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1. General information and materials 

Reagent: All the reactions were carried out under inert atmosphere. All the 

solvents used for the reactions were dried according to standard procedures. All 

glassware was oven dried before use. All commercial materials were used as received 

unless otherwise noted. CuCl (99.999%, Aladdin), Cu2O (99.9%, Alfa), t-BuOK 

(>97.0%(T),TCI), K2CO3 (>99.0%(T), TCI) were used. Anhydrous DMAc, DMF, 

DMSO, MeCN and dioxane were purchased from J&K. All the reactions were 

monitored by thin layer chromatography (TLC, Silica gel Merck 60 F254); The spots 

were visualized by UV light. Purification of products was conducted by flash 

chromatography on silica gel (particle size 40-63 μm, 230-400 mesh SiliaFlash® P60 

(Silicycle Inc.)). 

Instruments: NMR spectra were recorded on Bruker Ultrashield™ 400 MHz or 

Agilent 500 MHz. For the characterization of the observed signal multiplicities, the 

following abbreviations were applied: s (singlet), d (doublet), dd (double doublet), t 

(triplet), td (triple doublet), q (quartet), m (multiplet), as well as br (broad); High 

resolution ESI mass experiments were operated on a Bruker Daltonics, Inc. APEXIII 

7.0 TESLA FTMS instrument. 

 

2. General procedure for the preparation of ligands 

R NH2
+ Cl

O
Cl

O

Et3N
 
(2.5 eq)

THF (0.3 M), 0 °C to rt, 2 h N
H

O H
N

O

R
R

 
In an oven-dried round-bottom flask was charged with corresponding amine (2.0 

eq.) in THF (0.3 M) was added Et3N (2.5 eq.), oxalyl chloride (1.0 eq.) was then 

added to the solution slowly at 0 oC. After the resulting mixture was stirred at room 

temperature for 2 h, it was concentrated in vacuo to remove the solvent. Water was 

added to the resulting residue to dissolve Et3N·HCl salt. The slurry was filtered and 

the solid on filter paper was washed with water and cold diethyl ether or methanol 2-3 

times. These solids were dried in vacuo to afford the corresponding oxalamide. It was 

pure enough to be used. 



L1

N
H

O H
N

OMe

Me

 

L1 was prepared from 1-phenylpropan-2-amine and oxalyl chloride as white 

solid in 84% yield. 1H NMR (400 MHz, DMSO-d6) δ 8.60 (t, J = 6.0 Hz, 2H), 

7.33–7.25 (m, 4H), 7.21 (d, J = 7.9 Hz, 6H), 3.28 (h, J = 6.7, 6.3 Hz, 4H), 3.01 (h, J = 

7.2 Hz, 2H), 1.15 (d, J = 7.0 Hz, 6H); 13C NMR (101 MHz, DMSO-d6) δ 160.3, 144.8, 

128.8, 127.5, 126.8, 46.1, 39.1, 19.7; HRMS (ESI) m/z calcd. for C20H24N2O2 [M + 

H]+ 325.4240 found 325.4239. 

L2

N
H

O H
N

O

 

L2 was prepared from naphthalen-1-ylmethanamine and oxalyl chloride as white  

solid in 91% yield. 1H NMR (500 MHz, DMSO-d6) δ 9.39 (t, J = 5.8 Hz, 2H), 8.17 (d, 

J = 7.8 Hz, 2H), 7.93 (d, J = 8.8 Hz, 2H), 7.83 (d, J = 8.0 Hz, 2H), 7.53 (p, J = 6.4 Hz, 

4H), 7.45 (t, J = 7.5 Hz, 2H), 7.40 (d, J = 6.9 Hz, 2H), 4.80 (d, J = 6.2 Hz, 4H); 13C 

NMR (126 MHz, DMSO-d6) δ 160.6, 134.2, 133.7, 131.2, 129.0, 128.1, 126.7, 126.3, 

125.9, 125.8, 123.9, 40.9.[1] 

 

3. General procedure for the (hetero)aryl thioethers formation 

3

+ (Hetero)aryl SR(Hetero)aryl X
1

RSH
K2CO3, DMAc

RT-100 oC  

The (hetero)aryl halides (0.5 mmol), K2CO3 (1.0 mmol, 138.2 mg), were placed 

into a Schlenk tube (4 mL) with a magnetic stir bar. The reaction vessel was 

evacuated and backfilled with nitrogen three times, then thiols (1.2 mmol) and DMAc 

(0.5 mL) were added (in some case, 1 eq of 18-crown-6 was added) under a positive 

nitrogen pressure (Note: for liquid substrates, they were added slowly after the tube 

was backfilled with nitrogen); The reaction mixture was heated at RT-100 °C for 12 h 

under vigorous stirring. The cooled solution was diluted with ethyl acetate and 

washed with brine. The organic phase was dried over Na2SO4 and concentrated in 



vacuo. The residue was purified by silica gel flash chromatography to afford the 

corresponding (hetero)aryl thioethers. 

3

+ (Hetero)aryl SR(Hetero)aryl Cl
1

RSH

1-5 mol% CuCl
1-5 mol% BPPRO (L1)

t-BuOK, dioxane
130 oC, 24 h  

The (hetero)aryl chlorides (1.0 mmol), t-BuOK (2.0 mmol, 224.4 g), L1 (0.01 

-0.05mmol, 3.55-17.75 mg) and CuCl (0.01-0.05 mmol, 1.0-4.95 mg) were placed 

into a Schlenk tube (10.0 mL) with a magnetic stir bar. The reaction vessel was 

evacuated and backfilled with nitrogen three times, then thiols (1.5 mmol) and 

Dioxane (5.0 mL) were added under a positive nitrogen pressure (Note: for liquid 

substrates, they were added after the tube was backfilled with nitrogen); The reaction 

mixture was heated at 130 °C for 24 h under vigorous stirring. The cooled solution 

was diluted with ethyl acetate and washed with brine. The organic phase was dried 

over Na2SO4 and concentrated in vacuo. The residue was purified by silica gel flash 

chromatography to afford the corresponding (hetero)aryl thioethers. 

3

+ (Hetero)aryl SR(Hetero)aryl X
1

RSH

1 mol% Cu2O
1 mol% BNMO (L2)

t-BuOK, dioxane
30-70 oC, 24 hX = Br, I  

The (hetero)aryl halides (1.0 mmol), t-BuOK (1.7 mmol, 190.7 mg), ligand L2 

(0.01 mmol, 4.0 mg), Cu2O (0.01 mmol, 1.43 mg) were placed into a Schlenk tube (8 

mL) with a magnetic stir bar. The reaction vessel was evacuated and backfilled with 

nitrogen three times, then thiols (1.2 mmol) and Dioxane (1.0 mL) were added under 

a positive nitrogen pressure (Note: for liquid substrates, they were added after the tube 

was backfilled with nitrogen); The reaction mixture was heated at 30-70 °C for 24 h 

under vigorous stirring. The cooled solution was diluted with ethyl acetate and 

washed with brine. The organic phase was dried over Na2SO4 and concentrated in 

vacuo. The residue was purified by silica gel flash chromatography to afford the 

corresponding product. 

3a
Me

S

OMe

 



3a: pale yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.37 (d, J = 8.6 Hz, 2H), 7.14 

(d, J = 8.2 Hz, 2H), 7.08 (d, J = 8.4 Hz, 2H), 6.88 (d, J = 8.7 Hz, 2H), 3.81 (s, 3H), 

2.31 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 159.5, 136.1, 134.4, 129.8, 129.4, 125.7, 

114.9, 55.4, 21.0.[2] 

3b
EtO2C

S

OMe

 
3b: pale yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.86 (d, J = 8.7 Hz, 2H), 7.47 

(d, J = 8.8 Hz, 2H), 7.08 (d, J = 8.7 Hz, 2H), 6.95 (d, J = 8.8 Hz, 2H), 4.33 (q, J = 7.1 

Hz, 2H), 3.84 (s, 3H), 1.36 (t, J = 7.1 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 166.3, 

160.6, 146.2, 136.7, 129.9, 127.0, 125.8, 121.6, 115.3, 60.9, 55.4, 14.3.[3]  

3c
EtO2C

S

Me

 
3c: pale yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.88 (d, J = 8.6 Hz, 2H), 7.40 

(d, J = 8.1 Hz, 2H), 7.21 (d, J = 7.9 Hz, 2H), 7.15 (d, J = 8.5 Hz, 2H), 4.34 (q, J = 7.1 

Hz, 2H), 2.39 (s, 3H), 1.37 (t, J = 7.1 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 166.3, 

145.2, 139.2, 134.3, 130.5, 130.0, 128.3, 127.4, 126.7, 60.9, 21.3, 14.3.[4]  

3d
OHC

S

OMe

 
3d: white solid; 1H NMR (500 MHz, CDCl3) δ 9.87 (s, 1H), 7.68 (d, J = 8.3 Hz, 

2H), 7.48 (d, J = 8.8 Hz, 2H), 7.12 (d, J = 8.4 Hz, 2H), 6.97 (d, J = 8.8 Hz, 2H), 3.85 

(s, 3H); 13C NMR (126 MHz, CDCl3) δ 191.2, 160.9, 149.1, 137.1, 133.2, 130.1, 

125.8, 120.7, 115.5, 55.4.[5] 

3e
MeO2S

S

OMe

 
3e: white solid; 1H NMR (400 MHz, CDCl3) δ 7.72 (d, J = 8.6 Hz, 2H), 7.47 (d, 

J = 8.8 Hz, 2H), 7.15 (d, J = 8.6 Hz, 2H), 6.97 (d, J = 8.8 Hz, 2H), 3.85 (s, 3H), 3.00 

(s, 3H); 13C NMR (400 MHz, CDCl3) δ 161.0, 148.4, 137.1, 136.6, 127.7, 126.1, 

120.5, 115.6, 55.5, 44.7; HRMS (ESI) m/z calcd. for C14H14O3S2 [M + Na]+ 317.0384 

found 317.0277.  



