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Research Progress on the Construction of C—S Bond Using
Aryl Disulfides as Radical Sulfur Reagents
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Abstract Sulfur-containing compounds have been widely applied in numerous natural products, pharmaceuticals, agrochem-
icals, and organic functional materials, which has attracted great interest among researchers. Therefore, it is of great signifi-
cance to develop efficient and green methods for the construction and transformation of sulfur-containing compounds. In re-
cent years, stable and low-toxicity aryl disulfides have been used as ideal substitutes for thiol compounds endured with strong
irritation and toxicity, which has opened up a new path for the construction of various sulfur-containing compounds. In this
paper, the research progress of aryl disulfides as radical sulfur reagents to build C—S bond is reviewed, which is divided into
three parts: photocatalysis, non-metallic participation, and transition metal catalysis.

Keywords aryl disulfides; C—S bond formation; radical; green-synthesis
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2011 4F, g iR bBONRIE TE L& B AN T,
TBHP /S B EURE FAIAE C(sp®)—H B B AL
ft.(Scheme 14, Condition A). Fi| FH 1% 5w ] il %% 2 4
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20W Blue LEDg

oS PC (5.0 mol% N A
R H oy arssar o 80mol%) o SAr
Z Na,CO3 (2.0 equiv.) >
_____ 131 toluene, Ar, r.t. 13-2

. PC=

O

PN 0
Ar” " Ar éHz

Ot
B e
A )\

< PhSSPh
——  PhSH

R = 4-OCHs, 53%
R = 4-F, 84%

s N
R = 4-NO,, 88% /©/\
R= 3-CH3, 66% Cl 93%

BR 13 IR EHLATEYN C(sp®)—H #iG LB

Scheme 13  Thioetherification of toluene and its derivatives at C(sp®)—H

O¢ )‘<\/\H

I
I
. O: X\/\
+ RssR Conditions T’ } SR
X=O,N -
14a-1 14a-2

Condition A: TBHP (4.0 equiv.), 4 AMS, 120 °C
Condition B: DTBP (4.0 equiv.), 120 °C

Cl
R= 4Me 85% R=H,77% R = 0-Br, 80%
R =3-F, 91% R =Ph, 41% R = m-Br, 82% 56%
R =2-CO,Me, 61% R = propyl, 44% R =p-Br, 81% °
CF,
(6) TBP (3.0 equiv.)
R-H + ArSSAr ————» R=SAr
14b-1 Ar, 120 °C 14b-2
R = 4-OMe, 79% —
S ’ S = o
7N R=4-085% n
_— R =3-Cl, 82% ( - n=3:91%
R =2-Cl, 89% n=4,77%
B 14 BT AL EBEEAL Cspd)—H & Rk 55
it Tk

Scheme 14 Synthesis of alkyl aryl thioethers through terz-butyl
peroxide directly oxidative C(sp>)—H
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WE P AT TS SR, 2013 4F, S BPIET I e 4
J&EACHLS], R T A — R DL ST R )
(DTBP) AL, EHEM SR TAHALH C(sp’)—H
, MHE C(sp®)—S S HIH H & (Scheme 14, Condi-
tion B). 1% ZREE [FFF AT SEHLME I ZUR FAHAS C(sp®)—H
SR BB AL, FFLL 51%~92% ISR il 4% 75 S/
Be BT R RE A S 4, B R A 1 AN R A 3 1
S fEE @I B HEERRF 2,2,6,6- V1 F IR
WE SH ALY (TEMPO), 81512 288 S 8 52 ) AS [F) 72 BE 4 i,
HEWT H—Fh e BE R ML BT 2R AT iR
AT fRIE G BuOe, 1% H 35 1] DL A H <3 HX
C(sp®)—H &5 T A Al R ke 5 B BB Ak, S8 )5 1
TR T A AR SR R AR B E AR ARER 3. 2R
H e — D 5 s 5 i RN AR AR, 2014
M, PhER R S CH RSB ARGE T A R A
T A (TBPE N AT, BH A TE 28 R
TR FEE C(sp®)—H BRI 7% EFH DL 54%~91%
IR G R T 2R ie 05 Bl tb &4, #t—Dhk
F5EE T B de Iy JEAR A A2 FE 4 (Scheme  14b). {H1S7E
BHZ, TSRAMESNAAESIR TR F3 & B 1 &
AL LA S 2L T Scheme 14a FTiA.

