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Tandem Synthesis of 2,2-Disubstituted Indolin-3-one Derivatives (Department of Applied
Chemistry, Faculty of Science and Engineering, Chuo University) O Shunta Nakao, Yuki
Takatori, Haruhiko Fuwa

Because there are many natural products containing an azaspirocycle(s), it is important to

develop new and efficient methods for alkaloid synthesis. Previously, we reported that a Au-
catalyzed intramolecular hydroamination of alkynes and subsequent in situ iminium
formation/intramolecular allylation enabled the synthesis of spirocyclic pyrrolidine derivatives
in a single step.
We reasoned that oxidative dearomatization of the indole ring, followed by nucleophilic
addition to the resulting iminium ion, could be a direct means for spirocyclic indolinone
synthesis. In this work, we discovered that spirocyclic indolinone derivatives could be obtained
in a single step from o-alkynyl aniline derivatives through a Cu-catalyzed intramolecular
cyclization, followed by an oxoammonium salt-mediated indole dearomatization, and
subsequent intramolecular allylation. Furthermore, we found that the diastereoselectivity of the
resulting spirocyclic compounds can be controlled by the presence or absence of a protecting
group on the indole nitrogen atom.

Keywords : Indole alkaloids, Tandem reaction; Azaspirocycles; Dearomatization
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1) Yoshimura, A. Hanzawa, R. Fuwa, H., Org. Lett. 2022, 24, 6237-6241.
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Total Synthesis and Structure Revision of Polycitorol A (' Department of Applied Chemistry,
Faculty of Science and Engineering, Chuo University) OKyoko Tatsumoto,' Yuki Takatori,'
Keisuke Murata,' Haruhiko Fuwa'

Polycitorol A (1) is a tricyclic alkaloid, isolated from a marine ascidian of the family
Polycitoridae. The proposed structure of polycitorol A has been synthesized by Kim et al.;
however, it did not correspond to the natural product. In this presentation, we will report the
correct configuration of polycitorol A, which was deduced by GIAO NMR calculations/DP4+
probability analysis of eight possible diastereomers and three conceivable amine forms, and
finally proved by total synthesis.

Keywords : GIAO NMR calculation; DP4+ probability analysis, structural revision; tricyclic
marine alkaloids, total synthesis
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1) H. H. Issa, J. Tanaka, R. Rachmat, A. Setiawan, A. Trianto, T. Higa, Mar. Drugs 2005, 3, 78-83. 2) J.
In, S. Lee, Y. Kwon, S. Kim, Chem. Eur. J. 2014, 20, 17433—-17442. 3) R. Hanzawa, H. Fuwa, Org. Lett.
2023, 25, 1984—1988; Y. Takatori, H. Fuwa, J. Org. Chem. 2024, 89, 16, 11693—11700.
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Tandem synthesis of pyrrolidine and derivatives (!Department of Applied Chemistry, Faculty
of Science and Engineering, Chuo University) (OErika Nezu,! Tatsumi Ishii,! Haruhiko Fuwa!

We discovered that Au/Ru catalysts enable an efficient synthesis of pyrrolidine and piperidine
derivatives starting from propargylic alcohol. In the presence of a cationic Au complex,
compound 1 undergoes a Meyer—Schuster rearrangement to produce 2. Subsequent addition of
the second-generation Hoveyda—Grubbs catalyst (HG-II) promotes olefin cross-metathesis
with 3, followed by intramolecular aza-Michael addition of 4, leading to pyrrolidine and
piperidine derivatives 5. The diastereoselection of the intramolecular aza-Michael addition of
4 depended on the nitrogen protecting group.

Keywords; Meyer—Schuster rearrangement, olefin cross-metathesis,; intramolecular aza-
Michael addition
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amino olefins

Oy n-Pr Ox_n-Pr Oy n-Pr
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a Bi(OT)s filt RN
1) M. Egi, Y. Yamaguchi, N. Fujiwara, S. Akai, Org. Lett. 2008, 10, 1867—1870.
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Synthetic Study of Nordaphniphyllum Alkaloid Daphniyunnine C (Graduate School of Integrated
Basic Sciences, Nihon University) OMomoko Sato, Natsumi Yatsuzuka, Tomohiro Tsutsumi,
Ichiro Hayakawa,

Daphniyunnine C (1) is the nordaphniphyllum alkaloid, which has six-rings condensed ring-
system. Previously, we examined to prepare the cyclization precursor 5 for the construction of 7-
membered ring portion of daphniyunnine C (1), but the yield was low. In this time, we tried to
develop the improved synthetic route of cyclization precursor 5 by using Suzuki—Miyaura coupling
between the enol triflate 3 and pinacol boronate 6, and hydrolysis of resultant vinyl ether 7 as key
steps.

