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Synthesis of Tetrahydro-f-Carboline Using Sequential [3,3]-Sigmatropic Rearrangements
(Faculty of Science and Technology, Keio University) OTomomi Ohtsuka, Daiki Oka, Ken-
ichi Takao, Akihiro Ogura

The tetrahydro-f-carboline is a heterocycle that is found in many biological molecules and
pharmaceuticals. Since most of the reported methods for constructing tetrahydro-f-carboline
start from the corresponding tryptamine, scope for substituents has been limited. There are few
reports on the construction of tricyclic scaffolds using aniline as a starting material. Therefore,
we decided to develop a new method for the construction of tetrahydro-f-carboline skeletons.

We have previously developed an indole synthesis by olefin isomerization of N-
allyloxyaniline and subsequent aza-oxa-Cope rearrangement. We hypothesized that tetrahydro-
p-carboline could be synthesized using the aza-Cope rearrangement instead of olefin
isomerization. Herein, we report the synthesis of tetrahydro-f-carboline involving sequential
[3,3]-sigmatropic rearrangements.

Keywords : tetrahydro-fi-carboline, [3,3]-sigmatropic rearrangement, aza-Cope
rearrangement, aza-oxa-Cope rearrangement
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1) T. Uchida, R. Saito, K. Takao, A. Ogura. Adv. Synth. Catal. 2024, 366, 465-472.
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Activation of Carbonyl Groups by Molecular Sieves (School of Engineering Science, Kochi
University of Technology)

(ONana Hatayama, Yuna Yoshioka, Nagatoshi Nishiwaki

In our previous study using acetic anhydride (Ac,0), presence of molecular sieves (MS) 3A
was found to be effective. Indeed, it was also observed that the lack of one or the other
considerably reduced reactivity, which indicating a combination of Ac,O and MS 3A plays an
important role to realize the high reactivity. These experimental results prompted us to study
the substrate scope and to obtain insights. As a model reaction, esterification using benzyl
alcohol and acetic anhydride was employed. While the reaction proceeded efficiently in the
presence of MS 3A, reduction of the yield was observed in the absence of MS. This reaction
was applicable to other acid anhydrides to afford the corresponding benzyl esters, respectively.
Keywords : Molecular sieves; Acid anhydride; Benzyl alcohol; Esterification
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Facile Synthesis of Cyclic Carbonyl Compounds via Activation of Trifluoromethyl group
(Tokyo University of Science) oYotaro Seki, Keisuke Nakamura, Suguru Yoshida

Fluorenones are useful as bioactive compounds and organic materials. However, it is not easy to
synthsize diverse fluorenones due to the limitation of synthetic methods.

Herein, we disclose a facile synthesis method of cyclic carbonyl compounds including fluorenones
by the cross-coupling reaction and subsequent intramolecular cyclization reaction via C-F cleavages
with activation using trifluoromethanesulfonic acid with a single silica-gel column chromatography
protocol.

Keywords: Fluorenones, HFIP, Intramolecular cyclization, Cyclic carbonyl compounds,

Trifluoromethl group
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1) S.Hamada, S. Yoshida, Bull. Chem. Soc. Jpn. 2023, 96, 401.
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Synthesis and Photophysical Properties of Tetraaza[7], [9], [11], [13], and [15]helicenes
('Course of Chemical Engineering, National Institute of Technology, Anan College, *School of
Advanced Science and Engineering, Waseda University)OTakashi Otani', Yuchen Wu?, Kohei
Ueda!, Takanori Shibata?

Polyaza[7],[9][11],[13], and [15]helicenes were successfully synthesized from commercially
available 2,9-dichlorophenanthroline (1) and aniline (2), 2-aminonaphthalene (3), or amino
group-containing helicenes (4-6) in only two steps by using oxidative C—H/N—H coupling with
a hypervalent iodine reagent as a key reaction. For these tetrazahelicenes, the effects of the
number of rings in helicenes on the photophysical properties, including chiroptical properties
and aromaticity, are discussed from both experimental and theoretical perspectives.

Keywords : Helicene; mConjugated Molecule; Hypervalent lodine Reagent; Chiroptical
Properties; Phenanthroline
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a) BuOH, 140 °C; b) mCPBA (3 equiv), 4-iodoanisole (10 equiv), 1,1,1,3,3,3-hexafluoro-2-propanol.

