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Iridium-catalyzed cyclization reaction via C-H alkylation of an N-methyl group with
divinylsilanes (‘Graduate School of Osaka Metropolitan University) OKatsumasa Tanaka,'
Takahiro Nishimura'

Transition metal-catalyzed direct C—H alkylation is one of the most efficient C—C bond
formation reactions in terms of high atom- and step-economy. Therefore, it is attractive to
synthesize cyclic structures, which are often found in bioactive compounds, by cyclization
reaction via C—H alkylation.

Recently, we reported iridium-catalyzed C—H alkylation of an N-methyl group with terminal
alkenes (Eq. 1). In this reaction, a cationic iridium catalyst activates the sp® C—H bond
adjacent to the nitrogen atom, and two times C—H alkylations with alkenes gave dialkylated
products. In this context, we next focused on the C—H alkylation of the N-methyl group with
divinylsilanes aiming for the synthesis of silacyclopentane derivatives.

Keywords : Iridium; C—H activation; Cyclization
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NHC-M (M = Ir, Rh) Complexes Derived from Chiral Benzimidazolium Salts: Synthesis,
Structure and Catalytic Reaction (Faculty of Chemistry, Materials and Bioengineering, Kansai
University) OShogo Matsuo and Satoshi Sakaguchi

Various NHC-M (M = Ir, Rh) complexes derived from chiral azolium salts were investigated.
The chiral hydroxyalkyl-substituted azolium salt 1a derived from (S)-1-amino-2-propanol was
treated with Ag,O to afford the NHC-Ag complex. Subsequently, the Ag complex was allowed
to react with [Cp*IrCl,], to yield the Cp*IrClo(NHC) complex 1b. The structure of 1b was
determined by elemental analysis and single-crystal X-ray diffraction studies. In contrast, the
RhCI(NHC)(cod) complex 2b was synthesized from the reaction of [Rh(OH)(cod)], with the
chiral azolium salt 2a derived from (S)-1-(1-naphthyl)ethylamine. The characteristic Ccarbene
signals were observed in both 1b and 2b by the '*C-NMR measurements. Furthermore, the
catalytic activity of RhCI(NHC)(cod) complexes was also investigated.

Keywords : N-Heterocyclic Carbene; Azolium Salt; Chiral Amino Alcohol; Chiral Amine
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Synthesis and application of binuclear transition metal catalysts bearing tethered Cp ligands
(Faculty of Pharmaceutical Sciences, Hokkaido University, *Graduate School of Science,
Kyoto University) O Yuki Hirata,'? Kosuke Higashida,”> Tatsuhiko Yoshino,> Shigeki
Matsunaga’

C-H functionalization catalyzed by high-valent transition metals has been established as an
atom- and step-economical method for converting C—H bonds into C—X bonds (X = C, N, O,
etc.). To date, substrates bearing directing groups that compensate for reactivity are frequently
employed in C—H functionalization, enabling proximal C—H activation relative to the directing
group. While several research groups have achieved remote C—H functionalization, most
approaches require specifically designed directing groups. Consequently, achieving C-H
functionalization at remote positions in simple molecules remains a significant challenge. To
address this limitation, we propose the modification of conventional mononuclear Cp*M(III)
catalysts into binuclear CpM(III) catalysts. These catalysts feature two metal centers
immobilized by a diCp ligand. We expect that one metal center is coordinated by a directing
group to capture the substrate, while the other facilitates C—H activation. This catalyst would
enable remote C—H activation, dependent on the spatial distance between the two metal centers.
In our presentation, we will discuss the synthesis of these binuclear catalysts and their
application in C—H functionalization.
Keywords : C—H activation, Binuclear catalysts;, Rhodium
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1). Pd and template directing groups: D. Leow, G. Li, T.-S. Mei, J.-Q. Yu, Nature 2013, 486, 518.

2). Pd templates: H.-J. Xu, Y. Lu, M. E. Farmer, H.-W. Wang, D. Zhao, Y.-S. Kang, W.-Y. Sun, J.-Q. Yu,
J. Am. Chem. Soc. 2017, 139, 2200.

