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Experimental section 

Materials and methods 

Chemicals: KSCOSMe, KOt-Bu, aryl iodides, alkyl halides, 1,10-phenanthroline, L-

proline, tetramethylethylenediamine (TMEDA), dimethylethylenediamine (DMEDA), 

benzotriazole and acetylacetone were all high-purity, commercially available reagents used 

without further purification. The commercially available copper salts CuI (>98%), CuCl 

(90%), CuCl2·H2O (reagent grade), Cu(OAc)2 (98%), Cu(OTf)2 (98%), CuO (99%) were 

used as received. DMSO absolute grade was used without further purification and stored 

over molecular sieves (4 Å). Toluene was distilled by standard procedures and stored over 

molecular sieves (4 Å). All the reaction products were isolated by radial chromatography 

(silica gel, petroleum/ethyl ether) from the reaction mixture and characterized by 
1
H and 

13
C NMR and mass spectrometry. All the S-aryl thioacetates synthesized are known; they 

exhibited physical properties identical to those reported in the literature. 

General methods: 
1
H and 

13
C NMR spectra were recorded at 400.16 and 100.62 MHz, 

respectively, on a Bruker Advance II 400 spectrometer, and all spectra were reported in  

(ppm) relative to Me4Si, with CDCl3 as solvent. Gas chromatographic analyses were 

performed with a flame-ionization detector, on 30 m capillary column of a 0.32 mm × 

0.25 m film, with a 5% phenylpolysiloxane phase. GS–MS analyses were performed 

employing a 25 m × 0.2 mm × 0.33 m column with a 5% phenylpolysiloxane phase. 

Ionization was achieved by electronic impact (70 eV) and detection set up in positive mode. 

Microwave-induced reactions were performed in a single-mode instrument (CEM Focused 

Microwave TM Synthesis System, Model Discover) equipped with a noncontact infrared 
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sensor to measure the temperature, a direct pressure control system to measure the pressure 

of the reaction vessel content, and cooling system employing compressed air. 

Representative experimental procedures for the Cu-catalyzed base-free C–S coupling:  

Method A: The reactions were carried out in a 10 mL two-necked Schlenk tube, equipped 

with a nitrogen gas inlet, a condenser and a magnetic stirrer. The tube was dried under 

vacuum, filled with nitrogen and then charged with dried toluene (4.0 mL). ArI (0.5 mmol), 

CuI (10 mol %), 1,10-phenanthroline (20 mol %) and finally potassium thioacetate (1) 

(0.75 mmol) were added to the degassed solvent under nitrogen and stirred at 100 °C for 

24 h. The reaction mixture was cooled to room temperature. Diethylether (20 mL) and 

water (20 mL) were added, and the mixture was stirred. The organic layer was separated, 

and the aqueous layer was extracted with diethylether (2  20 mL). The combined organic 

extract was dried over Na2SO4 (anh), and the products were isolated by radial 

chromatography from the crude reaction mixture or quantified by GC using the internal 

standard method. The identity of all the products was confirmed by 
1
H and 

13
C NMR and 

MS spectrometry. All the thioacetate compounds prepared are known, and their data are in 

good agreement with those reported. 

Method B: The reactions were carried out in a 10 mL glass tube, filled with nitrogen and 

then charged with dried toluene (2 mL). ArI (0.5 mmol), CuI (10 mol %), 1,10-

phenanthroline (20 mol %) and finally potassium thioacetate (1) (0.75 mmol) were added to 

the degassed solvent under nitrogen. Then, the tube was sealed with a rubber cap and 

heated to 110–140 °C for 2 h under microwave irradiation (Fixed Power, 25 W) using the 

SPS method. This method implies irradiation at 25 W to bring the reaction mixture to 

140 °C, then cycling of the power on and off for the remaining run time (2 h) as the 
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temperature varies from 110 °C to 140 °C. After completion of the experiment, the vessel 

was cooled to room temperature before removal from the microwave cavity, and then 

opened to the atmosphere. The work-up of the reaction was similar to that of Method A. 

