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mp Yanaco MP-S3 

IR Perkin–Elmer Spectrum One FTIR  
NMR JEOL JNM-LA 300, 500, BRUKER DPX 400, and 

AV 600 spectrometer 
MS HITACHI M-80B mass spectrometer 

 
cm-1 ppm J

Hz
 

 
 

Silica gel 60 N (KANTO 
CHEMICAL) 0.5% fluorescence reagent 254

UV  
 

 
 

HMPA
 

THF  
 
 

 (Z)-115a3b) (E)-115a3b) 16a3b) 17a3b) (Z)-115e7) (E)-115e7)  

(Z)-1-Chloro-4-phenyl-1-(p-tolylsulfinyl)-1-butene ((Z)-15a) and the (E)-isomer 
((E)-15a) 
1- -p-  (973 mg, 5.2 mmol) THF (4 mL) 
LDA (6.24 mmol) THF (15 mL) -65 10
3- (0.82 mL, 6.24 mmol) 10

(1.64 g, 
98 %) 1- -4- -1-(p- ) -2- 2

 IR (neat) 3351 (OH), 2925, 1086, 1047 (SO) cm−1.  
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1- -4- -1-(p- ) -2- (1.64 g, 5.1 

mmol)  (10 mL)  (5.1 mL, 38.2 mmol)

 (1.15 mL, 15.3 mmol) 0 0

10 6

10%

 (Z)-115a 

(379 mg, 24 %) (E)-115a (680 mg, 44 %)  

Compound (Z)-115a: light yellow viscous oil; IR (neat) 3027, 2924, 1596, 1495, 1455, 

1089, 1063 (SO), 877, 809 cm−1; 1H NMR δ 2.41 (3H, s), 2.66–2.70 (2H, m), 2.81–2.84 

(2H, m), 6.78 (1H, t, J=7.2 Hz), 7.18–7.46 (9H, m). MS m/z (%) 304 (M+, 1), 287 (100), 

91(90). (E)-isomer (E)-115a: light yellow viscous oil; IR (neat) 3026, 2924, 1602, 1494, 

1455, 1091, 1062 (SO), 877 cm−1;  1H NMR δ 2.40 (3H, s), 2.78–2.84 (1H, m), 

2.91–3.04 (3H, m), 6.32 (1H, t, J=7.8 Hz), 7.21–7.36 (9H, m). MS m/z (%) 304 (M+, 

20), 197 (59), 91 (100). 

 

(Z)-1-Chloro-1-(p-tolylsulfinyl)-1-octene ((Z)-15b) 

Colorless oil; IR (neat) 2928, 2857, 1492, 1458, 1089, 1062, 807 cm−1; 1H NMR δ 0.88 

(3H, t, J=6.9 Hz), 1.25–1.35 (6H, m), 1.46–1.52 (2H, m), 2.34 (2H, q, J=7.3 Hz), 2.42 

(3H, s), 6.78 (1H, t, J=7.3 Hz), 7.31 (2H, d, J=8.1 Hz), 7.56 (2H, d, J=8.1 Hz). MS m/z 

(%) 284 (M+, 22), 267 (24), 236 (23), 158 (29), 140 (100), 123 (49), 92 (33), 91 (23). 

Calcd for C15H21ClOS: M, 284.1002. Found: m/z 284.0997. 

 

 

(E)-1-Chloro-1-(p-tolylsulfinyl)-1-octene ((E)-15b) 

Colorless oil; IR (neat) 2928, 2858, 1493, 1458, 1089, 1064, 808 cm−1; 1H NMR δ 0.91 

(3H, t, J=6.9 Hz), 1.29–1.34 (4H, m), 1.35–1.42 (2H, m), 1.50–1.56 (2H, m), 2.42 (3H, 

s), 2.60 (1H, dt, J=14.5, 7.6 Hz), 2.72 (1H, dt, J=14.8, 8.6 Hz), 6.31 (1H, dd, J=8.6, 

7.6 Hz), 7.32 (2H, d, J=8.0 Hz), 7.51 (2H, d, J=8.0 Hz). MS m/z (%) 284 (M+, 12), 267 



 52 

(100), 197 (37), 161 (17), 139 (19), 123 (15), 91 (15), 65 (7), 41 (7). Calcd for 

C15H21ClOS: M, 284.1002. Found: m/z 284.1001. 

 

((Z)-1-Chloro-2-cyclohexyl-1-(p-tolylsulfinyl)ethene ((Z)-15c) 

Colorless oil; IR (neat) 2927, 1596, 1493, 1449, 1087, 967, 898, 809 cm−1; 1H NMR δ 

1.22–1.33 (5H, m), 1.65–1.78 (5H, m), 2.42 (3H, s), 2.53–2.61 (1H, m), 6.63 (1H, d, 

J=9.2 Hz), 7.31 (2H, d, J=8.0 Hz), 7.54 (2H, d, J=8.0 Hz). MS m/z (%) 282 (M+, 31), 

265 (14), 234 (31), 152 (31), 140 (100), 123 (25), 92 (31), 79 (14). Calcd for 

C15H19ClOS: M, 282.0845. Found: m/z 282.0838. 

 

(E)-1-Chloro-2-cyclohexyl-1-(p-tolylsulfinyl)ethene ((E)-15c) 

Colorless crystals; mp 69.5–70 °C (hexane/AcOEt); IR (KBr) 2921, 1444, 1394, 1089, 

1060, 906, 861, 806 cm−1; 1H NMR δ 1.20–1.28 (3H, m), 1.32–1.44 (2H, m), 1.70–1.74 

(2H, m), 1.76–1.83 (2H, m), 1.88–1.93 (1H, m), 2.42 (3H, s), 3.06 (1H, tq, J=11.0, 3.8 

Hz), 6.16 (1H, d, J=11.0 Hz), 7.33 (2H, d, J=8.3 Hz), 7.50 (2H, d, J=8.3 Hz). Anal. 

Calcd for C15H19ClOS: C, 63.70; H, 6.77; Cl, 12.53; S, 11.34. Found: C, 63.79; H, 6.77; 

Cl, 12.32; S, 11.28. 

 

(Z)-1-Chloro-3,3-dimethyl-1-(p-tolylsulfinyl)-1-butene ((Z)-15d) 

Colorless crystals; mp 74.5–75 °C (hexane/AcOEt); IR (KBr) 2959, 1593, 1473, 1363, 

1198, 1087, 1056, 869, 804 cm−1; 1H NMR δ 1.25 (9H, s), 2.42 (3H, s), 6.76 (1H, s), 

7.31 (2H, d, J=8.1 Hz), 7.55 (2H, d, J=8.1 Hz). Anal. Calcd for C13H17ClOS: C, 60.80; 

H, 6.67; Cl, 13.81; S, 12.49. Found: C, 60.67; H, 6.66; Cl, 14.2; S, 12.38. 

 

(E)-1-Chloro-3,3-dimethyl-1-(p-tolylsulfinyl)-1-butene ((E)-15d) 

Colorless oil; IR (neat) 2964, 1597, 1477, 1365, 1250, 1203, 1088, 946, 859, 809, 622 

cm−1; 1H NMR δ 1.39 (9H, s), 2.42 (3H, s), 6.45 (1H, s), 7.33 (2H, d, J=8.1 Hz), 7.53 

(2H, d, J=8.1 Hz). MS m/z (%) 256 (M+, 15), 158 (14), 140 (100), 123 (19), 92 (30), 77 

(10), 57 (45). Calcd for C13H17ClOS: M, 256.0688. Found: m/z 256.0688. 
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((Z)-1-Chloro-2-(1-napthyl)-1-(p-tolylsulfinyl)ethene ((Z)-15f) 

Colorless crystals; mp 90–90.5 °C (hexane/AcOEt); IR (KBr) 3038, 1591, 1490, 1444, 

1393, 1344, 1282, 1087, 1061, 925, 896, 773 cm−1; 1H NMR δ 2.44 (3H, s), 7.36 (2H, d, 

J=8.2 Hz), 7.49 (1H, t, J=7.7 Hz), 7.53–7.61 (2H, m), 7.73 (2H, d, J=8.2 Hz), 7.81 (1H, 

d, J=7.1 Hz), 7.87–7.89 (2H, m), 8.03 (1H, d, J=8.0 Hz), 8.32 (1H, s). Anal. Calcd for 

C19H15ClOS: C, 69.82; H, 4.63; Cl, 10.85; S, 9.81. Found: C, 69.83; H, 4.47; Cl, 10.71; 

S, 9.72. 

 

(E)-1-Chloro-2-(1-naphethyl)-1-(p-tolylsulfinyl)ethene ((E)-15f) 

Colorless crystals; mp 154–154.5 °C (hexane/AcOEt); IR (KBr) 3007, 1590, 1491, 

1447, 1396, 1083, 1052, 1013, 903, 802, 776 cm−1; 1H NMR δ 2.40 (3H, s), 7.26–7.28 

(2H, m), 7.39 (2H, d, J=8.3 Hz), 7.54–7.62 (3H, m), 7.67 (1H, d, J=7.1 Hz), 7.82 (1H, 

s), 7.86–7.88 (1H, m), 7.93–7.96 (2H, m). Anal. Calcd for C19H15ClOS: C, 69.82; H, 

4.63; Cl, 10.85; S, 9.81. Found: C, 69.79; H, 4.48; Cl, 10.85; S, 9.84. 

 

(Z)-1-Chloro-2-(4-cyanophenyl)-1-(p-tolylsulfinyl)ethene ((Z)-15g) 

Colorless crystals; mp 170–170.5 °C (hexane/AcOEt); IR (KBr) 3007, 2226 (CN), 

1603, 1492, 1409, 1089, 1060, 920, 832, 808 cm−1; 1H NMR δ 2.43 (3H, s), 7.31 (1H, s), 

7.33 (2H, d, J=8.3 Hz), 7.45 (2H, d, J=8.3 Hz), 7.63 (2H, d, J=8.5 Hz), 7.75 (2H, d, 

J=8.5 Hz). Anal. Calcd for C16H12ClNOS: C, 63.68; H, 4.01; N, 4.64; Cl, 11.75; S, 

10.62. Found: C, 63.58; H, 3.71; N, 4.41; Cl, 11.56; S, 10.60. 

 

 

(E)-1-Chloro-2-(4-cyanophenyl)-1-(p-tolylsulfinyl)ethene ((E)-15g) 

Colorless crystals; mp 120.5–121 °C (hexane/AcOEt); IR (KBr) 3014, 2232 (CN), 

1604, 1500, 1083, 1069, 900, 822 cm−1; 1H NMR δ 2.43 (3H, s), 7.34 (2H, d, J=8.1 Hz), 

7.65 (2H, d, J=8.1 Hz), 7.66 (1H, s), 7.69 (2H, d, J=8.4 Hz), 7.83 (2H, d, J=8.4 Hz). 
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Anal. Calcd for C16H12ClNOS: C, 63.68; H, 4.01; N, 4.64; Cl, 11.75; S, 10.62. Found: 

C, 63.63; H, 3.81; N, 4.42; Cl, 11.60; S, 10.60. 

 

((3S*,4R*,sS*)-tert-Butyl 4-chloro-3-hexyl-4-(p-tolylsulfinyl)butyrate (16b) 

LDA (5.4 mmol) THF (12 mL) -78 tert-  (0.73 mL, 

5.4 mmol)  10 (Z)-115a (300 mg, 1.1 mmol) THF  

(3 mL) 5  

 116b (429 mg, 99%)  

Colorless oil. IR (neat) 2931, 1728 (CO), 1462, 1365, 1219, 1154, 1084, 808 cm−1; 1H 

NMR δ 0.90 (3H, t, J=6.9 Hz), 1.30–1.33 (6H, m), 1.40–1.48 (4H, m), 1.44 (9H, s), 

2.36 (1H, dd, J=16.0, 9.3 Hz), 2.43 (3H, s), 2.51 (1H, dd, J=16.0, 4.7 Hz), 2.96–3.02 

(1H, m), 4.64 (1H, d, J=2.2 Hz), 7.32 (2H, d, J=8.0 Hz), 7.68 (2H, d, J=8.0 Hz). MS 

(FAB) m/z (%) 401 ([M+H]+, 18), 345 (100), 327 (23), 293 (4), 140 (22), 123 (22), 109 

(14), 57 (12). Calcd for C21H34ClO3S: M, 401.1918. Found: m/z 401.1917. 

