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1) General and Materials
General：
All solvents were distilled prior to use. Unless otherwise noted, chemicals were used 
as received without further purification. The solvents for reaction were distilled over 
Na (for toluene, 1,4-dioxane and THF) or CaH2 (for DCE and MeCN) under a 
nitrogen atmosphere. All reactions were carried out in oven-dried glassware under an 
inert atmosphere (nitrogen or argon). For chromatography, 200−300 mesh silica gel 
was employed. 1H, 13C{1H} and 19F{1H}NMR spectra were recorded at 400 MHz, 
100 MHz and 376 MHz respectively. Chemical shifts are reported in ppm using 
tetramethylsilane as internal standard. HRMS was performed on an FTMS mass 
instrument. Melting points are reported as uncorrected. 
The spectral data of the trifluoromethylthiolation products
Methyl 4-((trifluoromethyl)thio)benzoate (3a):[1] After purification by silica gel 
column chromatography (PE : EA = 50 : 1), compound 3a was isolated as a yellow oil 
(41 mg, 70 %); Rf (PE : EA = 50 : 1) = 0.45; 1H NMR (400 MHz, CDCl3): δ 8.08 (d, J 
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= 8.4 Hz, 2H), 7.71 (d, J = 8.4 Hz, 2H), 4.40 (q, J = 7.2 Hz, 2H), 1.40 (s, J = 7.2 Hz, 
3H); 13C NMR (100 MHz, CDCl3): δ 165.5, 135.5, 132.6, 130.4, 129.8 (q, J = 2.02 
Hz), 129.1 (q, J = 306 Hz), 61.4, 14.2; 19F NMR (375 MHz, CDCl3): δ = – 42.0 (s, 
3F).
(4-methoxyphenyl)(trifluoromethyl)sulfane (3b):[2] After purification by silica gel 
column chromatography (PE : EA = 50 : 1), compound 3b was isolated as a white 
solid (25 mg, 48 % ); Rf (PE : EA = 50 : 1) = 0.56; 1H NMR (400 MHz, CDCl3): δ 
7.58 (d, J = 8.8 Hz, 2H), 6.93 (d, J = 8.8 Hz, 2H), 3.84 (s, 3H); 13C NMR (100 MHz, 
CDCl3): δ 161.9, 138.3, 129.6 (q, J = 306 Hz), 115.0, 114.9 (q, J = 1.96 Hz), 55.4; 19F 
NMR (375 MHz, CDCl3): δ = – 43.3 (s, 3F).
(4-phenoxyphenyl)(trifluoromethyl)sulfane (3c):[2] After purification by silica gel 
column chromatography (PE), compound 3c was isolated as a white solid (41 mg, 61 
%); Rf (PE) = 0.59; 1H NMR (400 MHz, CDCl3): δ 7.59 (d, J = 8.8 Hz, 2H), 7.41-7.34 
(m, 2H), 7.20 (t, J = 7.6 Hz, 1H), 7.07 (d, J = 7.6 Hz, 2H), 7.00 (d, J = 8.8 Hz, 2H); 
13C NMR (100 MHz, CDCl3): δ 160.4, 155.6, 138.3, 129.6 (q, J = 306 Hz), 128.0, 
124.6, 120.1, 118.6, 117.3 (q, J = 1.96 Hz); 19F NMR (375 MHz, CDCl3): δ = – 43.5 
(s, 3 F).
Methyl(4-((trifluoromethyl)thio)phenyl)sulfane (3d):[2] After purification by silica 
gel column chromatography (PE), compound 3d was isolated as a yellow oil (30 mg, 
53 %); Rf (PE) = 0.58; 1H NMR (400 MHz, CDCl3): δ 7.54 (d, J = 8.4 Hz, 2H), 7.24 
(d, J = 8.4 Hz, 2H), 2.50 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 143.3, 136.7, 129.5 
(q, J= 306.46 Hz), 126.4, 119.7, 15.0; 19F NMR (375 MHz, CDCl3): δ = – 43.3 (s, 3F).
[1,1'-biphenyl]-4-yl(trifluoromethyl)sulfane (3e):[2] After purification by silica gel 
column chromatography (PE : EA = 50 : 1), compound 3e was isolated as a white 
solid (48 mg, 76 %); Rf (PE : EA = 50 : 1) = 0.45; 1H NMR (400 MHz, CDCl3): δ 
7.74 (d, J = 8.2 Hz, 2H), 7.66-7.60 (m, 4H), 7.49 (t, J = 7.6 Hz, 2H), 7.41 (t, J = 7.6 
Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 143.9, 139.7, 136.7, 129.7 (q, J = 306 Hz), 
129.0, 128.2, 127.2, 123.1 (q, J = 1.88 Hz); 19F NMR (375 MHz, CDCl3): δ = – 42.7 
(s, 3F).
(4-(tert-butyl)phenyl)(trifluoromethyl)sulfane (3f): [1] After purification by silica gel 
column chromatography (PE : EA = 50 : 1), compound 3f was isolated as a colorless 
solid (28 mg, 47 %); Rf (PE : EA = 50 : 1) = 0.45; 1H NMR (400 MHz, CDCl3): δ 
7.58 (d, J = 8.4 Hz, 2H), 7.44 (d, J = 8.4 Hz, 2H), 1.14 (s, 9H); 13C NMR (100 MHz, 
CDCl3): δ 154.4, 136.1, 129.7 (q, J = 306 Hz), 126.6, 120.9 (q, J =1.67 Hz), 34.9, 
31.1; 19F NMR (375 MHz, CDCl3): δ = – 43.0 (s, 3F).



