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Iron-Catalyzed C(sp®)-H Bond Activation/C—C Bond Formation
through Hydrogen Atom Transfer: Remarkable Effect of Fluorinated
Solvents in Chemical Yield

(\nstitute for Chemical Research, Kyoto University, *Graduate School of Engineering, Kyoto
University) OLitian Chen,"? Takahiro Doba,'> Masaharu Nakamura'?

Keywords: Iron Catalysis; C—H Activation; C—C Cross-Coupling; Hydrogen Atom Transfer;
Radical Exchange

Functionalization of C(Sp3)—H bonds is  Scheme 1. Iron-catalyzed cross coupling through HAT-
a useful but challenging tool in synthetic induced C(sp*)~H bond activation

chemistry. A number of techniques such as e
directing group strategy' or hydrogen atom R Fell_x @[CF3
transfer (HAT)> strategy have been Teductive ridative addition
developed in the past few decades. However, CF, g

these techniques require preinstalled H ©\CF3

directing group or irradiation of light with a RZ'F‘?T‘X CFs Fel—x
certain energy to generate active radicals, .?, Ny X"
respectively. Herein we report iron- o7 AT process

catalyzed intermolecular cross-coupling of

C(sp®)-H substrates with aryl boronates by R'-M

oxidative addition

merging Fe(I)/SciOPP catalytic system? step I Fel-x

with a HAT strategy. R!
1}

transmetalation

In our previous studies using mesityl

iodide as a sacrificial oxidant (HAT reagents) and i-Pr,O as a solvent, we obtained a promising
result of 46% yield of the C(sp*)-H arylation product. After further attempts, we found that the
fluorinated HAT reagents and solvents significantly improve the yield. The HAT reagent 2,6-
bis(trifluoromethyl)bromobenzene* showed the best reactivity as high as 85% NMR yield.
Unfortunately, due to the low molecular weight of the final products, unignorable loss
happened during isolation. Besides, substrates other than THF showed lower reactivity toward
this HAT reaction, which was possibly contributed to the coordination effect of Fe to O atom.

A FeCl, (10 mol %)
r\ 9
Li O\ SciOPP (10 mol /o) O\
Bu” ‘ " o~ Ar
MgBr2 (20 mol %)

Fa PhCF3, 40 °C
1.0 equiv 10 equiv 2.0 equiv up to 85%

1) S. Murai, F. Kakiuchi, S. Sekine, Y. Tanaka, A. Kamatani, M. Sonoda, N. Chatani, Nature 1993, 366,
529. 2) L. Capaldo, D. Ravelli, M. Fagnoni, Chem. Rev. 2022, 122, 1875. 3) T. Hatakeyama, T.
Hashimoto, Y. Kondo, Y. Fujiwara, H. Seike, H. Takaya, Y. Tamada, T. Ono, M. Nakamura, J. Am. Chem.
Soc. 2010, /32, 10674. 4) K. Yamada, K. P. S. Cheung, V. Gevorgyan, J. Am. Chem. Soc., 2024, 146,
27,18218
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One-Pot Synthesis of Cationic (1n°-Cyclopentadienyl)(n®-
Arene)lron(ll) Complexes and Their Reactivity Studies

(‘Institute for Chemical Research, Kyoto University, *Graduate School of Engineering, Kyoto
University) OHao Zhang,'* Takahiro Doba,'* Masaharu Nakamura'~
Keywords: Iron Complex; Cyclopentadienyl Ligand; Arene Ligand; #°-Coordination

Cationic  (5-cyclopentadienyl)(;°-arene)iron(II)-type complexes  are  important
organometallic compounds for catalysis and as intermediates in complex synthesis.' However,
conventional synthetic methods require multi-step reactions from the corresponding
cyclopentadiene derivatives.” In this study, we have achieved a one-pot synthesis of cationic
(1°-cyclopentadienyl)(°-arene)iron(Il) complexes by using FeF; as the iron(II) source.’ This
reaction applies to various cyclopentadienyl and arene ligands and counter anions.

For the catalysts we synthesized, we conducted a series of studies on SxAr and arene
exchange reactions under stoichiometric conditions. For SyAr, we found that the reaction yield
decreased when more sterically hindered cyclopentadienyl ligands or more electron-rich arenes
were used. In the arene exchange process, the influence of the cyclopentadienyl ligand was
more pronounced. When the Cp ligand was used, the arene exchange products were obtained
in excellent yields under green light irradiation at room temperature for one hour. However,
with the Cp* ligand, higher temperature, blue light, and longer reaction time were necessary.
In addition, we observed a strong effect of the counter anion of the complex on the rate of arene

@R X (excess) @R X~

exchange.

l::e DCE I::e"
71N\ g 7 AN
@& SEL @D

(1.0 equiv) up to 90% yield

1) T. G. Kotch, A. J. Lees, S. J. Fuerniss, K. I. Papathomas, Chem. Mater. 1995, 7, 801. 2) a) I. U. Khand,
P. L. Pauson, W. E. Watts, J. Chem. Soc., C 1968, 2261. b) J. R. Hamon, D. Astruc, P. Michaud, J. Am.
Chem. Soc. 1981, 103, 758. 3) a) T. Hatakeyama, M. Nakamura, J. Am. Chem. Soc. 2007, 129, 9844. b)
J. Chen, Y. Lin, W.-Q. Wu, W.-Q. Hu, J. Xu, H. Shi, J. Am. Chem. Soc. 2024, 146, 22906-22912.