 

(3R*,4R*,sS*)-tert-Butyl 4-chloro-3-hexyl-4-(p-tolylsulfinyl)butyrate (17b) 

Colorless oil; IR (neat) 2930, 1732 (CO), 1456, 1368, 1258, 1152, 1057, 812 cm−1; 1H 

NMR δ 0.90 (3H, t, J=6.9 Hz), 1.22–1.32 (10H, m), 1.48 (9H, s), 2.31 (1H, dd, J=15.9, 

6.4 Hz), 2.44 (3H, s), 2.81 (1H, dd, J=15.9, 3.7 Hz), 2.95–3.02 (1H, m), 4.43 (1H, d, 

J=2.1 Hz), 7.34 (2H, d, J=8.3 Hz), 7.66 (2H, d, J=8.3 Hz). MS (FAB) m/z (%) 401 

([M+H]+, 17), 345 (100), 327 (39), 293 (4), 140 (20), 123 (18), 109 (11), 57 (10). Calcd 

for C21H34ClO3S: M, 401.1917. Found: m/z 401.1920. 

 

(3R*,4R*,sS*)-tert-Butyl 4-chloro-3-cyclohexyl-4-(p-tolylsulfinyl)butyrate (16c) 

Colorless crystals; mp 117.5–118 °C (hexane/AcOEt); IR (KBr) 2931, 1721 (CO), 

1447, 1366, 1235, 1154, 1049, 815 cm−1; 1H NMR δ 1.03 (1H, dq, J=12.4, 3.3 Hz), 

1.08–1.18 (1H, m), 1.24–1.36 (3H, m), 1.45 (9H, s), 1.66–1.69 (1H, m), 1.74–1.79 (2H, 
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m), 1.86–1.95 (3H, m), 2.43 (3H, s), 2.48 (1H, dd, J=16.2, 8.7 Hz), 2.56 (1H, dd, 

J=16.2, 4.9 Hz), 2.79–2.84 (1H, m), 4.68 (1H, d, J=3.6 Hz), 7.33 (2H, d, J=8.3 Hz), 

7.69 (2H, d, J=8.3 Hz). Anal. Calcd for C21H31ClO3S: C, 63.22; H, 7.83; Cl, 8.89; S, 

8.04. Found: C, 63.35; H, 7.77; Cl, 8.81; S, 8.02. 

 

((3S*,4R*,sS*)-tert-Butyl 4-chloro-3-cyclohexyl-4-(p-tolylsulfinyl)butyrate (17c) 

Colorless oil; IR (neat) 2928, 1732 (CO), 1450, 1367, 1288, 1152, 1057, 956, 813 cm−1; 
1H NMR δ 1.00–1.27 (6H, m), 1.48 (9H, s), 1.70–1.78 (5H, m), 2.38 (1H, dd, J=16.6, 

8.0 Hz), 2.43 (3H, s), 2.69 (1H, dd, J=16.6, 3.6 Hz), 2.91–2.96 (1H, m), 4.48 (1H, d, 

J=1.8 Hz), 7.33 (2H, d, J=8.1 Hz), 7.66 (2H, d, J=8.1 Hz). MS (FAB) m/z (%) 399 

([M+H]+, 18), 343 (100), 325 (37), 167 (10), 140 (15), 123 (14), 83 (7), 57 (8). Calcd for 

C21H32ClO3S: M, 399.1761. Found: m/z 399.1763. 

 

3R*,4R*,sS*)-tert-Butyl 4-chloro-3-(1,1-dimethylethyl)-4-(p-tolylsulfinyl)butyrate 

(16d) 

Colorless oil; IR (neat) 2969, 1732 (CO), 1480, 1369, 1305, 1258, 1148, 1056, 956, 

812 cm−1; 1H NMR δ 1.17 (9H, s), 1.47 (9H, s), 2.42 (3H, s), 2.47 (1H, dd, J=15.9, 9.9 

Hz), 2.54 (1H, dd, J=15.9, 3.5 Hz), 3.00 (1H, ddd, J=9.9, 3.5, 1.7 Hz), 4.62 (1H, d, 

J=1.7 Hz), 7.31 (2H, d, J=8.1 Hz), 7.69 (2H, d, J=8.1 Hz). MS m/z (%) 372 (M+, 5), 

299 (20), 259 (5), 177 (15), 140 (100), 139 (13), 92 (10), 57 (53). Calcd for 

C19H29ClO3S: M, 372.1526. Found: m/z 372.1525. 

 

 

 

(3S*,4R*,sS*)-tert-Butyl 4-chloro-3-(1,1-dimethylethyl)-4-(p-tolylsulfinyl)butyrate 

(17d) 

Colorless crystals; mp 79–79.5 °C (hexane/AcOEt); IR (KBr) 2975, 1729 (CO), 1481, 

1370, 1294, 1147, 1050, 809, 774 cm−1; 1H NMR δ 0.95 (9H, s), 1.49 (9H, s), 2.39 (1H, 

dd, J=16.9, 6.9 Hz), 2.43 (3H, s), 2.51 (1H, dd, J=16.9, 4.4 Hz), 3.06 (1H, ddd, J=6.9, 
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4.4, 0.8 Hz), 4.57 (1H, d, J=0.8 Hz), 7.32 (2H, d, J=8.1 Hz), 7.67 (2H, d, J=8.1 Hz). 

Anal. Calcd for C19H29ClO3S: C, 61.19; H, 7.84; Cl, 9.51; S, 8.60. Found: C, 61.33; H, 

7.87; Cl, 9.42; S, 8.57. 

 

((3R*,4R*,sS*)-tert-Butyl 4-chloro-3-phenyl-4-(p-tolylsulfinyl)butyrate (16e) 

Colorless crystals; mp 129.5–130 °C (hexane/AcOEt); IR (KBr) 2979, 1724 (CO), 

1455, 1369, 1274, 1243, 1152, 1049, 976, 817, 732 cm−1; 1H NMR δ 1.30 (9H, s), 2.42 

(3H, s), 2.83 (1H, dd, J=15.8, 8.0 Hz), 2.88 (1H, dd, J=15.8, 8.0 Hz), 4.41 (1H, dt, 

J=8.0, 3.0 Hz), 4.67 (1H, d, J=3.0 Hz), 7.30 (2H, d, J=8.1 Hz), 7.35–7.41 (3H, m), 

7.51–7.54 (2H, m), 7.63 (2H, d, J=8.1 Hz). Anal. Calcd for C21H25ClO3S: C, 64.19; H, 

6.41; Cl, 9.02; S, 8.16. Found: C, 64.20; H, 6.22; Cl, 8.93; S, 8.34. 

 

(3S*,4R*,sS*)-tert-Butyl 4-chloro-3-phenyl-4-(p-tolylsulfinyl)butyrate (17e) 

Colorless crystals; mp 75.5–76 °C (hexane/AcOEt); IR (KBr) 2978, 1725 (CO), 1495, 

1455, 1369, 1270, 1154, 1041, 965, 809, 702 cm−1; 1H NMR δ 1.24 (9H, s), 2.42 (3H, s), 

3.00 (1H, dd, J=15.9, 10.7 Hz), 3.08 (1H, dd, J=15.9, 4.9 Hz), 4.21 (1H, ddd, J=10.7, 

4.9, 3.0 Hz), 4.51 (1H, d, J=3.0 Hz), 7.26–7.36 (7H, m), 7.65 (2H, d, J=8.2 Hz). Anal. 

Calcd for C21H25ClO3S: C, 64.19; H, 6.41; Cl, 9.02; S, 8.16. Found: C, 64.00; H, 6.22; 

Cl, 9.00; S, 8.15. 

 

(3R*,4R*,sS*)-tert-Butyl 4-chloro-3-(1-naphthyl)-4-(p-tolylsulfinyl)butyrate (16f) 

Colorless crystals; mp 147–147.5 °C (hexane/AcOEt); IR (KBr) 2978, 1732 (CO), 

1597, 1499, 1363, 1267, 1147, 1039, 785 cm−1; 1H NMR δ 1.12 (9H, s), 2.41 (3H, s), 

2.98–3.11 (2H, m), 4.82 (1H, s), 5.22 (1H, s), 7.29 (2H, d, J=8.0 Hz), 7.47–7.53 (2H, 

m), 7.59–7.63 (3H, m), 7.70 (1H, d, J=7.3 Hz), 7.83–7.88 (2H, m), 8.52 (1H, d, J=8.2 

Hz). Anal. Calcd for C25H27ClO3S: C, 67.78; H, 6.14; Cl, 8.00; S, 7.24. Found: C, 

67.82; H, 6.05; Cl, 7.90; S, 7.22. 

 

(3S*,4R*,sS*)-tert-Butyl 4-chloro-3-(1-naphthyl)-4-(p-tolylsulfinyl)butyrate (17f) 
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Colorless oil; IR (neat) 2978, 1732 (CO), 1640, 1598, 1455, 1368, 1287, 1149, 1052, 

969, 782 cm−1; 1H NMR δ 1.09 (9H, s), 2.40 (3H, s), 3.26 (2H, d, J=7.8 Hz), 4.55 (1H, 

d, J=2.0 Hz), 5.34–5.38 (1H, m), 7.29 (2H, d, J=8.1 Hz), 7.43 (1H, t, J=7.6 Hz), 

7.49–7.53 (2H, m), 7.58–7.62 (1H, m), 7.67 (2H, d, J=8.1 Hz), 7.78 (1H, d, J=8.1 Hz), 

7.86 (1H, d, J=8.1 Hz), 8.23 (1H, d, J=8.5 Hz). MS m/z (%) 442 (M+, 4), 369 (13), 302 

(5), 247 (44), 229 (46), 211 (73), 165 (86), 140 (100), 139 (16), 92 (14), 57 (78). Calcd 

for C25H27ClO3S: M, 442.1369. Found: m/z 442.1367. 

 

((3R*,4R*,sS*)-tert-Butyl 4-chloro-3-(4-cyanophenyl)-4-(p-tolylsulfinyl)butyrate (16g) 

Colorless crystals; mp 143.5–144 °C (hexane/AcOEt); IR (KBr) 2985, 2229 (CN), 

1722 (CO), 1370, 1268, 1142, 1043, 843, 813 cm−1; 1H NMR δ 1.31 (9H, s), 2.43 (3H, 

s), 2.83 (1H, dd, J=16.2, 7.7 Hz), 2.89 (1H, dd, J=16.2, 8.3 Hz), 4.48 (1H, dt, J=7.7, 

2.9 Hz), 4.66 (1H, d, J=2.9 Hz), 7.32 (2H, d, J=8.1 Hz), 7.62 (2H, d, J=8.1 Hz), 7.66 

(2H, d, J=8.5 Hz), 7.69 (2H, d, J=8.5 Hz). Anal. Calcd for C22H24ClNO3S: C, 63.22; H, 

5.79; N, 3.35; Cl, 8.48; S, 7.67. Found: C, 63.30; H, 5.57; N, 3.00; Cl, 8.24; S, 7.63. 