BE ), Lee RAHZH 3 PGS 15 IR A ZH B4 F [R5 1)
W, S fE M s T C(sp?)—H 5 A E
BHEEAS BB R B, SR T — R Z U Remilistb &4
(Schemes 15a, 15b). 7E Lee B LAEH, {E# LLEE(E AR
NEIFEER, PR TTIE 99%, JERP)IM) 2 [ AL BH A
L 8O s RS S A /DN, e 3k A TR RS A ()
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WCRAR T 55 5 BRI Y. 120 T A 5 82 e SE IS SR 1)
EHVEE. fEAEERRR A RE S, RN R RS
RIF, JRYIERVERE ], HX b A il Ryt
BT IFEARNE. RN LR LB8(BA) B AR N M
WA, KRB T 8% 09 & (Scheme 15b). 24 1A ) N H
I B HZEIE R TEMPO, KBLJLT-Rems]. #Eit, 1
FHEWTHE — M T e R B R BLE]: it ST
M T AIE AL BuO., % H & 0] DL Y i
U C(sp?)—H AR T4 A N B 5 SR A, 53
FREATFERL ) B AR R B & i H bR =4

(@) o} o}
CON R+ Rssr DTBP (3.0 equiv.) LN SR
T 120 °C T
15a-1 15a-2

‘BuO—OBu!
O
2L
SR
Rks

Cl R = 2-thienyl, 53%

R = C4Ho, 79% R = 4-MeCgHj, 82%

R = Cyclohexyl, 42% R = 2-MeCgH,, 90%

R =CqaHs, 67% R = 4-'BuCgH,, 82%

R = CgHs, 63%
(b) o

R‘i\ H + RSSR DTBP (4.0 equiv.) R‘f\ SR
L EA, 120 °C -

B 15 B Clsp?)—H AL A MU
Scheme 15 Syntheses of thiol esters by oxidative aldehydes at
C(sp’)—H

2018 4F, RAEMFECMHRIE 7 — ML =7 T HiL
YoATRIR, /£ DTBP [ LHEHH, 120 CRN A RS
B& R A W 16 77 7% (Scheme  16). 7E b % 4k i 2 o
DTBP i a1 F N AERBGEUT A H t2E 16-1, %8 ki
L T AEAE T B 1611 FJ5, 16-1T5 2K
TR B AE R R AL .

2016 4, FRANIRURLE PO P A YA R I AL
AR, 5 N-J7 5 PO I I — a0 B RE I A0 S0 g e
(Scheme 17). ZNAETCITE & BMALMET, PLITH
B AR, 75 Z SRR IR AR, fifE. &
RO B R T A AR AL A I, HLFR I H BT i B R
VT 2. T 5 i A L A0 AT [F AL R AR s 56, 40
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>L CH3COCH,
O0-d 120°C o .
7( - 7< 4L' CHs PhSCH;

CH, CHs e 16-2a
o 164 1641 phs

PhSSPh

B 16 J7 5 FAEGRALYII G K
Scheme 16 Synthsis of aryl methyl sulfides

R1:_\ o . s gt KeS:0s(30equiv)
ZN R 77ST T CHCNH,0 (ViV=1:1)
R2 R® 80°C, Ny, 24 h
1741
R3 SO,R*
X
R o
Z >N
R2
____________________ 72 .
OH
// //O
Me S
/ 7
CL (0 e
N~ O OMe N0
81% 63%
Me g
7
o]
N0
77%

B 17 AL A A B B

Scheme 17 Synthesis of sulfone-containing oxindoles
ARV AR N2 5 B, JFH H0
KS,05 BT e A 26 7= I HAIE S 1) SR IR

