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1. General Information

All reactions were carried out in oven-dried Schlenk tubes under argon atmosphere
(purity>99.999%) unless otherwise mentioned. Commercial reagents were purchased from
Adamas-beta, TCI and Aldrich. Organic solutions were concentrated under reduced pressure on
Buchi rotary evaporator. Flash column chromatographic purification of products was accomplished
using forced-flow chromatography on Silica Gel (200-300 mesh).

'H-NMR and 3C-NMR spectra were recorded on a Bruker Avance 400 spectrometer at ambient
temperature. Data for *H-NMR are reported as follows: chemical shift (ppm, scale), multiplicity (s
=singlet, d = doublet, t = triplet, q = quartet, m = multiplet and/or multiplet resonances, br = broad),
coupling constant (Hz), and integration. Data for *3C- NMR are reported in terms of chemical shift
(ppm, scale), multiplicity, and coupling constant (Hz). HRMS analysis was performed on Finnigan
LCQ advantage Max Series MS System. ESI/EI-mass data were acquired using a Thermo LTQ
Orbitrap XL Instrument equipped with an ESI/EI source and controlled by Xcalibur software.

2. Preparation of Substrates
2.1 Preparation of Potassium Carboxylates [

t-BuOK (100 mol%)
R” > COOH > R CooK
EtOH, rt.

General procedure for the synthesis of potassium carboxylates from corresponding
carboxylic acids: A 100 mL, round-bottomed flask was charged with the substituted carboxylic
acids (10.0 mmol) and ethanol (10 mL). To this, a solution of potassium tert-butoxide (10 mmol) in
ethanol (10 mL) was added dropwise over 10 min. After completion of addition, the reaction mixture
was stirred for another 1 h at room temperature. After removing the ethanol solvent by evaporation,
20 mL diethyl ether was added. The resulting solid was collected by filtration, washed sequentially
with ethanol (1 mL x 2) and diethyl ether (10 mL x 2), transferred to a round-bottomed flask and
dried under vacuum at 30 <C for 2 h to provide the corresponding potassium carboxylates.

-BuOK (105 mol%), H,O (105 mol%)

A\ - P
R M R K
COOMe EtOH, 60°C coo

General procedure for the synthesis of potassium carboxylates from corresponding methyl
carboxylates: A 100 mL, two-necked, round-bottomed flask was charged with the substituted
methyl carboxylates (10.0 mmol), H20 (10.5 mmol) and ethanol (20 mL), the reaction mixture was
stirred in 60°C oil bath. To this, a solution of potassium tert-butoxide (1.18g, 10.5 mmol) in ethanol
(10 mL) was added dropwise over 30 min. After completion of addition, the reaction mixture was
kept in 60°C oil bath until consumption of the starting material (monitored by TLC analysis). After
cooling, the ethanol solvent was removed by evaporation and 20 mL diethyl ether was added. The
resulting solid was collected by filtration, washed sequentially with ethanol (1 mL x 2) and diethyl
ether (10 mL x 2), transferred to a round-bottomed flask and dried under vacuum at 30<C for 2 h to
provide the corresponding potassium carboxylates.

a) NaH, THF, 0°C R
_

S
NC” “COOEt "
b) RX, 0°C NC)\COOEt

General procedure for the synthesis of 2-substituted cyanoacetate: To an oven dried round
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bottom flask charged with a stirring bar containing sodium hydride (60% dispersion in mineral oil,
19.9 mmol) was added ethyl cyanoacetate (6.8 g, 60 mmol) and THF (20 mL) under N2, and the
suspension was then cooled to 0 <C. To the suspension was slowly added sodium hydride (60%
dispersion in mineral oil, 19.9 mmol) portion by portion. After 15 min, RX (20 mmol) were added
dropwise via syringe to the solution. The resulting reaction mixture was allowed to stir at 0 <C for
3 h. The mixture was then quenched with H,O (30 mL) and diluted with Et,O. The aqueous layer
was removed and the organic layer was washed twice with brine. The combined aqueous layers
were then extracted three times with Et,O. The combined organic extracts were then dried over
anhydrous Na SO, and the solvent was removed in vacuo. The residue was purified by silica gel
column chromatography (petroleum ether /EtOACc = 15/1) to give 2-substituted ethyl cyanoacetate.

R'

COOH COOMe a) LDA,THF
/@A SOCl, /@A e COOMe
R MeOH o b) R'X R

reflux

General procedure for the synthesis of 2-substituted arylacetate: To a solution of aryl acetic
acid (15 mmol) in MeOH (30 mL) was added SOCI; (30 mmol). This mixture was heated to reflux
for 3 h before evaporation. The residue was dissolved in DCM (30 mL), washed with aqueous
NaHCOs, water and brine, dried over anhydrous Na,SOa, and concentrated concentrated in vacuo.
The residue was purified by silica gel column chromatography (petroleum ether /EtOAc 10/1) to
give methyl arylacetate.

To a solution of diisopropylamine (0.5 mL, 3.6 mmol) in tetrahydrofuran (4 mL) was added n-
butyllithium (1.52 M in hexane, 2.4 mL) at =78 °C under Ar, and the mixture was stirred for 30 min.
Then a solution of methyl arylacetate (0.50 g, 3.0 mmol) in tetrahydrofuran (5 mL) was added
dropwise, and the mixture was stirred for 20 min at the same temperature. The mixture was then
allowed to warm to 0 <C. Methyl iodide (0.3 mL, 4.8 mmol) was added and the mixture was stirred
for 30 min. The reaction mixture was acidified by 2 M hydrochloric acid and extracted with EtOAc.
The organic layer was washed with brine, dried over anhydrous sodium sulfate, and concentrated in
vacuo. The residue was purified by silica gel column chromatography (petroleum ether /EtOAc 10/1)
to give 2-substituted arylacetate.

All potassium acetates shown in text are known compounds.

2.2 Preparation of disulfides

SH
O o
To a stirred solution of thiol (1.0 equiv.) in EtOAc (15 mL) at 0 °C was added sodium iodide (0.1
equiv.) and hydrogen peroxide (1.0 equiv.). The mixture was stirred at room temperature for 30
minutes. Saturated aqueous Na>S;03 (15 mL) was added, and the resulting mixture was extracted
with EtOAc (3 x 15 mL). The combined organic phases were washed with brine (15 mL) and dried
(MgSO4). Subsequently the solvent was evaporated and the residue was purified by silica gel

column chromatography (petroleum ether) to give disulfides.
All disulfides shown in text are known compounds.
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3. Investigation of the Key Reaction Parameters

Table S1: Screening of different solvents.

COOK @ @
NC Solvent (2 mL)
NC

80 °C, 24 h
1, 0.3 mmol 2, 0.2 mmol 3
Entry Solvent Yield of 3 (%)*
1 DMSO 97 (95°)
2 DMF 81
3 DMA 81
4 MeCN 7
5 1,4-dioxane 0
6 glyme 0
7 Diglyme 0
8 Mesitylene 0
9 DCE 0

Reaction condition: Carboxylates (0.3 mmol), diphenyl disulfide (0.2 mmol), solvent (2 mL), 80 °C, 24 h, under Ar.

“Determined by GC using diphenylmethane as internal standard. ? Isolated yield.

Table S2: Screening of different cation.

COOM @ @
NC DMSO (2 mL)
NC

80°C, 24 h
1, 0.3 mmol 2, 0.2 mmol 3
Entry M Yield of 3 (%)
1 H 0
2 Li 72
3 Na 81
4 K 97
5 Rb 84
6 Cs 87
7t Ca 28

Reaction condition: Carboxylates (0.3 mmol), diphenyl disulfide (0.2 mmol), DMSO (2 mL), 80 °C, 24 h, under Ar.
@ Determined by GC using diphenylmethane as internal standard. ? 0.15 mmol (p-CNCsHsCH2CO2)2Ca instead of 1
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Table S3: Screening of other parameters.

COOK @ @
NG DMSO (2 mL)
NC

80 °C, 24 h
1, 0.3 mmol 2, 0.2 mmol 3

entry variations from above conditions Yield of 3 (%)“
1 carried out at 25 °C 14
2 carried out at 40 °C 27
3 carried out at 60 °C 52
4 carried out at 80 °C 97
5 carried out at 100 °C 81
6 carried out at 120 °C 56
7 carried out at 150 °C 17
8 added 0.2 mmol H,O 65
9 added 20 mol% NBus"PFs 85
10 added 20 mol% NBu4T- 77
11 added 20 mol% NBus"Br- 89
12 added 20 mol% NBusF- 83
13 0.2 mmol 1 74
14 0.4 mmol 1 98
15 0.2 mmol 1 + 0.3 mmol 2 69

Reaction condition: Carboxylates (0.3 mmol), diphenyl disulfide (0.2 mmol), DMSO (2 mL), 80 °C, 24 h, under Ar.

