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Synthesis of Functionalized Pyridines by Three Component Condensation (School of
Engineering Science, Kochi University of Technology) O Hatsuna Toshima, Nagatoshi
Nishiwaki

B-Formyl-B-nitroenamine possesses multi-functionalities such as nitro, amino, and formyl
groups besides a C—C double bond with a biased electron density. These structural features
reveal versatile reactivities leading to functionalized compounds which are not easily available
by alternative methods. In this study, we used nitroenamine as dielectrophilic reagent and
studied the construction of a pyridine framework by three component reaction using ketone
and ammonium acetate. When formylnitroenamine was reacted with acetophenone in the
presence of ammonium acetate, 2-arylated S5-nitropyridine was obtained. This method
facilitates the modification of pyridine ring by only altering the ketone. In addition, this method
can obtain the desired pyridine even when electron-withdrawing or donating groups are
substituted, or when substrates with different substitution positions are used, confirming that
the pyridine ring can be easily modified.

Keywords: Nitroenamine, Nitropyridine; Three Component Synthesis, Ring Construction;
Ammonium Acetate
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Regio-controlled dual acetylene incorporation for the one-pot
synthesis of pyridoindole scaffolds

(Graduate School of Science, The University of Tokyo) ORyo Minamikawa, Tay Gavin, Hiroki
Oguri

Keywords: Pyrido[1,2-a]indole; Acetylene incorporation; Cascade reaction; Nitrogen-
containing scaffold; Palladium catalysts

The pyrido[1,2-a]indole unit, a tricyclic aromatic scaffold formed by the fusion of indole
and pyridine rings, has attracted attention as a privileged structure for developing
pharmaceuticals and fluorescent probes. Various synthetic strategies have been explored to
access this nitrogen-containing scaffold.! Kundu previously reported an annulation approach
using symmetrically disubstituted internal alkynes to generate pyridoindole scaffolds.?
However, one-pot synthetic methodologies that integrate terminal alkynes with precise
regioselectivity remain largely unexplored.

In this study, we developed a one-pot synthetic method to construct the pyridoindole
scaffold in a single step, featuring a regio-controlled dual acetylene incorporation approach.
Using a 2-iodinated tryptamine derivative as the substrate, the palladium-catalyzed reaction
regioselectively incorporates two molecules of silyl acetylene along with the formation of a
carbon—nitrogen bond at the indole nitrogen. Under optimized conditions with a silver salt
additive, the tricyclic pyrido[1,2-a]indole scaffold was synthesized with high efficiency,
achieving an isolated yield of 75% through a simple and streamlined procedure. In addition,
regioselective mono-desilylation of the resulting pyrido[1,2-a]indole scaffold was achieved at
the carbon adjacent to the indole nitrogen, highlighting the potential utility of this structure as

a versatile synthetic intermediate for precise derivatization.

o) cat. Pdy(dba)s* CHCI,
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. \\ Agl, Et3N -
oI SiMe3 1,4-dioxane, 40 °C

up to 75%

IZ/

(10 eq.)

single regioisomer

1) Yao, Y.; Alami, M.; Hamze, A.; Provot, O. Org. Biomol. Chem. 2021, 19, 3509.
2) Samala, S.; Kundu, B, et al. Chem. Eur. J. 2014, 20, 14344.
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Preparation of isoquinoline framework using heterohalogen complexes (Osaka Metropolitan
Univ)OMina Yamamoto, Hiroshi Matsubara

Halogen compounds bearing two or more different halogen atoms can introduce substituents
sequentially or simultaneously because the reactivities of halides depend on the type of halogen
atoms. IBr (Iodine monobromide) is generally used in preparation of bromine-iodine-
containing compounds; however, IBr is difficult to handle because of its corrosivity and toxicity.
Recently, we have reported the preparation of a novel hetelohalogen complex DIBI (bis(1,3-
dimethyl-2-imidazolidinone) hydrodibromoiodide) as an alternative of IBr. DIBI is stable in
air, dissolved in various solvents, and easy to handle. We disclosed reactions involving DIBI,
for example, bromoiodination of alkenes, iodoalkoxylation of styrenes, and bromoiodination
associated with intramolecular cyclization of o-diethynylbenzenes. In this presentation, we
report that 2-ethynylbenzonitriles are reacted with DIBI to furnish 1-bromo-4-
iodoisoquinolines in acceptable yields.