Representative procedure for the one-pot three-step synthesis of alkyl aryl sulfides, 

diaryl disulfides and asymmetric diaryl sulfides: 

The reactions were carried out by using method A. After 24 h at 100 °C, KOt-Bu (1 mmol, 

2 equiv) was added to the reaction mixture and stirred for 10 min. The corresponding alkyl 

halide (0.75 mmol, 1.5 equiv) or KI/I2 (1.5 mmol/0.51 mmol, 3/1.02 equiv) was then added 

and stirred for 20 min or 24 h, respectively. The work-up of the reactions was similar to that 

of Method A. 

For the synthesis of the asymmetric diaryl sulfide, after hydrolysis of the thioester, a second 

addition of CuI/1,10-phenanthroline (10 and 20 mol %, respectively) was required, together 

with the new aryl iodide (1 equiv). After stirring for 24 h at 100 °C, the work-up of the 

reaction was similar to that of Method A.  

Synthesis of 3H-benzo[c][1,2]dithiol-3-one (6): The product was obtained by the reaction 

between 2-iodobenzoic acid (9) and 1 in a ratio of 1:2 by the method A. The reaction 

product was isolated by column chromatography (silica gel, petroleum/ethyl ether, 95/5) in 

53% yield. 

Synthesis of 2-methylbenzothiazole (14): The product was obtained by the reaction 

between N-(2-iodophenyl)acetamide (13) and 1 in a ratio of 1:1.5 by method B. The 

reaction product was isolated by column chromatography (silica gel, petroleum/ethyl ether, 

95/5) in 50% yield. 
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Characterization data of compounds 

S-Phenyl thioacetate (2a) [1]:
 1

H NMR (400 MHz, CDCl3) δ 2.42 (s, 3H), 7.41 (s, 5H). 

13
C NMR (101 MHz, CDCl3) δ 30.2, 127.9, 129.2, 129.5, 134.5, 194.1; GC-MS (m/z): 152 

(M
+
, 14), 111 (8), 110 (100), 109 (18), 84 (6), 69 (8), 66 (14), 65 (15), 51 (6), 50 (4). 

S-p-Tolyl thioacetate (2b) [1]: 
1
H NMR (400 MHz, CDCl3) δ 2.37 (s, 3H), 2.40 (s, 3H), 

7.22 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 8.2 Hz, 2H); 
13

C NMR (101 MHz, CDCl3) δ 21.3, 

30.1, 124.5, 130.1, 134.4, 139.7, 194.6; 
1
H/

13
C HSQC NMR (CDCl3) δH/δC δ 2.37/21.3, 

2.40/30.1, 7.22/130.1, 7.29/134.4. 

S-(4-Methoxyphenyl) thioacetate (2c) [2]: 
1
H NMR (400 MHz, CDCl3) δ 2.49 (s, 3H), 

3.92 (s, 3H), 7.04 (d, J = 8.9 Hz, 2H), 7.42 (d, J = 8.9 Hz, 2H); 
13

C NMR (101 MHz, 

CDCl3) δ 29.9, 55.4, 114.9, 118.7, 136.1, 160.7, 195.2; 
1
H/

13
C HSQC NMR (CDCl3) δH/δC 

δ 2.49/29.9, 3.92/55.4, 7.04/114.9, 7.42/136.1. 

S-(4-Acetamidophenyl) thioacetate (2d) [3]: 
1
H NMR (400 MHz, CDCl3) δ 2.11 (s, 3H), 

2.42 (s, 3H), 7.30 (d, J = 8.5 Hz, 1H), 7.51 (d, J = 8.5 Hz, 1H), 7.92 (s, br, 1H); 
13

C NMR 

(101 MHz, CDCl3) δ 24.5, 30.1, 120.3, 122.2, 135.3, 139.5, 168.8, 195.6; 
1
H/

13
C HSQC 

NMR (CDCl3) δH/δC δ 2.11/24.5, 2.42/30.1, 7.30/135.3, 7.51/120.3; 
1
H/

13
C HMBC NMR 

(CDCl3) δH/δC δ 2.11/168.8, 2.42/195.6, 7.30/120.3, 7.30/139.5, 7.51/122.2, 7.55/135.3. 