© The Chemical Society of Japan - [F12101-1Tam-02 -



[F]2101-1am-03 A& 10555454 (2025)

CIVERMAFEILDEAILARZILO EHKEBEDEREFNDC-HE
BRIz ITB R

(BEREET) OALiE Bi— - W 550 - 3P S
Synthesis of Non-Carbonyl Zero-Valent Iron Complexes Bearing Diene Ligands and Their
Reactivities in C—H Functionalization. (Faculty of Science and Technology, Keio University)
OYoichi Kitazawa, Takuya Kochi, Fumitoshi Kakiuchi

While there have been known many iron(0) complexes bearing highly electron-accepting, a
carbon monoxide ligand, such as pentacarbonyliron, only limited examples are known for
“non-carbonyl” zero-valent iron complexes. Here we present that the reaction of Fe(PMes)a,
which is present as an ortho-metalated iron(II) complex, with 1,6-enynes provides a convenient
route for the synthesis of iron(0) complexes bearing a 1,3-diene ligand.

Recently, we reported the hydroarylative cyclization of 1,6-enynes with aromatic ketones
via ortho-C—H bond cleavage by the Fe(PMe;)s catalyst. During the course of the research, we
reacted the iron phosphine complex with a 1,6-enyne and observed the formation of an iron(0)
diene complex bearing three phosphine ligands and a 1,3-diene ligand, which may be formed
by cycloisomerization of the 1,6-enyne substrate. This complex was observed by NMR
monitoring of the reaction of the 1,6-enyne using the Fe(PMes)s catalyst and functions as a
catalyst for the hydroarylative cyclization.

Keywords : Iron Complex; Enyne,; Diene Ligand; Non-Carbonyl Complex

0 MEREEIRIT R Z I NAR =V EREZIT LD E LT, BB ENE W —ER{LIRE %
BUAL 12 & DEREEIRITEZ < BTV D0, — IR LR R Z BN - ITRF 7= 72\ 0 filigk
FEADBNIREHI TH D, SEIFkx 1L, AV b A Z AL Lz g AL L THEEL T
W5 Fe(PMes)s & 1,6-= A U DRI LD 13-V = R & 525 0 lEkEE (RN
AR TE D L E R LT,

Bt . BAFFEEE Tl Fe(PMes)s il 2 X 2 05 & 7 b > O /v ML C-H #5 & HIHr &
%5 1,6-= A Okt ka7 U —/UILKEZHRELTEY 1| 2O ok
RAT 4 UBERE 1,6-= A LV DOROSE G Lo, £ OREER, BRIBREMEMIICE VAT
% 13-V EZHO MU AFIVERRAT ¢ U EENLFIZH D 0 MEEE RIS BT,
Z OFERIT Fe(PMes)s fillit 2 AWV 2ERfb e R 7 U — /LD RIGR D NMR HIEIC &
DEHISND L Ebic, ARISOftE LCHRIAMRETH D Z &btz

SiMe;

toluene
40°C,5h

1) Y. Kitazawa, T. Kochi, F. Kakiuchi, F. Tetrahedron Lett. 2025, 155, 1554009.
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Iron-Catalyzed Ring-Opening Reaction of Furans

(Graduate School of Science, Kyoto University) OKwai Wun Cheng, Takashi Kurogi,
Hideki Yorimitsu
Keywords: Iron Catalyst; Furan; Ring-Opening; Arylation

Our group has been working to develop transformations of heteroaromatic rings
through endocyclic carbon-heteroatom bond cleavage. Ring expansion of benzofurans to
benzoxaborins was achieved by using Bapin, and a nickel catalyst.' To allow the insertion of
diverse heteroatoms, we turned our attention to arylative ring-opening. In 2017, we reported
manganese-catalyzed ring-opening of benzofurans, and insertion of a variety of heteroatoms
to the C2—-O bond was achieved.” However, this arylative C2—O bond cleavage could be
applied to only benzo-fused furan derivatives. Herein we report the arylative ring-opening
reaction of monocyclic furans catalyzed by an iron catalyst. Reaction of furans with
aryllithium in the presence of an iron catalyst led to arylative C2—O bond cleavage. The
resulting arylative ring-opened intermediate was then treated with various electrophiles such
as RSiCl; to yield the ring-expanded product.