 

(3S*,4R*,sS*)-tert-Butyl 4-chloro-3-(4-cyanophenyl)-4-(p-tolylsulfinyl)butyrate (17g) 

Colorless crystals; mp 132–132.5 °C (hexane/AcOEt); IR (KBr) 2978, 2229 (CN), 

1728 (CO), 1368, 1260, 1145, 1049, 845, 818 cm−1; 1H NMR δ 1.27 (9H, s), 2.42 (3H, 

s), 3.05 (1H, dd, J=16.3, 10.8 Hz), 3.13 (1H, dd, J=16.3, 4.7 Hz), 4.23 (1H, ddd, 

J=10.8, 4.7, 2.5 Hz), 4.39 (1H, d, J=2.5 Hz), 7.33 (2H, d, J=8.0 Hz), 7.48 (2H, d, J=8.3 

Hz), 7.63 (2H, d, J=8.3 Hz), 7.64 (2H, d, J=8.0 Hz). Anal. Calcd for C22H24ClNO3S: C, 

63.22; H, 5.79; N, 3.35; Cl, 8.48; S, 7.67. Found: C, 63.27; H, 5.71; N, 3.24; Cl, 8.39; S, 

7.69. 

tert-Butyl 3-methylidene-5-phenylpentanoate (18a) 

(1.9 mL) i-PrMgBr (0.76 M solution in 

THF, 0.27 mL, 0.21 mmol)  (0.5 mL) 16a (50 mg, 0.12 mmol) 

i-PrMgBr 10
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118a 24.9 mg (85%)   

Colorless oil. IR (neat) 2979, 1732 (CO), 1455, 1368, 1256, 1146, 899, 699 cm−1; 1H 

NMR δ 1.46 (9H, s), 2.39–2.43 (2H, m), 2.76–2.80 (2H, m), 2.99 (2H, s), 4.92 (1H, m), 

4.94 (1H, m), 7.16–7.20 (3H, m), 7.26–7.30 (2H, m). MS m/z (%) 246 (M+, 5), 190 (28), 

173 (22), 145 (27), 130 (100), 91 (82), 57 (85). Calcd for C16H22O2: M, 246.1620. 

Found: m/z 246.1617. 

 

tert-Butyl 3-methylidenenonanoate (18b) 

Colorless oil; IR (neat) 2928, 1732 (CO), 1457, 1368, 1256, 1145 cm−1; 1H NMR δ 0.88 

(3H, t, J=6.7 Hz), 1.28–1.31 (8H, m), 1.45 (9H, s), 2.08 (2H, t, J=7.5 Hz), 2.93 (2H, s), 

4.86 (1H, m), 4.88 (1H, m). MS m/z (%) 226 (M+, 2), 211 (14), 170 (14), 110 (31), 69 

(13), 57 (100). Calcd for C14H26O2: M, 226.1933. Found: m/z 226.1932. 

 

tert-Butyl 3-cyclohexyl-3-butenoate (18c) 

Colorless oil; IR (neat) 2928, 1732 (CO), 1643, 1450, 1368, 1257, 1144, 966, 890, 752 

cm−1; 1H NMR δ 1.10–1.29 (5H, m), 1.45 (9H, s), 1.67–1.69 (1H, m), 1.75–1.82 (4H, 

m), 1.90–1.96 (1H, m), 2.95 (2H, s), 4.86 (1H, m), 4.89 (1H, m). MS m/z (%) 224 (M+, 

4), 168 (86), 150 (27), 123 (18), 108 (100), 81 (32), 67 (18), 57 (83). Calcd for C14H24O2: 

M, 224.1776. Found: m/z 224.1776. 

 

 

 

tert-Butyl 4,4-dimethyl-3-methylidenepentanoate (18d) 

Colorless oil; IR (neat) 2961, 1731 (CO), 1367, 1257, 1137 cm−1; 1H NMR δ 1.07 (9H, 

s), 1.45 (9H, s), 2.96 (2H, d, J=1.0 Hz), 4.87 (1H, d, J=0.9 Hz), 5.03 (1H, d, J=0.9 Hz). 

MS m/z (%) 198 (M+, 3), 142 (94), 125 (48), 97 (52), 83 (96), 57 (100). Calcd for 

C12H22O2: M, 198.1620. Found: m/z 198.1622. 
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ttert-Butyl 3-phenyl-3-butenoate (18e) 

Colorless oil; IR (neat) 2979, 1732 (CO), 1368, 1258, 1148 cm−1; 1H NMR δ 1.35 (9H, 

s), 3.43 (2H, d, J=1.1 Hz), 5.21 (1H, d, J=1.1 Hz), 5.50 (1H, d, J=0.8 Hz), 7.26–7.28 

(1H, m), 7.31–7.34 (2H, m), 7.42–7.44 (2H, m). MS m/z (%) 218 (M+, 2), 162 (79), 145 

(15), 134 (31), 117 (35), 91 (18), 57 (100). Calcd for C14H18O2: M, 218.1305. Found: 

m/z 218.1314. 

 

tert-Butyl 3-(1-naphethyl)-3-butenoate (18f) 

Colorless oil; IR (neat) 2978, 1729 (CO), 1638, 1509, 1454, 1368, 1289, 1255, 1150, 

964, 779 cm−1; 1H NMR δ 1.26 (9H, s), 3.45 (2H, s), 5.82 (1H, d, J=1.4 Hz), 5.58 (1H, 

d, J=1.4 Hz), 7.36 (1H, dd, J=7.1, 1.3 Hz), 7.41–7.45 (1H, m), 7.46–7.49 (2H, m), 7.77 

(1H, d, J=8.2 Hz), 7.83–7.86 (1H, m), 8.06–8.09 (1H, m). MS m/z (%) 268 (M+, 19), 

212 (82), 195 (22), 165 (68), 152 (100), 57 (77), 41 (24), 28 (16). Calcd for C18H20O2: M, 

268.1462. Found: m/z 268.1464. 

 

tert-Butyl 3-(4-cyanophenyl)-3-butenoate (18g) 

Colorless oil; IR (neat) 2979, 2228 (CN), 1729 (CO), 1607, 1369, 1258, 1150, 847 

cm−1; 1H NMR δ 1.35 (9H, s), 3.44 (2H, d, J=1.0 Hz), 5.37 (1H, s), 5.59 (1H, s), 7.52 

(2H, d, J=8.7 Hz), 7.62 (2H, d, J=8.7 Hz). MS m/z (%) 243 (M+, 7), 228 (5), 187 (75), 

159 (23), 142 (46), 140 (20), 115 (17), 57 (100). Calcd for C15H17 NO2: M, 243.1259. 

Found: m/z 243.1256. 

 

 

(Z)-1-Chloro-2-(4-methoxyphenyl)-1-(p-tolylsulfinyl)ethene ((Z)-15h) 

Colorless crystals; mp 80–80.5 °C (hexane/AcOEt); IR (KBr) 2936, 1605, 1514, 1308, 

1256, 1177, 1068, 897, 826, 749 cm−1; 1H NMR δ 2.42 (3H, s), 3.84 (3H, s), 6.93 (2H, d, 

J=8.8 Hz), 7.31 (2H, d, J=8.1 Hz), 7.55 (1H, s), 7.62 (2H, d, J=8.1 Hz), 7.75 (2H, d, 
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J=8.8 Hz). Anal. Calcd for C16H15ClO2S: C, 62.64; H, 4.93; Cl, 11.56; S, 10.45. Found: 

C, 62.57; H, 4.68; Cl, 11.29; S, 10.41. 

 

((3R*,4R*,sS*)-tert-Butyl 4-chloro-3-(4-methoxyphenyl)-4-(p-tolylsulfinyl)butanoate 

(16h) 

Colorless crystals. Mp 99–99.5 °C (hexane/AcOEt); IR (neat) 2979, 1729 (CO), 1611, 

1515, 1456, 1368, 1252, 1149, 1051, 839, 756 cm−1; 1H NMR δ 1.32 (9H, s), 2.41 (3H, 

s), 2.78 (1H, dd, J=15.7, 7.8 Hz), 2.83 (1H, dd, J=15.7, 8.0 Hz), 3.83 (3H, s), 4.37 (1H, 

dt, J=7.8, 2.9 Hz), 4.65 (1H, d, J=2.9 Hz), 6.91 (2H, d, J=8.8 Hz), 7.30 (2H, d, J=8.1 

Hz), 7.44 (2H, d, J=8.8 Hz), 7.63 (2H, d, J=8.1 Hz). Anal. Calcd for C22H27ClO4S: C, 

62.47; H, 6.43; Cl, 8.38; S, 7.58. Found: C, 62.50; H, 6.38; Cl, 8.32; S, 7.47. 

 

(Z)-tert-Butyl 4-(4-Methoxyphenyl)-3-butenoate (21h) and E-isomer (22h) 

0 1.9 mL EtMgCl (2.0M solution in diethyl ether, 0.1 mL, 0.20 

mmol) (0.5 mL) (Z)-115h (50 mg 0.118 mmol)

EtMgCl 0 30

21h (23.4 mg; 80%), 222h 

(1.76 mg; 6%)  

Compound 221h: colorless oil. IR (neat) 2978, 1730 (CO), 1608, 1511, 1459, 1368, 

1254 (COC), 1148, 1034, 843 cm−1; 1H NMR δ 1.46 (9H, s), 3.24 (2H, dd, J=7.3, 1.9 

Hz), 3.82 (3H, s), 5.78 (1H, dt, J=11.5, 7.3 Hz), 6.54 (1H, d, J=11.5 Hz), 6.88 (2H, d, 

J=8.7 Hz), 7.22 (2H, d, J=8.7 Hz). MS m/z (%) 248 (M+, 22), 175 (18), 147 (86), 115 

(10), 103 (12), 91 (10), 57 (100). Calcd for C15H20O3: M, 248.1412. Found: m/z 

248.1412. Compound 222h: colorless oil. IR (neat) 2978, 1730 (CO), 1608, 1513, 1368, 

1250 (COC), 1148, 1035, 839 cm−1; 1H NMR δ 1.47 (9H, s), 3.13 (2H, dd, J=7.2, 5.7 

Hz), 3.80 (3H, s), 6.14 (1H, dt, J=16.0, 7.2 Hz), 6.40 (1H, d, J=16.0 Hz), 6.84 (2H, d, 

J=8.7 Hz), 7.30 (2H, d, J=8.7 Hz). MS m/z (%) 248 (M+, 31), 192 (20), 147 (100), 131 
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(10), 103 (13), 91 (10), 57 (70), 41 (12). Calcd for C15H20O3: M, 248.1413. Found: m/z 

248.1415. 

 

ttert-Butyl 3-(4-methoxyphenyl)-3-butenoate (18h) 

Colorless oil; IR (neat) 2978, 1725 (CO), 1608, 1513, 1459, 1368, 1249 (COC), 1147, 

1034, 836 cm−1; 1H NMR δ 1.36 (9H, s), 3.40 (2H, d, J=0.9 Hz), 3.81 (3H, s), 5.11 (1H, 

d, J=0.9 Hz), 5.42 (1H, d, J=0.9 Hz), 6.85 (2H, d, J=8.9 Hz), 7.37 (2H, d, J=8.9 Hz). 

MS m/z (%) 248 (M+, 9), 192 (100), 175 (15), 147 (21), 133 (19), 115 (11), 57 (68). 

Calcd for C15H20O3: M, 248.1410. Found: m/z 248.1401. 

 

(Z)-1-Chloro-2-(4-dimethylaminophenyl)-1-(p-tolylsulfinyl)ethene ((Z)-15k) 

Colorless crystals; mp 131.5–132 °C (hexane/AcOEt); IR (KBr) 2917, 1607, 1526, 

1374 (CN), 1194, 1085, 1064, 910, 807 cm−1; 1H NMR δ 2.41 (3H, s), 3.02 (6H, s), 6.68 

(2H, d, J=9.0 Hz), 7.30 (2H, d, J=8.1 Hz), 7.48 (1H, s), 7.60 (2H, d, J=8.1 Hz), 7.72 

(2H, d, J=9.0 Hz). Anal. Calcd for C17H18ClNOS: C, 63.84; H, 5.67; N, 4.38; Cl, 11.08; 

S, 10.03. Found: C, 63.86; H, 5.56; N, 4.36; Cl, 10.90; S, 9.97. 

