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Development of synthetic methods for divergent polysulfides based on the
selective use of leaving groups
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Polysulfides are prevalent in the fields of life science, pharmaceutical
science, and food chemistry. Despite their utility, accessible unsymmetrical disulfides synthesized
via conventional methods are limited. In this study, we have developed a new disulfide building
block reagent bearing two leaving groups on the disulfide structure. One of the two leaving groups
is selectively substituted by some carbon nucleophiles in the presence of a proton source. The wide
substrate scope of this reaction and the further transformability of the remaining leaving group
$nable§ rapid access to various combinations of unsymmetrical disulfides via double C S bond

ormation.



B X C—19, F—19—1. Z2—19 {Jm)

1. WFEBAE SO 5

%’%ﬁt@ﬁiﬁﬁ%i)i@ﬁwt%L ERFORY AT ¢ REIL, HEx 72 EWEE KA LR
DIED, &/A7 5D = IRITCHE DAL EOEFRBRGIZE G L TNWDH Z ENHMLNTND. £
7=, WEREME %%ﬁﬁ%/\bﬁ%’)/wi) V=R, TL—NR—=L LTOMHRELED T, £
Bl \%%ﬁ&ﬂ DER ETOLYRICHAN S TS, — 5T, 20X o RFEDEMHICY
MO HT, ZOEMOEE L IHIZZNODIHAMRIZD - D & LMERLTETWARWY., R
U207 ¢ FEEIE, eI SaCle 72 STkt L CTHIEO T A — V2 KIS S50, DT
F—NERWDLEIETERINTE R, KISOHIEAE L 72O RN S IXREETH -
7o, ZOXIRERND, WEWKRY AV T ¢ REZRENOREEICAEK TE 5 FEORIIX
M EALFOF =2k 29 0 < 7210 T <, BIER L0 B0 b0 B O R R IZEB W)
T, BERMDOFEEEE D RETHSD.

2. MHEDOEW
ik ORI LT, THiER T B0 2 SOBBEEO SGEZ I L TEW ST 5 EWnWH 7
a0 —F T Z & T, FA— RS RVIREIAWERAE BERMA G DY THRY Av7 4 K
REEICEANTE DARIEEHE L, EMREoH e SICBWTHETH Y e b REH R 7
TNV ANR—=ZNLET HARY A7 0 REEICH LT, BT 7 BATE B2 HT5 2
LEEME LT

3. WFgED Ik
IR, BB Z AT 20207 0 FREEIZH L TIR A BEQERNGHE : 1 E0C-SEATREE
FoREEH 2 BT & DB 72 HiERHE X hti)) FA—LOSOERE (SEE) B
AT OBRIEICE L TXTF 4= b O EMRI 2B, BRIA
PEZ A8l LT e (A). ZAUSx L TARBIE T o) gl ® s R
rﬁfﬁﬁﬁ%i@ 2 OO PRBERE O SIS % il 4 L’Cﬁb \ C-SHATRIC & >TAR

5 . 2 T CSmARRRESTER

;;?;J )l(fj_ Lk/:CC o j;é%%i%%;;gT ;]/\,7(; g% B. Our Strategy: 22 DBiEE % RIRMIC TR
BEOMRE R CLic L (RB). Ak, | @ ® .
HR R 4%%/: BB AR LS F 2R L, & ()rss{e) = @S
SR B 52 ORISR BT 52 8T, R e emey
VAL T 4 RELT o 77y 7RO X 55 kT ks DEBEDLEI LB ERIEER
W, RUALVT 4 REOZERMEERE BT 2L & L.

