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Synthesis and reaction of arylfluoromethylsilanes with functional groups (' Graduate School of
Science and Technology, Gunma University) ONonoka Abe,' Yuto Haga, Tsuyuka Sugiishi,’
Hideki Amii

Fluorine atoms in organic molecules exhibit specific properties electronically and sterically.
Therefore, the introduction of fluorine atoms into organic compounds is expected to increase
their lipophilicity and pharmacological activity. Monofluorinated compounds have a structure
in which one fluorine is bonded to one carbon and are used in a wide range of fields such as
pharmaceuticals, agrochemicals, and materials. Among fluorine-containing compounds,
fluorobenzyl compounds have been studied in our laboratory using benzyl fluoride, since there
are currently few examples of their synthesis. Therefore, we focused on aryl
monofluoromethylsilanes as fluorine-containing synthetic building blocks, and prepared aryl
monofluoromethylsilanes with various functional groups from benzyl fluoride? . The resulting
aryl monofluoromethylsilanes and electrophiles such as carbonyl compounds were used for
synthetic chemical applications.Here in, we discuss the synthesis and synthetic applications of
functionalized arylfluoromethylsilanes.

Keywords : Fluorine, fluoromethyl group, silylation, nucleophilic addition
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1) Kitahara, T.; Tagami, Y.; Haga, Y.; Fustero, S.; Sugiishi, T.; Amii, H. Org. Bimol. Chem.
2023, 21, 9210.
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Development and Evaluation of Reagents for Nucleophilic Trifluoromethylation
(Graduate School of Science and Technology, Gunma University ! )

(OTaiyo Kobayashi!, Akari Matsuoka!, Hiromu lkeda', Tsuyuka Sugiishi!, Hideki Amii!

The introduction of trifluoromethyl groups to organic compounds increases electron-
withdrawing and lipophilicity of them, and therefore trifluoromethyl groups are used in a
wide range of fields, including pharmaceuticals and agricultural chemicals. However,
reagents for trifluoromethylation are generally expensive. Our laboratory has developed
several reagents for trifluoromethylation. In this study, we synthesized reagents for
trifluoromethylation with the aim of increasing reactivity compared to conventional agents,

and evaluated their performance.
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Investigation of Reducing Systems in the Decomposition of Perfluorocarboxylic Acids
(Graduate School of Science and Technology, Gunma University) OKyota Itabashi,
Shota Suzuki, Tsuyuka Sugiishi, Hideki Amii

Perfluorocarboxylic acids such as PFOA have many strong carbon-fluorine bonds. Therefore,
they are very stable and do not decompose easily. Accumulation of PFOA in the environment
has become a problem in recent years. We have investigatied the reactions to decompose the
perfluoroalkyl compounds using a reducing system consisting of a low-valent metal and an
arene such as sodium naphthalenide. In this study, we have systematically explored the suitable
reduction system with high activity.

The defluorination reactions of perfluorocarboxylic acid esters 1 were carried out by the action
of lithium naphthalenide (2), LiDBB (3), and NaDBB (4). The reductive decomposition of 1
yielded carbon powder. The activity of the reducing systems in the defluorinative degradation
will be discussed in this presentation.

Keywords : Fluorine, Perfluorocarboxylic acids; Defluorination; Carbon,; Low-valent metal

ST NFaF s B2 (PFOA) 73 ED~L 7 LA 1 J1 VR L EEE TR E 72 e 55
— 7 v FEEEELZATEMTH D, TDT2H, ~Iv 7 A v VR BRI,
EFIHETH Y, BREP THMET, FHT L2 EPNIEMER STV D, A
R TIL, BT MARE & FERILAEMN OB TR EHNT, L7t a b
RN UBFROME IR IRFE— 7 v REEEZUM L, DT D5 E1T> TW5D, Al &
EEE AT HEICRERE LT,

ST NF B INVR BT ATV LI L, U F U LT 7 X L= F(Q2).LIDBB(3).
NaDBB () ZEH S H, W7 v FBERIEEToTo, THHDKISIZE D, ~v 7 A
B HVR BT ATV LIRS, REMKREGT-, AEERTIE, W7 v FBRG
28T DBILRDIEED I HONWTIRRDE TETH S,

