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Preparation and characterization of 3-(2-(methylthio)phenyl)prop-2-yn-1-ols 1a-k and                        

4-(2-(methylthio)phenyl)but-3-yn-1-ols 3a-3l 

Synthesis of 3-(2-(methylthio)phenyl)prop-2-yn-1-ols 1a-k 

3-(2-(methylthio)phenyl)prop-2-yn-1-ols 1a, 1c, 1f-h and 1k were prepared as we already reported [1]. 3-(2-

(methylthio)phenyl)prop-2-yn-1-ols 1b, 1d, 1e, 1i and 1j were prepared by Sonogashira coupling of 2-

iodothioanisole (commercially available), 2-bromo-4-fluorothioanisole (prepared by methylation of 

commercially available 2-bromo-4-fluorobenzenethiol, according to a literature procedure [2]) and 2-bromo-

4-methylthioanisole (prepared by methylation of commercially available 2-bromo-4-methylbenzenethiol, 

according to a literature procedure [2]) with prop-2-yn-1-ols (commercially available), as described below.  

General procedure for the synthesis of 3-(2-(methylthio)phenyl)prop-2-yn-1-ols 1b, 1i and 1j 

A solution of 2-iodothioanisole (1.0 g, 4.0 mmol), PdCl2(PPh3)2 (60 mg, 0.085 mmol), CuI (20 mg, 0.11 mmol), 

and the terminal alkyne (4.8 mmol; 4-methylpent-1-yn-3-ol, 470 mg; 2-phenylbut-3-yn-2-ol, 700 mg; 1,1-

diphenylprop-2-yn-1-ol, 1.0 g) in anhydrous triethylamine (16 mL) was allowed to stir under nitrogen at 25 

°C for 24 h. Water (50 mL) was then added, and the mixture extracted with diethyl ether (3 × 50 mL). The 

organic layer was washed with a saturated solution of NH4Cl (100 mL) and water until neutral pH. After drying 

over Na2SO4, the solvent was evaporated, and the residue purified by column chromatography on silica gel 

using 99:1 to 9:1 hexane-AcOEt as eluent.  

4-Methyl-1-(2-(methylthio)phenyl)pent-1-yn-3-ol (1b). Yield: 637 mg, starting from 1.0 g of 2-iodothioanisole 

(72%). Yellow oil. IR (film): ˄ = 3406 (m, br), 2226 (vw), 1466 (m), 1435 (m), 1234 (w), 1072 (w), 1026 (m), 988 

(w), 752 (s) cmҍ1; 1H NMR (CDCl3, 300 MHz): ɻ  = 7.38 (dd, J = 7.5, 1.0, 1H, H-6), 7.32-7.23 (m, 1H, H-4), 7.12 

(dist d, J = 7.9, 1H, H-3), 7.09-7.02 (m, 1H, H-5), 4.47 (d, J = 5.5, 1H, CHOH), 2.46 (s, 3H, SMe), 2.10-1.92 (m, 

1H, CH3CHCH3), 1.12 (d, J = 6.8, 3H, CH3CHCH3), 1.08 (d, J = 6.8, 3H, CH3CHCH3) (Note: the OH signal was too 

broad to be detected); 13C-NMR (CDCl3, 75 MHz):  ɻ= 141.6, 132.5, 128.8, 124.1, 123.8, 120.7, 95.6, 82.9, 

68.5, 34.6, 18.3, 17.5, 14.9; GC-MS (EI, 70 eV) m/z = 220 (M+, 5), 205 (19), 187 (8), 172 (20), 163 (60), 162 

(38), 149 (59), 147 (68), 149 (59), 147 (68), 134 (100), 116 (100), 115 (45), 89 (20); HRMS-ESI (m/z): [(M-

H2O+H)+] cald for (C13H15S)+: 203.0888; found: 203.0906. 

4-(2-(Methylthio)phenyl)-2-phenylbut-3-yn-2-ol (1i). Yield: 749 mg, starting from 1.0 g of 2-iodothioanisole 

(70%). Yellow solid, mp = 63-64 °C. IR (KBr): ˄  = 3414 (m, br), 2226 (vw), 1493 (w), 1462 (m), 1435 (m), 1366 

(w), 1142 (w), 1088 (w), 1069 (m), 937 (w), 895 (w), 752 (s), 698 (m) cmҍ1; 1H NMR (CDCl3, 300 MHz): ɻ = 7.86-

7.74 (m, 2H, aromatic), 7.49-7.25 (m, 5H, aromatic), 7.20-7.02 (m, 2H, aromatic), 2.79 (s, 1H, OH), 2.46 (s, 3H, 

SMe), 1.90 (s, 3H, CH3COH); 13C-NMR (CDCl3, 75 MHz):  ɻ= 145.5, 141.9, 132.4, 129.0, 128.3, 127.7, 125.2, 

124.2, 123.9, 120.5, 98.9, 82.5, 70.6, 33.4, 15.0; GC-MS (EI, 70 eV) m/z = 268 (M+, 3), 250 (29), 235 (100), 234 

(60), 202 (22), 189 (7), 147 (14), 105 (21); HRMS-ESI (m/z): [(M-H2O+H)+] cald for (C17H15S)+: 251.0889; found: 

251.0906. 

3-(2-(Methylthio)phenyl)-1,1-diphenylprop-2-yn-1-ol (1j). Yield: 864 mg, starting from 1.0 g of 2-

iodothioanisole (65%). Yellow solid, mp = 109-110 °C. IR (KBr):  ˄= 3426 (m, br), 2214 (vw), 1489 (w), 1462 

(m), 1450 (m), 1435 (w), 1165 (m), 1072 (w), 1022 (m), 992 (m), 918 (w), 883 (w), 752 (s), 702 (s) cmҍ1; 1H 

NMR (CDCl3, 500 MHz): ɻ  = 7.81-7.65 (m, 4H, aromatic), 7.46-7.37 (m, 1H, aromatic), 7.37-7.20 (m, 7H, 

aromatic), 7.20-7.11 (m, 1H, aromatic), 7.10-7.01 (m, 1H, aromatic), 3.02 (s, 1H, OH), 2.42 (s, 3H, SMe); 13C-

NMR (CDCl3, 125 MHz):  ɻ= 145.1, 142.1, 132.7, 129.1, 128.3, 127.7, 126.3, 124.7, 124.4, 121.1, 98.1, 82.0, 
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15.3; GC-MS (EI, 70 eV) m/z = 330 (M+, 10), 329 (23), 315 (12), 283 (8), 237 (19), 225 (9), 210 (11), 165 (8), 

105 (100), 77 (53); HRMS-ESI (m/z): [(M-H2O+H)+] cald for (C22H17S)+: 313.1045; found: 313.1070. 

General procedure for the synthesis of 3-(2-(methylthio)phenyl)prop-2-yn-1-ols 1d and 1e 

A solution of the substituted 2-iodothioanisole (2.0 mmol; 2-bromo-4-fluorothioanisole, 450 mg; 2-bromo-4-

methylthioanisole, 440 mg), PdCl2(PPh3)2 (140 mg, 0.2 mmol), CuI (57 mg, 0.3 mmol), and 2-methylbut-3-yn-

2-ol (340 mg, 4.0 mmol) in anhydrous diisopropylamine (20 mL) was allowed to stir under nitrogen at 80 °C 

for 24 h. Water (50 mL) was then added, and the mixture extracted with diethyl ether (3 × 50 mL). The organic 

layer was washed with a saturated solution of NH4Cl (100 mL) and water until neutral pH. After drying over 

Na2SO4, the solvent was evaporated, and the residue purified by column chromatography on silica gel using 

hexane to 8:2 ƘŜȄŀƴŜ !Ŏh9ǘ ŀǎ ŜƭǳŜƴǘ. 

4-(5-Fluoro-2-(methylthio)phenyl)-2-methylbut-3-yn-2-ol (1d). Yield: 410 mg, starting from 450 mg of 2-

bromo-4-fluorothioanisole (90%). Yellow oil. IR (film): ˄  = 3397 (m, br), 2230 (w), 1593 (m), 1572 (m), 1460 

(s), 1437 (m), 1408 (w), 1364 (w), 1207 (m), 1167 (m), 1153 (m), 1121 (m), 1067 (w), 986 (w), 966 (s), 874 

(m), 806 (m), 633 (m) cmҍ1; 1H NMR (CDCl3, 500 MHz): ɻ = 7.12-7.07 (m, 2H, H-6 + H-3), 6.99 (td, J = 8.5, 2.9, 

1H, H-5), 2.45 (s, 3H, SMe), 1.65 (s, 6 H., MeCMe) (Note: the OH signal was too broad to be detected); 13C-

NMR (CDCl3, 125 MHz):  ɻ= 160.1 (d, J = 244.5), 136.8, 127.5-126.0 (m), 122.8 (d, J = 9.1), 119.5-118.5 (m), 

117.0-115.5 (m), 101.3, 78.8, 31.3, 15.8; GC-MS (EI, 70 eV) m/z = 234 (M+, 100), 209 (26), 191 (16), 181 (18), 

165 (30), 133 (27); HRMS-ESI (m/z): [(M-H2O+H)+] cald for (C11H12FS)+: 207.0683; found: 207.0643. 

2-Methyl-4-(5-methyl-2-(methylthio)phenyl)but-3-yn-2-ol (1e). Yield: 325 mg, starting from 440 mg of 2-

bromo-4-methylthioanisole (73%). Yellow oil. IR (film): ˄ = 3397 (m, br), 1462 (m), 1435 (m), 1362 (w), 1292 

(w), 1211 (m), 1161 (s), 1065 (m), 962 (w), 939 (m), 868 (w), 806 (m) cmҍ1; 1H NMR (CDCl3, 500 MHz): ɻ = 7.21 

(d, J = 1.6, 1H, H-6), 7.08 (dist dd, J = 8.3, 1.6, 1H, H-4), 7.04 (dist d, J = 8.3, 1H, H-3), 2.45 (s, 3H, SMe), 2.27 

(s, 3H, Me at C-5), 1.65 (s, 6H, MeCMe) (Note: the OH signal was too broad to be detected); 13C-NMR (CDCl3, 

125 MHz):  ɻ= 137.9, 134.2, 133.0, 129.8, 124.7, 121.0, 99.9, 79.9, 65.8, 31.4, 20.6, 15.3; GC-MS (EI, 70 eV): 

m/z = 203 (M+, 100), 210 (25), 189 (20), 173 (21), 163 (46), 148 (46), 130 (58), 115 (25), 103 (12); HRMS-ESI 

(m/z): [(M-H2O+H)+] cald for (C13H15S)+: 203.0889; found: 203.0903. 