1) T. Otani, A. Tsuyuki, T. Iwachi, S. Someya, K. Tateno, H. Kawai, T. Saito, K. S. Kanyiva, T. Shibata,
Angew. Chem. Int. Ed. 2017, 56, 3906-3910. 2) K& H., £ K%, KT #3E 4 WE, %M
i, HAREEE 103 FBEFLS 2023, HEHE, K703-3vn.
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Synthesis of Triple Polyazahelicenes and the Evaluation of their
Photophysical Properties

(School of Advanced Science and Engineering, Waseda University) O Yuchen Wu, Chisae
Kumagai, Taiga Suzuki, Takanori Shibata
Keywords: Azahelicenes, N-H/C—H Coupling, Hypervalent lodine Reagents

Helicenes are compounds in which aromatic rings are condensed at the ortho positions,
resulting in the helically twisted structures. Since optically active helicenes generally have very
strong circular dichroisms (CD) and large specific optical rotations, their application as
circularly polarized luminescence materials (CPL) could be expected. Recently, the study of
the helicenes with plural helicities has grown up rapidly and created an attractive research
field." However, most of reported examples focused on the synthesis of multiple
carbonhelicenes, and the research on multiple heterohelicenes is comparatively limited.

On the other hand, our lab previously developed a two- or three-step synthesis of
polyazahelicenes by consecutive N—H/C—H coupling with a hypervalent iodine reagent,
affording a series of polyazahelicenes with good photophysical properties.? We further
achieved the synthesis of hexaazatruxenes with C; symmetry using commercially available
reagents.? Against this background, we here report the synthesis of a new type of triple
polyazahelicenes via condensation of 3 azahelicenes. Their photophysical properties including
chiroptical ones are discussed in this presentation.
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1) A. Tsurusaki, K. Kamikawa, Chem. Lett. 2021, 50, 1913-1932.

2) a) T. Otani, A. Tsuyuki, T. Iwachi, S. Someya, K. Tateno, H. Kawai, T. Saito, K. S. Kanyiva, T.
Shibata, Angew. Chem. Int. Ed. 2017, 56, 3906-3910; b) T. Otani, T. Sasayama, C. Iwashimizu, K.
S. Kanyiva, H. Kawai, T. Shibata, Chem. Commun. 2020, 56, 4484-4487.

3) Y. Wu, T. Sasayama, T. Gotoh, M. Ito, T. Shibata, Fur. J. Org. Chem. 2022, €202200438, 1-6.
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Asymmetric Dihydrofuranation Reaction Catalyzed by Planar-chiral Pyridinium Ylides
(School of Advanced Science and Engineering, Waseda University) OAoi Sugiyama, Yuki
Kamata, Yosuke Fujiyasu, Nobuhiro Kanomata

We have previously reported fused pyridine-catalyzed asymmetric dihydrofuranation reactions
of benzalacetylacetone (1) with iodoacetate 2 under basic conditions. However, these pyridine
catalysts are accessible only through inefficient HPLC resolution of the corresponding racemic
molecules. In this study, we focused on a planar-chiral pyridinophane catalyst (Sp)-4, which can be
obtained via crystallization-induced asymmetric transformation, to investigate similar asymmetric
transformations. The dihydrofuranation proceeded smoothly in the presence of K>COs in refluxing
THF to give the desired (2S,3S)-3 in 45% yield with 86% ee. Furthermore, the addition of 18-crown-
6-ether under the above-mentioned conditions significantly enhanced the reactivity, providing
(2S,39)-3 in 62% yield with 87% ee.

Keywords: planar-chiral pyridinophane, pyridinium ylide, asymmetric dihydrofuranation,
organocatalyst

FTxIXINETIS, PORFEET HMEEYE U VoA H, REBY Y U LT
T, XUPATEFATERS 1) &3 — BT ATV 2 ORIGEITH 2 & T,
AEVE Fr 7 7 bR EIT T2 EAME LD, Lo Lan s, Mo akicix
HPLC IC XA ENNMLETH Y, B8N H-7-. 2 TEHE, PN BEfks &
< BMALEHIETATREREAFE Y V) 772 (S)-4 &filfft s LCTHVY, THF
MBGRIRFA T TAEFEYE e 77 MO EET LIz & 2A, FTED(2S, 35)-3 7
A5%INR, 86% ee THOLNDZ AR L. IHI1T, ZOKIGHRHIZHBWT 18-
T 6-T—T L% 5mol% I LT= & 2 A, RUSHEN KIEICH L, 62%IXK, 87%
ee T (25,35)-3 3FH17- (Scheme 1). AFEHE TIZ I b OFEM MG 5.