 

(Z)-1-Chloro-2-(4-methylthiophenyl)-1-(p-tolylsulfinyl)ethene ((Z)-15l) 

Colorless crystals; mp 97.5–98 °C (hexane/AcOEt); IR (KBr) 1592, 1492, 1403, 1326, 

1190, 1086, 1069, 895, 884, 823, 810 cm−1; 1H NMR δ 2.42 (3H, s), 2.50 (3H, s), 7.25 

(2H, d, J=8.5 Hz), 7.32 (2H, d, J=8.1 Hz), 7.56 (1H, s), 7.63 (2H, d, J=8.1 Hz), 7.69 

(2H, d, J=8.5 Hz). Anal. Calcd for C16H15ClOS2: C, 59.52; H, 4.68; Cl, 10.98; S, 19.86. 

Found: C, 59.39; H, 4.60; Cl, 10.98; S, 19.66. 

 

 

(E)-1-Chloro-2-(4-methylthiophenyl)-1-(p-tolylsulfinyl)ethene ((E)-15l) 

Colorless crystals; mp 102.5–103 °C (hexane/AcOEt); IR (KBr) 1589, 1490, 1434, 

1401, 1094, 1083, 1052, 890, 826, 808 cm−1; 1H NMR δ 2.42 (3H, s), 2.53 (3H, s), 7.26 

(1H, s), 7.28 (2H, d, J=8.3 Hz), 7.31 (2H, d, J=8.2 Hz), 7.46 (2H, d, J=8.2 Hz), 7.49 
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(2H, d, J=8.3 Hz). Anal. Calcd for C16H15ClOS2: C, 59.52; H, 4.68; Cl, 10.98; S, 19.86. 

Found: C, 59.56; H, 4.61; Cl, 10.70; S, 19.94. 

 

((Z)-1-Chloro-2-piperonyl-1-(p-tolylsulfinyl)ethene ((Z)-15m) 

Colorless crystals; mp 113–113.5 °C (hexane/AcOEt); IR (KBr) 2900, 1622, 1503, 

1448, 1264, 1067, 928, 815 cm−1; 1H NMR δ 2.42 (3H, s), 6.01 (2H, s), 6.84 (1H, d, 

J=8.1 Hz), 7.20 (1H, dd, J=8.1, 1.7 Hz), 7.32 (2H, d, J=8.1 Hz), 7.42 (1H, d, J=1.7 Hz), 

7.51 (1H, s), 7.62 (2H, d, J=8.1 Hz). Anal. Calcd for C16H13ClO3S: C, 59.91; H, 4.08; 

Cl, 11.05; S, 10.00. Found: C, 59.83; H, 4.02; Cl, 10.87; S, 10.03. 

 

(E)-1-Chloro-2-piperonyl-1-(p-tolylsulfinyl)ethene ((E)-15m) 

Colorless crystals; mp 119.5–120 °C (hexane/AcOEt); IR (KBr) 2917, 1585, 1489, 

1447, 1258, 1092, 1031, 924, 885, 811 cm−1; 1H NMR δ 2.42 (3H, s), 6.05 (2H, s), 6.86 

(1H, d, J=8.0 Hz), 7.00 (1H, dd, J=8.0, 1.7 Hz), 7.10 (1H, d, J=1.7 Hz), 7.22 (1H, s), 

7.32 (2H, d, J=8.1 Hz), 7.51 (2H, d, J=8.1 Hz). Anal. Calcd for C16H13ClO3S: C, 59.91; 

H, 4.08; Cl, 11.05; S, 10.00. Found: C, 59.84; H, 3.98; Cl, 10.72; S, 9.81. 

 

(Z)-1-Chloro-2-(2-furyl)-1-(p-tolylsulfinyl)ethene ((Z)-15j) 

Colorless crystals; mp 100–100.5 °C (hexane/AcOEt); IR (KBr) 3128, 3023, 1610, 

1494, 1470, 1397, 1323, 1307, 1085, 1060, 1018, 903, 816, 751 cm−1; 1H NMR δ 2.42 

(3H, s), 6.52 (1H, dd, J=3.4, 1.8 Hz), 7.02 (1H, d, J=3.4 Hz), 7.32 (2H, d, J=8.1 Hz), 

7.53 (1H, d, J=1.8 Hz), 7.57 (1H, s), 7.61 (2H, d, J=8.1 Hz). Anal. Calcd for 

C13H11ClO2S: C, 58.54; H, 4.16; Cl, 13.29; S, 12.02. Found: C, 58.52; H, 3.94; Cl, 

13.28; S, 12.20. 

 

E)-1-Chloro-2-(2-furyl)-1-(p-tolylsulfinyl)ethene ((E)-15j) 

Colorless crystals; mp 103–103.5 °C (hexane/AcOEt); IR (KBr) 3139, 3031, 1621, 

1480, 1383, 1275, 1149, 1085, 1063, 1018, 959, 876, 813, 753 cm−1; 1H NMR δ 2.41 

(3H, s), 6.54 (1H, dd, J=3.4, 1.8 Hz), 6.69 (1H, d, J=3.4 Hz), 6.92 (1H, s), 7.30 (2H, d, 
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J=8.1 Hz), 7.60 (1H, s), 7.61 (2H, d, J=8.1 Hz). Anal. Calcd for C13H11ClO2S: C, 

58.54; H, 4.16; Cl, 13.29; S, 12.02. Found: C, 58.47; H, 3.93; Cl, 13.10; S, 11.93. 

 

((Z)-1-Chloro-2-(2-thienyl)-1-(p-tolylsulfinyl)ethene ((Z)-15i) 

Colorless crystals; mp 104–104.5 °C (hexane/AcOEt); IR (KBr) 3080, 1595, 1417, 

1217, 1018, 1049, 904, 816, 733 cm−1; 1H NMR δ 2.42 (3H, s), 7.12 (1H, dd, J=5.1, 3.7 

Hz), 7.32 (2H, d, J=8.1 Hz), 7.46 (1H, d, J=3.7 Hz), 7.50 (1H, d, J=5.1 Hz), 7.62 (2H, 

d, J=8.1 Hz), 7.85 (1H, s). Anal. Calcd for C13H11ClOS2: C, 55.21; H, 3.92; Cl, 12.54; S, 

22.68. Found: C, 55.24; H, 3.80; Cl, 12.40; S, 22.78. 

 

(E)-1-Chloro-2-(2-thienyl)-1-(p-tolylsulfinyl)ethene ((E)-15i) 

Colorless crystals; mp 122.5–123 °C (hexane/AcOEt); IR (KBr) 3082, 1587, 1493, 

1422, 1211, 1085, 1059, 906, 812, 723 cm−1; 1H NMR δ 2.42 (3H, s), 7.08 (1H, dd, 

J=5.2, 3.6 Hz), 7.26 (1H, d, J=3.6 Hz), 7.30 (1H, s), 7.31 (2H, d, J=8.3 Hz), 7.50 (1H, 

d, J=5.2 Hz), 7.61 (2H, d, J=8.3 Hz). Anal. Calcd for C13H11ClOS2: C, 55.21; H, 3.92; 

Cl, 12.54; S, 22.68. Found: C, 55.10; H, 3.88; Cl, 12.51; S, 22.81. 

 

(3R*,4R*,sS*)-tert-Butyl 

4-chloro-3-(4-dimethylaminophenyl)-4-(p-tolylsulfinyl)butanoate (16k) 

Colorless crystals; mp 143–143.5 °C (hexane/AcOEt); IR (KBr) 2965, 1707 (CO), 

1615, 1523, 1366 (CN), 1296, 1163, 1054, 969, 821 cm−1; 1H NMR δ 1.33 (9H, s), 2.41 

(3H, s), 2.80 (2H, d, J=7.8 Hz), 2.96 (6H, s), 4.32 (1H, dt, J=7.8, 2.8 Hz), 4.67 (1H, d, 

J=2.8 Hz), 6.72 (2H, d, J=8.0 Hz), 7.29 (2H, d, J=8.9 Hz), 7.37 (2H, d, J=8.9 Hz), 7.63 

(2H, d, J=8.0 Hz). Anal. Calcd for C23H30ClNO3S: C, 63.36; H, 6.94; N, 3.21; Cl, 8.13; 

S, 7.35. Found: C, 63.31; H, 6.94; N, 3.17; Cl, 8.18; S, 7.31. 

(3R*,4R*,sS*)-tert-Butyl 

4-chloro-3-(4-methylsulfanylphenyl)-4-(p-tolylsulfinyl)butanoate (16l) 

Colorless oil; IR (neat) 2978, 1728 (CO), 1598, 1495, 1368, 1258, 1150, 1052, 959, 

812, 749 cm−1; 1H NMR δ 1.32 (9H, s), 2.42 (3H, s), 2.77 (3H, s), 2.82 (1H, dd, J=15.8, 
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7.8 Hz), 2.84 (1H, dd, J=15.8, 7.8 Hz), 4.37 (1H, dt, J=7.8, 2.8 Hz), 4.66 (1H, d, J=2.8 

Hz), 7.26 (2H, d, J=8.4 Hz), 7.30 (2H, d, J=8.1 Hz), 7.44 (2H, d, J=8.4 Hz), 7.63 (2H, 

d, J=8.1 Hz). MS m/z (%) 438 (M+, 8), 365 (18), 298 (12), 243 (70), 242 (50), 206 (70), 

178 (18), 140 (100), 139 (25), 115 (23), 57 (84). Calcd for C22H27ClO3S2: M, 438.1090. 

Found: m/z 438.1088. 

 

((3S*,4R*,sS*)-tert-Butyl 

4-chloro-3-(4-methylsulfanylphenyl)-4-(p-tolylsulfinyl)butanoate (17l) 

Colorless oil; IR (neat) 2979, 1728 (CO), 1597, 1495, 1368, 1259, 1151, 1085, 1052, 

1016, 956, 812, 756 cm−1; 1H NMR δ 1.27 (9H, s), 2.42 (3H, s), 2.46 (3H, s), 2.97 (1H, 

dd, J=16.0, 10.8 Hz), 3.07 (1H, dd, J=16.0, 4.8 Hz), 4.17 (1H, ddd, J=10.8, 4.8, 3.0 

Hz), 4.48 (1H, d, J=3.0 Hz), 7.20 (2H, d, J=8.5 Hz), 7.27 (2H, d, J=8.5 Hz), 7.31 (2H, 

d, J=8.1 Hz), 7.64 (2H, d, J=8.1 Hz). MS m/z (%) 438 (M+, 5), 365 (25), 299 (14), 243 

(100), 242 (37), 206 (50), 184 (18), 140 (94), 115 (22), 57 (90). Calcd for C22H27ClO3S2: 

M, 438.1090. Found: m/z 438.1090. 

 

(3R*,4R*,sS*)-tert-Butyl 4-chloro-3-(2-piperonyl)-4-(p-tolylsulfinyl)butanoate (16m) 

Colorless amorphous; IR (neat) 2979, 1727 (CO), 1491, 1368, 1253 (COC), 1151, 

1042 (SO), 934 cm−1; 1H NMR δ 1.34 (9H, s), 2.42 (3H, s), 2.78 (1H, dd, J=16.0, 8.0 

Hz), 2.79 (1H, dd, J=16.0, 8.0 Hz), 4.34 (1H, dt, J=7.8, 2.9 Hz), 4.63 (1H, d, J=3.0 Hz), 

5.98 (2H, s), 6.83 (1H, dd, J=7.2, 1.4 Hz), 7.01 (1H, s), 7.02 (1H, dd, J=7.2, 1.8 Hz), 

7.30 (2H, d, J=8.2 Hz), 7.63 (2H, d, J=8.2 Hz). MS m/z (%) 436 (M+, 12), 363 (12), 241 

(40), 240 (36), 204 (42), 140 (100), 139 (22), 91 (13), 57 (79). Calcd for C22H25ClO5S: 

M, 436.1112. Found: m/z 436.1107. 