3f
O2N

S

OMe

 
3f: light yellow solid; 1H NMR (500 MHz, CDCl3) δ 8.04 (d, J = 9.1 Hz, 2H), 

7.49 (d, J = 8.9 Hz, 2H), 7.09 (d, J = 9.1 Hz, 2H), 6.99 (d, J = 8.9 Hz, 2H), 3.87 (s, 

3H); 13C NMR (126 MHz, CDCl3) δ 161.1, 150.1, 145.0, 137.2, 125.5, 124.0, 120.1, 

115.7, 55.5.[6] 

3g
MeOC

S

OMe

 
3g: white solid; 1H NMR (400 MHz, CDCl3) δ 7.78 (d, J = 8.5 Hz, 2H), 7.47 (d, 

J = 8.8 Hz, 2H), 7.09 (d, J = 8.5 Hz, 2H), 6.96 (d, J = 8.8 Hz, 2H), 3.85 (s, 3H), 2.53 

(s, 3H); 13C NMR (101 MHz, CDCl3) δ 197.2, 160.7, 146.9, 136.8, 133.8, 128.8, 

125.7, 121.3, 115.4, 55.4, 26.4.[7] 

3h
PhOC

S

OMe

 
3h: pale red oil; 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 7.7 Hz, 2H), 7.67 (d, 

J = 8.3 Hz, 2H), 7.56 (t, J = 7.0 Hz, 1H), 7.50 (d, J = 8.9 Hz, 2H), 7.45 (t, J = 7.7 Hz, 

2H), 7.12 (d, J = 8.3 Hz, 2H), 6.96 (d, J = 8.8 Hz, 2H), 3.84 (s, 3H); 13C NMR (101 

MHz, CDCl3) δ 195.8, 160.7, 146.3, 137.8, 136.9, 134.1, 132.2, 130.7, 129.9, 128.3, 

125.7, 121.5, 115.4, 55.5.[8] 

3i
F3C

S

OMe

 
3i: pale yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.47 (d, J = 8.8 Hz, 2H), 7.43 

(d, J = 8.3 Hz, 2H), 7.13 (d, J = 8.2 Hz, 2H), 6.96 (d, J = 8.8 Hz, 2H), 3.85 (s, 3H); 
13C NMR (126 MHz, CDCl3) δ 160.6, 144.8, 136.7, 127.1 (q, J = 32.6 Hz), 126.3, 

125.6 (q, J = 3.7 Hz), 124.2 (q, J = 271.7 Hz), 121.6, 115.4, 55.4; 19F NMR (376 MHz, 

CDCl3) δ -62.4 (s).[9] 

3j
MeHNOC

S

OMe

 



3j: white solid; 1H NMR (500 MHz, DMSO-d6) δ 8.36 (d, J = 4.4 Hz, 1H), 7.71 

(d, J = 8.3 Hz, 2H), 7.45 (d, J = 8.5 Hz, 2H), 7.09 (d, J = 8.3 Hz, 2H), 7.03 (d, J = 8.6 

Hz, 2H), 3.78 (s, 3H), 2.74 (d, J = 4.5 Hz, 3H); 13C NMR (126 MHz, DMSO-d6) δ 

166.4, 160.6, 142.7, 136.7, 132.1, 128.3, 126.5, 121.7, 116.0, 55.8, 26.7; HRMS (EI) 

m/z calcd. for C15H15NO2S [M]+ 273.0823 found 273.0822. 

3k
PhHNOC

S

t-Bu

 
3k: white solid; 1H NMR (400 MHz, CDCl3) δ 7.76 (s, 1H), 7.73 (d, J = 8.5 Hz, 

2H), 7.61 (d, J = 8.7 Hz, 2H), 7.42 (s, 4H), 7.36 (t, J = 8.0 Hz, 2H), 7.25 (d, J = 9.4 

Hz, 2H), 7.14 (t, J = 7.9 Hz, 1H), 1.34 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 165.1, 

152.2, 143.7, 137.9, 133.6, 131.8, 129.1, 128.7, 127.8, 127.6, 126.8, 124.6, 120.2, 

34.8, 31.3; HRMS (ESI) m/z calcd. for C23H23NOS [M + H]+ 362.1500 found 

362.1581. 

3l
Me2NOC

S

OMe

 
3l: yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.37 (d, J = 8.5 Hz, 2H), 7.21 (d, J 

= 8.4 Hz, 2H), 7.04 (d, J = 8.1 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 3.76 (s, 3H), 2.95 (d, 

J = 36.4 Hz, 6H); 13C NMR (101 MHz, CDCl3) δ 170.2, 159.3, 140.4, 135.1, 132.1, 

126.8, 125.9, 121.8, 114.17, 54.4, 38.6, 34.4; HRMS (ESI) m/z calcd. for C16H17NO2S 

[M + H]+ 288.0980 found 288.1053.  

3m

S

t-Bu

OHC

 
3m: pale yellow oil; 1H NMR (500 MHz, CDCl3) δ 9.93 (s, 1H), 7.74 (t, J = 1.8 

Hz, 1H), 7.68 (dt, J = 7.5, 1.4 Hz, 1H), 7.48 (dt, J = 7.8, 1.6 Hz, 1H), 7.42 (t, J = 7.6 

Hz, 1H), 7.39 (d, J = 1.7 Hz, 4H), 1.33 (s, 9H); 13C NMR (126 MHz, CDCl3) δ 191.8, 

151.7, 140.0, 139.5, 137.0, 134.7, 132.7, 130.0, 129.6, 127.3, 126.7, 34.7, 31.2; 

HRMS (ESI) m/z calcd. for C17H18OS [M + H]+ 293.1078 found 293.0971. 

3n

S

OMe

NC

 



3n: white solid; 1H NMR (500 MHz, CDCl3) δ 7.45 (d, J = 8.9 Hz, 2H), 7.36 (d, 

J = 7.0 Hz, 1H), 7.33–7.27 (m, 2H), 7.25 (s, 1H), 6.96 (d, J = 8.8 Hz, 2H), 3.85 (s, 

3H); 13C NMR (126 MHz, CDCl3) δ 160.8, 142.1, 136.7, 130.9, 129.6, 129.3, 128.6, 

121.2, 118.5, 115.6, 113.1, 55.4.[8] 

3o

S

t-Bu

O2N

 
3o: light yellow oil; 1H NMR (400 MHz, CDCl3) δ 8.02 (t, J = 1.9 Hz, 1H), 7.98 

(ddd, J = 8.0, 2.1, 1.0 Hz, 1H), 7.48–7.45 (m, 1H), 7.43 (s, 4H), 7.39 (t, J = 8.0 Hz, 

1H), 1.35 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 152.6, 148.7, 141.3, 133.8, 133.6, 

129.6, 128.2, 127.0, 122.7, 120.6, 34.8, 31.2; HRMS (EI) m/z calcd. for C16H17NO2S 

[M]+ 287.0980 found 287.0987.  

3p

S

t-Bu

PhOC

 
3p: pale yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.76 (d, J = 7.7 Hz, 2H), 7.66 

(s, 1H), 7.61 (d, J = 7.6 Hz, 1H), 7.57 (t, J = 7.1 Hz, 1H), 7.45 (t, J = 7.8 Hz, 3H), 

7.38 (d, J = 3.5 Hz, 5H), 1.32 (s, 9H); 13C NMR (126 MHz, CDCl3) δ 196.0, 151.4, 

138.3, 138.3, 137.2, 132.9, 132.6, 132.5, 130.6, 130.1, 130.1, 129.0, 128.3, 127.8, 

126.6, 34.7, 31.3; HRMS (EI) m/z calcd. for C23H22OS [M]+ 346.1391 found 

346.1392.  

3r

S

OMe

F3C

 
3r: yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 8.9 Hz, 2H), 7.37 (s, 

1H), 7.33 (d, J = 5.3 Hz, 1H), 7.30 (d, J = 7.5 Hz, 1H), 7.24 (d, J = 8.0 Hz, 1H), 6.94 

(d, J = 8.9 Hz, 2H), 3.84 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 159.4, 139.8, 135.2, 

130.3 (q, J = 32.3 Hz), 129.3 (q, J = 1.4 Hz), 128.2, 122.8 (q, J = 272.7 Hz), 122.8 (q, 

J = 3.9 Hz), 121.3, 121.1 (q, J = 3.8 Hz), 114.3; 19F NMR (376 MHz, CDCl3) δ -62.8 

(s).[10] 



3s

S

OMe

CHO

 

3s: white solid; 1H NMR (400 MHz, CDCl3) δ 10.32 (s, 1H), 7.81 (d, J = 7.6 Hz, 

1H), 7.44 (d, J = 8.8 Hz, 2H), 7.32 (t, J = 8.5 Hz, 1H), 7.23 (t, J = 9.0 Hz, 1H), 6.95 

(d, J = 8.8 Hz, 2H), 6.90 (d, J = 8.0 Hz, 1H), 3.84 (s, 3H); 13C NMR (101 MHz, 

CDCl3) δ 191.5, 160.6, 144.1, 136.7, 133.9, 132.8, 132.5, 128.0, 125.1, 122.1, 115.5, 

55.4.[11] 

3t

S

OMe

CN

 

3t: white solid; 1H NMR (400 MHz, CDCl3) δ 7.58 (d, J = 8.8 Hz, 1H), 7.47 (d, J 

= 8.8 Hz, 2H), 7.34 (t, J = 7.1 Hz, 1H), 7.17 (t, J = 7.6 Hz, 1H), 6.95 (d, J = 8.8 Hz, 

2H), 6.92 (d, J = 8.2 Hz, 1H), 3.84 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 160.8, 

144.6, 136.8, 133.4, 132.8, 127.8, 125.5, 120.8, 117.0, 115.5, 110.8, 55.4.[6] 

3u

S

OMe

NO2

 

3u: light yellow solid; 1H NMR (400 MHz, CDCl3) δ 8.22 (d, J = 9.5 Hz, 1H), 

7.49 (d, J = 8.7 Hz, 2H), 7.33 (t, J = 8.4 Hz, 1H), 7.18 (t, J = 8.3 Hz, 1H), 7.00 (d, J = 

8.7 Hz, 2H), 6.83 (d, J = 9.1 Hz, 1H), 3.87 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 

161.2, 144.6, 140.7, 137.7, 133.4, 127.9, 125.8, 124.7, 121.2, 115.7, 55.5.[12] 

3v

S

OMe

COPh

 

3v: yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.82 (d, J = 7.5 Hz, 2H), 7.58 (t, J 

= 7.4 Hz, 1H), 7.46 (t, J = 7.6 Hz, 2H), 7.42–7.36 (m, 3H), 7.28 (t, J = 7.7 Hz, 1H), 

7.16 (t, J = 7.4 Hz, 1H), 7.05 (d, J = 8.0 Hz, 1H), 6.87 (d, J = 8.7 Hz, 2H), 3.80 (s, 

3H); 13C NMR (126 MHz, CDCl3) δ 196.6, 160.2, 140.2, 137.5, 137.0, 136.3, 133.0, 



131.0, 130.2, 130.0, 129.2, 128.4, 124.7, 123.8, 115.1, 55.4; HRMS (ESI) m/z calcd. 

for C20H16O2S [M + H]+ 321.0871 found 321.0944. 

3w

S

OMe

CF3

 

3w: pink solid; 1H NMR (500 MHz, CDCl3) δ 7.63 (d, J = 7.8 Hz, 1H), 7.46 (d, J 

= 8.6 Hz, 2H), 7.29 (t, J = 7.7 Hz, 1H), 7.19 (t, J = 7.5 Hz, 1H), 6.98 (d, J = 8.0 Hz, 

1H), 6.95 (d, J = 8.6 Hz, 2H), 3.85 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 160.5, 

139.2, 136.8, 131.9, 129.6, 127.5 (q, J = 30.5 Hz), 126.5 (q, J = 5.6 Hz), 125.1, 124.0 

(q, J = 273.8 Hz), 122.3, 115.3, 55.4; 19F NMR (376 MHz, CDCl3) δ -61.2 (s).[13]  
S

OMe
3x

O

O  
3x: white solid; 1H NMR (400 MHz, CDCl3) δ 7.71 (d, J = 8.2 Hz, 1H), 7.49 (d, 

J = 8.9 Hz, 2H), 7.19 (d, J = 8.1 Hz, 1H), 7.02 (s, 1H), 6.98 (d, J = 8.7 Hz, 2H), 5.17 

(s, 2H), 3.86 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 170.6, 161.0, 149.1, 147.4, 137.1, 

126.6, 125.7, 122.4, 120.7, 118.5, 115.6, 69.1, 55.4.[14] 
O

O

S

OMe

3y  
3y: light yellow solid; 1H NMR (400 MHz, CDCl3) δ 8.31–8.20 (m, 2H), 8.11 (d, 

J = 8.3 Hz, 1H), 7.92 (s, 1H), 7.82–7.71 (m, 2H), 7.52 (d, J = 8.5 Hz, 2H), 7.36 (d, J = 

10.0 Hz, 1H), 7.00 (d, J = 8.5 Hz, 2H), 3.88 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 

181.9, 181.4, 160.0, 148.4, 136.1, 133.2, 132.9, 132.6, 132.5, 132.3, 129.5, 129.1, 

126.8, 126.2, 126.1, 122.6, 119.2, 114.6, 54.4; HRMS (ESI) m/z calcd. for C21H14O3S 

[M + H]+ 347.0664 found 347.0737. 

