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1. General Information

Unless otherwise noted, all commercially available materials were purchased from Energy Chemical and used
without further purification. Column chromatography was carried out on silica gel 60 (200-300 mesh). Thin-
layer chromatography (TLC) was performed using 60 mesh silica gel plates and visualized with short-
wavelength UV light (254 nm). '"H NMR, *C NMR, °F NMR were all recorded using CDCl; as a solvent on
a Bruker 400 MHz spectrometer at 298 K (400 MHz for 'H, 100 MHz for '*C, and 376 MHz for °F). Chemical
shifts (5) were measured in ppm relative to TMS 6 = 0 for 'H or to chloroform § = 77.0 for '*C as an internal
standard. Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q =
quartet, dd = doublet of doublets, dq = doublet of quartets, m = multiplet). Coupling constant J was reported
in hertz (Hz).

2. General procedure for synthesis of trifluoromethyl thioethers

Table SI. Optimization of the reaction conditions®

[Cu]/Ligand SCF3
SO,Cl PPhs, Base
+ TMSCF;
Ph Solvent, Temp. Ph

1g 29
Entry [Cu] Ligand f;h; additive  Solvent T(eorg})) tl(r}?)e S({Ol/j)lbd
1 - - 2.0 KF CH;CN 25 14 0
2 Cul bpy 2.0 KF CH3;CN 25 14 8
3 Cul bpy 1.0 KF CH;CN 25 14 6
4 Cul bpy 1.5 KF CH;CN 25 14 18
5 Cul bpy 1.5 KF DMSO 25 14 5
6 Cul bpy 1.5 KF DMF 25 14 71
7 Cul bpy 1.5 KF DMAc 25 14 12
8 Cul bpy 1.5 KF H,O 25 14 0
9 Cul bpy 1.5 K,COs; DMF 25 14 35
10 Cul bpy 1.5 t-BuOK DMF 25 14 2
11 Cul bpy 1.5 Cs,CO3 DMF 25 14 37
12 Cul bpy 1.5 NaOAc DMF 25 14 29
13 Cul bpy 1.5 CsF DMF 25 14 82
14 CuBr bpy 1.5 CsF DMF 25 14 61
15 CuBr; bpy 1.5 CsF DMF 25 14 67
16 CuCl bpy 1.5 CsF DMF 25 14 49
17 CuCl, bpy 1.5 CsF DMF 25 14 48
18 Cul 1,10-Phen 1.5 CsF DMF 25 14 23
19 Cul 4,4-bpy 1.5 CsF DMF 25 14 0
20 Cul bpy 1.5 CsF DMF 60 14 73
21 Cul bpy 1.5 CsF DMF 90 14 80
22 Cul (1.0eq)  bpy (1.0 eq) 1.5 CsF DMF 25 14 78
23 Cul (0.1 eq)  bpy (0.1 eq) 1.5 CsF DMF 25 14 65
24 Cul bpy 1.5 CsF DMF 25 6 71
25 Cul bpy 1.5 CsF DMF 25 24 82
26° Cul bpy 1.5 CsF DMF 25 14 65

“Reaction conditions: 1a (0.10 mmol, 1.0 equiv), TMSCF; (0.40 mmol, 4.0 equiv), PPh3(0.15 mmol, 1.5 equiv),
Cu salts (0.02 mmol, 20 mol%), ligand (0.02 mmol, 20 mol%), base (0.40 mmol, 4.0 equiv), 4,4-



Difluorobiphenyl (0.1 mmol, 1.0 equiv, internal standard), solvent (1.5 ml). *Yields determined by °F NMR
spectroscopy based on 1a.° TMSCF3 2.0 equiv; CsF 2.0 equiv.

To an oven-dried 25 mL Schlenk tube equipped with a stir bar were added sulfonyl chloride 1a (0.5 mmol),
TMSCF;3 (4.0 equiv), Cul (0.2 equiv), bpy (0.2 equiv), PPhs (1.5 equiv), CsF (4.0 equiv). The Schlenk tube
was evacuated and refilled with dry nitrogen (three times). DMF (5 mL) was then added to the tube by syringe.
The reaction mixture was required to stir for 14 hours at room temperature in a nitrogen atmosphere. After the
reaction finished, the reaction mixture was diluted with dichloromethane, filtered through a plug of celite and
washed with dichloromethane. The filtrate was washed with H,O (3%x10 mL). The organic layer was washed
with brine (30 mL) and dried over anhydrous Na,SO,, then concentrated under vacuum. The residue was
purified by silica gel flash column chromatography (200-300 mesh) using petroleum ether (60-90 °C) as eluent.

3. Modification of complex natural product and pharmaceutical molecules
The arylsulfonyl chloride 1'i corresponding to product 3i was prepared according to the literature procedures.!

1) Synthesis of estrone derivative?

O
o Pd(OAC),
Xphos, Cs,CO3
1) Tf,0, pyridine 2) H,0, NayS,03
D — B ————
DCM, 0°C to rt, 14h ‘BUOH/PhMe
HO TfO
Estrone SlI-1
0} e}
3) 'BUOCI, CH4CN /@&ﬁ
NaO3S; ClO,S
SI-2 1'i

“Reagents and conditions: 1) estrone (4.056 g, 15.0 mmol, 1 equiv.), pyridine (3.640 mL, 3 equiv.), DCM (90
mL), 0 °C, trifluoromethanesulfonic anhydride (3.028 mL, 18 mmol, 1.2 equiv.) was added dropwise. Then
the mixture was stirred at room temperature for 14 h. 2) SI-1 (2.415 g, 6.0 mmol, 1.0 equiv.), Pd(OAc), (0.135
g, 0.6 mmol, 10 mol%), xphos (0.858 g, 1.8 mmol, 30 mol%), Cs,COs (3.91g, 12.0 mmol, 2.0 equiv.), H,O
(0.216g, 12.0 mmol, 2.0 equiv.), Na,S,0; (2.367g, 15.0 mmol, 2.5 equiv.), ' BuOH/PhMe (36.0/54.0 mL), N,
80 °C, 8 h. 3) SI-2 (1.095g, 2.0 mmol, 1.0 equiv.), H,O (0.18 mg, 10.0 mmol, 5.0 equiv.), ‘BuOCI (1.086 g,
10.0 mmol, 5.0 equiv.), CH3CN (30 ml), 0 °C, 30 min.

