Nzl N~
\——P’F’I‘z 4 —N =

. benzene, rt PPr, |
/—PPry under N, \/N
N 3, 79%

\

N\_ i . Rpre N
P'Pr, Ni(cod), Me H\"\‘_ \/N
(1.0 eq.) \ AN
1,X=cCl > QN\,A/IZ/_/'/M\N\
2,X=H X=H benzene, 50 °C 7 i~y \Q
under N, N&/"jlprz Me
r2

4,88%
1) a)J.Takaya Chem. Sci. 2021, 12, 1964.b) Y. Nakao et al. ACS Catal. 2022, 12, 1626. ¢) T. Komuro,
Y. Nakajima, J. Takaya, H. Hashimoto, Coord. Chem. Rev. 2022, 473, 214837.
2) a)Y. Nakao, Chem. Rec. 2011, 11, 242. b) Y. Nakao, Bull. Chem. Soc. Jpn. 2012, 85, 731.
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Nickel-Photoredox-Catalyzed Stereoconvergent Coupling of Alkenyl Halides and Nitrogen-
Containing Heterocycles (Graduate School of Engineering, Kwansei Gakuin University) O
Sodai Nishino, Ko Sudo, Takuya Kurahashi

The N-alkenylation of nitrogen-containing heterocycles can be accomplished via copper-
catalyzed direct coupling reactions with alkenyl halides", however the reaction of trans-
bromoalkene gave coupling products, while reaction of cis-bromoalkene led to alkyne
formation. Hence, the reaction cannot produce the thermodynamically less stable Z coupling
products. Inspired by the photoisomerization of olefines®, we found that it is possible to
synthesize N-(1-alkenyl) azoles stereoconvergently by using nickel-photoredox catalyzed
coupling reaction of alkenyl halides with azoles as a new synthetic method for Z-selective V-
(1-alkenyl)azoles with stereoisomerization and bond formation. As part of the elucidation of
various mechanistic studies, it was found that olefines in both the substrates and the products
photoisomerize in the presence of photocatalyst. Furthermore, in situ EPR measurements
suggested that heteroarene radicals are formed in the reaction system via PCET mechanism.
Keywords : Ni-Photoredox catalysts; Stereoconvergent Reaction; PCET; Photoisomerizattion;
Heteroarene radical
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1) M. Taillefer, A. Ouali, B. Renard, and J. Spindler, Chem. Eur. J. 2006, 12, 5301-5313.
2) H.Zhang, Q. Xu, L. Yu, and S. Yu, Eur. J. Org. Chem. 2020, 1472-1477.
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Coupling Reaction Utilizing Alkoxy Radical Formation from Orthoformate (Graduate School
of Engineering, Kwansei Gakuin University) OSaki Shigemura, Takuya Kurahashi

A reaction to generate alkoxy radicals directly from tertiary alcohols via PCET has been
reported by combining a photocatalyst and a Bernsted base. Another method to generate
methoxy radicals by using N-alkoxypyridinium salts has been reported and used for coupling
reactions with alkenes. We thought that if alkoxy radicals generate more easily, we could
achieve a new form of C-O bond formation. Therefore, we conceived the idea of using
orthoformate, which is inexpensive and readily available, as a source of alkoxy radicals. The
newly developed alkoxy radical generation method was found to be applicable to the
etherification reaction with aryl halides. We performed in situ EPR and React IR to investigate
the reaction mechanism of the developed catalytic reaction. The results suggest the formation
of alkoxy radicals in the reaction system. In addition, we newly discovered the possibility of
introducing tertiary alkoxy groups into etherification reactions, which is generally considered
to be difficult, by applying this reaction.

Keywords : Photoredox reaction; Alkoxy radical;, Hydrogen atom transfer; Orthoformate
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LY *mﬁmwmw%’%j

1) H. G. Yayla, H. Wang, K. T. Tarantino, H. S. Orbe, and R. R. Knowles, J. Am. Chem. Soc. 2016,
138,10794 -10797.

