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Figure 1 Examples of S-containing natural products, pharmaceuticals and agrochemicals (color online).
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Figure 2 The construction of C—S bond (color online).
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Figure 3 Catalytic cross-coupling reactions of A-SR (color online).
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Figure 4 Catalytic addition of A-SR derivatives to alkynes and
alkenes (color online).
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Figure 5 Enantioselective synthesis of vinylcyclopropanes and vinylepoxides mediated by camphor-derived sulfur ylides (color online).
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Figure 6 Synthesis of alkynyl(2-bromophenyl) thioethers and subsequent transformation into benzo[b]thiophenes (color online).
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Figure 7 Copper(I)-catalyzed interrupted click reaction by electrophiles to diverse S-functionalized triazoles (color online).
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Figure 8 Cu(I)-catalyzed asymmetric interrupted Kinugasa reaction (color online).
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Figure 14 N-difluoromethylthiophthalimide: a shelf-stable, electrophilic reagent for difluoromethylthiolation (color online).
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Figure 16 Sc(IlI)-catalyzed electrophilic thiosulfonylation of alkenes (color online).
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Figure 17 Site-selective remote radical C—H functionalization of unactivated C—H bonds in amides using ArSO,SR (color online).
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Figure 18 Cu-catalyzed electrophilic sulfuration with thiosulfonates (color online).
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Figure 19 Desulfitative thioalkylation of alkenes (color online).
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Figure 20 Visible-light photocatalytic remote thiolation of aldehydes
triggered by sulfonylation of alkenes with thiosulfonates (color online).
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Figure 23 Synthesis of 1,4-diketones, sulfursulfoxonium ylides, and B-Keto thiosulfones derivatives (color online).
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Figure 24 Au/photoredox mediated atom transfer radical thiosulfonylation (color online).
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Figure 25 Au/Photoredox mediated thiosulfonylation of alkynes (color online).
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Figure 29 Au/photoredox mediated thiosulfonylation of enynes (color online).
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FE I S Je 0 A B A B A A, AP — Bt ik R 166 th ]
DLIE Ll R AL A SR C-S B (14133).

4 R BE RAAL A

LR, SR UL I B R 2 B HLIRAL
Wiz SRR K IOREE, KT YK 2% AR AL X2
—ABERE AL REBAY THAE AR, 1HR
TP RRA R EIR D, B A A B P EIA
o AT T U R, T e B2 29 0 1
VISR T E SR REM, T DU 3 SR A i A
PERT, LR ER 25 AR 2 & BT R A T3z (1 8L A
(ORI LR R R TR SR B R AL IR AR A

644

fE . BBV AR A T LK . DABCO-(SO,),4
PhNHSCF, A R}, 38 ok % I 771 v ME b A 44 2 o = A=
FR S TR IR 3 1 P 4Rt o 7 2E R T R R AR B 25 7,
0 5 KYIPhNHSCF; K AR 6% S N SRR | R TR
T = 0 L I 4% (K134(a)), IR B ) 7
T ot S IR D E A Ak 2648 T 5 PhNHSCF, 1 H 77 LA
SR B WA R (EI34(b)). TEH B R F)
FH 3 B SRR I S C L I A RN 9 SR A 7 A 11
HCF,SCIFIPhSO,Na iJ LA S Fi A ik B i — 5 Y L ) K
=% (E134(c)), IHTIZIRZH L PhSO,SNa 5 CH,FI
BUCH,FCIT R A% BUAR S B2 S T 2R B R ot o 3 1
AR A B (E34(d, e)).