2019 4, Abbasi TRRRHEPIIF A 7 — R B ke & o5
Bt B 775 (Scheme 18). o DATY JE —fi ik % 2-
RIEPTIE NN, 72N IR IR HH PR IV, N-— Y P g
(DMFE)REWH, THEZ 130 CIzBiBi kAR H 55
TN, 2Ry 75 FE e A ) & R T (g
AR AT, BLAh, AATTIEAR A B 07 B i .
B AL R AN EAL B, EARAEAL T — 4t & B =07 B TRk
Y, Hit—22 58 iR PR

morpholine (1.0 equiv.)
H KoCOj3 (3.0 equiv.
+ ArSSAr 2CO;3 (3.0 equiv.) SAr
O DMF, 130 °C

18-1a 18-2

B 18 B o7 BB &
Scheme 18 Synthesis of alkyl aryl sulfides

Chin. J. Org. Chem. 2023, 43,3728~3744



Chinese Journal of Organic Chemistry

REVIEW

2020 4£, Yotphan H@AHPR R TELEEFZMUFET
N-EUAR I ek C(sp>)—H % i) BLFE Ak [ ¥ (Scheme
19). %S BIAEIR AN ) %A T DA i C(sph)—S B,
N A= AR I P R S A A 0 1 ) S AL T TR R 1
AR WL 23 ANMA B 2 5 THLE A V8 78 1 S AT 5.
VEF RRAL I SRR R o B B £ 4016157 TEMPO,
SO LRI ST, AEE SR T AT BRI S BEHL
O IR ER 2R(S,0; BRI H HSE B B i
SR A BEEAK. BEE, TR A B S e
) 19-1a 1BICE A% L 19-I, Hodr [ 3L 19-1 7] DAk
AR EUR TR E. R, 19-1 BB A hE S 1
HE— 35S N B B 1 aA 19-11. &5, 19-11 25 i 1k
BRI LT ).

R KI (1.0 equiv.) R!
! . N
N ) H o+ .S R K2S,04 (2.0 equiv.) » SR4
N RV S CH3CN, 60 °C N
R2 3 R R3
1941 192
SO; SOy PhSSPh PhSI
I~ or Iy I ~ 7 PhS’ 0
R!
N
,Ni/}“
R? ks
19-1a
0 O  s02 s0; R!
R @ R1‘N H 4 4 R H
| )=SPh H ! N
AN st o) e S
R2 R3 R R3 R3
19-2a 9 94
o) (0] (0]
S S S-S
- . R~ Ph—
Ph—N" 7" Ph N7 Ph N\JI N
N N CH /N CH N
R/ CHj3 CoHs 3 HaC 3

R= n-C5H11, 45%
R = allyl, 50%
R =Bn, 53%

R = 4-CICgHy, 77%
R = 4-NO,CgHj, 82%
R = 2-CICgH, 70%

Bz 19 N-IUACHE MR ELH C—H ifh
Scheme 19 Direct C—H thiolation of N-substituted pyrazo-
lones

2021 4, 5k #FH R/ANHAPIF R T UL S O ME—E AL
A ol SR AT ok -1,3QH,4H)- — Tl
C(sp)—H R H %4k ) B (Scheme 20). S8 T 7E
‘BuOK/DMF & 7 71 DL = 2K iR Bk B A0 70 (O B Ak sz 1o
WA, AE# 78 R A I se e e md b, 420 T
—/NATRER I MHLEE. RIZE ‘BuOK/DMF AR, il
J0J5E AL A B e TR RS S R T I R R 3E 201,
P R C-5 7 H HEEFAA 20-TT FIAE K. 5
W R R R AR R A B H bR PR AR SR B B2, B
J&, ZHR LSS R AN K
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R\S
0
sz_\ BUOK (1.1 equiv) 7 ©
L N_ , *RSSR————— =R~ N
R! DMF, r.t., air = ~gRi
o o