3). Cp*Rh(III) and template directing groups: Z. Zhang, K. Tanaka, J.-Q. Yu, Nature, 2017, 543, 538.
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Methanol synthesis from CO2 under mild conditions using iridium catalyst (National Institute
of Advanced Industrial Science and Technology) (ONaoya Onishi, Yuichiro Himeda

In order to reduce CO, emissions, it is important to develop methods to convert CO; into
value-added compounds. Among these, methanol obtained by CO, hydrogenation is an
important compound in the chemical industry because it is a raw material for various chemical
products. However, since CO; is a stable substance, high temperature and pressure conditions
have been required to synthesize methanol directly from CO,. This study reports on the direct
synthesis of methanol from CO, under relatively mild conditions using iridium catalysts.

The authors previously reported that methanol can be synthesized by CO, hydrogenation
using dinuclear iridium catalysts. In this study, several dinuclear iridium catalysts were
synthesized and methanol synthesis from CO, hydrogenation was carried out under solvent-
free conditions. As a result, it was confirmed that the introduction of an electron-donating
substituent on the pyridine ring increases the catalytic activity.

Keywords : Iridium Catalyst; Methanol; CO, Hydrogenation
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1) R.Kanegaetal., J. Am. Chem. Soc. 2021, 143, 1570-1576.
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Synthesis of A Series of Transition Metal Complexes Bearing N-Heterocyclic Carbene with
Hydroxyalkyl Side-arm Using Valine (Faculty of Chemistry, Materials and Bioengineering,
Kansai University) ORyota Usui, Shogo Matsuo, Sara Manaka and Satoshi Sakaguchi

The synthesis of a series of N-heterocyclic carbene (NHC)/transition metal complexes using
hydroxyalkyl-substituted azolium salt 1 derived from valine was performed. Treatment of 1
with Ag,O produced the NHC/Ag(I) complex. Subsequently, the Ag complex was reacted with
[RuClx(p-cymene)], to afford the monodentate NHC/Ru(I) complex 2. When the Ag complex
was allowed to react with PdCl,(MeCN),, the bidentate anionic alkoxy-tethered NHC/Pd(II)
complex 3 was obtained. Similar bidentate NHC/Pd(II) complexes could be synthesized from
several hydroxyalkyl-substituted azolium salts derived from leucine and alanine. Additionally,
1 was treated with [Rh(OH)(cod)]: to yield the monodentate NHC/Rh(I) complex 4.
Keywords: N-Heterocyclic Carbene; Azolium Salt; a-Amino Acid; Anionic Alkoxide Ligand
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Palladium-catalyzed intramolecular C—-H/C—H coupling of diarylphosphines to synthesize
dibenzophospholes (Faculty of Science and Technology, Tokyo University of Science)
OHisanari Yokomizo, Yasuo Nakayama, Hiroyuki Hattori

Dibenzophospholes have been expected as functional organic materials such as organic light-
emitting diodes. Therefore, the development of efficient synthetic methods is an important
issue. In recent years, palladium-catalyzed intramolecular cyclization reactions of diaryl
phosphine derivatives have been reported, which are a useful methodology due to high
availability of diaryl phosphines compared to biaryl phosphines as a common substrate.
However, in these reactions, applicable substrates were limited to those bearing a 2-halogeno
group or an indolyl group. In this study, we found that dibenzophospholes are synthesized from
simple diaryl phosphines through an intramolecular cyclization reaction with the dual ortho-
carbon—-hydrogen bond cleavage.

Triphenylphosphine oxides were treated with Pd(OAc); as a catalyst, Ag,O as an oxidant,
and LiOAc and 1-Ad-CH>COOH as additives to obtain dibenzophospholes in moderate yields.
Keywords : Dibenzophosphole; Palladium catalyst; C—H bond functionalization
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1) Y. Matano, H. Imahori, Org. Biomol. Chem. 2009, 7, 1258.

2) a) L. D. Freedman, G. O. Doak, J. Org. Chem. 1956, 21, 238-239; b) Y. Cui, L. Fu, J. Cao, Y. Deng,
J. Jiang, Adv. Synth. Catal. 2014, 356, 1217-1222; c¢) J. Kang, K. Ding, S. M. Ren, B. Su, Angew. Chem.
Int. Ed. 2023, 62, €202301628.

