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Visible-light-driven borylation of aryl halides by a phosphonium ylide organophotoredox
catalyst (Department of Materials Chemistry, Faculty of Engineering, Shinshu University) O
Ren Yamaguchi, Masaya Iwasaki, Yasunori Toda, Hiroyuki Suga

Aryl boronic esters are used as useful building blocks in organic synthesis. Recently,
photoredox-catalyzed borylation reactions have been intensively studied and borylation
reactions of aryl halide are well-known. Photoredox catalysts having strong reducing abilities
can efficiently reduce aryl halides. The corresponding aryl radicals generated by the
photoreduction undergo C—B bond formation to afford aryl boronic esters. Our group reported
that phosphonium ylide 1 serves as a visible-light photoredox catalyst with a strong reducing
power, enabling reductive transformations. In this study, we investigated the borylation of aryl
halides by phosphonium ylide photoredox catalysis. At the outset of our study, the reaction of
p-iodoanisole (2) with bis(pinacolato)diboron was carried out in the presence of 1 under visible
light irradiation. As a result, we found that the desired aryl boronic ester 3 was obtained in
relatively good yield.

Keywords : Phosphonium ylide; Photoredox catalyst; Aryl halide,; Borylation; Radical
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1) Tian, Y.-M.; Guo, X.-N.; Braunschweig, H.; Radius, U.; Marder, T. B. Chem. Rev. 2021, 121,
3561-3597.

2) Toda, Y.; Kobayashi, T.; Hirai, F.; Yano, T.; Oikawa, M.; Sukegawa, K.; Shimizu, M.; Ito, F.; Suga,
H. J. Org. Chem. 2023, 88, 9574-9578.
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Development of Pd-catalyzed phosphonium cyclopentadienylide (PCPY) synthesis through
photo-irradiation ('Department of Chemistry, Graduate School of Science and Engineering,
Kwansei Gakuin University) O Takaya Tomoike', Shoma Chiba', Bumpei Maeda', Kei
Murakami'

Phosphonium cyclopentadienylides (PCPYs) are known as stable ylides that contain a
phosphonium cation and a cyclopentadienyl anion moieties. They are attractive compounds
due to coordinating ability and unique reactivities derived from cyclopentadienyl anion.
However, the synthetic methods of PCPY's have been limited. Consequently, the investigation
of the properties and reactivities of PCPY's has been hindered by synthetic challenges. Herein,
we report a new palladium-catalyzed synthesis of PCPYs that proceeds with blue light
irradiation. Notably, the reaction enables the one-step synthesis of PCPYs from commercially
available 1,1’-bis(diphenylphosphino)ferrocene (dppf) and iodoarene under mild conditions.
Thus, the reaction tolerated various functional groups.

Keywords: Ylide, Palladium, Visible light irradiation, Phosphonium, Cyclopentadienyl anion
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1) a) P. Kiibler, B. Oelkers, J. Sundermeyer, J. J. Organomet. Chem. 2014, 767, 165. b) L. J. Higham, P.
G. Kelly, D. M. Corr, H. Muller-Bunz, B. J. Walker, D. G. Gilheany, Chem. Commun. 2004, 684.

2) a) F. Ramirez, S. Levy, J. Am. Chem. Soc. 1957, 79, 67. b) K. H. Kim, S. Lee, J. Lee, J. N. Kim,
Tetrahedron Lett. 2015, 56, 4349.
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Development of Radical Germylations Using Photocatalyst and Digermane (! Graduate School
of Materials and Chemical Technology, Tokyo Institute of Technology) OHaruka limuro,!
Shiho Ishigaki,! Tomonori Inoue,' Yuki Nagashima,' Ken Tanaka')

Germanium, a homologous element to carbon (Group 14), is a high-period element that can
form stable bonds with carbon. Organogermanium compounds have attracted attention as
bioactive compounds and building blocks. Therefore, synthetic methods for diverse organic
germanium compounds are required. Recently, diverse germylation reactions via in situ
generations of germyl radicals were developed for synthesis of organogermanium compounds
under mild conditions. On the other hand, we have developed photoinduced silylation reactions
through photolysis of Si-B and B-B bonds by appropriate reaction designs'?. Based on our
previous research, we herein reported a new method for in situ generation of germyl radicals
using digermane (Ge—Ge). This protocol enabled the visible-light-induced hydrogermylation
reaction of alkenes under mild conditions through photolysis of digermane with a
photocatalytic energy transfer process.