N

O Me

CO2Me

OMe

S

MeO

3z

 



3z: pale yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.55 (d, J = 8.2 Hz, 2H), 7.50 

(d, J = 7.9 Hz, 2H), 7.10 (d, J = 7.7 Hz, 2H), 6.97 (d, J = 8.0 Hz, 2H), 6.95 (d, J = 2.0 

Hz, 1H), 6.92 (d, J = 8.6 Hz, 1H), 6.67 (dd, J = 9.0, 1.7 Hz, 1H), 3.85 (s, 3H), 3.83 (s, 

3H), 3.69 (s, 3H), 3.66 (s, 2H), 2.37 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 171.5, 

168.8, 160.8, 155.8, 147.0, 136.9, 136.0, 131.6, 131.0, 130.5, 125.8, 121.0, 115.4, 

114.9, 111.9, 111.5, 110.9, 101.1, 55.7, 55.4, 52.1, 30.2, 13.2; HRMS (ESI) m/z calcd. 

for C27H25NO5S [M + H]+ 476.1453 found 476.1534. 
O

O

MeMe

O

O

Me

Me
S

MeO

3aa  

3aa: pale yellow solid; 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 8.7 Hz, 2H), 

7.60 (d, J = 8.3 Hz, 2H), 7.47 (d, J = 8.7 Hz, 2H), 7.10 (d, J = 8.3 Hz, 2H), 6.94 (d, J 

= 8.7 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 5.07 (hept, J = 6.1 Hz, 1H), 3.82 (s, 3H), 1.64 

(s, 6H), 1.18 (d, J = 6.3 Hz, 6H); 13C NMR (101 MHz, CDCl3) δ 193.5, 172.1, 159.6, 

158.4, 144.5, 135.7, 133.6, 130.8, 129.7, 129.4, 124.7, 120.6, 116.2, 114.3, 78.3, 68.2, 

54.4, 24.3, 20.5; HRMS (ESI) m/z calcd. for C27H28O5S [M + H]+ 465.1657 found 

465.1729. 

OO

H2N

OO
S S

NH

H
NS

MeO

3ab  
3ab: pale yellow solid; 1H NMR (500 MHz, DMSO-d6) δ 7.93 (s, 1H), 7.75 (t, J 

= 8.0 Hz, 2H), 7.51 (d, J = 8.8 Hz, 2H), 7.40 (s, 2H), 7.11 (d, J = 8.8 Hz, 2H), 6.12 (s, 

1H), 4.57 (dd, J = 8.1, 2.4 Hz, 2H), 3.82 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 

161.1, 146.1, 144.6, 137.8, 127.6, 125.2, 121.0, 117.3, 116.3, 113.5, 55.8, 54.6; 

HRMS (EI) m/z calcd. for C14H15N3O5S3 [M]+ 401.0174 found 401.0177. 
S

NC Br
3ac  



3ac: white solid; 1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 8.4 Hz, 2H), 7.50 (d, 

J = 8.6 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.7 Hz, 2H); 13C NMR (101 

MHz, CDCl3) δ 144.7, 135.7, 133.1, 132.5, 130.3, 127.7, 123.8, 118.6, 109.2.[18]  
S

NC Cl
3ad  

3ad: colorless solid; 1H NMR (400 MHz, CDCl3) δ 7.49 (d, J = 8.6 Hz, 2H), 

7.41 (q, J = 8.8 Hz, 4H), 7.17 (d, J = 8.7 Hz, 2H); 13C NMR (101 MHz, CDCl3) δ 

144.9, 135.7, 135.6, 132.5, 130.1, 129.5, 127.5, 118.6, 109.1.[19]  
S

NC CF3
3ae  

3ae: colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.63 (d, J = 8.2 Hz, 2H), 7.56 

(d, J = 8.3 Hz, 2H), 7.53 (d, J = 8.2 Hz, 2H), 7.32 (d, J = 8.3 Hz, 2H); 13C NMR (101 

MHz, CDCl3) δ 141.6, 136.5, 131.7, 131.6, 129.6 (q, J = 33.0 Hz), 128.5, 125.5 (q, J 

= 3.8 Hz), 122.7 (q, J = 272.3 Hz), 117.4, 109.3; 19F NMR (376 MHz, CDCl3) δ -62.8 

(s); HRMS (ESI) m/z calcd. for C14H8F3NS [M + H]+ Exact 280.0330 found 

280.0403. 
S

NC t-Bu
3af  

3af: yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.46 (d, J = 9.0 Hz, 6H), 7.14 (d, 

J = 8.4 Hz, 2H), 1.35 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 153.0, 146.4, 134.5, 

132.3, 127.0, 126.9, 126.8, 118.9, 108.3, 34.8, 31.2.[16] 
S

NC NHAc
3ag  

3ag: white solid; 1H NMR (400 MHz, CDCl3) δ 8.18 (s, 1H), 7.63 (d, J = 8.5 Hz, 

2H), 7.43 (d, J = 8.5 Hz, 4H), 7.09 (d, J = 8.6 Hz, 2H), 2.20 (s, 3H); 13C NMR (101 

MHz, CDCl3) δ 169.1, 146.6, 139.6, 135.8, 132.3, 126.6, 124.7, 121.0, 118.9, 108.1, 

24.6; HRMS (ESI) m/z calcd. for C15H12N2OS [M + H]+ Exact 269.0670 found 

269.0731. 



S

NC NH2
3ah  

3ah: yellow solid; 1H NMR (400 MHz, CDCl3) δ 7.42 (d, J = 8.4 Hz, 2H), 7.31 

(d, J = 8.5 Hz, 2H), 7.05 (d, J = 8.4 Hz, 2H), 6.72 (d, J = 8.5 Hz, 2H), 3.95 (s, 2H); 
13C NMR (101 MHz, CDCl3) δ 148.3, 148.2, 137.2, 132.1, 125.7, 119.1, 116.6, 116.1, 

107.6; HRMS (ESI) m/z calcd. for C13H10N2S [M + H]+ 227.0565 found 227.0638 
S

NC OH
3al  

3ai: white solid; 1H NMR (400 MHz, DMSO-d6) δ 10.09 (s, 1H), 7.66 (d, J = 8.4 

Hz, 2H), 7.39 (d, J = 8.5 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 6.91 (d, J = 8.5 Hz, 2H); 
13C NMR (101 MHz, DMSO-d6) δ 159.8, 147.6, 137.8, 133.1, 126.0, 119.3, 117.7, 

117.5, 107.5; HRMS (ESI) m/z calcd. for C13H9NOS [M + H]+ 228.0405 found 

228.0478. 

S

NC
3aj

OMe

 

3aj: white oil; 1H NMR (400 MHz, CDCl3) δ 7.46 (dd, J = 12.6, 8.1 Hz, 4H), 

7.11 (d, J = 8.4 Hz, 2H), 7.01 (t, J = 7.3 Hz, 2H), 3.81 (s, 3H); 13C NMR (101 MHz, 

CDCl3) δ 159.6, 145.1, 136.6, 132.2, 131.7, 126.8, 121.6, 119.0, 118.0, 111.7, 108.2, 

55.9.[6] 

S

NC
3ak

Me

 

3ak: yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.52 (d, J = 7.7 Hz, 1H), 7.45 (d, 

J = 7.0 Hz, 2H), 7.37 (d, J = 6.6 Hz, 2H), 7.26 (t, J = 7.1 Hz, 1H), 7.04 (d, J = 8.6 Hz, 

2H), 2.36 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 145.6, 142.5, 136.4, 132.4, 131.3, 

130.3, 129.2, 127.4, 126.4, 118.9, 108.2, 20.7. [9] 

S

NC
3al

CF3

 



3al: yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 7.3 Hz, 1H), 

7.61–7.44 (m, 5H), 7.17 (d, J = 8.1 Hz, 2H); 13C NMR (101 MHz, CDCl3) δ 144.22, 

137.41, 132.88, 132.79 (q, J = 30.4 Hz), 132.5, 130.7, 129.4, 128.5, 127.5 (q, J = 5.5 

Hz), 123.3 (q, J = 273.9 Hz), 118.5, 109.6; 19F NMR (376 MHz, CDCl3) δ -60.5 (s); 

HRMS (ESI) m/z calcd. for C14H8F3NS [M + H]+ Exact 280.0330 found 280.0403. 
S

NC
3am

OMe

 
3am: yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.48 (d, J = 8.2 Hz, 2H), 7.33 (t, 

J = 8.0 Hz, 1H), 7.19 (d, J = 8.3 Hz, 2H), 7.08 (d, J = 8.3 Hz, 1H), 7.03 (s, 1H), 6.96 

(d, J = 7.5 Hz, 1H), 3.80 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 160.5, 145.5, 132.4, 

131.9, 130.7, 127.5, 126.4, 119.4, 118.8, 115.2, 108.8, 55.4.[6] 
S

NC
3an

Me

 
3an: pale yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.47 (d, J = 8.7 Hz, 2H), 

7.36–7.29 (m, 3H), 7.26–7.22 (m, 1H), 7.15 (d, J = 8.7 Hz, 2H), 2.37 (s, 3H); 13C 

NMR (101 MHz, CDCl3) δ 146.0, 139.9, 135.1, 132.3, 131.6, 130.3, 130.3, 129.7, 

127.2, 118.9, 108.5, 21.3.[6] 
S

NC
3ao

CF3

 
3ao: yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.74 (s, 1H), 7.65 (d, J = 7.3 Hz, 

2H), 7.58–7.50 (m, 3H), 7.25 (d, J = 8.3 Hz, 2H); 13C NMR (101 MHz, CDCl3) δ 

142.5, 135.7 (q, J = 1.3 Hz), 132.3, 131.7, 131.3 (q, J = 32.7 Hz), 129.3, 129.1 (q, J = 

3.8 Hz), 127.5, 124.7 (q, J = 3.8 Hz), 122.4 (q, J = 272.8 Hz), 117.5, 108.9; 19F NMR 

(376 MHz, CDCl3) δ -62.8 (s).[6] 

O

S

Me

3ap

CN

 
3ap: yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.47 (d, J = 8.5 Hz, 2H), 7.43 (s, 

1H), 7.11 (d, J = 8.5 Hz, 2H), 6.37 (s, 1H), 2.34 (s, 3H); 13C NMR (101 MHz, CDCl3) 



δ 156.9, 144.7, 140.9, 131.3, 124.5, 117.9, 114.2, 107.1, 104.5, 10.8; HRMS (ESI) 

m/z calcd. for C12H9NOS [M + H]+ 216.0405 found 216.0479. 