“Determined by GC using diphenylmethane as internal standard.
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4. Experimental Procedures and Spectral Data
4.1 General procedure for C-S coupling of potassium carboxylates and disulfides.

General procedure A: Potassium carboxylates (0.3 mmol, 1.5 equiv.) and disulfides (0.2 mmol,
1.0 equiv.) were placed in a transparent Schlenk tube equipped with a stirring bar. The tube was
evacuated and filled with argon (repeated for three times). To these solids, anhydrous DMSO (2.0
mL) were added via a gastight syringe under argon atmosphere. The reaction mixture was stirred at
80<C for 24 h. The mixture was then quenched with saturated NaCl solution and extracted with
ethyl acetate (3 <10 mL). The organic layers were combined and concentrated by evaporation. The
product was purified by flash column chromatography on silica gel (petroleum ether : ethyl acetate
=30:1~3:1).

General procedure B: Potassium carboxylates (0.3 mmol, 1.5 equiv.) and disulfides (0.2 mmol,
1.0 equiv.) were placed in a transparent Schlenk tube equipped with a stirring bar. The tube was
evacuated and filled with argon (repeated for three times). To these solids, anhydrous DMF (2.0 mL)
were added via a gastight syringe under argon atmosphere. The reaction mixture was stirred at
150<C for 24 h. The mixture was then quenched with saturated NaCl solution and extracted with
ethyl acetate (3 <10 mL). The organic layers were combined and concentrated by evaporation. The
product was purified by flash column chromatography on silica gel (petroleum ether : ethyl acetate
=30:1~3:1).

General procedure C: Potassium carboxylates (0.3 mmol, 1.5 equiv.), disulfides (0.2 mmol, 1.0
equiv.) and 18-crown-6 (0.3 mmol, 1.5 equiv.) were placed in a transparent Schlenk tube equipped
with a stirring bar. The tube was evacuated and filled with argon (repeated for three times). To these
solids, anhydrous DMF (2.0 mL) were added via a gastight syringe under argon atmosphere. The
reaction mixture was stirred at 150 <T for 24 h. The mixture was then quenched with saturated NaCl
solution and extracted with ethyl acetate (3 < 10 mL). The organic layers were combined and
concentrated by evaporation. The product was purified by flash column chromatography on silica
gel (petroleum ether : ethyl acetate = 30:1~3:1).

4.2 General procedure for C-Se coupling of potassium carboxylates and diselenides.

General procedure D: Potassium carboxylates (0.3 mmol, 1.5 equiv.) and diselenides (0.2 mmol,
1.0 equiv.) were placed in a transparent Schlenk tube equipped with a stirring bar. The tube was
evacuated and filled with argon (repeated for three times). To these solids, anhydrous DMSO (2.0
mL) were added via a gastight syringe under argon atmosphere. The reaction mixture was stirred at
80 <T for 24 h. The mixture was then quenched with saturated NaCl solution and extracted with
ethyl acetate (3 <10 mL). The organic layers were combined and concentrated by evaporation. The
product was purified by flash column chromatography on silica gel (petroleum ether : ethyl acetate
=30:1~3:1).
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4.3 Spectral Data.

Fenes

4-((phenylthio)methyl)benzonitrile (3): Following the general procedure A, obtained in 95% yield
as a colorless oil.

"H NMR (400 MHz, CDCl3) & 7.53 (d, J = 8.2 Hz, 2H), 7.32 (d, J = 8.2 Hz, 2H), 7.28 — 7.16 (m, 5H),
4.09 (s, 2H).

13C NMR (126 MHz, CDCl3) § 143.4, 134.8, 132.3, 130.9, 129.5, 129.1, 127.2, 118.8, 111.0, 39.2.
HRMS (EI) Calcd for Ci4HiiINS* [M]*:225.0607, found: 225.0605.

©As©

benzyl(phenyl)sulfane (4): Following the general procedure B, obtained in 76% yield as a colorless
oil.

"H NMR (400 MHz, CDCl3) & 7.34 — 7.19 (m, 9H), 7.19 — 7.13 (m, 1H), 4.10 (s, 2H).

13C NMR (126 MHz, CDCl;) 8 137.5, 136.4, 129.9, 128.9, 128.9, 128.5, 127.2, 126.4, 39.1.

HRMS (EI) Calcd for Ci3H2S™ [M]*: 200.0654, found: 200.0654.

o~

(4-fluorobenzyl)(phenyl)sulfane (5): Following the general procedure C, obtained in 74% yield as
a colorless oil.

"H NMR (400 MHz, CDCl3) & 7.31 — 7.17 (m, 7H), 7.00 — 6.90 (m, 2H), 4.06 (s, 2H).

3C NMR (126 MHz, CDCl3) 8 162.0 (d, J = 245.5 Hz), 135.9, 133.3 (d, J = 2.9 Hz), 130.4 (d, /= 8.0
Hz), 130.2, 128.9, 126.6, 115.4 (d, J=21.3 Hz), 38.5.

YF NMR (376 MHz, CDCl3) & -115.38 (s).

HRMS (EI) Caled for Ci3sH FS* [M]*: 218.0560, found: 218.0559.

o

(4-chlorobenzyl)(phenyl)sulfane (6): Following the general procedure B, obtained in 83% yield as
a colorless oil.

"H NMR (400 MHz, CDCl3) & 7.41 — 7.06 (m, 9H), 4.05 (s, 2H).

13C NMR (126 MHz, CDCl3) 6 136.2, 135.7, 133.0, 131.3, 130.1, 128.9, 128.6, 126.7, 38.6.

HRMS (EI) Caled for Ci3H CIS™ [M]": 234.0265, found: 234.0264.

o
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(4-bromobenzyl)(phenyl)sulfane (7): Following the general procedure B, obtained in 75% yield
as a colorless oil.

"H NMR (500 MHz, CDCl3) § 7.41 — 7.36 (m, 2H), 7.30 — 7.24 (m, 4H), 7.22 — 7.16 (m, 1H), 7.13 (d, J
= 8.3 Hz, 2H), 4.04 (s, 2H).

13C NMR (126 MHz, CDCI3)§ 136.7, 135.6, 131.6, 130.5, 130.3, 128.9, 126.7, 121.1, 38.6.

HRMS (EI) Calcd for Ci3H11BrS* [M]*:277.9759, found: 277.9761.

F@OASQ

phenyl(3-(trifluoromethyl)benzyl)sulfane (8): Following the general procedure B, obtained in 81%
yield as a colorless liquid.

"H NMR (400 MHz, CDCl3) § 7.51 — 7.41 (m, 3H), 7.40 — 7.35 (m, 1H), 7.30 — 7.18 (m, 5H), 4.11 (s,
2H).

13C NMR (126 MHz, CDCl5) 6 138.7, 135.2, 132.1, 130.8 (q, J = 32.1 Hz), 130.8, 129.0, 128.9, 127.0,
125.6 (q, J = 3.8 Hz), 124.0 (q, J=272.2 Hz), 124.0 (q, J= 3.7 Hz), 39.1.

F NMR (376 MHz, CDCl3) § -62.66 (s).

HRMS (EI) Calcd for Ci4sH;1F3S™ [M]*: 268.0528, found: 268.0529.

SN

phenyl(3-(trifluoromethoxy)benzyl)sulfane (9): Following the general procedure B, obtained in
79% vyield as a light yellow liquid.

"H NMR (400 MHz, CDCl3) & 7.30 —7.18 (m, 7H), 7.12 — 7.04 (m, 2H), 4.08 (s, 2H).

13C NMR (126 MHz, CDCl5) § 138.7, 135.2, 132.1, 130.8 (q, J = 32.1 Hz), 130.8, 129.0, 128.9, 127.0,
125.6 (q, J = 3.8 Hz), 124.0 (q, J=272.2 Hz), 124.0 (q, J= 3.7 Hz), 39.1.

F NMR (376 MHz, CDCl3) § -62.66 (s).

HRMS (EI) Calcd for Ci14H1F3S™ [M]*: 268.0528, found: 268.0529.

o :
MeO,S

(4-(methylsulfonyl)benzyl)(phenyl)sulfane (10): Following the general procedure A, obtained in
82% yield as a light yellow solid.

"H NMR (400 MHz, CDCls) & 7.84 (d, J = 8.3 Hz, 2H), 7.44 (d, J = 8.3 Hz, 2H), 7.30 — 7.21 (m, 5H),
4.14 (s, 2H), 3.03 (s, 3H).

3C NMR (126 MHz, CDCl3) & 144.4, 139.2, 134.8, 130.7, 129.7, 129.1, 127.6, 127.4 (d, J = 56.9 Hz),
44.5,38.9.