Synthesis of 4-(2-(methylthio)phenyl)but-3-yn-1-ols 3a-3l 

4-(2-(Methylthio)phenyl)but-3-yn-1-ols 3a-3l were prepared by Sonogashira coupling of 2-iodothioanisole 

(commercially available), 2-bromo-5-fluorothioanisole (prepared by methylation of commercially available 

2-bromo-5-fluorobenzenethiol, according to a literature procedure [2]) with but-3-yn-1-ols, as described 

below. But-3-yn-1-ol, pent-4-yn-2-ol and hex-5-yn-3-ol are commercially available; 1-phenylbut-3-yn-1-ol, 1-

mesitylbut-3-yn-1-ol, 1-(4-methoxyphenyl)but-3-yn-1-ol, 4-(1-hydroxybut-3-yn-1-yl)benzonitrile, 1-(furan-2-

yl)but-3-yn-1-ol, 2-phenylpent-4-yn-2-ol and 1-(prop-2-yn-1-yl)cyclohexan-1-ol were prepared by Barbier 

reaction between an alkynyl bromide and an aldehyde or a ketone in the presence of activated zinc [3]. trans-

2-Ethynylcyclohexan-1-ol and trans-2-ethynylcyclopentan-1-ol were synthesized as reported in the literature 

[4].  

General procedure for the synthesis of 4-(2-(methylthio)phenyl)but-3-yn-1-ols 3a and 3c-3l 

A solution of 2-iodothioanisole (500 mg, 2.0 mmol), PdCl2(PPh3)2 (28 mg, 0.04 mmol), CuI (11.4 mg, 0.06 

mmol), and the terminal alkyne (2.4 mmol; but-3-yn-1-ol, 168 mg; pent-4-yn-2-ol, 202 mg; hex-5-yn-3-ol, 235 

mg; 1-phenylbut-3-yn-1-ol, 350 mg; 1-mesitylbut-3-yn-1-ol, 452 mg; 1-(4-methoxyphenyl)but-3-yn-1-ol, 422 

mg; 1-(furan-2-yl)but-3-yn-1-ol, 327 mg; 2-phenylpent-4-yn-2-ol, 385 mg; 1-(prop-2-yn-1-yl)cyclohexan-1-ol, 
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332 mg; trans-2-ethynylcyclohexan-1-ol, 300 mg; trans-2-ethynylcyclopentan-1-ol, 265 mg) in anhydrous 

triethylamine (8 mL) was allowed to stir under nitrogen at 25 °C for 15 h. The mixture was washed with a 

saturated solution of NH4Cl (3 x 20 mL); the aqueous layer was extracted with ethyl acetate (3 x 20 mL), and 

the combined organic layers was washed with a saturated solution of NH4Cl until pH was neutral, then dried 

with Na2SO4, and concentrated in vacuo. The resulting crude product was purified via chromatography on 

ǎƛƭƛŎŀ ƎŜƭ ǳǎƛƴƎ фΥм ƘŜȄŀƴŜ !Ŏh9ǘ ǘƻ сΥп ƘŜȄŀƴŜ !Ŏh9ǘ ŀǎ ŜƭǳŜƴǘΦ 

4-(2-(Methylthio)phenyl)but-3-yn-1-ol (3a). Yield: 370 mg, starting from 500 mg of 2-iodothioanisole (96%). 

Yellow oil. IR (film): ˄  = 3410 (s, br), 2230 (w), 1466 (m), 1435 (m), 1327 (w), 1041 (s), 957 (w), 849 (w), 756 

(s) cmҍ1; 1H NMR (CDCl3, 500 MHz): ɻ  = 7.38-7.35 (m, 1H, H-6), 7.29-7.24 (m, 1H, H-4), 7.14 (dist d, J = 7.9, 1H, 

H-3), 7.06 (td, J = 7.5, 0.8, 1H, H-5), 3.84 (q, J = 6.2, 2H, CH2OH), 2.75 (t, J = 6.2, 2H, CH2CH2OH), 2.47 (s, 3H, 

SMe), 2.38 (t, J = 6.2, 1H, OH); 13C-NMR (CDCl3, 125 MHz): ɻ  = 141.3, 132.0, 128.5, 124.3, 124.1, 121.5, 93.5, 

80.3, 61.1, 24.2, 15.0; GC-MS (EI, 70 eV) m/z = 192 (M+, 62), 147 (100), 128 (60), 115 (29); HRMS-ESI (m/z): 

[(M+H)+] cald for (C11H13OS)+: 193.0681; found: 193.0684. The spectroscopic data agreed with those reported 

[5]. 

5-(2-(Methylthio)phenyl)pent-4-yn-2-ol (3c). Yield: 406 mg, starting from 500 mg of 2-iodothioanisole (98%). 

Yellow oil. IR (film): ˄ = 3395 (m, br), 2230 (w), 1582 (w), 1466 (m), 1435 (s), 1273 (w), 1111 (m), 1080 (m), 

934 (m), 748 (s) cmҍ1; 1H NMR (CDCl3, 500 MHz): ɻ  = 7.36 (dist dd, J = 7.6, 1.2, 1H, H-6), 7.30-7.25 (m, 1H, H-

4), 7.14 (dist d, J = 8.0, 1H, H-3), 7.10-7.04 (m, 1H, H-5), 4.13-4.04 (m, 1H, CHOH), 2.71 (dist dd, J = 16.7, 5.1, 

1H, CCHH), 2.60 (dist dd, J = 16.7, 6.8, 1H, CCHH), 2.52-2.47 (m, 1H, OH), 2.48 (s, 3H, SMe), 1.35 (d, J = 6.2, 

CH3CHOH); 13C-NMR (CDCl3, 125 MHz):  ɻ= 141.3, 132.0, 128.5, 124.3, 124.0, 121.4, 93.2, 80.8, 66.6, 30.3, 

22.3, 15.1; GC-MS (EI, 70 eV) m/z = 206 (M+, 22), 162 (19), 147 (100), 128 (17), 115 (25); HRMS-ESI (m/z): 

[(M+H)+] cald for (C12H15OS)+: 207.0838; found, 207.0840. 

6-(2-(Methylthio)phenyl)hex-5-yn-3-ol (3d). Yield: 430 mg, starting from 500 mg of 2-iodothioanisole (98%). 

Yellow oil. IR (film): ˄  = 3410 (m, br), 2222 (w), 1582 (w), 1466 (m), 1435 (s), 1111 (m), 1072 (w), 1081 (w), 

980 (m), 748 (s) cmҍ1; 1H NMR (CDCl3, 500 MHz): ɻ  = 7.36 (dist dd, J = 7.6, 1.3, 1H, H-6), 7.27 (dist dd, J = 7.6, 

1.3, 1H, H-4), 7.14 (dist d, J = 7.9, 1H, H-3), 7.06 (td, J = 7.6, 0.9, 1H, H-5), 3.84-3.76 (m, 1H, CHOH), 2.72 (dist 

dd, J = 16.7, 4.5, 1H, CCHH), 2.60 (dist dd, J = 16.7, 7.0, 1H, CCHH), 2.47 (s, 3H, SMe), 2.48-2.44 (m, 1H, OH), 

1.71 -1.62 (m, 2H, CH2CH3), 1.00 (t, J = 7.4, 3H, CH2CH3); 13C-NMR (CDCl3, 125 MHz):  ɻ= 141.3, 132.0, 128.5, 

124.3, 124.1, 121.6, 93.3, 80.8, 71.6, 29.2, 28.3, 15.1, 10.1; GC-MS (EI, 70 eV) m/z = 220 (M+, 8), 187 (7), 162 

(26), 147 (100), 128 (14), 115 (23); HRMS-ESI (m/z): [(M+H)+] cald for (C13H17OS)+: 221.0994; found, 221.1004. 

4-(2-(Methylthio)phenyl)-1-phenylbut-3-yn-1-ol (3e). Yield: 375 mg, starting from 500 mg of 2-iodothioanisole 

(70%). Yellow oil. IR (film): ˄ = 3418 (m, br), 2230 (vw), 1582 (m), 1458 (m), 1435 (m), 1196 (w), 1042 (m), 748 

(s), 702 (m) cmҍ1; 1H NMR (CDCl3, 500 MHz): ɻ = 7.48-7.42 (m, 2H, aromatic), 7.39-7.32 (m, 3H, aromatic), 

7.32-7.23 (m, 2H, aromatic), 7.14 (dist d, J = 7.9, 1H, H-3), 7.06 (td, J = 7.5, 0.9, 1H, H-5), 5.02-4.92 (m, 1H, 

CHOH), 2.99-2.91 (m, 2H, CCHH + OH), 2.89 (dist dd, J = 16.7, 7.8, 1H, CCHH), 2.46 (s, 3H, SMe); 13C-NMR 

(CDCl3, 125 MHz):  ɻ= 142.6, 141.4, 132.1, 128.6, 128.5, 127.8, 125.8, 124.4, 124.3, 121.5, 93.0, 88.1, 72.5, 

31.1, 15.2; GC-MS (EI, 70 eV): m/z = 268 (M+, 5), 267 (13), 235 (7), 162 (20), 147 (100), 128 (11), 115 (12), 107 

(22), 79 (41); HRMS-ESI (m/z): [(M-H2O+H)+] calcd for (C17H15S)+: 251.0889; found, 251.0880. 

1-Mesityl-4-(2-(methylthio)phenyl)but-3-yn-1-ol (3f). Yield: 550 mg, starting from 500 mg of 2-iodothioanisole 

(89%). Yellow solid, mp = 73-74 °C. IR (KBr): ˄  = 3426 (m, br), 2222 (vw), 1612 (w), 1582 (w), 1466 (m), 1435 

(m), 1381 (m), 1034 (s), 849 (m), 748 (s) cmҍ1; 1H NMR (CDCl3, 500 MHz): ɻ = 7.35 (d, J = 7.6, 1H, H-6), 7.27 (t, 

J = 7.7, 1H, H-4), 7.14 (dist d, J = 8.0, 1H, H-3), 7.08-7.04 (m, 1H, H-5), 6.83 (s, 2H, mesityl ring), 5.45-5.40 (m, 

1H, CHOH), 3.14 (dist dd, J = 17.0, 9.9, 1H, CCHH), 2.80 (dist dd, J = 17.0, 4.4, 1H, CCHH), 2.76-2.72 (m, 1H, 
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OH), 2.47 (s, 3H, SMe), 2.45 (s, 6H, 2 o-Me on mesityl ring), 2.25 (s, 3H, p-Me on mesityl ring); 13C-NMR (CDCl3, 

125 MHz): ɻ  = 141.3, 136.9, 136.2, 134.6, 132.1, 130.2, 128.5, 124.3, 124.2, 121.5, 93.8, 80.5, 70.1, 27.6, 20.8, 

15.1; GC-MS (EI, 70 eV): m/z = 310 (M+, <0.5), 262 (6), 162 (55), 149 (100), 147 (33), 121 (43); HRMS-ESI (m/z): 

[(M-H2O+H)+] calcd for (C20H21S)+: 293.1358; found, 293.1370. 