Keywords : Bromoiodination, Isoquinoline, Heterohalogen complexes , Bromine, lodine
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[1] Nishidai, Y.; Kawabata, T.; Yubata, K.; Ota, F.; Takamiya, H.; Fujiwara, H.; Matsubara, H.
Tetrahedron 2022, 119, 132854.
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Synthesis of Thioxanthones from lodine-type Aryne Precursors (Tokyo University of Science)
oRiku Arakaki, Mayu Kawada, Suguru Yoshida

Thioxanthones are used in a wide range of applications such as materials chemistry and
catalytic chemistry. Conventional synthetic methods for thioxanthones required many
processes, such as reactions under harsh conditions, leading to the limitation of accessible
thioxanthones. Herein, we demonstrate that a variety of thioxanthones can be synthesized from
iodo-type aryne precursors under mild conditions via aryne generation and further reactions
with thioureas.

Keywords : Thioxanthones; Arynes; Thioureas, lodo group, Insertion
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1) S. Archer, C. M. Suter, J. Am. Chem. Soc. 1952, 17,4296
2) M. Kawada, S. Tabata, Y. Hoshi , S. Yoshida, Org. Lett. 2025, in press.
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Efficient Synthesis of Benzodithiophenes and Thiaheterohelicenes by Photocyclization
Reactions Using Flow Synthesis Techniques (Graduate School of Systems Engineering,
Wakayama University) OTaisei Yamamoto, Hideji Osuga, Hidefumi Sakamoto

In photochemical reactions, flow synthesis provides more uniform light irradiation compared
to conventional batch synthesis, resulting in higher efficiency and reproducibility. Typically,
reaction conditions are optimized to achieve completion in a single irradiation cycle. However,
for compounds requiring extended reaction times, prolonged photoirradiation often leads to
side reactions. In this study, we report an optimized approach involving increased pump flow
rates and sample solution recycling to improve reaction efficiency and minimize side reactions.
Keywords : Flow Synthesis; Photocyclization Reaction;, Benzo[l,2-b.:4,3-b'[dithiophene;
Heterohelicene; Polycyclic Aromatic Compounds
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Characterization of vinylpyrrole: substituent effects of the vinyl group on solid-state
photophysical properties (‘\NIT KIT, *Graduate School of Engineering, Kyushu University, >C
MS, Kyushu University, *Graduate School of Engineering Science, Kyushu University) OToru
Okawara,' Koharu Matsumoto,' Aliyyah Binti Azreezal,! Kenji Takehara,' Toshikazu Ono,*?
Shigenori Matsushima'*

2-Vinylpyrrole shows solid state luminescent properties. In the present research, we have
investigated how the photophysical properties change depending on the substitution position.
The target compounds were synthesized from 2- or 3-formylpyrrole. The compounds were
characterized by single crystal X-ray diffraction and fluorescence spectroscopy. The X-ray
diffraction revealed that both 2- and 3-substituted derivatives prefer planar structure. On the
other hand, the solid-state fluorescence properties were dependent on the substituent position.
Keywords : Pyrrole; Aggregation Induced Emission; Fluorescence; Crystal; Polymer
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1)T. Okawara, Y. Matsufuji, K. Mizuno, K. Takehara, T. Nagamura, S. Iwasa, RSC Adv. 2019, 9, 22817.
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Synthesis of Unprotected Aziridines from 2H-Azirines Using Zinc Acetate and Pinacol Borane
(‘Graduate School of Engineering, Osaka University, *Research Center for Preservation,
Osaka University) O Tomohiro Kujime,' Ikuya Shibata,"* Itaru Suzuki

2H-azirines, the smallest nitrogen-containing heterocycles in the three-membered ring, are
important building blocks for the synthesis of various heterocyclic compounds. Due to the
elimination of large ring strain, various reactions with metal catalysts have been developed.
Especially, for the synthesis of unprotected aziridines, the addition of nucleophiles to 2H-
azirines has attracted much attention in recent years. Herein, we report the nucleophilic addition
of hydride to 2H-azirines. With pinacol borane (1.75¢eq.) catalyzed by zinc acetate (10 mol%)
and TMEDA (10 mol%), 2H-azirines were efficiently reduced in one hour, giving N-
unprotected aziridines. This synthetic methodology produces only cis-isomer and is compatible
with monosubstituted diphenyl azirines having both electron-donating groups and electron-
withdrawing groups or phenylmethyl azirines. This protocol can be also used to synthesize
various N-protecting aziridines by one-pot reaction, successfully introducing tosyl, nosyl, Boc,
or Cbz groups to the aziridine.