S-(4-Acetylphenyl) thioacetate (2e) [4]: 
1
H NMR (400 MHz, CDCl3) δ 2.45 (s, 3H), 2.61 

(s, 3H), 7.52 (d, J = 8.4 Hz, 2H), 7.97 (d, J = 8.4 Hz, 2H); 
13

C NMR (101 MHz, CDCl3) δ 

26.7, 30.5, 128.8, 133.8, 134.2, 137.4, 192.6, 197.3; 
1
H/

13
C HSQC NMR (CDCl3) δH/δC δ 

2.45/30.5, 2.61/26.7, 7.52/134.2, 7.97/128.8; 
1
H/

13
C HMBC NMR (CDCl3) δH/δC δ 

2.45/192.6, 2.61/197.3, 7.52/137.4, 7.97/133.8, 7.97/197.3. 

S-(4-Nitrophenyl) thioacetate (2f) [5]: 
1
H NMR (400 MHz, CDCl3) δ 2.49 (s, 3H), 7.60 

(d, J = 8.7 Hz, 2H), 8.25 (d, J = 8.7 Hz, 2H); 
13

C NMR (101 MHz, CDCl3) δ 30.6, 124.0, 
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134.6, 136.3, 148.2, 191.6; 
1
H/

13
C HSQC NMR (CDCl3) δH/δC δ 2.49/30.6, 7.60/134.6, 

8.25/124.0; 
1
H/

13
C HMBC NMR (CDCl3) δH/δC δ 2.49/191.6, 7.60/124.0, 7.60/148.2, 

8.25/136.3, 8.25/148.2; GC–MS (m/z): 197 (M
+
, 45), 167 (5), 155 (31), 154 (7), 140 (5), 

139 (44), 138 (7), 126 (4), 125 (56), 124 (14), 110 (8), 109 (55), 108 (42), 97 (20), 96 (10), 

83 (8), 82 (51), 81 (17), 80 (8), 76 (9), 75 (13), 74 (15), 70 (21), 69 (100), 65 (44), 64 (12), 

63 (56), 62 (14), 58 (24), 51 (16), 50 (29). 

S-(4-Cyanophenyl) thioacetate (2g) [6]: 
1
H NMR (400 MHz, CDCl3) δ 2.47 (s, 3H), 7.53 

(d, J = 8.6 Hz, 1H), 7.68 (d, J = 8.6 Hz, 1H); 
13

C NMR (101 MHz, CDCl3) δ 30.5, 113.0, 

118.2, 132.5, 134.2, 134.6, 191.8; 
1
H/

13
C HSQC NMR (CDCl3) δH/δC δ 2.47/30.5, 

7.53/134.6, 7.68/132.5; 
1
H/

13
C HMBC NMR (CDCl3) δH/δC δ 2.47/191.8, 7.53/113.0, 

7.68/118.2, 7.68/134.2. 

S-o-Tolyl thioacetate (2h) [7]: 
1
H NMR (400 MHz, CDCl3) δ 2.34 (s, 3H), 2.40 (s, 3H), 

7.18–7.23 (m, 1H), 7.29–7.32 (m, 2H), 7.38 (d, J = 7.5 Hz, 1H); 
13

C NMR (101 MHz, 

CDCl3) δ 20.8, 30.2, 126.7, 127.5, 130.2, 130.8, 135.9, 142.0, 193; 
1
H/

13
C HSQC NMR 

(CDCl3) δH/δC δ 2.34/20.8, 2.40/30.2, 7.18–7.23/126.7, 7.29–7.32/130.2, 7.29–7.32/130.8, 

7.38/135.9. 

