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Catalytic 1,1-Cyanoalkylation of Electron-Deficient Olefins

ODuc An Truong'2, Kohsuke Ohmatsu'2, Takashi Ooi'2 (1. Graduate School of Engineering,
Nagoya University, 2. Institute of Transformative Bio-Molecules (WPI-ITbM), Nagoya University)
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Enantioselective Cu/I Hybrid Catalysis for Aerobic Oxidative Cyclization (Graduate School of
Engineering, Nagoya University) O Shunki Matsuyama, Soki Thara, Takehiro Kato,
Muhammet Uyanik, Kazuaki Ishihara

We have previously developed oxidative coupling reactions catalyzed by hypoiodite salts,
which are generated in situ from the corresponding ammonium iodides with hydrogen peroxide
or alkyl hydroperoxides as oxidants. If oxygen can be substituted for peroxides as a terminal
oxidant, a more ideal oxidation system might be expected. Here, we developed the Cu/I hybrid
catalysis for the aerobic oxidative coupling reaction. Moreover, we achieved the
enantioselective oxidative cyclization of oxocarboxylic acids, oxo-phenols, and oxo-alcohols
by using chiral bis(oxazoline) ligands.

Keywords: Cu/l; Hybrid catalysis; Aerobic oxidation; Enantioselective; Oxidative cyclization
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1) M. Uyanik, K. Ishihara, ChemCatChem 2012, 4, 177.
2) F. Wu, J. P. Ariyarathna, N. Alom, N. Kaur, W. Li, Org. Lett. 2020, 22, 886.
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Development of Chiral Iron(III) Catalysts for Enantioselective Oxidative [3+2] Cycloaddition
of Phenols with Styrenes (Graduate School of Engineering, Nagoya University) O Haruki
Matsuda, Kohsuke Nomura, Kai Matsui, Shuhei Ohmura, Kazuaki Ishihara

Oxidative [3+2] cycloaddition of phenols with styrenes has attracted much attention as a
method for constructing 2,3-dihydrobenzofuran skeleton, which is found in many natural
products.! However, the development of enantioselective variants of these reactions has been
still challenging because they require precise control of the reactivity of highly reactive and
labile cationic intermediates in an enantioselective fashion.” Recently, our group has been
developing asymmetric catalysis using environmentally benign chiral iron catalysts.® Here, we
have developed chiral iron(III) catalysts for enantioselective oxidative [3+2] cycloaddition of
phenols with styrenes. In the presence of co-oxidant, 4-aminonaphthol derivatives reacted with
styrenes to provide the corresponding 2,3-dihydrobenzofurans with good enantioselectivity by
using chiral iron(IIl) catalysts which could be prepared in situ from FeCl; and chiral silver salts.
Keywords : Chiral Iron( Il ) Catalyst; Phenol; Styrene; [3+2] Cycloaddition; 2,3-
Dihydrobenzofuran
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1) Blum, T. R.; Zhu, Y.; Nordeen. S. A.; Yoon, T. P. Angew. Chem. Int. Ed. 2014, 53, 11056.

2) Yu, Q.; Fu, Y.; Huang, J.; Qin, J.; Zuo, H.; Wu, Y."; Zhong, F. ACS Catal. 2019, 9, 7285.

3) Ohmura, S.; Katagiri, K.; Kato, H.; Horibe, T.; Miyakawa, S.; Hasegawa, J.; Ishihara, K. J. Am. Chem.
Soc. 2023, 145, 15054.
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Chiral Macrocyclic Catalysts for the Enantioselective Addition of
Lithium Acetylides to Ketones

(‘Graduate School of Engineering, Nagoya University, *School of Pharmaceutical Sciences,
University of Shizuoka, *Faculty of Pharmaceutical Sciences, Kobe Pharmaceutical
University) O Kazuaki Ishihara,' Kenji Yamashita,® Yuji Tabada,' Katsuya Yamakawa,'
Takuya Mochizuki,' Kai Matsui,' Manabu Hatano®

Keywords: Chiral Macrocyclic Catalysts; Enantioselective Addition; Lithium Acetylides;
Ketones; Optically Active fertiary-Alcohols

