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Chirality-Switchable Phosphoramidite Ligands Attached to Helical Poly(quinoxaline-2,3-
diyl)s (Graduate School of Engineering, Kyoto University) O Yusuke Matsumoto, Takaya
Fujie, Takeshi Yamamoto, Michinori Suginome

Chiral phosphoramidite is one of the most privileged classes of ligand in asymmetric
catalysis.!!! We previously reported chirality-switchable monophosphine and bipyridine ligands
attached to dynamic helical poly(quinoxaline-2,3-diyl)s (PQXs), whose helicity can be
controlled by solvents.!?! In this work, PQX-based chiral phosphoramidite ligands PQXpham
were synthesized by post-polymerization functionalization of PQXs bearing diol units. The
PQXpham served as chirality-switchable ligands in copper-catalyzed asymmetric conjugate
addition reaction.

Keywords: Polyquinoxaline; Polymer Ligands, Post-polymerization Functionalization;
Copper Catalysis, Asymmetric Conjugate Addition Reaction
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[1] Teichert, J. F; Feringa, B. L. Angew. Chem. Int. Ed. 2010, 49, 2486.
[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.
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Copper-Catalyzed Hydroboration and Hydroallylation of 1-
Trifluoromethylthioalkenes

(Graduate School of Engineering, Osaka University) OYuki Kojima, Koji Hirano
Keywords: Copper Catalysts; Hydroboration; Hydroallylation; Organofluorine Compounds;
Trifluoromethylthio Group

Since their enhanced lipophilicity, metabolic stability, and bioavailability, organofluorine
derivatives are an important class of compounds in medicinal chemistry. In particular,
trifluoromethylthio (SCF3) group has received significant attention in the design and synthesis
of pharmaceuticals and agrochemicals because of its strong electron-withdrawing nature and
high lipophilicity." Although various methods for the synthesis of SCFs-containing compounds
have been reported,” it is still difficult to obtain optically active SCF5 derivatives with high
enantiopurity. Therefore, the development of efficient synthetic methods for chiral SCF3
molecules is highly desired.

Herein, we report a copper-catalyzed regio- and enantioselective hydroboration of 1-
trifluoromethylthioalkenes with pinacolborane (H-Bpin). 1-Trifluoromethylthioalkenes can be
easily prepared from the corresponding alkenyl halides according to the literature methods.?
Using the 1-trifluoromethylthioalkene as a starting platform, the in-situ generated copper
hydride species undergoes the regio- and enantioselective insertion to form an optically active
a-SCF3 alkylcopper intermediate. Subsequent o-bond metathesis with H-Bpin provides the
boron-substituted SCF3; compound in an enantioenriched form. Moreover, the copper hydride-
based strategy can also be expanded to the three-component coupling reaction of 1-
trifluoromethylthioalkenes, hydrosilanes, and allylic electrophiles. Also in this reaction, the
judicious choice of chiral ligand induces the high regio- and enantioselectivity. These
approaches can provide the chiral SCF3; compounds, which are difficult to prepare by other
means.

H

H
)\*rSCFS cat. Cu/L* - SCFs cat. Cu/L* N )\iCFs
Bpin H-Bpin H-Si, x/\;\”. f\”‘

1-trifluoromethylthioalkene

Hydroboration Hydroallylation

1) Hansch, C.; Leo, A.; Taft, R. W. Chem. Rev. 1991, 91, 165. 2) a) Xu, X.-H.; Matsuzaki, K.; Shibata,
N. Chem. Rev. 2015, 115, 731. b) Barata-Vallejo, S.; Bonesi, S.; Postigo, A. Org. Biomol. Chem. 2016,
14,7150. c) Bartthelemy, A.-L.; Magnier, E.; Dagousset, G. Synhesis 2018, 50, 4765. 3) a) Rueping, M.;
Tolstoluzhsky, N.; Nikolaienko, P. Chem. Eur. J. 2013, 19, 14043. b) Huang, Y.; Ding, J.; Wu, C.; Zheng,
H.; Weng, Z. J. Org. Chem. 2015, 80, 2912. ¢) Kojima, Y.; Hirano, K. Chem. Lett. 2023, 52, 791.
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Copper Photoredox Catalyst Exhibiting Strong Oxidizing Ability for anti-Markovnikov
Hydration of Styrenes ('Graduate School of Engineering, Kyoto University, *Graduate
School of Environmental, Life, Natural Science and Technology, Okayama University,
3Graduate School of Engineering, Osaka Metropolitan University) ONaoki Oku,! Keito
Fuke,” Ken Yamazaki,” Yasunori Matsui,’ Hiroshi Ikeda,’ Tomoya Miura?

