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Study on the Application of Thios/Selenium Sulfonates as
Radical Reagent

Yu, Tingting Song, Dongxue Xu, Ying Liu, Bing Chen, Ning Liu, Yingjie*

(School of Pharmacy, Harbin University of Commerce, Harbin 150076)

Abstract Thios/selenium sulfonates are key structural skeletons in natural products, synthetic bioactive molecules and mar-
keted therapeutic drugs, as well as important building material in organic synthesis, and are widely used in drug molecules and
materials science. With the rapid development of transition metal-catalyzed, photocatalytic and electrocatalytic radical reac-
tions, breakthroughs in radical chemistry have been achieved in the field of synthesis. Therefore, the applications of thi-
os/selenium sulfonates as radical reagent have attracted extensive attention. The applications of thios/selenium sulfonates as
radical reagent in metal catalysis, visible light catalysis, metal-light synergistic catalysis and other types of catalysis, which

have been developed rapidly in recent years, are reviewed, and the mechanisms of some reactions are discussed in detail.
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Figure 1 Examples of S/Se-containing natural products, phar-
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Scheme 1 Silver catalyzed difluoromethylthiolation
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Scheme 2 Copper catalyzed sulfonylation of alkenes and amines
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Scheme 4 Copper catalyzed bifunctionalization of styrenes
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Scheme 5 Possible mechanism of copper catalyzed bifunction-
alization of styrenes
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Scheme 6 Light-induced thiosulfonylation of alkenes
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Scheme 8 Light-induced radical cascade reaction of 1-allyl-2-ethynylbenzoimidazoles
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Scheme 10 Light-induced 1,2,4-trifunctionalization of butenyl benzothiazole sulfone derivatives

4206 http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2022, 42, 4202~4219



Chinese Journal of Organic Chemistry

REVIEW

Eosin Y* R'SO,XR?
visible Iight< >\-’
R'SO,XR?

- SO,R!

Eosin Y

%

@»
&

S__N

d X

54

- XR?

X = S/Se
R2ZXXR?2

R2XXR2 X =S/Se

SO,R!
s, 0 !
e
0

50

s N/
@EN

51 SOzR1

oO
SS

N

@[ >2)/4/ 52 'SO,R!

SO,R!

BR 11 TIREEIFEMIAT YR 1,2,4 =DhRefl SRR

Scheme 11 Mechanism of 1,2, 4-trifunctionalization of butenyl benzothiazole sulfone derivatives
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Scheme 17 Mechanism of deuterated thiomethylation/methylselenation of aryldiazonium salts
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77 78 79

O,

| R
79a, R = OAc, 75% 79¢, R = CHg, 80%
79b, R = Cl, 83% 79d, R = C,Hs, 75%

B 18 Otif FHAEIE FRREE 1 & R
Scheme 18 Light-induced synthesis of thiocarbamates

R1’Pr2NH2
O | 0 , acriflavin (2.5 mol%) X
+ PhSO,XR 17 R2
DMSO, blue LEDs R
rt, 24 h X =S/Se
82

R/\/Se\/\o/ Ph

S
R

82a, R = H, 99%
82b, R = CH,CI, 84%
82¢, R = C,Hs, 91%

82d, R = H, 77%
82e, R = Cl, 87%
82f R = CHj, 98%

B 19 i S AR FR e R - e S/ B A A 2

Scheme 19 Construction of light-induced unsymmetrical alkyl-alkyl selenides/sulfides

7, ASKS B de e — e FE A0/ AL WD) 1 A AR A1 T — R
. EHRERTTIE. RN, 207 SR M0E T 7 A i
Yo LA e S AL ) AN 55 S Are ST AL D P e SR S

it 30 R S AR SG SCRR AR, (B3R T —
AN B R N ATLEE (Scheme  20). ' i Ak 77 1 Bl ot Ak
PR ERDEAT B AL T AR A e ik PRt 84, BiEJS, Jedk
Hi 2 84 ST/ AR IR G S, 15 21 i 75 (197 47) 85 AN
H i rpal ik 8614, Jrh, Bl E tikrhlal ik 86 X 22id
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2021 4F, JHAE RS TR ] WIS, Al
TR G X 0 3 RSP 1,3- 5 B 28 I o
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Scheme 21 Light-induced radical 1,3-addition of selenosul-
(I? H | fonates to vinyldiazo compounds
"o o Y 98, [FINALEIIE 5 hdE 92 25T —ANH H M
88 87 he @Az
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85 2021 4, PRFENT IR ISHRAE T8 R] WOGIRED T,

B 20 AXIFRGEIE e /A A P 2 i S REATLEE
Scheme 20 Mechanism of constructing unsymmetrical al-
kyl-alkyl selenides/sulfides

FEEN T1%~85%. 1% N JG 75 AL FRIFIER IR, 7RI
F SN 2614 R PR B8 RE R, BA R mER 4
Grik.