S S

3ar

CN

 

3ar: yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 5.4 Hz, 1H), 7.48 (d, 

J = 8.6 Hz, 2H), 7.35 (d, J = 3.6 Hz, 1H), 7.17–7.15 (m, 1H), 7.13 (d, J = 8.6 Hz, 2H); 
13C NMR (101 MHz, CDCl3) δ 146.5, 137.8, 132.9, 132.4, 128.5, 127.3, 125.8, 118.7, 

108.8; HRMS (ESI) m/z calcd. for C11H7NS2 [M + H]+ 218.0020 found 218.0093.  
O

S

3as
NC

 

3as: yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.52 (d, J = 8.6 Hz, 2H), 7.36 (d, 

J = 2.3 Hz, 1H), 7.34 (d, J = 4.0 Hz, 2H), 6.31–6.28 (m, 1H), 6.21 (d, J = 3.2 Hz, 1H), 

4.19 (s, 2H); 13C NMR (101 MHz, CDCl3) δ 149.7, 143.5, 142.5, 132.2, 127.9, 118.7, 

110.7, 109.0, 108.4, 29.6; HRMS (ESI) m/z calcd. for C12H9NOS [M + H]+ 216.0405 

found 216.0478. 
S

3at CN
 

3at: yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.51 (d, J = 8.4 Hz, 2H), 7.33 (d, 

J = 8.5 Hz, 2H), 3.29 (t, J = 10.2 Hz, 1H), 2.02 (d, J = 10.8 Hz, 2H), 1.80 (d, J = 12.2 

Hz, 2H), 1.65 (d, J = 13.0 Hz, 1H), 1.37 (tq, J = 23.2, 11.3, 10.9 Hz, 5H); 13C NMR 

(101 MHz, CDCl3) δ 143.0, 131.2, 127.5, 117.9, 107.4, 43.9, 31.9, 24.8, 24.6.[17]  
S Si(OEt)3

3au
NC

 
3au: colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.51 (d, J = 8.5 Hz, 2H), 7.31 

(d, J = 8.4 Hz, 2H), 3.82 (q, J = 7.0 Hz, 6H), 3.02 (t, J = 7.4 Hz, 2H), 1.82 (dt, J = 

15.8, 7.8 Hz, 2H), 1.22 (t, J = 7.0 Hz, 9H), 0.85–0.74 (m, 2H); 13C NMR (101 MHz, 

CDCl3) δ 145.1, 132.2, 126.8, 119.0, 107.9, 58.5, 34.5, 22.5, 18.3, 9.9; HRMS (EI) 

m/z calcd. for C16H25NO3SSi [M]+ 339.1324 found 339.1326. 



OHS

3av

NC

 
3av: pale yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.51 (d, J = 8.6 Hz, 2H), 

7.31 (d, J = 8.6 Hz, 2H), 3.78 (t, J = 5.9 Hz, 2H), 3.11 (t, J = 7.2 Hz, 2H), 1.94 (p, J = 

6.9 Hz, 2H), 1.73 (s, 1H); 13C NMR (101 MHz, CDCl3) δ 144.7, 132.2, 126.8, 118.9, 

108.0, 60.9, 31.2, 28.3; HRMS (EI) m/z calcd. for C10H11NOS [M]+ 193.0561 found 

193.0554. 

S
H
N

O3aw

NC

 
3aw: white solid; 1H NMR (400 MHz, CDCl3) δ 7.52 (d, J = 8.5 Hz, 2H), 7.39 (s, 

2H), 6.11 (s, 1H), 3.47 (q, J = 6.6 Hz, 2H), 3.14 (t, J = 6.8 Hz, 2H), 1.96 (s, 3H); 13C 

NMR (101 MHz, CDCl3) δ 170.6, 143.5, 132.4, 127.0, 118.8, 108.4, 38.6, 31.2, 23.1; 

HRMS (ESI) m/z calcd. for C11H12N2OS [M + H]+ 221.0670 found 221.0744. 

S
NH2

O

OH

3ax

NC

 

3ax: white solid; 1H NMR (400 MHz, DMSO-d6) δ 13.08 (s, 1H), 7.78 (d, J = 

8.5 Hz, 2H), 7.53 (d, J = 8.5 Hz, 2H), 5.36–5.25 (m, 1H), 3.78–3.59 (m, 2H); 13C 

NMR (101 MHz, DMSO-d6) δ 172.1, 167.7, 136.9, 131.5, 130.2, 129.4, 78.8, 35.7. 

N

O

OH

O

Me

3ay
CN

S

 

3ay: yellow solid, slightly impure with captopril; 1H NMR (400 MHz, CDCl3) δ 

10.27 (s, 1H), 7.54 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.2 Hz, 2H), 4.52 (dd, J = 7.8, 4.1 

Hz, 1H), 3.65–3.29 (m, 2H), 3.11–2.77 (m, 2H), 2.35–1.86 (m, 5H), 1.30 (d, J = 6.8 

Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 174.6, 174.4, 144.2, 132.3, 127.1, 118.7, 

108.5, 59.2, 47.3, 38.0, 35.1, 28.5, 24.7, 17.3; HRMS (ESI) m/z calcd. for 

C16H18N2O3S [M + H]+ 319.1038 found 319.1120. 



NC

S

3az  
3az: white solid; 1H NMR (500 MHz, CDCl3) δ 7.59 (s, 4H), 2.04 (s, 3H), 1.82 

(d, J = 2.9 Hz, 6H), 1.67 (d, J = 12.7 Hz, 3H), 1.60 (d, J = 12.9 Hz, 3H).; 13C NMR 

(126 MHz, CDCl3) δ 137.7, 137.6, 131.7, 118.6, 112.1, 49.6, 43.7, 36.0, 30.0. 

t-Bu

S

OMe
3ba  

3ba: colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.40 (d, J = 8.7 Hz, 2H), 7.28 

(d, J = 8.4 Hz, 2H), 7.15 (d, J = 8.5 Hz, 2H), 6.89 (d, J = 8.7 Hz, 2H), 3.82 (s, 3H), 

1.29 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 159.6, 149.2, 134.8, 134.7, 128.6, 126.0, 

125.1, 114.9, 55.4, 34.5, 31.3.[18] 

MeO

S

OMe
3bb  

3bb: pale yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.40 (d, J = 8.6 Hz, 4H), 

6.84 (d, J = 8.6 Hz, 4H), 3.80 (s, 6H); 13C NMR (101 MHz, CDCl3) δ 159.9, 132.7, 

128.5, 114.6, 55.4.[19] 

MeS

S

OMe3bc  

3bc: pale yellow solid; 1H NMR (400 MHz, CDCl3) δ 7.38 (d, J = 8.8 Hz, 2H), 

7.14 (s, 4H), 6.88 (d, J = 8.8 Hz, 2H), 3.81 (s, 3H), 2.45 (s, 3H); 13C NMR (101 MHz, 

CDCl3) δ 159.7, 136.4, 134.8, 134.7, 129.5, 127.4, 125.0, 115.0, 55.4, 16.1.[20] 

Ph

S

OMe
3bd  

3bd: white solid; 1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 8.5 Hz, 2H), 

7.49–7.38 (m, 6H), 7.34 (d, J = 7.4 Hz, 1H), 7.23 (d, J = 8.4 Hz, 2H), 6.93 (d, J = 8.8 

Hz, 2H), 3.84 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 159.9, 140.5, 138.7, 137.8, 

135.5, 128.8, 128.5, 127.6, 127.3, 126.9, 124.1, 115.0, 55.4.[15] 

F3CO

S

OMe
3be  



3be: white solid; 1H NMR (500 MHz, CDCl3) δ 7.43 (d, J = 8.9 Hz, 2H), 7.14 (d, 

J = 8.9 Hz, 2H), 7.08 (d, J = 8.9 Hz, 2H), 6.92 (d, J = 8.9 Hz, 2H), 3.83 (s, 3H); 13C 

NMR (101 MHz, CDCl3) δ 160.2, 147.2 (q, J = 2.0 Hz), 137.8, 135.8, 129.0, 123.5, 

121.6, 120.5 (q, J = 257.1 Hz), 115.2, 55.4; 19F NMR (376 MHz, CDCl3) δ -58.1 

(s).[22] 

S

OMe
N

S

3bf  

3bf: white solid; 1H NMR (400 MHz, CDCl3) δ 8.02 (d, J = 8.2 Hz, 1H), 7.91 (d, 

J = 8.3 Hz, 2H), 7.85 (d, J = 7.9 Hz, 1H), 7.48 (d, J = 8.5 Hz, 3H), 7.34 (t, J = 7.5 Hz, 

1H), 7.17 (d, J = 8.2 Hz, 2H), 6.94 (d, J = 8.5 Hz, 2H), 3.83 (s, 3H); 13C NMR (101 

MHz, CDCl3) δ 167.5, 160.4, 154.1, 143.6, 136.4, 132.2, 130.6, 128.9, 127.9, 127.1, 

126.3, 125.1, 123.0, 121.6, 115.3, 55.3.[23] 

N

S

OMe
O

3bg  

3bg: white solid; 1H NMR (500 MHz, CDCl3) δ 7.27 (dd, J = 8.9, 2.4 Hz, 4H), 

6.83 (dd, J = 8.9, 1.2 Hz, 4H), 3.86–3.82 (m, 4H), 3.78 (s, 3H), 3.17–3.11 (m, 4H); 
13C NMR (126 MHz, CDCl3) δ 158.8, 150.4, 132.7, 132.4, 127.7, 126.0, 116.1, 114.7, 

66.8, 55.4, 48.9; HRMS (ESI) m/z calcd. for C17H19NO2S [M + H]+ 302.1136 found 

302.1209.  

S

OMe
N

3bh  

3bh: white solid; 1H NMR (400 MHz, CDCl3) δ 8.66 (d, J = 4.3 Hz, 1H), 7.86 (d, J = 8.4 Hz, 

2H), 7.73 (t, J = 7.7 Hz, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.45 (d, J = 8.8 Hz, 2H), 7.28–7.16 (m, 3H), 

6.91 (d, J = 8.8 Hz, 2H), 3.82 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 160.0, 156.6, 149.4, 140.3, 

137.0, 136.5, 135.6, 128.0, 127.4, 123.6, 122.0, 120.3, 115.1, 55.4; HRMS (ESI) m/z calcd. for 

C18H16NOS [M + H]+ 294.0874 found 294.0947. 



S

OMe
N

3bi  

3bi: white solid; 1H NMR (500 MHz, CDCl3) δ 8.62 (d, J = 4.9 Hz, 2H), 7.48 (t, 

J = 9.0 Hz, 4H), 7.44 (d, J = 4.7 Hz, 2H), 7.21 (d, J = 7.5 Hz, 2H), 6.94 (d, J = 7.7 Hz, 

2H), 3.84 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 160.3, 150.2, 147.6, 141.0, 136.2, 

135.0, 127.8, 127.4, 122.9, 121.2, 115.2, 55.4; HRMS (ESI) m/z calcd. for 

C18H16NOS [M + H]+ 294.0874 found 294.0947. 
S

OMe

MeO

3bj  

3bj: pale yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.44 (d, J = 8.9 Hz, 2H), 7.15 

(t, J = 7.9 Hz, 1H), 6.91 (d, J = 8.8 Hz, 2H), 6.75 (d, J = 8.7 Hz, 1H), 6.72–6.65 (m, 

2H), 3.83 (s, 3H), 3.74 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 160.0, 159.9, 140.2, 

135.7, 129.7, 123.7, 120.2, 115.0, 113.3, 111.3, 55.4, 55.2.[24] 
S

OMe

O

O

3bk  
3bk: colorless oil; 1H NMR (500 MHz, CDCl3) δ 7.32 (d, J = 8.6 Hz, 2H), 6.86 

(d, J = 8.5 Hz, 2H), 6.83 (s, 1H), 6.77 (s, 1H), 6.73 (d, J = 8.1 Hz, 1H), 5.94 (s, 2H), 

3.80 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 159.3, 148.2, 146.9, 133.5, 129.6, 126.6, 

124.3, 114.8, 111.2, 108.8, 101.3, 55.4; HRMS (EI) m/z calcd. for C14H12O3S [M]+ 

260.0507 found 260.0508. 
S

OMe

3bl  
3bl: white solid; 1H NMR (400 MHz, CDCl3) δ 7.79 (d, J = 8.9 Hz, 1H), 7.74 (d, 

