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Difluorocarbene—based Trifluoromethylthiolation of Aryl and Alkenyl lodides
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Abstract Difluorocarbene has found widespread applications in the synthesis of fluorine-containing molecules. We have
previously found that difluorocarbene can react with elemental sulfur to produce thiocarbonyl fluoride, which is of great val-
ue for the new discoveries of difluorocarbene chemistry and the investigations of synthetic utilities of thiocarbonyl fluoride.
We have developed the transformation of difluorocarbene into thiocarbonyl fluoride as a synthetic tool to achieve trifluoro-
methylthiolation of terminal alkynes and alkyl halides. In continuation of our research interest in this chemistry, herein we
further apply the difluorocarbene transformation to the trifluoromethylthiolation of aryl and alkenyl iodides. Trifluorome-
thylthiolation is an active research area in organofluorine chemistry, and the commonly used trifluoromethylthiolation meth-
ods usually require the use of expensive CF3S-containing reagents. In contrast, in our protocol the CF3S group is generated in
situ from difluorocarbene, elemental sulfur and a fluoride anion, all of which are cheap and easily available reagents. The
general experimental procedure is shown as follows. Into a 5 mL sealed tube were added 4-phenyl phenyl iodide (1a, 56.0
mg, 0.2 mmol), S (57.8 mg, 1.8 mmol), PhsP CF.CO2~ (PDFA) (213.8 mg, 0.6 mmol), AgF (0.5 mmol, 63.4 mg), ligand Li
(0.6 mmol, 158.9 mg), Cul (76.2 mg, 0.4 mmol), and dioxane (1.0 mL) under a N2 atmosphere. The reaction mixture was
stirred at 110 “C for 8 h. After the reaction system was cooled to room temperature, EtsN (0.5 mL) was added to remove the
excess elemental sulfur by a redox reaction (the final product would be contaminated by elemental sulfur if elemental sulfur
was not removed). The mixture was diluted with 10 mL of saturated brine, and then the product was extracted with ethyl ace-
tate. The combined organic layers were washed with brine, dried over sodium sulfate, and concentrated to 1 mL. The residue
was subjected to flash column chromatography to afford the pure product.
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Previous work: transformations of difluorocarbene
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Scheme 1 Transformations of difluorocarbene
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Table 1 Optimization of reaction conditions

Cul, L4, Solv.
MF ~ ===
Ph@l + PDFA + Sg + MF =72 Ph‘@*SCE
1a 2a
Bu /Bu
I'N (N 1 ¢ N 4 2
\ N \
=N N N =N N =N N=
L1 L2 L3 L4

Entry MF  Temp./C Ratio® Solv. Yield*/%
1 CsF 100 1:2:4:3:0 EtOAc 0
2 CsF 100 1:2:4:371 EtOAc 17
3¢ CsF 100 1:2:4:3:1 EtOAc 0
4¢ CsF 100 1:2:4:371 EtOAc 12
5 CsF 100 1:2:4:3:1 EtOAc 3
6 KF 100 172242371 EtOAc 8
7 TBAT 100 1:2:42371 EtOAc Trace
8¢ CsF 100 1:2:4:371 EtOAc 16
9" CsF 100 1:2:4:3.1 EtOAc 0
10 CsF 100 1:2:4:5.1 EtOAc 20
11 CsF 100 1:2:6:5.1 Dioxane 36
12 CsF 80 1:2:6:.:5:1 Dioxane 11
13 CsF 110 1:2:6:5:.1 Dioxane 37
14/ AgF 110 1:3:9:3:3 Dioxane 64

15 AgF 110 1:3:9:25:3 Dioxane 78

16% AgF 110 1:3:9:25:3 Dioxane 87

@ JZ R 2% 4 1a (0.2 mmol), PDFA, ##i#3(Ss), MF 1 Cul (0.2 mmol, 1
equiv.)EIEF(1 mL)H [ Bi 1 hy #2804 1a © PDFA : S @ MF © Ly (45 (0
B2, T ET L, BN LA S SRIFE R =2, (LA L cLa U
Li; " La A0 Ly; ¢ CuBr AU Cul; » CuF, A% Cul; ‘ Cul (IHEN 2 equiv.;
J I N E] Y 8 h.
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Table 2 Substrate-scope investigations
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