ARV RR A S5 s [ g8 A WL T RO T



REFRE: b 2021 0 51 E e M

o]
Lo - s
| R
Boc o)
......... 183 %4
O‘COZH

Photoredox
[Ir]3 Cycle [+

[Ni(h]
- /

photocatalyst (1 mol%)

Ni(acac), (10 mol%) 7 \R
dtbpy (15 mol%) & -
kit A Rk Lioatsl SN
K,HPO, (1.2 eq) NS
hv, rt, 24 h Boc 17 examples

155 26-99%

O [lr]2 o

_ Eﬁ o G
153 Boc
156

SPh

I
Boc 155

\Q

[Ni(0)] Nickle Catalysls O—rlu'“ -SPh

Boc 160
N—SPh

NI”-SPh 159

selected examples

@Q QQ &Q &Q&Q

Boc 97%

C
Boo g3, Boc g9, 8%
O =ty et 0 B°:C I O

Boc 87% 53%

B 31 A/ i < e R A e TR R A (19X 2% PR 1)

Boc g7

@f@

Figure 31 Decarboxylative sulfenylation of amino acids via metallaphotoredox catalysis (color online).

© SH
JOI\ N + Rz_l A
(e} =
(o]
161 29

B 32 AT Wi T R DT B S (R 48 RRORZ &)

Figure 32 Photoredox decarboxylative arylthiation (color online).

— BB TAR, AR SCHER VAT A ILLE AL &0 B SR R =
R . U OB AL TT M DA 1 £ STk R
EELRE R T R EE TSR =R
AR EAGR, BT LA AL =R L i S Sk >k
o R A, ST ANEEZH O TSR R AL AR S A
1B, AT E NS SHIEFS Tk, @t st —A &
A BRI TR 2 B JEORLA B R AR, SRk
RIS A A WU ALY, 423 SRR R & 2 51 S 56

Boc
61% 26%
Cs,CO3, DMF s
Ar, rt, 0.5-48 h TR
_— R%G
40 W CFL F
37
36 examples
44-95%

Rk, BATREM A =M O RE g Eh, EWRERRAT
B (TBN)ZIE R E i — M E R L8, BE 5%
IR AIPhSO,SNak A — 35 5 1% I W AT DL vy 28] 46 5
AL i AIPhSO,SCH,CF5(1#135), %% M fim Ak 171 T LA
LS Z R RAZR A = SRR, B AT
A8 F X o532 = 98 £ B 2R ) 5 B - S B, FEANTR
B AT, ERCE T B-= 3 L i L
BeIb A, %45 M R 25 5% 1 1 2 g ),

645



R 5 T AU IR 19 556 LB S N B Tt e

R
R1J\SR
O\\S,/o 163
P 27 examples
SR
Ph B Ph Mn (5.0 equiv) 39-93%
- 75
RIN.Z BFs 4 DMSO (0.2 M), 70 °C, 20h i
L. A0 Ry SS'Bu
Tol” ™\ 164
162 SStBU 4 examples
' 25-72%
Mn (3 equiv) :
BHL C ngand (50 mol%) RZBI/3 :
DMA (0.2 M) R :
15 h, 100 °C 167 :
44 examples
4097% !

B 33 Bl 3 A B B R R S S (194 2% RERZ )

Figure 33 Manganese-mediated reductive deaminative thiolation and decarboxylative thiolation reaction (color online).

PhNHSCF; 168
BiCl, 169

t-BuONO morpholine-4-amine 170 9 CcF,
BF3EL,0 : -s-§
ArNH, 3Ety [AMN,BF] DABSO/(SO,), 171 Ar—S-8
MeCN, 0°C MeCN, 100 °C o
132 128 129
13 examples
44-85%
o)
Na;SO3 PhNHSCF; 168 n CFs
NaHCO3 i TsOH 32 Ar—ﬁ—s
ArSO,CI Ar—S_ _ p-S
172 H,0, 80 °C "0 Na DCE, rt. 129
173 16 examples
50-96%
SO,SCF,H
©/\SCF2H 1) Cl, 175, CHCl3, -10 °C,1h ©/ s
_10 ©
174 2) Ph1S%2Na, 10°Ctor.t., 10h 126
72% yield (120 mmol scale)
CH,FI (1.0 equiv) 176 Q CHF
———— ' -~ Ph-S-S
DMF, air, r.t. 1l
0o+ 126, 87%
Ph—$—S Na 5
O CHF
173 CH,FCI (1.0 equiv) 177 pp—5-§
1
DMF, argon, 80°C
126, 59%

B 34 SRBABLRR AU E 1L S E ( 2h 2 1)

Figure 34 Synthesis of S-(fluoromethyl)benzenethiosulfonate (color online).