Keywords : 2H-Azirines, Unprotected Aziridines, Pinacol Borane, Zinc Acetate
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1) L. Shibata et al, Chem. Lett. 2022, 51,9
2) P. Somfai et al, Chem. Commun., 2002, 1752
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Synthesis of 2-phenyl-3-chromanol using Baeyer-Villiger oxidation as the key reaction
(‘Graduate School of Environment and Information Sciences, Yokohama National University)
OYuichi Kato,' Yujiro Hoshino'

2-Phenyl-3-chromanol derivatives, commonly found in natural products such as polyphenols,
are exemplified by catechins in tea. Although various synthetic methods for these derivatives
have been reported, they often involve multi-step procedures or metal catalysts, underscoring
the need for more straightforward approaches. In this study, we developed an efficient synthesis
of 2-phenyl-3-chromanol using Baeyer-Villiger oxidation and hydride reduction, with 3-
formyl-2-phenylchromene as the starting material. Baeyer-Villiger oxidation was performed
using Oxone®™ (2KHSO5-KHSO04-K2S04) as the oxidant in N,N-dimethylformamide (DMF),
yielding the desired ester along with its hydrolysis product, a ketone. The combined yield of
these product was 58%. Subsequent hydride reduction of the obtained products afforded 2-
phenyl-3-chromanol in high yield, demonstrating the practicality and efficiency of this
synthetic method.
Keywords : Organic synthetic chemistry; Heterocyclic compounds, Baeyer-Villiger Oxidation;
Chromane
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1) L.Li, T. H. Chan, Org. Lett. 2001, 3, 739.

2) N.T. Zaveri, Org. Lett. 2001, 3, 843.

3) B. Nay, V. Arnaudinaud, J. Vercauteren, Eur. J. Org. Chem. 2001, 2001, 2379.

4) Y. Liu, X. Li, G. Lin, Z. Xiang, J. Xiang, M. Zhao, J. Chen, Z. Yang, J. Org. Chem. 2008,
73, 4625.

5) K. Ohmori, J. Synth. Org. Chem. Jpn. 2018, 76, 1154.
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Solid-state oxygenation of organosulfur compounds with mechanochemical generated chlorine
dioxide ('Grad. Sch. Pharm. Sci., Osaka Univ., *OTRI, Osaka Univ.) OSekiguchi Kensho,!
Yuki Itabashi,? Kei Ohkubo,? Tsuyoshi Inoue,"? Haruyasu Asahara'-?

Chlorine dioxide (ClO"), known as a strong oxidant, oxidizes some organic solvents, which
has limited the development of new reactions in a solvent. We have previously developed a
solvent-free generation of ClO" using mechanochemical reactions. In this study, we have
applied mechanochemically generated ClO;" to the oxygenation of organosulfur compounds.
Ball milling of dibenzothiophene (1), sodium chlorite and silica gel together efficiently yielded
the corresponding sulfoxide and sulfone. Organosulfur compounds such as diphenyl sulfide
also afforded the oxygenated products in moderate to good yields.

Keywords : Mechanochemistry; Ball Mill; Chlorine Dioxide;, Oxidation Reaction;
Organosulfur Compounds
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T HHIRE 7o Tz, £ 2 THAITEREBETHRISDITR D AT /7 L AIVEORIS
4 H LT ClOy AEREDBRFEIZELY flA, ZAUE TIC NaClO, 3 X OB FI D> U
HFL (Si0) BR—AINTHIET 52 LT, KIGRTT Cloy WERT S - L%
RHLTWD,

A [AlFk % 1% Dibenzothiophene (1) & [EAFEE & L THW, A 2 77 X 1 VAR ClOY
(2 & B EFER LG 2 A 72, 1(0.2mmol) % NaClO, (1.3 24 &), Si0,(0.8¢) & &b
IZAR—/L IV T (25 Hz, 10 min) L72& 2 A, e L THIGT D AL ARF v
R 2(76%) M OVAILER Y 3(T%) %457~ (Scheme 1), F 7= NaClO, % 6.3 24 B|ZH<°9
ZETIANEIRFERERICKISEE D Z E1THE) L7z, Diphenyl sulfide 72 &l 2 O
i AW 2 E & LTEBRIC bR RAFRIE TR LT,

NaClO, (1.3 equiv.) 9 ¥
N7
S SiO, (0.8 g) S S
> +
ball milling (25 Hz)
rt, 10 min
1 0.2 mmol 276% 37%

Scheme 1 Mechanochemical oxygenation of dibenzothiophene.