J = 8.7 Hz, 1H), 7.70 (d, J = 7.4 Hz, 1H), 7.64 (s, 1H), 7.49 (d, J = 8.9 Hz, 2H), 

7.48–7.40 (m, 2H), 7.33 (dd, J = 8.6, 1.9 Hz, 1H), 6.95 (d, J = 8.9 Hz, 2H), 3.86 (s, 

3H); 13C NMR (101 MHz, CDCl3) δ 159.8, 135.9, 135.2, 133.8, 131.7, 128.6, 127.7, 

127.2, 126.7, 126.5, 126.4, 125.6, 124.4, 115.0, 55.4.[25] 



S

OMeMeO
3bm  

3bm: pale yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.26 (d, J = 8.5 Hz, 1H), 

7.13 (d, J = 8.8 Hz, 2H), 6.81 (d, J = 8.7 Hz, 3H), 6.69 (dd, J = 8.5, 2.8 Hz, 1H), 3.79 

(s, 3H), 3.77 (s, 3H), 2.35 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 159.5, 158.4, 141.8, 

134.8, 131.0, 127.7, 125.5, 116.3, 114.7, 112.0, 55.3, 55.3, 21.0.[20] 
S

OMeS

3bn  
3bn: yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.34–7.29 (m, 3H), 7.13 (dd, J = 

3.0, 1.3 Hz, 1H), 6.95 (dd, J = 5.0, 1.3 Hz, 1H), 6.85 (d, J = 8.9 Hz, 2H), 3.80 (s, 3H); 
13C NMR (101 MHz, CDCl3) δ 159.2, 132.8, 132.4, 129.7, 126.4, 126.3, 124.4, 114.8, 

55.4.[10] 
S

OMeS

3bo  
3bo: yellow oil; 1H NMR (500 MHz, CDCl3) δ 8.70 (d, J = 3.5 Hz, 2H), 7.93 (d, 

J = 9.1 Hz, 1H), 7.56–7.49 (m, 4H), 6.97 (d, J = 8.9 Hz, 2H), 3.85 (s, 3H); 13C NMR 

(126 MHz, CDCl3) δ 160.8, 145.2, 143.9, 143.7, 143.4, 141.3, 137.0, 129.5, 129.2, 

124.4, 121.2, 115.6, 55.4; HRMS (EI) m/z calcd. for C15H12OS2 [M]+ 272.0330 found 

272.0333. 
S

OMeN
Bn

3bp  

3bp: pale yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.70 (s, 1H), 7.34–7.23 (m, 

5H), 7.20 (s, 2H), 7.16–7.05 (m, 3H), 6.81 (d, J = 8.3 Hz, 2H), 6.48 (s, 1H), 5.29 (s, 

2H), 3.77 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 158.6, 137.2, 135.6, 132.1, 129.5, 

129.1, 128.8, 128.7, 127.7, 126.8, 125.9, 125.8, 124.9, 114.6, 110.5, 101.7, 55.3, 50.2; 

HRMS (EI) m/z calcd. for C22H19NOS [M]+ 345.1187 found 345.1188 

3bq

N
N

S
Me

OMe

 



3bq: white solid; 1H NMR (500 MHz, DMSO-d6) δ 8.28 (s, 1H), 7.62 (d, J = 8.7 

Hz, 1H), 7.39 (d, J = 8.5 Hz, 2H), 7.25 (s, 1H), 6.99 (d, J = 8.5 Hz, 2H), 6.82 (d, J = 

8.7 Hz, 1H), 4.09 (s, 3H), 3.77 (s, 3H); 13C NMR (126 MHz, DMSO-d6) δ 159.3, 

148.2, 146.9, 133.5, 129.6, 126.6, 124.3, 114.8, 111.2, 108.8, 101.3, 55.4, 40.4; 

HRMS (ESI) m/z calcd. for C15H14N2OS [M + H]+ 271.0827 found 271.0933. 

3br

N

N

N

S

OMe

 

3br: white solid; 1H NMR (500 MHz, CDCl3) δ 8.34 (d, J = 7.4 Hz, 1H), 8.00 (d, 

J = 2.2 Hz, 1H), 7.55 (d, J = 8.8 Hz, 2H), 7.00 (d, J = 8.8 Hz, 2H), 6.44 (d, J = 1.8 Hz, 

1H), 6.33 (d, J = 7.4 Hz, 1H), 3.87 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 163.2, 

161.2, 145.3, 137.4, 134.3, 119.3, 115.4, 105.5, 95.3, 55.5; HRMS (ESI) m/z calcd. 

for C13H11N3OS [M + H]+ 258.0623 found 258.0696. 
S

F

MeO

3bs  

3bs: pale yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.41 (dd, J = 7.8, 5.4 Hz, 

2H), 7.19 (t, J = 8.0 Hz, 1H), 7.04 (t, J = 8.3 Hz, 2H), 6.83 (d, J = 7.8 Hz, 1H), 

6.80–6.72 (m, 2H), 3.75 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 162.5 (d, J = 248.1 

Hz), 160.1, 138.1, 134.5 (d, J = 8.2 Hz), 129.9, 129.7, 121.9, 116.4 (d, J = 22.0 Hz), 

115.0, 112.3, 55.2; 19F NMR (376 MHz, CDCl3) δ -113.7 (ddd, J = 13.8, 8.6, 5.2 

Hz).[9]  
S

CF3

MeO

3bt  
3bt: pale yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.49 (d, J = 8.2 Hz, 2H), 

7.30 (t, J = 7.8 Hz, 3H), 7.05 (d, J = 8.5 Hz, 1H), 7.01 (s, 1H), 6.91 (d, J = 8.3 Hz, 

1H), 3.80 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 160.3, 142.5, 133.7, 130.4, 128.5, 

128.1 (q, J = 32.8 Hz), 125.8 (q, J = 3.8 Hz), 125.5, 124.1 (q, J = 271.8 Hz), 118.4, 

114.4, 55.4;19F NMR (376 MHz, CDCl3) δ -62.5 (s). [26] 
SMeO CF3

3bu  



3bu: pale yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.56 (s, 1H), 7.45 (t, J = 7.6 

Hz, 2H), 7.41–7.34 (m, 1H), 7.27 (t, J = 8.0 Hz, 1H), 6.98 (d, J = 8.3 Hz, 1H), 6.94 (s, 

1H), 6.86 (dd, J = 8.3, 2.5 Hz, 1H), 3.78 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 

160.3, 138.1, 134.8, 133.1 (q, J = 1.5 Hz), 131.5 (q, J = 32.4 Hz), 130.3, 129.5, 126.5 

(q, J = 3.8 Hz), 124.4, 123.7 (q, J = 272.7 Hz), 123.4 (q, J = 3.8 Hz), 117.3, 114.0, 

55.3; 19F NMR (376 MHz, CDCl3) δ -62.9 (s).[27] 

SMeO
OMe

3bv  

3bv: pale yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.25 (t, J = 7.3 Hz, 1H), 7.21 

(t, J = 8.0 Hz, 1H), 7.14 (d, J = 8.6 Hz, 1H), 6.91 (dd, J = 8.0, 3.6 Hz, 2H), 6.87 (d, J 

= 7.4 Hz, 2H), 6.79 (d, J = 8.3 Hz, 1H), 3.87 (s, 3H), 3.76 (s, 3H); 13C NMR (126 

MHz, CDCl3) δ 160.0, 157.5, 135.9, 132.1, 129.9, 128.6, 127.7, 123.4, 121.3, 116.2, 

112.9, 110.9, 55.9, 55.3; HRMS (EI) m/z calcd. for C14H14O2S [M]+ 246.0715 found 

246.0716 
SMeO

S

3bw  

3bw: yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.49 (d, J = 5.4 Hz, 1H), 7.31 (d, 

J = 3.6 Hz, 1H), 7.17 (t, J = 8.0 Hz, 1H), 7.09 (t, J = 4.9 Hz, 1H), 6.78 (d, J = 8.5 Hz, 

1H), 6.75–6.68 (m, 2H), 3.75 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 160.0, 140.1, 

136.3, 131.5, 130.7, 129.8, 127.9, 119.2, 112.5, 111.7, 55.2.[28] 
SMeO

N

3bx  

3bx: yellow oil; 1H NMR (400 MHz, CDCl3) δ 8.43 (d, J = 4.4 Hz, 1H), 7.46 (t, 

J = 8.5 Hz, 1H), 7.33 (t, J = 8.0 Hz, 1H), 7.18 (d, J = 8.2 Hz, 1H), 7.14 (s, 1H), 

7.03–6.97 (m, 1H), 6.94 (t, J = 8.4 Hz, 2H), 3.81 (s, 3H); 13C NMR (101 MHz, CDCl3) 

δ 161.4, 160.3, 149.5, 136.8, 132.1, 130.4, 127.0, 121.6, 119.9, 119.7, 115.2, 55.4.[29] 
SMeO

3by  



3by: pale yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.19 (t, J = 8.0 Hz, 1H), 

7.00–6.91 (m, 2H), 6.75 (dd, J = 8.3, 2.5 Hz, 1H), 3.80 (s, 3H), 3.13 (t, J = 10.2 Hz, 

1H), 2.00 (d, J = 11.1 Hz, 2H), 1.77 (d, J = 9.0 Hz, 2H), 1.61 (d, J = 10.6 Hz, 1H), 

1.33 (dp, J = 27.7, 9.8, 9.1 Hz, 4H); 13C NMR (101 MHz, CDCl3) δ 159.7, 136.6, 

129.5, 123.7, 116.9, 112.2, 55.2, 46.4, 33.3, 26.0, 25.8; HRMS (ESI) m/z calcd. for 

C13H18OS [M + H]+ 223.1078 found 223.1151. 
SMeO Ph

3bz  
3bz: yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.29 (dt, J = 22.2, 6.5 Hz, 5H), 

7.18 (t, J = 8.0 Hz, 1H), 6.92 (d, J = 8.5 Hz, 1H), 6.84 (s, 1H), 6.74 (dd, J = 9.0, 1.6 

Hz, 1H), 4.14 (s, 2H), 3.74 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 159.7, 137.8, 

137.4, 129.7, 128.9, 128.5, 127.2, 121.7, 114.8, 112.2, 55.2, 38.8; HRMS (ESI) m/z 

calcd. for C14H14OS [M + H]+ 231.0765 found 231.0838. 
SMeO C9H19

3ca  
3ca: yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.19 (t, J = 8.0 Hz, 1H), 6.90 (d, J 

= 7.8 Hz, 1H), 6.87–6.85 (m, 1H), 6.70 (dd, J = 8.2, 3.2 Hz, 1H), 3.80 (s, 3H), 

2.94–2.89 (m, 2H), 1.66 (p, J = 7.4 Hz, 2H), 1.42 (p, J = 7.3 Hz, 2H), 1.26 (s, 12H), 

0.88 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 159.8, 138.5, 129.6, 120.8, 

114.0, 111.2, 55.2, 33.3, 31.9, 29.53, 29.50, 29.3, 29.2, 29.1, 28.9, 22.7, 14.1; HRMS 

(EI) m/z calcd. for C17H28OS [M]+ 280.1861 found 280.1863. 
S

OMe
3cb  

3cb: pale yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.41 (d, J = 8.9 Hz, 2H), 

7.25–7.20 (m, 2H), 7.16 (d, J = 7.2 Hz, 2H), 7.13 (t, J = 7.2 Hz, 1H), 6.89 (d, J = 8.9 

Hz, 2H), 3.81 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 159.8, 138.6, 135.4, 128.9, 