1-(4-Methoxyphenyl)-4-(2-(methylthio)phenyl)but-3-yn-1-ol (3g). Yield: 508 mg, starting from 500 mg of 2-

iodothioanisole (85%). Yellow oil. IR (film): ˄  = 3433 (m, br), 2230 (vw), 1612 (m), 1512 (m), 1466 (m), 1435 

(m), 1304 (w), 1250 (s), 1173 (m), 1034 (s), 833 (m), 756 (s) cmҍ1; 1H NMR (CDCl3, 500 MHz): ɻ = 7.41-7.32 (m, 

3H, aromatic), 7.28-7.24 (m, 1H, H-4), 7.14 (dist d, J = 7.7, 1H, H-3), 7.06 (td, J = 7.5, 0.8, 1H, H-5), 6.92-6.87 

(m, 2H, aromatic), 4.98-4.92 (m, 1H, CHOH), 3.80 (s, 3H, OMe), 2.91-2.88 (m, 3H, CCH2 + OH), 2.47 (s, 3H, 

SMe); 13C-NMR (CDCl3, 125 MHz):  ɻ= 159.3, 141.3, 134.8, 132.1, 128.6, 127.1, 124.4, 124.3, 121.5, 113.8, 

93.2, 81.0, 72.1, 55.5, 31.1, 15.2; GC-MS (EI, 70 eV): m/z = 298 (M+, 0.6), 280 (46), 264 (39), 250 (28), 234 

(27), 221 (43), 189 (21), 162 (32), 137 (100), 109 (36); HRMS-ESI (m/z): [(M-H2O+H)+] calcd for (C18H17OS)+: 

281.0994; found, 281.0995. 

1-(Furan-2-yl)-4-(2-(methylthio)phenyl)but-3-yn-1-ol (3h). Yield: 488 mg, starting from 500 mg of 2-

iodothioanisole (94%). Yellow oil. IR (film): ˄  = 3418 (m, br), 2230 (vw), 1582 (w), 1504 (w), 1466 (w), 1435 

(m), 1227 (w), 1142 (w), 1042 (m), 1011 (m), 748 (s) cmҍ1; 1H NMR (CDCl3, 500 MHz): ɻ = 7.41-7.38 (m, 1H, 

furyl ring), 7.35 (dd, J = 7.6, 1.2, 1H, H-6), 7.29-7.24 (m, 1H, H-4), 7.14 (dist d, J = 8.0, 1H, H-3), 7.06 (td, J = 

7.6, 1.0, 1H, H-5), 64.1-6.39 (m, 1H, furyl ring), 6.36-6.33 (m, 1H, furyl ring), 5.00 (q, J = 5.9, 1H, CHOH), 3.06 

(dist d, J = 5.9, 2H, CCH2), 2.92 (d, J = 5.9, 1H, OH), 2.46 (s, 3H, SMe); 13C-NMR (CDCl3, 125 MHz): ɻ  = 154.8, 

142.2, 141.4, 132.1, 128.6, 124.39, 124.38, 121.5, 110.3, 106.8, 92.1, 81.3, 66.4, 27.6, 15.3; GC-MS (EI, 70 

eV): m/z = 258 (M+, 2), 243 (33), 197 (5), 162 (32), 147 (100), 115 (13), 97 (84); HRMS-ESI (m/z): [(M-H2O+H)+] 

calcd for (C15H13OS)+: 241.0681; found, 241.0690. 

5-(2-(Methylthio)phenyl)-2-phenylpent-4-yn-2-ol (3i). Yield: 453 mg, starting from 500 mg of 2-

iodothioanisole (80%). Yellow oil. IR (film): ˄  = 3443 (m, br), 2232 (vw), 1582 (w), 1493 (m), 1464 (m), 1435 

(w), 1180 (w), 1099 (m), 1028 (m), 912 (m), 766 (m), 719 (s), 700 (s) cmҍ1; 1H NMR (CDCl3, 500 MHz): ɻ = 7.57-

7.52 (m, 2H, aromatic), 7.37-7.32 (m, 2H, aromatic), 7.31 (dd, J = 7.6, 1.3, 1H, aromatic), 7.28-7.22 (m, 2H, 

aromatic), 7.13 (dist d, J = 8.6, 1H, H-3), 7.04 (dist td, J = 7.5, 1.0, 1H, H-5), 3.04 (dist d, J = 16.7, 1H, CCHH), 

2.97 (dist d, J = 16.7, 1H, CCHH), 2.93 (s, 1H, OH), 2.43 (s, 3H, SMe), 1.73 (s, 3H, Me); 13C-NMR (CDCl3, 125 

MHz): ɻ  = 146.6, 141.4, 132.1, 128.5, 128.2, 127.0, 124.8, 124.4, 121.6, 92.7, 81.7, 73.6, 36.0, 29.5, 15.3; GC-

MS (EI, 70 eV): m/z = 282 (M+, 2), 263 (54), 248 (44), 234 (72), 215 (26), 202 (16), 162 (60), 147 (100), 121 (8), 

115 (47), 105 (41); HRMS-ESI (m/z): [(M-H2O+H)+] calcd for (C18H17S)+: 265.1045; found, 265.1053.  

1-(3-(2-(Methylthio)phenyl)prop-2-yn-1-yl)cyclohexan-1-ol (3j). Yield: 495 mg, starting from 500 mg of 2-

iodothioanisole (95%). Yellow oil. IR (film): ˄  = 3451 (m, br), 2228 (w), 1582 (w), 1464 (m), 1435 (m), 1265 

(w), 1151 (m), 1074 (m), 980 (m), 955 (m), 750 (s) cmҍ1; 1H NMR (CDCl3, 500 MHz): ɻ  = 7.37 (dist d, J = 7.4, 

1H, H-6), 7.27 (dist t, J = 7.4, 1H, H-4), 7.14 (dist d, J = 7.8, 1H, H-3), 7.07 (t, J = 7.4, 1H, H-5), 2.65 (s, 2H, 

CCH2), 2.47 (s, 3H, SMe), 2.23 (s, 1H, OH), 1.82-1.44 (m, 9H, aliphatic), 1.36-1.24 (m, 1H, aliphatic); 13C-NMR 

(CDCl3, 125 MHz):  ɻ= 141.4, 132.1, 128.4, 124.3, 124.1, 121.6, 93.1, 81.4, 70.9, 37.0, 34.1, 25.7, 22.3, 15.2; 

GC-MS (EI, 70 eV) m/z = 260 (M+, 3), 227 (29), 185 (8), 162 (30), 147 (100), 99 (18), 81 (28); HRMS-ESI (m/z): 

[(M-H2O+H)+] calcd for (C16H19S)+: 243.1202; found, 243.1216. 

trans-2-((2-(Methylthio)phenyl)ethynyl)cyclohexan-1-ol (3k). Yield: 443 mg, starting from 500 mg of 2-

iodothioanisole (90%). Yellow oil. IR (film): ˄  = 3426 (m, br), 2222 (w), 1582 (w), 1435 (m), 1273 (w), 1111 

(m), 1042 (w), 856 (w), 748 (s) cmҍ1; 1H NMR (CDCl3, 500 MHz): ɻ  = 7.37 (dist dd, J = 7.6, 1.0, 1H, H-6), 7.27 

(dist td, J = 7.7, 1.2, 1H, H-4), 7.14 (dist d, J = 8.0, 1H, H-3), 7.09-7.04 (m, 1H, H-5), 3.63-3.54 (m, 1H, CHOH), 
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2.89 (s, 1H, OH), 2.55-2.40 (m, 1H, aliphatic), 2.47 (s, 3H, SMe), 2.15-2.01 (m, 2H, aliphatic), 1.85-1.66 (m, 2H, 

aliphatic), 1.55-1.45 (m, 1H, aliphatic), 1.37-1.17 (m, 3H, aliphatic); 13C-NMR (CDCl3, 125 MHz):  ɻ= 141.3, 

131.9, 128.5, 124.3, 124.0, 121.5, 98.0, 80.3, 73.8, 40.0, 32.9, 30.8, 24.9, 24.3, 15.1; GC-MS (EI, 70 eV) m/z = 

246 (M+, 15), 203 (18), 147 (100), 135 (23), 115 (14); HRMS-ESI (m/z): [(M+H)+] calcd for (C15H19OS)+: 

247.1151; found, 247.1158. 

trans-2-((2-(Methylthio)phenyl)ethynyl)cyclopentan-1-ol (3l). Yield: 350 mg, starting from 500 mg of 2-

iodothioanisole (75%). Yellow oil. IR (film): ˄  = 3379 (m, br), 2220 (w), 1582 (w), 1463 (m), 1435 (m), 1317 

(w), 1300 (w), 1236 (w), 1165 (m), 1001 (m), 750 (s) cmҍ1; 1H NMR (CDCl3, 500 MHz): ɻ  = 7.33 (dist d, J = 7.5, 

1H, H-6), 7.27-7.21 (m, 1H, H-4), 7.11 (dist d, J = 8.0, 1H, H-3), 7.05 (dist t, J = 7.5, 1H, H-5), 4.34 (q, J = 5.6, 

1H, CHOH), 2.89-2.82 (m, 1H, aliphatic), 2.46 (s, 3H, SMe), 2.27 (s, 1H, OH), 2.21-2.05 (m, 2H, aliphatic), 1.87-

1.75 (m, 3H, aliphatic), 1.68-1.57 (m, 1H, aliphatic), 1.37-1.17 (m, 1H, aliphatic); 13C-NMR (CDCl3, 125 MHz): 

 ɻ= 141.4, 132.0, 128.3, 124.1, 123.8, 121.6, 98.7, 79.5, 79.4, 40.5, 33.3, 30.8, 21.8, 14.9; GC-MS (EI, 70 eV) 

m/z = 232 (M+, 24), 217 (11), 189 (45), 173 (58), 147 (100), 115 (27); HRMS-ESI (m/z): [(M+H)+] calcd for 

(C14H17OS)+: 233.0995; found, 233.1003. 

Procedure for the synthesis of 4-(4-fluoro-2-(methylthio)phenyl)but-3-yn-1-ol 3b. 