1) Y. Itabashi, H. Asahara, K. Ohkubo, Chem. Commun., 2023, 59, 7506.
2) S. Ohno, H. Asahara, T. Inoue, K. Ohkubo, RSC Adv., 2022, 12, 31412.
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Aerobic Cross-Dehydrogenative Coupling of Tertiary Amines and
Carbon Nucleophiles using Dehydrogenative Catalysis of
1,10-Bridged Flavin

(Graduate School of Natural Science and Technology, Shimane University)

(OHazuki Miyake, Hiroki lida

Keywords: Flavin; Dehydrogenative Oxidation; Cross-Dehydrogenative Coupling; Tertiary
Amine; Organocatalyst

Flavin catalysts, developed by mimicking the enzymatic function of flavin
monooxygenase, have attracted attention as biomimetic redox organocatalysts that enable
efficient activation of oxygen molecules. Recently, we have applied the flavin catalysts to
electrolysis, photoreactions, and a two-component catalyst system hybridized with an iodine
catalyst." Aerobic oxidation systems based on flavin catalysts have primarily been used for
oxygen atom transfer reactions of various substrates, but their application to other oxidative
transformations  involving dehydrogenative oxidation is expected to provide
environmentally friendly processes that meet the requirements of green chemistry. However,
few successful examples of the dehydrogenative oxidation of substrates have been reported
due to the low oxidative power of the commonly used flavin catalysts.

In this study, we focused on flavin catalysts with improved oxidation ability by
designing the n-conjugated system with electron-withdrawing substituents. We anticipated
that the catalyst would activate the a-C-H bond of tertiary amines by dehydrogenation,
allowing cross-dehydrogenative coupling (CDC) with carbon nucleophiles to form a C-C
bond. As a result, in the presence of a catalytic amount of 1,10-bridged cationic flavin
catalyst 1+ Cl, the CDC reaction between tetrahydroisoquinolines 2 and sp®, sp’, and sp
carbon nucleophiles 3 proceeded efficiently under molecular oxygen (1 atm) to give the
corresponding product 4 in good yield.?

©© Mot 1-Cl (cat.) @g}\l }

+  Nu- B —— : ™
N\R 0, (1 atm) “R : NN
2 3 Nu 4 | @?\ N
Nu-H(Csp3-H 1 N
u-H(Csp®-H) 1 F5C N M

H R ! e
A R— _ ; . 0O
R or CHZNO, R or ‘q — : 1-Cl oi
R N, N !
R '

0] R ‘
1) a) T. Ishikawa, M. Kimura, T. Kumoi, H. lida, ACS Catal., 2017, 7, 4986. b) R. Ohkado, T.
Ishikawa, H. Iida, Green Chem., 2018, 20, 984. c) H. Okai, K. Tanimoto, R. Ohkado, H. lida, Org.
Lett., 2020, 22, 8002. d) M. Oka, D. Katsube, T. Tsuji, H. lida, Org. Lett., 2020, 22, 9244. ¢) T.
Mizushima, M. Oka, Y. Imada, H. lida, Adv. Synth. Catal., 2022, 364, 2443. 2) H. Miyake, H. Iida,
Adv. Synth. Catal., 2024, 366, 402.
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AVTAXHYOUVRONUICI T OO LEERTSHTIEVR
FALIE D3

(FEESRBEBE T ! - R R 2) OLH fit' - B B 12 - J)ll 5204 !
Development of 6-guanidinated flavin catalysts for aerobic oxygenations ('Department of
Applied Chemistry, Tokushima University, *Institute of Liberal Arts and Sciences, Tokushima
University) OWataru Ueta,' Keiji Minagawa,'? Yukihiro Arakawa!

The active species of flavin monooxygenases, 4a-hydroperoxyisoalloxazine, is inherently a
highly labile structure and rapidly decomposed to lose its oxygenation ability without an
apoenzyme environment. In this study, we have designed and synthesized 6-guanidinated flavin
molecules and found that their conjugate acids obtained by combining Brensted acids could
catalyze flavoenzyme-like aerobic oxygenation reactions.