Keywords : germyl radical;, hydrogermylation, photolysis, organogermane compound,
photoinduced reaction
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1) S. Ishigaki, Y. Nagashima, M. Uchiyama, K. Tanaka, et al. Nat. Commun. 2023, 14, 652.
2) R. Arai, Y. Nagashima, T. Koshikawa, K. Tanaka, J. Org. Chem. 2023, 88, 10371.
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Photocatalytic 1,2-Phosphorus-Migrative [3+2] Cycloaddition of Tri(#-butyl)phosphine with
Alkynes ('Hokkaido University, *Kyoto University, *WPI-ICReDD) O Yusuke Masuda,’
Daichi Ikeshita,> Kosuke Higashida,3 Masaki Yoshida,! Naoki Ishida,> Masahiro Murakami,’
Masaya Sawamura'"

Tri(tert-butyl)phosphine and terminal alkynes undergo 1,2-phosphorus-migrative [3+2]
cycloaddition under photocatalytic conditions. The reaction exhibits broad functional group
tolerance and affords substituted cyclic phosphonium salts, which are amenable to further
derivatization by Wittig olefination. Experimental and theoretical studies suggest that the 1,2-
phosphorus migration of a B-phosphonioalkyl radical proceeds through a phosphine radical
cation—alkene van der Waals complex as a pseudointermediate.

Keywords : 1,2-migration, phosphonium salt, alkyne, cycloaddition, photoredox catalyst
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1) For a selected review, see: X. Wu, Z. Ma, T. Feng, C. Zhu, Chem. Soc. Rev. 2021, 50, 11577.
2) Y. Masuda, D. Ikeshita, K. Higashida, M. Yoshida, N. Ishida, M. Murakami, M. Sawamura, J. Am.
Chem. Soc. 2023, 145, 19060.
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Synthesis of Highly Condensed Benzophosphole Derivatives by Lewis-acid-assisted, Visible-
light-promoted Mallory Reaction (Graduate School of Engineering, Osaka University)

OIkki Kamiyoshi, Shibo Xu, Kosuke Yasui, Koji Hirano

A benzophosphole is one of heterocycles with unique optical and electronic properties and
has received much attention as a key skeleton for various organic functional materials such as
photoelectric conversion materials. In particular, highly condensed phospholes with extended
n-conjugated systems constitute an attractive class of compounds. One of representative
synthetic methods for their preparation is Mallory reaction of aryl-substituted phospholes by
UV light irradiation.

On the other hand, we recently found that the Mallory reaction of some specific 2,3-
diarylbenzophosphole oxide derivatives proceeded even under visible light irradiation to give
the corresponding condensed benzophosphole derivatives. In the present study, we developed
the visible-light (456 nm blue LEDs)-promoted Mallory reaction of more general 2,3-
diarylbenzophospholes with the assistance of an appropriate Lewis acid to form the
corresponding dehydrogenative cyclized products, highly condensed benzophosphole
derivatives, in good yields.

Keywords : Benzophospholes, Dehydrogenative cyclization, Mallory reaction, Visible light
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1) Matano, Y.; Imahori, H. Org. Biomol. Chem. 2009, 7, 1258.

2) Bouit, P.-A.; Escande, A.; Sziics, R.; Szieberth, D.; Lescop, C.; Nyulaszi, L.; Hissler, M.; Réau, R. J.
Am. Chem. Soc. 2012, 134, 6524.