@ Fe cat. L E* « E
< 7 R R
Ry / | |

r

1) H. Saito, S. Otsuka, K. Nogi, H. Yorimitsu, J. Am. Chem. Soc. 2016, 138, 15315.
2) S. Tsuchiya, H. Saito, K. Nogi, H. Yorimitsu, Org. Lett. 2017, 19, 5557.
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Development of new reaction using vinylketene iron complex (Kyusyu Institute of Technology)
OKotoka Kawasaki, Hirokazu Shimooka, Mitsuru Kitamura, Tatsuo Okauti

Diene iron complexes are widely used as a protecting group of a diene or a stereo-directing
group in organic synthesis. We previously reported the novel pyrrole formations in which the
vinylketeneimine iron complexes reacted with electron-deficient alkynes. Based on this result,
various electron-deficient unsaturated compounds were tested for their reactivity with the iron
complexes. Thus, we found the novel reaction of vinylketene iron complex with diethyl
azodicarboxylate (DEAD).

Treatment of vinylketene iron complex 1 with DEAD in the presence of ZnBr, at 80°C
produced cyclic compound 2. The structure of the compound 2 was identified as a nitrogen-
containing six-membered ring containing pyridazine formation by X-ray crystallography.

Keywords : Vinylketene iron complex, DEAD, ZnBr; Pyridazine

VI SRR I ARG AR T Y L O PRFESCSTAREIE & L TR VB LT WY
Do UMIRETIIINETE = AT T oA I UEEHAICH L CTETRSIEEZHT LT
NXUEEREELZETER—ABELND I 2R LTS, ZORER A2 HIC
TR OMIZE TR E2H T DAL EY & 5K & O ISPEIZ DV TRRET
BT o7, AR =7 T UEREEIRIZH LRETHEOREWT VU VR Y =T
JU (DEAD)Z{EM &85 Z & THSZ RHE 5 &5 2 7,

FTE= LT T 885K 1 & DEAD %, it E L T 1,2-dichloroethane % FHVY, X
R Z 80 CE CHIR S IGNTEIT Liehr 72, £ Z CHRAAIE LT ZnBr,
ERHWEE ZABRETHERREEY 2 D35 DAL, X BAEEMITIC L V&2 RrE L
LAV R UBEREATHONAT R THLZ e RH LG,

EtO,C. _N 1 '

1 2M NS R 2 '
R N"TCOEL (30 eq) _~_R | “
% -\ R2 DEAD N | @
;o Y . -N

o// Fe(CO); ZnBr, (2.0 eq.) . 07 N "COEt (1) : N
DCE, 80 °C, 1 h CO,Et ! pyridazine
1 44% 2 E
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C-H Functionalization of Oxime Derivative under Cp*Ru Catalysis ('Faculty of Science,

Kyoto University, *Faculty of Pharmaceutical Sciences, Hokkaido University, *Graduate

School of Science, Kyoto University, ‘The Hakubi Center for Advanced Research, Kyoto

University,) OYuu Komori,' Yuki Hirata,” Kousuke Higashida,® Tatsuhiko Yoshino,** Shigeki

Matsunaga®?

Group 9 metal complexes bearing a Cp* ligand have been used as effective catalysts for C—
H functionalization, which proceeds via the concerted metalation-deprotonation (CMD)
mechanism by high valent metal species. In contrast, C—H functionalization via the CMD
mechanism using Cp*Ru(Il) is less well established.' This limitation likely arises from the
electron-rich and reductive nature of Cp*Ru(Il), which makes it less suitable for the CMD
mechanism.”> To achieve C-H functionalization by Cp*Ru(Il) leveraging its reductive
properties, we considered that the more electron-deficient Cp*Ru(IV) could be generated in
situ through the oxidative addition of substrates and it could facilitate C—H activation via the
CMD mechanism. Using oxime esters as substrates, which possess a N-O bond for the
oxidative addition, and alkynes as reagents, a catalytic amount of Cp*Ru(Il) provided the
desired isoquinoline product.
Keywords : C—H Activation: Ruthenium. Cyclopentadienyl Ligand

Cp*Befi ¥ 2 AT D8RI, C-H BRSNS WS TR Y | FRIZH 9 &
ERAER SR OSEERNR EICFH S TS, 2 b OFEREZ WSO, S
FAREEDO BB L2 C-H fiA OmMEL LA SE5 2 & TRKERFEZ7m bk
LTl &< CMD BfEARED Z L TERSND, —. B 8 KEBSRZATD
Cp*Ru(IDSEIRIC £ 5, CMD Mt &6k i L 7= filiikAY7e CH RRERLIISITN 27240
et FE=REH & LT, Cp*Ru(IDEEMRIT— %M E T B8 CiE o2 filififi & LT
] ﬁﬁ SN THY, CMD #EZEH L7z C-HIEMHLIZIZIAMETH D Z ENBZX B
% 2 THRA T, SORRF T CprRu(DEERA~DEE O LM INC L > TL Y &
JFTAiTdH D Cp*Ru(IV)EER A A 1% 2 & ¢, Cp*Ru(IDfiit0iE T /1 &2 £ Lo
D, C-HMATEMHALDERTEETH D EHE LT, EBRICEEE LTN-OREEA
THEXTV LT ATV, SHIE LTT A 2, il E o Cp*Ru(Il)EEATEIE
TTHRLSETLEZA, HIIDA VX U R ELT,