5 B4iE5RY

2 FRLI P S I 38 1o — A A e P R R ]
L I KR 5 SRR S S A A LA ), % M
F AR IZHT 51 T TE R A4, H 2R HL AR

WAIEE AR, B RAFRA . W5 KRR

646

SRR, KRY e 1 R HIVaHE, M mifE T HES
FRATE I B 25 B A A A 2R KR i 2R 5 v Sk
REEIR B NG A — R E BN R A, 46T
BB L IO, ITERMIL TR, PuesE
Z A ISR R AL SO, BA B 2 20 4y R BRSO,
BT 2R 2 TR B A N, X T



REFRE: b 2021 0 51 E e M

TBN
179 S
CF3CH,NH5* €I — [CF3CH=N; <«— CF3CH-N;
178 180 181 o)
1 H*X JK(EWG
R o)
R 184 EWG
PhSO,SNa + CF3CH,N,™ X ﬁ» PhSO,SCH,F; — > R SCH,CF;
173 7 183 R' 17 examples
182 Ny 185  30-92%
selected examples
o o O o]
COOCH, COOAd COOEt
COOCH; SCH,CF, SCH,CF; SCH,CF,
SCH,CF; SCH,CF;
83% 78% 85% 60%
o o o OH O 0
COOEt SO,Ph
L:HY ol os Ao
~o SCH,CF; SCH,CF; SCH,CF, SCH,CFy
92% 58% 51% 84%
o)
o SCH,CF,4 Q Q
SO,Ph EtOJ\‘/SOZPh Eto&sozph
0,8
~o SCH,CF; \©\ SCH,CF; F' SCH,CFs
Cl )
1% 74% 82% 39%

Bl 35 PhSO,SCH,CFfF A =38 H i = A 171 (0 2% FERE 14
Figure 35 PhSO,SCH,CF; as trifluoethylthiolation reagent (color online).

GURISRAZBRAL Ty i, T G FH A ) ik SRR A 1,

B, RS, K. BHT. BIEHR. KRB

NERLZ ARG HAVDIRM T EERRGRE  SERUEAE A R AT SRR = R e

e =P

1 Tardi EA, Vitaku E, Njardarson JT. J Med Chem, 2014, 57: 2832-2842
Feng M, Tang B, H. Liang S, Jiang X. CTMC, 2016, 16: 1200-1216
Dénés F, Schiesser CH, Renaud P. Chem Soc Rev, 2013, 42: 7900-7942
Liu H, Jiang X. Chem Asian J, 2013, 8: 2546-2563
Kaiser D, Klose I, Oost R, Neuhaus J, Maulide N. Chem Rev, 2019, 119: 8701-8780

Qiao Z, Jiang X. Org Biomol Chem, 2017, 15: 1942-1946
Kondo T, Mitsudo T. Chem Rev, 2000, 100: 3205-3220

2
3
4
5
6 Filipovic MR, Zivanovic J, Alvarez B, Banerjee R. Chem Rev, 2018, 118: 12531337
7
8
9

Beletskaya IP, Ananikov VP. Chem Rev, 2011, 111: 1596-1636
10 Shen C, Zhang P, Sun Q, Bai S, Hor TSA, Liu X. Chem Soc Rev, 2015, 44: 291-314
11 Mandal B, Basu B. RSC Adv, 2014, 4: 13854-13881
12 Mampuys P, McElroy CR, Clark JH, Orru RVA, Maes BUW. Adv Synth Catal, 2020, 362: 3—64
13 Li AH, Zhou YG, Dai LX, Hou XL, Xia LJ, Lin L. Angew Chem Int Ed Engl, 1997, 36: 1317-1319
14 Ye S, Huang ZZ, Xia CA, Tang Y, Dai LX. J Am Chem Soc, 2002, 124: 24322433