Keywords : Flavin; Guanidine; Organocatalyst; Oxygenation

77 VEIAFITF—+F (FMO) i, flilEEDOA4 V7 a3 VEREIREFR O
& LT, ERNTERST (0) ZIGHEML, HE~OBIRNMEITOHETDH 5,
FMO DEN 723 AN IEERE 13, 4/7n#%//m%®kFU«wﬁ#/£@@#
[ & v ok 2 & DRFERERIC X o CHEICKEL I NS - 0FH T 5, KftE Tl
FMO JELoEEFEIE CAlIKRE %2 H 3 2 A&7 %%ﬁ@%%“%uﬁt\dyTH#%
VRO TT =Y )R ERTAHM T v vt Rkt L 72,

AVTaIH Y VEROMIUCT IV EEAT L2770 FrRBL AV FATT
F— F EDIMBIGIT X 0 F FIRBEERA~ & 2tk i K RGBT 3 vt
TTITH>Z &IV, AV FAT TP HFE W7 I volEdichk L7 NN-—
BT =Y ) R4y T ax Y VR 6 AL ﬁ?é%@77t/\%%Aﬁbk
¥/, 6-7 3/ 7V eNEf iz un R A LT IV AL ORIGIC
NN,N N-WEfs 77 =2 ) EFE7 7€ /%) %%Amuto_h@@677 v
J 7 7 ¥ viL, #27 Bronsted Bl B X OMEIEREITCHIOTFE T, O, 2L &
T 2R Baeyer-Villiger )G x UG 2R L7z (R 1), Hiflc i3l

R X 7o HE o Cy ‘
D77 ==y LR | N /N\(O
5T 5 5 T PUK A A - @[N/ Ny |
i X - T FMO $il o 4a- NN o
. s R 1
= N = N P o VR Ty oy R N + Bronsted acid | o
DI TEAL X L, BER AN RE J:/T/O CRRY /i/(
o - (1)
BRELEEELLNE, 0y, reductant P

1) Y. Arakawa et al., Chem. Sci. 2017, 8, 5468-5475.
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WA REEEMRIEICK A= bOVIEEMEREA ) FERAL:
ZhbaYER: 1, 3-TEBFMRIE RGO A

CBIROKREE B AR ORI R, & ., IRH B2, T 4

Lewis acid-Promoted Nitrone Formation from Nitroso Compounds and Sulfur Ylides:
Application to Sequential 1,3-Dipolar Cycloaddition

(Graduate School of Natural Science and Technology, Kanazawa University)OMasaya
Maegawa, Takuya Suga, Takahiro Soeta, Yutaka Ukaji

Nitrone is an important chemical species as a 1,3-dipole and usually prepared form
carbonyl compound and hydroxylamine. On the other hand, the reaction between nitroso
compounds and sulfur ylides was reported to give the corresponding nitrones under relatively
high temperature conditions. In this study, we investigated activation of the above reaction by
Lewis acid and magnesium salts were found to activate the reaction. Furthermore, by use of
the magnesium salt of allyl alcohol, the successive 1,3-dipolar cycloaddition to ally alcohol
moiety smoothly proceeded after the formation of the nitrone.

Keywords: Lewis acid; Nitrone; Sulfur ylide; 1,3-Dipolar cycloaddition

= b AREELSRROEKRTEAEE LTHOYb A E A 1,3- 8B Th
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Ph MgBr,*OEt,
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O O » Ph OH
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1) P Zhai, W Gao, Org. Chem. Front. 2021, 8, 988.
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FINLY UEMEEZRAN-CREZLDTILFIILT R E Y
T2 2 UFERED IS U FAEIRM Pictet-Spengler it 0 BiFE

CRAERBEEL 1 - AL KEL2) M fp ' - ORRBEZIT 2 SFHER !