Keywords : Daphniyunnine C; Daphniphyllum Alkaloid; Suzuki—-Miyaura Coupling
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1) Hayakawa, 1.; Niida, K.; Kigoshi, H. Chem. Commun. 2015, 51, 11568.
2) R AREEE, BORVE, I —BB, BAMEE 103 FF4FE4, 2023, D1442-2vn-10.
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Synthetic Study of SB-203207 (Graduate School of Integrated Basic Sciences, Nihon
University) OMasato Hasumi, Tomohiro Tsutsumi, Ichiro Hayakawa

SB-203207 (1) is a monoterpene alkaloid, which exhibits isoleucyl-tRNA synthetase
inhibitory activity. Previously, we have established a method for constructing the four
contiguous stereogenic centers of SB-203207 (1). In this present study, we established the
construction of the hexahydro-6-azaindene framework in SB-203207 (1).

Thus, the Potier—Polonovski reaction of N-oxide 3 followed by trifluoroacetylation afforded
the desired enamine 4 by using DABCO as a base. The examination to transform the enamine
4 into amide 5 by using the Haller—Bauer reaction is now in progress.

Keywords : SB-203207; hexahydro-6-azaindene framework, Potier—Polonovski reaction

) TNARXCT I aA RTHD SB-203207 ()X 1721 Y oA /L (RNA A%
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1) Hayakawa, I.; Nagayasu, A.; Sakakura, A. J. Org. Chem. 2019, 84, 15614.
2) HERELA, LERVE, BJII—R8 B AL 104 FEFL, 2024, H933-1am-05.
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Synthesis of Artificial Analogues of Strychons Alkaloids (Graduate School of Integrated
Basic Sciences, Nihon University) O Tadahiro Hosoda, Hikaru Nakahara, Tomohiro
Tsutsumi, Ichiro Hayakawa

Strychnos alkaloids, which possess a strychnos skeleton consisting fused 5-6-6-membered
ring system including pyrrolidine, exhibit various biological activities. In this study, we
examined to synthesize artificial analogues based on strychnos alkaloids. As a result, we have
established the synthetic method for strychnos skeleton and synthesized artificial analogues of
strychnos alkaliods. In this presentation, we will report the details of this study.

Keywords : Strychnos alkaloids, Artificial analogues; Intramolecular Sy2 reaction
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1) Hosoda, T.; Tsutsumi, T.; Hayakawa, 1. Chem. Pharm. Bull. in press.
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Towards the Diversity-Oriented Synthesis of Indole Terpenoids via C—H Oxidation (Graduate
School of Integrated Basic Sciences, Nihon University) (OShogo Takada, Mizuki Kimura,
Tomohiro Tsutsumi, Ichiro Hayakawa

Indole terpenoids exhibit various biological activities. In this study, we tried to synthesize
prelecanindole (1) and terpendole E (2). Thus, we synthesized prelecanindole (1) by using
ruthenium catalyzed C—H oxidation at C7 position as a key step. Moreover, we introduced an
oxygen functional group at the Cl11 position via C—H oxidation using oxime group as a
directing group for the construction of F-ring portion of terpendole E (2).

Keywords : Terpendole E, Prelecanindole, C—H oxidation
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HFIP, MgSQy, 10 °C, 24%

1) NH,OH-HCI, NaOAc
CH,Cl,, MeOH, rt, quant.

2) Pd(OAc),, Phi(OAc), HO_~
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N
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- I P | Q (@] X
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OAc . 4 07 0oH
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1) Hayakawa, I.; Matsumaru, N.; Sakakura, A. J. Org. Chem. 2021, 86, 9802.
2) Doiuchi, D.; Shimoda, N.; Okazaki, K.; Uchida, T. Adv. Synth. Catal. 2024, 366, 2626.
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Synthetic Study of 10-epi-Gyrosanolide E ('Graduate School of Natural Science and

Technology, Okayama University, *Research Institute for Interdisciplinary Science, Okayama
University) OShunya Kanemitsu,' Kenta Tanaka,” Isao Kadota,' Hiroyoshi Takamura'