3) K. Saito, P. K. Chikkade, M. Kanai, Y. Kuninobu, Chem. Eur. J. 2015, 21, 8365-8368.
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Effects of Ligands and Additives on Dehydrogenation of Saturated Carboxylic Acids Using a
Palladium Catalyst and Oxygen (Faculty of Science, Nara Women s University) OYuki Ando,
Ayaka Shibatani, Shogo Sasaki, Yasuyuki Ura

o,B-Unsaturated carboxylic acids are useful compounds that exhibit various reactivity.
However, there are few examples of dehydrogenation from saturated carboxylic acids, which
are renewable raw materials. In our laboratory, we have previously developed a
dehydrogenation from saturated carboxylic acids using a Pd(OAc)./pyridine catalyst system
and oxygen as an oxidant.! In this study, we investigated various ligands and additives to
improve the catalytic activity of this dehydrogenation.

Catalytic dehydrogenation of propionic acid la was investigated under the standard
conditions shown in the equation. The total TON of 2a and 3a was 63.5 by using 1 eq. of 6,6'-
dihydroxy-2,2'-bipyridine (dhbpy) as a ligand and Cu(NO3),*3H0O as an additive, respectively.
For the ligands, compounds with substructures similar to dhbpy were also examined. We also
considered that dehydrogenation could be efficiently promoted by combining Diels-Alder
reaction as a subsequent reaction. Dehydrogenation in the presence of dienes was attempted,
and TONs of Diels-Alder adducts increased.

Keywords : palladium; dihydroxybipyridine; oxygen, dehydrogenation, saturated carboxylic
acids
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1) Shibatani, A.; Kataoka, Y.; Ura, Y. Asian J. Org. Chem. 2021, 10, 3285-3289.

© The Chemical Society of Japan - [PA]-2vn-30 -



[PA]-2vn-31 BALEA B10585FES (2025)

XN a-TI/BIASFELERVASIEYVIYHLIEET.
CuftfIC kB VEE VT IIILETILFTILEREDT Y ILLTIL
X ILIE R

(FEPI R LA A T) Ok - hehidr - BJIEE - o R

Asymmetric Cu-catalyzed Allylic Substitution Reactions of Cinnamyl Phosphate with
Alkylmetal Species Using Azolium Salts Derived from Chiral Amino Acids (Faculty of
Chemistry, Materials and Bioengineering, Kansai University) O Kaito Nakashima, Yuki
Nakahigashi, Yua Kurokawa and Satoshi Sakaguchi

Cu-catalyzed asymmetric allylic alkylation (AAA) reactions are important for C-C bond
formation reactions producing chiral building blocks. The AAA reaction is a versatile
transformation in asymmetric synthesis, and new catalysts are generally tested in this
benchmark reaction. Now, we studied the Cu-catalyzed AAA reaction of diethyl (£)-cinnamyl
phosphate (1) with alkylmetal species in the presence of chiral azolium salts derived from
leucine and serine. The combination of Cu(acac), with the azolium salt L.1 prepared from tert-
leucinol promoted the AAA reaction of 1 with EtMgBr to afford optically active 3-phenyl-1-
pentene (2) with 80% enantiomeric excess (ee). In contrast, the Cu-catalyzed AAA reaction of
1 with Et,Zn under the influence of the chiral azolium salt L2 derived from serine benzyl
yielded 2 with 53% ee.

Keywords : N-Heterocyclic Carbene; Azolium Salt; Asymmetric Allylic Alkylation Reaction
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1 +Et.Z Cu(acac), /L2 2 OH
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1) L. Kong, J. Morvan, D. Pichon, M. Jean, M. Albalat, T. Vives, S. Colombel-Rouen, M. Giorgi, V. Dorcet, T.
Roisnel, C. Crévisy, D. Nuel, P. Nava, S. Humbel, N. Vanthuyne, M. Mauduit, H. Clavie, J. Am. Chem. Soc. 2020,
142,93-98.
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Reactions of 1-Alkyl-3-arylbenzimidazolium Salts with Ag>O: Formation of a Ring-Opening
Formamide Derivative and a Ag Complex with a N-Heterocyclic Carbene Ligand (Faculty of
Chemistry, Materials and Bioengineering, Kansai University) OKaishi Arishima, Yudai Tasaki,
Shota Ueda and Satoshi Sakaguchi