S-(2-Methoxyphenyl) thioacetate (2i) [8]: 
1
H NMR (400 MHz, CDCl3) δ 2.40 (s, 3H), 

3.84 (s, 3H), 6.97–7.00 (m, 2H), 7.45–7.35 (m, 2H); 
13

C NMR (101 MHz, CDCl3) δ 29.8, 

55.8, 111.5, 115.9, 121.0, 131.7, 136.6, 159.1, 194.2; 
1
H/

13
C HSQC NMR (CDCl3) δH/δC δ 

2.40/29.8, 3.84/55.8, 6.97–7.00/111.5, 6.97–7.00/121.0, 7.45–7.35/131.7, 7.45–7.35/136.6. 

S-Pyridin-3-yl thioacetate (3) [9]: 
1
H NMR (400 MHz, CDCl3) δ 2.46 (s, 3H), 7.36 (dd, 

J = 7.9, 4.9 Hz, 1H), 7.71–7.76 (m, 1H), 8.57 (d, J = 1.7 Hz, 1H), 8.62 (dd, J = 4.8, 1.4 Hz, 

1H); 
13

C NMR (101 MHz, CDCl3) δ 30.4, 124.0, 125.4, 142.0, 150.2, 154.0, 192.5; 

1
H/

13
C HSQC NMR (CDCl3) δH/δC δ 2.46/30.4, 7.36/124.0, 7.71–7.76/142.0, 8.57/154.0, 
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8.62/150.2; 
1
H\

13
C HMBC NMR (CDCl3) δH/δC δ 2.46/192.5, 7.36/125.4, 7.36/150.2, 7.71–

7.76/150.2, 7.71–7.76/154.0, 8.57/125.4, 8.57/142.0, 8.57/150.2, 8.62/124.0, 8.62/142.0, 

8.62/154.0. 

S-Naphthalen-1-yl thioacetate (4) [10]: 
1
H NMR (400 MHz, CDCl3) δ 2.44 (s, 3H), 7.44–

7.58 (m, 3H), 7.68 (d, J = 7.1 Hz, 1H), 7.86 (d, J = 7.6 Hz, 1H), 7.92 (d, J = 8.3 Hz, 1H), 

8.18 (d, J = 8.2 Hz, 1H); 
13

C NMR (101 MHz, CDCl3) δ 30.3, 125.3, 125.5, 125.6, 126.5, 

127.3, 128.7, 131.0, 134.2, 135.0, 194.2; 
1
H/

13
C HSQC NMR (CDCl3) δH/δC δ 2.44/30.3, 

7.44–7.58/125.6, 7.44–7.58/126.5, 7.44–7.58/127.3, 7.68/135.0, 7.86/128.7, 7.92/135.0, 

8.18/125.3; GC–MS (m/z): 203 (M
+ 

+ 1, 1), 202 (M
+
, 14), 162 (6), 161 (12), 160 (100), 159 

(10), 158 (3), 129 (2), 128 (10), 127 (2), 126 (4), 116 (8), 115 (38), 114 (5), 89 (4), 88 (2), 

79 (2), 75 (2), 69 (3), 63 (3). 

S,S'-1,4-Phenylene dithioacetate (5) [11]: 
1
H NMR (400 MHz, CDCl3) δ 2.43 (s, 6H), 

7.45 (s, 4H); 
13

C NMR (101 MHz, CDCl3) δ 30.3, 129.6, 134.8, 193.1; GC–MS (m/z): 228 

(1), 226 (M
+
, 7), 186 (3), 185 (5), 184 (40), 144 (5), 143 (5), 142 (54), 141 (9), 108 (4), 97 

(4), 78 (10), 69 (6), 43 (100). 

