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Rhodium-Catalyzed oa-Acyloxylation of Allene Carboxamides (Graduate School of
Engineering, University of Fukui) oNaoki Hikida, Hirotsugu Suzuki

The ideal synthetic method for a-substituted carbonyl compounds, which are core structures
of biologically active compounds, involves a nucleophilic addition to the a-position of a,f3-
unsaturated carbonyl compounds. This one-step approach offers high atom economy and
efficient conversion to target molecules but remains underdeveloped. Traditional approaches
for o-functionalization of a,B-unsaturated carbonyl compounds often rely on enolate
intermediates, which act as nucleophiles, under reductive reaction conditions. To switch the
reactivity of a,B-unsaturated carbonyl compounds from a nucleophile to an electrophile, we
developed a rhodium-catalyzed a-acyloxylation of allene carboxamide with carboxylic acids.
A wide variety of carboxylic acids were successfully incorporated at the a-position of allene
carboxamides, affording the o-oxygenated 3-butenamides with excellent regioselectivity.
Furthermore, the addition of a catalytic amount of potassium enhances the reactivity.
Keywords & Rhodium-catalysts; Allene carboxamides; Carboxylic acid
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(1) (a) Suzuki, H.; Moro, R.; Matsuda, T. J. Am. Chem. Soc. 2024, 146, 13697—-13702; (b) Suzuki, H.;
Yamanokuchi, S.; Moro, R.; Matsuda, T. Org. Lett. 2024, 26, 6444—6448.

(2) (a) Zhao, D.; Oisaki, K.; Kanai, M.; Shibasaki, M. J. Am. Chem. Soc. 2006, 128, 14440-14441; (b)
Suzuki.l.; Hamada. Y.; Uji. Y.; Shibata. 1. Org. Biomol. Chem. 2022, 20, 5402-5405.
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Iridium-Catalyzed Atroposelective C—H Alkylation of Pyrrole Derivatives (' Graduate School
of Science, Osaka Metropolitan University, *Faculty of Science, Osaka City University) O
Kentaro Yamakawa,' Yuki Okayama,' Takahiro Nishimura'~

Axially chiral biaryls are ubiquitous and important skeletons that appear in bioactive
compounds, natural products, and pharmaceuticals. Although several successful methods for
synthesizing 6-membered chiral biaryls have been disclosed, methodologies for constructing
5-membered chiral biaryls have been less explored due to their low rotational barrier. Here we
report iridium-catalyzed atroposelective C—H alkylation of 5-membered pyrrole derivatives. In
this reaction, the C—H addition of pyrroles, which have N-methylbenzimidazolyl as a directing
group, to the terminal alkenes proceeded in a branched selective manner. The alkylated pyrroles
having a central chirality and an axial chirality derived from the C—N bond were obtained.
Keywords : Iridium Catalyst; Atroposelective; Pyrrole Derivatives; Alkylation; Asymmetric
Reaction
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Q [IrCl(coe)]> (5 mol% Ir) Q
—N (R)-tol-binap (6 mol%) —N
PAI"2

N NaBArF, (10 mol%) N

N + = N PAr,
| / toluene, 80 °C, 20 h D_( OO
Ar
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ArF = 3,5-(CF3),CeHy 96% yield Ar(= Z{_("C'H";épH
95%, 91% ee e

dr=7:1
1) B. Zhou et al., Sci China Chem, 2023, 66, 2480-2491.
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Ir-catalyzed, nitrogen heterocycle-directed C(sp*)-H borylation with pinacolborane
(‘Department of Chemical Science and Engineering, Institute of Science Tokyo ) OMasaya

Sakamoto,' * Tomonori Inoue,' + Ken Tanaka,'

C—H borylation reactions are attractive for the synthesis of functional compounds useful in
drug discovery. Various catalysts have been developed for C-H borylation reactions using
neutrally directing groups, but they required high temperatures or photoirradiation and required
less atom-economical bis(pinacolato)diboron. We reported the C(sp2)-H borylation under blue
LED irradiation using a spirofluorene-indenoindenyl (SFI) Rh(cod) catalyst. Then C(sp*)-H
borylation of 2-aminopyridine at neer-room temperature and without photoirradiation using a
SFI-Ir(cod) catalyst and pinacolborane. In this study, we discover that C(sp®)-H borylation of
2-alkylpyridine at neer-room temperature and without photoirradiation and 1,3-azole using
SFI-Ir(cod) catalysts and pinacolborane.