ﬁ_‘ R

o. MeCN~ | ~“NCMe ~N
N n-Pr | cat. NCMe =

| + /
©)\ R2 n-Pr C-H Activation

1) Li, H.; Xie X.; Wang, L. Chem. Commun. 2014, 50, 4218.
2) Doerksen, Rosalie S., et al. Chem. Rev. 2021, 121, 4045.
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NEHREXSILZRILT ZOLMEIC L ST ) IR E UEFERA
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Chemoselective Asymmetric Benzylic C(sp*)-H Amination of Allylbenzene Derivatives under
Chiral Paddle-Wheel Diruthenium Catalysis (Faculty of Pharmaceutical Sciences, Hokkaido
University, *Graduate School of Science, Kyoto University, *The Hakubi Center for Advanced
Research, Kyoto University) O Kohei Mori,'* Kotoko Makino,"? Tatsuhiko Yoshino,*?
Kosuke Higashida,? Shigeki Matsunaga'-

Chiral amino compounds are abundant in natural products and pharmaceuticals, and, hence,
the development of synthetic protocols for forming C—N bonds with a chiral center remains an
important task. Intermolecular asymmetric oxidative amination reaction of C(sp*)-H bonds
with metal-nitrenoid species is one of the most straightforward methods for preparing chiral
amino compounds. However, amination of alkene-containing compounds is challenging due to
the competitive oxidation of alkenes, giving undesired aziridines.! In this report, we introduce
chemoselective C(sp*)-H amination of allylbenzene derivatives catalyzed by a chiral paddle-
wheel diruthenium complex.> The corresponding chiral allyl amine was obtained with high
enantioselectivity along with less than 1% of aziridine as a byproduct.

Keywords : ruthenium catalyst; asymmetric catalyst; nitrene; C—H amination

HFENERR T X IR RCE I BT I AT 2 EE Th 5720, RFH
DEHBALZRNDSL C-NEAEZHWET HEIEORBIIEETHL, & -1 L
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DU A LSRRI T VAT R UNELNDL 2 E R L 2 A%
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Ph
catalyst (2 mol%) >[ 9 Ph
00 PhI(OCOCF), (1.4 equiv) Q.0 25 "y —N Ph
, Siqp RO-SZ Hj\/
AN . _S__R MgO (3.0 equiv) HN" " "OR _ \ PN o Ph
Ph HN° 0 MS3A, PhCF,(0.10M) _ A _~ > 0o 0
(R=CH,CF,CF,CF3) 0°c %h' Ph Ph - L__ 1
(1.2 equiv) ' C-H insertion aziridination Y
J(S-TPPTTL),Cl 57%,96% ee  <1% Qo0
Rhy(S-TPPTTL), 12%, 70%ee  24% -
A(S-TPPTTL),CI

1) Chang, J. W. W.; Ton, T. M. U.; Chan, P. W. H. Chem. Rec. 2011, 11, 331-357.
2) Makino, K.; Mori, K.; Kiryu, S.; Miyazawa, T.; Kumagai, Y.; Higashida, K.; Kojima, M.; Yoshino,
T.; Matsunaga, S. ACS Catal. 2025, 15, 523—-528.
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Synthesis of Lophotoxin Precursors Starting From Chiral Silyl Skipped Diene (Tokyo University
of Agriculture and Technology) oHayato Tanikawa, Rina Hashimoto, Nobuyuki Komine,
Masafumi Hirano

We have reported synthesis of [Ru(naphthalene)(Ph,-bhd*)]!' and applied it to the enantioselective
cross-dimerization of 1-silylpenta-1,3-diene with acrylates giving (R)-3 in >99% ee. In this paper,
we disclose a synthetic application of the chiral skipped diene. A chiral silyl skipped diene
(R,272,57)-3 is transformed to (R,2E,57)-3 catalyzed by Pd(0) complex with hydrido-
molybdenum(II) complex. Proto-desilylation has been achieved by treatment of (R,2E,57)-3 with
TiCl4, and subsequent reduction of (R,E)-4 by DIBAL-H produces a chiral allylic alcohol (R,E)-
5. Note that Tokoroyama et al. have reported a racemic synthesis of rac-(£)-5 as a precursor of a
marine natural product lophotoxin.? We will also report epoxidation of (R,E)-5 giving 6.