Ph  Ac o (Sp)-4 [20 mol%)] t'BuozcﬁMe 18-Crown-6  Yield %ee
— + —_—
'y \)I\Ot-Bu 9
¢ K,CO3 [1.5 eq] PH Ac none 44% 86
THF, reflux, 3d 5 mol% 62% 87 :
1 2[2.0 eq] (28, 35)-3 : (Sp)-4

Scheme 1.  Dihydrofuranation of 1 and 2 using planar-chiral pyridine as a catalyst

1) R, SRmeisE, FEXELL, AAMEFERE 104 FFFER, 2024, E1141-2am-07.
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Synthesis of [8]paracyclophadiynes Incorporating Electron-Withdrawing Groups and Their
Strain-Promoted Azide-Alkyne Cycloaddition Reactions (Department of Chemistry and
Biochemistry, Waseda University) O Takumi Kashima, Yuki Kamata, Nobuhiro Kanomata

We have previously reported that the strain-promoted azide-alkyne cycloaddition (SPAAC)
between highly strained [8]paracyclophadiyne 1a and phenyl azide (2) proceeds in high yield
under catalyst-free conditions at room temperature (Table 1, entry 1). In this study, we
synthesized a novel [8]paracyclophadiyne derivative 1b bearing a methoxycarbonyl group to
decrease the electron density of the dialkynyl group, aiming to enhance its reactivity. The
cycloaddition under the same conditions afforded the cycloadduct 3b in high yield. However,
the reaction required 72 hours to complete (entry 2). Subsequently, we synthesized 1Ic,
incorporating an electron-donating hydroxymethyl group. Under similar conditions, the
reaction was complete in 16 hours, yielding 3¢ also in good yield (entry 3). These results
suggest that introducing an electron-withdrawing group at the para position of the benzene ring
in the alkyne decreases reactivity, whereas introducing an electron-donating group enhances it.
Keywords : Strain-promoted  azide-alkyne  cycloaddition;  Catalyst-free  reaction,
Cyclophadiyne; Electron-withdrawing groups

EAIZINETIE, BEICEATECT A=V EEH/T S [8]/\°§°/7t177“/°/r
Yla &t 7 ==V T VR Q) OEMEER T U R-TVF CEBAVAINEOR Y, =R
fBES I B W TR CTHEIT T 5 Z L 23 E L TW\W5 (Table 1, entry 1) V. ZMB?
T, VT NAX=NVEOBEEEL TIFHZ L TRICHEDR EE#FFL, A Fx
CHIVRENVIEERE A LTZHR8) N T Y/ u Ty A b AR LT, IR - ik
BEAE T T2 L OBRALMIIS BT TR, @R CEBRAILAHINK 3b %2 5 2 7273,
FOSIZ 222 LT (entry2). £ Z CEFGMHETHLE X AFLES
WAL le 5 L CRIBROEH TRIGEITS T2 8 24, 16 K TS TER L,
BR T3 25272 (entry3). ZHHDOFERND, AREUSZIZEBREODEN KX
S, TAFATHTHRBUBRO p MICETFRIVEIEZEAT 5 & RS
PMETT 56—, BT EEANT D &SN T LT 2 AIREMES RIB Xz,

Table 1. Cycloadditions of [8]Paracyclophadiynes and phenyl azide

o
oo -
O 0 ©/ MeCN, rt., Time O@O

a:R=H
1a-c b:R=CO,Me R
[30eq] ¢:R=CH,OH 3a-c
Entry 1 R Time [h] Yield [%]
1 la H 36 98
2 1b CO-Me 72 89
3 1c CH,OH 16 85

1) #H%), SkHE#HEE, FEXEL, HALHARE 104 HFF L, 2024, E1141-1am-05.
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Synthesis of Tris(indolyl)methanes from Indole, CO,, and Dimethylphenylsilane and
Transformation into m-Expanded Compounds (Graduate School of Environmental, Life,
Natural Science and Technology, Okayama University) Sha Li, OSo Saibara, Reito Yasui,
Chihiro Maeda, Kazuto Takaishi, Tadashi Ema

The synthesis of value-added compounds with CO; is important from the viewpoint of
carbon recycle. D Tris(indolyl)methane derivatives exhibit various biological activities, but no
synthetic method using CO» as the carbon source has been reported. We will report that 1-
methylindoles reacted with CO, and PhMe,SiH in the presence of BPhs; to afford
tris(indolyl)methanes and that two novel m-expanded compounds were obtained by the
palladium-catalyzed reactions of tris(4-bromo-1-methylindol-3-yl)methane. The palladium-
catalyzed reaction proceeded via Wacker-type oxidation, dehydrogenation, direct C-H
arylation, and debromination (left). Another palladium-catalyzed reaction proceeded via
homocoupling instead of debromination (right). Tris(1-pentylindol-3-yl)methylium salt, a
potential antitumor agent, was synthesized by oxidation with MSA.