201 20-2

~Ph 20-1 N
0 Ph

i C-sulfuration o
20-1a 20411
PhS—SPh PhS—SPh
S/F’h
(0]
N.
air PhS’ + Ph
O
20-2a

B3 20 B A S5 P IR 3T A 0 R

Scheme 20 Synthesis of thio-substituted isoquinolinones

3 TFiEEREL C—S EBaiaE

12T AN MR LS AL IR OB, 7E
2R T G R, 4 F & B AL I Tk T LTS R 2
IR N T EE, i s AR . R )L
AR, U AR A I R OB s B T A A A AR 2R
RULL 225 AR AU OR R 22 1400, fe ], A HUAR B 42 n] i ik
h U 4 A T 2 A S R R R R A C—S & X
BN A R, REES, 2SR, . 4.
BB AL B &L . RS LS RS AT
A BB AT G (s v 7 T R AL R R 142,

BRHER i FEE LS R —, HRhEE
A ARFFENE - PR AT SR s w2 P A SR
R H HE BRSPS R, 2019
fE, Kwon A MRS T —Fh B S BRAL A BT 2205t
HEFALYI I )5 2:(Scheme 21). fE—78 C, R4 HEE
WY NG RIR A 5 R A C—C R4 it
AW 21-1. B JE, Fe(I) #2519 SET 181219 B¢ H B
BHE 2110, JFiEefS 2 bt B 2 21-100 BEJS, ZH
FH IS R 2R R, BB R C(sp®)—S . %77
RN EERA, R, C—S B RAAE 1 min N
FER. AL, 1% TR R F T (exo- MV HY R ) PR I 8 R HH 2
PRI ) B I BE AL BT 3 PTG A0 B 2R 5L 1 H s,
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i 2 TR O35 R A 1, B e s ) S A

r/\H‘\ (1) Ozone, MeOH, -78 °C N SAr
o (2) ArS, aq. Fe', 0°C, 1 min L _ ]/
2141 21-2
03, MeOH, -78 °C
_CHZO Ar2S2
OOH o -Phs’
~ 1} ~ Lo TN
O owe—— 7 be oo )
o e -Fel OH™ L OMe _MecO,Met_
I 22
o MeO,C SPh )(L/\/
SPh Me ~NN
2 H SPh
71% 73% 67%

B 21 HRJ St 05 AR 72 R
Scheme 21 Iron-mediated synthesis of alkyl aryl sulfides

2021 4%, FEENGREESIT R T —Fh s S0 S IR
bl i ) C—C B AR/ ALK /7 15 (Scheme 22). 1%
718 LA 5 22 LA 1) 7 6 il 2 o i R B AL 5420
EARESRE, 2T EZINBEAH, (FHDER
THERALHI(0.8 equiv.). HLERRFRCEIH: ket Sy
TERAD AL N IEE SET I8 J A4F sl 48 B 2 22-1 1A
FRBIES 7. B HEE 22-1 B R A B-Iklbr e, 72 A JT 5
B 2 22-11 ZRJ5, 22-10 3 2R k3K, 7930 H bz
PR R E R 2R R R P Bk () AL,
RERR AR A 1, AR — R AT i ah, w] LR
R Ttk 58 AL TR .

R? 1
OOH Fe(OTs)3 (3 mol%) Q R
R! + ArSSAr ———22 0 0, QJI\/\M/k _Ar
MeOH (0.1 moliL) R S
hn rt, Np, 12 h
n=1,2348
Al 222 .
Ph. OOH M opn o o)
é —’Ph)l\/\/
2241
221a 22| PhS—SPh
Fe” F L]
o u 0
SPh
PhSOH PhsS” Phs'* PhT S

0 n=2,28% 0
n=3 65% s
Ph)J\/\Hn/\SPh n=4 49% Ph)J\/\/ \©\
n= 8, 80% 84% F

B 22 BRI A AL
Scheme 22 Iron-catalyzed thiolation of cycloalkyl hydroperox-
ides
2019 4F, Cook BRI M2 S5 MR &, TFR T —
MR AR E ALY B RS AL R I e e C—H B
(1) % Bk 14 ) S (Scheme  23). 1% BB A &A1& F G
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J7 B REBI 52 PRI AN X B e A O R, R A
— G ORI =2 C—H S AT SEIAL ZE IR BV R R AL
AR, X AEXSFR A BRI A A B AR LB
TR LI B R 51 RO S B M 2 AR S B Bk
(44, FHIEL[1,5]E0E LA T2 etk B H B v a4, H
BE— W 5 B TR AR B BR )