2) A. Barthelemy, B. Tuccio, E. Magnier, and G. Dagousset, Angew. Chem. Int. Ed. 2018, 57, 13790 —
13794.
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Ni-catalyzed Desulfonylative Suzuki-Miyaura Cross-Coupling of Arylsulfones

(‘Graduate School of Science, Nagoya University, *WPI-ITbM, Nagoya University, *Queen s
University), ORyusei Ohkura,' Masakazu Nambo,"? Cathleen M. Crudden,>*

Organosulfone compounds have attracted much attention as a new class of electrophiles in
cross-coupling reactions.' Our group have developed a Ni-catalyzed Suzuki-Miyaura cross-
coupling of unactivated aryl sulfones. In this presentation, we report an investigation of
substrate scope and iterative transformations using sulfonyl groups. And cross-coupling with
ring opening of benzothiophene dioxide followed by trapping with electrophiles afforded a
variety of o-terphenyl sulfone derivatives. Control experiments revealed that the sulfinates
released during the reaction had the specific effect of shortening the induction period and
promoting the generation of catalytically active species.

Keywords : Ni catalyst; Sulfone; C—SO: bond activation ; Cross-coupling reaction; Iterative
transformation
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1) a) M. Nambo, Y. Maekawa, C. M. Crudden, ACS Catal. 2022, 12,3013. b) J. Corpas, S. H. Kim-Lee,
P. Mauleon, R. G. Arrayas, J. C. Carretero, Chem. Soc. Rev. 2022, 51, 6774.

2) R. Ohkura, Y. Tahara, C. M. Crudden, M. Nambo, manuscript in preparation.

3) a) P. Chatelain, A. Sau, C. N. Rowley, J. Moran, Angew. Chem., Int. Ed. 2019, 58, 14959. b) Fukuda,
J.; Nogi, K.; Yorimitsu, H. Org. Lett. 2019, 21, 8987. ¢) Q. Zhang, W. Zhang, R. Cui, Y. Zhang, D. Niu,
Chem. Org. Front. 2023, 10, 645.
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Synthesis and Nickel-Catalyzed Depolymerization of Polyphenylene Ethers Bearing a

Directing Group ('Graduate School of Engineering, Osaka University, 2ICS-OTRI, Osaka
University) OHiroki Morita,' Satoshi Ogawa,' Yu-I Hsu,! Hiroshi Uyama,?> Mamoru Tobisu'-?

Controlled depolymerization of polymers whose main chains consist of strong chemical
bonds are limited despite their potential utility as high performance plastics. For example, the
depolymerization of PPE, which is a high performance polymer with phenolic C—O bonds in
the main chain, is limited to those using heterogeneous catalysts' and chemical oxidation.? In
this study, we synthesized a PPE-related polymer bearing a directing group in the side chain.
C—0 bonds in the main chain can be reductively cleaved by nickel catalysis under relatively
mild conditions.

Keywords : Polyphenylene Ether; Chemical Recycling; C—O Bond Activation, Nickel Catalyst;

Reductive Cleavage
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! (a) Feng, B.; Jing, Y.; Guo, Y.; Liu, X.; Wang, Y. Green Chem. 2021, 23, 9640. (b) Jing, Y.;
Wang, Y.; Furukawa, S.; Xia, J.; Sun, C.; Hiilsey, M. J.; Wang, H.; Guo, Y.; Liu, X.; Yan, N.
Angew. Chem. Int. Ed. 2021, 60, 5527.

2 Shimoyama, Y.; Nakajima, Y. ChemSusChem, 2023, €202300684.
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Synthesis and Nickel-Catalyzed Depolymerization of Poly(phenylene sulfide) Bearing a
Directing Group ('Graduate School of Engineering, Osaka University, > ICS-OTRI, Osaka
University) O Namiki Takenaka,! Satoshi Ogawa,! Yu-I Hsu,! Hiroshi Uyama,! Mamoru
Tobisu'?

Controlled depolymerization of polymers whose main chains consist of strong chemical bonds
are limited despite their potential utility as high performance plastics. For example, the
degradation of PPS, a high-performance polymer whose main chain consists of C—S bonds, has
been reported using nucleophilic aromatic substitution reactions'? and using transition metal
catalysts.>> However, harsh reaction conditions and loss of sulfur functionality remain to be
addressed. In this study, we synthesized a PPS derivative bearing a directing group in the side
chain. C-S bonds in the main chain can be reductively cleaved regioselectively by nickel
catalysis under relatively mild conditions.

