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Visible-Light Photocatalytic Remote Thiolation of Aldehydes Triggered
by Sulfonylation of Alkenes With Thiosulfonates

Yang, Junhang” Fu, Xiaobo* Lu, Zenghui” Zhu, Gangguo**“
(“ Key Laboratory of the Ministry of Education for Advanced Catalysis Materials, Department of Chemistry,
Zhejiang Normal University, Jinhua 321004)
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Abstract Due to the prevalence of organosulfur compounds in pharmaceuticals, agrochemicals, and functional materials,
the development of new efficient and practical methods for the construction of C—S bonds is highly desirable in organic
synthesis. Recently, the radical sulfonylation of alkenes has attracted considerable attention because of its efficient and versa-
tile synthesis of organosulfur compounds under mild reaction conditions. The previous methods usually involve the formation
of one C—S bond. In contrast, the thiosulfonylation of alkenes represents a highly attractive protocol for the concurrent for-
mation of two distinct C—S bonds. Herein, a novel visible-light photocatalytic remote thiolation of aldehydes triggered by
the radical sulfonylation of unactivated alkenes has been developed, with readily available thiosulfonates as both the sul-
fonating and thiolating reagents, successfully giving 6- or 7-sulfonylated thioesters in moderate to high yields with broad
substrate scope and excellent atom-economics. As compared to the traditional methods that are limited to 1,2- or
1,1-thiosulfonylation of alkenes, the reaction described here constitutes the first example of 1,6- or 1,7-thiosulfonylation of
functionalized alkenes, thus offering a good complementary protocol to the existing methods. Preliminary mechanistic studies
suggest a radical pathway consisting of the formation of sulfonyl radical, alkene sulfonylation, intramolecular 1,n-hydrogen
atom transfer (1,n-HAT), and thiolation of acyl radical. A representative procedure for the visible-light induced remote thiola-
tion of aldehydes initiated by the sulfonylation of alkenes with thiosulfonates is as following: To a mixture of thiosulfonates 2
(0.5 mmol), Ir(ppy); (1 mol%), and K,HPO,4 (0.5 mmol) in 4 mL of MeCN was added alkenyl aldehydes 1 (0.25 mmol) under
a N, atmosphere. After 18 h of irradiation with 15 W blue LEDs at 25 “C, the reaction mixture was quenched with water,
extracted with EtOAc, dried over anhydrous Na,SO,, concentrated, and purified by column chromatography with silica gel
(EtOAc/petroleum ethers=1 : 5) to give products 3 or 4.

Keywords visible-light photocatalytic; sulfonylation; thiolation; thiosulfonate; remote C—H bond functionalization
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(e) This work: 1,6- or 1,7-thiosulfonylation of functionalized alkenes
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Figure2  Thiosulfonylation of alkenes
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Table 1 Optimization of reaction conditions
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(d) Xu's work: 1,1-thiosulfonylation of alkenes
CuTC, bpy

. + ArSO,SR
Ar 2 air, 50 °C

o)
@Cio\ + Phso,sph PC.base SPh
N solvent, r.t. SO,Ph
1a 2a 3a

Entry PC Base Solvent Yield/%
1 Ir(ppy)s K,CO; MeCN 60
2 Ir(ppy)s Na,CO;  MeCN 40
3 Ir(ppy)s Et;N MeCN 45
4 Ir(ppy)s KOAc MeCN 46
5 Ir(ppy)s K;PO, MeCN 44
6  Ir(ppy)s K,HPO,  MeCN 71
7 Ru(bpy)sCl K;HPO,  MeCN 30
8 Ir[dF(CF;)ppy]o(dtbpy)PFs  K,HPO, MeCN 54
9  Ir(ppy)s K,HPO,  DMF 23
10 Ir(ppy)s K,HPO,  DMSO 40
11 Ir(ppy)s K,HPO,  THF 40
12 Tr(ppy)s K,HPO,  DCM 68
13 Ir(ppy)s K,HPO,  MeCN/H,O* 61
14 TIr(ppy)s K,HPO,  MeCN* 79
15 Ir(ppy)s* K,HPO,  MeCN 57
16 — K,HPO,  MeCN 0
17 Tr(ppy)s — MeCN 50

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Reaction conditions: 1a (0.25 mmol), 2a (0.5 mmol), PC (1 mol%), base (0.5
mmol), solvent (2 mL), blue LEDs, 25 ‘C, 18 h. *A 1 : 1 mixture of MeCN
and H,0 was used. “ MeCN (4 mL) was used. ¢ Ir(ppy)s (0.5 mol%) was used.
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Table 2 Scope of alkenyl aldehydes
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© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ Reaction conditions: 1 (0.25 mmol), 2a (0.5 mmol), Ir(ppy); (I mol%),
K,HPO, (0.5 mmol), MeCN (4 mL), blue LEDs, 25 C, 18 h.
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Table 3 Scope of thiosulfonates
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“ Reaction conditions: 1a (0.25 mmol), 2 (0.5 mmol), Ir(ppy); (I mol%),

K,HPO, (0.5 mmol), MeCN (4 mL), blue LEDs, 25 ‘C, 18 h.
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Figure 3 Mechanistic studies
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