F % 13 2 1L F < [Ru(naphthalene) (Pha-bhd*) | AL 1 & & D #EAR % it ic 72 1-
PIUINRYE-13-V e T 7 UABBAFADTF v FAERPEIREZ B X
D >99%ee DAFINETF INZAF vy 7V V(R)-3DEICHEIIL Tnwd, S, &
DFXFINAFy TV T VvERERL LIEAKNICHZBER Lz, U LFIARFy 7Y
v 3 idfiEED PAO)#EA L v V) Fx) 77 v ADEERIC X 0 EIRNIC(R2E52)-
3a ~DBEMACBHET L 72, Tl lbF 2 vick ) 7 a M ) A baSEITL, F
FN 15-VTV(RE)-4a DER LTz, EHOICZATADRICICEIDFIANLETIALT
N3 — VIFEIR(RE)-5 DERR L 72, 7adk, FFEILS IIAIRRERIC X Y rac-(E)-5 Z &K
L. #EERIARY) lophotoxin B AD AR EME L T3 2, T U AT Aa— Ll coiE
R RFALIT X 2 6 DERITONTH REHTHRET S,

Ph%‘%
[Pd(PPh3)4]
N o
BDMS [Ru(naphthalene)((1S,4S)-Ph,-bhd*)] E,:A%I_Tc"'f’():o) ,
1 (10 mol%) BDOMS COMe  (20mowy . BOMS
+ L —
o~ benzene, r.t., 23 h w benzene, r.t. WCOZMe
Z ~CO,Me overnight
) (R52)-3a (R2E52)-3a
a 88% (2Z/2E = 97/3) 96 %
BDMS: benzyldimethylsilyl >99% ee (22) 98% ee
92% ee (2E)
TiC, (3 equiv) DIBAL-H t[VO(aC:ﬂC)z] o
T eaa /\/k/\ (2.1 equiv) /J\/\/OH BuOOH - /\J\WOH
EE—— ~F co,Me ———— = * = *
CHyCly, rt. (R.E)-4a CH,Clp, 0°C,1h (RE)-5 6
overnight 90% 80%

(1) M. Hirano, S. Machida, R. Abe, T. Mishina, N. Komine, H.-L. Wu, Organometallics, 40, 3370
(2021).
(2) A. Kondo, T. Ochi, H. lio, T. Tokoroyama, M. Siro, Chem. Lett., 1491 (1987).
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TrUNLRPTHRERELEVIILI) S—FETILSZILRE
Bl LTRWILTZOLMEI O Dy TY VI RIS

R IRRBE L) O 5 - JIE 32k - A ek - B B
Ruthenium-Catalyzed Cross-Coupling Reaction of Silyl Enolates Generated In Situ from
Ketones as Alkenyl Electrophiles (Graduate School of Engineering, Tokyo University of
Technology) OKohei Hatakeyama, Tatsuki Kawahara, Yuya Kogure, Satoshi Ueno

We have previously reported a ruthenium-catalyzed cross-coupling reaction of ketones with
organoboronates via alkenyl carbon-nitrogen bond cleavage of enamines derived from ketones
and amines. Herein, we report a cross-coupling reaction of silyl enolates generated in situ from
ketones with an appropriate silylating reagent, proceeding via the cleavage of alkenyl carbon-
oxygen bonds. This silylation approach has successfully improved yields and expanded the
substrate scope compared to previous amine-based methods.

Keywords : Ruthenium Catalyst; Silyl Enolate; Alkenyl Carbon-Oxygen Bond Cleavage,
Alkenyl Electrophile; Ketone

BTV R ART DA TEE L CEBSRMEB AR -0 A b v 7Y
VI RISITERITH RSN TE e, TV = A RETFHE L TUIT AT =T A4 R
FOTRITAT= AV ) 77— TNV =)V 77— BRI EN5, L,75>L/\
ZIH DT IV = )VRE AN & SO TE D TEMALHI(Br,, HBr, THO, TsCh)IZ L 0 F7H
Eh, HEtL T aAxAh vy 7Y U FROGICHIA &b, 2022 45, 4HF5E %Ti}
BUIVT b7 IO RPCTHB LTI 27 v = REFHIE LT
FIRT 2V T = ol r a2k v 7)) o ZPROSEBIFE LI, LasL, ZORIET
I, EREIE(3.0 equiv) DAAR UV FILEMEMLEL LT\, AR, bivbiuis b
Y& NO-EA(FY AFLT IV NTE RT IR BSALSLZRF TR LZ U LT
) T—=hRET N =V REFHE L THWD D 7Y RO EBS LT,

UL 1l b7 bARa BB ATV 2 L DORUGITOW T, il & o
Rus(CO)p il & BSA % HNT, 120 BT 20 B RUG ST, ZOfER, AMD D v
T TR BINER 92% T HNT-, BSA ZHWAARIGIZ X - T, FEEE A
PR 2 RIEIZHERS 5 2 & ITE LT,

7N cat. [Rus(CO)4,] 7 N\

O} wmim B
0 xylene, 120 °C, 20 h ‘ O

1 (1.1 equiv.) 3, 92% isolated yield

1) (a) Y. Kogure, S. Ueno, Org. Lett. 2022, 24, 9233. (b) Y. Kogure, K. Hatakeyama, K. Tsuchiya, Y.
Kunii, S. Ueno, Chem. Commun. 2023, 59, 12463.