HRMS (EI) Caled for C14H140,S," [M]*: 278.0430, found: 278.0428.

oo
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(2-nitrobenzyl)(phenyl)sulfane (11): Following the general procedure A, obtained in 75% yield as
a colorless liquid.

"H NMR (500 MHz, CDCl3) & 7.97 (dd, J= 8.1, 1.2 Hz, 1H), 7.43 (td, J = 7.5, 1.3 Hz, 1H), 7.37 (td, J
=7.9, 1.4 Hz, 1H), 7.30 — 7.19 (m, 6H), 4.43 (s, 2H).

3C NMR (126 MHz, CDCl3)§ 148.5, 134.7,133.5,133.0, 131.9, 131.8, 129.0, 128.2, 127.4, 125.2,37.2.
HRMS (EI) Calcd for Ci3H11NO>S* [M]":245.0505, found: 245.0505.

g

(4-nitrobenzyl)(phenyl)sulfane (12): Following the general procedure A, obtained in 73% yield as
a colorless liquid.

"H NMR (400 MHz, CDCl3) & 8.16 — 8.05 (m, 2H), 7.41 — 7.35 (m, 2H), 7.30 — 7.21 (m, 5H), 4.13 (s,
2H).

13C NMR (126 MHz, CDCl;) 8 147.1, 145.6, 134.5, 131.0, 129.6, 129.1, 127.3, 123.7, 39.0.

HRMS (EI) Calcd for Ci3H;1NO2S * [M]*: 245.0505, found: 245.0506.

SO

(naphthalen-1-ylmethyl)(phenyl)sulfane (13): Following the general procedure B, obtained in 72%
yield as a colorless liquid.

"H NMR (400 MHz, CDCl) § 8.13 (d, J = 8.2 Hz, 1H), 7.89 — 7.81 (m, 1H), 7.79 — 7.71 (m, 1H), 7.59
—7.45 (m, 2H), 7.37 — 7.29 (m, 4H), 7.28 — 7.22 (m, 2H), 7.21 — 7.16 (m, 1H), 4.54 (d, J = 0.9 Hz, 2H).
13C NMR (126 MHz, CDCl3) § 136.7, 134.0, 132.8, 131.5, 130.2, 128.9, 128.8, 128.3, 127.4, 126.5,
126.3, 125.9, 125.3, 123.9, 37.2.

HRMS (EI) Caled for Ci7H14S™ [M]*:250.0811, found: 250.0810.

QESQ

benzhydryl(phenyl)sulfane (14): Following the general procedure A, obtained in 93% yield as a
colorless liquid.

'H NMR (400 MHz, CDCl3) § 7.44 — 7.36 (m, 4H), 7.31 — 7.25 (m, 4H), 7.24 — 7.18 (m, 4H), 7.18 —
7.08 (m, 3H), 5.53 (s, 1H).

3BC NMR (126 MHz, CDCl3) 8 141.1, 136.2, 130.6, 128.8, 128.6, 128.5, 127.3, 126.6, 57.5.

HRMS (EI) Caled for CioH16S™ [M]™:276.0967, found: 276.0969.

@PBQO

phenyl(trityl)sulfane (15): Following the general procedure A, obtained in 97% yield as a colorless
oil.
'H NMR (400 MHz, CDCl3) § 7.43 — 7.38 (m, 6H), 7.24 — 7.15 (m, 9H), 7.12 — 7.05 (m, 1H), 7.00 —

o
O2N

2

S10



6.92 (m, 4H).
13C NMR (126 MHz, CDCl3) 3 144.6, 134.6, 134.5, 130.1, 128.1, 128.0, 127.7, 126.7, 70.8.
HRMS (EI) Caled for CsHaoS™ [M]*: 352.1280, found: 352.1282.

QL

9-(phenylthio)-9H-xanthene (16): Following the general procedure C, obtained in 98% yield as a
colorless oil. (obtained in 52% yield following the general procedure A)

"H NMR (400 MHz, CDCl3) § 7.29 — 7.23 (m, 3H), 7.21 — 7.15 (m, 2H), 7.13 — 7.06 (m, 2H), 7.06 —
7.00 (m, 2H), 6.97 — 6.82 (m, 4H), 5.48 (s, 1H).

3C NMR (126 MHz, CDCl3) 3 152.2,136.4,131.4,129.6, 128.9,128.5,128.4,123.2,121.3, 116.3, 47.7.
HRMS (EI) Calcd for C19H140S™ [M]™:290.0760, found: 290.0760.

e
A S

Z

2-((phenylthio)methyl)pyridine (17): Following the general procedure A, obtained in 81% yield
as a light yellow liquid.

"H NMR (400 MHz, CDCl;) & 8.53 (d, J=4.5 Hz, 1H), 7.58 (td, J= 7.7, 1.7 Hz, 1H), 7.32 (t, J =
7.2 Hz, 3H), 7.27 — 7.20 (m, 2H), 7.19 — 7.09 (m, 2H), 4.26 (s, 2H).

I3C NMR (126 MHz, CDCl3) 6 157.7, 149.3, 136.7, 135.8, 129.7, 128.9, 126.4, 123.0, 122.1, 40.5.
HRMS (ESI) Calcd for Ci2H12NS* [M+H]*": 202.0685, found: 202.0681.

L

Z
N

3-((phenylthio)methyl)pyridine (18): Following the general procedure B, obtained in 86% yield
as a light yellow liquid. (obtained in 60% yield following the general procedure A)

'"H NMR (400 MHz, CDCl3) 6 8.49 — 8.42 (m, 2H), 7.58 (d, J = 7.8 Hz, 1H), 7.35 — 7.12 (m, 6H),
4.07 (s, 2H).

I3C NMR (126 MHz, CDCl3) 6 149.9, 148.5, 136.3, 134.9, 133.5, 130.8, 129.0, 127.1, 123.4, 36.6.
HRMS (ESI) Calcd for Ci2H12NS * [M+H]": 202.0685, found: 202.0686.

™

2-((phenylthio)methyl)thiophene (19): Following the general procedure A, obtained in 98% yield
as a yellow oil.

'TH NMR (400 MHz, CDCls) 8 7.36 — 7.31 (m, 2H), 7.28 — 7.22 (m, 2H), 7.22 — 7.18 (m, 1H), 7.18
—7.12 (m, 1H), 6.89 — 6.82 (m, 2H), 4.29 (s, 2H).

13C NMR (126 MHz, CDCl3) & 140.9, 135.7, 130.4, 129.0, 126.8, 126.8, 126.3, 125.0, 33.8.
HRMS (EI) Calcd for Ci1Hi0S2" [M]™: 206.0218, found: 206.0216.
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o

2-((phenylthio)methyl)pyrazine (20): Following the general procedure A, obtained in 85% yield
as a brown oil.

'H NMR (400 MHz, CDCls) 4 8.55 — 8.36 (m, 3H), 7.40 — 7.15 (m, 5H), 4.24 (s, 2H).

13C NMR (126 MHz, CDCls) 6 153.8, 144.7, 144.0, 143.0, 134.5, 130.7, 129.1, 127.1, 38 4.
HRMS (ESI) Calcd for C;H;iN2S* [M+H]™: 203.0638, found: 203.0636.

e

N-O

3-methyl-5-((phenylthio)methyl)isoxazole (21): Following the general procedure A, obtained in
88% yield as a light yellow liquid.

'"H NMR (400 MHz, CDCl3) 8 7.37 — 7.20 (m, 5H), 5.90 (s, 1H), 4.09 (s, 2H), 2.22 (s, 3H).

13C NMR (126 MHz, CDCls) 8 169.0, 160.0, 134.5, 130.5, 129.1, 127.3, 103.4, 29.5, 11.5.
HRMS (ESI) Calcd for C;;Hj2ONS* [M+H]":206.0634, found: 206.0632.

g

2-((phenylthio)methyl)benzo[d]thiazole (22): Following the general procedure A, obtained in 78%
yield as a brown oil.

TH NMR (500 MHz, CDCl3) & 7.95 (d, J = 8.1 Hz, 1H), 7.82 (dd, J = 8.0, 0.5 Hz, 1H), 7.47 — 7.43
(m, 1H), 7.40 (dd, J = 8.3, 1.1 Hz, 2H), 7.38 — 7.33 (m, 1H), 7.29 — 7.23 (m, 3H), 7.22 — 7.17 (m,
1H), 4.52 (s, 2H).

I3C NMR (126 MHz, CDCl3) $ 170.1,153.1, 135.7, 134.5,129.9, 129.2, 127.1, 126.1, 125.2, 122.9,
121.7, 36.9.

HRMS (ESI) Calcd for CisH12NS;™ [M+H]™: 258.0406, found: 258.0403.

NCVS\©

2-(phenylthio)acetonitrile (23): Following the general procedure A, obtained in 72% vyield as a
light yellow liquid.