Photoredox catalysts have regained the spotlight in organic synthesis. Photoexcited
catalysts act as either single-electron oxidants or reductants, generating radical ions from
various organic molecules. In terms of availability and cost, the development of photoredox
catalysts using abundant first-row transition metals is highly required. Here, we report a
copper photoredox catalyst exhibiting strong oxidizing ability and its application to
anti-Markovnikov hydration of styrenes.

A mixture of 4-fert-butylstyrene, CuCly*2H>O (2.5 mol %), bathophenanthroline (bphen;
2.5 mol %), and 3,4-dimethoxybenzenethiol (20 mol %) in MeCN/acetone/H,O (5:5:1, 4.5
mL) was irradiated with purple LEDs (390 nm) at ambient temperature. After 5 hours, the
primary alcohol was formed in 60% NMR yield. Purification by preparative thin-layer
chromatography gave the product in 54% isolated yield. Single-electron oxidation of styrenes
proceeds by the photoexcited copper catalyst. The generated radical cations undergo a direct
addition of H»O in an anti-Markovnikov manner to furnish the desired alcohols.

Keywords : Copper, Photoredox Catalysis; Radicals; Hydration, anti-Markovnikov Addition
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Site-selective C—H functionalization catalyzed by electron-deficient
Cplr(lll) catalyst

(!Grad. Sch. Pharm. Sci. Hokkaido Univ.,*Fac. Sci., Kyoto Univ., *Grad. Sch. Sci. Kyoto Univ.)
O Yuki Hirata'?, Shunsuke Kimura?, Kosuke Higashida®, Tatsuhiko Yoshino!, Shigeki
Matsunaga'-

Keywords: C—H activation, iridium catalyst

Direct C—H functionalization of inert C—H bond is known as a convenient tool that enable
step- and atom-economical synthesis of various organic molecules. Group 9 transition metals
(Co, Rh, Ir) bearing cyclopentadienyl ligands (Cp) show high reactivity to C-H
functionalization. The mechanism of CpM(III) catalyzed C—H activation is generally proposed
to proceed via concerted-metallation deprotonation (CMD), which is a concerted mechanism
for hydrogen to be abstracted as a proton by a weak base such as a carboxylate. Generally,
C(sp*)-H bond cleavage step is supposed to proceed more easily than C(sp*)-H bond due to
various factor, mainly difference of Bond Dissociation Energy (BDE) and acidity of C—H bond.
Therefore, C(sp®)-H functionalization is fewer than C(sp?)-H functionalization. In addition,
when a substrate that has both C(sp?) and C(sp*)-H bond on accessible sites for C-H activation
is used, the product from C(sp?)-H activation or the mixture of C(sp?) and C(sp’)-H
functionalized product or both was obtained due to C(sp?)-H functionalization prior to C(sp)—
H. Thus, site-selective C(sp*)-H functionalization has been challenging, and the achievement
of selective C(sp®)-H functionalization is highly demanded towards flexible modification of
molecules. Recently, several site-selective C(sp®)—H functionalization was reported. Yu’s group
achieved selective C(sp®)-H iodination by chelation-control in 2017." In 2018, Xu’s group
enabled to control its selectivity by the number of atoms in metallacycle.? However, these
reports depended on the structure of a substrate, and flexible and switchable C(sp’)-H
functionalization of compounds that have both C(sp?) and C(sp’)-H bond, has not been
achieved by high-valent metal catalysis. Here in, we demonstrate flexible and switchable
C(sp’)-H functionalization catalyzed by electron-deficient Cplr(IIl) catalyst. Substrate scope
as well as synthetic application will be explained in this presentation.