To date, the most widely adopted method for preparing N-heterocyclic carbene (NHC) species
involves deprotonation at the C, position of an azolium salt with an appropriate Agbase to form
a NHC/Ag complex. In a pioneering study, Lin ef al. introduced a procedure using Ag>O to
afford a Ag complex bearing 1,3-diethylbenzimidazol-2-ylidene. Now, we studied the reactions
of several l-alkyl-3-arylbenzimidazolium salts with AgyO. Treating 1-methyl-3-
phenylbenzimidazolium iodide (1) with Ag>O produced the ring-opened formamide derivative
N-[2-(phenylamino)-phenyl]-N-methylformamide (2) together with the corresponding
NHC/Ag complex 3. The hydrolysis reaction of 1 was also found to be promoted under the
influence of ‘BuOK in THF/H,O to afford 2 in almost quantitative yield.

Keywords : N-Heterocyclic Carbene; Azolium Salt; Formamide Derivative; Silver Complex

HH. NATRYA 7Y v 7 HAS(NHORORE I L L TReb K AR &1
TVBHER 7Y U LED QOB B FALZ Y 7 Ag TR L, ks
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M, BESIFERE LTARO 2R L TI3-VoF AR AL IX S — L2 AV F
HET D Ag $EROG KR EWE Lz, VARIFZE TR, —#D 1-7/vF/1-3-7 U —/L
YAAIEY YT LHEAEL, T & AgO L DFUSIZ OV TR RE 21T
o7y AL 1-AFNL3-T 2 2R R IFY Y 7 A1) E AgO A =RIE T 3 BEH
POSSETZE ZA, BRI L TVt d 5 NHC/Ag 851K 3 (TR & LT
LI, BIBRARM THDLIENL LT 2 RIK 2 28 60%FEEDIRTART S Z L v
ST, TREL 21X 1 DMK IESISHERM TH D0, FFETE Z L2 1 Ok R
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1) H. Wang, 1. Lin, Organometallics Q’S\aﬂ o _BuOK(12eq) Q\N,Et = 1%
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Rhenium-catalyzed reaction of a-alkyl substituted [-dicarbonyl compounds with
organosilicon compounds (Faculty of Chemistry, Materials and Bioengineering, Kansai
University) OYuya Matsuda, Shintaro Mori, Yutaka Nishiyama

We investigated the rhenium-catalyzed reaction of a-alkyl substituted PB-dicarbonyl
compounds and organosilicon compounds. When 2-benzhydryl-1,3-diphenylpropane-1,3-
dione was reacted with allyltrimethylsilane in the presence of ReBr(CO)s catalyst, the
allylation proceeded through the elimination of the B-dicarbonyl unit to form 4,4-diphenyl-1-
butene in good yield. When triethylsilane instead of allyltrimethylsilane was used as
organosilicon compound, the reduction product, diphenylmethane, was obtained in good yield.

In this presentation, we will show the results of the rhenium-catalyzed reaction of a-alkyl
substituted B-dicarbonyl compounds with allylsilanes and hydrosilanes.

Keywords : Rhenium catalyst; [-Dicarbonyl compounds; Organosilicon compound

RF-IRFBEFEDIIEF L ERFEATH D720, BN IRFE-IRFREA DORZIC
KD ERAELHIIARAKICB W THRE KL TH 5,

Fex OWFFEETIXL =0 LAFRBEAFAE T o-7 VS LERR B-F VR =L & e T
W, THAF L EDORIGIZEBWTIL, YR =bax=y OBk E RS
WHEITL, AT, AVEUBRERTHZEERELTNS D, Sl L=U LA
fIEAFAE T, a- 7 VX VER B-P IR = b EMET I LT T b NIE R
VI U EDRIGERR LD TEORREREKT D,