'"H NMR (400 MHz, CDCl3) 8 7.60 — 7.51 (m, 2H), 7.43 — 7.34 (m, 3H), 3.57 (s, 2H).

13C NMR (126 MHz, CDCls) 8 132.5, 132.1, 129.6, 129.0, 116.5, 21.4.

HRMS (EI) Calcd for CH/NS™ [M]": 149.0294, found: 149.0293.

S
L0
CN
2-(phenylthio)propanenitrile (24): Following the general procedure A, obtained in 81% yield as a
light yellow oil.
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'H NMR (400 MHz, CDCL3) 8 7.66 — 7.57 (m, 2H), 7.44 — 7.36 (m, 3H), 3.80 (q, J = 7.3 Hz, 1H),
1.60 (d, J= 7.3 Hz, 3H).

13C NMR (126 MHz, CDCL) § 136.8, 130.3, 129.9, 129.3, 122.5, 39.8, 27.6.

HRMS (EI) Calcd for CoHoNS* [M]: 163.0450, found: 163.0449.

)\/\rs

L0

5-methyl-2-(phenylthio)hexanenitrile (25): Following the general procedure A, obtained in 77%
yield as a colorless liquid.

'H NMR (400 MHz, CDCl3) & 7.69 — 7.53 (m, 2H), 7.47 — 7.33 (m, 3H), 3.66 (t, J= 7.3 Hz, 1H),
1.88 — 1.80 (m, 2H), 1.63 — 1.55 (m, 1H), 1.50 — 1.43 (m, 2H), 0.91 (dd, J= 6.6, 1.6 Hz, 6H).

13C NMR (126 MHz, CDCl3) 8 134.5, 130.9, 129.4, 119.4, 37.4, 36.0, 30.5, 27.6, 22.4, 22.3. (one
carbon signal is overlapped)

HRMS (EI) Calcd for Ci3H;7NS* [M]*:219.1076, found: 219.1075.

S
SRN®
3-phenyl-2-(phenylthio)propanenitrile (26): Following the general procedure A, obtained in 93%
yield as a light yellow liquid.
'TH NMR (500 MHz, CDCls) 8 7.65 — 7.56 (m, 2H), 7.42 — 7.37 (m, 3H), 7.36 — 7.31 (m, 2H), 7.31
—7.27 (m, 1H), 7.26 — 7.22 (m, 2H), 3.88 (dd, /= 9.1, 6.1 Hz, 1H), 3.10 (ddd, /= 23.0, 13.9, 7.6
Hz, 2H).
I3C NMR (126 MHz, CDCl3) 6 135.7, 134.7, 130.6, 129.7, 129.6, 129.2, 128.9, 127.8, 118.6, 38.9.
(one carbon signal is overlapped)
HRMS (EI) Caled for CisHi3NS* [M]*:239.0763, found: 239.0761.

%,s

CN \O

2-methyl-2-(phenylthio)propanenitrile (27): Following the general procedure B, obtained in 83%
yield as a light yellow liquid.

'"H NMR (400 MHz, CDCl3) 8 7.81 — 7.60 (m, 2H), 7.53 — 7.37 (m, 3H), 1.61 (s, 6H).

13C NMR (126 MHz, CDCls) 8 136.8, 130.3, 129.9, 129.3, 122.5, 39.8, 27.6.

HRMS (EI) Calcd for CioHiiNS* [M]*: 177.0607, found: 177.0604.

O S
SRNe
2-benzyl-3-phenyl-2-(phenylthio)propanenitrile (28): Following the general procedure A,
obtained in 95% yield as a colorless oil.
'TH NMR (500 MHz, CDCls) 8 7.67 — 7.62 (m, 2H), 7.47 — 7.42 (m, 1H), 7.41 — 7.37 (m, 2H), 7.35
—7.28 (m, 10H), 3.04 (dd, J=47.9, 13.9 Hz, 4H).
I3C NMR (126 MHz, CDCl3) & 137.1, 134.3, 130.6, 130.3, 129.3, 129.2, 128.5, 127.8, 120.3, 50.3,
44.6.
HRMS (EI) Caled for C2oH1oNS™ [M]*:329.1233, found: 329.1232.
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Q,s

L0

1-(phenylthio)cyclobutane-1-carbonitrile (29): Following the general procedure A, obtained in
69% yield as a yellow oil.

'H NMR (400 MHz, CDCl3) 8 7.63 — 7.56 (m, 2H), 7.43 — 7.35 (m, 3H), 2.76 — 2.65 (m, 2H), 2.40
—2.31 (m, 3H), 2.24 — 2.11 (m, 1H).

13C NMR (126 MHz, CDCls) 6 134.4, 131.1, 129.5, 129.3, 122.0, 40.4, 34.2, 17.2.

HRMS (EI) Calcd for CiiHii1NS* [M]": 189.0607, found: 189.0603.

NC\/\/S\©

1-(phenylthio)cyclobutane-1-carbonitrile (30): Following the general procedure B, obtained in
81% yield as a brown oil.

'"H NMR (400 MHz, CDCls) 8 7.38 — 7.34 (m, 2H), 7.34 — 7.27 (m, 2H), 7.25 — 7.20 (m, 1H), 3.03
(t, J=6.9 Hz, 2H), 2.51 (t, J = 7.1 Hz, 2H), 1.95 (p, J = 7.0 Hz, 2H).

13C NMR (126 MHz, CDCls) 8 134.8, 130.2, 129.2, 126.9, 119.1, 32.6, 24.8, 15.9.

HRMS (EI) Calcd for C;iH NS [M]*: 177.0607, found: 177.0608.

O™

([1,1'-biphenyl]-4-ylmethyl)(phenyl)sulfane (31): Following the general procedure C, obtained in
84% vyield as a colorless oil. (obtained in 21% yield following the general procedure A)

'"H NMR (400 MHz, CDCI3) & 7.59 — 7.54 (m, 2H), 7.51 (d, J = 8.2 Hz, 2H), 7.42 (t, J = 7.6 Hz,
2H), 7.39 — 7.29 (m, 5H), 7.28 — 7.23 (m, 2H), 7.22 — 7.14 (m, 1H), 4.15 (s, 2H).

3C NMR (126 MHz, CDCl3) 8 140.8, 140.1, 136.6, 136.4, 129.9, 129.3, 128.9, 128.8, 127.3, 127.3,
127.1, 126.4, 38.8.

HRMS (EI) Caled for CioH16S™ [M]": 276.0967, found: 276.0968.

Cl
@NH @
Cl ©/\S

2,6-dichloro-N-(2-((phenylthio)methyl)phenyl)aniline (32): Following the general procedure C,
obtained in 71% vyield as a yellow oil. (obtained in 35% yield following the general procedure B)
'"H NMR (400 MHz, CDCls) 8 7.40 — 7.36 (m, 3H), 7.34 — 7.29 (m, 4H), 7.27 — 7.17 (m, 3H), 7.08
(t,J=7.5Hz, 1H), 7.04 (dd, J=8.1, 0.8 Hz, 1H), 6.45 (d, /= 7.8 Hz, 1H), 3.71 (d, /= 4.0 Hz, 2H).
3BC NMR (126 MHz, CDCl3) 8 173.9, 143.6, 141.3, 134.7, 134.0, 132.1, 130.4, 129.6, 128.8, 128.6,

127.9,127.9, 124.7, 124.4, 122.9, 109.4, 35.7.
HRMS (ESI) Calcd for Ci19Hi5sCI,NSNa* [M+Na]": 382.0194, found: 382.0195.
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S

ale
2-(1-(phenylthio)ethyl)dibenzo[b,f]thiepin-10(11H)-one (33): Following the general procedure C,
obtained in 84% yield as a light yellow oil. (obtained in 53% yield following the general procedure
B)
'H NMR (400 MHz, CDCl3) 8 8.22 — 8.16 (m, 1H), 7.60 — 7.55 (m, 1H), 7.52 (d, J = 8.0 Hz, 1H),
7.43 —7.36 (m, 1H), 7.32 —7.17 (m, 7H), 7.13 (dd, J = 8.0, 2.0 Hz, 1H), 4.35 — 4.26 (m, 3H), 1.58
(d, J=17.0 Hz, 3H).
13C NMR (126 MHz, CDCl3) 6 191.3, 145.6, 140.3, 137.6, 136.2, 134.4, 133.0, 132.8, 132.5, 131.5,
131.3,130.9, 128.8, 128.3, 127.5, 126.8, 126.1, 51.0, 47.6, 22.1.
HRMS (EI) Calcd for C2oH;302S* [M]*: 362.0794, found: 362.0796.

o

(1-(2-fluoro-[1,1'-biphenyl]-4-yl)ethyl)(phenyl)sulfane (34): Following the general procedure B,
obtained in 81% yield as a colorless oil.