128.2, 125.8, 124.3, 115.0, 55.4.[30] 
S

OMeF
3cd  



3cd: pale yellow oil;1H NMR (500 MHz, CDCl3) δ 7.37 (d, J = 8.9 Hz, 2H), 7.20 

(dd, J = 8.9, 5.2 Hz, 2H), 6.96 (t, J = 8.7 Hz, 2H), 6.89 (d, J = 8.8 Hz, 2H), 3.82 (s, 

3H); 13C NMR (126 MHz, CDCl3) δ 161.9 (d, J = 246.0 Hz), 159.7, 134.5, 133.1 (d, J 

= 3.3 Hz), 131.0 (d, J = 7.9 Hz), 125.2, 116.1 (d, J = 21.9 Hz), 115.0, 55.4; 19F NMR 

(376 MHz, CDCl3) δ -116.07–-116.2 (m).[21] 

S

OMe

3ce  
3ce: pale yellow oil; 1H NMR (500 MHz, CDCl3) δ 8.37 (d, J = 7.8 Hz, 1H), 7.85 

(d, J = 9.0 Hz, 1H), 7.73 (d, J = 7.5 Hz, 1H), 7.52 (p, J = 6.6, 6.1 Hz, 2H), 7.34 (d, J = 

11.3 Hz, 4H), 6.87 (d, J = 8.7 Hz, 2H), 3.80 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 

159.4, 134.6, 134.0, 133.9, 132.2, 128.50, 128.45, 127.4, 126.5, 126.3, 125.7, 125.1, 

124.9, 115.0, 55.4. [9] 
 

S

OMeMe
3cf  

3cf: pale yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.33 (d, J = 8.8 Hz, 2H), 7.17 

(d, J = 7.1 Hz, 1H), 7.09 (t, J = 6.6 Hz, 1H), 7.05 (t, J = 7.3 Hz, 1H), 6.96 (d, J = 8.8 

Hz, 1H), 6.89 (d, J = 8.8 Hz, 2H), 3.82 (s, 3H), 2.38 (s, 3H); 13C NMR (126 MHz, 

CDCl3) δ 159.5, 137.1, 136.9, 134.7, 130.2, 128.9, 126.5, 126.1, 124.3, 115.0, 55.4, 

20.3.[21] 
S

OMeNH2

3cg  
3cg: brown oil; 1H NMR (500 MHz, CDCl3) δ 7.41 (d, J = 7.7 Hz, 1H), 

7.22–7.15 (m, 1H), 7.13 (d, J = 8.9 Hz, 2H), 6.81 (d, J = 8.9 Hz, 2H), 6.79–6.70 (m, 

2H), 4.27 (s, 2H), 3.76 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 158.3, 148.1, 136.4, 

130.4, 129.6, 126.8, 118.7, 116.7, 115.4, 114.8, 55.4.[31] 
S

OMe

N

N
Me

3ch  



3ch: brown oil; 1H NMR (500 MHz, CDCl3) δ 7.44 (s, 1H), 7.31 (d, J = 8.9 Hz, 

2H), 7.00 (s, 1H), 6.79 (d, J = 8.9 Hz, 2H), 3.75 (s, 3H), 3.65 (s, 3H); 13C NMR (126 

MHz, CDCl3) δ 158.6, 138.8, 133.5, 131.4, 127.6, 123.8, 114.5, 55.3, 33.6; HRMS 

(ESI) m/z calcd. for C11H12N2OS [M + H]+ 221.0670 found 221.0746. 

N

N
Me

S

OMe

3ci  

3ci: brown oil; 1H NMR (500 MHz, CDCl3) δ 7.69 (s, 1H), 7.40 (s, 1H), 7.09 (d, 

J = 8.9 Hz, 2H), 6.80 (d, J = 8.9 Hz, 2H), 3.76 (s, 3H), 3.54 (s, 3H); 13C NMR (101 

MHz, CDCl3) δ 158.7, 137.3, 132.7, 131.7, 129.6, 126.2, 114.9, 55.4, 31.7; HRMS 

(ESI) m/z calcd. for C11H12N2OS [M + H]+ 221.0670 found 221.0746. 

S

OMeS

3cj  

3cj: yellow solid; 1H NMR (500 MHz, CDCl3) δ 8.04 (d, J = 5.5 Hz, 2H), 7.83 (d, 

J = 9.6 Hz, 1H), 7.73 (d, J = 8.4 Hz, 1H), 7.49–7.40 (m, 4H), 7.34 (dd, J = 8.4, 1.8 Hz, 

1H), 6.91 (d, J = 8.9 Hz, 2H), 3.83 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 159.6, 

139.9, 137.7, 136.3, 134.8, 134.3, 134.0, 128.4, 127.0, 125.5, 124.5, 123.3, 122.9, 

122.6, 121.7, 115.1, 55.4; HRMS (EI) m/z calcd. for C19H14OS2 [M]+ 322.0486 found 

322.0488.  

S

CF33ck  

3ck: pale yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.46 (s, 1H), 7.40 (d, J = 6.4 

Hz, 1H), 7.35 (dd, J = 11.4, 7.2 Hz, 4H), 7.20 (d, J = 8.1 Hz, 2H), 2.38 (s, 3H); 13C 

NMR (126 MHz, CDCl3) δ 139.7, 138.8, 133.5, 131.6 (q, J = 1.5 Hz), 131.3 (q, J = 

32.4 Hz), 130.5, 129.3, 129.1, 125.0 (q, J = 3.9 Hz), 123.8 (q, J = 272.6 Hz), 122.6 (q, 

J = 3.8 Hz), 21.2; 19F NMR (376 MHz, CDCl3) δ -62.8 (s).[32] 



S

OMe
3cl  

3cl: pale yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.33 (d, J = 8.1 Hz, 2H), 

7.20–7.12 (m, 3H), 6.84 (d, J = 7.7 Hz, 1H), 6.81–6.78 (m, 1H), 6.73 (dd, J = 8.6, 2.8 

Hz, 1H), 3.75 (s, 3H), 2.36 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 160.0, 138.6, 

137.8, 132.6, 130.7, 130.1, 129.8, 121.7, 114.8, 112.0, 55.3, 21.2.[33] 
S

MeO

3cm  
3cm: pale yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.32 (d, J = 7.9 Hz, 2H), 

7.17 (t, J = 7.3 Hz, 3H), 6.93 (d, J = 7.7 Hz, 1H), 6.88 (d, J = 8.2 Hz, 1H), 6.83 (t, J = 

7.5 Hz, 1H), 3.90 (s, 3H), 2.36 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 156.5, 137.7, 

133.0, 130.1, 129.9, 129.8, 127.4, 125.7, 121.2, 110.6, 55.9, 21.2; HRMS (ESI) m/z 

calcd. for C17H17NS2 [M + H]+ 300.0802 found 300.0875.  
S

N

3cn  
3cn: pale yellow oil; 1H NMR (500 MHz, CDCl3) δ 8.41 (d, J = 7.3 Hz, 1H), 

7.49 (d, J = 8.1 Hz, 2H), 7.46–7.39 (m, 1H), 7.24 (d, J = 7.8 Hz, 2H), 7.00–6.94 (m, 

1H), 6.83 (d, J = 8.1 Hz, 1H), 2.40 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 162.2, 

149.5, 139.5, 136.6, 135.3, 130.5, 127.2, 120.8, 119.6, 21.3.[34] 

S S

3co  
3co: yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.44 (dd, J = 5.4, 1.3 Hz, 1H), 

7.28 (dd, J = 3.5, 1.1 Hz, 1H), 7.16 (d, J = 8.2 Hz, 2H), 7.09 (d, J = 8.1 Hz, 2H), 7.06 

(dd, J = 5.4, 3.6 Hz, 1H), 2.31 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 136.3, 135.3, 

134.8, 132.4, 130.8, 129.8, 128.0, 127.8, 21.0.[14] 

Cl

S

S

3cp  



3cp: yellow oil;1H NMR (500 MHz, CDCl3) δ 7.43–7.37 (m, 2H), 7.22 (d, J = 

8.5 Hz, 2H), 7.13 (d, J = 8.5 Hz, 2H), 7.04 (dd, J = 4.9, 1.1 Hz, 1H); 13C NMR (101 

MHz, CDCl3) δ 136.1, 132.0, 131.2, 129.5, 129.3, 129.1, 128.8, 127.1.[35] 
NH2

S

NC

Cl

5  

5: white solid; 1H NMR (500 MHz, CDCl3) δ 7.47–7.43 (m, 3H), 7.23 (dd, J = 

8.3, 2.0 Hz, 1H), 7.07 (d, J = 8.7 Hz, 2H), 6.81 (d, J = 8.3 Hz, 1H), 4.35 (s, 2H); 13C 

NMR (126 MHz, CDCl3) δ 147.3, 144.6, 136.5, 135.4, 132.3, 125.9, 119.6, 118.9, 

117.5, 116.5, 108.1.[36] 

S

OEt
O

O

8  

8: yellow oil; 1H NMR (500 MHz, CDCl3) δ 7.92 (d, J = 8.4 Hz, 2H), 7.44 (d, J = 

8.5 Hz, 2H), 4.44 (q, J = 7.2 Hz, 2H), 2.20 (ddd, J = 11.7, 7.4, 4.4 Hz, 1H), 1.42 (t, J 

= 7.2 Hz, 3H), 1.20–1.14 (m, 2H), 0.73 (q, J = 5.6, 4.8 Hz, 2H); 13C NMR (126 MHz, 

CDCl3) δ 185.4, 163.9, 149.8, 130.3, 128.7, 125.2, 62.3, 14.1, 11.0, 8.6.[37] 

 

 

 

 

 

 

 

 

 

 

 



Condition screening for Cu-catalyzed arylation of thiol 

Br

OMe

HS

1 mol% Ligand, 
1 mol% Cu', 
1.7 eq. base

70 oC, Ar, solvent (1 ml)

S

1 mmol 1.2 eq.

Entry Catalyst Ligand Base Solvent NMR Yield

1 CuI L1 t-BuOK Dioxane

2 CuI L2 t-BuOK

3 CuI L3 t-BuOK Dioxane

4 CuI L4 t-BuOK Dioxane

5 CuI L5 t-BuOK

36%

Dioxane

Dioxane

H
N

N
HO

O
Bn H

N

O

OMe

MeO

L5 (BTMO): X = S
L6 

(BMFO): X = O

OMe

OMe
2

H
N

O

2

Bn
H
N

O 2

X H
N

O
2

N
H

Ph
O

2

L9 
(DPEO): R = H

L10 (BPPRO): R = Me

C6H13

H
N

O 2

H
N

N
HO

O
C6H13

Ph

L1 L2 L3 L4 (DBO)

L7 L8 (BNMO)

6 CuI L6 t-BuOK Dioxane

7 CuI L7 t-BuOK Dioxane

8

9

CuI

10

CuI

L2 t-BuONa

11

CuI

L2 K2CO3 Dioxane

12

CuI

L2 KOH Dioxane

13

CuI

L2 K3PO4

21%

NR

18%

NR

Dioxane

Dioxane

14

CuI

L2 t-BuOLi Dioxane

15

CuI

L2 t-BuOK DMSO

16

72%

49%

58%

80%

15%

32%

CuI

L2 t-BuOK DME 46%

17

CuI

L2 t-BuOK THF 43%

18

CuI

L2 t-BuOK

19

CuCl L8 t-BuOK

20 Cu2O L8 t-BuOK Dioxane 94%

22%

60%

CuBr L8 t-BuOK Dioxane 85%

DMF NR

L8 t-BuOK Dioxane

Dioxane

86%

83%

R

 



 

Cl

OMe

HS

1 mol% Ligand, 
1 mol% Cu', 
2.0 eq. base

130 oC, Ar, solvent (5 ml)

S

1 mmol 1.5 eq.