15 Deng XM, Cai P, Ye S, Sun XL, Liao WW, Li K, Tang Y, Wu YD, Dai LX. J Am Chem Soc, 2006, 128: 9730-9740

16 Kunz T, Knochel P. Angew Chem Int Ed, 2012, 51: 1958—-1961

17 Kopp F, Knochel P. Org Lett, 2007, 9: 1639-1641

18 Piller FM, Knochel P. Org Lett, 2009, 11: 445-448

19  Wunderlich S, Knochel P. Angew Chem, 2007, 119: 7829-7832

20 Verhelst T, Verbeeck S, Ryabtsova O, Depraetere S, Maes BUW. Org Lett, 2011, 13: 272-275

647


https://doi.org/10.1021/jm401375q
https://doi.org/10.2174/1568026615666150915111741
https://doi.org/10.1039/c3cs60143a
https://doi.org/10.1002/asia.201300636
https://doi.org/10.1021/acs.chemrev.9b00111
https://doi.org/10.1021/acs.chemrev.7b00205
https://doi.org/10.1039/C6OB02833K
https://doi.org/10.1021/cr9902749
https://doi.org/10.1021/cr100347k
https://doi.org/10.1039/C4CS00239C
https://doi.org/10.1039/c3ra45997g
https://doi.org/10.1002/adsc.201900864
https://doi.org/10.1002/anie.199713171
https://doi.org/10.1021/ja0172969
https://doi.org/10.1021/ja056751o
https://doi.org/10.1002/anie.201106734
https://doi.org/10.1021/ol063136w
https://doi.org/10.1021/ol802513q
https://doi.org/10.1002/ange.200701984
https://doi.org/10.1021/ol102703w

R 5 T AU IR 19 556 LB S N B Tt e

21 Verhelst T, Maes J, Liu Z, Sergeyev S, Maes BUW. J Org Chem, 2011, 76: 6670-6677

22  Wang W, Peng X, Wei F, Tung CH, Xu Z. Angew Chem Int Ed, 2016, 55: 649-653

23 Wang W, Wei F, Ma Y, Tung CH, Xu Z. Org Lett, 2016, 18: 4158-4161

24 Wei F, Zhou T, Ma Y, Tung CH, Xu Z. Org Lett, 2017, 19: 2098-2101

25 Wang W, Lin Y, Ma Y, Tung CH, Xu Z. Org Lett, 2018, 20: 3829-3832

26 Wang W, Huang S, Yan S, Sun X, Tung C, Xu Z. Chin J Chem, 2020, 38: 445-448

27 Zhang M, Wu F, Wang H, Wu J, Chen W. Adv Synth Catal, 2017, 359: 2768-2772

28 Qi JL, Wei F, Huang S, Tung CH, Xu ZH. Angew Chem Int Ed, 2021, 60: 1-6

29 Cheng Z, Zhang J, Ballou DP, Williams CH Jr. Chem Rev, 2011, 111: 5768-5783

30 Gongora-Benitez M, Tulla-Puche J, Albericio F. Chem Rev, 2014, 114: 901-926

31 Ilani T, Alon A, Grossman I, Horowitz B, Kartvelishvily E, Cohen SR, Fass D. Science, 2013, 341: 74-76

32 Caldarelli SA, Hamel M, Duckert JF, Ouattara M, Calas M, Maynadier M, Wein S, Périgaud C, Pellet A, Vial HJ, Peyrottes S. J Med Chem,
2012, 55: 46194628