Chiral Phosphoric Acid Catalyzed Enantioselective Pictet-Spengler Reaction of Tryptamine
Derivatives and Alkynyl Ketones with CF; Groups. (!Graduate School of Science, Tohoku
University, 2School of Science, Tohoku University,) Shigenobu Umemiya,! O Shinnosuke
Nara,?> Masahiro Terada'

Fluorine-containing compounds have a wide range of applications in the pharmaceutical,
agrochemical, polymer, and other chemical industries and are essential to modern society.
Particularly, compounds containing chiral trifluoromethyl groups exhibit excellent properties
in terms of metabolic stability, lipophilicity, and membrane permeability in vivo. Because of
their importance in the area of medicinal chemistry, there has been much effort to develop
methodologies for the efficient synthesis of chiral building blocks containing trifluoromethyl
groups. Herein, we have developed an enantioselective CPA-catalyzed Pictet-Spengler reaction
of trifluoromethyl ketones containing triple bonds with tryptamines to produce tetrahydro-f3-
carboline derivatives having trifluoromethyl groups. We also investigated a wide range of
derivatization of the obtained products and succeeded in constructing CFs-containing
tetrahydro-p-carboline derivatives. Keywords . Organocatalyst; Pictet-Spengler reaction;
tetrahydro-f-carboline; Chiral phosphoric acid; Fluorine-containing compound,

a7y FEEWITERLCREIE, BTl AR TEREICE S £ TR
HEnH Y | BREEZ R 2 5B O —AZ L TWD, FRZ Y 74 e A
FNEZHT DAL, L EME, Bt ARG & 0 S CELZ
PR 2 enb, AIFRILFORTFICBONCTERZED TND, TDH, MY 7
Fu AFNVIEEAET DGV ONARERIRN 2 A BUEORFBITAHEK LEETH 5,
T hT7 8 Ru-B-VARY AEEITEREA e RISPCEERLIZA OB THY | 1E
JRWVAEPNEEZ RT ZENMBN TS, T, M 74 AFVEREAINT
AL WA PRI RN EAATONTEY  ETETEOEEMENFEE - T
WH—J7, REZIZ=F o FAERLRERFIETRONL TS Y, SEFHLI1TF T 1
Vomafiie 3425, NI TZIE MY TAAr ATl RUFFERE O Pictet-
Spengler G FEE O E T U FAERNEITTH 2 L2 A LT,

o catalyst (5 mol%)

\ NH, MS4A (100 wt%) L NH ;
tF c)\ —_—> — :

N LN DCM (0.2 M), 40 °C N cry TIPS

TIPS

92%, 91% ee : catalyst
AI’=2,4,6-CY3-C6H2

1) (a) S. Sarkar, O. I. Shmatova,V. G. Nenajdenko, K. Bhadra, Bioorg. Chem. 2019, 86, 61-79. (b) E.
Xie, A. Rahman, X. Lin, Org. Chem. Front. 2017, 4, 1407-1410.
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Halogen Dance Reaction Promoted by Novel Aryltrifluoroborate Catalysts

(‘Department of Chemical Science and Engineering, Kobe University, *Research Center for
Membrane and Film Technology, Kobe University) OShogo Higuchi,' Kengo Inoue,' Atsunori
Mori,? Kentaro Okano'

Keywords: Halogen dance reaction; Trifluoroborate; Organocatalyst

Halogen migration of halogenated arenes, referred to as halogen dance, is of great importance
for the synthesis of various arenes with hitherto unachievable substitution patterns.! In 2023, our
group reported lithium pyridyltrifluoroborate 1 as an effective catalyst for broadening the limited
substrate scope of this reaction.? In this work, we further explored various arenes as the core
structure of the catalyst and found that potassium benzothienyltrifluoroborate 2 showed an
extremely high catalytic activity.

First, we designed the catalyst based on the reaction pathway, which suggests that the first
halogen—metal exchange generating thermodynamically unfavored organolithium species 3 is the
rate-determining step.? An appropriate choice of the flamework of catalysts that stabilizes the
organolithium species would accelerate this step. The calculated pKa values of the conjugate acids
of the organolithium species suggested that benzothienyltrifluoroborate 2 would exhibit high
catalytic activity. We evaluated the catalytic activity of these catalysts using 3-bromo-2-
chloropyridine (4) as a model substrate, which is less reactive toward the halogen dance reaction.
As a control experiment, a THF solution of 3-bromo-2-chloropyridine (4) was treated with LDA at
—78 °C for 1 h without a catalyst. Subsequent iodination gave a mixture of iodopyridines 5 and 6 in
40% and 26% yields, respectively. In the presence of lithium pyridyltrifluoroborate 1, iodopyridine
6 was obtained in 82% yield, exclusively. The use of potassium benzothienyltrifluoroborate 2
resulted in full conversion of the pyridyllithium and improved the yield of iodopyridine 6 in 97%
yield. Decreasing the catalytic loadings (3 mol%) gave iodopyridine 6 in comparable yield. We will