RN O/OTIPS - ATSSAT Fe(OTf), (5 mol%) R\l/\/\OH

MeOH (0.1 mol/L) SAr
Ho 234 80 °C 23-2

62% 47%

B 23 fEASS A 31 1 C(sp®)—H B AL S B
Scheme 23 Peroxide-directed C(sp®)—H thioetherification by
resident silylperoxides

IR E ARG C—H DRt/ I C s —FhmT
FREATIE F AL AL 5 SR, 125 o
B R TR R TR, 5 T RPN Tl he
1k, T H AT DR R A6 JFURL L A Dy 22 Bl & AR TE P B2
VNSRS Y. R, R XU E Ae B/ SRR
VSRS T BRI FTE M. 2021 48, 5K R
USHRGE T — PR F R D M AB AR IR 5 i
KA B FEIAL SN A BERAR p- N ER AT AR DTV
(Scheme 24). %7 48 H & & MHRALKF0.5 equiv.),
BB IR TR RN AT 5% MR M 4745
R, RIS T4 p- BRI & R VR i 42 v
A FE A R SR B0 4 ) — b AT BE A S S ATLEE: FeCls %
WL 722 SET i A it 5 hi 5t 24-1, 32— i —oK
TRRBEEAC YR E B, KR E B S EY) 24-1a
RLAE B A 24-T0 SRS, R AR SEAL R SEAZ N A
1, &G B, FERA TR b, 2/
BB RIE T P AL N-D7 BRI S A
KA E A BN A R A/ B A S M TR P S
(Scheme 25). % AR A EIEFAG . JRYIERERET
SRR, R NLE BN 25 AL 2 v B RAF N
7. CoBry £ F H 5 S B ik F5 v [F] I A A J5 3l 7 A ik
. WP LR 7L R BIFE CoBra/(NHa4),S:0s 14 2 A7 1E
T, I Co(IDfEidt M4 SET i fE, =K —hilki ik
PAETSEEE RS APy S/ RV SR I
J8n 537 I B S A o T A A 245 B B A R S A s
Wk 25-2a. WEAL, HHIE) A 25-100 578 H S 8 B B AL
PRk — B RARE R B =, T R IR A A
25-1 75 TEEAAE R T XA 9 2Rt I 5 BRI AL
(CEE
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ArSSAr
o
n=1,2
_______________ A .
PhSSPh + Ph
(0]

air 24-1a

| Kl

Fe?* Fe3*

(0]
FeCls (10 mol%)
Kl (0.5 equiv.) o)
MeCN, 80 °C, air (N X<
R Ar
________________________ 242 .
Ph
oH standard conditions O_o
Ph—S
24-2a

B 24 SRAEALARAC - B G IR

Scheme 24 Iron-catalyzed synthesis of sulfurated y-lactones

Ar
W Me CoBr, (20/50 mol%) Me _ AT g Me ~x
B X
R f o s, (NHa)28:05 (1212.0 equiv) R o o RIL o
Yo MeCN, 80/100 °C A~y Z~N
Y =NH, NR2 or O R?
25-1 25-2 25-3

Ph
Me /
.S...Ph T CoBra, (NH4)2S20s o}
Ph" s NSO =2 =, N
Me Me

MeCN, air

aly ,. 251
8042_ S,0g%

Ph
Me s
0
N
Me
25-3a (NH,4)2S,04 25-2a

2Br ~Br,

Ph—SBr Br a Br [Initiated by a: 23% yield of 25-3a
25.] b Initiated by a+b: 85% yield of 25-3a H*
2+ 3+
Co** Co B ol
S,0g% or air