"H NMR (500 MHz, CDCl3) & 7.59 — 7.48 (m, 2H), 7.43 (t, J= 7.5 Hz, 2H), 7.37 — 7.29 (m, 4H),
7.26 —7.22 (m, 3H), 7.21 — 7.05 (m, 2H), 4.34 (q, J= 7.0 Hz, 1H), 1.64 (d, J = 7.0 Hz, 3H).

13C NMR (126 MHz, CDCl3) 6 159.6 (d, J = 248.1 Hz), 145.0 (d, J= 7.3 Hz), 135.6, 134.6, 132.7,
130.6 (d, /= 3.6 Hz), 130.1, 129.0, 128.8, 128.5, 127.6 (d, J= 23.3 Hz), 126.6, 123.3 (d, J=2.7
Hz), 114.9 (d, J=23.7 Hz), 47.5, 22.2.

F NMR (376 MHz, CDCls) § -117.92 (s).

HRMS (EI) Caled for C2oH17FS™ [M]*: 308.1030, found: 308.1027.

S A

6-chloro-2-(1-(phenylthio)ethyl)-9H-carbazole (35): Following the general procedure C, obtained
in 77% yield as a light gray oil. (obtained in 24% yield following the general procedure B)

'TH NMR (400 MHz, CDCls) 6 8.02 — 7.68 (m, 3H), 7.25 — 7.17 (m, 5H), 7.14 — 7.10 (m, 3H), 4.42
(q,J=7.0 Hz, 1H), 1.63 (d, /= 7.0 Hz, 3H).

3C NMR (126 MHz, CDCl3) 8 142.2, 140.2, 138.0, 135.2, 132.4, 128.8, 127.2, 125.8, 125.0, 124.4,
121.7,120.4, 120.0, 119.6, 111.5, 109.4, 48.6, 22.8.

HRMS (EI) Caled for C20H16CINS™ [M]*: 337.0687, found: 337.0688.

L)
FsC N
CF4

2-((2-(3,5-bis(trifluoromethyl)phenyl)propan-2-yl)thio)pyridine (36): Following the general

S15



procedure B, obtained in 79% yield as a light yellow oil.

TH NMR (500 MHz, CDCI3) 6 8.31 (d, J=4.2 Hz, 1H), 7.97 (s, 2H), 7.66 (s, 1H), 7.39 (td, J= 7.7,
1.8 Hz, 1H), 7.04 — 6.94 (m, 2H), 1.96 (s, 6H).

13C NMR (126 MHz, CDCl3) 8 156.7, 149.4, 136.2, 130.9 (q, J = 33.1 Hz), 127.0, 126.3, 123.5 (q,
J=272.8 Hz), 121.2, 120.3 — 120.2 (m), 51.2, 30.0. (one carbon signal is overlapped)

F NMR (376 MHz, CDCl3) 6 -62.74 (s).

HRMS (ESI) Calcd for Ci6H1aNFsS™ [M+H]*: 366.0746, found: 366.0742.

benzhydryl(p-tolyl)sulfane (37): Following the general procedure A, obtained in 94% vyield as a
light yellow oil.

'H NMR (400 MHz, CDCI3) & 7.39 (d, J = 7.4 Hz, 4H), 7.31 — 7.22 (m, 4H), 7.18 (t, J = 7.3 Hz,
2H), 7.13 (d, J= 8.1 Hz, 2H), 6.96 (d, J = 8.0 Hz, 2H), 5.46 (s, 1H), 2.23 (s, 3H).

13C NMR (126 MHz, CDCl3) 8 141.3, 136.9, 132.3, 131.4, 129.6, 128.5, 128.5, 127.2, 58.1, 21.1.
HRMS (EI) Calcd for C0H;sS™ [M]*:290.1124, found: 290.1125.

Q.

2-((4-methoxyphenyl)thio)-3-phenylpropanenitrile (38): Following the general procedure A,
obtained in 81% yield as a colorless oil.

'TH NMR (400 MHz, CDCl3) 8 7.61 — 7.54 (m, 2H), 7.36 — 7.24 (m, 5H), 6.96 — 6.87 (m, 2H), 3.82
(s, 3H), 3.77 (dd, J=9.2, 6.1 Hz, 1H), 3.07 (ddd, J=23.1, 13.9, 7.7 Hz, 2H).

13C NMR (126 MHz, CDCl3) $ 161.2, 137.5, 135.9, 129.1, 128.9, 127.7, 120.7, 118.9, 115.1, 55.4,
39.6, 38.9.

HRMS (EI) Calcd for CisHisNOS™ [M]™:269.0869, found: 269.0870.

Cl
@2\3 ol
benzhydryl(3,5-dichlorophenyl)sulfane (39): Following the general procedure A, obtained in 91%
yield as a yellow oil.
'TH NMR (400 MHz, CDCI3) & 7.39 (d, J = 7.4 Hz, 4H), 7.30 (t, J = 7.5 Hz, 4H), 7.25 — 7.21 (m,
2H), 7.12 - 7.01 (m, 3H), 5.56 (s, 1H).
13C NMR (126 MHz, CDCl3) 8 139.9, 139.9, 134.9, 128.8, 128.4, 127.7, 127.7, 126.5, 57.0.
HRMS (ESI) Calcd for Ci19H14Cl,SNa* [M+Na]*: 367.0085, found: 367.0068.

F
S
O
2-((2-fluorophenyl)thio)-3-phenylpropanenitrile (40): Following the general procedure A,

obtained in 87% yield as a light yellow liquid.
'"H NMR (500 MHz, CDCl3) 4 7.62 (td, J = 7.5, 1.7 Hz, 1H), 7.49 — 7.39 (m, 1H), 7.38 — 7.26 (m,
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5H), 7.23 — 7.11 (m, 2H), 4.04 (dd, J = 9.2, 5.8 Hz, 1H), 3.15 (ddd, J = 23.1, 13.8, 7.5 Hz, 2H).
13C NMR (126 MHz, CDCl3) 6 163.0 (d, J = 248.3 Hz), 136.9, 135.5, 132.2 (d, J = 8.0 Hz), 129.1,
128.9, 127.9, 125.1 (d, J= 3.9 Hz), 118.3, 117.8 (d, /= 18.0 Hz), 116.3 (d, J= 22.9 Hz), 38.9, 37.8.
19F NMR (376 MHz, CDCls) § -106.24 (s).

HRMS (EI) Calcd for CisH,FNS* [M]*: 257.0669, found: 257.0668.

Ph

S ;
COOMe

methyl 2-(benzhydrylthio)benzoate (41): Following the general procedure A, obtained in 83%
yield as a colorless liquid.

"H NMR (400 MHz, CDCl3) § 7.91 (dd, J= 7.8, 1.1 Hz, 1H), 7.44 (d, J= 7.4 Hz, 4H), 7.29 (t, J =
7.5 Hz, 4H), 7.21 (t,J="7.2 Hz, 3H), 7.15 (d, J= 7.7 Hz, 1H), 7.08 (t, J= 7.5 Hz, 1H), 5.66 (s, 1H),
3.89 (s, 3H).

BC NMR (126 MHz, CDCl3) 8 167.0, 141.3, 140.4, 132.2, 131.0, 128.7, 128.7, 127.9, 127.4, 127 .4,
124.2,55.4,52.2.

HRMS (EI) Calcd for C>1H130,S* [M]": 334.1022, found: 334.1021.

_Ac
HN

OO

N-(2-((1-cyano-2-phenylethyl)thio)phenyl)acetamide (42): Following the general procedure A,
obtained in 57% vyield as a light gray oil.

"H NMR (400 MHz, CDCls) 6 8.43 (d,J=8.2 Hz, 1H), 8.17 (s, 1H), 7.64 (dd, J= 7.8, 1.5 Hz, 1H),
7.47 —7.42 (m, 1H), 7.40 — 7.30 (m, 3H), 7.28 — 7.23 (m, 2H), 7.10 (td, /= 7.6, 1.2 Hz, 1H), 3.74
(t,J=17.6 Hz, 1H), 3.14 (ddd, J=35.3, 14.1, 7.6 Hz, 2H), 2.06 (s, 3H).

3C NMR (126 MHz, CDCl3) 8 168.5, 140.7, 137.3, 135.2, 132.2, 129.1, 129.0, 128.0, 124.5, 120.9,
118.8, 117.6, 39.1, 38.6, 24.9.

HRMS (ESI) Calcd for Ci7H70N2S* [M+H]": 297.1056, found: 297.1053.

T )
o
@*8“

2-(benzhydrylthio)pyridine (43): Following the general procedure A, obtained in 81% yield as a
colorless liquid.