3) Nishimura, K.; Xu, S.; Nishii, Y.; Hirano, K. Org. Lett. 2023, 25, 1503.
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Photocatalyzed Construction of Indole-Fused 1,4-Diazepine Derivatives
(Faculty of Science, Gakushuin University) OTatsushi Oishi, Tatsuhiro Uchikura, Takahiko
Akiyama

Indole-fused diazepines have attracted much attention because of their unique biological
activities and development of efficient synthetic method is desired. Although the photo-induced
C-H alkylations of indole are well-studied, its application to synthesis of indole-fused
diazepines is underdeveloped. In this study, we synthesized indole-fused 1,4-diazepine
derivatives by a photoredox-catalyzed radical addition of phenacyl radical to N-arylindole,
followed by cyclization. Upon treatment of N-(2-aminophenyl)indole 2 with a-acetoxy
acetophenone (1) in the presence of PC and sodium carbonate under blue LED irradiation
conditions, the desired indole-fused 1,4-diazepine derivatives 3 were obtained in good yields.
Keywords: Photocatalyst; Indole; Diazepine
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7 -Lewis Acidic Metal Catalyzed Photochemical Flow Reaction via Activation of Alkynes
(‘Graduate School of Science, Tohoku University, *Graduate School of Pharmaceutical
Sciences, Tohoku University) OZen Iwasaki,' Ryohei Yazaki,! Ren Obayshi,! Jun Kikuchi,’
Shigenobu Umemiya,' Masahiro Terada!

Recently, the development of catalytic radical reactions by using excited cation species
catalytically generated from organic cation intermediates via light irradiation has attracted
much attention. ! An efficient method to generate organic cation species is an intramolecular
cyclization reaction by activation of alkynes using n-Lewis acidic metal catalysts.” Herein, we
have developed a cyclization and successive intermolecular radical addition reaction of alkyne
1 with TMSBn, which is nonpolar prenucleophile under light irradiation conditions. The
reaction of alkyne 1 and TMSBn in 1,2-DCE as a solvent at 50 °C for 1 h in the presence of Ag
catalysts under blue light irradiation afforded the desired 2-benzopyran derivative 2 in good
yield. Furthermore, the application to a flow reaction successfully improved the yield of the
desired products due to suppress the decomposition of the products observed in the batch

system.
Keywords : Radical Reaction, One-pot Reaction; Flow Chemistry; Excited Cation; C-C bond

forming reaction
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j J. Kikuchi, S. Kodama, M. Terada, Org. Chem. Front., 2021, 8, 4153-4159.
2) N. Asao, S. S. Yudha, Y. Yamamoto, Angew. Chem. Int. Ed. 2005, 44, 5526.
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Synthesis of Cyclic Imides Based on Visible-Light Induced Carbamoylarylation (‘IMCE,

Kyushu University, 2IGSES, Kyushu University) OTaewoo Ko, Di Wu,> Kohei Sekine,!*
Yoichiro Kuninobu'+?

We have recently developed visible-light induced carbamoylarylation of alkenes. In the
reaction, it is assumed that the addition of carbamoyl radicals to alkenes, resulting in 1,4-aryl
migration with the cleavage of C(aryl)-N bond proceeded to afford the corresponding
arylpropanamides. In this study, it was expected that when alkenes which have a leaving group
at an appropriate position were used, cyclic imides could be obtained by the cyclization of
amidates which were produced after the addition of carbamoyl radicals to alkenes, 1,4-aryl
migration, and single electron transfer. In fact, when N-aryl oxamic acid and phenyl acrylate
were used as starting materials, the desired reaction proceeded under visible-light irradiation
using potassium carbonate and organic photocatalyst (PC) to give the corresponding 3-aryl
succinimide in high yield.

Keywords : C—N Bond Cleavage,; Carbamoylarylation; Aryl Migration,; Cyclic Imide; Organic
Photochemical Reaction

FexlZ, fiL, T OB L RE A LT U — ARG Z B LTz,
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ANTZHNDT NV o~ 1,4-7 U —Vilishr, —ETBIRZICELDL T IF

NORBRILEOGZR 232 & T, 8BIA I RREoNnD L5 27, FEBEIZ, -7 U —
NAFHIUERET 7 UNAEET = = /WZxf LT, AL (PC) LIkEED U U A7
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Aerobic Photooxidation of Alcohols Catalyzed by Azaborine (*College of Engineering,
Ibaraki University, 2Graduate School of Science and Engineering, lbaraki University,
SGraduate School of Science, University of Hyogo, “School of Pharmaceutical Sciences,
University of Shizuoka) OYuri Kikuiri,! Peiyuan Yang,? Hiroki Fukumoto,? Tomohiro Agou,®
Masaru Kondo*