(4-bromophenyl)(trifluoromethyl)sulfane (3g):[2] After purification by silica gel 
column chromatography (PE), compound 3g was isolated as a colorless oil (27 mg, 44 
%); Rf (PE) = 0.82; 1H NMR (400 MHz, CDCl3): δ 7.56 (d, J = 8.6 Hz, 2H), 7.51 (d, J 
= 8.6 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 137.7 132.8 128.4 (q, J = 306 Hz), 
124.6, 123.5 (q, J = 2.04 Hz); 19F NMR (375 MHz, CDCl3): δ = – 42.7(s, 3F).
4-((trifluoromethyl)thio)benzonitrile (3h):[2] After purification by silica gel column 
chromatography (PE : EA = 100 : 1), compound 3h was isolated as a white solid (21 
mg, 41 %); Rf (PE : EA = 50 : 1) = 0.41; 1H NMR (400 MHz, CDCl3): δ 7.77 (d, J = 
8.4 Hz, 2H), 7.72 (d, J = 8.4 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 135.9, 132.9, 
130.6 (q, J = 2.07 Hz), 128.9 (q, J = 307 Hz), 117.6, 114.7; 19F NMR (375 MHz, 
CDCl3): δ = – 41.5 (s, 3F).
(4-nitrophenyl)(trifluoromethyl)sulfane (3i): After purification by silica gel column 
chromatography (PE : EA = 100 : 1), compound 3i was isolated as a yellow solid (31 
mg, 56 %); Rf (PE : EA = 50 : 1) = 0.52; 1H NMR (400 MHz, CDCl3): δ 8.28 (d, J = 
8.8 Hz, 2H), 7.83 (d, J = 8.8 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 149.2, 136.1, 
132.6 (q, J = 2.10 Hz), 128.9 (q, J = 306.97 Hz), 124.3; 19F NMR (375 MHz, CDCl3): 
δ = – 41.3 (s, 3F)
1-(4-((trifluoromethyl)thio)phenyl)ethanone (3j):[2] After purification by silica gel 
column chromatography (PE : EA = 50 : 1), compound 3j was isolated as a yellow 
soil (26 mg, 50 %); Rf (PE : EA = 50 : 1) = 0.22; 1H NMR (400 MHz, CDCl3): δ 7.99 
(d, J = 8.4 Hz, 2H), 7.75 (d, J = 8.4 Hz, 2H), 2.64 (s, 3H); 13C NMR (100 MHz, 
CDCl3): δ 197.0, 138.5, 135.7, 130.1 (q, J = 1.99 Hz), 129.3 (q, J = 306 Hz), 129.1, 
26.8; 19F NMR (375 MHz, CDCl3): δ = – 41.8 (s, 3F).
Phenyl(4-((trifluoromethyl)thio)phenyl)methanone (3k):[2] After purification by 
silica gel column chromatography (PE : EA = 50 : 1), compound 3k was isolated as a 
white solid (46 mg, 65 %); Rf (PE : EA = 50 : 1) = 0.48; 1H NMR (400 MHz, CDCl3): 
δ 7.84-7.76 (m, 6H), 7.65-7.61 (m, 1H), 7.51 (s, J = 7.8 Hz, 2H); 13C NMR (100 MHz, 
CDCl3): δ 195.5, 139.4, 136.8, 135.5, 132.9, 130.6, 130.0, 129.3 (q, J = 307 Hz), 
129.1 (q, J = 2.00 Hz), 128.46; 19F NMR (375 MHz, CDCl3): δ = – 41.8 (s, 3F).
5-((trifluoromethyl)thio)isoindoline-1,3-dione (3l): [2] After purification by silica gel 
column chromatography (PE : EA = 5 : 1), compound 3l was isolated as a white solid 
(32 mg, 52 %); Rf (PE : EA = 3 : 1) = 0.52; 1H NMR (400 MHz, CDCl3): δ 8.14(s, 
1H), 8.04 (d, J = 7.8 Hz, 1H), 7.93 (d, J = 7.8 Hz 1H), 7.82 (s, 1H); 13C NMR (100 
MHz, CDCl3): δ 167.0, 166.8, 141.3, 134.2, 133.6, 132.3 (q, J = 1.96 Hz), 130.4, 
128.9 (q, J = 307 Hz), 124.5; 19F NMR (375 MHz, CDCl3): δ = – 41.5 (s, 3F).