T RIOZR AL, 1FE ¥ TEMPO 8¢ BHT A
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B AR, DR, 30 3 6o R S 6 RN SCHRHRIE 7], 135 2
H T — AN RER ) B84 (Scheme 22). 46, ITEER G
90 £ ] WIGAE FH T B AL IS B B AR 92 AR H
FHZE 93. [l J5 KA O3 R LIRS 94 70 92 MAEA R
AR TR 95, 95 (1 FEHR A5 A4 (A1 44 96 71 ALK )
TNA R A 97, B HIEAR 97 55 90 f B A pR R 44
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N> 92
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-----------------------
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________________________
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(Scheme 23). ZJ7 &M AR, BRI, His
HrE R R, I H AT DK BRI FOAR JE [E] I 5N 2
[ R IRV R4 ] a T W) ) i RVAL NG ST

3 &EFMHEHEL

PhEEAL, FRE 2 M RELL R AL AR, i
A [FI R JER M 1 25 3 P v TR AARE T e Fl S . gk
P B ML I = 5 O B 5 0 SR A L A P B v
g G, PR AME R R LS O R AL, Bhoe
IR T ARG SR RS2 L SR T A B AR A5 e
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SRNEHIZETY. SRR T4 R RO — i 2 v RS e
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'
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Scheme 22 Possible pathways for 1,3-selenosulfonylation
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Scheme 23  Visible-light induced cyclization of alkyne-tethered cyclohexadienones

2017 4F, FRIEURIRBHWMRIE T —FhrE £ Fm] L
FEME RV RIS, 15080 T R i T3 A A
Ak [ J8i(Scheme 24). 1% N LA &5 R T 75, H
=R R 2 R At T e A A R o [ i
—RCIEFR R I NIRRT, IR O o A5 N =5 2
BRARIEBIHRAL T —FloBr i E. X222 ATiER Au f#
AEAL R FT AT ARG 11, B 10 & A0 SURE AR X LA 8 A
F HoAth H B AL AL AT .

— IPrAUCI (10 mol%) ~ FaCS_ SO,Ph
_ oh . AgSbFg (15 mol%)
+
) SO28CFs Ru(bpy)sCly (2.5 mol%) /=
\ X .5 mol \
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FsCS_ SO.Ph FsCS_ SO,Ph
R

104d, R = Me, 86%
104e, R = Br, 69%
104f, R = OMe, 76%

104a, R =H, 87%
104b, R = Br, 90%
104c, R = OAc, 70%

B 24  SAGENEE A R R BRI
Scheme 24 Gold and photoredox catalyzed thiosulfonylation of
alkenes

2021 4F, TR IRAH PO ST R/ A S
[F) A 2% 2 0 R0 A TR IR ) e 7% 1 ER Rk
(ATRA)JZ M.(Scheme 25). 1% J M. AT LU T 750 k& A 5
NRIEHEH], FEAE 5 AT A B AR W0E T R AR
Y. VEEAERAE RS T EEE TR O IRYTa
RIS A A A R I R TR
U (1) 5 L7 12k
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Ru(phen)3(PFg), (1 mol%)
Cu(CH3CN)4(PFg), (5 mol%)

L4 (7.5 mol%) S(4-Tol)

Ar)\/Ts

A + TsS(4-Tol)
DIPEA (1 equiv.)
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(]
<
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/@)\/ (/j@)\/
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107d, R = 0O, 95%
107e, R =S, 90%
107f, R = N-Ts, 88%