33 Xiao X, Feng M, Jiang X. Angew Chem Int Ed, 2016, 55: 14121-14125

34 Kanemoto K, Yoshida S, Hosoya T. Chem Lett, 2018, 47: 85-88

35 Kanemoto K, Sugimura Y, Shimizu S, Yoshida S, Hosoya T. Chem Commun, 2017, 53: 10640-10643

36 Yoshida S, Sugimura Y, Hazama Y, Nishiyama Y, Yano T, Shimizu S, Hosoya T. Chem Commun, 2015, 51: 16613—-16616

37 Xiao X, Xue J, Jiang X. Nat Commun, 2018, 9: 2191

38 Nair DP, Podgorski M, Chatani S, Gong T, Xi W, Fenoli CR, Bowman CN. Chem Mater, 2014, 26: 724-744

39 Mellah M, Voituriez A, Schulz E. Chem Rev, 2007, 107: 5133-5209

40 Xu HD, Cai MQ, He WJ, Hu WH, Shen MH. RSC Adv, 2014, 4: 7623-7626

41 Chen J, Palani V, Hoye TR. J Am Chem Soc, 2016, 138: 4318-4321

42 LiY, Mick-Lichtenfeld C, Studer A. Angew Chem Int Ed, 2016, 55: 14435-14438

43  Garg P, Singh A. Org Lett, 2018, 20: 1320-1323

44 Chakrabarty S, Chatterjee I, Tebben L, Studer A. Angew Chem Int Ed, 2013, 52: 2968-2971

45 Jeganmohan M, Bhuvaneswari S, Cheng CH. Angew Chem Int Ed, 2009, 48: 391-394

46 Yoo WIJ, Nguyen TVQ, Kobayashi S. Angew Chem Int Ed, 2014, 53: 10213-10217

47 Holden CM, Sohel SMA, Greaney MF. Angew Chem Int Ed, 2016, 55: 2450-2453

48 Medina JM, Mackey JL, Garg NK, Houk KN. J 4m Chem Soc, 2014, 136: 15798-15805

49 Peng X, Ma C, Tung CH, Xu Z. Org Lett, 2016, 18: 41544157

50 Savarin C, Srogl J, Liebeskind LS. Org Lett, 2002, 4: 43094312

51 GraBl S, Hamze C, Koller TJ, Knochel P. Chem Eur J, 2019, 25: 3752-3755

52 Gao WC, Shang YZ, Chang HH, Li X, Wei WL, Yu XZ, Zhou R. Org Lett, 2019, 21: 6021-6024

53 Zhu D, Gu Y, Lu L, Shen Q. J Am Chem Soc, 2015, 137: 10547—-10553

54 Shao X, Liu T, Lu L, Shen Q. Org Lett, 2014, 16: 47384741

55 Yuan H, Nuligonda T, Gao H, Tung CH, Xu Z. Org Chem Front, 2018, 5: 1371-1374

56 Rao C, Mai S, Song Q. Chem Commun, 2018, 54: 5964-5967

57 Huang S, Li H, Xie T, Wei F, Tung CH, Xu Z. Org Chem Front, 2019, 6: 1663—-1666

58 Li H, Shan C, Tung CH, Xu Z. Chem Sci, 2017, 8: 2610-2615

59 Xia'Y, Wang L, Studer A. Angew Chem Int Ed, 2018, 57: 1294012944

60 Kong W, Yu C, An H, Song Q. Org Lett, 2018, 20: 4975-4978

61 Cao L, Jimeno C, Renaud P. Adv Synth Catal, 2020, 362: 3644-3648

62 Yang J, FuX, Lu Z, Zhu G. Acta Chim Sin, 2019, 77: 901-905 (in Chinese) [# & i, HEU%, /51, JRANE. (L2 24R, 2019, 77: 901-905]