A solution of 2-bromo-5-fluorothioanisole (440 mg, 2.0 mmol), PdCl2(PPh3)2 (140 mg, 0.2 mmol), CuI (57 mg, 

0.3 mmol), and but-3-yn-1-ol (280.4 mg, 4.0 mmol) in anhydrous diisopropylamine (20 mL) was allowed to 

stir under nitrogen at 80 °C for 24 h. Water (50 mL) was then added, and the mixture extracted with diethyl 

ether (3 × 50 mL). The organic layer was washed with a saturated solution of NH4Cl (100 mL) and water until 

neutral pH. After drying over Na2SO4, the solvent was evaporated, and the residue purified by column 

chromatography on silica gel using фΥм ƘŜȄŀƴŜ !Ŏh9ǘ ǘƻ сΥп ƘŜȄŀƴŜ !Ŏh9ǘ ŀǎ ŜƭǳŜƴǘΦ 

4-(4-Fluoro-2-(methylthio)phenyl)but-3-yn-1-ol (3b). Yield: 307 mg, starting from 440 mg of 2-bromo-5-

fluorothioanisole (73%). Yellow oil. IR (film): ˄  = 3397 (m, br), 2230 (w), 1591 (m), 1568 (w), 1477 (s), 1435 

(m), 1250 (m), 1202 (m), 1044 (s), 897 (w), 847 (m) cmҍ1; 1H NMR (CDCl3, 500 MHz): ɻ = 7.32 (dd, J = 8.4, 5.9, 

1H, H-6), 6.82 (dd, J = 9.7, 2.5, 1H, H-3), 6.75 (td, J = 8.4, 2.5, 1H, H-5), 3.84 (q, J = 6.1, 2H, CH2OH), 2.74 (t, J = 

6.1, 2H, CH2CH2OH), 2.46 (s, 3H, SMe), 2.27-2.21 (m, 1H, OH); 13C-NMR (CDCl3, 125 MHz):  ɻ= 162.7 (d, J = 

250.2), 144.3 (d, J = 8.4), 133.5 (d, J = 8.9), 117.1 (d, J = 2.9), 113.3 (d, J = 22.2), 111.0 (d, J = 24.8), 93.2, 79.3, 

61.1, 24.1, 14.9 (d, J = 3.1); GC-MS (EI, 70 eV) m/z = 210 (M+, 61), 179 (12), 165 (100), 146 (55), 133 (36), 115 

(33); HRMS-ESI (m/z): [(M+H)+] cald for (C11H12FOS)+: 211.0587; found: 211.0595. 
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X-Ray crystallographic data collection and structure refinement for products 2a, 4a, 4k, and 4l 

 

 

 
CƛƎǳǊŜ {мΦ ¢ƘŜ ŀǎȅƳƳŜǘǊƛŎ ǳƴƛǘ ƻŦ ǘƘŜ нŀ ŎƻƳǇƻǳƴŘ ǿƛǘƘ ǘƘŜ ŀǘƻƳ ƭŀōŜƭƭƛƴƎ ǎŎƘŜƳŜ ŦƻǊ ƴƻƴπI ŀǘƻƳǎΦ /ƻƭƻǊ 
ƭŜƎŜƴŘΥ ŎŀǊōƻƴ όƭƛƎƘǘ ƎǊŜȅύΣ ƘȅŘǊƻƎŜƴ όǿƘƛǘŜύΣ ƻȄȅƎŜƴ όǊŜŘύΣ ǎǳƭŦǳǊ όȅŜƭƭƻǿύΦ 

 

 
CƛƎǳǊŜ {нΦ ¢ƘŜ ŀǎȅƳƳŜǘǊƛŎ ǳƴƛǘ ƻŦ ǘƘŜ пŀ ŎƻƳǇƻǳƴŘ ǿƛǘƘ ǘƘŜ ŀǘƻƳ ƭŀōŜƭƭƛƴƎ ǎŎƘŜƳŜ ŦƻǊ ƴƻƴπI ŀǘƻƳǎΦ /ƻƭƻǊ 
ƭŜƎŜƴŘΥ ŎŀǊōƻƴ όƭƛƎƘǘ ƎǊŜȅύΣ ƘȅŘǊƻƎŜƴ όǿƘƛǘŜύΣ ƻȄȅƎŜƴ όǊŜŘύΣ ǎǳƭŦǳǊ όȅŜƭƭƻǿύΦ 
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CƛƎǳǊŜ {оΦ ¢ƘŜ ŀǎȅƳƳŜǘǊƛŎ ǳƴƛǘ ƻŦ ǘƘŜ пƪ ŎƻƳǇƻǳƴŘ ǿƛǘƘ ǘƘŜ ŀǘƻƳ ƭŀōŜƭƭƛƴƎ ǎŎƘŜƳŜ ŦƻǊ ƴƻƴπI ŀǘƻƳǎΦ /ƻƭƻǊ 
ƭŜƎŜƴŘΥ ŎŀǊōƻƴ όƭƛƎƘǘ ƎǊŜȅύΣ ƘȅŘǊƻƎŜƴ όǿƘƛǘŜύΣ ƻȄȅƎŜƴ όǊŜŘύΣ ǎǳƭŦǳǊ όȅŜƭƭƻǿύΦ 

 

 
CƛƎǳǊŜ {пΦ ¢ƘŜ ŀǎȅƳƳŜǘǊƛŎ ǳƴƛǘ ƻŦ ǘƘŜ пƭ ŎƻƳǇƻǳƴŘ ǿƛǘƘ ǘƘŜ ŀǘƻƳ ƭŀōŜƭƭƛƴƎ ǎŎƘŜƳŜ ŦƻǊ ƴƻƴπI ŀǘƻƳǎΦ /ƻƭƻǊ 
ƭŜƎŜƴŘΥ ŎŀǊōƻƴ όƭƛƎƘǘ ƎǊŜȅύΣ ƘȅŘǊƻƎŜƴ όǿƘƛǘŜύΣ ƻȄȅƎŜƴ όǊŜŘύΣ ǎǳƭŦǳǊ όȅŜƭƭƻǿύΦ 

 
 
 

 нŀ пŀ пƪ пƭ 

/Ǌȅǎǘŀƭ Řŀǘŀ     

/ƘŜƳƛŎŀƭ 
ŦƻǊƳǳƭŀ 

/ммIуhн{ /ммIуhн{ /мрIмпhн{ /мпIмнhн{ 

CƻǊƳǳƭŀ ǿŜƛƎƘǘ 
όƎκƳƻƭύ 

нлпΦнр нлпΦнр нруΦоп нппΦом 

/Ǌȅǎǘŀƭ ǎȅǎǘŜƳ hǊǘƘƻǊƘƻƳōƛŎ hǊǘƘƻǊƘƻƳōƛŎ aƻƴƻŎƭƛƴƛŎ hǊǘƘƻǊƘƻƳōƛŎ 

{ǇŀŎŜ ƎǊƻǳǇ tōŎŀ tнмŀō tнмκƴ tнмнмнм 

¢ŜƳǇŜǊŀǘǳǊŜ όYύ нфо нфо нфо нфо 

/Ŝƭƭ ǇŀǊŀƳŜǘŜǊǎ 
ό)Σϲύ 

ŀ Ґ мфΦрмрф όмлύ 
ō Ґ млΦмоту όрύ 
Ŏ Ґ фΦтлмо όрύ 

! Ґ омΦуоп όпύ 
ō Ґ мпΦолмт όмсύ 
Ŏ Ґ оΦфуоо όоύ 

ŀ Ґ мнΦпмпс όпύ 
ō Ґ фΦмптр όнύ 
Ŏ Ґ ммΦтолр όпύ 

ŀ Ґ фΦмпмн όоύ 
ō Ґ мтΦрмул όтύ 
Ŏ Ґ тΦмтфс όнύ 
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ʲ Ґ млуΦстфп όмсύ 

±ƻƭǳƳŜ ό)оύ мфмфΦоф όмсύ мумоΦр όоύ мнсмΦфу όтύ ммпфΦтл όтύ 

½ у у п п 

½Ω м н м м 

wŀŘƛŀǘƛƻƴ ǘȅǇŜ 
/ǳ Yh ǊŀŘƛŀǘƛƻƴΣ 
˂ Ґ мΦрплрсл ) 

/ǳ Yh ǊŀŘƛŀǘƛƻƴΣ  
˂ Ґ мΦрплрсл ) 

/ǳ Yh ǊŀŘƛŀǘƛƻƴΣ  
˂ Ґ мΦрплрсл ) 

/ǳ Yh ǊŀŘƛŀǘƛƻƴΣ 
˂ Ґ мΦрплрсл ) 

5ŀǘŀ ŎƻƭƭŜŎǘƛƻƴ    

5ƛŦŦǊŀŎǘƻƳŜǘŜǊ wƛƎŀƪǳ wLb¢нрлл 

{ǇŜŎƛƳŜƴ 
ƳƻǳƴǘƛƴƎ 

ǎǇŜŎƛŀƭ Ǝƭŀǎǎ ŎŀǇƛƭƭŀǊȅ 

5ŀǘŀ ŎƻƭƭŜŎǘƛƻƴ 
ƳƻŘŜ 

ǘǊŀƴǎƳƛǎǎƛƻƴ 

н̒ όϲύ 
н̒Ƴƛƴ Ґ уΦллΣ 
н̒ƳŀȄ Ґ тлΦлл 

н̒Ƴƛƴ Ґ рΦллΣ 
н̒ƳŀȄ Ґ улΦлл 

н̒Ƴƛƴ Ґ уΦллΣ  
н̒ƳŀȄ Ґ слΦлл 

н̒Ƴƛƴ Ґ сΦллΣ 
н̒ƳŀȄ Ґ мллΦлл 

{ǘǊǳŎǘǳǊŜ ǎƻƭǳǘƛƻƴ    

aŜǘƘƻŘǎ 
5ƛǊŜŎǘ ǎǇŀŎŜ 
ƳŜǘƘƻŘΣ ŘƛǊŜŎǘ 
ƳŜǘƘƻŘǎ 

5ƛǊŜŎǘ ǎǇŀŎŜ 
ƳŜǘƘƻŘ 

5ƛǊŜŎǘ ǎǇŀŎŜ ƳŜǘƘƻŘΣ 
ŘƛǊŜŎǘ ƳŜǘƘƻŘǎ 

5ƛǊŜŎǘ ǎǇŀŎŜ 
ƳŜǘƘƻŘΣ ŘƛǊŜŎǘ 
ƳŜǘƘƻŘǎ 

tŀǊŀƳŜǘŜǊǎ 
сҌм 5hCΣ мп ƴƻƴπ
ƘȅŘǊƻƎŜƴ ŀǘƻƳǎ  

сҌрҌл 5hCΣ му 
ƴƻƴπƘȅŘǊƻƎŜƴ 
ŀǘƻƳǎ  

сҌл 5hCΣ му ƴƻƴπ
ƘȅŘǊƻƎŜƴ ŀǘƻƳǎ  

сҌл 5hCΣ мт 
ƴƻƴπƘȅŘǊƻƎŜƴ 
ŀǘƻƳǎ  

/ƻǎǘ ŦǳƴŎǘƛƻƴ wǿǇ Ґ пΦфуп wǿǇ Ґ мтΦмоф wǿǇ Ґ сΦсрн wǿǇ Ґ фΦмуф 

wŜŦƛƴŜƳŜƴǘ    

wǇ мΦтро тΦсур нΦнот оΦпнл 

wǿǇ нΦслр мнΦмлп оΦолм рΦрлт 

wŜȄǇ нΦлфу нΦуфн нΦорт нΦфсл 

w.ǊŀƎƎ пΦосм мпΦфмп оΦпфн тΦтмт 

˔н мΦрпн мтΦрмо мΦфсн оΦпсн 

bƻΦ ƻŦ Řŀǘŀ 
Ǉƻƛƴǘǎ 

омлм отрм нслм птлм 

bƻΦ ƻŦ 
ǊŜŦƭŜŎǘƛƻƴǎ 

пмт рто орр тмп 

tǊƻŦƛƭŜ ŦǳƴŎǘƛƻƴ tŜŀǊǎƻƴ ±LL tŜŀǊǎƻƴ ±LL tŜŀǊǎƻƴ ±LL tŜŀǊǎƻƴ ±LL 

wŜŦƛƴŜƳŜƴǘ ǇŀǊŀƳŜǘŜǊǎ    

[ŀǘǘƛŎŜ о о п п 

tƻǎƛǘƛƻƴŀƭ пн уо рп рм 

!5t мп м му мт 

tǊƻŦƛƭŜ мл мл мл мл 

.ŀŎƪƎǊƻǳƴŘ нл мф нл нл 
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tŜŀƪπǎƘƛŦǘ о о о о 