Entry Catalyst Ligand Base Solvent (1 ml) NMR Yield

1 CuI L1 t-BuOK Dioxane

2 CuI L2 t-BuOK

3 CuI L3 t-BuOK Dioxane

4 CuI L4 t-BuOK Dioxane

5 CuI

15%

Dioxane

H
N

N
HO

O
Bn H

N

O

OMe

MeO

L5 (BTMO): X = S
L6 

(BMFO): X = O

OMe

OMe
2

H
N

O

2

Bn
H
N

O 2

X H
N

O
2

N
H

Ph
O

2

L9 
(DPEO): R = H

L10 (BPPRO): R = Me

C6H13

H
N

O 2

H
N

N
HO

O
C6H13

Ph

L1 L2 L3 L4 (DBO)

L7 L8 (BNMO)

6 CuI

7 CuI

8

9 CuI

10 CuI

11 CuI

L8

t-BuOK

Dioxane

12 Cu2O

L9

KOH

Dioxane

13 CuCl

L10

K3PO4

45%

57%

traceDioxane

14

L10

t-BuONa

Dioxane

15

16

38%

NR

17

18

CuCl

19

CuCl L10

20 CuCl L10 t-BuOK Dioxane (5 ml) 90%

CuCl L10 t-BuOK Dioxane (3 ml) 76%

L10

27%

30%

CuCl

CuCl

CuCl t-BuOK

t-BuOK DME 50%

Toluene

t-BuOK 50%

t-BuOK 2-MeTHF 37%

t-BuOK Cyclopentyl methyl ether 25%

THF

20%

L10

L10

L10

L10

L10

L10

L10

t-BuOK

t-BuOK

Dioxane

Dioxane

Dioxane 62%

52%

t-BuOK

t-BuOK Dioxane 51%

CuI K2CO3 DioxaneL10 NR

13%

R
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5. Copies of 1H and 13C spectrum of ligands and (hetero)aryl thioethers. 
1H NMR Spectrum of L1 (500 MHz, DMSO-d6) 
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13C NMR Spectrum of L1 (126 MHz, DMSO-d6) 
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1H NMR Spectrum of L2 (500 MHz, DMSO-d6) 
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13C NMR Spectrum of L2 (126 MHz, DMSO-d6) 
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1H NMR Spectrum of 3a (500 MHz, CDCl3) 
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13C NMR Spectrum of 3a (126 MHz, CDCl3) 
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1H NMR Spectrum of 3b (500 MHz, CDCl3) 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0

f1 (ppm)

3.
03

3.
02

2.
07

2.
04

2.
02

1.
96

2.
00

1
.
3
4

1
.
3
6

1
.
3
7

3
.
8
4

4
.
3
1

4
.
3
3

4
.
3
4

4
.
3
5

6
.
9
4

6
.
9
6

7
.
0
7

7
.
0
9

7
.
4
6

7
.
4
7

7
.
8
5

7
.
8
7

 

 

13C NMR Spectrum of 3b (126 MHz, CDCl3) 
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1H NMR Spectrum of 3c (500 MHz, CDCl3) 
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13C NMR Spectrum of 3c (126 MHz, CDCl3) 
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1H NMR Spectrum of 3d (500 MHz, CDCl3) 
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13C NMR Spectrum of 3d (126 MHz, CDCl3) 
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1H NMR Spectrum of 3e (400 MHz, CDCl3) 
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13C NMR Spectrum of 3e (400 MHz, CDCl3) 
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1H NMR Spectrum of 3f (500 MHz, CDCl3) 
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13C NMR Spectrum of 3f (126 MHz, CDCl3) 
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1H NMR Spectrum of 3g (400 MHz, CDCl3) 

-2.-2.0-1.5-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0

f1 (ppm)

2.
97

2.
98

2.
05

1.
99

1.
97

2.
00

2
.
5
3

3
.
8
5

6
.
9
5

6
.
9
7

7
.
0
7

7
.
1
0

7
.
4
6

7
.
4
8

7
.
7
7

7
.
7
9

 

 

13C NMR Spectrum of 3g (101 MHz, CDCl3) 
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1H NMR Spectrum of 3h (400 MHz, CDCl3) 
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13C NMR Spectrum of 3h (101 MHz, CDCl3) 
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1H NMR Spectrum of 3i (500 MHz, CDCl3) 
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13C NMR Spectrum of 3i (126 MHz, CDCl3) 
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13F NMR Spectrum of 3i (376 MHz, DMSO-d6) 
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1H NMR Spectrum of 3j (500 MHz, DMSO-d6) 
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13C NMR Spectrum of 3j (126 MHz, DMSO-d6) 
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1H NMR Spectrum of 3k (400 MHz, CDCl3) 
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13C NMR Spectrum of 3k (101 MHz, CDCl3) 
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1H NMR Spectrum of 3l (400 MHz, CDCl3) 

-3-2-10123456789101112131415

f1 (ppm)

lwq6-18-1-H-220930.1.fid

6.
02

3.
00

2.
04

2.
00

2.
18

2.
00

2
.
9
1

3
.
0
0

3
.
7
6

6
.
8
4

6
.
8
7

7
.
0
3

7
.
0
5

7
.
2
0

7
.
2
2

7
.
3
6

7
.
3
8

 

 

13C NMR Spectrum of 3l (101 MHz, CDCl3) 
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1H NMR Spectrum of 3m (500 MHz, CDCl3) 
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13C NMR Spectrum of 3m (126 MHz, CDCl3) 
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1H NMR Spectrum of 3n (500 MHz, CDCl3) 
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13C NMR Spectrum of 3n (126 MHz, CDCl3) 
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1H NMR Spectrum of 3o (400 MHz, CDCl3) 
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13C NMR Spectrum of 3o (101 MHz, CDCl3) 
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1H NMR Spectrum of 3p (500 MHz, CDCl3) 
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13C NMR Spectrum of 3p (126 MHz, CDCl3) 
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1H NMR Spectrum of 3r (400 MHz, CDCl3) 
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13C NMR Spectrum of 3r (101 MHz, CDCl3) 
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19F NMR Spectrum of 3r (376 MHz, CDCl3) 
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1H NMR Spectrum of 3s (400 MHz, CDCl3) 
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13C NMR Spectrum of 3s (101 MHz, CDCl3) 
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1H NMR Spectrum of 3t (400 MHz, CDCl3) 
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13C NMR Spectrum of 3t (101 MHz, CDCl3) 

3035404550556065707580859095100105110115120125130135140145150155160165170175

f1 (ppm)

5
5
.
4
3

1
1
0
.
7
9

1
1
5
.
4
7

1
1
6
.
9
7

1
2
0
.
8
3

1
2
5
.
4
6

1
2
7
.
7
6

1
3
2
.
8
4

1
3
3
.
3
9

1
3
6
.
7
9

1
4
4
.
6
1

1
6
0
.
8
1

 



 

1H NMR Spectrum of 3u (400 MHz, CDCl3) 
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13C NMR Spectrum of 3u (101 MHz, CDCl3) 
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1H NMR Spectrum of 3v (500 MHz, CDCl3) 
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13C NMR Spectrum of 3v (126 MHz, CDCl3) 

405060708090100110120130140150160170180190200

f1 (ppm)

5
5
.
3
7

1
1
5
.
0
9

1
2
3
.
8
3

1
2
4
.
7
2

1
2
8
.
4
1

1
2
9
.
1
8

1
3
0
.
0
1

1
3
0
.
2
2

1
3
0
.
9
9

1
3
3
.
0
3

1
3
6
.
2
8

1
3
7
.
0
2

1
3
7
.
4
6

1
4
0
.
2
4

1
6
0
.
1
5

1
9
6
.
5
6

 



 