Although selective oxidation of alcohols to aldehyde or carboxylic acids is one of
fundamental reactions, highly toxic metal oxidants or explosive peroxides are often used. In
recent, aerobic catalytic photooxidation of alcohols has attracted attention as a safe and
inexpensive method. However, an expensive transition-metal photocatalyst and/or toxic
solvent have been conventionally utilized for this transformation. Thus, aerobic
organocatalytic photooxidation in a greener solvent is highly demanded. In our previous work,
we reported aerobic photooxidation of phosphines and sulfides by dibenzo-fused 1,4-
azaborine (DBAB), which is one of the useful light-emitting compounds?. Here, we develop
the aerobic photooxidation of alcohols using the DBAB catalyst and a greener solvent. Under
irradiation by blue LED, the photooxidation of p-anise alcohol in AcOEt afforded p-anise
acid in 94% yield and in DMSO afforded p-anise aldehyde in 75% vyield, respectively.

Keywords : Photocatalyst; Green Solvent; Selective Oxidation
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MeO A, rt., 24 h \C[ :©/ !
Q* \ |

MeO Me

75% (in DMSO)
1) M. Kondo, T. Agou, Chem. Commun. 2022, 58, 5001.
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Syntheses of heteropolycyclic aromatic compounds with tetrahydro-f-carboline structures
(‘Graduate School of Science, Osaka Metropolitan University, 2Faculty of Science, Osaka City
University) OTakuma Yuba,? Yoshimitsu Tachi,'? Masatoshi Kozaki'-

Tetrahydro-B-carboline skeletons are types of nitrogen-containing tricyclic compounds, and
they are important compounds in medical or pharmaceutical fields because of their biological
activities”. On the other hand, they are less studied in material chemistry. We have conducted on
the synthesis of polycyclic aromatic compounds using natural amino acids as starting materials.
In this study, we focused on the B-carboline skeleton derived from L-tryptophan and designed
extended m-conjugated systems with the B-carboline skeleton. We synthesized compounds with
B-carboline structures from L-tryptophan by the Pictet-Spengler reaction”. We attempted to
synthesize n-extended B-carbolines by bonding heteroatom-rich aromatic compounds such as
imidazole, benzimidazole, and their analogues at the 9-position of carbolines by Ullmann
coupling?. We report the syntheses and physical properties of these compounds.

Keywords: Natural amino acid; Fused ring system, Heterocycles, [-carboline; Heteroatom
rich

T 7 Re-B-hnAR) AHITEER EEEYO—FE T, TOAMEENS,
Y P SFICBWTEHERLEWM TH L D, —T7. 2 b DILE M A BEREMA B
ELTUSHTDMRITIZE A ER\V, ARBFRTIX, RAT X/ Bx MREWE & u‘_%
R EHRICEMDARKE B L, L-tryptophan O8I N HB-I VAR YU IS
H L7z, Pictet-Spengler < Ji~iZ &> T, L-tryptophan 7> 5 B- 7 /L7R U /*%Jafgﬁﬁ‘éﬂj
EMEER LI, B-ANARY DI, I X — ), RUXA IF S —)LRLFED
B AEEO~T ] BB R A EFEEEY % Ullmann 77 > 7Y 7K VEAT S
Z LT, n R AR LT L E M ORREH Ak e AR T, Zh o DbEHm D
AR EPPEIZ DN THET 5,