Keywords : C-H bond activation, Iridium; Borylation, Azole; Spiro compound
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1,4-dioxane
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Het = 1,3-azoles, Z= N and CH
(Het = pyridine, Z = CH) SFl-Ir(cod)

[1a-Ir(cod)]

1) S. Ouchi, T. Inoue, J. Nogami, Y. Nagashima, K. Tanaka, Nat. Synth. 2023, 2, 535-547.
2) T. Inoue, Y. Sato, Y. Nagashima, K. Tanaka, ACS Catal. 2025, 15, in press.
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Iridium-Catalyzed Asymmetric C—H Addition of Vinyl Ethers to Norbornenes (Kyoto Institute
of Technology) OTomoka Yasue, Takeru Torigoe, Toshimichi Ohmura

Catalytic asymmetric cross-hydroalkenylation of two diffelent alkenes is an attractive
method for the synthesis of chiral alkenes as enantio-enriched forms. However, it has been less
explored so far due to the difficulty in selective formation of a cross-product. Herein, we
describe asymmetric hydroalkenylation of norbornene with vinyl ethers as donor alkenes.

In the presence of an iridium catalyst bearing a chiral bidentate phosphorous ligand, benzyl
vinyl ether (1) and norbornene (2) were heated in toluene. Addition of the vinylic terminal
C-H of 1 to 2 took place enantioselectively to afford alkenyl norbornane 3 with high
enantiomeric excess.

Keywords : Hydroalkenylation; Iridium Catalyst; C—H Activation; Addition Reaction,
Asymmetric Synthesis
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1) M. Hirano, S. Komiya, N. Komine, Y. Hiroi, Org. Lett. 2013, 15, 2486; X. Sun, X.-Y. Bai, A.-Z. Li,
B.-J. Li, Organometallics 2021, 40, 2182.
2) L, K, LB H, B, KA, BARLFRE 103 FFF42(2023), K406-2am-14.

© The Chemical Society of Japan - [F12101-2am-04 -



[F]2101-2am-05 A& 10555454 (2025)

BRI L EAEDFOESREMICEDV:
FIUTAREZE) UERAFDKRET

CRAEBRE) OfaA thil - (LA KE] - 28 H Ef

Design of Chirality-Switchable Bidentate Phosphorus Ligands Based on the Post-
Polymerization Functionalization of Dynamic Helical Polymers

(Kyoto University) OYusuke Matsumoto, Takeshi Yamamoto, Michinori Suginome

Chiral bidentate phosphorus ligand is the most widely utilized ligand type in asymmetric
transition-metal catalysis. Poly(quinoxaline-2,3-diyl) (PQX) bearing chiral ether side chains
adopts a dynamic single-handed helical structure, whose screw-sense can be controlled by
solvent effects.? In this study, PQX-based chiral bidentate phosphorus ligands containing
phosphine-phosphoramidite  units were synthesized through post-polymerization
functionalization of chiral PQX bearing achiral diol units. By utilizing solvent-dependent helix
inversion, the polymer ligands served as chirality-switchable ligands in the rhodium-catalyzed
asymmetric hydrogenation reaction, yielding either enantiomer with high optical purity.
Keywords : Asymmetric Synthesis; Rhodium Catalysis; Polymer Ligand; Asymmetric
Hydrogenation Reaction, Polyquinoxaline

X7 U T o« AR A& D AF ISR IE . B— DB & [ 7 O SFitG L E
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1) Zhao, D.; Neubauer, T. M.; Feringa, B. L. Nat. Commun. 2015, 6, 6652.