wŜǎǘǊŀƛƴǘǎ пл ту рн рл 

IπŀǘƻƳ 
ǘǊŜŀǘƳŜƴǘ 

IπŀǘƻƳ 

ǇŀǊŀƳŜǘŜǊǎ 

ŎƻƴǎǘǊŀƛƴŜŘ 

IπŀǘƻƳ 

ǇŀǊŀƳŜǘŜǊǎ 

ŎƻƴǎǘǊŀƛƴŜŘ 

IπŀǘƻƳ ǇŀǊŀƳŜǘŜǊǎ 

ŎƻƴǎǘǊŀƛƴŜŘ 

IπŀǘƻƳ 

ǇŀǊŀƳŜǘŜǊǎ 

ŎƻƴǎǘǊŀƛƴŜŘ 

tǊƻƎǊŀƳǎ    

LƴŘŜȄƛƴƎ bπ¢w9hwлф ώтϐΣ 5L/±h[лп ώуϐ 

{ǇŀŎŜ ƎǊƻǳǇ 
ŘŜǘŜǊƳƛƴŀǘƛƻƴ 

9·thнлмп ώфϐ 

{ǘǊǳŎǘǳǊŜ 
ǎƻƭǳǘƛƻƴ ŀƴŘ 
ǊŜŦƛƴŜƳŜƴǘ 

9·thнлмп 

aƻŘŜƭ ōǳƛƭŘƛƴƎ /ƘŜƳ{ƪŜǘŎƘ ώмлϐΣ aht!/нлмс ώммϐ 

{ǘǊǳŎǘǳǊŜ 
ǾŀƭƛŘŀǘƛƻƴ 

vǳŀƴǘǳƳ 9{tw9{{h ώмнϐ 

{ǘǊǳŎǘǳǊŜ 
ǾƛǎǳŀƭƛȊŀǘƛƻƴ 

aŜǊŎǳǊȅ ώмоϐ 

 

 ¢ƘŜ ŀō ƛƴƛǘƛƻ ǎƻƭǳǘƛƻƴ ŀƴŘ ǎǘǊǳŎǘǳǊŜ ǊŜŦƛƴŜƳŜƴǘ ǇǊƻŎŜǎǎ ǿŜǊŜ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ǇŜǊŦƻǊƳŜŘ ōȅ 9·th ǎƻŦǘǿŀǊŜ 

ώфϐΣ ŀ ǇŀŎƪŀƎŜ ŎŀǇŀōƭŜ ƻŦ ŎŀǊǊȅƛƴƎ ƻǳǘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎǘŜǇǎΥ ŀύ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ǳƴƛǘπŎŜƭƭ ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ 

ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ǎǇŀŎŜ ƎǊƻǳǇΤ ōύ ǎǘǊǳŎǘǳǊŜ ǎƻƭǳǘƛƻƴ ōȅ ŘƛǊŜŎǘ ƳŜǘƘƻŘǎ ŀƴŘκƻǊ ŀ ǊŜŀƭπǎǇŀŎŜ ŀǇǇǊƻŀŎƘΤ Řύ 

ǎǘǊǳŎǘǳǊŜ ƳƻŘŜƭ ǊŜŦƛƴŜƳŜƴǘ ōȅ ǘƘŜ wƛŜǘǾŜƭŘ ƳŜǘƘƻŘ ώмпϐΦ ¢ƘŜ ŦƛǊǎǘ ƭƻǿπŀƴƎƭŜ ǿŜƭƭπŘŜŦƛƴŜŘ ǇŜŀƪǎ ƛƴ ǘƘŜ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ŘƛŦŦǊŀŎǘƛƻƴ ǇŀǘǘŜǊƴ ǿŜǊŜ ǎŜƭŜŎǘŜŘ ŀƴŘ ŀŎǘƛǾŜƭȅ ǳǎŜŘ ŦƻǊ ƛƴŘŜȄƛƴƎ Ǿƛŀ bπ¢w9hwлф ώтϐ ŀƴŘ 

5L/±h[лп ώуϐ ǇǊƻƎǊŀƳǎ ŜƳōŜŘŘŜŘ ƛƴ 9·thΦ ¢ƘŜ ǎǇŀŎŜ ƎǊƻǳǇ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ƻƴ ǘƘŜ 

ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ǎȅǎǘŜƳŀǘƛŎ ŀōǎŜƴŎŜǎΦ 

 ¢ƘŜ ǎǘǊǳŎǘǳǊŜǎ ǿŜǊŜ ǎƻƭǾŜŘ ǿƛǘƘ ŀ ǊŜŀƭπǎǇŀŎŜ ƳŜǘƘƻŘ ōŀǎŜŘ ƻƴ ǘƘŜ ǎƛƳǳƭŀǘŜŘ ŀƴƴŜŀƭƛƴƎ ŀƭƎƻǊƛǘƘƳ 

ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ 9·thΦ ¢ƘŜ ǎǘŀǊǘƛƴƎ ƳƻŘŜƭ ǿŀǎ ŀǎǎŜƳōƭŜŘ ǳǎƛƴƎ ǘƘŜ ǎƪŜǘŎƘƛƴƎ ŦŀŎƛƭƛǘƛŜǎ ƻŦ !/5κ/ƘŜƳ{ƪŜǘŎƘ 

ώмлϐ ŀƴŘ ǘƘŜ ƎŜƻƳŜǘǊȅ ƻǇǘƛƳƛȊŀǘƛƻƴ ǿŀǎ ŀŎƘƛŜǾŜŘ ōȅ ǘƘŜ ǇǊƻƎǊŀƳ aht!/нлмс ώммϐΦ ¢ƘŜ ǎƛƳǳƭŀǘŜŘ ŀƴƴŜŀƭƛƴƎ 

ŀƭƎƻǊƛǘƘƳ ǿŀǎ Ǌǳƴ млл ǘƛƳŜǎ ǳƴŘŜǊ [ƛƴǳȄ ǿƻǊƪǎǘŀǘƛƻƴ ƛƴ ŘŜŦŀǳƭǘ ƳƻŘŜ ŀƴŘ ǇŀǊŀƭƭŜƭ ŎŀƭŎǳƭŀǘƛƻƴ ƻǾŜǊ нл /t¦ǎΦ 

¢ƘŜ ōŜǎǘ ǎƻƭǳǘƛƻƴ ǿƛǘƘ ǘƘŜ ƭƻǿŜǎǘ Ŏƻǎǘ ŦǳƴŎǘƛƻƴ ǾŀƭǳŜ ǿŀǎ ǎŜƭŜŎǘŜŘΦ ¢ƘŜ ŎǊƛǘŜǊƛƻƴ ǘƻ ŀŎŎŜǇǘ ǘƘŜ ǎƻƭǳǘƛƻƴ ǿŀǎ 

ŀƭǎƻ ōŀǎŜŘ ƻƴ ǘƘŜ ǎƻǳƴŘƴŜǎǎ ƻŦ ǘƘŜ ŎǊȅǎǘŀƭ ǇŀŎƪƛƴƎΦ ¢ƘŜ ǎƻƭǳǘƛƻƴǎ ƻōǘŀƛƴŜŘ ōȅ ǘƘŜ ŘƛǊŜŎǘπǎǇŀŎŜ ƳŜǘƘƻŘ ǿŜǊŜ 

ŀƭǎƻ ŎƻƴŦƛǊƳŜŘ ōȅ ŘƛǊŜŎǘ ƳŜǘƘƻŘǎ ŦƻǊ ǎǘǊǳŎǘǳǊŜǎ нŀΣ пƪΣ пƭΦ 

 5ŜƴǎƛǘȅπŦǳƴŎǘƛƻƴŀƭ ǘƘŜƻǊȅ ό5C¢ύ ƎŜƻƳŜǘǊȅ ƻǇǘƛƳƛȊŀǘƛƻƴ ǿƛǘƘ vǳŀƴǘǳƳ 9{tw9{{h ǿŀǎ ƻƴƭȅ ǇŜǊŦƻǊƳŜŘ ƻƴ 

ƘȅŘǊƻƎŜƴ ŀǘƻƳǎ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜƛǊ Ǉƻǎƛǘƛƻƴǎ ώмнϐΦ ¢ƘŜ ǎǘǊǳŎǘǳǊŜǎ ŘŜǊƛǾŜŘ ǿŜǊŜ ǊŜŦƛƴŜŘ ōȅ ǘƘŜ wƛŜǘǾŜƭŘ ƳŜǘƘƻŘΦ 

wŜǎǘǊŀƛƴǘǎ ǿŜǊŜ ŀǇǇƭƛŜŘ ǘƻ ōƻƴŘ ŘƛǎǘŀƴŎŜǎ ǘƻ ǎǘŀōƛƭƛȊŜ ǘƘŜ ǊŜŦƛƴŜƳŜƴǘ ƻŦ ǎǘǊǳŎǘǳǊŜǎ нŀΣ пŀ ΣпƪΣ пƭΦ !ƭƭ I ŀǘƻƳǎ 

ōƻƴŘŜŘ ǘƻ / ŀǘƻƳǎ ǿŜǊŜ ǘǊŜŀǘŜŘ ŀǎ ǊƛŘƛƴƎ ǳƴŘŜǊ ǘƘŜ ŎƻƴǎǘǊŀƛƴǘ ƻƴ ŀǘƻƳƛŎ ŘƛǎǇƭŀŎŜƳŜƴǘ ǇŀǊŀƳŜǘŜǊǎ ¦ƛǎƻόIύ Ґ 