 

(3S*,4R*,sS*)-tert-Butyl 4-chloro-3-(2-piperonyl)-4-(p-tolylsulfinyl)butanoate (17m) 

Colorless amorphous; IR (neat) 2977, 2929, 1733 (CO), 1504, 1488, 1368, 1242 

(COC), 1149, 1040 (SO), 935 cm−1; 1H NMR δ 1.30 (9H, s), 2.42 (3H, s), 2.92 (1H, dd, 

J=16.0, 10.8 Hz), 3.04 (1H, dd, J=16.0, 4.7 Hz), 4.12 (1H, ddd, J=7.6, 4.5, 3.1 Hz), 
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4.48 (1H, d, J=2.9 Hz), 5.94 (2H, s), 6.76 (1H, d, J=8.0 Hz), 6.81 (1H, dd, J=8.1, 1.7 

Hz), 6.85 (1H, d, J=1.7 Hz), 7.32 (2H, d, J=8.3 Hz), 7.64 (2H, d, J=8.3 Hz). MS m/z 

(%) 436 (M+, 7), 363 (12), 241 (46), 205 (65), 204 (39), 182 (16), 140 (100), 139 (22), 91 

(16), 57 (96). Calcd for C22H25ClO5S: M, 436.1111. Found: m/z 436.1112. 

 

((3R*,4R*,sS*)-tert-Butyl 4-chloro-3-(2-furyl)-4-(p-tolylsulfinyl)butanoate (16j) 

Colorless crystals; mp 89–89.5 °C (hexane/AcOEt); IR (KBr) 2979, 1732 (CO), 1596, 

1494, 1368, 1291, 1152, 1055, 913, 813, 738 cm−1; 1H NMR δ 1.39 (9H, s), 2.43 (3H, s), 

2.77 (1H, dd, J=16.1, 7.7 Hz), 2.91 (1H, dd, J=16.1, 7.7 Hz), 4.52 (1H, dt, J=7.7, 2.8 

Hz), 4.59 (1H, d, J=2.8 Hz), 6.40 (1H, dd, J=3.2, 1.8 Hz), 6.45 (1H, d, J=3.2 Hz), 7.32 

(2H, d, J=8.1 Hz), 7.46 (1H, d, J=1.8 Hz), 7.67 (2H, d, J=8.1 Hz). Anal. Calcd for 

C19H23ClO4S: C, 59.60; H, 6.05; Cl, 9.26; S, 8.37. Found: C, 59.31; H, 5.69; Cl, 8.95; S, 

8.43. 

 

(3S*,4R*,sS*)-tert-Butyl 4-chloro-3-(2-furyl)-4-(p-tolylsulfinyl)butanoate (17j) 

Colorless oil; IR (neat) 2978, 1739 (CO), 1595, 1501, 1451, 1369, 1264, 1151, 1042, 

947, 850, 747 cm−1; 1H NMR δ 1.37 (9H, s), 2.43 (3H, s), 2.87 (1H, dd, J=16.0, 

10.8 Hz), 3.02 (1H, dd, J=16.0, 4.1 Hz), 4.26 (1H, dt, J=10.8, 4.1 Hz), 4.72 (1H, d, 

J=3.7 Hz), 6.26 (1H, d, J=3.3 Hz), 6.33 (1H, dd, J=3.3, 1.8 Hz), 7.34 (2H, d, J=8.2 Hz), 

7.36 (1H, d, J=1.8 Hz), 7.67 (2H, d, J=8.2 Hz). MS m/z (%) 382 (M+, 5), 309 (32), 243 

(7), 187 (36), 150 (14), 140 (100), 123 (11), 92 (14), 77 (12), 57 (73), 41 (8). Calcd for 

C19H23ClO4S: M, 382.1006. Found: m/z 382.1015. 

 

 

 

(3R*,4R*,sS*)-tert-Butyl 4-chloro-3-(2-thienyl)-4-(p-tolylsulfinyl)butanoate (16i) 

Colorless crystals; mp 105.5–106 °C (hexane/AcOEt); IR (KBr) 2979, 1723 (CO), 

1452, 1396, 1368, 1265, 1166, 1043, 851, 815, 717 cm−1; 1H NMR δ 1.36 (9H, s), 2.42 

(3H, s), 2.81 (1H, dd, J=16.0, 7.8 Hz), 2.85 (1H, dd, J=16.0, 7.8 Hz), 4.67 (1H, d, 
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J=2.8 Hz), 4.75 (1H, dt, J=7.8, 2.8 Hz), 7.05 (1H, dd, J=5.1, 3.5 Hz), 7.26 (1H, d, 

J=3.5 Hz), 7.31 (2H, d, J=8.2 Hz), 7.33 (1H, d, J=5.1 Hz), 7.65 (2H, d, J=8.2 Hz). 

Anal. Calcd for C19H23ClO3S2: C, 57.20; H, 5.81; Cl, 8.89; S, 16.07. Found: C, 57.27; 

H, 5.76; Cl, 8.77; S, 16.11. 

 

((3S*,4R*,sS*)-tert-Butyl 4-chloro-3-(2-thienyl)-4-(p-tolylsulfinyl)butanoate (17i) 

Colorless oil; IR (neat) 2979, 1732 (CO), 1597, 1494, 1456, 1368, 1291, 1258, 1152, 

1053, 972, 846, 756, 701 cm−1; 1H NMR δ 1.33 (9H, s), 2.43 (3H, s), 2.92 (1H, dd, 

J=15.9, 10.5 Hz), 3.10 (1H, dd, J=15.9, 4.2 Hz), 4.53 (1H, ddd, J=10.5, 4.2, 2.8 Hz), 

4.56 (1H, d, J=2.8 Hz), 6.96 (1H, dd, J=5.1, 1.1 Hz), 7.06 (1H, d, J=3.5 Hz), 7.22 (1H, 

dd, J=5.1, 1.1 Hz), 7.33 (2H, d, J=8.2 Hz), 7.67 (2H, d, J=8.2 Hz). MS m/z (%) 398 

(M+, 5), 325 (21), 203 (29), 185 (12), 166 (18), 140 (100), 139 (18), 123 (13), 57 (73). 

Calcd for C19H23ClO3S2: M, 398.0777. Found: m/z 398.0780. 

 

(Z)-tert-Butyl 4-(4-dimethylaminophenyl)-3-butenoate (21k) 

Colorless oil; IR (neat) 2978, 1732 (CO), 1611, 1523, 1446, 1393, 1367 (CN), 1256, 

1147, 948, 829 cm−1; 1H NMR δ 1.46 (9H, s), 2.96 (6H, s), 3.28 (2H, dd, J=7.3, 1.9 Hz), 

5.69 (1H, dt, J=11.6, 7.3 Hz), 6.49 (1H, d, J=11.6 Hz), 6.71 (2H, d, J=8.5 Hz), 7.20 

(2H, d, J=8.5 Hz). MS m/z (%) 261 (M+, 45), 205 (40), 188 (11), 160 (100), 144 (13), 

116 (10), 115 (12), 57 (19). Calcd for C16H23 NO2: M, 261.1729. Found: m/z 261.1726. 

 

tert-Butyl 3-(4-methylsulfanylphenyl)-3-butenoate (18l) 

Colorless oil; IR (neat) 2978, 1732 (CO), 1596, 1496, 1368, 1257, 1148, 967, 829 cm−1; 
1H NMR δ 1.36 (9H, s), 2.48 (3H, s), 3.40 (2H, d, J=1.0 Hz), 5.17 (1H, d, J=1.0 Hz), 

5.49 (1H, d, J=0.7 Hz), 7.21 (2H, d, J=8.6 Hz), 7.36 (2H, d, J=8.6 Hz). MS m/z (%) 

264 (M+, 16), 208 (100), 191 (15), 163 (8), 149 (12), 115 (24), 57 (52). Calcd for 

C15H20O2S: M, 264.1183. Found: m/z 264.1183. 

 

(Z)-tert-Butyl 4-(4-methylsulfanylphenyl)-3-butenoate (21l) 
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Colorless oil; IR (neat) 2978, 1729 (CO), 1596, 1494, 1368, 1329, 1257, 1148, 955, 

840 cm−1; 1H NMR δ 1.46 (9H, s), 2.49 (3H, s), 3.24 (2H, dd, J=7.4, 1.8 Hz), 5.85 (1H, 

dt, J=11.6, 7.4 Hz), 6.54 (1H, dt, J=11.6, 1.8 Hz), 7.21 (2H, d, J=8.8 Hz), 7.23 (2H, d, 

J=8.8 Hz). MS m/z (%) 264 (M+, 40), 208 (12), 191 (13), 163 (45), 147 (8), 115 (39), 57 

(100). Calcd for C15H20O2S: M, 264.1182. Found: m/z 264.1179. 

 

((E)-tert-Butyl 4-(4-methylsulfanylphenyl)-3-butenoate (22l) 

Colorless oil; IR (neat) 2978, 1726 (CO), 1596, 1494, 1393, 1368, 1257, 1147, 968, 

846 cm−1; 1H NMR δ 1.47 (9H, s), 2.48 (3H, s), 3.14 (2H, dd, J=7.0, 1.4 Hz), 6.25 (1H, 

dt, J=15.9, 7.0 Hz), 6.40 (1H, d, J=15.9 Hz), 7.19 (2H, d, J=8.4Hz), 7.29 (2H, d, J=8.4 

Hz). MS m/z (%) 264 (M+, 44), 208 (14), 163 (72), 147 (8), 115 (39), 57 (100). Calcd for 

C15H20O2S: M, 264.1183. Found: m/z 264.1190. 

 

tert-Butyl 3-(2-piperonyl)-3-butenoate (18m) 

Colorless oil; IR (neat) 2922, 1732 (CO), 1505, 1493, 1445, 1368, 1235 (COC), 1146, 

1040, 937, 813 cm−1; 1H NMR δ 1.38 (9H, s), 3.37 (2H, d, J=1.0 Hz), 5.12 (1H, d, 

J=0.9 Hz), 5.40 (1H, d, J=0.9 Hz), 5.95 (2H, s), 6.76 (1H, d, J=8.1 Hz), 6.90 (1H, dd, 

J=8.1, 1.8 Hz), 6.95 (1H, d, J=1.8 Hz). MS m/z (%) 262 (M+, 17), 206 (100), 189 (16), 

178 (16), 103 (14), 57 (26). Calcd for C15H18O4: M, 262.1205. Found: m/z 262.1204. 

 

(Z)-tert-Butyl 4-(2-piperonyl)-3-butenoate (21m) 

Colorless oil; IR (neat) 2978, 1731 (CO), 1490, 1442, 1368, 1237 (COC), 1147, 1040, 

846, 820 cm−1; 1H NMR δ 1.47 (9H, s), 3.23 (2H, dd, J=7.3, 1.9 Hz), 5.79 (1H, dt, 

J=11.6, 7.3 Hz), 5.96 (2H, s), 6.50 (1H, dt, J=11.5, 1.8 Hz), 6.75 (1H, dd, J=8.1, 1.5 

Hz), 6.78 (1H, d, J=7.4 Hz), 6.80 (1H, d, J=1.9 Hz). MS m/z (%) 262 (M+, 100), 189 

(55), 161 (77), 131 (90), 103 (40), 57 (86). Calcd for C15H18O4: M, 262.1205. Found: 

m/z 262.1207. 