Keywords : Poly(phenylene sulfide); C-S Bond Activation; Nickel Catalyst; Reductive
Cleavage; Chemical Recycling
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1) Yu, Z.; Miao, G.; Wu, Q.; Chen, Y. Macromol. Chem. Phys. 1996, 197, 4061.

2) Wang, S, J.; Bian, S, G.; Yan, H.; Xiao, M.; Meng, Y, Z. J. Appl. Polym. Sci. 2008, 110, 4049.

3) Lian, Z.; Bhawal, B, N.; Yu, P.; Morandi, B. Science 2017, 356, 1059.

4) Minami, Y.; Matsuyama, N.; Matsuo, Y.; Tamura, M.; Sato, K.; Nakajima, Y. Synthesis 2021, 53,
3351.

5) Delcaillau, T.; Woenckhaus-Alvarez, A.; Morandi, B. Org. Lett. 2021, 23, 7018.

© The Chemical Society of Japan -E1111-2pm-12 -



E1111-2pm-13 BAfLE4 B104BFEL (2024)

FA—IWETILTE FORFBEBRKEHDY TV VIICEBFAIRATILERK
RURBET)  OZ=IK FEM - Il 286K - A B IESE - AW A
Photoinduced Dehydrogenative Coupling of Thiols with Aldehydes Forming Thioesters

(Graduate School of Engineering Kyoto University) O Shousuke Miki, Tairin Kawasaki,
Masahiro Murakami, Naoki Ishida

Dehydrogenative coupling, which evolves H, as the sole byproduct, offers an atom-
economical method for constructing organic skeletons. In our laboratory, we have previously
reported that dehydrogenative coupling between toluene derivatives and aldehydes proceeds
by the cooperative action of an iridium complex and a nickel bromide complex under
irradiation with visible light, forming benzyl ketones'. In this presentation, we report the
synthesis of thioesters by dehydrogenative coupling between thiols and aldehydes. As a
representative example, we describe the reaction of 4-(¢-butyl)benzenethiol with octanal.
Equimolar amounts of these reactants were dissolved in ethyl acetate, along with
Ir[dF(CF;3)ppy]2(dtbbpy)PFs (2 mol%) and NiBry(dtbbpy) (5 mol%) as catalysts. Upon
irradiating the resulting solution with blue LEDs (425 nm) for 24 hours, the dehydrogenative
coupling cleanly took place to afford the desired thioester in 96% yield with no detectable
amounts of the corresponding disulfide and diketone.

Keywords : Dehydrogenative Coupling; Thioester; Radical; Hydrogen Atom Transfer,
Photoredox
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1) T. Kawasaki, N. Ishida, M. Murakami, J. Am. Chem. Soc. 2020, 142, 3366.
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Mechanical-force-driven C—O Cross-coupling Reaction using Dual Nickel(II)/Mechanoredox
Catalysis

(‘Graduate School of Engineering, Hokkaido University, “WPI-ICReDD, Hokkaido University)
OReon Hisazumi,' Tamae Seo,' Koji Kubota,'* Hajime Ito'~

A photoredox/nickel dual catalyst has been recognized as a powerful catalytic system for
carbon—heteroatom bond formation reactions. However, the photo-induced system requires
long reaction times, strict deoxygenated conditions, and high-purity reaction solvents." Our
group has previously developed a mechanoredox catalyst based on piezoelectricity as a
complement to photoredox catalyst.” This force-induced system under ball-milling conditions
is characterized by solvent-minimized conditions, short reaction time and simple operation
under air. In this study, we have successfully developed a C—O coupling reaction using a dual
catalytic system that combines a mechanoredox catalyst and a nickel catalyst. This reaction
proceeded under ambient, solvent-free conditions to deliver various aryl ethers in good yields.
Keywords : Mechanochemistry, Ball mill; Piezoelectric Material; Dual Catalyst; Cross
Coupling
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1) Terrett, J. A.; Cuthbertson, J. D.; Shurtleff, V. W.; MacMillan, D. W. C. Nature 2015, 524, 330.
2) Kubota, K.; Pang, Y.; Miura, A.; Ito, H. Science 2019, 366, 1500.
3) Seo, T.; Kubota, K.; Ito, H. Angew. Chem. Int. Ed. 2023, 62, ¢202311531.
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