мΦн¦ƛǎƻό/ύΦ tŜŀƪ ǎƘŀǇŜ ǿŀǎ ƳƻŘŜƭƭŜŘ ǳǎƛƴƎ ǘƘŜ tŜŀǊǎƻƴ ±LL ŦǳƴŎǘƛƻƴΦ ¢ƘŜ ŀǘƻƳƛŎ ŘƛǎǇƭŀŎŜƳŜƴǘ ǇŀǊŀƳŜǘŜǊǎ 

ǿŜǊŜ ǊŜŦƛƴŜŘ ƛǎƻǘǊƻǇƛŎŀƭƭȅ ŀƴŘΣ ƻƴƭȅ ŦƻǊ ǘƘŜ ǎǘǊǳŎǘǳǊŜ пŀΣ ƻƴƭȅ ŀƴ ƻǾŜǊŀƭƭ ŀǘƻƳƛŎ ŘƛǎǇƭŀŎŜƳŜƴǘ ǇŀǊŀƳŜǘŜǊ ǿŀǎ 

ǊŜŦƛƴŜŘΦ ¢ƻ ǾŀƭƛŘŀǘŜ ǘƘŜ ǊŜŦƛƴŜŘ ŎǊȅǎǘŀƭ ǎǘǊǳŎǘǳǊŜǎΣ ǘƘŜȅ ǿŜǊŜ ǎǳōƧŜŎǘŜŘ ǘƻ ǇŜǊƛƻŘƛŎΣ ǎƻƭƛŘπǎǘŀǘŜ ŎŀƭŎǳƭŀǘƛƻƴǎ 

ǇŜǊŦƻǊƳŜŘ ōȅ vǳŀƴǘǳƳ 9{tw9{{hΣ ŀƴ ŀō ƛƴƛǘƛƻ ǉǳŀƴǘǳƳπƳŜŎƘŀƴƛŎŀƭ ǇǊƻƎǊŀƳ ŜƳǇƭƻȅƛƴƎ ǇƭŀƴŜ ǿŀǾŜǎ ŀƴŘ 

ŘŜƴǎƛǘȅπŦǳƴŎǘƛƻƴŀƭ ǘƘŜƻǊȅ ǘƻ ǎƛƳǳƭŀǘŜ ǘƘŜ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǎƻƭƛŘǎΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ŜȄŜŎǳǘƛƻƴ ǇŀǊŀƳŜǘŜǊǎ ǿŜǊŜ ǳǎŜŘΥ 

t.9 ǇƻǘŜƴǘƛŀƭǎ ŦǊƻƳ ǘƘŜ {{{t 9ŦŦƛŎƛŜƴŎȅ t.9 όǾŜǊǎƛƻƴ мΦмύ ƭƛōǊŀǊȅ ώмрϐΣ ŀƴ ƻǇǘƛƻƴŀƭ ŎǳǘπƻŦŦ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ 

ŀŎŎǳǊŀŎȅ ƻŦ ǘƘŜ ŎŀƭŎǳƭŀǘƛƻƴǎ ǎŜǘ ǘƻ сл wȅΣ ƪπǇƻƛƴǘ ǎǇŀŎƛƴƎ ǿŀǎ лΦмр )πмΣ Ǿŀƴ ŘŜǊ ²ŀŀƭǎ ƛƴǘŜǊŀŎǘƛƻƴǎ ǿŜǊŜ 

ŎƻǊǊŜŎǘŜŘ ōȅ ƳŜŀƴǎ ƻŦ ŀ DǊƛƳƳŜΩǎ 5о ŘƛǎǇŜǊǎƛƻƴ ŎƻǊǊŜŎǘƛƻƴ ώмсϐΦ !ǘƻƳƛŎπŎƻƻǊŘƛƴŀǘŜπƻƴƭȅ ƻǇǘƛƳƛȊŀǘƛƻƴ ƻŦ ǘƘŜ 
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ǎǘǊǳŎǘǳǊŜǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŎŜƭƭ ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ ŀǘƻƳƛŎ Ǉƻǎƛǘƛƻƴǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ 

wƛŜǘǾŜƭŘ ǊŜŦƛƴŜƳŜƴǘΦ ¢ƘŜ ǊƻƻǘπƳŜŀƴπǎǉǳŀǊŜ όwa{ύ ŘƛǎǇƭŀŎŜƳŜƴǘǎ ƻŦ ƴƻƴπI ŀǘƻƳǎ ōŜǘǿŜŜƴ ǘƘŜ 5C¢πƻǇǘƛƳƛȊŜŘ 

ŀƴŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ŎǊȅǎǘŀƭ ǎǘǊǳŎǘǳǊŜǎ ǿŜǊŜ лΦлрр )Σ лΦолс )Σ лΦлрп ) ŀƴŘ лΦмфс ) ǊŜǎǇŜŎǘƛǾŜƭȅΣ ǇǊƻǾƛŘƛƴƎ ǎǘǊƻƴƎ 

ŜǾƛŘŜƴŎŜ ǘƘŀǘ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǊǳŎǘǳǊŜǎ ǿŜǊŜ ŎƻǊǊŜŎǘ ώмтϐΦ 

 

CƛƎǳǊŜ {рΦ ±ƛŜǿ ƻŦ ǘƘŜ ǇŀŎƪƛƴƎ ƻŦ нŀ ƳƻƭŜŎǳƭŜǎ ŀƭƻƴƎ ǘƘŜ Ŏ ŀȄƛǎΦ 

 

CƛƎǳǊŜ {сΦ ±ƛŜǿ ƻŦ ǘƘŜ ǇŀŎƪƛƴƎ ƻŦ пŀ ƳƻƭŜŎǳƭŜǎ ŀƭƻƴƎ ǘƘŜ Ŏ ŀȄƛǎΦ 
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CƛƎǳǊŜ {тΦ ±ƛŜǿ ƻŦ ǘƘŜ ǇŀŎƪƛƴƎ ƻŦ пƪ ƳƻƭŜŎǳƭŜǎ ŀƭƻƴƎ ǘƘŜ ō ŀȄƛǎΦ !ƭƭ ƘȅŘǊƻƎŜƴ ŀǘƻƳǎ ƘŀǾŜ ōŜŜƴ 
ǊŜƳƻǾŜŘ ŦƻǊ ŎƭŀǊƛǘȅΦ 

CƛƎǳǊŜ {уΦ ±ƛŜǿ ƻŦ ǘƘŜ ǇŀŎƪƛƴƎ ƻŦ пƭ ƳƻƭŜŎǳƭŜǎ ŀƭƻƴƎ ǘƘŜ Ŏ ŀȄƛǎΦ 
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ώсϐ ·πǊŀȅ /ǊȅǎǘŀƭƭƻƎǊŀǇƘƛŎ LƴŦƻǊƳŀǘƛƻƴ ŦƛƭŜǎ нŀΦŎƛŦΣ пŀΦŎƛŦΣ пƪΦŎƛŦΣ пƭΦŎƛŦ Ŏƻƴǘŀƛƴ ǘƘŜ ǎǳǇǇƭŜƳŜƴǘŀǊȅ 

ŎǊȅǎǘŀƭƭƻƎǊŀǇƘƛŎ Řŀǘŀ ŦƻǊ ǘƘƛǎ ǇŀǇŜǊΣ ŀƴŘ ŀǊŜ ǎǳǇǇƭƛŜŘ ŀǎ ƛƴŘŜǇŜƴŘŜƴǘ {ǳǇǇƻǊǘƛƴƎ LƴŦƻǊƳŀǘƛƻƴ ŦƛƭŜǎ ŦƻǊ ǘƘƛǎ 

ŀǊǘƛŎƭŜΦ ¢ƘŜǎŜ ŦƛƭŜǎ Ŏŀƴ ŀƭǎƻ ōŜ ƻōǘŀƛƴŜŘ ŦǊŜŜ ƻŦ ŎƘŀǊƎŜ ŦǊƻƳ ǘƘŜ /ŀƳōǊƛŘƎŜ /ǊȅǎǘŀƭƭƻƎǊŀǇƘƛŎ 5ŀǘŀ /ŜƴǘǊŜ Ǿƛŀ 

ǿǿǿΦŎŎŘŎΦŎŀƳΦŀŎΦǳƪκŘŀǘŀψǊŜǉǳŜǎǘκŎƛŦ ό//5/ ннтлммпΣ ннтумонΣ ннтлмпрΣ ннтлттсΣ ǊŜǎǇŜŎǘƛǾŜƭȅύΦ 

ώтϐ !Φ !ƭǘƻƳŀǊŜΣ DΦ /ŀƳǇƛΣ /Φ /ǳƻŎŎƛΣ [Φ 9ǊƛƪǎǎƻƴΣ /Φ DƛŀŎƻǾŀȊȊƻΣ !Φ aƻƭƛǘŜǊƴƛΣ wΦ wƛȊȊƛΣ  WΦ !ǇǇƭΦ /ǊȅǎǘΦ пн όнллфύ 

тсуπттрΦ 

ώуϐ !Φ .ƻǳƭǘƛŦΣ 5Φ [ƻǳšǊΣ WΦ !ǇǇƭΦ /ǊȅǎǘΦ от όнллпύ тнпςтомΦ 

ώфϐ !Φ !ƭǘƻƳŀǊŜΣ /Φ /ǳƻŎŎƛΣ /Φ DƛŀŎƻǾŀȊȊƻΣ !Φ aƻƭƛǘŜǊƴƛΣ wΦ wƛȊȊƛΣ bΦ /ƻǊǊƛŜǊƻΣ !Φ CŀƭŎƛŎŎƘƛƻΣ WΦ !ǇǇƭΦ /ǊȅǎǘΦ пс 

όнлмоύ мномςмнорΦ 

ώмлϐ !/5κ/ƘŜƳ{ƪŜǘŎƘΣ !ŘǾŀƴŎŜŘ /ƘŜƳƛǎǘǊȅ 5ŜǾŜƭƻǇƳŜƴǘΣ LƴŎΦΥ ¢ƻǊƻƴǘƻΣ hbΣ /ŀƴŀŘŀΣ нллоΦ 

ώммϐ aht!/нлмсΣ ±ŜǊǎƛƻƴ муΦолр[Σ ƛƴΥ WΦ WΦ tΦ {ǘŜǿŀǊǘΣ {ǘŜǿŀǊǘ /ƻƳǇǳǘŀǘƛƻƴŀƭ /ƘŜƳƛǎǘǊȅΣ /ƻƭƻǊŀŘƻ {ǇǊƛƴƎǎΣ 