'TH NMR (400 MHz, CDCl3) 6 8.42 — 8.32 (m, 1H), 7.45 (d, /= 7.6 Hz, 4H), 7.38 (td, /= 7.8, 1.9
Hz, 1H), 7.27 (t, J= 7.5 Hz, 4H), 7.19 (t, J= 7.3 Hz, 2H), 7.09 (d, J= 8.0 Hz, 1H), 6.91 (ddd, J =
7.3,4.9,0.7 Hz, 1H), 6.33 (s, 1H).

13C NMR (126 MHz, CDCls) $ 158.4, 149.5, 141.4, 136.1, 128.6, 128.5, 127.1, 122.3, 119.8, 52.7.
HRMS (ESI) Calcd for CisHisNS* [M+H]*: 278.0998, found: 278.0999.

S-S
ORNY;
3-phenyl-2-(thiophen-2-ylthio)propanenitrile (44): Following the general procedure B, obtained
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in 82% yield as a light yellow liquid.

TH NMR (400 MHz, CDCls) 8 7.54 (dd, J=5.4, 1.2 Hz, 1H), 7.41 (dd, J= 3.6, 1.2 Hz, 1H), 7.38 —
7.29 (m, 3H), 7.28 — 7.23 (m, 2H), 7.10 (dd, J = 5.4, 3.6 Hz, 1H), 3.78 (dd, J = 9.0, 6.3 Hz, 1H),
3.11 (qd, J=13.9, 7.7 Hz, 2H).

13C NMR (126 MHz, CDCl3) 6 138.0, 135.5, 132.8, 129.2, 128.9, 128.3, 127.8, 127.6, 118.4, 40.9,
38.7.

HRMS (EI) Calcd for Ci3H1iINS," [M]*: 245.0327, found: 245.0327.

@A&S?b

2-(benzo[d]thiazol-2-ylthio)-3-phenylpropanenitrile (45): Following the general procedure B,
obtained in 76% yield as a yellow oil.

H NMR (400 MHz, CDCls) & 7.94 (d, J = 8.1 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.50 — 7.42 (m,
1H), 7.41 — 7.30 (m, 6H), 5.07 (dd, J=8.7, 5.8 Hz, 1H), 3.36 (ddd, J=22.5, 13.8, 7.2 Hz, 2H).
BC NMR (126 MHz, CDCl3)8 161.4,152.7,135.7, 135.1, 129.4, 129.0, 128.1, 126.5, 125.1, 122.2,
121.3, 118.0, 38.6, 36.3.

HRMS (ESI) Calcd for Ci6Hi3N2S;™ [M+H]™:297.0515, found: 297.0513.

©i8e©

benzhydryl(phenyl)selane (46): Following the general procedure D, obtained in 98% vyield as a
colorless liquid.

"H NMR (400 MHz, CDCl3) & 7.39 (d, J = 7.5 Hz, 4H), 7.32 (d, J = 6.9 Hz, 2H), 7.26 (t, J=7.5
Hz, 4H), 7.21 — 7.10 (m, 5H), 5.63 (s, 1H).

13C NMR (126 MHz, CDCl3) 8 141.4, 134.1, 131.1, 128.9, 128.8, 128.5, 127.6, 127.1, 52.9.
HRMS (EI) Caled for CioHi¢Se ™ [M]*: 324.0412, found: 324.0422.

o
MeO,S

(4-(methylsulfonyl)benzyl)(phenyl)selane (47): Following the general procedure D, obtained in
99% vyield as a light yellow oil.

'TH NMR (400 MHz, CDCls) & 7.78 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 6.6 Hz, 2H), 7.33 — 7.22 (m,
5H), 4.10 (s, 2H), 3.02 (s, 3H).

13C NMR (126 MHz, CDCl3) 8 145.7, 138.8, 134.3, 129.6, 129.2, 129.0, 128.0, 127.5, 44.5, 31.4.
HRMS (EI) Caled for Ci14H140,SSe™ [M]*: 325.9874, found: 325.9873.

N

4-((phenylselanyl)methyl)benzonitrile (48): Following the general procedure D, obtained in 97%
yield as a light yellow liquid.

'"H NMR (400 MHz, CDCls) 8 7.52 — 7.46 (m, 2H), 7.42 — 7.37 (m, 2H), 7.29 — 7.18 (m, 5H), 4.05
(s, 2H).
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13C NMR (126 MHz, CDCl3) 6 144.7, 134.5, 132.2,129.5, 129.2, 128.8, 128.1, 118.9, 110.5, 31.7.
HRMS (EI) Calcd for Ci14H11NSe* [M]™:273.0051, found: 273.0051.

e

2-((phenylselanyl)methyl)pyrazine (49): Following the general procedure D, obtained in 87%
yield as a yellow oil.

'H NMR (400 MHz, CDCls) 4 8.44 (dd, J= 2.4, 1.6 Hz, 1H), 8.36 (d, J= 2.5 Hz, 1H), 8.31 (d, /=
1.3 Hz, 1H), 7.51 — 7.43 (m, 2H), 7.32 — 7.20 (m, 3H), 4.18 (s, 2H).

13C NMR (126 MHz, CDCl3) 8 155.0, 144.4, 144.0, 142.6, 134.3, 129.2, 128.7, 128.0, 30.7.
HRMS (ESI) Calcd for Ci1HiN2Set [M+H]*: 251.0082, found: 251.0081.

el
XY~ “Se

%

2-((phenylselanyl)methyl)pyridine (50): Following the general procedure D, obtained in 89%
yield as a yellow oil.

"H NMR (400 MHz, CDCl3) § 8.50 (d, J = 4.6 Hz, 1H), 7.52 (td, J= 7.7, 1.8 Hz, 1H), 7.49 — 7.43
(m, 2H), 7.26 — 7.17 (m, 3H), 7.13 — 7.05 (m, 2H), 4.22 (s, 2H).

13C NMR (126 MHz, CDCl3) 8 158.7, 149.4, 136.5, 133.7, 129.9, 129.0, 127.4, 123.1, 121.8, 33.8.
HRMS (ESI) Calcd for C1,H12NSe* [M+H]*: 250.0130, found: 250.0130.

WSJ@

N-O

3-methyl-5-((phenylselanyl)methyl)isoxazole (51): Following the general procedure D, obtained
in 86% yield as a yellow oil.

'TH NMR (500 MHz, CDCl3) § 7.56 — 7.40 (m, 2H), 7.33 — 7.24 (m, 3H), 5.78 (s, 1H), 4.03 (s, 2H),
2.22 (s, 3H).

13C NMR (126 MHz, CDCl3) 8 169.7, 159.9, 134.0, 129.3, 129.0, 128.1, 103.0, 20.3, 11.4.
HRMS (ESI) Calcd for C;;Hi2ONSe* [M+H]":254.0079, found: 254.0078.

L

2-(phenylselanyl)propanenitrile (52): Following the general procedure B, obtained in 58% yield
as a light yellow liquid.

'"H NMR (400 MHz, CDCl3) 6 7.83 — 7.66 (m, 2H), 7.47 — 7.41 (m, 1H), 7.40 — 7.35 (t,J = 7.2 Hz,
2H), 3.71 (q,J=7.3 Hz, 1H), 1.66 (d, /= 7.3 Hz, 3H).

13C NMR (126 MHz, CDCl3) 8 136.5, 129.7, 129.5, 125.9, 120.8, 19.5, 19.3.

HRMS (EI) Caled for CoHoNSe* [M]*:210.9895, found: 210.9893.

5. Experimental Studies on Mechanism
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5.1 Radical clock experiments

+ S< Q J——— + eq.1
s DMSO (2 mL) pn ©9
COOK 80 °C, 24 h s 0N S

O,N 0.3 mmol 0.2 mmol O,N 53 not detected
Yield: 54%

|
e
O,N

(1-(4-nitrophenyl)hex-5-en-1-yl)(phenyl)sulfane (53): Following the above reaction condition in
equation 1, obtained in 54% yield as a colorless liquid.

'TH NMR (500 MHz, CDCls) 8 8.16 — 8.03 (m, 2H), 7.35 — 7.29 (m, 2H), 7.25 - 7.11 (m, 5H), 5.73
(ddt, J=16.9, 10.2, 6.7 Hz, 1H), 5.03 — 4.92 (m, 2H), 4.16 (dd, J = 8.4, 6.6 Hz, 1H), 2.14 — 1.98
(m, 3H), 1.97 — 1.86 (m, 1H), 1.59 — 1.46 (m, 1H), 1.43 — 1.32 (m, 1H).

BC NMR (126 MHz, CDCl3) 8 150.3, 146.9, 137.9, 133.5, 133.1, 128.9, 128.6, 127.9, 123.6, 115.2,
53.4,35.1, 33.3, 26.8.

HRMS (EI) Calcd for CisH19OoNS* [M]*:313.1131, found: 313.1131.