Me.-. H Me Me

l}l O N” 0 N” "0
I I

Me Me Me

25-11

25-111 25-IvV

B 25  HhfEALBACE AN R A R
Scheme 25 Cobalt-catalyzed synthesis of sulfurated oxindoles

2015 4, FhATAZ VR POHRIE | — bR 2-(HknE-
2-58)- R AE R T ) SR A, SCELER A A RN 2 R R A
A B0 B A N (Scheme 26). 1% A RA
= B R E Re A Sz 1, B 5 s Bk A LB 2-(itk
WE-2-58) - N i S 2R ], it — B R ECA AE ) 05 B
RACERAE T — FhiL e s, ([EAEREIE, 1ERBAR
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A, A AR IS 1 A A PR IN, = AR T B G
FEFSAB = ) R A D, T 4 A TCHAR R, R
FEAE R — I AR, AL, ZRONAR R R R
WFHAME. MEE VN, AFINIFEX — R+
2157 Ni(D/Ni(II) L. FEJ5, Liu #7007 T
HS TS, W7 T NidD)fElL C(sp)—H IG5 2K /i
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B SRR SR
NiCl, (5 mol%) o
ASSA PhCOOH (10 mol%) NN
. i
SOAT T AgaCOs (20 equiv) | R SAH N~
° r
261 DCE, 140 °C 62
AngO:;
hS Me O
Me O PhSSPh S
N N 4 H D
| N N N~
HoN S WY % H

SPh
26-11l

26-1a
HX
Me O
N |\
N|”<—N

26- | X
Ag,CO3 + PhCOOAg
AgX + PhCOOAg + AgHCO3

X HX = HCI, PhCOOH
26-11

E= 26 LM C(spd)—H BRI
Scheme 26 Ni-catalyzed thiolation of C(sp?)—H bonds

Bk (PR AL HLEE. DFT 145 53R 8, Ni(ID)/Ni(IV) {167
A4 Z bE Ni(D/Ni(IID) A7 2 e B AR H 3 A 24

2016 4F, Ackermann PR 2HRIE T —FhfE TR AR
ST, A Z DhRe RN AR AT A C—H Fik:
1k ) Bi(Scheme 27). VLA Ni(OTH, AT, —4
WER RN, LiOBu NI A AR R =4, B
A R PR e N 32 M A 438 A T s A, AL
B A= 4 AT A SRl i A R R ek 2 A K A s B g &
v (AT 38 T P 5 12 S RE 9 S FH Y L. LB SR B, Bl 2%
PR ERERY) C—H #EWIE L Ar—Ni(ID)H a4k, %
AR EE H R EE R NiQIDE &9, H&diE
JEIH B A R E RSP

Ni(OTf), (10 mol%)

\|/ ASSA Mn02 (1.0 equiv.)
\) AT " Lio'Bu, 1,4-dioxane LiO'Bu, 1,4-dioxane
120 °C

CE* J

R OMe, 80% H
Y = 1By, 66% N\(N\ R=Cl, 47%
\J R=F 96% Nl\; R = Br, 55%
sPn R=CeHs, 91% R sph R=1,35%

B 27 BMEACRIEATAEY) Csp?)—H KB AL
Scheme 27 Ni-catalyzed thiolation of aniline derivatives at
C(sp>)—H