Alkynyl addition to carbonyl compounds is a valuable synthetic method for the
preparation of versatile chiral alcohols that are widely found in pharmaceuticals and natural
products. Although a variety of enantioselective variations have been reported, alkynyl addition
to simple ketones remains an unmet challenge due to their low reactivity and difficult
enantiofacial discrimination." Here, we report a method for the catalytic enantioselective
addition of lithium acetylide to a variety of ketones using macrocyclic lithium binaphtholates
as catalysts.? These reactions generally suffer from facile aggregation of lithium species, which
leads to less active and selective catalysts. The macrocyclic structure designed in this study
prevents such aggregation, affording a monomeric and highly active catalyst that can furnish
enantioenriched tertiary alcohols from a variety of ketones within 5-30 min. Moreover, the
confined cavity and lipophilicity of the macrocycle confer substrate specificity on the system,
demonstrating a multiselectivity similar to that of enzymatic reactions. Thus, these findings
offer new insights into the rational design of small-molecule artificial enzymes that exhibit
high levels of reactivity and multiselectivity.
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1) a) K. Tanaka, K. Kukita, T. Ichibakase, S. Kotani, M. Nakajima, Chem. Commun. 2011, 47, 5614—
5616. b) S. Kotani, K. Kukita, K. Tanaka, T. Ichibakase, M. Nakajima, J. Org. Chem. 2014, 79,
4817-4825.

2) K. Yamashita, Y. Tabata, K. Yamakawa, T. Mochizuki, K. Matsui, M. Hatano, K. Ishihara, J. Am.
Chem. Soc. 2023, 145, 26238-26248.
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Silver-Catalyzed Selective Oxidation of Primary Alcohols in Triols to y-Hydroxy Ketones
(‘\Department of Chemistry, Tokyo Medical University, *Graduate School of Science,
Kitasato University) OYuta Aoki? + Masashi Hasegawa® * Yasuhiro Mazaki? * Keigo

Fugami' * Shingo Ishikawa'

Selective oxidation of alcohols is one of the most important reactions in the efficient
construction of carbon skeletons. For example, manganese oxide can selectively oxidize only
highly reactive benzyl or allyl alcohols in the presence of several alcohols. Generally, it is
difficult to oxidize other co-existing alcohols without protecting the highly reactive alcohol. In
this study, we report here that we found that the primary alcohol moiety can be selectively
oxidized and converted in the presence of primary alcohols and benzyl alcohols.

Treatment of triols with catalytic amount of AgNO; and Na,S,0Os as oxidants in a 1:1 mixture
of CHCI3/H,O at 30 °C for 24 h gave desired y-hydroxy ketones in moderate yields.
Keywords : silver, catalyst, selective oxidation, y-hydroxy ketones, triol
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Regioselective [3+2] cycloaddition of epoxides with CO; or isocyanates catalyzed by Pheox-
Al catalysts with phosphino groups (Graduate School of Engineering, Osaka University)
Yoshihiro Nishimoto, OKenshin Mandai, Makoto Yasuda

Oxazolidinone skeletons are important building blocks for biologically and
pharmacologically active compounds. Cyclic carbonate skeletons are used in electrolytes for
lithium ion batteries and nonprotic polar solvents. A cycloaddition reaction is a highly atom-
economical method for the synthesis of these compounds; however, there are problems such as
a large loading-amount of catalyst, the use of rare metal catalysts, high temperature and high
pressure conditions, and the need for additives. In this study, we synthesized Pheox-Al
complexes with a phosphino group at the ortho position of the aryl substituent. The phosphino
group does not coordinate to the Al center and acts as a Lewis base, accelerating the
complexation between a Pheox-Al complex and CO; or isocyanates. The Pheox-Al complexes
catalyzed the cycloaddition reaction of isocyanate with epoxide in high yield and
regioselectivity. And, the cycloaddition reaction of CO; and aliphatic epoxides proceeded under
atmospheric CO, without any additives.

Keywords : Pheox-Al complex; Phosphino group; CO:; epoxide; [2+3] cycloaddition reaction
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Development of conformationally flexible chiral Bipyridine ligand (1): solvent-dependent
reversal of enantioselectivity in asymmetric conjugate addition (Graduate School of Science,
Rikkyo University) OSakino Kazama, Masahiro Yamanaka

Most of privileged chiral ligands have rigid structures, controlling the stereoselectivity by the
steric repulsion with bulky substituents on the ligands. In contrast, we have designed a
conformationally flexible chiral bipyridine ligand (L.1) that can stabilize a desired transition
state by multiple hydrogen-bonding interactions with the substrate. The flexible chiral side
chain could conformationally change in response to reaction conditions such as solvent and
reaction temperature, significantly changing the stereoselectivity. In this study, we realized the
asymmetric Michael reaction of cyclic f-ketoester (1) and nitrostyrene (2) using L1-CuOTf
catalyst with high enantioselectivity. Furthermore, the enantioselectivities were completely
reversed at the high levels depending on solvents. To investigate the stereocontrol mechanism,
circular dichroism measurements and DFT calculations were conducted.