2) Target product of complex substrates were prepared according to the general procedure.

o PPhs (1.5 equiv) 0
CsF (4.0 equiv)
Cul (20 mol%)
bpy (20 mol%)

+ TMSCF
SCFs DMF, rt, Ny, 14 h
ClO,S 4.0 equiv CF3S
1 3i, 62 (50)
~_© PPh3 (1.5 equiv)
CsF (4.0 equiv)
N Cul (20 mol%)
NG ~ SO,CI bpy (20 mol%)
. NH + TMSCF;
] a0 ) DMF, rt, Ny, 14 h
.0 equiv
0]
1 3j, 89 (81)



4. Synthesis of aryl trifluoromethyl thioethers in 6 mmol scale

PPh3 (1.5 equiv)
CsF (4.0 equiv)

Cul (20 mol%) SCF
/@/SOZC' bpy (20 mol%) /@/ 3
+ TMSCF;
DMF, rt, N,, 14 h
Ph 2 Ph

1a 2a

6.0 mmol 24.0 mmol

To an oven-dried 100 mL Schlenk tube equipped with a stir bar were added arylsulfonyl chloride 1a (6 mmol,
1.516g, 1 equiv), TMSCF; (24 mmol, 3.408g, 4.0 equiv), Cul (1.2 mmol, 0.229g, 0.2 equiv), bpy (1.2 mmol,
0.187g, 0.2 equiv), PPh3 (9 mmol, 2.361g, 1.5 equiv), CsF (24 mmol, 3.648¢, 4.0 equiv). The Schlenk tube
was evacuated and refilled with dry nitrogen (three times). DMF (60 mL) was then added to the tube by syringe.
The reaction mixture was required to stirred for 14 hours at room temperature in a nitrogen atmosphere. After
the reaction finished, the reaction mixture was diluted with dichloromethane, filtered through a plug of celite
and washed with dichloromethane. The filtrate was washed with H,O (3x60 mL). The combined organic layer
was washed with brine and dried over anhydrous Na,SOs, then concentrated under vacuum and the residue
was purified by silica gel flash column chromatography (200-300 mesh) using petroleum ether (60-90 <C) as
eluent to afford pure compound 2a (1.099 g, 72%).

5. Characterization data of the products

Ph

(1,1'-biphenyl)-4-yl(trifluoromethyl)sulfane (2a)> Following the general procedure, compound 2a was
synthesized and isolated as white solid (0.095 g, 75%).*H NMR (400 MHz, CDCls) 6 7.71 (d, J = 8.3 Hz, 2H),
7.64 —7.55 (m, 4H), 7.50 — 7.42 (m, 2H), 7.41 — 7.35 (m, 1H). *F NMR (376 MHz, CDCls) 6 -42.70 (s). **C
NMR (101 MHz, CDCls) ¢ 143.8 (s), 139.7 (s), 136.7 (s), 129.6 (q, J = 308.3 Hz), 129.0 (s), 128.2 (s), 127.2
(), 123.1 (dd, J = 3.9, 1.9 Hz).

©/SCF3

phenyl(trifluoromethyl)sulfane (2b)® Following the general procedure, compound 2b was synthesized and
isolated as a colorless liquid (0.026 g, 29%). *H NMR (400 MHz, CDCls) 6 7.65 (d, J = 7.4 Hz, 2H), 7.51 —
7.45 (m, 1H), 7.41 (t, J = 7.5 Hz, 2H). ®F NMR (376 MHz, CDCl3) ¢ -42.77 (s). *C NMR (101 MHz, CDCls)
0 136.4 (s), 130.8 (s), 129.7 (q, J = 307.9 Hz), 129.5 (s), 124.4 (dd, J= 4.1, 2.0 Hz).

/©/SCF3
t-Bu

(4-(tert-butyl)phenyl)(trifluoromethyl)sulfane (2c)® Following the general procedure, compound 2c was
synthesized and isolated as yellow oil (0.081 g, 69%).'H NMR (400 MHz, CDCls) 6 7.57 (d, J = 8.4 Hz, 2H),
7.47 —7.39 (m, 2H), 1.33 (s, 9H). **F NMR (376 MHz, CDCls) 6 -42.98 (s). *C NMR (101 MHz, CDCl3) 6
154.4 (s), 136.2 (s), 129.7 (g, J = 307.9 Hz), 126.6 (s), 120.9 (dd, J = 4.1, 2.0 Hz).
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H,CO

(4-methoxyphenyl)(trifluoromethyl)sulfane (2d)® Following the general procedure, compound 2d was
synthesized and isolated as colorless oil (0.036g, 35%). *H NMR (400 MHz, CDCl3) 6 7.57 (d, J = 8.8 Hz,
2H), 6.99 — 6.87 (m, 2H), 3.83 (s, 3H). *°F NMR (376 MHz, CDCls) § -43.94 (s). *C NMR (101 MHz, CDCl5)
0 161.9 (s), 138.3 (s), 129.6 (q, J = 308.1 Hz), 115.0 (s), 114.8 (d, J = 2.2 Hz), 55.4 (5s).

/[:::I/SCF3
PhO

(4-phenoxyphenyl)(trifluoromethyl)sulfane (2e)* Following the general procedure, compound 2e was
synthesized and isolated as colorless oil (0.077g, 57%). *H NMR (400 MHz, CDCls) 6 7.63 (d, J = 8.7 Hz,
2H), 7.47 — 7.37 (m, 2H), 7.23 (t, J = 7.4 Hz, 1H), 7.10 (dd, J = 8.5, 0.9 Hz, 2H), 7.06 — 6.99 (m, 2H). **F
NMR (376 MHz, CDCls) 6 -43.52 (s). 3C NMR (101 MHz, CDCls) § 160.42 (s), 155.6 (s), 138.4 (s), 130.1
(s), 129.6 (g, J = 308.2 Hz), 124.6 (s), 120.1 (s), 118.6 (s), 117.3 (dd, J = 4.1, 2.0 Hz).