107a, R=H, 93%
107b, R = Me, 90%
107¢, R=F, 90%

B 25 4/ E A IR R B R £b 2R 200 A0 A Rl R TR 1Y)
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Scheme 25 Copper/photoredox catalyzed ATRA of styrenes and
thiosulfonates

e Ja, VEH 3T L SE a0 32 T mT B8 1 e B AL B
(Scheme 26). ZAEI MUK A Ru(phen)s(PFg), ([Ru'']*)
5 NN-— 33 2K (DIPEA) IS J& 3 K ITF 46, 4 &
DIPEA H HEEFHE 7 M [Ru'], J5—F4miF 105 @i 5
HL 7 R (SET) = AL AL F B AL 108 FIBE R P 251 109.
111 #% DIPEA 1) H HH3EPH B A0 AE p 112, FH4G 14
TEACIERR. T 109 £54 112 AR e ik 113, [FiF, 108
55105 I A R AR AR 110, 110 5 113 DL HL T4
77 RO N A R 114, 55, 114 25 TR B A i
AP 107a, FA R 111 45 5N ELLIEE.
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Scheme 26 Mechanism of copper/photoredox catalyzed ATRA of styrenes and thiosulfonates

2019 4F, fRBUE KHFFECIIRIE T —MEAE
AR RS B 5, T AR s ol A A )
el 2 FE A (Scheme 27). ZFvE R BT A X 8%
PR SIARIEREME . 100% W IR F A5 T2 R
0 B AR AL 3R, e e N 26 R, AR
BTN BRI, R I 55 e 0 i 107 e #R B 5
116 N, 53] R HNThaeer=9. Hrh, ZKIFXAL
T T RIS FIA R T ZI, AR PR
m, AW A TR PRE R EENRY), REMR
FHAIK.

SPh

PhsPAUNTF, (0.5 mol%)
Ru(bpy)sCly, (0.1 mol% X
R—== + PhSO,SPh (bpy)5Cla ( 2
Dioxame, visible light SO,Ph
t, N
115 116 it N2 17
SPh SPh
jon b
R SO,Ph SO,Ph
117a, R =H, 92%
117b, R = CH,, 91% 117d, 62%

117¢, R =Cl, 86%

B 27  OEEAIE LA R B S T e A2 Bl A AT AL
Scheme 27 Gold/photoredox-cocatalyzed atom transfer thio-
sulfonylation of alkynes

HEAh, (EZ RS T —FhA B S AL EE (Scheme
28). B4, fEEFMIEMEIEIIER T, 116 7 S—S
SRR TE RO TRE L [ O 118, AESEAFIAVER T, 118
s OmEAmE MG OmETRS
SR A N 119, Xk 5 4 (1) Hh (Al 4
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120, Mfifd 2GR T E %Y. RS 116 #H47 H
H AL IS, 19 2B RARBEEL W, JFEAE RSO
AT, ST AT CARS v TR 20 5, P mT e 1)
E/IZ SR, BA BT S ARERETE; e &
RIS, LIRS MIEIR E/Z IREY).

Au(ll)

X
SO,Ph
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Au()

/Ph__\ Au(l)

PhSO,SPh [AdVIRU] PhSO;, ©/\
2277 Visible light g SOzPh

116 118 >< 119
SPh
x PhSO,SPh
SO,Ph and Au(l) 116
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B 28 B 1A i AR I Ak S B AL
Scheme 28 Mechanism of atom transfer thiosulfonylation of
alkynes

2019 4, @)iiifg B FLIR) SFB2HRaE 1 n] We T Co
80 Cu MEALHIEIEREEIL & i B-(filh) 2. ) FE R J5 v
(Scheme 29). 1% 75 2| FH BE M #h 5048 8 B A A AL
), ERAMEAET, @i ek SR ERES B b5 0k
JRHHAT 1 2-REEIEAL S N, 1% N BRI 2 R
7 5 1A B BE AT 52 PE AT S5 s ek, R B 1
T 4 JE R AT WL W R A AT N A 2 | — R A B 4
JE AT T UL (R S B6 P B AN S AR
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Scheme 29 Visible light-induced Co or Cu-catalyzed seleno-
sulfonylation of alkynes

4 HibARBEEL

TEAEGE LT & R AL . SR el e AL A 4/
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=R, X RIS SRR SR R RS, DA
[k I EAL A BT TS T 3 ik e
41 BHESI%

Eﬁ*%ﬂﬁwxﬁ¢ WFFEN 8 I B &L
V) (AIBN) . 3 % 4k 9 F1 ick 4204k 0 [ 404k X0 A Tk
(DLP). TBHPEA H % 5] K72k S /A A QR R i
1E R B AR 1 S

1983 4F, Back BRAASSHRIE | 7RIS TR
BT R IR RRER S LR 1,2 Ik, 531 TR -
(A 3E) 45 50 (Scheme 30). 1% 5 . HLAT B 57 (1 77 28
DA K i FEE () DX S AN A B, (R B S B2 H 124 (AT 4L
A AT & - B RN T —Fh I8 . BB ik