5.2 Competition experiments

OMe OMe
ST g
0o o
0.2 mmol NC 54, yield: 28%

/©/\COOK MeO
+ _ =
NG CF3 DMSO (2 mL) CF3
s 80°C,24h
\S /©/\S
NC 55, yield: 52%

(eq.2)

0.2 mmol

F3C 0.2 mmol

o
NC

4-(((4-methoxyphenyl)thio)methyl)benzonitrile (54): Following the above reaction condition in
equation 2, obtained in 28% yield as a colorless liquid.

'TH NMR (400 MHz, CDCl3) 6 7.52 (d, J = 8.2 Hz, 2H), 7.24 — 7.16 (m, 4H), 6.81 — 6.75 (m, 2H),
3.95 (s, 2H), 3.78 (s, 3H).

13C NMR (126 MHz, CDCl3) 8 159.7, 144.0, 134.9, 132.1, 129.6, 124.4, 118.9, 114.6, 110.7, 55.3,
41.2.

HRMS (EI) Caled for CioHi3N* [M]*:255.0712, found: 255.0717.

ISh
NC
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4-(((4-(trifluoromethyl)phenyl)thio)methyl)benzonitrile (55): Following the above reaction
condition in equation 2, obtained in 52% yield as a colorless liquid.

'H NMR (500 MHz, CDCl3) 6 7.59 (d, J = 8.2 Hz, 2H), 7.50 (d, J = 8.3 Hz, 2H), 7.43 (d, /= 8.5
Hz, 2H), 7.33 (d, J= 8.1 Hz, 2H), 4.19 (s, 2H).

13C NMR (126 MHz, CDCl3) 8 142.3, 140.5, 132.5, 129.5, 128.7, 128.5 (q, J = 32.9 Hz), 125.8 (q,
J=13.7Hz), 124.0 (q,J=272.0 Hz), 118.6, 111.5, 37.7.

19F NMR (376 MHz, CDCl3) 6 -62.52 (s).

HRMS (EI) Calcd for CisHioNF3S* [M]*:293.0481, found: 293.0481.

5.3. DFT Calculations

5.3.1 Computational Methods

All calculations were performed with Gaussian 16, Rev. C01.51 The DFT functional of B3LYP,
associated with the Grimme empirical dispersion correction (GD3BJ),5] was used for geometry
optimization of all intermediates and transition states. The 6-31G(d)[] basis set was employed on
all elements. Frequency analysis was performed at the same level of theory with the geometry
optimization to confirm that the optimized structures are local minima or transition states, and to
gain the thermal correction to Gibbs free energy. Single-point energy calculations were conducted
on the basis of optimized structures, and with the M06-2X"l functional, including Grimme empirical
dispersion correction (GD3), and the 6-311++G(d,p)® basis set was employed. The solvent effects
were taken into account in all calculations by employing the SMDI®! (DMSO) solvation model. The
intrinsic reaction coordinate (IRC)[' calculations were performed to ensure that the transition state
connects the correct reactants and products. Symmetry adapted perturbation theory (SAPT)!'! was
applied with the level recommended by C. David Sherrill"?! (sSSAPTO0/jun-cc-pVDZ) via the Psi4
Package.l'3] This method decomposes the interaction energy to electrostatic (Eele), exchange (Eex),
dispersion (Egis) and induction (Eingu) terms. All energies in this study are corrected Gibbs free
energy, and are given in kcal/mol. The geometries of the optimized structures were drawn with
CYLview.[4]

5.3.2 Calculation Discussions of Reaction Details

This proposal also gives a reasonable explanation for the difference in reaction rate of substituted
aryl disulfide. The calculation results of the energy barriers of the electrophilic attack step are shown
in Scheme S1-A. The disparity of Gibbs free energy (Grss-ome = 24.1 kcal/mol vs Grss.crz = 17.9
kcal/mol) is in line with the conclusions of our mechanism experiments. In order to explore the
origin of the disparity, we took the methoxy and trifluoromethyl substituted substrates (IN2-OMe
and IN2-CF3) as examples to conduct the distortion model analysis first, and the results indicated
that the distortion of TS3-OMe and TS3-CF3; are not much different (4Egist-ts3-ome = 16.3 vS AEgist-
ts3-cr3 = 14.1 kcal/mol). In order to further investigate the contribution of each component in the
interaction energy, symmetry adapted perturbation theory (SAPT) was carried out for energy
decomposition analysis (Scheme S1-B). Among them, the contribution of interaction energy is
broken down into four parts: electrostatic (Eeie), exchange (Eex), dispersion (Egis) and induction
(Einau)- Unexpectedly, the electrostatic interaction we thought before is not the dominant factor, and
the exchange term is an important source of the gap. In addition, we also give the electrostatic
potential surface of the two transition states (Scheme S1-C). Due to the different electronic effects
of the substituents, the charge distributions of the two are obviously different, which also explains
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the electrostatic potential and the difference of electrostatic and exchange items.

(A). The distortion analysis of TS3-OMe and TS3-CF3
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Scheme S1. Energy analysis of diphenyl disulfide nucleophilic attack.

A plausible mechanism involving dienol formation and proton transfer was proposed (Figure S1).
First, the benzyl carboxylate ion substrate IN1 undergoes benzyl C—H proton migration with the
assistance of additional IN1, to deliver an electrostatic-dominated dimer intermediate IN1-dimer.
Due to the inhomogeneity of the charge distribution, the migrated proton is easily transferred to the
original carboxyl anion with a free-energy decrease of 11.7 kcal/mol, and the corresponding dienol
anion IN3 is obtained. This strategy is more advantageous than the intramolecular proton migration
(TS1, 23.2 kcal/mol vs. TS2, 44.1 kcal/mol). Subsequently, the disulfide substrate IN2
electrophilically attacks the dienol anion IN3 to deliver the corresponding sulfurized product IN4.
At the same time, the released thiophenol anion binds to the carboxyl O—H bond through
electrostatic interaction. After abstracting the proton of the carboxyl group, the generated thiophenol
ING leaves briefly, and the decarboxylation of the remaining species IN5 becomes achievable (TS5,
18.4 kcal/mol); this is easier than the direct decarboxylation of benzyl carboxylate ion (TS7, 21.1
kcal/mol, see SI for details). When the new benzyl carbanion intermediate IN7 forms after
decarboxylation, the thiophenol IN6 “returns” the previously captured proton to IN7. Thereby, the
formation of the product P0 is exergonic by 24.5 kcal/mol, and the energy barrier of this step is 7.1
kcal/mol.
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Figure S1. The Gibbs free energies of the feasible mechanism.

In addition, we also calculated the dienolate process assisted by benzyl carbanion (Figure S2,
Path II), the classical carbanion decarboxylation pathway (Figure S2, Path III) and a coordinated
electrophilic attack-decarboxylation pathway (Figure S2, Path IV). The higher energy barrier of the
two process also illustrated that the proposal involved dienol formation and proton-transfer is the
dominant path (25.6 kcal/mol in Path III and 28.2 kcal/mol in Path IV vs 23.2 kcal/mol in Figure
S1).
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Figure S2. The Gibbs free energies of classic decarboxylation process and coordinated process.

5.3.3 Calculation Discussions of Reaction Details
AGsol = AEsol + AC}corr

AE;q refers to the solvation single point energy by M06-2X/6-311++G(d,p).
AGeorr refers to the thermal correction to the Gibbs free energy calculated at B3LYP-D3(BJ)/6—
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31G(d) level of theory.

AG;o1 refers to the sum of the solvation single point energy and the thermal correction to the Gibbs
free energy.