/©/SCF3
BnO

(4-(benzyloxy)phenyl)(trifluoromethyl)sulfane (2f)* Following the general procedure, compound 2f was
synthesized and isolated as colorless oil (0.078 g, 55%). *H NMR (400 MHz, CDCl3) 6 7.57 (d, J = 8.8 Hz,
2H), 7.42 — 7.34 (m, 5H), 7.02 — 6.97 (m, 2H), 5.08 (s, 2H). F NMR (376 MHz, CDCls) 6 -43.82 (s). °C
NMR (101 MHz, CDCls) 6 161.0 (s), 138.3 (s), 136.2 (s), 129.6 (g, J = 308.1 Hz), 128.7 (s), 128.3 (s), 127.5
(s), 115.8 (s), 115.1 (q, J = 2.0 Hz), 70.2 (s).

/©/SC F3
Cl

(4-chlorophenyl)(trifluoromethyl)sulfane (2g)® Following the general procedure, compound 2g was
synthesized and isolated as colorless oil (0.021 g, 20%). *H NMR (400 MHz, CDCl3) 6 7.55 (d, J = 8.5 Hz,
2H), 7.38 — 7.33 (m, 2H). **F NMR (376 MHz, CDCls) 6 -42.95 (s). **C NMR (101 MHz, CDCly) 6 137.7 (s),
137.6 (s), 129.77 (s), 129.4 (q, J = 308.2 Hz), 122.8 (g, J = 2.1 Hz).

/©/SCF3
Br

(4-bromophenyl)(trifluoromethyl)sulfane (2h)* Following the general procedure, compound 2h was
synthesized and isolated as colorless oil (0.039 g, 30%).'H NMR (400 MHz, CDCl3) 6 7.59 — 7.55 (m, 2H),
7.52 (d, J = 8.5 Hz, 2H). %F NMR (376 MHz, CDCls) ¢ -42.52 (s). °C NMR (101 MHz, CDCls) § 140.2 (s),
134.8 (s), 131.3 (s), 129.6 (g, J = 308.6 Hz), 121.8 (d, J = 2.1 Hz).

|
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(4-iodophenyl)(trifluoromethyl)sulfane (2i)* Following the general procedure, compound 2i was
synthesized and isolated as colorless oil (0.058 g, 38%). *H NMR (400 MHz, CDCls) ¢ 7.80 — 7.74 (m, 2H),
7.40—7.34 (m, 2H). °F NMR (376 MHz, CDCls) 6 -43.29 (s). *C NMR (101 MHz, CDCls) 6 138.8 (s), 137.7
(s), 129.2 (g, J = 308.4 Hz), 124.2 (dd, J = 4.3, 2.2 Hz), 98.0 ().

NC

4-((trifluoromethyl)thio)benzonitrile (2j)* Following the general procedure, compound 2j was synthesized
and isolated as colorless oil (0.04 g, 39%). *H NMR (400 MHz, CDCl3) 6 7.77 (d, J = 8.3 Hz, 2H), 7.75 - 7.69
(m, 2H). ®F NMR (376 MHz, CDCls) 6 -41.53 (s). **C NMR (101 MHz, CDClI3) 6§ 136.0 (s), 133.0 (s), 130.6
(9, J=2.1Hz), 129.1 (g, J = 308.8 Hz), 117.6 (5), 114.7 (s).

SCF,
o)

\/O

ethyl 4-((trifluoromethyl)thio)benzoate (2k)* Following the general procedure, compound 2k was
synthesized and isolated as colorless oil (0.065 g, 52%). *H NMR (400 MHz, CDCl3) 6 8.12 — 8.06 (m, 2H),
7.72 (d, J = 8.3 Hz, 2H), 4.40 (g, J = 7.1 Hz, 2H), 1.41 (t, J = 7.1 Hz, 3H). **F NMR (376 MHz, CDCl3) 6 -
43.82 (s). *C NMR (101 MHz, CDCls) 6 165.6 (s), 135.6 (s), 132.6 (s), 130.4 (s), 129.7 (dd, J = 4.1, 2.0 Hz),
129.3 (q, J = 308.4 Hz), 61.5 (5), 14.3 (8).

SCF,

1-(4-((trifluoromethyl)thio)phenyl)ethan-1-one (21)® Following the general procedure, compound 2l was
synthesized and isolated as colorless oil (0.059 g, 50%). *H NMR (400 MHz, CDCls) § 8.27 — 7.97 (m, 2H),
7.72 (d, 3 = 8.3 Hz, 2H), 3.94 (s, 3H). *F NMR (376 MHz, CDCls) 6 -41.83 (s). *C NMR (101 MHz, CDCls)
0 166.1 (s), 135.6 (s), 132.2 (s), 130.4 (s), 129.9 (dd, J = 4.1, 2.1 Hz), 129.3 (g, J = 308.3 Hz), 52.5 ().

O,N

(4-nitrophenyl)(trifluoromethyl)sulfane (2m)® Following the general procedure, compound 2m was
synthesized and isolated as yellow oil (0.035 g, 31%). *H NMR (400 MHz, CDCls) 6 8.31 — 8.24 (m, 2H), 7.85
(t, J=7.4 Hz, 2H). **F NMR (376 MHz, CDCls) 6 -41.31 (s). 3C NMR (101 MHz, CDCl;) 6 136.1 (d, J = 0.4
Hz), 129.1 (q, J = 310.1 Hz), 126.8 (dd, J = 7.1, 3.0 Hz), 124.4 (s), 124.1 (s).