1H NMR Spectrum of 3w (500 MHz, CDCl3) 
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13C NMR Spectrum of 3w (126 MHz, CDCl3) 
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19F NMR Spectrum of 3w (376 MHz, CDCl3) 
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1H NMR Spectrum of 3x (400 MHz, CDCl3) 
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13C NMR Spectrum of 3x (101 MHz, CDCl3) 
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1H NMR Spectrum of 3y (400 MHz, CDCl3) 
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13C NMR Spectrum of 3y (101 MHz, CDCl3) 
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1H NMR Spectrum of 3z (500 MHz, CDCl3) 
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13C NMR Spectrum of 3z (101 MHz, CDCl3) 
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1H NMR Spectrum of 3aa (400 MHz, CDCl3) 
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13C NMR Spectrum of 3aa (101 MHz, CDCl3) 
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1H NMR Spectrum of 3ab (500 MHz, DMSO-d6) 
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13C NMR Spectrum of 3ab (101 MHz, DMSO-d6) 
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1H NMR Spectrum of 3ac(400 MHz, CDCl3) 
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13C NMR Spectrum of 3ac (101 MHz, CDCl3) 
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1H NMR Spectrum of 3ad (400 MHz, CDCl3) 
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13C NMR Spectrum of 3ad (101 MHz, CDCl3) 
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1H NMR Spectrum of 3ae (400 MHz, CDCl3) 
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13C NMR Spectrum of 3ae (101 MHz, CDCl3) 
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19F NMR Spectrum of 3ae (376 MHz, CDCl3) 
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1H NMR Spectrum of 3af (400 MHz, CDCl3) 
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13C NMR Spectrum of 3af (101 MHz, CDCl3) 
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1H NMR Spectrum of 3ag (400 MHz, CDCl3) 
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13C NMR Spectrum of 3ag (101 MHz, CDCl3) 
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1H NMR Spectrum of 3ah (400 MHz, CDCl3) 
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13C NMR Spectrum of 3ah (101 MHz, CDCl3) 
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1H NMR Spectrum of 3ai (400 MHz, DMSO-d6) 
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13C NMR Spectrum of 3ai (101 MHz, DMSO-d6) 
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1H NMR Spectrum of 3aj (400 MHz, CDCl3) 
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13C NMR Spectrum of 3aj (101 MHz, CDCl3) 
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1H NMR Spectrum of 3ak (400 MHz, CDCl3) 
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13C NMR Spectrum of 3ak (101 MHz, CDCl3) 
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1H NMR Spectrum of 3al (376 MHz, CDCl3) 
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13C NMR Spectrum of 3al (101 MHz, CDCl3) 
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19F NMR Spectrum of 3al (376 MHz, CDCl3) 
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1H NMR Spectrum of 3am (400 MHz, CDCl3) 
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13C NMR Spectrum of 3am (101 MHz, CDCl3) 
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1H NMR Spectrum of 3an (400 MHz, CDCl3) 
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13C NMR Spectrum of 3an (101 MHz, CDCl3) 
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1H NMR Spectrum of 3ao (400 MHz, CDCl3) 
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13C NMR Spectrum of 3ao (101 MHz, CDCl3) 
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19F NMR Spectrum of 3ao (376 MHz, CDCl3) 
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1H NMR Spectrum of 3ap (400 MHz, CDCl3) 
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13C NMR Spectrum of 3ap (101 MHz, CDCl3) 
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1H NMR Spectrum of 3ar (400 MHz, CDCl3) 
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13C NMR Spectrum of 3ar (101 MHz, CDCl3) 
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1H NMR Spectrum of 3as (400 MHz, CDCl3) 
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13C NMR Spectrum of 3as (101 MHz, CDCl3) 
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1H NMR Spectrum of 3at (400 MHz, CDCl3) 
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13C NMR Spectrum of 3at (101 MHz, CDCl3) 
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1H NMR Spectrum of 3au (400 MHz, CDCl3) 
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13C NMR Spectrum of 3au (101 MHz, CDCl3) 
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1H NMR Spectrum of 3av (400 MHz, CDCl3) 
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13C NMR Spectrum of 3av (101 MHz, CDCl3) 
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1H NMR Spectrum of 3aw (400 MHz, CDCl3) 
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13C NMR Spectrum of 3aw (101 MHz, CDCl3) 
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1H NMR Spectrum of 3ax (400 MHz, DMSO-d6) 
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13C NMR Spectrum of 3ax (101 MHz, DMSO-d6) 
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1H NMR Spectrum of 3ay (500 MHz, DMSO-d6) 
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13C NMR Spectrum of 3ay (126 MHz, DMSO-d6) 
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1H NMR Spectrum of 3az (126 MHz, CDCl3) 
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13C NMR Spectrum of 3az (126 MHz, CDCl3) 
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1H NMR Spectrum of 3ba (400 MHz, CDCl3) 
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13C NMR Spectrum of 3ba (101 MHz, CDCl3) 
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1H NMR Spectrum of 3bb (400 MHz, CDCl3) 
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13C NMR Spectrum of 3bb (101 MHz, CDCl3) 
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1H NMR Spectrum of 3bc (400 MHz, CDCl3) 
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13C NMR Spectrum of 3bc (101 MHz, CDCl3) 
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1H NMR Spectrum of 3bd (400 MHz, CDCl3) 
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13C NMR Spectrum of 3bd (101 MHz, CDCl3) 
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1H NMR Spectrum of 3be (500 MHz, CDCl3) 
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13C NMR Spectrum of 3be (126 MHz, CDCl3) 
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13F NMR Spectrum of 3i (376 MHz, CDCl3) 
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1H NMR Spectrum of 3bf (400 MHz, CDCl3) 
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13C NMR Spectrum of 3bf (101 MHz, CDCl3) 
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1H NMR Spectrum of 3bg (500 MHz, CDCl3) 
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13C NMR Spectrum of 3bg (126 MHz, CDCl3) 
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1H NMR Spectrum of 3bh (400 MHz, CDCl3) 
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13C NMR Spectrum of 3bh (101 MHz, CDCl3) 
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1H NMR Spectrum of 3bi (500 MHz, CDCl3) 
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13C NMR Spectrum of 3bi (126 MHz, CDCl3) 
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1H NMR Spectrum of 3bj (500 MHz, CDCl3) 
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13C NMR Spectrum of 3bj (101 MHz, CDCl3) 
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1H NMR Spectrum of 3bk (500 MHz, CDCl3) 
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13C NMR Spectrum of 3bk (126 MHz, CDCl3) 
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1H NMR Spectrum of 3bl (400 MHz, CDCl3) 
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13C NMR Spectrum of 3bl (101 MHz, CDCl3) 
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1H NMR Spectrum of 3bm (500 MHz, CDCl3) 
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13C NMR Spectrum of 3bm (126 MHz, CDCl3) 
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1H NMR Spectrum of 3bn (500 MHz, CDCl3) 
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13C NMR Spectrum of 3bn (101 MHz, CDCl3) 
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1H NMR Spectrum of 3bo (500 MHz, CDCl3) 
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13C NMR Spectrum of 3bo (126 MHz, CDCl3) 
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1H NMR Spectrum of 3bp (500 MHz, CDCl3) 
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13C NMR Spectrum of 3bp (101 MHz, CDCl3) 
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1H NMR Spectrum of 3bq (500 MHz, DMSO-d6) 
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13C NMR Spectrum of 3bq (126 MHz, DMSO-d6) 
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1H NMR Spectrum of 3br (500 MHz, CDCl3) 
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13C NMR Spectrum of 3br (126 MHz, CDCl3) 
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1H NMR Spectrum of 3bs (400 MHz, CDCl3) 
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13C NMR Spectrum of 3bs (101 MHz, CDCl3) 

-100102030405060708090100110120130140150160170180190200210220230

f1 (ppm)

lwq5-33-6-prod-C-220707

5
5
.
2
4

1
1
2
.
3
4

1
1
4
.
9
8

1
1
6
.
3
1

1
1
6
.
5
3

1
2
1
.
8
6

1
2
9
.
7
1

1
2
9
.
9
3

1
3
4
.
4
2

1
3
4
.
5
0

1
3
8
.
0
8

1
6
0
.
0
5

1
6
1
.
2
7

1
6
3
.
7
4

 

 



19F NMR Spectrum of 3bs (376 MHz, CDCl3) 
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1H NMR Spectrum of 3bt (500 MHz, CDCl3) 
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13C NMR Spectrum of 3bt (126 MHz, CDCl3) 
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19F NMR Spectrum of 3bt (376 MHz, CDCl3) 
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1H NMR Spectrum of 3bu (400 MHz, CDCl3) 
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13C NMR Spectrum of 3bu (101 MHz, CDCl3) 

-100102030405060708090100110120130140150160170180190200210220230

f1 (ppm)

lwq6-16-1-C-220930.1.fid

1
1
4
.
3
0

1
1
8
.
7
3

1
2
1
.
0
4

1
2
1
.
0
8

1
2
1
.
1
2

1
2
1
.
1
6

1
2
1
.
3
0

1
2
1
.
4
4

1
2
2
.
7
3

1
2
2
.
7
7

1
2
2
.
8
1

1
2
2
.
8
5

1
2
4
.
1
5

1
2
6
.
3
9

1
2
8
.
1
7

1
2
9
.
3
3

1
2
9
.
3
4

1
2
9
.
7
7

1
3
0
.
0
9

1
3
0
.
4
1

1
3
0
.
7
3

1
3
5
.
1
8

1
3
9
.
8
4

1
5
9
.
4
2

112114116118120122124126128130132

f1 (ppm)

1
1
8
.
7
31
2
1
.
0
4

1
2
1
.
0
8

1
2
1
.
1
2

1
2
1
.
3
0

1
2
2
.
7
7

1
2
2
.
8
1

1
2
6
.
3
9

 

 



19F NMR Spectrum of 3bu (376 MHz, CDCl3) 
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1H NMR Spectrum of 3bv (500 MHz, CDCl3) 
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13C NMR Spectrum of 3bv (126 MHz, CDCl3) 
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1H NMR Spectrum of 3bw (400 MHz, CDCl3) 



-2-101234567891011121314

f1 (ppm)

3
.
0
5

2
.
0
3

1
.
0
4

1
.
0
2

1
.
0
4

1
.
0
0

1
.
0
0

3
.
7
5

6
.
6
9

6
.
7
1

6
.
7
3

6
.
7
7

6
.
7
9

7
.
0
7

7
.
0
9

7
.
1
0

7
.
1
5

7
.
1
7

7
.
1
9

7
.
3
0

7
.
3
1

7
.
4
8

7
.
5
0

 

 

13C NMR Spectrum of 3bw (101 MHz, CDCl3) 
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1H NMR Spectrum of 3bx (400 MHz, CDCl3) 
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13C NMR Spectrum of 3bx (101 MHz, CDCl3) 
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1H NMR Spectrum of 3by (400 MHz, CDCl3) 
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13C NMR Spectrum of 3by (101 MHz, CDCl3) 
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1H NMR Spectrum of 3bz (400 MHz, CDCl3) 
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13C NMR Spectrum of 3bz (101 MHz, CDCl3) 
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1H NMR Spectrum of 3ca (500 MHz, CDCl3) 
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13C NMR Spectrum of 3ca (101 MHz, CDCl3) 
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1H NMR Spectrum of 3cb (500 MHz, CDCl3) 
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13C NMR Spectrum of 3cb (126 MHz, CDCl3) 
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1H NMR Spectrum of 3cc (500 MHz, CDCl3) 
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13C NMR Spectrum of 3cc (126 MHz, CDCl3) 

-100102030405060708090100110120130140150160170180

f1 (ppm)

2
1
.
0
1

5
5
.
3
8

1
1
4
.
8
9

1
2
5
.
6
7

1
2
9
.
4
1

1
2
9
.
8
0

1
3
4
.
3
8

1
3
6
.
1
4

1
5
9
.
4
8

 

 



1H NMR Spectrum of 3cd (500 MHz, CDCl3) 
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13C NMR Spectrum of 3cd (126 MHz, CDCl3) 
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19F NMR Spectrum of 3cd (376 MHz, CDCl3) 
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1H NMR Spectrum of 3ce (500 MHz, CDCl3) 
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13C NMR Spectrum of 3ce (126 MHz, CDCl3) 
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1H NMR Spectrum of 3cf (500 MHz, CDCl3) 
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13C NMR Spectrum of 3cf (126 MHz, CDCl3) 
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1H NMR Spectrum of 3cg (500 MHz, CDCl3) 
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13C NMR Spectrum of 3cg (126 MHz, CDCl3) 
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1H NMR Spectrum of 3ch (500 MHz, CDCl3) 
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13C NMR Spectrum of 3ch (126 MHz, CDCl3) 
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1H NMR Spectrum of 3ci (500 MHz, DMSO-d6) 
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13C NMR Spectrum of 3ci (101 MHz, DMSO-d6) 

-20-10010203040506070809010011012013014015016017018019020021022023024050

f1 (ppm)

LWQ-7-26-1

3
1
.
6
7

5
5
.
3
6

1
1
4
.
9
2

1
2
6
.
1
7

1
2
9
.
5
9

1
3
1
.
6
5

1
3
2
.
6
3

1
3
7
.
2
1

1
5
8
.
7
3

131132133134135136137138

f1 (ppm)

1
3
1
.
6
5

1
3
2
.
6
3

1
3
7
.
2
1

 

 



1H NMR Spectrum of 3cj (500 MHz, CDCl3) 
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13C NMR Spectrum of 3cj (126 MHz, CDCl3) 
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1H NMR Spectrum of 3ck (500 MHz, CDCl3) 
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13C NMR Spectrum of 3ck (126 MHz, CDCl3) 
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19F NMR Spectrum of 3ck (376 MHz, CDCl3) 

-290-270-250-230-210-190-170-150-130-110-90-70-50-30-101030507090

f1 (ppm)

-
6
2
.
8
4

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1H NMR Spectrum of 3cl (500 MHz, CDCl3) 
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13C NMR Spectrum of 3cl (126 MHz, CDCl3) 
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1H NMR Spectrum of 3cm (500 MHz, CDCl3) 
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13C NMR Spectrum of 3cm (126 MHz, CDCl3) 
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1H NMR Spectrum of 3cn (500 MHz, CDCl3) 

0.1.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

3.
08

1.
02

1.
06

2.
06

1.
08

2.
00

0.
98

2
.
4
0

6
.
8
2

6
.
8
4

6
.
9
5

6
.
9
6

6
.
9
8

7
.
2
3

7
.
2
5

7
.
4
1

7
.
4
3

7
.
4
4

7
.
4
8

7
.
5
0

8
.
4
0

8
.
4
2

 

 

13C NMR Spectrum of 3cn (126 MHz, CDCl3) 
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1H NMR Spectrum of 3co (500 MHz, CDCl3) 
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13C NMR Spectrum of 3co (126 MHz, CDCl3) 
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1H NMR Spectrum of 3cp (500 MHz, CDCl3) 
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13C NMR Spectrum of 3cp (101 MHz, CDCl3) 
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1H NMR Spectrum of 5 (500 MHz, CDCl3) 
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13C NMR Spectrum of 5 (500 MHz, CDCl3) 
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1H NMR Spectrum of 8 (500 MHz, CDCl3) 
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13C NMR Spectrum of 8 (500 MHz, CDCl3) 
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