 

(E)-tert-Butyl 4-(2-piperonyl)-3-butenoate (22m) 
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Colorless oil; IR (neat) 2978, 1731 (CO), 1490, 1446, 1368, 1250 (COC), 1147, 1040, 

964, 937, 801 cm−1; 1H NMR δ 1.47 (9H, s), 3.12 (2H, dd, J=7.2, 1.5 Hz), 5.95 (2H, s), 

6.11 (1H, dt, J=15.8, 7.2 Hz), 6.37 (1H, d, J=15.8 Hz), 6.73 (1H, d, J=8.0 Hz), 6.78 

(1H, dd, J=8.0, 1.6 Hz), 6.92 (1H, d, J=1.6 Hz). MS m/z (%) 262 (M+, 88), 206 (54), 

161 (100), 131 (93), 103 (44), 57 (93). Calcd for C15H18O4: M, 262.1205. Found: m/z 

262.1207. 

 

((Z)-tert-Butyl 4-(2-furyl)-3-butenoate (21j) 

Colorless oil; IR (neat) 2980, 1732 (CO), 1490, 1369, 1277, 1150, 1013, 961, 735 cm−1; 
1H NMR δ 1.47 (9H, s), 3.47 (2H, dd, J=7.0, 1.9 Hz), 5.76 (1H, dt, J=11.6, 7.0 Hz), 

6.29 (1H, d, J=3.4 Hz), 6.31 (1H, dt, J=11.6, 1.8 Hz), 6.39 (1H, dd, J=3.4, 1.8 Hz), 

7.40 (1H, d, J=1.8 Hz), MS m/z (%) 208 (M+, 15), 152 (8), 135 (8), 108 (8), 107 (45), 77 

(17), 57 (100). Calcd for C12H16O3: M, 208.1098. Found: m/z 208.1098. 

 

(E)-tert-Butyl 4-(2-furyl)-3-butenoate (22j) 

Colorless oil; IR (neat) 2980, 1732 (CO), 1458, 1393, 1369, 1331, 1257, 1150, 1013, 

732 cm−1; 1H NMR δ 1.46 (9H, s), 3.11 (2H, d, J=6.5 Hz), 6.19 (1H, d, J=3.3 Hz), 6.20 

(1H, dt, J=15.8, 6.5 Hz), 6.29 (1H, d, J=15.8 Hz), 6.35 (1H, dd, J=3.3, 1.6 Hz), 7.33 

(1H, d, J=1.6 Hz), MS m/z (%) 208 (M+, 18), 152 (11), 108 (8), 107 (53), 77 (15), 57 

(100), 41 (18), 28 (31). Calcd for C12H16O3: M, 208.1099. Found: m/z 208.1108. 

 

(Z)-tert-Butyl 4-(2-thienyl)-3-butenoate (21i) 

Colorless oil; IR (neat) 2979, 1732 (CO), 1393, 1368, 1330, 1258, 1149, 847, 697 cm−1; 
1H NMR δ 1.48 (9H, s), 3.37 (2H, dd, J=7.0, 2.0 Hz), 5.82 (1H, dt, J=11.6, 7.0 Hz), 

6.67 (1H, dt, J=11.6, 2.0 Hz), 7.02 (2H, d, J=3.6 Hz), 7.28 (1H, d, J=3.6nHz). MS m/z 

(%) 224 (M+, 24), 168 (3), 151 (14), 123 (67), 121 (7), 97 (6), 79 (8), 57 (100). Calcd for 

C12H16O2S: M, 224.0871. Found: m/z 224.0871. 

 

(E)-tert-Butyl 4-(2-thienyl)-3-butenoate (22i) 
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Colorless oil; IR (neat) 2978, 1729 (CO), 1392, 1368, 1336, 1256, 1207, 1147, 955, 

851, 696 cm−1; 1H NMR δ 1.47 (9H, s), 3.12 (2H, dd, J=7.2, 1.4 Hz), 6.12 (1H, dt, 

J=15.6, 7.2 Hz), 6.58 (1H, d, J=15.6, Hz), 6.91–6.96 (2H, m), 7.13 (1H, d, J=5.0 Hz). 

MS m/z (%) 224 (M+, 24), 168 (10), 123 (80), 121 (7), 97 (7), 79 (8), 77 (6), 57 (100). 

Calcd for C12H16O2S: M, 224.0871. Found: m/z 224.0871. 

 

((3R*,4S*,sS*)-tert-Butyl 4-chloro-3-(2-thienyl)-4-(p-tolylsulfinyl)pentanoate (32) and 

(3R*,4R*,sS*)-isomer (33) 

LDA(2.83 mmol) THF (12 mL) -78 tert- (0.38 mL, 2.83 

mmol)  10 (Z)-115i (200 mg, 0.71 mmol) THF (2 

mL) 5 (0.44 mL, 7.07 mmol) 5

32 (224 mg, 80%) 33 (55 mg, 19%)  

Compound 332: Colorless crystals. mp 127.5–128 °C (hexane/AcOEt); IR (KBr) 2975, 

1723 (CO), 1432, 1366, 1285, 1157, 1056, 849, 813, 714 cm−1; 1H NMR δ 1.27 (9H, s), 

1.41 (3H, s), 2.44 (3H, s), 2.83 (1H, dd, J=15.3, 11.8 Hz), 3.17 (1H, dd, J=15.3, 3.3 

Hz), 4.15 (1H, dd, J=11.8, 3.3 Hz), 6.96 (1H, dd, J=4.8, 3.6 Hz), 7.06 (1H, d, J=3.6 

Hz), 7.26 (1H, d, J=4.8 Hz), 7.33 (2H, d, J=8.1 Hz), 7.59 (2H, d, J=8.1 Hz). Anal. 

Calcd for C20H25ClO3S2: C, 58.17; H, 6.10; Cl, 8.58; S, 15.53. Found: C, 58.16; H, 

6.00; Cl, 8.55; S, 15.57. Compound 333: Colorless crystals. mp 111–111.5 °C 

(hexane/AcOEt); IR (KBr) 2977, 1731 (CO), 1371, 1355, 1251, 1153, 1051, 851, 

809 cm−1; 1H NMR δ 1.27 (9H, s), 1.54 (3H, s), 2.41 (3H, s), 2.84 (1H, dd, J=15.0, 10.0 

Hz), 2.88 (1H, dd, J=15.0, 5.2 Hz), 4.34 (1H, dd, J=10.0, 5.2 Hz), 7.01 (1H, dd, J=5.0, 

3.5 Hz), 7.26–7.30 (3H, m), 7.32 (1H, d, J=5.0 Hz), 7.59 (2H, d, J=8.3 Hz). Anal. 

Calcd for C20H25ClO3S2: C, 58.17; H, 6.10. Found: C, 58.16; H, 6.00. 
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((3S*,4R*,sS*)-tert-Butyl 4-chloro-3-(2-thienyl)-4-(p-tolylsulfinyl)pentanoate (36) and 

(3S*,4S*,sS*)-isomer (37) 

Compound 336: colorless crystals; mp 121–121.5 °C (hexane/AcOEt); IR (KBr) 2976, 

1715 (CO), 1478, 1437, 1368, 1292, 1148, 1055, 853, 701 cm−1; 1H NMR δ 1.25 (3H, s), 

1.28 (9H, s), 2.43 (3H, s), 2.95 (1H, dd, J=15.3, 11.6 Hz), 3.34 (1H, dd, J=15.3, 3.6 

Hz), 4.33 (1H, dd, J=11.6, 3.6 Hz), 6.96 (1H, dd, J=5.1, 3.6 Hz), 7.04 (1H, dd, J=3.6, 

1.0 Hz), 7.23 (1H, dd, J=5.1, 1.0 Hz), 7.33 (2H, d, J=8.3 Hz), 7.66 (2H, d, J=8.3 Hz). 

Anal. Calcd for C20H25ClO3S2: C, 58.17; H, 6.10; Cl, 8.58; S, 15.53. Found: C, 58.29; 

H, 6.11; Cl, 8.51; S, 15.50. Compound 337: colorless oil; IR (neat) 2979, 1732 (CO), 

1597, 1456, 1369, 1287, 1152, 1057, 844, 759, 702 cm−1; 1H NMR δ 1.24 (9H, s), 1.65 

(3H, s), 2.43 (3H, s), 2.84 (1H, dd, J=15.6, 11.7 Hz), 3.37 (1H, dd, J=15.6, 3.4 Hz), 

4.00 (1H, dd, J=11.7, 3.4 Hz), 6.96 (1H, dd, J=5.1, 3.6 Hz), 7.01 (1H, dd, J=3.6, 

1.0 Hz), 7.25 (1H, dd, J=5.1, 1.0 Hz), 7.33 (2H, d, J=8.1 Hz), 7.61 (2H, d, J=8.1 Hz). 

MS (FAB) m/z (%) 413 ([M+H]+, 37), 357 (100), 339 (7), 321 (5), 217 (27), 181 (76), 

139 (16), 123 (13), 57 (18). Calcd for C20H26ClO3S2: M, 413.1012. Found: m/z 

413.1010. 

 

(Z)-tert-Butyl 3-(2-thienyl)-3-pentenoate (34) 

0 1.9 mL EtMgCl (2.0M solution in diethyl ether, 0.1 mL, 0.20 

mmol) (0.5 mL) 32 (50 mg, 0.12 mmol)

EtMgCl 0 30

34 (24.5 mg, 85%)  

Colorless oil. IR (neat) 2978, 1732 (CO), 1455, 1392, 1368, 1329, 1256, 1146, 843, 

696 cm−1; 1H NMR δ 1.37 (9H, s), 1.89 (3H, d, J=7.1 Hz), 3.30 (2H, t, J=1.0 Hz), 5.74 

(1H, q, J=7.1 Hz), 6.99 (1H, dd, J=3.6, 1.3 Hz), 7.01 (1H, dd, J=5.0, 3.6 Hz), 7.26 (1H, 

dd, J=5.0, 1.0 Hz). MS m/z (%) 238 (M+, 6), 183 (10), 182 (100), 154 (16), 137 (29), 
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123 (25), 111 (5), 97 (17), 57 (37). Calcd for C13H18O2S: M, 238.1027. Found: m/z 

238.1027. 

 

ttert-Butyl 4-chloro-3-(2-thienyl)pentanoate (35) 

Colorless oil; IR (neat) 2978, 1732 (CO), 1455, 1368, 1281, 1258, 1150, 846 cm−1; 1H 

NMR δ 1.31 (9H, s), 1.43 (3H, d, J=6.6 Hz), 2.62 (1H, dd, J=15.5, 10.1 Hz), 3.04 (1H, 

dd, J=15.5, 4.7 Hz), 3.61 (1H, ddd, J=10.1, 7.5, 6.6 Hz), 4.15 (1H, dq, J=7.5, 6.6 Hz), 

6.91 (1H, dd, J=3.5, 1.2 Hz), 6.94 (1H, dd, J=5.0, 3.5 Hz), 7.19 (1H, dd, J=5.0, 1.2 Hz). 

MS (ESI) m/z (%) 275 ([M+H]+, 17), 261 (100), 249 (39), 239 (13), 185 (25), 137 (8). 

Calcd for C13H20ClO2S: M, 275.0870. Found: m/z 275.0867. 