10-epi-Gyrosanolide E (1) is a norcembranolide diterpene isolated from the soft coral
Sinularia numerosa. The purpose of this study is to establish a synthetic route for 1. Allylic
alcohol 3 was obtained by a method known in the literature from the starting material 2.
Aldehyde 4 was subsequently synthesized by Sharpless asymmetric epoxidation. Alcohol 6 was
obtained by coupling aldehyde 4 with separately synthesized iodoalkane 5. Lactone 7 was then
synthesized by Shiina macrolactonization. 1 will be synthesized from lactone 7 by deprotection,
oxidation, and transannular ring-closing metathesis.
Keywords : Norcembranolide; 10-epi-Gyrosanolide E; Total Synthesis; Macrolactonization,
Transannular Ring-Closing Metathesis
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7oo HFEEIO L-7 AXZ F W (2) 1% U CSCRRBER PO HIEIC L0 7 U LT L
a— N3 EHB, NT, Y =TV ARFEZRFUALEITHIZETT AT E N4 &
AR LT, TIVTE R4 LRIRER LI — KT A 50y 7)o 72k T v
a—)b 6 iFlc, TDI%, 1‘&%77 077 NALEITHDZETT 7 T 2HEKL
oo BRITZ7 7 b 1o T HRiRE, Bk, BEIOERMPARA # 2 RI2L0 1
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OTBDPS o
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OH N A
OTBS s X L e >
P Transannular
O Macrolactonization Ring-closing Metathesis M
H e
H Me
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10-epi-gyrosanolide E (1)

1) Takamura, H.; Kadonaga, Y.; Yamano, Y.; Han, C.; Kadota, I.; Uemura, D.
Tetrahedron 2009, 65, 7449.
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Synthetic Studies of the Pyridine Ring of Zyzzamine B (Graduate School of Engineering
Science, Akita University) OTaishi Yamazaki, Tatsuya Hirohashi, Kenshu Fujiwara

Zyzzamine B, isolated from the marine sponge Zyzzya fuliginosa by Crews as an alkaloid
green pigment, has a unique 1,3,4,5-tetrahydropyrido[2,3-g]pyrrolo[4,3,2-de]quinoline
skeleton with a 4-hydroxyphenyl group. We have been interested in the complex and unique
structure of zyzzamine B, and have planned its total synthesis. In the plan, the formation of the
pyrrole ring at the final stage and the preceding construction of the central pyridine ring by a
Ti-mediated [2+2+2] cycloaddition reaction are scheduled. Herein our efforts toward the
construction of the pyridine ring of zyzzamine B by the [2+2+2] cycloaddition are disclosed.
Keywords : Pyridopyrroloquinoline, Green Pigment, Ti-Mediated [2+2+2] Cycloaddition

VAT XV B (Scheme 1) IE, WM Zyzzya fuliginosa 76 BB S Wiz fkaD T V7
2 RThV, 13457 h7t Fabt'V R[23-glt'mr[4,32-de]x / U L EIKIC 4-E
RE%s 7 = VEPNER L 2ROV E L RS E 75 1 Y ETIL, VX7
VB OHMTE LWHIEICHKRAZRD, 2026 B L T2l LT,

AWFFETIZ, DAT I B O u— LBRIIEBZICHEE L, FORMEMA 1 oFRo
v VUK RTF Z N K DR RB VAT IS 2 Ik > THEER L ko &
FHE L7z, ZFORD2RIBREICOIEX, 7/ T7EFLrr 2 LT A% 3 EEE
L7z ZHETOEFREOMIENSL, Eu—LZ2H o T /) 7TvF L U HEETIX
22 RBRALAINBOS RN EECH D Z Evmanz—F 3 XuoBr 72 bo 6 BR%
HEHF DT ) T F LU EBE TR AT I TS5 2 & BB LT
2o ARl ZOMBIZESE, BXY DU EETHLT ) TR F L2 BREICR
AUz, 21, 4 & 5 %25k & LT, Ireland-Claisen #5072 Kk 5 H 3 IEE O & &
NUY T UBROEKEREH L TEKRT 5, ZIVE TORMEEESEZRET D,

Scheme 1

BnO

Ti-Mediated g0 NBoc S
Ny, [2+2+2] o= % O

) Cycloaddition
Zyzzamine B 1 2

PN
(1) P. Crews, et. al., J. Nat. Prod. 2020, 83, 174. (2) Y. Six, et al., Chem. Commun., 2014, 50, 7666. (3)

JERGIES, BRI, BEIFETS, OALFAE 103 BEES (B H) #EESE D1443-4am-03,
2023.3.25.
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A Synthetic Study of the Spirocyclic Imine of Portimine A (Graduate School of Engineering
Science, Akita University) (OShuma Kobayashi, Rio Fukuda, Kenshu Fujiwara

Portimine A, isolated as a cytotoxin from the marine dinoflagellate Vulcanodinium rugosum,
has a unique pentacyclic skeleton including a five-membered cyclic imine, connected with a
cyclohexene to form a spirocycle, and a macro carbocyclic framework including a tricyclic
acetal. The unique structure and bioactivity of portimine A have prompted us to undertake a
project toward its total synthesis. Herein, a study toward the construction of the spirocyclic
imine of portimine A is disclosed.