Halogen
Br| dance (H/:@

discuss the effect of counterions on the catalytic activity.

a. Plausible reaction pathway

Br H Catalyst
K\ Br dance N : Ny B _ A
P » | »
N~ "Br N~ "Br ' N~ °CI

, b. Evaluation of catalytic activity

OBF,Li® THF -78°C,1h
‘ - Br
Z : Br
:‘ Br ' Catalyst Br I
D | ©BFsLI® N A
1st OBF,Li® 2nd ! 3 ‘ _ ‘ _
. sk S Br
Halogen-lithium Li Halogen-lithium ‘ A N~ °Cl N~ “Cl
exchange ‘ ~ exchange N Br O Catalyst 5 6
N Br 1 SpF ko] None 40% 26%
3 N gy 1 (10 mol%) 2% 82%
Br S 2 (10 mol%) — 97%
N Br 2
\ 2 (3mol%) — 95%
N Br

1) Schniirch, M.; Spina, M.; Khan, A. F.; Mihovilovic, M. D.; Stanetty, P. Chem. Soc. Rev. 2007, 36, 1046.
2) Inoue, K.; Hirano, K.; Fujioka, S.; Uchiyama, M.; Mori, A.; Okano, K. ACS Catal. 2023, 13, 3788.

© The Chemical Society of Japan

- [F12303-3pm-14 -



[F]12303-3pm-15 BA{L24 B10555E2 (2025)

Synthesis of B-Carboline Derivatives Using in situ Transmetalation

(‘Department of Chemical Science and Engineering, Kobe University, *Research Center for
Membrane and Film Technology, Kobe University) OKazumasa Matsuda,' Sayaka Nakao,'
Atsunori Mori,'? Kentaro Okano'

Keywords: Pyridine; Carboline; Amination; in situ Transmetalation

B-Carbolines bearing a substituent at the position 1 exhibit a wide range of biological
activities. Although tryptamine derivatives undergo Pictet—Spengler reaction followed by
oxidation to form P-carbolines,' an efficient synthetic method is still required. Herein, we
report synthesis of functionalized B-carbolines by using in situ transmetalation of a
pyridyllithium species generated from 2,3-dibromopyridine (1).

A THF solution of dibromopyridine 1 and ZnCl,-TMEDA (2) was treated with LDA at
0 °C for 1 h to generate the corresponding organozinc 3 without the halogen dance
reaction,” which was subjected to Negishi coupling with 2-iodoaniline (4) to provide
4-aryl-2,3-dibromopyridine 5 in 67% yield. The resultant biaryl compound 5 was converted
to harman (6) in 74% yield in a single flask through Migita—Kosugi—Stille coupling and
intramolecular Buchwald-Hartwig amination. Moreover, the intramolecular amination can
be performed with the bromo group at the position 1 remained untouched. Thus, a
combination of CuBr and NaO#-Bu was effective to form the pB-carboline skeleton under
heating conditions, providing 1-bromo-B-carboline (7) in 95% yield. This compound was
treated with MeLi and n-BuLi to generate the dianion species 8, which reacted with DMF to
provide kumujian C (9) in 51% yield. In this presentation, details of the intramolecular
amination will be discussed.

NH,
| 4
H LDA ZnCl Pd(dba);-CHCI3 NH,
Br rA LicCl Br P(4-CF3CgHa)3 Br
SN + TN N— A N
/570N | |
| zn THF ~ 80 °C 2
N Br cl” Cli 0°C N Br N Br
ZnCl,-TMEDA (2) 3 67%
SnMey
MeLi CuBr Pd(PPh3)4, XPhos
n-BulLi NaOt-Bu NaOt-Bu
NH NH
51% THF | N NMP 1,4-dioxane/H,0 (4:1) | N
-78°C P 125 °C 105 °C _
N~ “Br N~ “Me
0, 0,
Kumujian C (9) 7 95% 4% Harman (6)

1) Zhang, H.; Zhang, R. H.; Wang, L. X_; Li, Y. J.; Liao, S. G.; Zhou, M. 4sian J. Org. Chem. 2021,
10, 429. 2) Inoue, K.; Feng, Y.; Mori, A.; Okano, K. Chem. Eur. J. 2021, 27, 10267.
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