2-phenyl-7-((trifluoromethyl)thio)-4H-chromen-4-one (3m): After purification by 
silica gel column chromatography (PE : EA = 10 : 1), compound 3m was isolated as a 
white solid (22 mg, 28 %); Rf (PE : EA = 5 : 1) = 0.45; m.p.= 126-127℃; 1H NMR 
(400 MHz, CDCl3): δ 8.28 (d, J = 8.2 Hz, 1H), 7.95-7.92 (m, 3H), 7.67-7.65 (m, 1H), 
7.60-7.53 (m, 3H), 6.87 (s, 1H); 13C NMR (100 MHz, CDCl3): δ 177.4, 163.9, 155.8, 
132.0, 131.4, 131.3, 130.8 (q, J = 2.05 Hz), 129.2 (q, J = 307 Hz), 129.2, 126.9, 126.4, 
125.2, 125.1, 108.0; 19F NMR (375 MHz, CDCl3): δ = – 41.4 (s, 3F); HRMS (ESI) 
m/z calcd for C16H10F3O2S+ (M+H)+ 323.0348, found 323.0349.
(4-ethoxyphenyl)(trifluoromethyl)sulfane (3n):[1] After purification by silica gel 
column chromatography (PE : EA = 50 : 1), compound 3n was isolated as a colorless 
oil (26 mg, 46 %); Rf (PE : EA = 50 : 1) = 0.60; 1H NMR (400 MHz, CDCl3): δ 7.55 
(d, J = 8.8 Hz, 2H), 7.90 (d, J = 8.8 Hz, 2H), 4.04 (q, J = 7.0 Hz, 2H), 1.42 (t, J = 7.0 
Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 161.3, 138.3, 129.6 (q, J = 306 Hz), 115.4, 
114.5 (q, J = 1.82 Hz), 63.7, 14.6; 19F NMR (375 MHz, CDCl3): δ = – 44.0 (s, 3F).
2-phenyl-6-((trifluoromethyl)thio)-4H-chromen-4-one (3o): After purification by 
silica gel column chromatography (PE : EA = 10 : 1), compound 3o was isolated as a 
white solid (25 mg, 31 %); Rf (PE : EA = 5 : 1) = 0.49; m. p.= 139-141℃; 1H NMR 
(400 MHz, CDCl3): δ 8.55 (d, J = 2.4 Hz, 1H), 7.96-7.92 (m, 3H), 7.64 (d, J = 8.8 Hz, 
1H), 7.60-7.53 (m, 3 H), 6.87 (s, 1 H). 13C NMR (100 MHz, CDCl3): δ 177.0, 163.8, 
157.4, 140.8, 134.6, 132.0, 131.2, 129.3 (q, J = 307 Hz), 129.2, 126.4, 124.5, 121.6 (q, 
J = 2.21 Hz), 119.7, 108.0; 19F NMR (375 MHz, CDCl3): δ = – 42.6 (s, 3F); HRMS 
(ESI) m/z calcd for C16H10F3O2S+ (M+H)+ 323.0348, found 323.0350.
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1H, 13C and 19F NMR spectra of Methyl 4-((trifluoromethyl)thio)benzoate (3a) in CDCl3
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1H, 13C and 19F NMR spectra of (4-methoxyphenyl)(trifluoromethyl)sulfane (3b) in CDCl3
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1H, 13C and 19F NMR spectra of (4-phenoxyphenyl)(trifluoromethyl)sulfane (3c) in CDCl3
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1H, 13C and 19F NMR spectra of Methyl(4-((trifluoromethyl)thio)phenyl)sulfane (3d) in CDCl3
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1H, 13C and 19F NMR spectra of [1,1'-biphenyl]-4-yl(trifluoromethyl)sulfane (3e) in CDCl3
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1H, 13C and 19F NMR spectra of (4-(tert-butyl)phenyl)(trifluoromethyl)sulfane (3f) in CDCl3
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1H, 13C and 19F NMR spectra of (4-bromophenyl)(trifluoromethyl)sulfane (3g) in CDCl3
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1H, 13C and 19F NMR spectra of 4-((trifluoromethyl)thio)benzonitrile (3h) in CDCl3
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1H, 13C and 19F NMR spectra of (4-nitrophenyl)(trifluoromethyl)sulfane (3i) in CDCl3

SCF3O2N

SCF3O2N



1H, 13C and 19F NMR spectra of 1-(4-((trifluoromethyl)thio)phenyl)ethanone (3J) in CDCl3
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1H, 13C and 19F NMR spectra of Phenyl(4-((trifluoromethyl)thio)phenyl)methanone (3k) in 
CDCl3

O
SCF3

O
SCF3



1H, 13C and 19F NMR spectra of 5-((trifluoromethyl)thio)isoindoline-1,3-dione (3l) in CDCl3
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1H, 13C and 19F NMR spectra of 2-phenyl-7-((trifluoromethyl)thio)-4H-chromen-4-one (3m) in 
CDCl3
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1H, 13C and 19F NMR spectra of (4-ethoxyphenyl)(trifluoromethyl)sulfane (3n) in CDCl3
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1H, 13C and 19F NMR spectra of 2-phenyl-6-((trifluoromethyl)thio)-4H-chromen-4-one 
(3o) in CDCl3
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