R2

4. WITERR C-1. BEERIC L ZMBEEORSIED R
(1) AnA=ViEETI O REETS

IO IR (i L)
BT b o B % B L 7 85 2 .@ O @O

(1.0 equlv)

0)&}7\[;4‘%@@1/ A L: DD Tg}ﬁ/\“ %) f: y) L: (1. Oequlv) TFA(5OEQU|V) 81 / detected
B ERRE M L. TORE, MR e

FEIET L AL =L AR @ @J@

]‘/ 7; {i l/ \/\ j— VC*IJ)EH T % %) t (1 Oequlv) trace rergzgvfery
@TWéﬂt(ICD ZORRED L c2. gaARFAHOLS

iz, R bicT 2 gy oo TR oo
BEAT B C BRIGURE G, % Tl e e Ol Use,
EEEP;‘k %%@}im BT D }irl; l\i D (10equy 10N thiosulfon:te : not detected
5'21/ \%@DE L/f; (. C 2) :E‘ / X}I/7 /]’ yield ofthlosulfonate in all cases
FHEICT I /&L X}VTVA}I/%%ﬁ C)N e s
THRIEE MOHAITIE, FA ALK ° e

hjﬂv— ]\ iJ)EP*Ir@”X%’CéEEX Lf; /'i% 67‘/f . 82% no reaction

BT Lin, DAL T4 KA O A7 KOSRERRAORR " .
BT L, TR O B A o . ™
Ph, KD EIECF A AT — N | ® T
DERT D Z ERH LN RS T. papaverine N _@Oeqiv)

ANT 4 RiEEAEAT A AR EK T, / TEA (s ety O STs Nat (20 ey O SYCOZMe
) ANT 4 RERKRIKLE L THHT o™ MeO MeO T PZ/Ph
HY, NUTAaERE (TFA) OFET O

OH OMe 82%

M 76%
7S BEERULEIC, Ak & U, ¥
S A 25T 5 = LT, OB ® (beai aY
ICkF L CTEMBRILE SR RMA S DR T B (™ pltleau,,, { N
%]\ﬁ‘ %) t i) T % 7; (. C73) . TFA (15 equiv) O triglyme, rt, 24 h Q

CHyCly, 1t, 16 h Br 57% o/ sac
o



(2) BV T AFFANLKRF— FEHND Michael (AR RS (B A3 EE)

= i B A R 1
iR DR 2 1 5 AHUL, 7 Y U LT A2 D. KSTsERWBEMA L 7 1 ¥ DR ILKZILE

ViR — F&EH W5 Michael ARSI 0.0

BOTbAOR UL, B Y 7 LT A2 o npo PPEO | prts o
AT = DRI &SRB TR A S el oonn A e
Fiolo 207 ¢ REWRAEL LCHMT 5 i rotdetoced

ZLEEHME LTHRFHZET LD, MatOfE, SN2 4E8Wix, 74 A VKR — FTids
<, MENREELIZANK L THDHZ ENHLMNE 272 (XD).

IO DORIGIE, ANVT 4 REMRPANLERARE LTHEREEZONDD, R 2T 4 R
B EWVOBEN DI, FMEOBEEE W) KRE 2ENRERL Y 12572,

(2 AIFEET IV REREATLRIEICL DV ANVT 4 FOSRMEGR (FRFEBEEL 220)
FROWEY, PANT 4 RHEEIZ  E1. 75y 7A—LSTF 1 : FHELREOBMAET (/L7 < KAR)

TIEANVKR=NVHEERT IR T s UER

a2 WD IBEITIE, MEOKEEN | Q0 ilAr—H R a
AT D2 ENHSNE o7 (B 0\_,N—5—S—S\4_to,§W AT —— W
1). ZAUCKHLC, DFT SFE o RA B0 - 7 ejamro
LI, AR VR, L 0ESD ¢ 2
ISR/ NENA S RECE LD L, R O RE (Hi(z.}:é%‘f:fﬁ : kcal/mol) % .
MEOBBEETIT 20O TR L o A B e
BRI RRORER, ANV T 4 N LN - S
ﬁ:ﬂl/f I RHEETI %%Eﬂ% L7z i 4Tolmg-Ong Al | 11 %0