L
NO,
(2-nitrophenyl)(trifluoromethyl)sulfane (2n)® Following the general procedure, compound 2n was

synthesized and isolated as yellow oil (0.019 g, 17%). *H NMR (400 MHz, CDCls) 6 8.13 (dd, J = 8.2, 1.4 Hz,
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1H), 7.84 (d, J = 8.1 Hz, 1H), 7.68 (td, J = 7.8, 1.5 Hz, 1H), 7.58 — 7.53 (m, 1H). 1°F NMR (376 MHz, CDCls)
8 -43.14 (s).3C NMR (101 MHz, CDCls) 6 149.4 (d, J = 1.6 Hz), 133.7 (), 132.4 (d, J = 2.1 Hz), 129.5
(s), 128.9 (g, J = 310.4 Hz), 125.7 (s), 124.1 (d, J = 2.2 Hz).

02N \©/SCF3

(3-nitrophenyl)(trifluoromethyl)sulfane (20)® Following the general procedure, compound 20 was
synthesized and isolated as yellow oil (0.030 g, 27%).'H NMR (400 MHz, CDCl3) J 8.53 (d, J = 1.7 Hz,
1H), 8.37 (ddd, J=8.3, 2.1, 0.9 Hz, 1H), 8.00 (d, J = 7.8 Hz, 1H), 7.66 (t, J = 8.0 Hz, 1H).1°F NMR (376
MHz, CDCls) § -42.05 (s).23C NMR (101 MHz, CDCls) 6 148.6 (s), 141.8 (s), 130.8 (s), 130.5 (s), 129.1
(9, J=308.8 Hz), 126.7 (dd, J =4.0, 2.0 Hz), 125.8 (s).

0]

SCF
\O)k©/ 3

1-(3-((trifluoromethyl)thio)phenyl)ethan-1-one (2p)” Following the general procedure, compound 2p was
synthesized and isolated as colorless oil (0.041 g, 35%). *H NMR (400 MHz, CDCls) 6 8.33 (s, 1H), 8.22 —
8.12 (m, 1H), 7.85 (d, J = 7.8 Hz, 1H), 7.52 (t, J = 7.7 Hz, 1H), 3.95 (s, 3H). *F NMR (376 MHz, CDCls) ¢ -
42.48 (s). ®C NMR (101 MHz, CDClIs) 5 165.80 (s), 140.4 (s), 137.3 (), 131.9 (s), 131.7 (s), 129.6 (s), 129.4
(9, J = 308.3 Hz), 125.1 (dd, J = 4.0, 2.0 Hz), 52.5 (5).

SCF,

(trifluoromethyl)(2,4,6-triisopropylphenyl)sulfane (2q)® Following the general procedure, compound 2q
was synthesized and isolated as colorless liquid (0.090 g, 59%). *H NMR (400 MHz, CDCl3) 6 7.09 (s, 2H),
3.90 (dt, J = 13.7, 6.9 Hz, 2H), 2.90 (dt, J = 13.8, 6.9 Hz, 1H), 1.26 (d, J = 6.9 Hz, 8H), 1.22 (d, J = 8.2 Hz,
12H).F NMR (376 MHz, CDClI3) 6 -42.70 (s). *C NMR (101 MHz, CDCls) 6 155.1 (s), 152.5 (s), 129.6 (q,
J=309.2 Hz), 122.6 (s), 121.8 (s), 117.8 (d, J = 1.6 Hz), 34.4 (5), 31.6 (s), 23.8 (5).

Br\©:SCF3

OCHj4
(5-bromo-2-methoxyphenyl)(trifluoromethyl)sulfane (2r)? Following the general procedure, compound 2r
was synthesized and isolated as colorless oil (0.065 g, 45%). *H NMR (400 MHz, CDCl3) 6 7.73 (d, J = 2.4
Hz, 1H), 7.55 (dd, J = 8.8, 2.5 Hz, 1H), 6.86 (d, J = 8.9 Hz, 1H), 3.89 (s, 3H). **F NMR (376 MHz, CDCl3) §

-42.04 (s). C NMR (101 MHz, CDCls) § 158.6 (s), 139.2 (s), 134.5 (s), 128.3 (g, J = 309.3 Hz), 113.4 (dd, J
=3.9, 2.0 Hz), 112.2 (s), 111.6 (), 55.3 ().

Cl
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(4-chloro-2,5-dimethylphenyl)(trifluoromethyl)sulfane (2s) Following the general procedure, compound 2s
was synthesized and isolated as colorless oil (0.058 g, 48%). *H NMR (400 MHz, CDCl3) 6 7.51 (s, 1H), 7.32
(s, 1H), 2.47 (s, 3H), 2.35 (s, 3H). 29F NMR (376 MHz, CDCls) 6 -42.52 (s). 3C NMR (101 MHz, CDCls) &
142.9 (s), 140.2 (s), 137.8 (s), 134.8 (s), 131.3 (s), 129.6 (q, J = 308.6 Hz), 121.8 (d, J = 2.1 Hz), 20.6 (s), 19.4
(s). HRMS m/z (El): calcd. for CoHsCIF3S, [M]*: 239.9987; found: 239.9988.

/©:SC F3
Cl Cl

(2,4-Dichlorophenyl)(trifluoromethyl)sulfane (2t) Following the general procedure, compound 2t was
synthesized and isolated as colorless oil (0.025 g, 20%). *H NMR (400 MHz, CDCl3) 6 7.69 (d, J = 8.4 Hz,
1H), 7.57 (d, J = 2.2 Hz, 1H), 7.32 (dd, J = 8.4, 2.2 Hz, 1H). **®F NMR (376 MHz, CDCls) 6 -42.05 (s).
13C NMR (101 MHz, CDCl3) § 141.1 (s), 139.2 (s), 138.3 (s), 130.6 (s), 129.0 (g, J = 309.7 Hz), 128.1
(s),122.5(dd, J=4.3,2.2 Hz). HRMS m/z (El): calcd. for C7HsCl,FsS, [M]*: 245.9285; found: 245.9283.