BEIRIR ZAAE T HRA 2, Bt TAEE —H
S0 T IFR LK B RO B FR R B AT A (i
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GIERH . o, N-FR3E 402K — F R T i (NHPT) Bg
TEAA . B BRI AR A il i B i R
ren R A e A 3, AT AR SRR 25 A T TR A
FAL Y. 2020 4F, FBEBEECIF R T — PR KA
, Ru-AJ W65 5 NHPI BR 5 A4 & A i 22 A8 e
# C—S HERHT 772 (Scheme 28a). 1% 777k 0] LA st 3k
REEMZ R 5 FE B ALY, FeER A 98%, FihliE
XoF 22 B0 S LRI 1) 2 R R 3R I HE AT 1 R R L 52
BrRibz Ab, S-75 52K i AR ER S B vT DAAE 1% AR R
o SEIEE AL A T A ) 1 S AR AN ) E e R
B, N ] BE IR A Ru(ID) A NN-— 5 75 3 2 f%
(DIPEA)5| & SET JiFEA42 ik Ru(I). Ru(l)idk— ik 5 AL
I JFIEVERR(RAE), MR — S8 A B I 7= AR e 5 1 eh
FerpiE Ak, Bl SE, VEVERCES B RS O T R
BB LY. FAE, THRESASHRE T 5 — M
S NHPT B8R T I It 2 18 35X R B (Scheme  28b).
ﬁ%%u¢%§%ﬁMWi,%ﬁ%ﬁmﬁLT £l
SERETRBUR AN, FESEIUN —Le g 5B R &
ARSI e Ws e, Ak, Z5iknt g ok
(Se, Te)th BB AFHIMe M. @it B HEEA A E
SRSZIGHT LR, 4@ SET ¥ BIM S 1 RAE L, 2
BT —NREUE L B IR AR, ki E At
G TARMRIET, ARMET — R C—X (X=
S. Se. Te).
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(@)

0
)
‘)k _N + ArSSAr
Alkyl (©)

28a-1 O

o+
NE(-Pr
RU (-Pr),
NE(i-Pr),

ol
Ru'/Ru' photoredox Ru

psel

[Alkyl)(io/N\/“ ] -cozi e

-NPhth

Blue LEDg
R I . 9
u(bpys)Cly*6H,0(1 O mol%) Alkyl—SAr
DIPEA (2.0 equiv.)
DMAC, r.t. 28a-2

cycle
Q?
o~
>

Rull

Alkyl —7 = Alkyl=SAr
ArSSAr

S |

o R N
\')k @+ RSSR Ligand (50 mol%) 2Y R | N \N | N
DMA (0.2 mollL), 100 °C R“ R3 _

Mn (3.0 equiv.)
R2 R3
28b- 1
-
ROWE®
oMe N
47% GP

PG =Ts, 97%
PG = Boc, 82%
PG = Cbz, 84% from gemflbr02|l 40%

B 28 SR Thad S P e 1) R B AL
Scheme 28 Decarboxylative thiolation of RAE

2014 4F, F R STEESIE T T — R /AL EL E
F5 B H WAL AE 8071 (Scheme 29). Z T 1EEF
R4 1R B i AT 52 M N v P DX e B e, (EL X Tk
L0 2k AR R ECE 2RI R AR, i i B
FIERRF TEMPO, SN JLT-# i, 1F3 HEWr i nT e
INLEE, BN 29-1a 5 Ag(D)EhAHEAEF, EZEH0 4
A RS He-Ag(PFt 29-1, I1 5 — 553 —witk¥idid
SET i F2 I WA B AR )44 5 B - Ag (D) fb 4 29-11,
b5, HORAERIERAE T TR Ag(0), 1M
Ag(0)i#t— P4 Cu(IDZFE AN Ag(D) AT 58 LAE AL L.

WA R A AR = D R A s P 2 Pl LI 4, 3L
WA DUE R W 5 ) 2 F B E LR 2 5 2 A Bl
Ri7 HA E AR G ) ) C—H SRR T& ARt
PR BB A YA AR RGBS, 2018 4, Kumar
PRAIZHMRTE | —Fh DL 8-Z BE o T B 4], 2 FRER
RNEMA, Ca(I)fEfL K8 C—H IG5 J5 2 k8
B A SRR Rk 0 ZE B R AL & 0 (1) 77 1%5(Scheme
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OMe AgSbFg (20 mol%) OMe
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Scheme 29 Silver/copper-cocatalyzed direct sulfenylation of
rich arenes
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Scheme 30 Copper-catalyzed thiolation of ferroceneamide
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E= 31 iz C—H V& S-BRAR 8-k e ik
Scheme 31 Copper-mediated remote C—H bond thiolation of
8-aminoquinolines on the C5 position
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Scheme 32 Copper-catalyzed the para-selective thiolation of
aromatic amines
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