Keywords : carbon dioxide; hydrosilylation; indole
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1) Li, S.; Nakahara, S.; Adachi, T.; Murata, T.; Takaishi, K.; Ema, T. J. Am. Chem. Soc. 2024, 146, 14935.
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Design, Synthesis, and Stereochemical Analysis of Pyridine-naphthol Molecules with Dynamic
Axial Chirality

(‘GSST, Kumamoto University, *FAST, Kumamoto University, *IMCE, Kyushu University)
OHiroki Jikata,' Kazunobu Igawa,” Yuuya Kawasaki,® Katsuhiko Tomooka,® Ryo Irie

Axial-chiral molecules having pyridine and naphthol moieties (PYNOL) are expected to serve
as useful building blocks of chiral ligands and organocatalysts. However, studies on the
stereochemical behavior of PYNOLSs have been quite limited and thus, their applications have
been scarcely explored. In this study, we synthesized 3-Br- and 3-CI-PYNOL in optically active
forms, in which bromo and chloro groups were introduced at the C3 position of the pyridine ring,
respectively, and evaluated their stereochemical stability. Consequently, the racemization rate of
the PYNOLSs was significantly dependent on the solvent used, with the half-life of optical purity
being shorter in 1,2-dichloroethane and hexane than in 2-propanol, revealing that they exhibited
dynamic stereochemical behavior in nonpolar solvents at room temperature. Furthermore, the
stereochemical stability of 3-CI-PYNOL was found to be lower than that of 3-Br-PYNOL. Details
of the molecular design, synthesis, optical resolution, and stereochemical studies of PYNOLs will
be reported in this presentation.

Keywords : Pyridylnaphthol; Axial-chiral molecule; Racemization; Kinetic analysis; Dynamic
stereochemical behavior

C3NLEHE ) v L F 7 =)L &R U2 R5 5+ (PYNOL) 1%, & 7 /VEMTF
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L, 7% IAbOEENBHERIRIRIRIEYEZ R L, tiplX 2-7 e/ ) — L X0 12-07
0B N R TCE L, R, IR T CEIMSL MLt E AR o
EMGNE ol F77, 3-CI-PYNOL O SR b R 2 M 3-Br-PYNOL X VY %
W Z NS o T-. KFEETIE, 3-Br-B L 3-Cl- PYNOL D4 F#%Et, &/,
ForEl, BLOT ' IO RN OFEHIZ O OWTHRIET 5.

| S Racemization barrier and half-life of enantiopurity at 25 °C
X 3N N X solvent AG¥yggk (kcal/mol) tp(h) | X solvent AG¥ggk (kcal/mol) t (h)
OH Br 2-propanol 27.4 1.90x1035 Cl 2-propanol 25.6 91.4
OO CICH,CH,CI 25.2 374 CICH,CH,CI 23.2 1.71
hexane 24.7 20.5 : hexane 23.0 1.07

3-Br-PYNOL: X = Br
3-CI-PYNOL: X = Cl
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EX(1-FHT7 AL -2-AL-3-T ;XL AHILRZIL)T 2 DR
REBADER

(' RERRPET) O' % SRIA - LA —f - VERE] K

Synthesis of boroncomplexes of bis(1-azaazulene-2-yl-3-ethoxycarbonyl)amines

(Faculty of Science and Technology, Tokyo University of Science) (OMikihiro Okano, Kazuki
Yamamoto, Takahiro Gunji

Aza-BODIPY exhibits high photochemical stability, fluorescence quantum yield, and long
wavelength emission. In addition, the use of Aza-BODIPY is expected to be applied to highly
sensitive acid sensors and metal sensors. In this study, we aimed to synthesize a compound in which
two ethoxycarbonyl groups were introduced into Aza-BODIPY, and the BODIPY skeleton itself
becomes a pincer ligand. The two ethoxycarbonyl groups and imine form a tridentate ligand, and it
is expected to capture protons and metal ions. 2-Chloro-3-ethoxycarbonyl-1-azaazulene, 2-amino-
3-ethoxycarbonyl-1-azaazulene, Pd»(dba);, Xantphos, and cesium carbonate were mixed in
dehydrated 1,4-dioxane and refluxed for 24 hours to give bis(1-azaazulen-2-yl-3-
ethoxycarbonyl)amine, which was characterized by '"H NMR and ESI-Mass spectra.