RF Q i
Mg r  Resenasien gy
n [P EN|d

FF
1
O O O
CO% a0 ok O Ova v
2 3 4

© The Chemical Society of Japan - [F12403-1am-03 -



[F]2403-1am-04 A& 10555454 (2025)

Tt A A R EBEFBENLD ) ZILAQAFILTILT Y
DA R EREN R —EFiE T

(FEBERH) OFR v - 5F % - WA 6 - il B
Visible-light-driven photoreduction of trifluoromethylalkene by fluoride-coupled electron
transfer (Faculty of Science, Gakushuin University) O Sakurako Katsumi, Fua Akutsu,
Tatsuhiro Uchikura, Takahiko Akiyama

Organofluorine compounds are widely used as pharmaceuticals and agrochemicals due to
their unique biological activities. gem-Difluorovinyl group is known as bioisostere of carbonyl
group and has attracted much attention as pharmaceuticals. We previously reported novel
synthetic method for the difluoroalkyl compounds by the photoreduction of
trifluoromethylarenesutilizing “fluoride-coupled electron transfer”, wherein single-electron-
transfer and defluorination occurred concertedly.! In this study, we have achieved the synthesis
of gem-difluorovinyl compounds by photoreduction of trifluoromethylstyrenes in the presence
of radical scavenger and fluoride scavenger. Mechanistic studies revealed that the reaction
proceeded through EDA complex.

Keywords: Trifluoromethyl; C-F bond activation, Photoreduction
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1) Uchikura, T.; Akutsu, F.; Tani, H; Akiyama, T. Chem. Eur. J. 2024, 30, €202400658.
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Silylcopper-promoted  easy  synthesis of  gem-difluoroallylsilanes  from  o—
(trifluoromethyl)alkenes ('Graduate School of Engineering, Nagoya Institute of Technology)
OSeishu Ochiai,! Zhengyu Zhao,' Norio Shibata'

Copper can react with silylboranes to generate highly active silylcopper species. This
intermediate was reported that it could undergo migratory insertion of alkenes with ease,
forging organosilicon compounds. In accordance with these insights, we developed simple
synthesis of gem-difluoroallylsilanes from a-(trifluoromethyl)alkenes using the silylcopper
species via defluorosilylation. Gem-difluoroallylsilanes is one of the attractive building blocks
for versatile gem-difluoromethylenes. However, previous works based on transition metal
catalyzed process generally need stoichiometric amount of base and heat condition to promote
the transmetalation step involving o-bond metathesis between transition metal catalysts and
silylboranes. Herein, we have developed a new method that needs neither usage of base nor
heat source. Therefore, this protocol possesses a very broad substrate tolerance, affording the
corresponding gem-difluoroallylsilanes with high yields up to 99%. Also, an array of bioactive
molecules such as estrone, vitamin E, sulindac and so on were proved to be suitable for this
protocol, giving moderate to high yield of desired products.

Keywords : Organofluorine chemistry;, Main group element chemistry, Transition metal
catalyst
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Switchable Site-selective C(sp®)-H Fluorination of Saccharides (IMCE, Kyushu University,
2IGSES, Kyushu University) O Erina Kurokawa,” Yanru Li,> Kohei Sekine,"* Yoichiro
Kuninobu'~

Various synthetic methods of fluorine-containing saccharides have been developed because
they are important as pharmaceuticals and PET reagents. However, the problem of generating
a mixture of isomers remains in C(sp*)-H transformations because saccharides contain multiple
C(sp®)-H bonds with similar reactivity. Recently, we succeeded in the development of site-
selective C(sp*)—H alkylation of saccharides using HAT catalysts different in size and switching
the reaction sites. In this study, we developed site-selective C(sp®)-H fluorination of
saccharides that can switch reaction sites by changing fluorination reagents and HAT catalysts.

The investigation of fluorination reagents and HAT catalysts revealed that the photoinduced
C(sp®)-H fluorination of protected saccharides proceeded at the weakest C(sp*)—H bond of the
substrates without catalysts or with a compact HAT catalyst. In contrast, when a bulky HAT
catalyst was used, the fluorination proceeded at C(sp®)-H bond with less steric hindrance of
the substrates.