/©:SCF3
O,N o~

(2-methoxy-4-nitrophenyl)(trifluoromethyl)sulfane (2u) Following the general procedure, compound 2u
was synthesized and isolated as a yellow oil (0.049 g, 39%). '*H NMR (400 MHz, CDCls) 6 7.87 (dd, J =
8.5, 2.3 Hz, 1H), 7.80 (d, J = 2.2 Hz, 1H), 7.76 (d, J = 8.5 Hz, 1H), 4.02 (s, 3H). **F NMR (376 MHz,
CDCls) 6 -43.32 (s). **C NMR (101 MHz, CDCls3) § 159.7 (s), 150.2 (s), 136.0 (d, J = 1.1 Hz), 129.0 (q,
J = 309.4 Hz), 121.8 (dd, J =4.0, 2.0 Hz), 116.0 (s), 106.3 (s), 56.8 (s). HRMS m/z (EI): calcd. for
CsHsO3NF3S, [M]*: 253.0020; found: 253.0012.

/[:ISCF3
H,CO NO,

(4-methoxy-2-nitrophenyl)(trifluoromethyl)sulfane (2v)° Following the general procedure, compound 2v
was synthesized and isolated as yellow oil (0.038 g, 30%). *H NMR (400 MHz, CDCl3) 6 7.74 (d, J = 8.8 Hz,
1H), 7.47 (d, J = 2.8 Hz, 1H), 7.17 (dd, J = 8.8, 2.8 Hz, 1H), 3.92 (s, 3H). **F NMR (376 MHz, CDCls) ¢ -
42.05 (s). 3C NMR (101 MHz, CDCls) 6 161.3 (s), 153.1 (dd, J = 2.8, 1.3 Hz), 137.1 (d, J = 1.1 Hz), 128.9
(q,J=310.1 Hz), 119.4 (s), 111.0 (dd, J = 4.8, 2.5 Hz), 110.5 (s), 56.2 (5).

CIL
SCF,

5-((trifluoromethyl)thio)-2,3-dihydrobenzofuran (2w)!° Following the general procedure, compound 2w
was synthesized and isolated as colorless oil (0.087 g, 79%). *H NMR (400 MHz, CDCls) § 7.45 (s, 1H), 7.41
(d, J=8.3 Hz, 1H), 6.80 (d, J = 8.3 Hz, 1H), 4.64 (t, J = 8.8 Hz, 2H), 3.24 (t, J = 8.8 Hz, 2H). *F NMR (376
MHz, CDCls) & -44.18 (s). **C NMR (101 MHz, CDCls) 6 156.0 (s), 137.3 (s), 135.1 (s), 128.6 (g, J = 308.1
Hz), 127.7 (s), 127.2 (s), 126.5 (s), 114.1 (dd, J = 4.0, 2.0 Hz), 69.1 (5).

SCF,
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naphthalen-1-yl(trifluoromethyl)sulfane (3a)> Following the general procedure, compound 3a was
synthesized and isolated as colorless oil (0.067 g, 59%). *H NMR (400 MHz, CDCl3) 6 8.53 (d, J = 8.5 Hz,
1H), 7.95 (t, J = 7.5 Hz, 2H), 7.86 (d, J = 8.2 Hz, 1H), 7.62 (ddd, J = 8.4, 6.9, 1.3 Hz, 1H), 7.59 — 7.50 (m,
1H), 7.46 (dd, J = 8.1, 7.4 Hz, 1H). **F NMR (376 MHz, CDCls) § -43.14 (s). *C NMR (101 MHz, CDCl3) &
136.7 (s), 136.7 (s), 134.34 (s), 133.2 (), 131.3 (s), 128.7 (g, J = 309.2 Hz), 127.5 (s), 126.6 (s), 125.7 (S),
124.8 (s), 124.5 (s), 120.6 (dd, J = 3.6, 1.8 Hz).

naphthalen-2-yl(trifluoromethyl)sulfane (3b)* Following the general procedure, compound 3b was
synthesized and isolated as colorless oil (0.071 g, 62%). '"H NMR (400 MHz, CDCl3) 6 8.19 (s, 1H), 7.86 (d,
J=8.3Hz, 3H), 7.66 (dd, J = 8.5, 1.2 Hz, 1H), 7.60 — 7.51 (m, 2H). *F NMR (376 MHz, CDCls) 6 -42.47 (5).
13C NMR (101 MHz, CDCl3) 6 137.0 (s), 133.9 (s), 133.4 (s), 131.8 (s), 129.8 (g, J = 309.1 Hz), 129.2 (s),
128.2 (s), 128.0 (s), 127.8 (s), 127.0 (s), 121.5 (dd, J = 3.9, 1.9 Hz).

SCF,
N

~

NS

8-((trifluoromethyl)thio)quinolone (3c)* Following the general procedure, compound 3c was synthesized
and isolated as colorless liquid (0.069 g, 60%). *H NMR (400 MHz, CDCls3) 6 9.04 (dd, J = 4.2, 1.6 Hz, 1H),
8.22 (dd, J=8.3, 1.6 Hz, 1H), 8.09 (d, J = 7.4 Hz, 1H), 7.90 (d, J = 9.1 Hz, 1H), 7.59 (t, J = 7.8 Hz, 1H), 7.52
(dd, J = 8.3, 4.2 Hz, 1H). *F NMR (376 MHz, CDCls) 6 -41.10 (s). *C NMR (101 MHz, CDCls) 6 150.7 (s),
146.6 (s), 136.8 (s), 134.3 (d, J = 1.1 Hz), 129.9 (g, J = 308.5 Hz), 129.7 (s), 128.8 (s), 126.7 (5), 122.1 (5).

SCF,

/N\

N,N-dimethyl-5-((trifluoromethyl)thio)naphthalen-1-amine (3d)!? Following the general procedure,
compound 3d was synthesized and isolated as yellow oil (0.079 g, 58%). *H NMR (400 MHz, CDCl;) 6 8.46
(d, J =8.6 Hz, 1H), 8.24 (d, J = 8.5 Hz, 1H), 7.94 (d, J = 7.1 Hz, 1H), 7.60 — 7.43 (m, 2H), 7.15(d, J = 7.4
Hz, 1H), 2.88 (s, 6H). *F NMR (376 MHz, CDCls) 6 -42.24 (s). °C NMR (101 MHz, CDCl3) 6 151.4 (s),
137.8 (s), 136.8 (), 129.8 (s), 129.7 (g, J = 309.2 Hz), 128.6 (s), 127.5 (5), 124.6 (), 121.8 (d, J = 1.8 Hz),
120.6 (s), 115.0 (s), 45.4 (s).