(0] H2304
HCHO SOCl,
@T\)LOH > > |
N NH, H,O  dry MeOH N NH
H 6 h,rt 15 h,rt H
L-tryptophan

a: R = Trt: Trityl
b: R = THP: 2-tetrahydropyranyl

1) Ohta, Y. et. al. Org. Lett. 2009, 11, 1979-1982.
2) Singh, D. et. al. ChemistrySelect 2018, 3, 4859-4864.
3) Fang, Z. et. al. J. Mater. Chem. 2012, 22, 15397-15404.
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Development of organic luminescent radicals with hydrophilic-group substituted carbazole
donor (‘Graduate School of Science and Engineering, Kyushu Univ., *Department of Pure and
Applied Chemistry, Tokyo Univ. of Sci., *AIST, *Laboratory for Chemistry and Life Science,
Tokyo Tech., ’IMCE, Kyushu Univ.) OKosuke Anraku', Kenshiro Matsuda', Satoshi Miyata®,
Takuya Hosokai*, Satoshi Okada*, Kazuhiro Nakamura', Kohei Nakao’, Ken Albrecht’

Air-stable organic luminescence radicals have potential applications in bioimaging due to
their red to near-infrared photoluminescence and paramagnetic properties. Their actual use in
bioimaging applications is rarely reported because they are hydrophobic materials. A limited
number of reports demonstrated that amphiphilic polymers can make tris(2,4,6-
trichlorophenyl)methyl (TTM) radical derivatives water-soluble. However, intrinsically water-
soluble organic luminescence radicals have not been reported. In this study, we developed and
evaluated a water-soluble TTM radical derivative that consists of a carbazole donor with
polyethylene glycol (PEG) chain. An aqueous solution of the water-soluble TTM radical
showed fluorescence, and the longitudinal relaxation time (7)) of the water was shorter than
that of pure water.

Keywords : Trityl radical; Polyethylene glycol (PEG); Luminescent radical; Carbazole
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Fig.1. Chemical structure of water-soluble organic luminescent radical (left), UV-vis absorption and PL
spectra of TTM-PEG3 in water (right).

1) X. Bai, W. Tan, A. Abdurahman, X. Li, and F. Li, Dyes Pigm., 2022, 202, 110260.
2) Y. Xu, C. Teng, H. Dang, D. Yin, and L. Yan, Talanta, 2024, 266, 124948.
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A novel conversion of ionic liquids containing a diol unit in the cationic part to
alkenylammonium salts (Department of Applied Chemistry, Yamaguchi University) ORuna
SASAKURA, Takuji KAWAMOTO, Akio KAMIMURA

During the course of our study on solubility-switchable ionic liquids, we coincidentally
found a novel conversion of the diol unit in the cation part to alkenylammonium salt. We will
discuss on this novel reaction from the viewpoint of mechanism and optimization of the
reaction.

Keywords : lonic liquids, Alkenylammonium salts, Diol, Carbonate ester, Mechanistic study
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71-100% predicted product
1 2

1) A. Kamimura, Y. Shiramatsu, K. Murata, T. Kawamoto, Chem. Lett. 2018, 47, 1079; A.
Kamimura, K. Yanagisawa, N. Kaneko, T. Kawamoto, K. Fujii, ACS Omega 2022, 7, 48540.
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Preparation of bicyclic dihydrosiloles via radical cascade reaction of 1,6-enynes (Department

of Applied Chemistry, Yamaguchi University) OYuki KANDA, Kanako ISHIDO, Takuji
KAWAMOTO, Akio KAMIMURA

The reaction between 1,6-enyen and tris(trimethylsilyl)silane (TTMSS) progressed
smoothly to give bicyclic dihydrosiloles in good yields. Use of AIBN as an initiator produced
the desired bicyclic dihydrosilole, but the yield was low. Et3B worked as a good initiator of
the reaction and the product was obtained in 80% yield. We will discuss about the details of
the reaction.

Keywords : Radical reaction, Mechanistic study, 1,6-enyne, Silyl radical, Dihydrosiloles
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AIBN, 80 °C; 38% (27%)*
EtsB, rt; 21%
Et,B, 80 °C; 68%

* isolated yield
1) A. Kamimura, K. Kohno, K. Ishido, N. Kamohara, T. Kawamoto, Asian J. Org. Chem. 2023,
€202300223
2) K. Miyazaki, Y. Yamane, R. Yo, H. Uno, A. Kamimura, Beilstein J. Org. Chem. 2013, 9, 1326.
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