Keywords : C—H transformation; Fluorination, Site-selectivity, Saccharide; Switching
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'Li, Y.; Kuninobu, Y. Adv. Synth. Catal. 2023, 365, 2577-2587.
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Stereoselective Synthesis of 2-Fluoro-2-(hydroxymethyl)cyclopropanecarboxylic Acids
(Shizuoka Institute of Science & Technology) O Miyu Usui, Manako Kitagawa, Mai
Watanabe, Takuma Kawai, Masayuki Kirihara

2-Fluoro-2-(hydroxymethyl)cyclopropanecarboxylic acids (1) are versatile building blocks
for the synthesis of various fluorocyclopropans. However, the stereoselective synthesis of the
two diastereomers, [(1RS,2SR)-1] and [(1RS,2RS)-1], has not yet been established. In our
investigation into the ring-cleavage fluorination of (hydroxymethyl)cyclopropane, we
previously developed stereoselective synthetic routes to (1RS,2RS)-1-aryl-1-fluoro-2-
(hydroxymethyl)cyclopropanes [(1RS,2RS)-2] and (1RS,2SR)-2-aryl-1-fluoro-1-(hydroxy-
methyl)cyclopropanes [(1RS,2SR)-3]. Building on this work, we sought to determine whether
(1RS,2SR)-1 could be synthesized from (1RS,2RS)-2, and whether (1RS,2RS)-1 could be
obtained from (1RS,2SR)-3. While the conversion of (1RS,2RS)-2 to (1RS,2SR)-1 was not
possible in high yields, we successfully synthesized the target compound (1RS,2SR)-1 by
employing an ester (4) bearing a benzyloxymethyl group in place of an aryl group. Efforts to
synthesize (1RS,2RS)-1 from (1RS,2SR)-3 are ongoing.
Keywords : 2-Fluoro-2-(hydroxymethyl)cyclopropanecarboxylic Acids,; Fluorocyclopropanes,
Sstereoselective Synthesis, Fluorinated Building Blocks
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Cycloaddition of trifluoromethylisobenzofuran with alkynes
(Graduate School of Science and Technology, Gunma University) OHiroko Nagato, Moe Tasaki ,
Toshikazu Yoneoka , Tsuyuka Sugiishi, Hideki Amii

Isobenzofuran has an intramolecular o-quinodimethane structure and thus acts as a useful diene
in the Diels-Alder reaction. The Diels-Alder reaction of trifluoromethylisobenzofuran and
diethyl acetylenedicarboxylate provided a naphthalene precursor (1) with two ester groups, but
also gave inseparable over-cycloaddition product (2) with CFs-isobenzofuran. In this
presentation, we show the selective cycloaddition of trifluoromethylisobenzofuran (5)
possessing phenyl group with diethyl acetylenedicarboxylate to afford the adduct (6).

Keywords : Fluorine; Alkyne,; Isobenzofuran; Diels-Alder reaction
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Trifluoromethyl-perfluorocyclic sulfonylamidation of alkynes (Yamaguchi University)
(OMasashi Daitoku, Mai Hisayuki, Takuji Kawamoto

An amide anion with two fluoroalkylsulfonyl groups is a highly stable anion due to the strong
electron-withdrawing effect of the sulfonyl groups and fluorine. Therefore, it has been
recognized as an inert anion. Recently, several groups reported fluoroalkyl sulfonamidation of
alkynes. In this work, we investigated the trifluoromethylation-perfluorocyclic
sulfonamidation of alkynes, where the key process involves the formation of a vinyl cation via
the addition of a CF3 radical to an alkyne followed by single-electron oxidation.

Keywords : Radical reaction; Trifluoromethylation; Perfluorocyclic sulfonamidation
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(1) Sebastian, S.; Christina, S.; Niklas, G.; Meike, N. Angew. Chem. Int. Ed. 2019, 58, 5119—
5123.

(2) Lei, H.; Qianwen, P.; Congdi, Z.; Sen, W.; Weilin, W.; Junjie, Z.; Lu, B.; Youliang W.
Chem. Eur. J. 2021, 27, 12272—-12275.