3H-Benzo[c][1,2]dithiol-3-one (6) [12]: 
1
H NMR (400 MHz, CDCl3) δ 7.41 (ddd, J = 7.9, 

6.2, 1.7 Hz, 1H), 7.68–7.60 (m, 2H), 7.96 (d, J = 7.9 Hz, 1H); 
13

C NMR (101 MHz, CDCl3) 

δ 124.7, 125.7, 127.4, 129.2, 133.5, 148.3, 193.7; 
1
H/

13
C HSQC NMR (CDCl3) δH/δC δ 

7.41/125.7, 7.68–7.60/124.7, 7.68–7.60/133.5, 7.96/127.4. 

2-Mercaptobenzoic acid (7) [13]: 
1
H NMR (400 MHz, CDCl3) δ 6.49 (s, 1H), 7.22–7.37 

(m, 4H); 
13

C NMR (101 MHz, CDCl3) δ 125.4, 126.6, 131.1, 131.3, 135.7, 142.6, 197.4. 

2-Methylbenzothiazole (14): 
1
H NMR (400 MHz, CDCl3) δ 2.84 (s, 3H), 7.35 (t, J = 8 Hz, 

1H), 7.45 (d, J = 8 Hz, 1H), 7.83 (d, J = 8 Hz, 1H), 7.95 (d, J = 8 Hz, 1H); 
13

C NMR 

(101 MHz, CDCl3) δ 20.1, 121.4, 122.4, 124.7, 125.9, 135.7, 153.4, 167.0; 
1
H/

1
H COSY 
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NMR (CDCl3) δH/δH δ 7.35/7.45, 7.35/7.83, 7.45/7.95; 
1
H/

13
C HSQC NMR (CDCl3) 

δH/δC δ 2.84/20.1, 7.35/124.7, 7.45/125.9, 7.83/121.4, 7.95/122.4; 
1
H/

13
C HMBC NMR 

(CDCl3) δH/δC δ 2.84/167.0, 7.35/122.4, 7.35/135.7, 7.45/121.4, 7.45/153.4, 7.83/125.9, 

7.83/153.4, 7.95/124.7, 7.95/135.7. 
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1
H NMR (400 MHz, CDCl3) S-phenyl thioacetate (2a) 

 
 

 

 

 
13

C NMR (101 MHz, CDCl3) S-phenyl thioacetate (2a) 
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1
H NMR (400 MHz, CDCl3) S-p-tolyl thioacetate (2b) 

 

 

13
C NMR (101 MHz, CDCl3) S-p-tolyl thioacetate (2b) 
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1
H/

13
C HSQC NMR (CDCl3) S-p-tolyl thioacetate (2b) 

 

 

 
1
H NMR (400 MHz, CDCl3) S-(4-methoxyphenyl) thioacetate (2c) 
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13
C NMR (101 MHz, CDCl3) S-(4-methoxyphenyl) thioacetate (2c) 

 

 

1
H/

13
C HSQC NMR (CDCl3) S-(4-methoxyphenyl) thioacetate (2c) 
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1
H NMR (400 MHz, CDCl3) S-(4-acetamidophenyl) thioacetate (2d) 

 

 

 

13
C NMR (101 MHz, CDCl3) S-(4-acetamidophenyl) thioacetate (2d) 
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1
H/

13
C HSQC NMR (CDCl3) S-(4-acetamidophenyl) thioacetate (2d) 

 

 

1
H/

13
C HMBC NMR (CDCl3) S-(4-acetamidophenyl) thioacetate (2d) 
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1
H NMR (400 MHz, CDCl3) S-(4-acetylphenyl) thioacetate (2e) 

 

 

 

13
C NMR (101 MHz, CDCl3) S-(4-acetylphenyl) thioacetate (2e) 
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1
H/

13
C HSQC NMR (CDCl3) S-(4-acetylphenyl) thioacetate (2e) 

 

 

 

1
H/

13
C HMBC NMR (CDCl3) S-(4-acetylphenyl) thioacetate (2e) 
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1
H NMR (400 MHz, CDCl3) S-(4-nitrophenyl) thioacetate (2f) 