2) (a) Yamamoto, T.; Yamada, T.; Nagata, Y.; Suginome, M. J. Am. Chem. Soc. 2010, 132, 7899. (b)
Yoshinaga, Y.; Yamamoto, T.; Suginome, M. ACS Macro Lett. 2017, 6, 705. (c) Matsumoto, Y.; Fujie,
T.; Yamamoto, T.; Suginome, M. The 104th CSJ Annual Meeting 2024, E1112-1pm-01.
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It/PNSi-Catalyzed C(sp’)-H Borylation of para-Substituted Alkylbenzenes (Kyoto Institute of
Technology) OTakeru Torigoe, Akika Kon, Toshimichi Ohmura

It is known that the iridium-catalyzed C—H borylation proceeds preferentially at aryl
C(sp*)-H bonds over alkyl C(sp*)-H bonds. We have demonstrated that Ir/PNSi catalysts are
suitable for C(sp*)—H borylation."” In this study, we examined the C—H borylation of para-
substituted alkylbenzenes using Ir/PNSi catalysts and found that the C(sp’)-H bonds at the
alkyl terminus underwent borylation selectively. This unique chemoselectivity is probably due
to the steric bulkiness of the catalyst.

Keywords : C—H Activation, Selectivity, Pincer Ligand; Silyl Ligand; Organoboron Compound
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1) Z, B, BIE, AAREFSE 102 F£F44F23(2022), D203-1vn-11
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Multidehydrogenation/Cyclization Catalyzed by Iridium (1): Direct Synthesis of Benzofuran
Derivatives from 2-Alkylcyclohexanols (Kyoto Institute of Technology), OChizuko Shimada,
Chihiro Maruya, Takeru Torigoe, Toshimichi Ohmura

A mesitylene solution of 2-propylcyclohexanol (1) was heated in the presence of an iridium
catalyst and a hydrogen scavenger. The C-O bond forming cyclization took place with
multidehydrogenation to afford 2-methylbenzofuran (2). We assume that 2 was formed through
the following steps. First, dehydrogenation of 1 occurred to produce 2-propylcyclohexanone.
Next, 2-propylcyclohexanone underwent double dehydrogenation to afford 2-propylphenol.
Finally, 2-propylphenol was converted to 2 by intramolecular C(sp*)-H/O-H coupling.
Keywords : Dehydrogenative Coupling, Iridium Catalyst; C—H Activation; Benzofuran,
Cyclohexanol
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1) R, UK, Bk, KF, HAREFSH 103 HFH42(2023), K406-2am-13
2) R, B, KA, BAREFEESE 104 FFHE2(2024), E1112-1am-14
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Multidehydrogenation/Cyclization Catalyzed by Iridium (2): Direct Synthesis of Benzofuran

Derivatives from 2-Methylcyclohexanones and Ethylene (Kyoto Institute of Technology), O
Chihiro Maruya, Takeru Torigoe, Toshimichi Ohmura

In the presence of an iridium catalyst, 2-methylcyclohexanone (1) was heated in mesitylene
under an ethylene atmosphere. The C—C and C—O bond formation took place between 1 and
ethylene to afford 2-methylbenzofuran (2). We assume that the reaction started from double
dehydrogenation of 2-methylcyclohexanone to give 2-methylphenol, and following addition of
the benzylic C(sp’)-H of 2-methylphenol to ethylene afforded 2-propylphenol, which then
underwent intramolecular C(sp®)-H/O-H coupling to yield 2.

Keywords : Dehydrogenative Coupling; Iridium Catalyst; C—H Activation; Benzofuran;
Cyclohexanone

RFEIKBIEB DEBEERRLICEASLI R Y 7T U ABIED T IBICEE - T, I
T D HEDESEOIBRICEALAEEV 2oH D, T’AILIINETIZ 2-7mE LT
)=V 2 AFNT =2 )=, BRENC2-Ta T anty ) unh, 2-AF
NN T T EEEGHRT 54U VU MRS wE L Tna D, ARl HiT
R E LT 2-AF Ly ra~xd ) ICER L, o F L UFEA T CRIGETT
IZET2ATFNARY T T U NCEBEEMRT D4 U 20 MRS 2 BR%E LT,

AV VT LIRAFE T, = F LUK TICEBNT 222 F v 7 maFi ) (1)
EALFLUHTMALTIZE ZA 2 AF AR 7T QWERT L 2R L
72o 1O BB AKBILIZEL D 2 ATF N T = ) —NVDORFEMEZ oNTE LT, =F
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D) R, JUR, G, KA, AARMETFEE 103 FFF2(2023), K406-2am-13.
2) JUR, HEFH, KA, AAETEE 103 FFHFR(2023), K406-2am-04.
3) Ag, Rl KA, BAEZEAE 104 FF42(2024), E1112-1am-14.
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Iridium-Catalyzed Enantioselective Hydroheteroarylation of Cyclic Alkenes (' Faculty School
of Science, Osaka City University. *Graduate School of Science, Osaka Metropolitan
University) OHinata Sumigaito,' Kentaro Yamakawa,? Takahiro Nishimura!=