B D ReBr(CO)sfFIE Ty 22NV Ak KU JL-13-V 7 = =781 3-VF v
ETUVIWNRIRATFNAT T VORIGEITSTZEZ A, B-UHNR= 2=y DO
ZENT UG EIT L 44-Y 7 = =-1-7F UG bT, (eq. 1) 72, b
VxFe ReyZ a0 RICiX, RIS B-UarR= 2=y FOi#Ez
WG Z 0 | B OV 7 = =V A X UG BT, (eq. 2)

O O
cat ReBr(CO)s

_ Ph o o
Ph Ph + /\/SIMeg, + (eq 1)
)‘:f‘\ Ph)\/\ Ph)J\/u\Ph

Ph Ph
o O
cat ReBr(CO)s - 0O o ©0.2)
Ph Ph + Et3SiH Ph Ph + eq. 2
Ph)J\/U\Ph
Ph Ph

KERTIE., LU AEFET., a7 VX VER - H A R= A bBW &4
RTINTTURE KR YT v EDRISFERIZONTIRR S,
1) S. Mori, T. Takagishi, C. Kurihashi, I. Osaka, S. Tsuda, Y. Nishiyama, Tetrahedron Lett. 2024, 147,
155212.
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Reactivity of Rind based (substituted) 1,2-Dihalodigermenes with NHCs (Department of
Applied Chemistry, Faculty of Science and Engineering, Kindai University) O Tomohisa
Okuda, Shoutarou Ikoma, Kei Ota, Tsukasa Matsuo

We have been studying the low-coordinate germanium compounds using the fused-ring
bulky Rind groups. Previously, we reported the synthesis, structures, and reactivity of the Rind-
based 1,2-dihalodigermenes, (Rind)XGe=GeX(Rind) (X = Br and Cl). The reaction of the 1,2-
dibromodigermene, (Eind)BrGe=GeBr(Eind), with aryllithiums (ArLi) produced a variety of
n-conjugated 1,2-diaryldigermenes, (Eind)ArGe=GeAr(Eind). Herein we report the reaction of
the Rind-based 1,2-dihalodigermenes with N-heterocyclic carbenes (NHCs). We obtained the
halogermylene-NHC adducts, [(Rind)XGe:«—NHC], and germyliumylidene cations,
[(Rind)Ge(NHC),][X"], whose structures were determined by single-crystal X-ray diffraction
analysis. We are now investigating the reaction chemistry and performing theoretical
calculations to further understand these NHC-stabilized Ge(II) compounds.

Keywords : Germanium, Germylenes; Germyliumylidene Cations, N-Heterocyclic Carbenes;
Fused Ring Steric Protecting Groups

Foxlid, DEBWOERANREEL TH S Rind EEHNTH V~=7 A RIZIG
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Alal, voNa PN A L E Ne~T ek Ly (NHC) & DORISIZ OV TR
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4 eq. Im-Me, rd R R2
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1) N.Hayakawa, T. Sugahara, Y. Numata, H. Kawaai, K. Yamatani, S. Nishimura, S. Goda, Y. Suzuki,
T. Tanikawa, H. Nakai, D. Hashizume, T. Sasamori, N. Tokitoh, T. Matsuo, Dalton Trans, 2018,
47,814

2)  S. Yagura, N. Hayakawa, A. Kuroda, Kei. Ota, R. Tanishita, G. Urasaki, T. Nakahodo, H. Nakai,
M. Hoshino, D. Hashizume, T. Matsuo Dalton Trans, 2022, 51, 18633
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Borylation of Simple Arenes Enabled by m-Coordination

(‘Graduate School of Science and Engineering, Saitama University, “RIKEN Center for
Sustainble Resource Science) (O Relam Khalaf Mohamed,"? Yuichiro Mutoh,?> Sobi Asako,’

Laurean Ilies?
Keywords: Chromium; n-coordination; Borylation; Arenes

The direct C—H functionalization of simple arenes is a significant challenge in organic
synthesis due to the need for strongly coordinating functional groups or electronic bias. To
address this challenge, we developed a m-coordination strategy using tricarbonylchromium n°-
arene complexes ([Cr(n‘-arene)(CO);]) to activate arenes for C—H functionalization." The
[Cr(CO);] fragment decreases electron density on the arene, thus enhancing its reactivity. For
example, Larrosa demonstrated the C—H arylation of chromium arene complexes under
palladium/silver catalysis, but the synthesis and isolation of the starting complexes was
required.’