 

(Z)-tert-Butyl 2-methyl-3-(2-thienyl)-2-(p-tolylsulfinyl)cyclopropanecarboxylate (38) 

LDA (0.29 mmol) THF (4 mL) -78 32 (100 mg, 0.24 mmol) THF (1 

mL) 0

38 (48 mg, 53%)   

Colorless crystals; mp 144.5–145 °C (hexane/AcOEt); IR (KBr) 2978, 1727 (CO), 

1455, 1412, 1369, 1215, 1152, 1091, 1052, 809, 703 cm−1; 1H NMR δ 1.27 (3H, s), 1.40 

(9H, s), 2.41 (3H, s), 2.68 (1H, d, J=6.3 Hz), 3.12 (1H, dd, J=6.3, 0.8 Hz), 7.00 (1H, dd, 

J=5.1, 3.5 Hz), 7.16 (1H, dt, J=3.5, 1.1 Hz), 7.27 (1H, dd, J=5.1, 1.1 Hz), 7.30 (2H, d, 

J=8.1 Hz), 7.55 (2H, d, J=8.1 Hz). Anal. Calcd for C20H24O3S2: C, 63.80; H, 6.42; S, 

17.03. Found: C, 63.78; H, 6.26; S, 16.95. 

 

(E)-tert-Butyl 2-methyl-3-(2-thienyl)-2-(p-tolylsulfinyl)cyclopropanecarboxylate (39) 

Colorless crystals; mp 131.5–132 °C (hexane/AcOEt); IR (KBr) 2984, 1716 (CO), 

1459, 1412, 1366, 1260, 1153, 1033, 809, 692 cm−1; 1H NMR δ 0.97 (3H, s), 1.55 (9H, 

s), 2.30 (1H, d, J=6.6 Hz), 2.42 (3H, s), 3.74 (1H, dd, J=6.6, 1.0 Hz), 6.91 (1H, dt, 

J=3.5, 1.1 Hz), 6.95 (1H, dd, J=5.1, 3.5 Hz), 7.20 (1H, dd,J=5.1, 1.1 Hz), 7.31 (2H, d, 
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J=8.2 Hz), 7.52 (2H, d, J=8.2 Hz). Anal. Calcd for C20H24O3S2: C, 63.80; H, 6.42; S, 

17.03. Found: C, 63.82; H, 6.42; S, 16.85. 

 

ttert-Butyl 4-chloro-3-(4-methoxyphenyl)-4-(p-tolylsulfinyl)pentanoate (40a) 

Isolable main product: colorless crystals; mp 151–151.5 °C (hexane/AcOEt); IR 

(KBr) 2973, 1717 (CO), 1610, 1515, 1365, 1290, 1254, 1156, 1055, 811 cm−1; 1H NMR 

δ 1.21 (9H, s), 1.31 (3H, s), 2.43 (3H, s), 2.89 (1H, dd, J=15.2, 11.8 Hz), 3.10 (1H, dd, 

J=15.2, 3.8 Hz), 3.79 (3H, s), 3.81 (1H, dd, J=11.8, 3.8 Hz), 6.85 (2H, d, J=8.8 Hz), 

7.26 (2H, d, J=8.8 Hz), 7.32 (2H, d, J=8.1 Hz), 7.58 (2H, d, J=8.1 Hz). Anal. Calcd for 

C23H29ClO4S: C, 63.22; H, 6.69; Cl, 8.11; S, 7.34. Found: C, 63.24; H, 6.61; Cl, 8.08; S, 

7.37. 

 

tert-Butyl 4-chloro-3-(2-piperonyl)-4-(p-tolylsulfinyl)pentanoate (40b) 

Isolable main product derived from (Z)-115m: colorless crystals; mp 153.5–154 °C 

(hexane/AcOEt); IR (KBr) 2974, 1715 (CO), 1492, 1447, 1367, 1291, 1249, 1155, 

1054, 933, 811 cm−1; 1H NMR δ 1.26 (9H, s), 1.31 (3H, s), 2.44 (3H, s), 2.84 (1H, dd, 

J=15.3, 11.8 Hz), 3.07 (1H, dd, J=15.3, 3.6 Hz), 3.75 (1H, dd, J=11.8, 3.6 Hz), 5.95 

(2H, s), 6.74 (1H, d, J=8.1 Hz), 6.78 (1H, dd, J=8.1, 1.6 Hz), 6.87 (1H, d, J=1.6 Hz), 

7.33 (2H, d, J=8.2 Hz), 7.58 (2H, d, J=8.2 Hz). Anal. Calcd for C23H27ClO5S: C, 61.26; 

H, 6.03; Cl, 7.86; S, 7.11. Found: C, 61.18; H, 5.95; Cl, 7.82; S, 7.10. 

 

tert-Butyl 4-chloro-3-(2-piperonyl)-4-(p-tolylsulfinyl)pentanoate (41b) 

Isolable main product derived from (E)-115m: colorless crystals; mp 125–125.5 °C 

(hexane/AcOEt); IR (KBr) 2981, 1708 (CO), 1491, 1445, 1369, 1300, 1237, 1148, 

1052, 1034, 929, 806 cm−1; 1H NMR δ 1.22 (9H, s), 1.56 (3H, s), 2.43 (3H, s), 2.90 (1H, 

dd, J=15.7, 12.1 Hz), 3.38 (1H, dd, J=15.7, 3.7 Hz), 3.67 (1H, dd, J=12.1, 3.7 Hz), 

5.96 (2H, s), 6.75–6.79 (2H, m), 6.83 (1H, d, J=1.3 Hz), 7.33 (2H, d, J=8.1 Hz), 7.60 

(2H, d, J=8.1 Hz). Anal. Calcd for C23H27ClO5S: C, 61.26; H, 6.03; Cl, 7.86; S, 7.11. 

Found: C, 61.30; H, 6.02. 
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ttert-Butyl 4-chloro-3-phenyl-4-(p-tolylsulfinyl)pentanoate (40c) 

Isolable main product derived from (Z)-115e: colorless crystals; mp 159–159.5 °C 

(hexane/AcOEt); IR (KBr) 2977, 1717 (CO), 1366, 1293, 1155, 1055, 814, 757 cm−1; 
1H NMR δ 1.19 (9H, s), 1.31 (3H, s), 2.44 (3H, s), 2.94 (1H, dd, J=15.3, 11.7 Hz), 3.12 

(1H, dd, J=15.3, 3.7 Hz), 3.83 (1H, dd, J=11.7, 3.7 Hz), 7.29–7.35 (7H, m), 7.59 (2H, 

d, J=8.2 Hz). Anal. Calcd for C22H27ClO3S: C, 64.93; H, 6.69. Found: C, 64.76; H, 

6.75. 

 

tert-Butyl 4-chloro-3-phenyl-4-(p-tolylsulfinyl)pentanoate (41c) 

Isolable main product derived from (E)-115e: colorless crystals; mp 126.0–126.5 °C 

(hexane/AcOEt); IR (KBr) 2980, 1711 (CO), 1370, 1301, 1146, 1087, 1057, 812, 

701 cm−1; 1H NMR δ 1.15 (9H, s), 1.57 (3H, s), 2.43 (3H, s), 3.00 (1H, dd, J=15.6, 

12.2 Hz), 3.42 (1H, dd, J=15.6, 3.8 Hz), 3.77 (1H, dd, J=12.2, 3.8 Hz), 7.29–7.34 (7H, 

m), 7.61 (2H, d, J=8.2 Hz). Anal. Calcd for C22H27ClO3S: C, 64.93; H, 6.69. Found: C, 

64.68; H, 6.79. 

 

tert-Butyl 4-chloro-3-(2-phenylethyl)-4-(p-tolylsulfinyl)pentanoate (40d) 

Isolable main product derived from (Z)-115a: colorless crystals; mp 131–131.5 °C 

(hexane/AcOEt); IR (KBr) 2972, 1718 (CO), 1597, 1495, 1372, 1281, 1214, 1145, 

1061, 811, 702 cm−1; 1H NMR δ 1.48 (9H, s), 1.49 (3H, s), 1.65–1.72 (1H, m), 

2.07–2.14 (1H, m), 2.44 (3H, s), 2.45 (1H, dd, J=16.3, 8.3 Hz), 2.51–2.69 (3H, m), 

2.96 (1H, dd, J=16.3, 3.1 Hz), 7.14 (2H, d, J=7.6 Hz), 7.18 (1H, t, J=7.3 Hz), 

7.24–7.27 (2H, m), 7.33 (2H, d, J=8.1 Hz), 7.63 (2H, d, J=8.1 Hz). Anal. Calcd for 

C24H31ClO3S: C, 66.26; H, 7.18; Cl, 8.15; S, 7.37. Found: C, 65.95; H, 7.12. 

 

tert-Butyl 4-chloro-3-(2-phenylethyl)-4-(p-tolylsulfinyl)pentanoate (41d) 

Isolable main product derived from (E)-115a: colorless oil; IR (neat) 2978, 1723 (CO), 

1598, 1456, 1368, 1259, 1151, 1085, 1049, 754 cm−1; 1H NMR δ 1.39 (9H, s), 1.51 (3H, 
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s), 1.78–1.91 (1H, m), 2.19–2.30 (1H, m), 2.35–2.48 (2H, m), 2.44 (3H, s), 2.56 (1H, 

ddd, J=13.8, 9.8, 6.8 Hz), 2.73–2.81 (1H, m), 2.83–2.90 (1H, m), 7.20–7.27 (5H, m), 

7.31–7.36 (4H, m). MS m/z (%) 435 (M+, 33), 379 (78), 361 (5), 325 (10), 239 (7), 203 

(100), 143 (53), 140 (21), 91 (25), 57 (23). Calcd for C24H31ClO3S: M, 435.1760. 

Found: m/z 435.1763. 

 

((Z)-tert-Butyl 3-(4-methoxyphenyl)-3-pentenoate (42a) 

Colorless oil; IR (neat) 2979, 1732 (CO), 1610, 1513, 1456, 1367, 1289, 1248, 1148, 

1036, 837 cm−1; 1H NMR δ 1.31 (9H, s), 1.64 (3H, dt, J=6.9, 1.1 Hz), 3.23 (2H, t, 

J=1.1 Hz), 3.81 (3H, s), 5.65 (1H, tq, J=6.9, 1.1 Hz), 6.86 (2H, d, J=8.9 Hz), 7.13 (2H, 

d, J=8.9 Hz). MS m/z (%) 262 (M+, 12), 206 (100), 189 (8), 161 (25), 147 (55), 121 (15), 

115 (6), 91 (7), 57 (31). Calcd for C16H22O3: M, 262.1569. Found: m/z 262.1570. 

 

(Z)-tert-Butyl 3-(2-piperonyl)-3-pentenoate (42b) 

Colorless oil; IR (neat) 2978, 1732 (CO), 1489, 1435, 1367, 1331, 1240, 1155, 1040, 

938, 814 cm−1; 1H NMR δ 1.34 (9H, s), 1.63 (3H, dt, J=6.8, 1.1 Hz), 3.20 (2H, t, 

J=1.1 Hz), 5.65 (1H, tq, J=6.8, 1.1 Hz), 5.94 (2H, s), 6.66 (1H, dd, J=7.8, 1.7 Hz), 6.70 

(1H, d, J=1.7 Hz), 6.77 (1H, d, J=7.8 Hz). MS m/z (%) 276 (M+, 15), 220 (100), 203 

(13), 175 (14), 161 (27), 145 (13), 131 (23), 115 (11), 103 (5), 57 (31). Calcd for 

C16H20O4: M, 276.1361. Found: m/z 276.1361. 

 

(Z)-tert-Butyl 3-phenyl-3-pentenoate (42c) 

Colorless oil; IR (neat) 2979, 1732 (CO), 1455, 1392, 1368, 1257, 1148, 701 cm−1; 1H 

NMR δ 1.30 (9H, s), 1.64 (3H, d, J=6.9 Hz), 3.26 (2H, t, J=1.1 Hz), 5.69 (1H, tq, 

J=6.9, 1.1 Hz), 7.19–7.25 (3H, m), 7.31–7.34 (2H, m). MS m/z (%) 232 (M+, 2), 176 

(100), 159 (9), 148 (10), 131 (42), 117 (23), 115 (22), 91 (26), 77 (8), 57 (92). Calcd for 

C15H20O2: M, 232.1463. Found: m/z 232.1465. 