Keyword: Asymmetric catalyst, Asymmetric Michael reaction, Enantioswitch, Theoretical
calculation
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Development of conformationally flexible chiral Bipyridine ligand (2): Entropy-driven
asymmetric borylation of a,B-Unsaturated ketones (Graduate School of Science, Rikkyo
University) OMasahiro Yamanaka, Nahoko Miyazawa

We have developed a novel chiral bipyridine ligand bearing a flexible side chain that could
play as a molecular recognition site through multiple hydrogen bonds. In this study, we applied
this ligand to asymmetric borylation of a,B-unsaturated ketones. The reaction of chalcone
derivatives with bis(pinacolato)diboron in the presence of CuCl and the chiral bipyridine-
thiourea ligand afforded the corresponding products in high yields with high
enantioselectivities (up to 99%, 88% ee). The enantioselectivity increased with increasing the
reaction temperature. Such an unusual temperature profile was uncovered by Eyring analysis,
indicating that this reaction is essentially an entropy-controlled process.

Keyword: Asymmetric catalyst, Asymmetric borylation, Entropy driven reaction, Theoretical
calculation
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Catalytic Generation of Breslow Intermediate from Carboxylic Acid Using Photochemical or
Electrochemical Approach (*ICR, Kyoto Univ. -°Grad. Sch. Med. Sci., Kanazawa Univ.)
OHiroki Shimono,! Mayu Kusakabe?, Kazunori Nagao!, Hirohisa Ohmiya®

We report a new approach to catalytic generation of a Breslow intermediate from carboxylic
acids through reductive radical-polar crossover combining N-heterocyclic carbene catalyst and
photochemical or electrochemical reduction. Therein, acylazolium species derived from NHC,
carboxylic acids and condensation reagent receives two electrons from sacrificial reductants
through photoredox catalysis or cathode, producing the corresponding Breslow intermediate.
This protocol could be applied to ring expansion reaction of cyclic aliphatic carboxylic acids
or Stetter reaction.

Keywords : Photoredox catalyst, Cathodic reduction, N-Heterocyclic Carbene, Breslow
intermediate
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Exploration of Chiral Lewis Base Catalysts for Enantioselective Bromoazidation of Alkenes
(Graduate School of Engineering, Nagoya University)

(OMayu Urata, Keigo Nagami, Shuhei Ohmura, Kazuaki Ishihara

Bromoazidation of alkenes has received great attention since the resulting bromoazides
provide access to various nitrogen-containing natural products through the transformations of
bromine and the concise construction of triazole or amine moiety from azide group. However,
the substrate scope of previously reported enantioselective reactions was limited to the alkenes
which have functional groups to recognize chiral catalysts.!? Therefore the development of
alternative methods is still highly desirable. Our group has previously reported Lewis base—
silyl Lewis acid cooperative catalyst for iodochlorination of alkenes.”

Here, we found that the judicious choice of chiral Lewis base catalyzed enantioselective
bromoazidation to afford the 1,2-bromoazidoalkanes enantioselectively even using alkenes
having no functional groups.

Keywords : Bromoazidation; Chiral Lewis Base Catalyst; Electrophilic Brominating Reagent;
Alkene; Nitrogen-containing Natural Product
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Catalytic 1,1-Cyanoalkylation of Electron-Deficient Olefins
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Multicomponent olefin dicarbofunctionalization is a powerful tool for the rapid
construction of complex molecular architectures from readily available and diverse starting
materials. In this type of transformations, two carbogenic functionalities are generally
incorporated across the two carbons of olefins, leading to the formation of
1,2-difunctionalized products. We here disclose an unusual 1,1-dicarbofunctionalization of
olefins, in which two different carbon appendages are introduced to the same carbon of
olefins. Specifically, we developed a three-component 1,1-cyanoalkylation of olefins
bearing vicinal carbonyl groups with potassium cyanide and alkyl halides, providing an
efficient access to synthetically versatile cyano carbonyl compounds.

We recently reported the catalytic asymmetric three-component 1,2-cyanoalkylation of
acyclic olefins, which proceeded through conjugate cyanation followed by trapping of the
transient enolate with alkyl halides.! The initially installed cyano group of the enolate
intermediate acted as a directing group to appreciate the secondary interaction with chiral
cationic catalyst and enable precise stereocontrol in the alkylation step. Considering the
properties of cyano group, we envisioned that their strategic exploitation would offer a
unique opportunity for further developing multicomponent reactions. Concretely, the
installation of cyano group via conjugate addition to electron-deficient olefins leads to
increase in the acidity of proton attached on the cyano-bearing carbon owing to its
electron-withdrawing nature. In view of translating such increase in C—H acidity into the
development of previously elusive mode of reaction, we designed a cascade process
comprising conjugate cyanation to the olefin, 1,2-proton transfer, and consecutive bond
formation with an electrophile at C-1 position to form 1,1-difunctionalized product.

General scheme for olefin dicarbofunctionalization
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