Keywords : Azaazulene, Aza-BODIPY

Aza-BODIPY [EE WAL FRIZEMS., B E IR, BLORRE TORNEZ~TH01

<E L T 9:‘[:] 6 j/l/ COE CO,Et EtO,C ” CO,Et
TW5o, 72, _ Pd,(dba)s, Xantphos ) N
Aza-BODIPY ~ —a D, — 0% (.
Ix %‘E}@};ﬂ‘— 7Lcﬁ @E N N 1,4-dioxane
LA 1 2 3
BE Y —¢& E10,G y 0,Et
L CoHN N
5 S5 4 (T T Y~ e |
F ThH D, CH,Cl, .
«jﬁé 2 0i - ﬂ i i-PrEtN

— 3 4
TlCEA1-7 Synthesis of bis(1-azaazulene-2-yl-3-ehoxycarbonyl)amine 3 and boron complex 4
A N

AWV)T 2 VD Aza-BODIPY Z Ak L, EORNFEE 2@ E Lz, AL TIL, A¥—
AZHEVY, Aza-BODIPY (2= ¥ AR =/1L5% 2 2 A L. BODIPY ‘BHZF D DN
v Y —ENL T & TR DAL E W EBANL T & T 5D Aza-BODIPY OAKE HIOE L TiTH 7=,

-7 B3-T hF I HNLR= NV TEBIN2-7 2 /3-T bF VR =0 2 138 D%
SZEBIZLTHER LT, £D%, BK 1,4-U4F Y2121, 2, Pdy(dba)s, Xantphos, KEEE
DU LEINZ ., 24 BRI L7,

ERA-THFT AL 2-A V-3-= R XU HVR=)T I 3 OERIT, RKISERD D
'THNMR, ESI-Mass A7 kU2 X 0 R L7,

1) S. Tsukada, M. Nakazawa, Y. Okada, K. Ohtsu, N. Abe, T. Gunji, Heterocycles, 2017, 95, 624-635.

2) N.Abe, T. Nishiwaki, H. Yamamoto, N. Kunishige, Bulletin of the Chemical Society of Japan, 1983,
56(12), 3703-3714.
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Diels-Alder RIGIZE B AILANY—IL7ILHhBOA FOERIHE

(& IRBEEET) Of{i 4]« U+HJu 3 - = B2

The synthetic studies of carbazole alkaloids by using Diels-Alder reaction (Graduate School
of Science and Engineering, University of Toyama) OHajime Yokoyama, Shijyuku Ryou,
Masahiro Miyazawa

Naturally occurring carbazoles have a broad range of biological activities, including
psychotropic, anti-inflammatory, anti-histaminic, antitumor, antibiotic and anti-aging activity.
Carbazoles have also been used in photorefractive materials, xerography, solar cells and
organic light emitting diodes. Carbazole chemistry has been extensively studying, especially
in the view point of synthesis. In this work, we described the synthetic studies for carbazole
alkaloids by using Diels-Alder reaction. We examined the selectivity of Diels-Alder reaction
to carbazole.

Keywords : carbazole; alkaloid; synthesis; Diels-Alder reaction

KIRIZIE, I =T uBaf RZgTHT7VhaA RBEATFEL TS,
TREODT A e, RIFELWAREHEEZET L2 E00ERLELTRHEND
H Db TV TIEFITFR M BROA I EL O e L TR ZHEH TV 5,
xR EHARR LG T D Y — IV ERIE, RIRARTZT T < EREAGKIZ
BWTCHLEETHD, BWFEETIE, URTL Y Iy — T vaA FROGKES
fli 2 fRET L CTE T,

AENE, 2 E TORBO H B, Diels-Alder K2 FED W2 A RRIEICOWTEE T
Lo TTHELL UL, 2-E=AA Y F=VEHNT, FEOTYT ) 7 4V ERIGE
iTolz, 2-E=/bA » F—L(1)TlL, AL CIT > 7 Diels-Alder UG T, {EE(2)
Zh 2T, AT D LX) = N Y VEERE i U CTHWEE 2 A (LAY
G ELNn, Y

CO,Me

|
N = o+ _—CO2Me -
N

I o]
Boc 1 toluene, 110°C

|
Boc 2

©j\/ PdCl,(PhCN), CO,Me
T —com Swe
N

I toluene, 110°C
B 1 ’ I
o¢ Boc 3

WIZ 3-E =/ A ¥ F—= /LoD EE OB RITIE ARG LTctk, P ) 7 4 L-0fho
BREAREE, FIZOWT, MLEIRREPCIRZRE L TV 5D TEOE THRE T 2,
1) H. Yokoyama, Y. Shoji, T. Kubo, M. Miyazawa, and Y. Hirai, Heterocycles, 2015, 91,
1752-1762.
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