F3CS\©\ /©/SCF3
o

Bis[4-[(trifluoromethyl)sulfonyl]phenyl] ether (3e) Following the general procedure, compound 3e was
synthesized and isolated as colorless oil (0.137 g, 74%). *H NMR (400 MHz, CDCls) § 7.67 — 7.63 (m, 4H),
7.09 —7.04 (m, 4H). °F NMR (376 MHz, CDCl3) 6 -43.29 (s). *C NMR (101 MHz, CDCls) § 157.7 (s), 137.5
(s), 128.4 (q, J = 308.2 Hz), 118.9 (s), 118.0 (g, J = 2.1 Hz). HRMS m/z (El): calcd. for C14HgOF¢S,, [M]*:
369.9921; found: 369.9912.

S-8



SCF
A SCFs

1-[(trifluoromethyl)thio]hexadecane (3f)!* Following the general procedure, compound 3f was synthesized
and isolated as colorless oil (0.052 g, 32%). *H NMR (400 MHz, CDCl3) 6 2.92 — 2.81 (m, 2H), 1.74 — 1.63
(m, 2H), 1.44 — 1.35 (m, 2H), 1.26 (s, 24H), 0.88 (t, J = 6.8 Hz, 3H). °F NMR (376 MHz, CDCl3) 6 -41.29
(s).1*C NMR (101 MHz, CDCl3) 6 131.2 (g, J = 305.6 Hz), 32.0 (s), 29.9 (d, J = 1.9 Hz), 29.7 (br s), 29.7
(S), 29.7 (5), 29.7 (s), 29.6 (S), 29.6 (S), 29.4 (br s), 29.4 (5), 29.0 (s), 28.5 (S), 22.7 (5), 14.1 (S).

SCF
Ak SCFs

1-[(Trifluoromethyl)thio]dodecane (3g)** Following the general procedure, compound 3g was synthesized
and isolated as colorless oi (0.047g 35%). *H NMR (400 MHz, CDCls) 6 2.87 (t, J = 7.5 Hz, 2H), 1.76 —
1.62 (m, 2H), 1.46 — 1.35 (m, 2H), 1.27 (s, 16H), 0.88 (t, J = 6.6 Hz, 3H). °F NMR (376 MHz, CDCls)
6 -41.38 (s). *C NMR (101 MHz, CDCls) § 130.3 (g, J = 305.6 Hz), 31.0 (s), 28.9 (d, J = 1.7 Hz), 28.7
(brs), 28.6 (s), 28.4 (br s), 28.4 (s), 28.0 (5), 27.6 (5), 21.7 (s), 13.1 (5).

SCF
4 ) -SCFs

1-[(trifluoromethyl)thio]octane (3h)*® Following the general procedure, compound 3h was synthesized and
isolated as colorless oil (0.029 g, 27%). 'H NMR (400 MHz, CDCls) 6 2.92 — 2.82 (m, 2H), 1.73 — 1.64 (m,
2H), 1.39 (dd, J = 14.2, 7.1 Hz, 2H), 1.28 (s, 8H), 0.89 (t, J = 6.9 Hz, 3H). **F NMR (376 MHz, CDCl3) 6 -
41.31 (s). *C NMR (101 MHz, CDCls) 6 131.2 (g, J = 305.6 Hz), 31.7 (s), 29.9 (dd, J = 3.8, 1.8 Hz), 29.4
(s), 29.1 (s), 28.9 (s), 28.5 (s), 22.6 (5), 14.1 (S).

0

F,CS

13-methyl-3-(trifluoro(thioxo)-16-methyl)-6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclopenta[a]-
phenanthren-17-one (3i)!? Following the general procedure, compound 3i was synthesized and isolated as
colorless oil (0.089 g, 50%). *H NMR (400 MHz, CDCls) 6 7.44 —7.29 (m, 3H), 2.94 (dd, J = 9.5, 4.8 Hz, 2H),
2.61—2.26 (m, 3H), 2.24 — 1.93 (m, 4H), 1.74 — 1.41 (m, 6H), 0.92 (s, 3H). **F NMR (376 MHz, CDCl3) 6 -
42.86 (s). *C NMR (101 MHz, CDCl3) 6 220.6 (s), 143.0 (s), 138.2 (s), 136.8 (s), 133.5 (s), 129.7 (q, J =
308.0 Hz), 126.6 (s), 121.2 (d, J = 1.9 Hz), 50.5 (s), 47.9 (), 44.4 (s), 37.8 (s), 35.8 (S), 31.5 (8), 29.1 (8), 26.2
(s), 25.5 (s), 21.6 (s), 13.8 (5).

5-(2-ethoxy-5-((trifluoromethyl)thio)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]-

pyrimidin-7-one (3j)*? Following the general procedure, compound 3j was synthesized and isolated as white
solid (0.167 g, 81%).H NMR (400 MHz, CDClIs) 6 10.95 (s, 1H), 8.70 (d, J = 2.4 Hz, 1H), 7.72 (dd, J = 8.7,
2.4 Hz, 1H), 7.08 (d, J = 8.7 Hz, 1H), 4.33 (q, J = 7.0 Hz, 2H), 4.26 (s, 3H), 2.99 — 2.90 (m, 2H), 1.93 - 1.81
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(m, 2H), 1.62 (t, J = 7.0 Hz, 3H), 1.04 (t, J = 7.4 Hz, 3H). °F NMR (376 MHz, CDCl3) § -42.68 (s). *C NMR
(101 MHz, CDCls) ¢ 158.4 (s), 153.7 (d, J = 9.4 Hz), 146.9 (d, J = 5.8 Hz), 140.2 (s), 139.4 (s), 138.4 (s),
129.5 (q, J=308.4 Hz), 124.5 (s), 121.6 (s), 116.9 (dd, J = 4.3, 2.1 Hz), 113.8 (s), 65.8 (s), 38.2 (5), 27.7 (8),
22.4 (s), 14.6 (s), 14.0 (5).