© The Chemical Society of Japan - [F12101-1am-09 -



[F]2101-1am-10 BA{L24 B10555E2 (2025)

C-HEMEZERMLI-E) FUERERUFZET 2ERERD

PR ¥

CRRBEE ' - FORHAJE 2« AERBEEE ) O i ' - /H i - 59 #2 2 - a
s % I

Development of metal complexes with pyridone-tethered ligands for C-H Activation ('
Graduate School of Science, Kyoto University, > The Hakubi Center for Advanced Research,*
Faculty of Pharmaceutical Sciences, Hokkaido University) O Tomonori Endo,' Kosuke
Higashida,' Tatsuhiko Yoshino,"? Shigeki Matsunaga'*

High-valent transition metal complexes, such as [Cp*RhCL], and [(arene)RuCly],, are
widely used as catalysts for C—H functionalization reactions via the concerted metalation-
deprotonation mechanism. We have designed and synthesized novel complexes, in which the
cyclopentadienyl or arene ligands are linked with a pyridone moiety. These complexes are
specifically designed with structural constraints that prevent the oxygen atom of the pyridone
from coordinating to the central metal, which would lower the activation barrier for C-H
activation. Their application in C—H functionalization reactions using less reactive substrates
is now ongoing.

Keywords : C—H Functionalization, Rhodium; Ruthenium,; Pyridone

MR A Z AL T 1 - oAb &8 A Lz C-H BREF b ofilit & LT, [Cp*RhCl],
°[(arene)RuCl]y ZDFEERNIAS FIH SN TWD, FxiZin ook Loy 7 n
VAT VRN E T T L VBT B R Al ST BT R 2 R R
AR LT, 206 OFERITIREERIHIKIC L Y B Y R OBEEALAFOEBICENL L
RNEORELTEY ., CH {HEHLOIEE(LEREL T 5 Z E R ARETH 5 & HEH
LTW5, ZORMEZTEN L, ZHVE TER LR I ROSTEDOIRWEE 2 -
C-H BREHAL~DH 2R ATV 5,

1) Selected review on Rh(Ill)-catalyzed C—H activation: Kuhl, N.; Schr¢der, N.; Glorius, F.

Adv. Synth. Catal. 2014, 356, 1443.
2) Selected review on Ru-catalyzed C—H activation: Singh, K. S. Catalysts 2019, 9, 173.
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CREERAIEEET) OBX x4« I Eth - A H /A - K5 5 - SOF 200
Cobalt-catalyzed oxidative phosphonation of tertiary amines (Faculty of Science and
Technology, Tokyo University of Science) ONanako Katsumata, Keisuke Kawamura, Kento
Ishida, Yohei Ogiwara, Norio Sakai

Functionalization of amines using a transition metal catalyst and an oxidant have attracted
attention as an efficient molecular transformation method. a-Aminophosphonic acids are useful
structural analogues of amino acids, and several syntheses that involve the oxidative
introduction of a phosphorus atom into amines have been developed. In this study, we examined
a-phosphonation of N, N-dimethylanilines using a cobalt catalyst.

As a result, the desired a-phosphonation of V, N-dimethylanilines proceeded in the presence
of CoCl, catalyst. Details of the reaction will be presented in the meeting,.

Keywords : Phosphonation, Oxidation,; Cobalt catalyst; Tertiary amines

B AR L BRI 2 AT R VEAOERREBE AN, RO BNy A
PFELE L CHEAB SN TWS, -7 IV RARUVERIZT I BOBSERERIAE L
THEHTHY ., 7T IVE~OB Y VRFEARIST L DGR < D0 FFE &
ATNWD Y, ARIFFETIE, 2790 MllEZ FHWT, NN-UATF LT =0 VD a -8 A
mU ML ERR Lz, 2B, il L b EERR A AW OSBRI E RN & T
l/\é lc,ld)o

RS OFER ., NN-CAF AT b Do @MIicxt L, 78 h= kY g, K2
RUBEY T F V% 2.0 4 E, CoCl, Z 5mol%, TBHP % 1.0 ¥ &Nz, 60 ‘CTHMES
HECAMD -T2 IR ARCERFEEIR 2 2 50%DINRTARR T D Z LB T,
R TIL, FHHRFTOFEM & BE —BMEORFHERIC OV TR TETH 5,

! CoCly (5 mol %) 9
~ o TBHP (1.0 equiv) NPt
H-P~0OEt MeCN /©/ OFEX
OEt 60°C,20h
1 (2.0 equiv) under air 2
50%