Table S4. The AGeorr, AEsoi and AGsor of Optimized Structures

Number AEo (Hartree) AGeorr (Hartree) AGso1 (kcal/mol)
IN1 -551.8590476 0.09192 -346239.0592
IN1-dimer -1103.699357 0.198727 -692457.0185
IN2 -1259.598424 0.142508 -790320.4261
IN2-CF3 -1933.701164 0.139033 -1213328.413
IN2-OMe -1488.630631 0.202199 -934002.8323
IN3 -551.844408 0.092666 -346229.4046
IN4 -1811.482442 0.258465 -1136560.071
IN5 -1181.066232 0.164064 -741027.2111
IN6 -630.3928709 0.069477 -395533.8547
IN7 -992.454789 0.153207 -622678.5703
INS8 -629.9303541 0.060582 -395249.2028
IN9 -363.2400321 0.080668 -227885.9147
IN10 -551.3445926 0.079017 -345924.3306
IN11 -363.756543 0.095235 -228200.8892
PO -992.9607284 0.1666 -622987.6478
TS1 -1103.695801 0.198589 -692454.8737
TS2 -551.7840445 0.087145 -346194.9904
TS3 -1811.447498 0.258692 -1136538.001
TS3-CF3  -2485.555384 0.254576 -1559549.619
TS3-OMe -2040.477321 0.320197 -1280217.773
TS4 -1811.471984 0.254613 -1136555.926
TS5 -1181.032728 0.159786 -741008.8715
TS6 -1622.857911 0.244315 -1018205.284
TS7 -551.8192562 0.085765 -346217.952
TS8 -1622.844938 0.247929 -1018194.876
TS9 -1811.427698 0.249618 -1136531.27
TS10 -915.0763974 0.190888 -574099.2571
The Cartesian coordinates of all stationary points.
IN1
Atom X Y Z
C 2.16836900 0.01072000 0.02372600
C 1.39829300 -1.10104700  -0.37034800
C 0.04981900  -0.94054400 -0.65190800
C -0.57080900 0.32019500  -0.55666600
C 0.21228100 1.41654900  -0.15714200
C 1.56446200 1.27545700 0.13177000
H 1.86778800  -2.07643900  -0.45223600
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-0.65611100
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3.32359100
-0.93908600
1.43143500
-1.31673400
0.31809400
2.40297300
1.83009700
-2.64252000
-1.16832800
-0.70035400

V4

-0.01924100
0.90801800
0.62748100
-0.59075000
-1.52443200
-1.25052900
1.85560500
1.35145700
-2.46698200
-1.97016300
0.30221600
0.56853900

-0.87921500
-1.90132700

-0.24897200
0.67081900



T DT TOXZT DI @00 IZ @ o@Dn ooz rnnoon Iz xTo

TS4
Atom

(@!

T OO0 000

3.88142100
3.18260700
-3.03307200
-2.38273200
-2.74795200
-3.68039300
-4.28345400
-3.96964200
-2.77747300
-2.26771800
-3.90811100
-4.44903100
-1.10272200
1.05369500
0.22121000
-0.49904800
0.27956000
-1.13310200
-0.55857300
-0.34603000
0.82616300
-1.05763000
-1.69514900
-0.27342300
-1.71008400
-5.17205200
-1.63588300
-0.59991400
-2.21879800
-2.06986600
-5.33937600
-4.38197900
-6.01517000
-5.78969800

X
5.46209700
4.94644600
3.57540300
2.69993500
3.22601500
4.59576200
5.62201200

-3.61505100
-3.64773500
-2.51429400
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-3.45115300
-2.24769400
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-1.71209200

-2.42198500

1.84939900

1.88375600

1.38662000

2.44407400
1.46097300
0.94481900
2.52038700
2.80138700
2.03614000

1.06978900

2.95569200

2.09276800

Y
-1.51795700
-1.32366600
-0.43079600

0.34661400
0.12331000
-0.76866000

S39

1.41028100
-1.49314800
-1.59775700
-0.21743700
-0.26640600

0.00437100
-0.60010100

1.46019500

2.24556400

1.74633700

0.69576100
-0.90579500
0.00407300
1.20168400
1.48013000
0.57691200
-0.61933200
-1.84125500
1.90268500
2.41055800
0.79893900
-1.33752300
-0.36941800
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7. NMR Spectra

'H NMR spectrum of 4-((phenylthio

)methyl)benzonitrile (3)
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'H NMR spectrum of benzyl(phenyl)sulfane (4)
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'H NMR spectrum of (4-fluorobenzyl)(phenyl)sulfane (5)
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'H NMR spectrum of (4-chlorobenzyl)(phenyl)

— 408

sulfane (6)
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'H NMR spectrum of (4-bromobenzyl)(phenyl)sulfan
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'H NMR spectrum of phenyl(3-(trifluoromethyl)benzyl)sulfane (8)
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BF NMR spectrum of phenyl(3-(trifluoromethyl)benzyl)sulfane (8)
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13C NMR spectrum of phenyl(3-(trifluoromethoxy)benzyl)sulfane (9)
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19F NMR spectrum of phenyl(3-(trifluoromethoxy)benzyl)sulfane (9)
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'H NMR spectrum of (2-nitrobenzyl)(phenyl)sulfane (11)
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'H NMR spectrum of (4-nitrobenzyl)(phenyl)sulfane (12)
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'H NMR spectrum
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L1

T T T T T
11.0 10.5 10.0 9.5 9.0

13C NMR spectrum of (naphthalen-1-ylmethyl)(phenyl)sulfane (13)

s@

2

1

Ul ..

T T T T
0.0 -0.5 -L0 -L5

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

(4000

(2000

-0

F=2000

(9. 0E-08

[-8. 0E-08

(7. 0E-D8

(6. 0E+08

3. 0E+08

(4. 0E+08

(3. 0E-08

2. 0E-08

1. 0E+08

(0. 0E+00

T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
£1 (ppm)

S57



'H NMR spectrum of benzhydryl(phenyl)sulfane (14)
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'H NMR spectrum of phenyl(trityl)sulfane (15)
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'H NMR spectrum of 9-(phenylthio)-9H-xanthene (16)
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'H NMR spectrum of 2-((phenylthio)methyl)pyridine (17)
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'H NMR spectrum of 3-((phenylthio)methyl)pyri

dine (18)
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'H NMR spectrum of 2-((phenylthio)methyl)thiophene (19)
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'H NMR spectrum of 2-((phenylthio)methyl)pyrazine (20)
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'H NMR spectrum of 3-methyl-5-((phenylthio)methyl)isoxazole (21)
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'H NMR spectrum of 5-methyl-2-(phenylthio)hexanenitrile (25)
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'H NMR spectrum of 3-phenyl-2-(phenylthio)propanenitrile (26)
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'H NMR spectrum of 2-benzyl-3-phenyl-2-(phenylthio)propanenitrile (28)
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'H NMR spectrum of 1-(phenylthio)cyclobutane-1-carbonitrile (29)
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'H NMR spectrum of 1-(phenylthio)cyclobutane-1-carbonitrile (30)
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'H NMR spectrum of ([1,1'-biphenyl]-4-yImethyl)(phenyl)sulfane (31)
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'H NMR spectrum of 2,6-dichloro-N-(2-((phenylthio)methyl)phenyl)aniline (32)
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'H NMR spectrum of (1-(2-fluoro-[1,1'-biphenyl]-4-yl)ethyl)(phenyl)sulfane (34)
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13C NMR spectrum of (1-(2-fluoro-[1,1'-biphenyl]-4-yl)ethyl)(phenyl)sulfane (34)
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13C NMR spectrum of 6-chloro-2-(1-(phenylthio)ethyl)-9H-carbazole (35)
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9F NMR spectrum of 2-((2-(3,5-bis(trifluoromethyl)phenyl)propan-2-yl)thio)pyridine (36)
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'H NMR spectrum of benzhydryl(p-tolyl)sulfane (37)
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'H NMR spectrum of 2-((4-methoxyphenyl)thio)-3-phenylpropanenitrile (38)
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-dichlorophenyl)sulfane (39)
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'H NMR spectrum of 2-((2-fluorophenyl)thio)-3-phenylpropanenitrile (40)
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13C NMR spectrum of 2-((2-fluorophenyl)thio)-3-phenylpropanenitrile (40)
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13C NMR spectrum of methyl 2-(benzhydrylthio)benzoate (41)
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13C NMR spectrum of N-(2-((1-cyano-2-phenylethyl)thio)phenyl)acetamide (42)
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13C NMR spectrum of 2-(benzhydrylthio)pyridine (43)
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13C NMR spectrum of 3-phenyl-2-(thiophen-2-ylthio)propanenitrile (44)
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13C NMR spectrum of 2-(benzo[d]thiazol-2-ylthio)-3-phenylpropanenitrile (45)
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13C NMR spectrum of benzhydryl(phenyl)selane (46)
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13C NMR spectrum of (4-(methylsulfonyl)benzyl)(phenyl)selane (47)
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13C NMR spectrum of 4-((phenylselanyl)methyl)benzonitrile (48)
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13C NMR spectrum of 2-((phenylselanyl)methyl)pyridine (50)
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'H NMR spectrum of 3-methyl-5-((phenylselanyl)methyl)isoxazole (51)
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13C NMR spectrum of 3-methyl-5-((phenylselanyl)methyl)isoxazole (51)
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13C NMR spectrum of 2-(phenylselanyl)propanenitrile (52)
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13C NMR spectrum of 4-(((4-methoxyphenyl)thio)methyl)benzonitrile (54)
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'H NMR spectrum of 4-(((4-(trifluoromethyl)phenyl)thio)methyl)benzonitrile (55)
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9F NMR spectrum of 4-(((4-(trifluoromethyl)phenyl)thio)methyl)benzonitrile (55)
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13C NMR spectrum of 4-(((4-(trifluoromethyl)phenyl)thio)methyl)benzonitrile (55)
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