As part of our efforts to utilize p-coordination for organic synthesis,’ we describe here a
method for borylating electron-rich arenes using bis(pinacolato)diboron (B2(pin),) and a base
(K»COs or KF), yielding borylated products after oxidative removal of chromium. The reaction
proceeds without a transition-metal catalyst, albeit a catalytic amount of Cr(acac)s slightly
improved the yield. n-Coordination was essential, as uncomplexed arenes showed no reactivity.
Simple arenes can also undergo borylation via a tricarbonylchromium complex precursor
([Cr(n®-NP)(CO)3]), which generates the arene complex in situ through arene exchange
(Scheme 1).

Mechanistic studies suggested an anionic pathway, where a nucleophilic borate species
attacks the n-coordinated arene. This transition-metal-free strategy provides an atom
economical approach for functionalizing simple arenes, expanding the scope of C—-H
borylation reactions.

|
0C-Cr.__ @D
/ CcO @ B,(pin)
oc 2(pPiNn);
\/ gFH Borylatio ;; ‘It\\nz%H
— rylation
QH - ©_H dihhitel bl @—B(pin) -2 B(pin)
|

arene
exchange Cr(CO); Cr(CO);

Scheme 1. Borylation of simple arenes via exchange with a chromium complex precursor.

1) Williams, L. J.; Bhonoah, Y.; Wilkinson, L. A.; Walton, J. W. Chem.—Eur. J. 2020, 27, 3650-3660.
2) (a) Ricci, P.; Krdmer, K.; Cambeiro, X. C.; Larossa, 1. J. Am. Chem. Soc. 2013, 135, 13258-13261.
(b) Ricci, P.; Kramer, K.; Larrosa, I. J. Am. Chem. Soc. 2014, 136, 18082—18086.

3) Nagata, M.; Itonaga, K.; Mutoh, Y.; Endo, K.; Ilies, L. Chem Lett. 2024, 53, upac233.
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Allylation of azo compounds with allylic indium reagents (Graduate School of Engineering,
Nagoya Institute of Technology) OHiroto Funaki, Tsunehisa Hirashita

Allylindium reagents have emerged as a reagent capable of allylating carbonyl compounds
under both aqueous and organic conditions. Although allylindation of carbon-carbon
unsaturated bonds has hitherto been documented, the allylation of nitrogen-nitrogen double
bonds remains unexplored. We report on the efficient allylation of azobenzenes with an
allylindium reagent prepared from indium metal and allyl iodide. For most of the azobenzene
derivatives bearing a substituent on a single benzene ring, no regioselectivity of allylation was
observed. However, introducing a methoxy group at the ortho-position resulted in
regioselective allylation.

Keywords : Indium; Azobenzene; allylation; 1,2-diphenyl-1-(2-propenyl)hydrazine; 1,2-
diphenylhydrazine
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Table 1. Indium-mediated allylation of azobenzene derivatives

EIETHS
j”b?b i 7L A - R In (6 equiv) A /@R H @R H /@R
Z s N\ | : ‘ ‘
=o = ph NN g DMF, 80 °C, Ar Ph/N\N S PN ' Ph/N\H S
TSI : , P
SN T ) it , N o
%%): ]\ s % (6 equiv)
DX HE R Time (h) 'H NMR yield (%) i R Time (h) *H NMR yield (%)
3 (ratio) 4 i 3 (ratio) 4
1 / !
HOIERIAE = 4 3a: 68 4a:20 1 p-Me 7 3e:70 (L:1)° 4e: 12
ZEANLIEY pr 4 3b:41(1:1)°4b:34 | o-Me 7 3f: 6° 4f: 53
|
BITIx, M oF 4 3c:59 (1:1)"4c:36 | p-OMe 7 3g: 31 (1:1)° 4g: 0
2 3d: 70° 4d: 15 i 0-OMe 0.25 3h: 97 4h: 0
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“Determined by °F NMR. *Not determined. “Determined by 'H NMR.
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