Transition-metal-catalyzed hydroarylation of alkenes, which is defined as addition of an
aromatic C—H bond to unsaturated C—C double bonds, has been developed as one of useful
regioselective C—H alkylation methods of aromatic rings. Most of the hydroarylations have
been applied to the terminal alkenes, and the hydroarylation of internal alkenes is challenging
due to their low reactivity. Here we report hydroheteroarylation, addition of a heteroaromatic
C—H bond, of cyclic alkenes with pyrrole derivatives by using a cationic iridium catalyst. For
example, pyrrole having an N-methylbenzimidazolyl group reacted with 1-tosyl-2,5-dihydro-
1H-pyrrole to give the corresponding 2-alkylated pyrrole in good yield and enantioselectivity.
The reaction involves olefin isomerization of the 1-tosyl-2,5-dihydro-1H-pyrrole.

Keywords: Iridium; C—H Bond Activation,; Enantioselective; Cyclic Alkene; Pyrrole
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(RRJeERLT) OmfE ot - #8477 & - King Hung Nigel Tang - 42 =i
Ir-Catalyzed Enantioselective C2-Alkylation of Indoles via Chain-Walking and C—H
Activation (School of Advanced Science and Engineering, Waseda University) O Haluhi
Takahashi, Ryo Tokutake, King Hung Nigel Tang, Takanori Shibata

"Chain-Walking" is the phenomenon in which the consecutive hydride shifts of a metal
complex along an alkyl chain. A new bond can be formed at the remote position of double bond
of the substrate by using it. We reported an iridium-catalyzed branched-selective alkylation
using B-alkyl styrenes along with C—H activation of benzanilides."” Meanwhile, our laboratory
achieved a chiral iridium-catalyzed C—H activation of the C2 position of indoles and
enantioselective conjugate addition to a,B-unsaturated carbonyl compounds.? Against this
background, we investigated chiral iridium-catalyzed enantioselective C2-alkylation of indoles
by internal alkenes via chain-walking and C—H activation.

Using a catalytic system prepared from an iridium complex and a slightly less than
equivalent amount of a newly developed bidentate ligand, chain-walking and C—H activation
proceeded, and C2-position alkylation of indoles by internal alkenes was achieved with good
enantioselectivity. ¥
Keywords : Iridium Catalyst; C—H Alkylation; Chain-Walking
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1) K. H. N. Tang, R. Tokutake, M. Ito, T. Shibata, Org. Lett. 2023, 25, 5197-5202.
2) T. Shibata, M. Sasaki, M. Kojima, M. Ito, Org. Lett. 2021, 23, 9078-9082.
3) K. H. N. Tang, H. Takahashi, R. Tokutake, T. Shibata, Adv. Synth. Catal. 2024, 366, 3610-3615.
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Enantioselective Synthesis of Naphthalene-Based Saddle-Shaped Compounds (School of
Advanced Science and Engineering, Waseda University) (OMasahiro Nakada, Kousuke Senda,
Mamoru Ito, Takanori Shibata

Tetraphenylene, known as saddle-shaped compound, is applied in asymmetric catalysis and
used as functional materials by the introduction of chirality.” Our laboratory firstly reported
the catalytic enantioselective synthesis of chiral tetraphenylenes through consecutive
cycloadditions of two triynes.” Based on this results, we investigated enantioselective synthesis
of more rigid saddle-shaped compound with a nine-membered ring system, which is
constructed by naphthalene and three benzene rings.

In the presence of a chiral rhodium catalyst, [2+2+2] cycloaddition of naphthylene-tethered
1,10-diynes and unsymmetric monoynes gave chiral saddle-shaped compounds in good yield
and ee. The diyne was confirmed to be a mixture of syn and anti isomers, but the reaction of
only syn isomer proceeded through the interconversion of isomers under high temperature
conditions.