(3) Kawamoto, T.; Yamasaki, T.; Ikazaki, T.; Matsubara, H.; Kamimura, A. Asian J. Org.
Chem. 2024, €202400035.
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Development of Chiral Iron(Ill) Photoredox Catalysts for Enantio-, Diastereo-, and
Regioselective Radical Cation (4+2) Cycloaddition toward Natural Product Synthesis
(Graduate School of Engineering, Nagoya University) O Hayato Akao, Shuhei Ohmura,
Kazuaki Ishihara

Radical cation (4+2) cycloaddition has attracted great attention as a method to afford
unusual regioisomers that can be hardly obtained under thermal conditions.' Our group recently
succeeded in enantioselective radical cation (4+2) cycloaddition using a chiral iron(III)
photoredox catalyst.” However, we employed three equivalents of the chiral source per iron(III)
center, two of which were not involved in the asymmetric induction.

Here, we report a new chiral iron(III) photoredox catalyst consisting of a chiral anion and
an appropriate achiral dianion, whereby the amount of chiral source can be reduced to one-
third of the previous method. This strategy was applied to (4+2) cycloadditions of a,f-
unsaturated carbonyl compounds with dienes to provide the products in high yield with high
enantio- and regioselectivities. Furthermore, the enantioenriched cycloadduct was used as a
key intermediate for unprecedented asymmetric total syntheses of five natural products.
Keywords: Radical Cation; (4+2) Cycloaddition; Chiral Iron(Ill) Photoredox Catalyst, Chiral
Counter Anion; Natural Product Synthesis

T HNTTF AR S IE, AR L IX R DA ERERE 5 2 58
RN a2 OFENINETICRESI N TN D |, YAFZEE TlE, & 7 kAL
U Ry 7 Az 2 RE OGS Z Balbis Uiz, LavL, gRICEfL L7 3 2DX T
NN FD 55 2 ONARFFEICHE L TOARVEICHEOR IR SN TV S

SE AT TAT = F L EBURT X TN T = F O RRDHT 7% T8k
AL Ky 7 Afiblft 2 BR%E Uiz, AfbEEE WD 2 & TF T RO &% (6K
D 13 ITHIRT 5 Z LIS L, ap-REaf VAR = bEm e o bxtsT 5
A BRALAMIMAR Z EUR, ET  FA BRI, 22 0E L Y A BRI, S 61
KRG H KRB ETHRA~ETEH L. 5 DOFRK DO OFRF AR & 2k Lz,

previous design / new design EDGE X
A * /X* /Y LA heitziamide A
EDG- X*—Fe_ . X—Fe’ ) 1R nicolaioide_sin B
N A (caty X (caty Y Z N panduratin |
' I~ =

| -—R > isopanduration A
0 / blue LEDs — 2-hydroxyisopanduratin A

- minimal chiral source (X*) high yield, high ee First asymmetric syntheses of
z - more tunable catalyst design high regioselectivity 5 natural products
1) T. Horibe, K. Ishihara, Chem. Lett. 2020, 49, 107.

2) S. Ohmura, K. Katagiri, H. Kato, T. Horibe, S. Miyakawa, J. Hasegawa, K. Ishihara, J. 4m. Chem.
Soc. 2023, 145, 15054.
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Development of Photo-promoted (4+2) Cycloaddition of Anetholes Catalyzed by Brensted
Acid and Application to the Asymmetric Reaction (Graduate School of Engineering, Nagoya
University) OShota Shimazaki, Shuhei Ohmura, Kazuaki Ishihara

Diels—Alder reaction is one of the most efficient methods for constructing the cyclohexene
skeleton found in many pharmaceuticals and agrochemicals. Usually, a combination of an
electron-rich diene and an electron-deficient dienophile is used to facilitate the reaction. On the
other hand, radical cation (4+2) cycloadditions, where the one-electron oxidation of a substrate
promotes the reaction, have attracted much attention as a method to couple an electron-rich
diene with an electron-rich dienophile.' Recently, we reported on the asymmetric radical cation
(4+2) cycloaddition of anetholes using a chiral iron(III) photoredox catalyst as a one-electron
oxidant.” Here, we found that the corresponding (4+2) cycloadducts could be obtained from
anetholes and isoprene by using a combination of photoirradiation and Brensted acid catalysts
even in the absence of one-electron oxidants. We also demonstrated that chiral Brensted acid
catalysts induce the enantioselective reaction.