FsCS

(1S,4R)-7,7-dimethyl-1-(((trifluoromethyl)thio)methyl)bicyclo[2.2.1]heptan-2-one (3k) Following the
general procedure, compound 3k was synthesized and isolated as white solid (0.025 g, 20%). 'H NMR (400
MHz, CDCls) 6 2.96 (dd, J = 144.8, 13.0 Hz, 2H), 2.40 (ddd, J = 18.5, 4.7, 2.8 Hz, 1H), 2.14 (t, J =45
Hz, 1H), 2.10 — 1.86 (m, 3H), 1.66 (ddd, J = 13.6, 9.3, 4.0 Hz, 1H), 1.48 — 1.38 (m, 1H), 1.06 (s, 3H),
0.93 (s, 3H). °F NMR (376 MHz, CDCls) 6 -42.99 (s). *C NMR (101 MHz, CDCls) 6 216.6 (s), 131.3
(9, J = 305.5 Hz), 60.2 (s), 47.9 (s), 43.7 (S), 42.9 (S), 26.8 (S), 26.6 (S), 26.4 (q, J = 2.5 Hz), 20.0 (S),
19.7 (s). HRMS m/z (EI): calcd. for C11H150F3S, [M]*: 252.0796; found: 252.0794.

6. Mechanism study

SO,CI /©/SCF3
PPhj3, CsF (a)
Ph/©/ * TMSCFs “5MF i, No, 141 Ph

0%

SCF,4
SOCl Cul, bpy, CsF b
+ TMSCF4 (b)
Bh DMF, rt, Ny, 14 h Ph

0%

(@) To an oven-dried 25 mL Schlenk tube equipped with a stir bar was added arylsulfonyl chloride 1a (0.5
mmol), TMSCF; (4.0 equiv), PPhs (1.5 equiv), CsSF (4.0 equiv). The Schlenk tube was evacuated and refilled
with dry nitrogen (three times). DMF (5 mL) was then added to the tube by syringe. The reaction mixture was
required to stirred for 14 hours at room temperature in a nitrogen atmosphere. After the reaction finished, the
reaction mixture was diluted with dichloromethane, filtered through a plug of celite and washed with
dichloromethane. The filtrate was washed with H,O (3%x10 mL). The organic layer was washed with brine (30
mL) and dried over anhydrous Na,SOs, then filtered and concentrated under vacuum. The raw product was
analyzed by '°F NMR using 4,4'-difluorobiphenyl (-115.0 ppm) as internal standard.

(b) To an oven-dried 25 mL Schlenk tube equipped with a stir bar were added arylsulfonyl chloride 1a (0.5
mmol), TMSCF; (4.0 equiv), Cul (0.2 equiv), bpy (0.2 equiv), CsF (4.0 equiv). The Schlenk tube was
evacuated and refilled with dry nitrogen (three times). DMF (5 mL) was then added to the tube by syringe.
The reaction mixture was required to stirred for 14 hours at room temperature in a nitrogen atmosphere. After
the reaction finished, the reaction mixture was diluted with dichloromethane, filtered through a plug of celite
and washed with dichloromethane. The filtrate was washed with H,O (3x10 mL). The organic layer was
washed with brine (30 mL) and dried over anhydrous Na,SOs, then filtered and concentrated under vacuum.
The raw product was analyzed by '°F NMR using 4,4"-difluorobiphenyl (-115.0 ppm) as internal standard.
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7.'H NMR, 3C NMR and *F NMR spectra of the products

'H NMR spectrum of 2a (400 MHz, CDCly)
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13C NMR spectrum of 2a (101 MHz, CDCls)
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F NMR spectrum of 2b (376 MHz, CDCly)
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'H NMR spectrum of 2¢ (400 MHz, CDCls)
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13C NMR spectrum of 2¢ (101 MHz, CDCly)
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F NMR spectrum of 2d (376 MHz, CDCly)
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'H NMR spectrum of 2e (400 MHz, CDCls)
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13C NMR spectrum of 2e (101 MHz, CDCly)
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1%F NMR spectrum of 2f (376 MHz, CDCl,)
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'H NMR spectrum of 2g (400 MHz, CDCls)
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13C NMR spectrum of 2g (101 MHz, CDCls,)
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F NMR spectrum of 2h (376 MHz, CDCly)
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'H NMR spectrum of 2i (400 MHz, CDCls)
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13C NMR spectrum of 2i (101 MHz, CDCls)
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1%F NMR spectrum of 2j (376 MHz, CDCl,)
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'H NMR spectrum of 2k (400 MHz, CDCls)
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13C NMR spectrum of 2k (101 MHz, CDCls)
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F NMR spectrum of 21 (376 MHz, CDCls)
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'H NMR spectrum of 2m (400 MHz, CDCl,)
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13C NMR spectrum of 2m (101 MHz, CDCls)
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F NMR spectrum of 2n (376 MHz, CDCly)
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'H NMR spectrum of 20 (400 MHz, CDCly)
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13C NMR spectrum of 20 (101 MHz, CDCls,)
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F NMR spectrum of 2p (376 MHz, CDCly)
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'H NMR spectrum of 2q (400 MHz, CDCls)
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13C NMR spectrum of 2q (101 MHz, CDCls)
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1%F NMR spectrum of 2r (376 MHz, CDCls)
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'H NMR spectrum of 2s (400 MHz, CDCls)
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13C NMR spectrum of 2s (101 MHz, CDCl,)
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1%F NMR spectrum of 2t (376 MHz, CDCl,)
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'H NMR spectrum of 2u (400 MHz, CDCls,)
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13C NMR spectrum of 2u (101 MHz, CDCls)
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F NMR spectrum of 2v (376 MHz, CDCl,)
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'H NMR spectrum of 2w (400 MHz, CDCls)
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13C NMR spectrum of 2w (101 MHz, CDCl,)
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F NMR spectrum of 3a (376 MHz, CDCl,)
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'H NMR spectrum of 3b (400 MHz, CDCl,)
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13C NMR spectrum of 3b (101 MHz, CDCls)
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1%F NMR spectrum of 3¢ (376 MHz, CDCly)
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'H NMR spectrum of 3d (400 MHz, CDCl,)
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13C NMR spectrum of 3d (101 MHz, CDCls)
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1%F NMR spectrum of 3e (376 MHz, CDCly)
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'H NMR spectrum of 3f (400 MHz, CDCls)
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13C NMR spectrum of 3f (101 MHz, CDCls)
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F NMR spectrum of 3g (376 MHz, CDCl,)
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'H NMR spectrum of 3h (400 MHz, CDCl,)
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13C NMR spectrum of 3h (101 MHz, CDCls)
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1%F NMR spectrum of 3i (376 MHz, CDCls)
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'H NMR spectrum of 3j (400 MHz, CDCl5)
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13C NMR spectrum of 3j (101 MHz, CDCls)
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'H NMR spectrum of 3k (400 MHz, CDCls)
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F NMR spectrum of 3k (376 MHz, CDCly)
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8. HRMS analysis reports for the new compounds