63 Fang Y, Rogge T, Ackermann L, Wang SY, Ji SJ. Nat Commun, 2018, 9: 2240

64 LilJ, Wang SY, Ji SJ. J Org Chem, 2019, 84: 16147-16156

65 Huang CM, Li J, Ai JJ, Liu XY, Rao W, Wang SY. Org Lett, 2020, 22: 9128-9132

648


https://doi.org/10.1021/jo201009m
https://doi.org/10.1002/anie.201509124
https://doi.org/10.1021/acs.orglett.6b02199
https://doi.org/10.1021/acs.orglett.7b00701
https://doi.org/10.1021/acs.orglett.8b01418
https://doi.org/10.1002/cjoc.201900556
https://doi.org/10.1002/adsc.201700387
https://doi.org/10.1021/cr100006x
https://doi.org/10.1021/cr400031z
https://doi.org/10.1126/science.1238279
https://doi.org/10.1021/jm3000328
https://doi.org/10.1002/anie.201608011
https://doi.org/10.1246/cl.170907
https://doi.org/10.1039/C7CC05868C
https://doi.org/10.1039/C5CC07463K
https://doi.org/10.1038/s41467-018-04306-5
https://doi.org/10.1021/cm402180t
https://doi.org/10.1021/cr068440h
https://doi.org/10.1039/C3RA47206J
https://doi.org/10.1021/jacs.6b01025
https://doi.org/10.1002/anie.201608144
https://doi.org/10.1021/acs.orglett.8b00053
https://doi.org/10.1002/anie.201209447
https://doi.org/10.1002/anie.200804873
https://doi.org/10.1002/anie.201404692
https://doi.org/10.1002/anie.201510236
https://doi.org/10.1021/ja5099935
https://doi.org/10.1021/acs.orglett.6b02027
https://doi.org/10.1021/ol026948a
https://doi.org/10.1002/chem.201806261
https://doi.org/10.1021/acs.orglett.9b02174
https://doi.org/10.1021/jacs.5b03170
https://doi.org/10.1021/ol502132j
https://doi.org/10.1039/C7QO01131H
https://doi.org/10.1039/C8CC01656A
https://doi.org/10.1039/C9QO00138G
https://doi.org/10.1039/C6SC05093J
https://doi.org/10.1002/anie.201807455
https://doi.org/10.1021/acs.orglett.8b02091
https://doi.org/10.1002/adsc.202000657
https://doi.org/10.1038/s41467-018-04646-2
https://doi.org/10.1021/acs.joc.9b02431
https://doi.org/10.1021/acs.orglett.0c03562

REFRE: b 2021 0 51 E e M

66
67
68
69
70
71
72
73

74
75
76
71

78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104

105
106
107
108

Li J, Yang XE, Wang SL, Zhang LL, Zhou XZ, Wang SY, Ji SJ. Org Lett, 2020, 22: 4908-4913

Wang F, Liu BX, Rao W, Wang SY. Org Lett, 2020, 22: 6600-6604

Wallentin CJ, Nguyen JD, Finkbeiner P, Stephenson CRJ. J Am Chem Soc, 2012, 134: 8875-8884
Courant T, Masson G. J Org Chem, 2016, 81: 6945-6952

Qin Q, Ren D, Yu S. Org Biomol Chem, 2015, 13: 10295-10298

Nguyen JD, Tucker JW, Konieczynska MD, Stephenson CRJ. J Am Chem Soc, 2011, 133: 4160-4163
Wille U. Chem Rev, 2013, 113: 813-853

Gadde K, Mampuys P, Guidetti A, Ching HYV, Herrebout WA, Van Doorslaer S, Abbaspour Tehrani K, Maes BUW. ACS Catal, 2020, 10:
8765-8779

He FS, Wu Y, Zhang J, Xia H, Wu J. Org Chem Front, 2018, 5: 2940-2944

Santos M, Moreira R. Mini-Rev Med Chem, 2007, 7: 1040-1050

Kisselev AF, van der Linden WA, Overkleeft HS. Chem Biol, 2012, 19: 99-115

Morales-Sanfrutos J, Lopez-Jaramillo J, Ortega-Muiioz M, Megia-Fernandez A, Perez-Balderas F, Hernandez-Mateo F, Santoyo-Gonzalez F.
Org Biomol Chem, 2010, 8: 667-675