 

 

 

13
C NMR (101 MHz, CDCl3) S-(4-nitrophenyl) thioacetate (2f) 
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1
H/

13
C HSQC NMR (CDCl3) S-(4-nitrophenyl) thioacetate (2f) 

 

 

1
H/

13
C HMBC NMR (CDCl3) S-(4-nitrophenyl) thioacetate (2f) 
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1
H NMR (400 MHz, CDCl3) S-(4-cyanophenyl) thioacetate (2g) 

 

 

 

13
C NMR (101 MHz, CDCl3) S-(4-cyanophenyl) thioacetate (2g) 
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1
H/

13
C HSQC NMR (CDCl3) S-(4-cyanophenyl) thioacetate (2g) 

 

 

1
H/

13
C HMBC NMR (CDCl3) S-(4-cyanophenyl) thioacetate (2g) 
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1
H NMR (400 MHz, CDCl3) S-o-tolyl thioacetate (2h) 

 

 

 

13
C NMR (101 MHz, CDCl3) S-o-tolyl thioacetate (2h) 
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1
H/

13
C HSQC NMR (CDCl3) S-o-tolyl thioacetate (2h) 

 

 

 

1
H NMR (400 MHz, CDCl3) S-(2-methoxyphenyl) thioacetate (2i) 
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13
C NMR (101 MHz, CDCl3) S-(2-methoxyphenyl) thioacetate (2i) 

 

 

 

1
H/

13
C HSQC NMR (CDCl3) S-(2-methoxyphenyl) thioacetate (2i) 
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1
H NMR (400 MHz, CDCl3) S-pyridin-3-yl thioacetate (3) 

 

 

 

13
C NMR (101 MHz, CDCl3) S-pyridin-3-yl thioacetate (3) 

 

 



 

S26 

1
H/

13
C HSQC NMR (CDCl3) S-pyridin-3-yl thioacetate (3) 

 

 

1
H/

13
C HMBC NMR (CDCl3) S-pyridin-3-yl thioacetate (3) 

 

 



 

S27 

1
H NMR (400 MHz, CDCl3) S-naphthalen-1-yl thioacetate (4) 

 

 

 

13
C NMR (101 MHz, CDCl3) S-naphthalen-1-yl thioacetate (4) 

 

 



 

S28 

1
H/

13
C HSQC NMR (CDCl3) S-naphthalen-1-yl thioacetate (4) 

 

 

 

1
H NMR (400 MHz, CDCl3) S,S'-1,4-phenylene dithioacetate (5) 

 



 

S29 

13
C NMR (101 MHz, CDCl3) S,S'-1,4-phenylene dithioacetate (5) 

 

 

 

 

1
H NMR (400 MHz, CDCl3) 3H-benzo[c][1,2]dithiol-3-one (6) 

 



 

S30 

13
C NMR (101 MHz, CDCl3) 3H-benzo[c][1,2]dithiol-3-one (6) 

 

 

1
H/

13
C HSQC NMR (CDCl3) 3H-benzo[c][1,2]dithiol-3-one (6) 

 

 



 

S31 

1
H NMR (400 MHz, CDCl3) 2-mercaptobenzoic acid (7) 

 

 

13
C NMR (101 MHz, CDCl3) 2-mercaptobenzoic acid (7) 

 

 



 

S32 

1
H NMR (400 MHz, CDCl3) 2-methylbenzothiazole (14) 

 

13
C NMR (101 MHz, CDCl3) 2-methylbenzothiazole (14) 

 

 

 



 

S33 

1
H/

1
H COSY NMR (CDCl3) 2- methylbenzothiazole (14) 

 

1
H/

1
H HSQC NMR (CDCl3) 2- methylbenzothiazole (14) 

 

 

 



 

S34 

1
H/

13
C HMBC NMR (CDCl3) 2- methylbenzothiazole (14) 

 

 