C(sp?)-H C(sp®)-H
DG H functlonallzatlon H) DbpG @ functlonallzatlon

Easy to access Few report

1) Zhu, R.-Y.; Liu, L.-Y.; Yu, J.-Q. J. Am. Chem. Soc. 2017, 139, 12394.
2) Dong, Y.; Chen, J.; Xu, H. Chem. Commun. 2018, 54, 11096.
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Reductive C(sp®)-O Silylation by Cooperative Rhodium/Lewis

Acidic Metal Catalysis

(‘Department of Material Chemistry, Graduate School of Engineering, Kyoto University,
*Department of Applied Chemistry for Environment, Graduate School of Urban
Environmental Science, Tokyo Metropolitan University) ORin Seki,' Haruka Kido,' Kana
Ko, 2 Kaoru Imoto, > Hiroki Miura, > Yoshiaki Nakao'

Keywords: C(sp®)-O bond, silylation, rhodium, Lewis acids, Cooperative catalysis

Alcohol and ethers represent ubiquitous structural motifs in both feedstock and fine
chemicals. Abundant biopolymers such as cellulose and lignin, characterized by their
primary skeletons composed of multiple C—O bonds, are anticipated as sources for organic
compounds. Furthermore, the industrial synthetic process for alcohols and ethers has been
established. C—O bond transformations directly edit the main skeleton of these molecules
and allow access to a wide range of molecules from simple feedstock. However, the
formidable chemical stability of alcohols and ethers, arising from the diminished leaving
group ability of alkoxides and hydroxides, makes this difficult. Conventional
transformations of alcohols and ethers have heavily relied on conversion to more facile
leaving groups, such as sulfonates and phosphates, and the direct conversion of C-OR (R =
alkyl, H) bonds has proven to be intricate. Recently, the Dong group' and the Miura and
Shishido group® have reported the C(sp’)-O bond functionalization of alkyl ethers. As
elucidated above, this type of transformation has garnered substantial attention recently.

We have found that reductive C(sp*)-O silylation catalyzed cooperatively by rhodium
and Lewis acidic metals in the presence of magnesium powder. For instance, the reaction of
4-methyltetrahydropyrane (0.30 mL) with chlorodimethylphenylsilane (0.20 mmol) in the
presence of [RhCl(nbd)]> (2.5 mol%), InCl; (7.5 mol%), and magnesium powder (0.60
mmol) afforded the ring-opened and C(sp’)-O silylated product in 78% yield. We also
found that rhodium nanoparticles supported on indium oxide catalyzed the same type of
transformation. Experiments have suggested that the reaction is catalyzed by nanoparticles
containing multi-metallic species in both conditions. We will present the results focusing on
chemo-selectivity and the reaction mechanism.

© cat. Rh (2.5 mol%) HO SiMezPh
+  ClSiMeyPh
Q Mg (0.60 mmol) j\((
150 °C, 48 h
(0.30 mL) (0.20 mmol)

[RhCI(nbd)], (2.5 mol% Rh)/InCls (7.5 mol%) :78%
Rh/In,05 (2.5 mol% Rh) :70%

1) H. Lyu, L. Kevlishvili, X. Yu, P. Liu, G. Dong Science 2021, 372, 175. 2) H. Miura, M. Doi, Y.
Yasui, Y. Masaki, H. Nishio, T. Shishido J. Am. Chem. Soc. 2023, 145, 4613. 3) H. Miura, Y. Yasui, Y.
Masaki, M. Doi, T. Shishido ACS Catal. 2023, 13, 6787.
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Enantioselective construction of tetrasubstituted fluorine
stereocenters by Rh-catalyzed [2+2+2] cycloaddition reaction

(‘Department of Chemical Science and Engineering, Tokyo Institute of Technology)
OShintaro Hamada,'! Yoshinobu Komiya,' Shunsuke Suzuki,' Juntaro Nogami,' Yu Sato,' Yuki
Nagashima,' Ken Tanaka'

Keywords: cycloaddition, C-H activation, Rhodium, fluorine

The asymmetric construction of tetrasubstituted fluorine stereocenter is one of the most
synthetically challenging areas. Although asymmetric C—F bond formation using fluorination
reagents and asymmetric C—C bond formation of fluorinated compounds by nucleophilic or
coupling reactions have been developed, asymmetric cycloaddition reactions of fluoroalkenes
have been limited in only three reports [1].

On the other hand, our group has reported that acrylamide derivatives, which have higher
coordination ability than enones and acrylates, are excellent substrates for addition reactions
catalyzed by cationic Rh(I) complexes. We have established the enantioselective [2+2+2]
cycloaddition reaction with acrylamides and 1,6-enynes proceeded smoothly to give chiral
cyclohexene derivatives in high yields and high ee’s [2].

In this presentation, we report an efficient method for constructing chiral fluorinated
cyclohexene derivatives by the Rh(I)-catalyzed [2+2+2] cycloaddition reaction with
fluoroacrylamides and 1,6-enynes. Detailed investigations revealed that C—H activation of
acrylamides proceeds as a side reaction, and substituents and ligands control these
cycloaddition and C—H activation reactions.