Zheng H, Huang Y, Weng Z. Tetrahedron Lett, 2016, 57: 13971409

Barata-Vallejo S, Bonesi S, Postigo A. Org Biomol Chem, 2016, 14: 7150-7182

Shao X, Xu C, Lu L, Shen Q. Acc Chem Res, 2015, 48: 12271236

Toulgoat F, Alazet S, Billard T. Eur J Org Chem, 2014, 2014: 2415-2428

Ni C, Hu M, Hu J. Chem Rev, 2015, 115: 765-825

Xiong HY, Pannecoucke X, Besset T. Chem Eur J, 2016, 22: 16734-16749

Xu XH, Matsuzaki K, Shibata N. Chem Rev, 2015, 115: 731-764

Igbal N, Jung J, Park S, Cho EJ. Angew Chem Int Ed, 2014, 53: 539-542

Xu T, Hu X. Angew Chem Int Ed, 2015, 54: 1307-1311

Xu T, Cheung CW, Hu X. Angew Chem Int Ed, 2014, 53: 4910-4914

Peng Z, Yin H, Zhang H, Jia T. Org Lett, 2020, 22: 5885-5889

Li H, Cheng Z, Tung CH, Xu Z. ACS Catal, 2018, 8: 8237-8243

Song T, Li H, Wei F, Tung CH, Xu Z. Tetrahedron Lett, 2019, 60: 916-919

Zhu D, Shao X, Hong X, Lu L, Shen Q. Angew Chem Int Ed, 2016, 55: 15807-15811

Zhao Q, Lu L, Shen Q. Angew Chem Int Ed, 2017, 56: 11575-11578

Tlili A, Billard T, Ghiazza C, Monnereau C, Khrouz L. Synthesis, 2018, 51: 2865-2870

Wang W, Zhang S, Zhao H, Wang S. Org Biomol Chem, 2018, 16: 8565-8568

Zhao X, Zheng X, Tian M, Tong Y, Yang B, Wei X, Qiu D, Lu K. Org Chem Front, 2018, 5: 2636-2640
LiJ, Zhu D, Lv L, Li CJ. Chem Sci, 2018, 9: 5781-5786

Guo SH, Zhang XL, Pan GF, Zhu XQ, Gao YR, Wang YQ. Angew Chem Int Ed, 2018, 57: 16631667
Guo SH, Wang MY, Pan GF, Zhu XQ, Gao YR, Wang YQ. Adv Synth Catal, 2018, 360: 1861-1869
Xu B, Li D, Lu L, Wang D, Hu Y, Shen Q. Org Chem Front, 2018, 5: 2163-2166

Huang S, Thirupathi N, Tung CH, Xu Z. J Org Chem, 2018, 83: 9449-9455

Wei L, Wu C, Tung CH, Wang W, Xu Z. Org Chem Front, 2019, 6: 3224-3227

Jin Y, Yang H, Fu H. Chem Commun, 2016, 52: 12909-12912

Li Z, Wang KF, Zhao X, Ti H, Liu XG, Wang H. Nat Commun, 2020, 11: 5036

Franchi F, Rollini F, Rivas A, Wali M, Briceno M, Agarwal M, Shaikh Z, Nawaz A, Silva G, Been L, Smairat R, Kaufman M, Pineda AM,
Suryadevara S, Soffer D, Zenni MM, Bass TA, Angiolillo DJ. Circulation, 2019, 139: 1661-1670
Guvvala V, Subramanian VC, Anireddy J. Org Prepar Proc Int, 2019, 51: 530-536