Keywords: Photoreaction; (4+2) Cycloaddition; Bronsted Acid Catalyst; Asymmetric
Catalysis; Anethole
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| ZMe blue LEDs
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1) T. Horibe, K. Ishihara, Chem. Lett. 2020, 49, 107.
2) S. Ohmura, K. Katagiri, H. Kato, T. Horibe. S. Miyakawa, J. Hasegawa, K. Ishihara, J. Am. Chem.
Soc. 2023, 145, 15054.
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Development of Iron(Il) Catalysts for Photo-promoted Oxytrifluoromethylation of a,f-
Unsaturated Carbonyl Compounds (Graduate School of Engineering, Nagoya University) O
Joji Takeuchi, Shuhei Ohmura, Kazuaki Ishihara

In medicinal chemistry, trifluoromethylations have received much attention as an efficient
strategy to optimize the hydrophobicity and chemical stability of molecules”. Among them, the
oxytrifluoromethylation of alkenes is a useful reaction that allows the simultaneous
introduction of an oxygen atom and a trifluoromethyl group.> However, the development of
reactions using electron-deficient alkenes as substrates remains a challenge due to their low
reactivity towards electrophilic trifluoromethylating reagents. Here, we found that iron(II)
catalysis promoted oxytrifluoromethylation of o,p-unsaturated carbonyl compounds using
Togni reagent Il under photoirradiation. This method could be applied to several o,p-
unsaturated carbonyl compounds to give the corresponding oxytrifluoromethylated compounds
with high diastereoselectivity.

Keywords: Fluorination, Oxytrifluoromethylaytion; Iron(ll) Catalyst; Photoirradiation; o,f-

Unsaturated Carbonyl Compounds
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1) Magueur, G.; Crousse, B.; Charneau, S.; Grellier, P.; Bégué, J.-P.; Bonnet-Delpon, D. J. Med. Chem.
2004, 47,2694.

2) Janson, P. G.; Ghoneim, I.; Ilchenko, N. O.; Szabd, K. J. Org. Lett. 2012, 14, 2882.

3) Yasu, Y.; Koike, T.; Akita, M. Angew. Chem. Int. Ed. 2012, 51, 9567.
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Near-Infrared Light-Driven Radical Reaction Based on Organocatalytic Recognition of Boron

Compounds (ICR, Kyoto Univ.)) O Kanji Muraoka, Yusuke Miyamoto, Sho Murakami,
Hirohisa Ohmiya

=

We report a carbon—carbon bond formation between organoboron compounds and radical
acceptors using a dipyrromethene-type organocatalyst under near-infrared light. In this reaction,
the organocatalyst formed a complex with organoboronic acids that could be excited by near-
infrared light to generate carbon radicals. o,p-Unsaturated carbonyl compounds and
heteroarenes could be used as radical acceptors for carbon—carbon bond formation.

Keywords : Near-infrared light; Boron; Radical; Organocatalyst; Radical radical coupling
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1) D. C. Cabanero, T. Rovis, Nat Rev Chem, 2025, 9, 28.
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Direct Photoexcitable Arylborate Enabling Radical Reaction ('ICR, Kyoto Univ. >LBB, IIR,
Science Tokyo.) OShoichiro Oji,! Sho Murakami, ! Yuto Sumida, > Hirohisa Ohmiya!

We developed a borate complex prepared from arylboronic acid and 2,2'-(pyridine-2,6-
diyl)diphenol. Under visible light irradiation, the borate complex was directly excited to
generate an aryl radical. The aryl radical was applicable to carbon-carbon bond formation such
as radical addition to a,B-unsaturated carbonyl compounds.

Keywords : Visible light; Direct excitation; Borate; Radical; Arylation.
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1)a) Y. Sato, K. Nakamura, Y. Sumida, D. Hashizume, T. Hosoya, H. Ohmiya, J. Am. Chem. Soc., 2020,
142, 9938. b) Y. Miyamoto, Y. Sumida, H. Ohmiya, Org. Lett., 2021, 23, 5865.
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