R SOAr
RC=CR!' + PhSeSO,Ar __ABN_ —
Ar = p-to]y] SePh R1
124 125 126
Ph SO MesSi,  SOAr Ho\/>_<SOZAr
SePh H SePh H SePh R1
126a, 93% 126b, 94% 126c¢, 88%

B 30  B-CRAHE) MR i) 7%
Scheme 30 Preparation of S-(phenylseleno)vinyl sulfones
2020 4, Renaud PRI T — ﬁummmm
AR B A Jy it i SRR BRAN 1 1 2R 5 R 7, AT
TS R AR, RN NI B AR JILE%
% S AR e i A e B2 40 1) 27 ¥ (Scheme 31). fE &
IR SFAT T, R I FH 7 0 K R BH ' A I S B B
M = SRR, RN — RIEYEE AT 7K
Fo, KB TEANESEAH 2 0 B e T LA 2.
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B 31 @i s A ke L S8
Scheme 31 Desulfitative thioalkylation of alkenes

2021 47, SRR RRBASIB T T &4 1, 7-b 55
AT PR i 8 T < B e R I S A B A B e
PR A% 05 117 A2 40 1A 3 SR (Scheme 32). %R I HAG T 72
PR T L 525 1) B AT 32 A A 25 AR R AR R
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Scheme 32 Metal-free radical annulation of oxygen-containing
1,7-enynes
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2016 4F, Maes JH[A1FEHRE T AR LA 4H
NEART, FIFH 5153 H R R AR B B Re i 52
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(Scheme 33). Z%J7VE RN AR, N A 55 A BERE AT
FAE B, o] AR SRR, Bl JaE & ik — ik
TR 133 (TG, RIS H TR B B SR
SRR, XA NN T OB T RAE R R ALY
AR AR R TG S N 7 TR AL 5, & FH T B 2 R
i AR 2 5 R .

VE# 4 — R AN IS 56 e D3G5 -6 08 (s A 751 0)
ACE I FRERM & B R EE, JEh bR Tl Rem
H H 3 e AL (Scheme 34). B %%, 75 FEREMR S 5 il
B s L7 AR SR AR 25 1 137 #1 PhSI (138), 485 138
TR N AR BRI Y E 2 13957, Bl S 139 5 5%
B 134 [ A E HEE 141, 141 7] 5 7R (a4 140 2
NAE R 141, o P R 4K 141 5 53 P BERE AR 2E i 135a A1
136. H AP Ar[a] =4 140 52t 137 )il Bl 3400 768
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Scheme 33 Iodide-catalyzed synthesis of secondary thiocarbamates
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Scheme 34 Possible mechanism for the synthesis of thiocarbamates
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T TG 5 05 J2 TR Ik A S . B iR 2 0 BN ) 77 15 (Scheme
35). A NEIE, LI T iR RR e -5 0 AR K,
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A AT B A W LI (Scheme 36). B el USRS 146 5 1,
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XX i
R1_'SI':O + Rz{j/\ Cs,CO03 (2 equiv.) /S y | \_RZ
R g MeOH (0.5 mol/L) P
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=

145a, R = p-F-CgHy, 78% 145¢, R? = p-CH3, 85%
145b, R" = p-Me-CgH,, 51% 145d, R% = p-Cl, 71%

B 35 S-S EACREIR AR 5 4 LI T A R AR I S
Scheme 35 I»-mediated coupling reactions of thiosulfonates
and styrene derivatives

FERTMITE LT, WBA AL M) h Al 2B ) A7 72, 35
PRI, AR5 A i i BR HI AR 5 1.
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Scheme 36 Mechanism of the synthesis of vinyl sulfone
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FHE AL 0 EH 28O, 7E 51 N 20 Ja A R 18] 4
159, A5 159 MNERRE A B B, REwHA—0T
159 filigk, P48 I VB 3 24T o (A1 44 16010469 1 Ji5
TE/KAN PhS™ (6 B N PR R0 161, Fo oA E] 44 159
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Scheme 37 Regioselective synthesis of diverse f-hydroxysulfones
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Scheme 39 Cs2COs-mediated radical sulfonylation of alkenes
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Scheme 40 Preparation of unsymmetrical disulfides
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Scheme 42 Radical-chain reaction mechanism of isocyanides with selenosulfonates
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