Keywords : Saddle-Shaped Compounds; [2+2+2] Cycloaddition,; Rhodium Catalyst
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1) H.-R. Ma, X.-S. Peng, J.-F. Cui, H. N. C. Wong, Tetrahedron Lett. 2023, 119, 154429,
2) T. Shibata, T. Chiba, H. Hirashima, Y. Ueno, K. Endo, Angew. Chem. Int. Ed. 2009, 48, 8066.
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Development of para-Selective C—H Borylation of Aromatic Compounds Using Steric
Repulsion (Institute for Materials Chemistry and Engineering, Kyushu University,
2Interdisciplinary Graduate School of Engineering Sciences, Kyushu University) O Taisei
Enta,” Genki Yoshino,” Yoichiro Kuninobu'*

The development of C—H borylation of aromatic compounds is important because aromatic
boron compounds can be converted to various organic compounds by cross-coupling reactions,
etc. In particular, there have been fewer reports on para-selective C—H borylation compared to
ortho- and meta-selective C—H borylation. Although methods using hydrogen bond or Lewis
acid-base interaction for para-selective C—H borylation is useful, the substrates are limited. On
the other hand, a strategy that utilizes steric repulsion is expected to exhibit para-selectivity for
a variety of substrates. In this study, we succeeded in developing a para-selective C—H
borylation of various aromatic compounds by using sterically bulky ligands.

Keywords : Steric Repulsion, C—H borylation, para-Selective, Bulky Ligand, Aromatic
Compound.

WEBERTFEAWT I a2 v 7Y o TR EDRGIT L 0 #Ex e GEE
WIZEBTE B0, FERIEAWD C-H RV LIS OBISITEE TH 5, KT,
PNIMORRA 7 C-H R YU VBRI, AL L2 A Z LD RO & Helge U T4 s
Drirun, ETo, KFERAER Lewis [ - WEAAHAEH ZFIH L TR IR IRAY 7 C-H 7R
VIULEIGEAT ) FIEFERTH 20, ENREIND Z ENAMERTHD 2, —
. SR E R 5 FiRIE, Bk 2B ICxE L OISR O BB R S
%3, AWFTE T, SRR E B OENL &2 WD 2 & T, xR EEILE O]
TR AY 72 C-H A U /WABSOS D BRFE IR LT,

‘ B,pin, ‘

cat. Ir
cat. Bulky ligand

v

H para-selective Bpin

1) Hoque, M.; Bisht, R.; Haldar, C.; Chattopadhyay, B. J. Am. Chem. Soc. 2017, 139, 7745-7748.

2) Lu, S.; Zheng, T.; Ma, J.; Deng, Z.; Qin, S.; Chen, Y.; Liang, Y. Angew. Chem., Int. Ed. 2022, 61,
€202201285.

3) Saito, Y.; Segawa, Y.; Itami, K. J. Am. Chem. Soc. 2015, 137, 5193-5198.
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Expression of substrate specificity in C—H borylation utilizing hydrogen bond (‘Institute for
Materials Chemistry and Engineering, Kyushu University, *Interdisciplinary Graduate School
of Engineering Sciences, Kyushu University) Sai WU,? Jinjie MIN,? Yoichiro KUNINOBU'?

Our lab previously reported a meta-selective C—H borylation of aromatic compounds using
an iridium/bipyridine catalyst with a urea moiety.* The high site-selective was achieved by
hydrogen bond between the urea moiety of the ligand and the substrate. The catalytic system
exhibited substrate and functional group specificities.? In this catalytic system, the catalytic
active site and the substrate recognition site exist in the same catalyst. In this study, we are
interested in whether substrate and functional group specificities are expressed in a catalyst
system in which the catalytic active site and the substrate recognition site are separated and
mixed. We found that the addition of a urea derivative (hydrogen bond donor) did not improve
the yield of indole derivatives without a hydrogen bond acceptor, whereas the yields were
improved in the case of indole derivatives with a functional group that can form a hydrogen
bond. In the competition reactions, in which the two substrates were mixed 1:1, the use of the
urea additive was found to improve the selectivity.

Keywords . Hydrogen Bond; Substrate Specificity; C-H Borylation; Catalytic Active Site; Substrate
Recognition Site
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1) Kuninobu, Y.; Ida, H.; Nishi, M.; Kanai, M. Nat. Chem. 2015, 7, 712-717.
2) Lu, X.; Yoshigoe, Y.; Ida, H.; Nishi, M.; Kanai, M.; Kuninobu, Y. ACS Catal. 2019, 9, 1705-
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