TBHP = fert-butyl hydroperoxide

1) (a) Baslé, O.; Li, C.-J. Chem. Commun. 2009, 27, 4124-4126. (b) Han, W.; Ofial, R. A. Chem.
Commun., 2009, 40, 6023—-6025. (c) Lin, B.; Shi, S.; Lin, R.; Cui, Y.; Fang, M.; Tang, G.; Zhao, Y.
J. Org. Chem. 2018, 83, 6754—6761. (d) Patil, R. M.; Dedhia, P. N.; Kapdi, R. A.; Kumar, A. V. J.
Org. Chem. 2018, 83, 4477—4490.
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Rhodium-catalyzed Synthesis of Unsymmetrical Bis(heteroaryl) Selenides Using Heteroaryl

Exchange Reaction ('Faculty of Agriculture, Kyushu University) O Wei Han', Yasutaka
Kawai', Mieko Arisawa'

Unsymmetric diaryl selenides are widely used in the preparation of materials and
pharmaceuticals, and their heteroaryl derivatives, unsymmetric bis(heteroaryl) selenides, are
an interesting group of multiple heteroatom compounds, that exhibit notable chemical and
biological functions. Unsymmetric bis(heteroaryl) selenides were synthesized by a rhodium-
catalyzed heteroaryl exchange reaction of heteroaryl fluorides and Se-(heteroaryl) selenoesters.
No base is required in this reaction, which has broad applicability, giving diverse unsymmetric
bis(heteroaryl) selenides containing five- and six-membered heteroarenes.

Keywords : Unsymmetric Bis(heteroaryl) Selenide; Rhodium Catalyst; Heteroaryl Exchange
Reaction,; Heteroaryl Fluorides, Heteroaryl Acyl Selenide

IR E AERBRLAE WL, MIE CEARRERRE L S TRe 2 ) v W —2 (T2
DT, @~ v 7 AEELZOEREELTID Z N TED, Eo T, oI H
MR EOAEERE S T EMEEHTE D EEZOND, YEETIEZNnE TIT, A
W16 %2 U =T 2R AR — T VRO PR e AR B
AT 4 ROu vy AMlBEERIEE R Lz, AL E e AEERE L = R,
BHER 7 vt C-F fEA L EHERT LB L= F C-Se #Ea R OUIWAZHSIZ X
STIR LS AR LT,

RhH(PPhs)s filifi (5 mol%) & 12-BAY T ==L kAT 4 /) X¥ 2 (dppBz, 10
mo%) fFIE R, 3-7 /N0 Fu-4->7 /Y 1025 mmol)& 1-7 X~ X HLR
Vg 2-FT =L ATV 2 (1.0 equiv.) B B aXUB UoHMBGER T 5 I
MESESEDE, 40T /7Y VN2 FT=bv L =R 3 L - THX~ X HVR
=T NF Y R 4 BDENZIUGE 98% & 100% THEOLIZ, RiEIL, x5 B
BBI) 6 BEREMMEAEERBE L= ROAKICHEA X, $/-. BEE 7>
OOV ICERERET—T VETITEREANLVT 4 FEFH LG AICL ., HERER
RS GZ R CARER D & AT E D,

CN o s RhH(PPhs), (5 mol%) CN o
~F . Jig N dppBz (10 mol%) NrSe S . L
| X | | Ad” F
= Ad™ "Se PhCI, refl,, 5 h z /
N , refl., N
1 (0.25 mmol) 2 (1.0 equiv.) 3 98% 4 100%

1) (a) Review: M. Arisawa, S. Tanii, T, Tazawa, M. Yamaguchi, Heterocycles, 2017, 94, 2179. (b) M.
Arisawa, Phosphorus sulfur silicon relat. elem., 2019, 194, 643. (c) Review: M. Arisawa, J. of SIWS.,
2022, 22, 69.
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EFARH Ir(ID)AkiE % ALV -INER C(sp?)-H B REE L &It DB F
ERE RIS~ EH

(CRURBEEE ' - JLRBEHE 2) OAMRES 1 - SEHHC 2 - /E B! 5l 22! -

kA 7k A 1?2 Development of electron-deficient Ir( Il )-catalyzed internal C(sp?)-H
functionalization and its asymmetric variant (Graduate School of Science, Kyoto University, *
Faculty of Pharmaceutical Sciences, Hokkaido University) O Shunsuke Kimura', Yuki
Hirata'?, Kosuke Higashida', Tatsuhiko Yoshino!, Shigeki Matsunaga'~

Internal C(sp®)-H bond functionalization with high-valent group 9 transition metals is a
challenging task due to the steric hindrance and low acidity of C(sp*)-H bond. It has been
discovered that catalysts with electron-deficient metal centers enable the activation of low
reactive C—H bonds. This suggests that internal C(sp*)-H bonds functionalization may also be
achievable by adjusting the electron density of the metal center. In this study, we employed an
electron-deficient Cp*“®Ir catalyst and achieved internal C(sp®)-H alkynylation of
cyclobutane derivatives using oxime ethers as substrates. We also developed asymmetric C—-H
alkynylation by the combination of the iridium catalyst and a chiral carboxylic acid as a chiral
ligand, which furnished the desired chiral products in moderate enantioselectivity.