%it;% WA i-];l]_/a\ |z Giﬁﬁﬁ @HE%E % A-Tolgls\g)S\S,Ar Pl & +TRAY — o s,

{¥ 5 : k fot < :}X}V7 /r ]\ é/ﬁ\ﬁkwc &' 4-\oI—S{)_S\S-Ar 4-lo|(}\s\:é?“’ 03
XBHTENRHBNE ST, KT L o o

i3, 70 R AEE FTT S S, OF DFTstEZES & ICHB (o X RER)

S0 R EL AR B | S
ﬁﬁgggég%igigiﬁgﬁé E-2. 75y R T7A—LHF2 : YRILT 1 ROSHEAHERR
) v T = P .
BHNEATE D720, 2R Y A ;o/\ R RS | 1 )
VT 4 ROZERMESRICFIATE 2 ;bmszs\Nf | G Rks/s e SN

ZEDBHL NI T, I [H4] ""‘[‘:,‘?]“‘ ) )
P ED X512, ZhE Comka L0\~ mESHELEL BRLIANT 1K
LinodziR U A7 ¢ REIZX LT, TR T ED 2 SO RBLBER O RO 2 #il# LTVt
L1 EWS T T E—F T, Fiic IO &, ZHMESBIEOBFS I AT, METORER,
T DO BBENEITT D52 ERHALNEZR D, KIFFROHGEORmINFEEY Liro
7o, B DT ARG 5 Z LI L 0, BB 2 SR C X 2872 sl o BTk P L 7.



4 3 0 0

Kanemoto Kazuya Furuhashi Koudai Morita Yoshitsugu Komatsu Teruyuki Fukuzawa Shin-ichi 23

Acid-Mediated Sulfonylthiolation of Arenes via Selective Activation of SS-Morpholino 2021

Dithiosulfonate

Organic Letters 1582 1587
DOl

10.1021/acs.orglett.0c04289

Furuya Shohei Kanemoto Kazuya Fukuzawa Shin-ichi 85

Copper-Catalyzed Asymmetric 1,3-Dipolar Cycloaddition of Imino Esters to Unsaturated Sultones 2020

The Journal of Organic Chemistry 8142 8148
DOl

10.1021/acs. joc.0c01023

Kanemoto Kazuya Horikawa Nao Hoshino Shun Tokoro Yuichiro Fukuzawa Shin-ichi -

Copper-Catalyzed Single C-H Amination of 8-Aminoquinoline-Directed Ferrocenes 2021

Organic Letters -
DOl

10.1021/acs.orglett.1c01294

Furuya Shohei Kato Shuma Kanemoto Kazuya Fukuzawa Shin-ichi 2019

Copper-Catalyzed Regio- and Diastereoselective 1,3-Dipolar Cycloaddition Reactions of Glycine 2019

Imino Esters with 1-Propene-1,3-sultone

European Journal of Organic Chemistry 4561 4565

DOl
10.1002/ejoc.201900738




22 0 1

Michael

9 CSJ 2019

2019

Koudai Furuhashi, Kazuya Kanemoto, Shin-ichi Fukuzawa

TFA mediated preparation of S-aryl thiosulfonates from electron-rich arenes using mor-SS-Ts

ACS-SPRING-2020-EXPO

2020

100 (2020)

2020

100 (2020)

2020




100 (2020)
2020
1,3-
100 (2020)
2020
Morita-Baylis-Hillman
100 (2020)
2020
Michael
100 (2020)

2020




100

(2020)

2020
2- 2-

10 CSJ 2020

2020
a B -

10 CSJ 2020

2020
N- C-H
10 CSJ 2020

2020




SS-morpholino dithiosulfonate

101 (2021)
2021
101 (2021)
2021
m N 1,3-
101 (2021)
2021
/ThioClickFerrophos 2,3- exo’ [3+2]
101 (2021)

2021




/ThioClickFerrophos

Morita-Baylis-Hillman

1,3-

101 (2021)

2021
79

2021

/ThioClickFerrophos Morita-Baylis-Hillman

79

2021
79

2021




C-H

79

2021

1,3-

79

2021