Keywords - Cyclic Acetal, Spirocyclic Imine, Natural Product Synthesis

R—F I AL, IRHEEEE Vulcanodinium rugosum 7> & BB X U798 77 70 a7 C
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aAF SO T ' I AMREER LD AEROREENRECH o T2, & 2T,
ARG BIEE T 5 X Hilzlic A I8 7 A e LT 2 2D
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rany 7 rEAVEER= brEoE T IckY, BIEETIC4 288 LT, *
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(ZmT TR ST D,

Scheme 1 ,\f
\ R= TBDPS RO
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S\ N @ o 0
+

8 0O RO |3 3
OTBS
3 j\ e @N
Meé HO ™ RO '
Portimine A 1 2 4 o)

(1) A.L Selwood, A. L. Wilkins, R. Munday, F. Shi, L. Rhodes, P. T. Holland, Tetrahedron Lett. 2013,
54,4705

(2) J. Tang, W. Li, T-Y. Chiu, F. Martinez-Pefia, Z. Luo, C. T. Chong, Q. Wei, N. Gazaniga, T. J.
West, Y. Y. See, L. L. Lairson, C. G. Parker, P. S. Baran, Nature 2023, 622, 507.

(3) T. Saito, K. Fujiwara, Y. Kondo, U. Akiba, T. Suzuki, Tetrahedron Lett. 2019, 60, 386.

(4) (a) M. Orlandi, F. Tosi, M. Bonsignore, and M. Benaglia, Org. Lett. 2015, 17, 3941-3943. (b) M.
Pirola, C. Faverio, M. Orlandi, M. Benaglia, Chem. Eur. J. 2021, 27, 10247-10250.
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Synthesis of the Tetrasubstituted Pyridine of Rubrolone A (Graduate School of Engineering
Science, Akita University) oArisa Takeshita, Akari kawamura, Sakura Matsushita, Kenshu
Fujiwara

Rubrolone A, isolated from Streptomyces echinoruber, has a unique pentacyclic skeleton
including a deoxysugar, a dihydrofuran, an oxygenated azulene and a tetrasubstituted pyridine.
The unique structure of rubrolone A has prompted us to undertake a project toward its total
synthesis. Previously, we have developed a convergent synthetic pathway for the construction
of the azulene central skeleton of rubrolone A. Herein, the synthesis of the tetrasubstituted
pyridine segment of rubrolone A based on a ruthenium catalyzed [2+2+2] cycloaddition
reaction is disclosed.

Keywords : Oxygenated Azulene Glycoside; Red Pigment, Natural Product Synthesis; Pyridine
Alkaloid

nrmanm s AQ) 1. HOBRE Streptomyces echinoruber 7)>
SHEES N HERT VoA REEEATHY . FFF
VHE. Ve keI BEMINET AL, HE#R
BN RIS L R R s A o M2 1 o
77U ariIKelly 54 E Boger 5L WA EILT
W5, Fox b 1 OFFEREEICIR A RS ME DO J51E
TEGREZEFT LTS, ZHETIT, 1 OFRT XL B OIUREY 22585 % B
FLTz b AEL 1 OREROD, WEHEE Y Pt A b 2 OGHZFHE L7
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B K D222 B LA NS 7T CHESEE T 5, AU 4 07 muaEEETICRE L
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TT&E, FFMAmET 2,

Scheme 1

Rubrolone A (1)

Me Me Cl Cl
[2+2+2] (‘
- - - \\ 6 —
N D AN DN D AN N ~
, \
TBS Me (0] Me TBS Me TBS Me H
2 3 4 5 7 8 Me
ZE IR
(1) N. J. Palleroni et al. J. Antibiot. 1978, 31, 1218. (2) W. Schiiep et al. J. Antibiot. 1978, 31, 1226. (3)
T. R. Kelly et al. J. Am. Chem. Soc. 1985, 107, 4998.(4) T. R. Kelly et al. Tetrahedron Lett. 1986, 27,
6049. (5) D. L. Boger et al. J. Am. Chem. Soc. 2000, 122, 12169. (6) KILUBGK, AT S0, fHtE L
WE, TR EIRG, HEEES B AL RE 104 BREES (WG R4 H933-2am-03,
2024.3.19. (7) Y. Yamamoto et al. Chem. Eur. J. 2006, 12, 5618.
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Synthesis and stereochemical suggestion of gargalol C relying on direct oxidation of tertiary
carbon of the steroidal skeleton. ('Faculty of Engineering, Osaka Institute of Technology,
*Graduate School of Engineering, Osaka Institute of Technology) (OYui Kanda', Hinata Togo?,
Shoji Kobayashi'~