Keywords : C-H functionalization, iridium, cyclobutane, oxime ether

%9 AR IER SR O CpoMUIIEERIZ L 5 C-H BReLSIZEB T, HNEb
C(sp®)-H f& A OIEMEILIL, AL OSTARRE FE PR WO ERMERE I L 0 PRk 7258 T
5o —H. BT ARRERPOEAT AN X > CTEEESELR C-H IEME(LA ATRE
RHZENAHENTEY, &P LOETBEZFETDHZ L THNES Csp’)-H #E
AERRBMELERAETH L Z ENESND, SR I1X, CFRENEAINTE
TR Cp*CB B - & VA ABED @A U 2T AEfAE DT Cp*PIr filifit
2EHWT, AT AT—TINEREL LTy a7 ¥ UFFERONE C(sp’)-H 7 /v
= bz E#ER Lc, 72, CpMAN) R TIXF T DR BafIiT 22 &
T F o F AERPEDOFIENATRETH 5 Z LICHE B L, F TV VR Ul a RFFRAL
FELTHWAZ & T, HFREEOBEIELN L O RET VX = b bk LTz,

MeO_

‘ H
X

R
= Cl
H 2

i \\/

LG——TIPS
Chiral Electron-deficient
Carboxylic Acid Cp*CF3Ir cat.

1) Shibata, Y. Kudo, E. Sugiyama, H. Uekusa, H. Tanaka, K. Organometallics 2016, 35, 1547.
2) Zhang, P. Guo, Y. J. Chen, J. Zhao, Y. R. Chang, J. Junge, H. Beller, M. Li, Y. Nat. Catal. 2018, 1,
332.
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Catalytic Amidation of Esters Using Cage-Shaped Aluminum Complex ('Graduate School of
Engineering, Osaka University, > Innovative Catalysis Science Division, Institute for Open and
Transdisciplinary Research Initiatives (ICS-OTRI),Osaka University) OYuya Tsutsui,! Yuta
Uchiyama,' Akihito Konishi,'* Makoto Yasuda'-

Amidation of esters has emerged as a promising environmentally friendly transformation.
Although the reactions catalyzed by transition metal complexes and organic bases have been
reported, these strategies are often suffering from limiting substrate scope. In this study, we
successfully developed amidation of esters catalyzed by cage-shaped aluminum complex
1Al-py. The complex 1Al-py worked as a Lewis acid catalyst and exhibited high catalytic
performance for the amidation of substrates having unsaturated bonds and cyclopropyl moieties.
Moreover, 1Al-py demonstrated the effectiveness in the amidation of triglycerides such as
tributyrin and triolein. The catalytic activity of aluminum complex and detailed reaction
mechanism will be presented.

Keywords : Lewis Acid Catalyst; Amidation; Aluminum Complex

TATNEFEE 57 I Muld, BERMEOEWRIGE LTHER ST 5,
IHAECILER SRR VORI 22t L 357 I Men#HE STV a R, £
DIE IS FEO KRR S LTV,

IIETEA X, TREONVA A@BEZRFOH IHT LI =0 A65EK 1A]-py Ofil
BRERE A PRI L C & 72 Y, AMFZETIL, 1Alpy Z /b A Afgfifii & L CRIH L7z 27
NDOT I MMEEIGZBR%E L, 85K 1AL py (2. 18HE DL A AR TIEARBEAYIE P L2
W22 REufifs a7 a7 RUgsEAT 5 AT VOT I Rz mRhEE Cfit
U7z, £700 85K 1ALlpy IR Y Z U Y FoT7 2 NMicbyBHEDTHY, R TF
U YA LA v DORNRI ISR % FTREIC LTz, $EIROfEER L OGS A B =X
LWZHOWNWTHRET D,

py
o Br ~-Alg BrBr
o H catalyst 1Al-py R? 0O (S)\,
Aoz * osNane - RN /
|
Me
1Al-py

1) (a) C. Han, J. P. Lee, E. Lobkovsky, J. A. Porco, J. Am. Chem. Soc. 2005, 127, 10039. (b) L. Hie, N.
F. F. Nathel, X. Hong, Y. Yang, K. N. Houk, N. K. Garg, Angew. Chem. Int. Ed. 2016, 55, 2810.

2) K. E. Price, C. L. Aboussafy, B. M. Lillie, R. W. McLaughlin, J. Mustakis, K. W. Hettenbach, J. M.
Hawkins, R. Vaidyanathan, Org. Lett. 2009, 11, 2003.

3) D. Tanaka, Y. Kadonaga, Y. Manabe, K. Fukase, S. Sasaya, H. Maruyama, S. Nishimura, M.
Yanagihara, A. Konishi, M. Yasuda, J. Am. Chem. Soc. 2019, 141, 17466.
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