/hΣ ¦{!Φ ƘǘǘǇΥκκhǇŜƴaht!/ΦƴŜǘκΦ 

ώмнϐ tΦ DƛŀƴƴƻȊȊƛΣ {Φ .ŀǊƻƴƛΣ bΦ .ƻƴƛƴƛΣ aΦ /ŀƭŀƴŘǊŀΣ wΦ /ŀǊΣ /Φ /ŀǾŀȊȊƻƴƛΣ 5Φ /ŜǊŜǎƻƭƛΣ DΦ[Φ /ƘƛŀǊƻǘǘƛΣ aΦ 

/ƻŎƻŎŎƛƻƴƛΣ LΦ 5ŀōƻΣ !Φ 5Φ /ƻǊǎƻΣ {Φ ŘŜ DƛǊƻƴŎƻƭƛΣ {Φ CŀōǊƛǎΣ DΦ CǊŀǘŜǎƛΣ wΦ DŜōŀǳŜǊΣ ¦Φ DŜǊǎǘƳŀƴƴΣ /Φ DƻǳƎƻǳǎǎƛǎΣ 

!Φ YƻƪŀƭƧΣ aΦ [ŀȊȊŜǊƛΣ [Φ aŀǊǘƛƴπ{ŀƳƻǎΣ bΦ aŀǊȊŀǊƛΣ CΦ aŀǳǊƛΣ wΦ aŀȊȊŀǊŜƭƭƻΣ {Φ tŀƻƭƛƴƛΣ !Φ tŀǎǉǳŀǊŜƭƭƻΣ [Φ 

tŀǳƭŀǘǘƻΣ /Φ {ōǊŀŎŎƛŀΣ {Φ {ŎŀƴŘƻƭƻΣ DΦ {ŎƭŀǳȊŜǊƻΣ !Φ tΦ {ŜƛǘǎƻƴŜƴΣ !Φ {ƳƻƎǳƴƻǾΣ tΦ ¦ƳŀǊƛΣ wΦ aΦ ²ŜƴǘȊŎƻǾƛǘŎƘΣ WΦ 

tƘȅǎΦΥ /ƻƴŘŜƴǎΦ aŀǘǘŜǊ нм όнллфύ  офррлнΦ 

ώмоϐ /Φ CΦ aŀŎǊŀŜΣ tΦ wΦ 9ŘƎƛƴƎǘƻƴΣ tΦ aŎ/ŀōŜΣ  9Φ tƛŘŎƻŎƪΣ DΦ tΦ {ƘƛŜƭŘǎΣ wΦ ¢ŀȅƭƻǊΣ aΦ ¢ƻǿƭŜǊΣ ϧ WΦ Ǿŀƴ ŘŜ {ǘǊŜŜƪΣ 

WΦ !ǇǇƭΦ /ǊȅǎǘΦ ф όнллсύ проπпртΦ 

ώмпϐ IΦ aΦ wƛŜǘǾŜƭŘΣ WΦ !ǇǇƭΦ /ǊȅǎǘΦ н όмфсфύΣ срπтмΦ 

ώмрϐ DΦ tǊŀƴŘƛƴƛΣ !Φ aŀǊǊŀȊȊƻΣ LΦ 9Φ /ŀǎǘŜƭƭƛΣ bΦ aƻǳƴŜǘ ŀƴŘ bΦ aŀǊȊŀǊƛΣ ƴǇƧ /ƻƳǇǳǘ aŀǘŜǊΣ п όнлмуύ тнΦ 

ώмсϐ {Φ DǊƛƳƳŜΣ WΦ !ƴǘƻƴȅΣ {Φ 9ƘǊƭƛŎƘΣ IΦ YǊƛŜƎΣ WΦ /ƘŜƳΦ tƘȅǎΦ мон όнлмлύ мрпмлпπмрпммфΦ 

ώмтϐ WΦ Ǿŀƴ ŘŜ {ǘǊŜŜƪΣ aΦ !Φ bŜǳƳŀƴƴΣ !Ŏǘŀ /ǊȅǎǘΦ . тл όнлмпύ млнлςмлонΦ 

  

http://www.ccdc.cam.ac.uk/data_request/cif
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Copies of HRMS spectra 
 

4-Methyl-1-(2-(methylthio)phenyl)pent-1-yn-3-ol (1b) 
HRMS (ESI-TOF) m/z: [(M-H2O+H)+] calcd for (C13H15S)+: 203.0888; found, 203.0906 

 
 
 

4-(5-Fluoro-2-(methylthio)phenyl)-2-methylbut-3-yn-2-ol (1d) 
HRMS (ESI-TOF) m/z: [(M-H2O+H)+] calcd for (C12H12FS)+: 207.0683; found, 207.0643 

 
 

2-Methyl-4-(5-methyl-2-(methylthio)phenyl)but-3-yn-2-ol (1e) 
HRMS (ESI-TOF) m/z: [(M-H2O+H)+] calcd for (C13H15S)+: 203.0889; found, 203.0903 
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4-(2-(Methylthio)phenyl)-2-phenylbut-3-yn-2-ol (1i) 

HRMS (ESI-TOF) m/z: [(M-H2O+H)+] calcd for (C17H15S)+: 251.0889; found, 251.0906 

 
 

3-(2-(Methylthio)phenyl)-1,1-diphenylprop-2-yn-1-ol (1j) 
HRMS (ESI-TOF) m/z: [(M-H2O+H)+] calcd for (C22H17S)+: 313.1045; found, 313.1070 

 
 
 
 

3-Methylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2a) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C11H9O2S)+: 205.0318; found, 205.0310 
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3-Isopropylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2b) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C13H13O2S)+: 233.0631; found, 233.0629 

 
 
 

3,3-Dimethylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2c) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C12H11O2S)+: 219.0474; found, 219.0462 

 
 

7-Fluoro-3,3-dimethylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2d) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C12H10FO2S)+: 237.0380; found, 237.0392 
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3,3,7-Trimethylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2e) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C13H13O2S)+: 233.0631; found, 233.0639 

 
 
 

3-Ethyl-3-methylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2f) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C13H13O2S)+: 233.0631; found, 233.0633 

 
 
 

1H-Spiro[benzo[4,5]thieno[2,3-c]furan-оΣмΩ-cyclohexan]-1-one (2g) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C15H15O2S)+: 259.0787; found, 259.0798 
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1H-Spiro[benzo[4,5]thieno[2,3-c]furan-оΣмΩ-cyclopentan]-1-one (2h) 

HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C14H13O2S)+: 245.0631; found, 245.0626 

 
 

 

3-Methyl-3-phenylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2i) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C17H13O2S)+: 281.0631; found, 281.0633 

 
 

3,3-Diphenylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2j).  
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C22H15O2S)+: 343.0787; found, 343.0784 
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Benzo[4,5]thieno[2,3-c]furan-1(3H)-one (2k) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C10H7O2S)+: 191.0161; found, 191.0154 

 
 

 

4-(2-(Methylthio)phenyl)but-3-yn-1-ol (3a) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C11H13OS)+: 193.0681; found, 193.0684 

 
 

4-(4-Fluoro-2-(methylthio)phenyl)but-3-yn-1-ol (3b) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C11H12FOS)+: 211.0587; found, 211.0595 
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5-(2-(Methylthio)phenyl)pent-4-yn-2-ol (3c) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C12H15OS)+: 207.0838; found, 207.0840 

 
 

6-(2-(Methylthio)phenyl)hex-5-yn-3-ol (3d) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C13H17OS)+: 221.0994; found, 221.1004 

 
 

4-(2-(Methylthio)phenyl)-1-phenylbut-3-yn-1-ol (3e) 
HRMS (ESI-TOF) m/z: [(M-H2O+H)+] calcd for (C17H15S)+: 251.0889; found, 251.0880 

 
  



S21 
 

 

1-Mesityl-4-(2-(methylthio)phenyl)but-3-yn-1-ol (3f) 
HRMS (ESI-TOF) m/z: [(M-H2O+H)+] calcd for (C20H21S)+: 293.1358; found, 293.1370 

 
 

1-(4-Methoxyphenyl)-4-(2-(methylthio)phenyl)but-3-yn-1-ol (3g) 
HRMS (ESI-TOF) m/z: [(M-H2O+H)+] calcd for (C18H17OS)+: 281.0994; found, 281.0995 

 
 

1-(Furan-2-yl)-4-(2-(methylthio)phenyl)but-3-yn-1-ol (3h) 
HRMS (ESI-TOF) m/z: [(M-H2O+H)+] calcd for (C15H13OS)+: 241.0681; found, 241.0690 
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5-(2-(Methylthio)phenyl)-2-phenylpent-4-yn-2-ol (3i) 

HRMS (ESI-TOF) m/z: [(M-H2O+H)+] calcd for (C18H17S)+: 265.1045; found, 265.1053 
 

 
 

 

1-(3-(2-(Methylthio)phenyl)prop-2-yn-1-yl)cyclohexan-1-ol (3j) 
HRMS (ESI-TOF) m/z: [(M-H2O+H)+] calcd for (C16H19S)+: 243.1202; found, 243.1216 

 
 

 

trans-2-((2-(Methylthio)phenyl)ethynyl)cyclohexan-1-ol (3k) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C15H19OS)+: 247.1151; found, 247.1158 
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trans-2-((2-(Methylthio)phenyl)ethynyl)cyclopentan-1-ol (3l) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C14H17OS)+: 233.0995; found, 233.1003 

 
 

 

3,4-Dihydro-1H-benzo[4,5]thieno[3,2-c]pyran-1-one (4a) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C11H9O2S)+: 205.0317; found, 205.0326 

 
 

7-Fluoro-3,4-dihydro-1H-benzo[4,5]thieno[3,2-c]pyran-1-one (4b) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C11H8FO2S)+: 223.0224; found, 223.0234 
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3-Methyl-3,4-dihydro-1H-benzo[4,5]thieno[3,2-c]pyran-1-one (4c) 

HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C12H11O2S)+: 219.0474; found, 219.0476 

 
 
 

3-Ethyl-3,4-dihydro-1H-benzo[4,5]thieno[3,2-c]pyran-1-one (4d) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C13H13O2S)+: 233.0630; found, 233.0615 

 
 

 
3-Phenyl-3,4-dihydro-1H-benzo[4,5]thieno[3,2-c]pyran-1-one (4e) 

HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C17H13O2S)+: 281.0630; found, 281.0647 
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3-Mesityl-3,4-dihydro-1H-benzo[4,5]thieno[3,2-c]pyran-1-one (4f) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C20H19O2S)+: 323.1100; found, 323.1102 

 
 

 

3-(4-Methoxyphenyl)-3,4-dihydro-1H-benzo[4,5]thieno[3,2-c]pyran-1-one (4g) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C18H15O3S)+: 311.0736; found, 311.0745 

 
 
 