Sheng J, Li Y, Qiu G. Org Chem Front, 2017, 4: 95-100

Li Y, Qiu G, Wang H, Sheng J. Tetrahedron Lett, 2017, 58: 690-693

Song T, Zhu L, Li H, Tung CH, Lan Y, Xu Z. Org Lett, 2020, 22: 2419-2424

649


https://doi.org/10.1021/acs.orglett.0c01776
https://doi.org/10.1021/acs.orglett.0c02370
https://doi.org/10.1021/ja300798k
https://doi.org/10.1021/acs.joc.6b01058
https://doi.org/10.1039/C5OB01725D
https://doi.org/10.1021/ja108560e
https://doi.org/10.1021/cr100359d
https://doi.org/10.1021/acscatal.0c02159
https://doi.org/10.1039/C8QO00824H
https://doi.org/10.2174/138955707782110105
https://doi.org/10.1016/j.chembiol.2012.01.003
https://doi.org/10.1039/B920576D
https://doi.org/10.1016/j.tetlet.2016.02.073
https://doi.org/10.1039/C6OB00763E
https://doi.org/10.1021/acs.accounts.5b00047
https://doi.org/10.1002/ejoc.201301857
https://doi.org/10.1021/cr5002386
https://doi.org/10.1002/chem.201603438
https://doi.org/10.1021/cr500193b
https://doi.org/10.1002/anie.201308735
https://doi.org/10.1002/anie.201410279
https://doi.org/10.1002/anie.201402511
https://doi.org/10.1021/acscatal.8b02194
https://doi.org/10.1016/j.tetlet.2019.02.039
https://doi.org/10.1002/anie.201609468
https://doi.org/10.1002/anie.201705633
https://doi.org/10.1039/C8OB02431F
https://doi.org/10.1039/C8QO00401C
https://doi.org/10.1039/C8SC01669K
https://doi.org/10.1002/anie.201710731
https://doi.org/10.1002/adsc.201800136
https://doi.org/10.1039/C8QO00327K
https://doi.org/10.1021/acs.joc.8b01161
https://doi.org/10.1039/C9QO00817A
https://doi.org/10.1039/C6CC06994K
https://doi.org/10.1038/s41467-020-18834-6
https://doi.org/10.1161/CIRCULATIONAHA.118.038317
https://doi.org/10.1080/00304948.2019.1677442
https://doi.org/10.1039/C6QO00530F
https://doi.org/10.1016/j.tetlet.2017.01.018
https://doi.org/10.1021/acs.orglett.0c00622

R IR BT AR IR 1055 FR AL S N WF 7E ik e

109 Wang X, Yang T, Cheng X, Shen Q. Angew Chem Int Ed, 2013, 52: 12860—12864

110 Zhang J, Yang JD, Zheng H, Xue XS, Mayr H, Cheng JP. Angew Chem Int Ed, 2018, 57: 12690-12695
111 Deng QH, Rettenmeier C, Wadepohl H, Gade LH. Chem Eur J, 2014, 20: 93-97

112 Xu C, Ma B, Shen Q. Angew Chem Int Ed, 2014, 53: 9316-9320

113 Pluta R, Nikolaienko P, Rueping M. Angew Chem Int Ed, 2014, 53: 1650-1653

114 Baert F, Colomb J, Billard T. Angew Chem Int Ed, 2012, 51: 10382—-10385

115 Kang K, Xu C, Shen Q. Org Chem Front, 2014, 1: 294-297

116 Huang S, Xia Z, Lu K, Lu H, Tung C, Xu Z. Chin J Chem, 2020, 38: 1625-1628

Research progress of electrophilic sulfenylation of
benzenethiosulfonates
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Abstract: Organic sulfides, including sulfide and sulfone compounds, are abundant and important organic compounds.

They are widely found in many bioactive molecules and natural products, such as proteins, amino acids, and vitamins,

which play an important role in maintaining the metabolism and life activities of organisms. Because of their special

structural properties, sulfur-containing organic compounds are widely used in pesticides, medicine, materials and other

fields. Therefore, the construction of C—S bond and the synthesis of organic sulfides are very important and basic

research fields in organic chemistry. The benzenethiosulfonate contains sulfur and sulfonyl groups at the same time, and

has special reaction activity. It can react with nucleophiles, produce free radicals and react with free radicals, so as to

realize the construction of C—S bond and the synthesis of organic sulfides.

Keywords: benzenethiosulfonate, electrophilic sulfenylation, transition metal catalysis, photocatalysis, radical, organic
sulfide
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