Gargarol C (1) is an oxy-sterol isolated from edible mushroom Grifola gargal (Anninko in
Japanese). It suppress the formation of osteoclast without toxicity. This presentation reports
first synthesis of 1 from ergosterol (2), which suggested biosynthetic pathway of 1 and its
unknown stereo-configuration. First, 5,6-epoxy-7-ones 5a and Sb were prepared through
skeletal isomerization of ergosterol peroxide (3). Radical hydroxylation with catalytic amounts
of N-hydroxyphthalimide and cobalt catalyst resulted in the formation of 14-hydroxy sterol 6,
which was converted to 1 by deprotection. The stereo-configuration of C14 was unambiguously
assigned as S by single-crystal X-ray diffraction.

Mushroom, Steroid; Oxidation, Biosynthesis, Stereochemistry
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STNIREFERTE LT, AARAIBMA L ZEZ b= /LI AT =120 5 4 Bk
BECTZRF U7 hrSsaBlUsh 268 L 2, TNENICK LT 14 (Mo E R %
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1) Kawagishi, K. et al. Tetrahedron 2011, 67, 6576.
2) Nagayasu, S.; Togi, H.; Nagai, K.; Kobayashi, S. Chem. Eur. J. 2024, €202403431.
3) Ishii, Y.; Iwahama, T.; Sakaguchi, S.; Nakayama, K.; Nishiyama, Y. J. Org. Chem. 1996, 61, 4520.
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Study on the collective synthesis of highly oxidized 5,6-epoxysterols (‘Graduate School of
Engineering, Osaka Institute of Technology, *Faculty of Engineering, Osaka Institute of
Technology) OHinata Togo,' Yui Kanda,? Shoji Kobayashi,'*

Oxy-sterols found in various mushrooms are thought to play important roles in the
physiological functions of the parent mushrooms. We are working on the biomimetic and
collective syntheses of oxy-sterols from ergosterol (1) as a possible biosynthetic precursor and
recently achieved short synthesis of 5,6-epoxy-7-ols (3/4) by tracing their biosynthetic pathway.
This presentation reports advanced synthetic study aimed at the syntheses of highly oxidized
5,6-epoxysterols derived from 3/4. First, several derivatives 5a/5b, 6a/6b, and their 7-keto
derivatives were prepared and subjected to the Schenck-ene reactions. A variety of oxy-sterols
with a hydroxyl group at C8, C9, C11, C14, or C15 were successfully obtained, and their stereo-
configurations were determined by NMR analyses. The presentation also reports further
transformations to a few natural products, including the revision of the stereochemistry of
natural product.

Keywords : mushroom, steroid, biosynthesis; oxidation, Schenck ene reaction
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1) S. Nagayasu, H. Togo, K. Nagai, S. Kobayashi, Chem. Eur. J. 2024, €202403431.
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Synthetic Study of Amino Acid-Bound Resorcinols Isolated from Mushrooms (Faculty of
Engineering, Osaka Institute of Technology) O Audreyana Ariella, Kenta Tanaka, Shoji
Kobayashi

We report on a synthetic route for erinacerin K, an amino acid-bound resorcinol compound
isolated from the edible mushroom Hericium erinaceus. This route involved several innovative
key steps, including a one-pot reductive amination/lactamization to efficiently integrate the
amino acid moiety into the resorcinol skeleton. Another key advancement also includes
allylation followed by microwave-assisted Claisen rearrangement to introduce an allylic side
chain. The resulting terminal alkene was further functionalized by cross-metathesis with a
methyl ester side chain unit, utilizing two types of catalysts: Grubbs second generation, and
Hoveyda-Grubbs second generation which successfully yielded the intermediate with differing
percent yields; 31% and 58%, respectively. This route also presented the employment of two
types of hydroxyl protecting groups: methyl, and benzyl. Thus far, we have achieved a fully
protected intermediate representing the complete skeleton of erinacerin K. Our ongoing work
focuses on the development of a safe and efficient deprotection method to finalize the synthesis,
as well as an alternative route to replace the low practicability of cross-metathesis.

Keywords: mushroom, resorcinol; one-pot reaction, Claisen rearrangement,; cross-metathesis
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