HRMS (EI) spectra of 2s

2 gééiﬁﬁ?&?gg\ X
National Center for Organic Mass Spectrometry in Shanghai (,f@g;
Shanghai Institute of Organic Chemistry N o

Chinese Academic of Sciences
High Resolution EI-MS Report
Low Resolution EI-MS Report

Instrument: Waters Premier GC-TOF MS
Operation Mode: EI Positive Ton Mode (Electron Energy: 70eV)
Card Serial Number: GCT-P-EI-T21-2738

Sample Serial Number: 2019551-ZK-1

Operator: Li Date: 2021/11/01
m/z Theo. Delta RDB Composition
Mass (ppm) equiv.
239.9988 239.9988 0.00 12.0 C12 H402N2 S

239.9984 1.66 8.0 C11 HgO3C1lF

239.9982 2.:56 4.0 CoHsClF3S

239.9995 -2.72 21.0 Cao

239.9995 =310 4,0 CgH704ClF2
T-466
GCT-P-E1-T21-466 389 (8.697) cm (389:3?()4380:382»405:407)) TOF MS El+
100 240 5.17e3

171
2
239
242
173
145
160
45 e 127 ¥ 221 243
6 g7 89 102103104125 W70 1A o TG N

ederge i . v 4 J s miz
40 60 80 100 120 140 180 180 200 220 240 260 280

S-62



HRMS (EI) spectra of 2t

National Center for Organic Mass Spectrometry in Shanghai

Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution EI-MS Report
Low Resolution EI-MS Report

Instrument: Waters Premier GC-TOF MS
Operation Mode: EI Positive Ion Mode (Electron Energy: 70eV)
Card Serial Number: GCT-P-EI-T21-2739

Sample Serial Number:  2019551-ZK-2

Operator: Li Date: 2021/11/01
m/z Theo. Delta RDB Composition
Mass (ppm) equiv.
245.9283 245.9281 0.70 8.0 C9HO3Cl2F
245.9279 1.58 4.0 C+B3Clz Fa S
245.9293 =395 4.0 C6H204Cl2F2

T-466

GCT-P-EI-T21-486 371 (8.487) Cm (370:373-(363:366+255:357)) TOF MS Ei+
100 248 341e3
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HRMS (EI) spectra of 2u
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National Center for Organic Mass Spectrometry n Shanghai ;g@g;
Shanghai Institute of Organic Chemistry \Lnnrants”
Chinese Academic of Sciences
High Resolution EI-MS Report
Low Resolution EI-MS Report
Instrument: Waters Premier GC-TOF MS
Operation Mode: EI Positive Ton Mode (Electron Energy: 70eV)
Card Serial Number: GCT-P-EI-T21-2740
Sample Serial Number: ~ 2019551-ZK-3
Operator: Li Date: 2021/11/01
m/z Theo. Delta RDB Composition
Mass {(ppm) equiv.
253,0012 253.0011 0.99 8.5 C10H604N2Cl
253.0015 i 5.0 CgHeO3NF3S
253 0019 =131 3.5iC1p H12 Cl2F 8
253.0008 1.41 4.5 CgHgON2ClF28
253.0008 1.54 14.5/C1a N2 F3
T-466
GCT-P-EI-T21-466 506 (10.063) Cm (606:508-{481 1484+455:487)) TOF MS El+
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HRMS (EI) spectra of 3e
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Shanghai Institute of Organic Chemistry LT
Chinese Academic of Sciences
High Resolution EI-MS Report
Low Resolution EI-MS Report
Instrument: Waters Premier GC-TOF MS
Operation Mode: EI Positive lon Mode (Electron Energy: 70eV)
Card Serial Number: GCT-P-EI-T21-2741
Sample Serial Number: 2019551 -ZK-4
Operator: Li Date: 2021/11/01
m/z Theo. Delta RDB Composition
Mass (ppm) equiv.
369.9912 369.9911 0.40 21.5 C220NF4
369.9915 -0.88 8.0 C14HgOFgS2
369.9917 -1.31 19.0 C22H70FS2
369.92917 -1.47 12.0 C1¢HgO04 F4 S
369.9906 1,62 16.0 C19H503F35
T466
GOT-P-ELT21-466 844 (11.873) Cm (644-(639:640+051:654)) TOF MS £+
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HRMS (EI) spectra of 3k
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Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution EI-MS Report
Low Resolution EI-MS Report

Instrument: Waters Premier GC-TOF MS
Operation Mode: EI Positive lon Mode (Electron Energy: 70eV)
Card Serial Number: GCT-P-EI-T21-2743

Sample Serial Number: ~ 2019551-ZK-6

Operator: Li Date: 2021/11/01
m/z Theo. Delta RDB Composition
Mass (ppm)  equiv.
252.0794| 252.0795 -0.45 -10.0 H2004N2F482
252.0792 0.64 7.0 C13H1304 F
252.0791 1.273 -4.0 C5H1404F¢
252.0790 1.50 3.0 C11H150F38
252.0802 =303 -1.0 CsH1602F4S
T-466
GCT-P-EI-T21-486 476 (9.713) Cm (476-(480:494+470:472)) TOF MS El+
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