Rh()*

1
— R 0o (R)-BINAP or (R)-xyl-BINAP R E R|3
/T F R3 catayst : N—g*

V4 \// + ,Il/ r d
R4 CH2C|2, rt s (6]
R? R2
1 2 3
(1.2 equiv) up to 84% yield, >99% ee

v Enantioselective construction of tetrasubstituted fluorine stereocenter
v/ High yields and high ee's
v/ Substituents and Ligand controlled reaction mechanism

References:

[1] (a) Shibatomi, K.; Futatsugi, K.; Kobayashi, F.; Iwasa, S.; Yamamoto, H. J. Am. Chem. Soc. 2010,
132, 5625. (b)Hatano, M.; Mizuno, T.; Izumiseki, A.; Usami, R.; Asai, T.; Akakura, M.; Ishihara, K.
Angew. Chem., Int. Ed. 2011, 50, 12189. (c) Kalita, S. J.; Cheng, F.; Fan, Q.-H.; Shibata, N.; Huang, Y.-
Y. J. Org. Chem. 2021, 86, 8695.

[2] Masutomi, K.; Sakiyama, N.; Noguchi, K.; Tanaka, K. Angew. Chem., Int. Ed. 2012, 51, 13031.
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Chemodivergent Synthesis of Isocoumarins and Isoquinolones by
Rhodium-catalyzed Consecutive Reaction of N-Methoxybenzamide
with in situ Generated lodonium Ylides

(Graduate School of Engineering, Kyoto University) ODongyoung Kim, Risako Miura, Yu
Kimura, Teruyuki Kondo
Keywords: Rhodium; C-H activation; Heterocyclization; Isocoumarin; Isoquinolone

Over the past decade, transition metal-catalyzed direct C-H bond activation, insertion, and
annulation reactions using diverse carbene precursors such as diazo compounds, sulfoxonium
ylides, iodonium ylides, and others have been developed for the synthesis of various
heterocyclic compounds.! However, almost all reactions required the preparation of carbene
precursors from 1,3-dicarbonyl compounds in advance. In addition, attempts to use only 1,3-
dicarbonyl compounds for catalytic construction of diverse heterocyclic scaffolds have been
failed. In 2020, Li and co-workers first reported that Rh-catalyzed coupling reaction of benzoic
acids with 1,3-dicarbonyl compounds gave isocoumarins, selectively, in which the generated
iodonium ylides would give a carbene species.? Thus, the development of environmentally
benign and atom-efficient catalytic synthesis of heterocyclic compounds using in situ generated
carbene species from simple 1,3-dicarbonyl compounds is highly demanded.?

In a continuation of our study on catalytic synthesis of several N-heterocyclic compounds
via C(sp?)-H bond activation, we succeeded in developing novel Rh-catalyzed consecutive
reaction, which consists of catalytic cleavage of C(sp?)-H bond of N-methoxybenzamide to
give a five-membered rhodacyclic intermediate, and insertion of in sifu generated carbene
species by only mixing 1,3-diketones with (diacetoxyiodo)benzene, followed by two-kinds of
distinct intramolecular cyclization, enabled chemodivergent synthesis of isocoumarins and
isoquinolones in one-pot. The two-kinds of distinct intramolecular cyclization pathways could
be controlled, completely, by appropriate use of either Lewis acids (for isoquinolones) or
carboxylic acids (for isocoumarins) in the presence of the same [Cp*RhCl,], catalyst.

o] o) in situ
[Cp*Rh(II] 0 [Cp*Rh(lIN)] T’Ph

o o]
O  PhI(OACc); OMe PhI(OAc);
— - + —_—
4 PivOH H CsOPiv

1) S. Nunewar, S. Kumar, S. Talakola, S. Nanduri, V. Kanchupalli, Chem. Asian. J. 2021, 16, 443.

2)Y. Jiang, P. Li, J. Zhao, B. Liu, X. Li, Org. Lett. 2020, 22, 7475.

3) (a) Z. Zhong, M. Liang, Z. Zhang, H. Cui, N. Wang, S. Mai, H. Tao, Org. Lett. 2022, 24,4850. (b) Q.
Wang, Y. Li, J. Sun, S. Chen, H. Li, Y. Zhou, J. Li, H. Liu, J. Org. Chem. 2023, 88, 5348.
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