3-(Furan-2-yl)-3,4-dihydro-1H-benzo[4,5]thieno[3,2-c]pyran-1-one (4h) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C15H11O3S)+: 271.0423; found, 271.0421 
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3-Methyl-3-phenyl-3,4-dihydro-1H-benzo[4,5]thieno[3,2-c]pyran-1-one (4i) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C18H15O2S)+: 295.0787; found, 295.0797 

 

 
 

 

Spiro[benzo[4,5]thieno[3,2-c]pyran-3,1'-cyclohexan]-1(4H)-one (4j) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C16H17O2S)+: 273.0944; found, 273.0950 

 
 
 

(4aRS, 11bRS)-1,2,3,4,4a,11b-Hexahydro-6H-benzo[4,5]thieno[3,2-c]chromen-6-one (4k) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C15H15O2S)+: 259.0787; found, 259.0789 

 
  



S27 
 

 
 
 
 
 

(3aRS, 10bRS)-2,3,3a,10b-Tetrahydrobenzo[4,5]thieno[3,2-d]cyclopenta[b]pyran-5(1H)-one (4l) 
HRMS (ESI-TOF) m/z: [(M+H)+] calcd for (C14H13O2S)+: 245.0631; found, 245.0643 
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Copies of 1H NMR and 13CNMR Spectra 
4-Methyl-1-(2-(methylthio)phenyl)pent-1-yn-3-ol (1b) 

 
1H NMR (CDCl3, 300 MHz) 
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4-Methyl-1-(2-(methylthio)phenyl)pent-1-yn-3-ol (1b) 

 
13C NMR (CDCl3, 75MHz) 
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4-(5-Fluoro-2-(methylthio)phenyl)-2-methylbut-3-yn-2-ol (1d) 

 
1H NMR (CDCl3, 500 MHz) 
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4-(5-Fluoro-2-(methylthio)phenyl)-2-methylbut-3-yn-2-ol (1d) 

 
13C NMR (CDCl3, 125 MHz) 
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2-Methyl-4-(5-methyl-2-(methylthio)phenyl)but-3-yn-2-ol (1e) 

 

1H NMR (CDCl3, 500 MHz) 
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2-Methyl-4-(5-methyl-2-(methylthio)phenyl)but-3-yn-2-ol (1e) 

 

13C NMR (CDCl3, 125 MHz) 
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4-(2-(Methylthio)phenyl)-2-phenylbut-3-yn-2-ol (1i) 

 
1H NMR (CDCl3, 300 MHz) 

 
  



S35 
 

4-(2-(Methylthio)phenyl)-2-phenylbut-3-yn-2-ol (1i) 

 
13C NMR (CDCl3, 75 MHz) 
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3-(2-(Methylthio)phenyl)-1,1-diphenylprop-2-yn-1-ol (1j) 

 

1H NMR (CDCl3, 500 MHz) 
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3-(2-(Methylthio)phenyl)-1,1-diphenylprop-2-yn-1-ol (1j) 

 

13C NMR (CDCl3, 125 MHz) 
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3-Methylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2a)  

 
1H NMR (CDCl3, 500 MHz) 
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3-Methylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2a)  

 
13C NMR (CDCl3, 125 MHz) 
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3-Isopropylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2b) 

 
1H NMR (CDCl3, 500 MHz) 
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3-Isopropylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2b) 

 
13C NMR (CDCl3, 125 MHz) 
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3,3-Dimethylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2c) 

 
1H NMR (CDCl3, 500 MHz) 
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3,3-Dimethylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2c) 

 
13C NMR (CDCl3, 125 MHz) 
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7-Fluoro-3,3-dimethylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2d) 

 
1H NMR (CDCl3, 500 MHz) 
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7-Fluoro-3,3-dimethylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2d) 

 
13C NMR (CDCl3, 125 MHz) 
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3,3,7-trimethylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2e) 

 
1H NMR (CDCl3, 500 MHz) 
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3,3,7-trimethylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2e) 

 
13C NMR (CDCl3, 125 MHz) 
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3-Ethyl-3-methylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2f) 

 
1H NMR (CDCl3, 500 MHz) 
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3-Ethyl-3-methylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2f) 

 
13C NMR (CDCl3, 125 MHz) 
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1H-Spiro[benzo[4,5]thieno[2,3-c]furan-3,1'-cyclohexan]-1-one (2g) 

 
1H NMR (CDCl3, 500 MHz) 
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1H-Spiro[benzo[4,5]thieno[2,3-c]furan-3,1'-cyclohexan]-1-one (2g) 

 
13C NMR (CDCl3, 125 MHz) 
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1H-Spiro[benzo[4,5]thieno[2,3-c]furan-3,1'-cyclopentan]-1-one (2h) 

 
1H NMR (CDCl3, 500 MHz) 
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1H-Spiro[benzo[4,5]thieno[2,3-c]furan-3,1'-cyclopentan]-1-one (2h) 

 

13C NMR (CDCl3, 125 MHz) 
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3-Methyl-3-phenylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2i) 

 
1H NMR (CDCl3, 300 MHz) 
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3-Methyl-3-phenylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2i) 

 
13C NMR (CDCl3, 75 MHz) 

 

  



S56 
 

3,3-Diphenylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2j) 

 
1H NMR (CDCl3, 500 MHz) 
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3,3-Diphenylbenzo[4,5]thieno[2,3-c]furan-1(3H)-one (2j) 

 
13C NMR (CDCl3, 125 MHz) 
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Benzo[4,5]thieno[2,3-c]furan-1(3H)-one (2k) 

 
1H NMR (CDCl3, 300 MHz) 
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Benzo[4,5]thieno[2,3-c]furan-1(3H)-one (2k) 

 
13C NMR (CDCl3, 75 MHz) 
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4-(2-(Methylthio)phenyl)but-3-yn-1-ol (3a) 

 

1H NMR (CDCl3, 500 MHz) 
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4-(2-(Methylthio)phenyl)but-3-yn-1-ol (3a) 

 

13C NMR (CDCl3, 125 MHz) 
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4-(4-Fluoro-2-(methylthio)phenyl)but-3-yn-1-ol (3b) 

 

1H NMR (CDCl3, 500 MHz) 
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4-(4-Fluoro-2-(methylthio)phenyl)but-3-yn-1-ol (3b) 

 

13C NMR (CDCl3, 125 MHz) 
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5-(2-(Methylthio)phenyl)pent-4-yn-2-ol (3c) 

 
1H NMR (CDCl3, 500 MHz) 
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5-(2-(Methylthio)phenyl)pent-4-yn-2-ol (3c) 

 
13C NMR (CDCl3, 125 MHz) 
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6-(2-(Methylthio)phenyl)hex-5-yn-3-ol (3d) 

 
1H NMR (CDCl3, 500 MHz) 

 
  



S67 
 

6-(2-(Methylthio)phenyl)hex-5-yn-3-ol (3d) 

 
13C NMR (CDCl3, 125 MHz) 
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4-(2-(Methylthio)phenyl)-1-phenylbut-3-yn-1-ol (3e) 

 

1H NMR (CDCl3, 500 MHz) 

 
  



S69 
 

4-(2-(Methylthio)phenyl)-1-phenylbut-3-yn-1-ol (3e) 

 

13C NMR (CDCl3, 125 MHz) 
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1-Mesityl-4-(2-(methylthio)phenyl)but-3-yn-1-ol (3f) 

 

1H NMR (CDCl3, 500 MHz) 
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1-Mesityl-4-(2-(methylthio)phenyl)but-3-yn-1-ol (3f) 

 

13C NMR (CDCl3, 125 MHz) 
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1-(4-Methoxyphenyl)-4-(2-(methylthio)phenyl)but-3-yn-1-ol (3g) 

 

1H NMR (CDCl3, 500 MHz) 
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1-(4-Methoxyphenyl)-4-(2-(methylthio)phenyl)but-3-yn-1-ol (3g) 

 

13C NMR (CDCl3, 125 MHz) 
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1-(Furan-2-yl)-4-(2-(methylthio)phenyl)but-3-yn-1-ol (3h) 

 
1H NMR (CDCl3, 500 MHz) 
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1-(Furan-2-yl)-4-(2-(methylthio)phenyl)but-3-yn-1-ol (3h) 

 
13C NMR (CDCl3, 125 MHz) 
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5-(2-(Methylthio)phenyl)-2-phenylpent-4-yn-2-ol (3i) 

 

1H NMR (CDCl3, 500 MHz) 
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5-(2-(Methylthio)phenyl)-2-phenylpent-4-yn-2-ol (3i) 

 

13C NMR (CDCl3, 125 MHz) 
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1-(3-(2-(Methylthio)phenyl)prop-2-yn-1-yl)cyclohexan-1-ol (3j) 

 
1H NMR (CDCl3, 500 MHz) 
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1-(3-(2-(Methylthio)phenyl)prop-2-yn-1-yl)cyclohexan-1-ol (3j) 

 
13C NMR (CDCl3, 125 MHz) 
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trans-2-((2-(Methylthio)phenyl)ethynyl)cyclohexan-1-ol (3k) 

 

1H NMR (CDCl3, 500 MHz) 
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trans-2-((2-(Methylthio)phenyl)ethynyl)cyclohexan-1-ol (3k) 

 

13C NMR (CDCl3, 125 MHz) 
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trans-2-((2-(Methylthio)phenyl)ethynyl)cyclopentan-1-ol (3l) 

 
1H NMR (CDCl3, 500 MHz) 
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trans-2-((2-(Methylthio)phenyl)ethynyl)cyclopentan-1-ol (3l) 

 
13C NMR (CDCl3, 125 MHz) 
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3,4-Dihydro-1H-benzo[4,5]thieno[3,2-c]pyran-1-one (4a) 

 

1H NMR (CDCl3, 500 MHz) 
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3,4-Dihydro-1H-benzo[4,5]thieno[3,2-c]pyran-1-one (4a) 

 

13C NMR (CDCl3, 125 MHz) 
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7-Fluoro-3,4-Dihydro-1H-benzo[4,5]thieno[3,2-c]pyran-1-one (4b) 

 

1H NMR (CDCl3, 500 MHz) 

 
  



S87 
 

7-Fluoro-3,4-Dihydro-1H-benzo[4,5]thieno[3,2-c]pyran-1-one (4b) 

 

13C NMR (CDCl3, 125 MHz) 
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3-Methyl-3,4-dihydro-1H-benzo[4,5]thieno[3,2-c]pyran-1-one (4c) 

 

ù1H NMR (CDCl3, 500 MHz) 
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3-Methyl-3,4-dihydro-1H-benzo[4,5]thieno[3,2-c]pyran-1-one (4c) 

 

13C NMR (CDCl3, 125 MHz) 
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3-Ethyl-3,4-dihydro-1H-benzo[4,5]thieno[3,2-c]pyran-1-one (4d) 

 

1H NMR (CDCl3, 500 MHz) 

 
  