(E)-tert-Butyl 3-(2-phenylethyl)-3-pentenoate (42d) 
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Colorless oil; IR (neat) 2978, 1732 (CO), 1496, 1455, 1368, 1257, 1148, 747, 

699 cm−1; 1H NMR δ 1.46 (9H, s), 1.54 (3H, d, J=6.7 Hz), 2.40–2.43 (2H, m), 

2.66–2.69 (2H, m), 2.92 (2H, s), 5.39 (1H, q, J=6.7 Hz), 7.17–7.20 (3H, m), 7.25–7.29 

(2H, m). MS m/z (%) 260 (M+, 10), 204 (100), 187 (14), 175 (16), 144 (75), 143 (23), 

117 (25), 104 (35), 91 (97), 57 (80). Calcd for C17H24O2: M, 260.1777 Found: m/z 

260.1776. 

 

ttert-Butyl 4-chloro-3-(2-thienyl)-4-(p-tolylsulfinyl)hexanoate (43) 

Isolable main product derived from (Z)-115i: colorless oil; IR (neat) 2978, 1732 (CO), 

1597, 1456, 1368, 1255, 1151, 1058, 848, 756, 702 cm−1; 1H NMR δ 0.90 (3H, t, 

J=7.4 Hz), 1.27 (9H, s), 1.57 (1H, q, J=7.5 Hz), 1.98 (1H, q, J=7.5 Hz), 2.44 (3H, s), 

2.71 (1H, dd, J=15.7, 10.0 Hz), 2.77 (1H, dd, J=15.7, 4.5 Hz), 4.30 (1H, dd, J=10.0, 

4.5 Hz), 6.93 (1H, dd, J=5.1, 3.5 Hz), 7.00 (1H, dd, J=3.5, 0.8 Hz), 7.22 (1H, dd, J=5.1, 

0.8 Hz), 7.34 (2H, d, J=8.1 Hz), 7.70 (2H, d, J=8.1 Hz). MS (FAB) m/z (%) 427 

([M+H]+, 22), 371 (43), 353 (7), 317 (7), 263 (11), 231 (57), 195 (100), 194 (22), 140 

(19), 139 (17), 57 (29). Calcd for C21H28ClO3S2: M, 427.1169. Found: m/z 427.1166. 

 

tert-Butyl 4-chloro-3-(2-thienyl)-4-(p-tolylsulfinyl)hexanoate (44) 

Isolable main product derived from (E)-115i: colorless oil; IR (neat) 2979, 1732 (CO), 

1597, 1456, 1368, 1286, 1256, 1154, 1050, 848, 756 cm−1; 1H NMR δ 1.22 (9H, s), 1.25 

(3H, t, J=7.6 Hz), 2.01–2.16 (2H, m), 2.45 (3H, s), 2.91 (1H, dd, J=16.2, 12.2 Hz), 

3.59 (1H, dd, J=16.2, 2.9 Hz), 3.91 (1H, dd, J=12.2, 2.9 Hz), 6.91–6.96 (2H, m), 7.21 

(1H, dd, J=4.8, 1.5 Hz), 7.35 (2H, d, J=8.1 Hz), 7.70 (2H, d, J=8.1 Hz). MS (FAB) m/z 

(%) 427 ([M+H]+, 44), 371 (80), 353 (8), 317 (7), 231 (48), 195 (100), 154 (14), 140 (17), 

123 (12), 57 (20). Calcd for C21H28ClO3S2: M, 427.1169. Found: m/z 427.1168. 

 

tert-Butyl 4-chloro-3-(2-thienyl)-4-(p-tolylsulfinyl)-6-heptenoate (47) 

Isolable main product derived from (Z)-115i: colorless oil; IR (neat) 2979, 1728 (CO), 

1641, 1596, 1434, 1393, 1256, 1152, 1044, 845, 756, 703 cm−1; 1H NMR δ 1.24 (9H, s), 
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2.42 (3H, s), 2.58–2.80 (2H, m), 2.81 (1H, dd, J=14.7, 11.3 Hz), 2.91 (1H, dd, J=14.7, 

3.9 Hz), 4.54 (1H, dd, J=11.3, 3.9 Hz), 5.09 (1H, dd, J=17.0, 1.4 Hz), 5.16 (1H, dd, 

J=10.2, 1.4 Hz), 6.08 (1H, dddd, J=17.0, 10.2, 8.4, 5.9 Hz), 7.02 (1H, dd, J=5.1, 

3.9 Hz), 7.29–7.35 (4H, m), 7.65 (2H, d, J=8.2 Hz). MS (FAB) m/z (%) 439 ([M+H]+, 

49), 383 (100), 365 (10), 263 (29), 243 (69), 207 (95), 161 (29), 159 (48), 140 (36), 123 

(21), 57 (53). Calcd for C22H28ClO3S2: M, 439.1169. Found: m/z 439.1171. 

 

ttert-Butyl 4-chloro-3-(2-thienyl)-4-(p-tolylsulfinyl)-6-heptenoate (48) 

Isolable main product derived from (E)-115i: colorless oil; IR (neat) 2979, 1732 (CO), 

1640, 1597, 1429, 1368, 1256, 1153, 1051, 927, 812, 757 cm−1; 1H NMR δ 1.23 (9H, s), 

2.45 (3H, s), 2.68–2.84 (2H, m), 2.91 (1H, dd, J=16.1, 12.0 Hz), 3.62 (1H, dd, J=16.1, 

3.0 Hz), 3.92 (1H, dd, J=12.0, 3.0 Hz), 5.33 (1H, dd, J=5.5, 1.6 Hz), 5.37 (1H, d, 

J=0.9 Hz), 5.99 (1H, m), 6.94 (1H, dd, J=5.0, 3.6 Hz), 6.97 (1H, dd, J=3.6, 1.2 Hz), 

7.23 (1H, dd, J=5.0, 1.2 Hz), 7.35 (2H, d, J=8.1 Hz), 7.68 (2H, d, J=8.1 Hz). MS 

(FAB) m/z (%) 439 ([M+H]+, 36), 383 (100), 365 (11), 263 (8), 243 (34), 207 (81), 161 

(25), 159 (36), 140 (28), 123 (22), 57 (48). Calcd for C22H28ClO3S2: M, 439.1169. 

Found: m/z 439.1163. 

 

tert-Butyl 3-(2-thienyl)-4-hexenoate (46) 

Colorless oil (5:2 mixture of two diastereomers); IR (neat) 2978, 1732 (CO), 1456, 

1393, 1368, 1255, 1151, 964, 848, 764, 695 cm−1; 1H NMR δ 1.39 (2.6H, s), 1.40 (6.4H, 

s), 1.67–1.68 (0.9H, m), 1.73 (2.1H, dd, J=6.6, 1.5 Hz), 2.53 (0.7H, dd, J=14.6, 

8.6 Hz), 2.59 (0.3H, dd, J=14.7, 8.4 Hz), 2.67 (0.3H, dd, J=14.7, 7.0 Hz), 2.72 (0.7H, 

dd, J=14.6, 6.4 Hz), 4.00–4.05 (0.3H, m), 4.37–4.44 (0.7H, m), 5.47–5.62 (2H, m), 

6.81 (0.3H, dt, J=3.5, 1.0 Hz), 6.83 (0.7H, dt, J=3.5, 1.2 Hz), 6.91 (0.7H, dd, J=5.1, 

3.5 Hz), 6.92 (0.3H, dd, J=5.1, 3.5 Hz), 7.13 (0.7H, dd, J=5.1, 1.2 Hz), 7.14 (0.3H, dd, 

J=5.1, 1.0 Hz). MS m/z (%) 252 (M+, 3), 196 (62), 195 (122), 179 (4), 149 (11), 137 

(100), 135 (22), 97 (10), 57 (18). Calcd for C14H20O2S: M, 252.1184. Found: m/z 

252.1187. 
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ttert-Butyl 3-(2-thienyl)-4,6-heptadienoate (50) 

Colorless oil (1:1 mixture of two diastereomers); IR (neat) 2978, 2930, 1729 (CO), 

1456, 1368, 1256, 1152, 1040, 847, 699 cm−1; 1H NMR δ 1.39 (4.5H, s), 1.40 (4.5H, s), 

2.56 (0.5H, dd, J=14.7, 8.7 Hz), 2.65 (0.5H, dd, J=14.8, 8.4 Hz), 2.72 (0.5H, dd, 

J=14.8, 7.0 Hz), 2.77 (0.5H, dd, J=14.7, 6.3 Hz), 4.09–4.17 (0.5H, m), 4.52–4.58 

(0.5H, m), 5.03–5.29 (2H, m), 5.52 (0.5H, t, J=10.4 Hz), 5.81 (0.5H, dd, J=15.1, 

7.9 Hz), 6.08 (0.5H, t, J=10.8 Hz), 6.13 (0.5H, dd, J=15.1, 10.4 Hz), 6.39 (0.5H, dt, 

J=16.9, 10.4 Hz), 6.76 (0.5H, dt, J=16.8, 10.8 Hz), 6.83–6.84 (1H, m), 6.91–6.94 (1H, 

m), 7.14–7.17 (1H, m). MS m/z (%) 264 (M+, 9), 208 (61), 191 (11), 162 (14), 149 (100), 

148 (61), 115 (25), 97 (12), 57 (31). Calcd for C15H20O2S: M, 264.1184. Found: m/z 

264.1185. 
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mp Yanaco MP-S3 

IR Perkin–Elmer Spectrum One FTIR  
NMR JEOL JNM-LA 300, 500, BRUKER DPX 400, and 

AV 600 spectrometer 
MS HITACHI M-80B mass spectrometer 

 
cm-1 ppm J

Hz
 

 
 

Silica gel 60 N (KANTO 
CHEMICAL) 0.5% fluorescence reagent 254

UV  
 

 
 

HMPA
 

THF  
 
 

 (Z)-66a9) (E)-66a9) (Z)-66c10) (E)-66c10) (Z)-66d10) (E)-66d10) (Z)-66e10) (E)-66e10)

(Z)-66g10) (E)-66g10) (Z)-66h10) (E)-66h10) (Z)-66j10)  
 

(Z)-1-((1-chloro-2-phenylvinyl)sulfinyl)-4-methylbenzene ((Z)-12) 

Colorless crystals; mp 55.0–56.0 °C (hexane/AcOEt); IR (KBr) 2922, 1593, 1493, 

1445, 1307, 1289, 1082, 1069, 834, 820, 770, 694 cm–1; 1H NMR (500 MHz, CDCl3) δ  

= 2.41 (s, 3H), 7.31 (d, J = 7.9 Hz, 2H), 7.37–7.42 (m, 3H), 7.64 (d, J = 7.9 Hz, 2H), 

7.75–7.77 (m, 2H); 13C NMR (126 MHz, CDCl3) δ 21.5 (CH3), 125.9 (CH), 128.5 (t, 
1JCD = 23.8 Hz, C), 129.7 (d, JCC = 3.1 Hz, CH), 129.8 (CH), 132.1 (d, 1JCC = 57.4 Hz, 

C), 135.4 (d, 1JCC = 84.3 Hz, C), 138.7 (C), 142.6 (C); MS (EI) m/z (%) 278 (M+, 11), 
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262 (20), 230 (100), 215 (21), 195(22), 141 (33), 104 (30); HRMS (EI) calcd for 
12C1413CH12DClOS: 278.0472, found: 278.0470.  

 

((E)-1-((1-chloro-2-phenylvinyl)sulfinyl)-4-methylbenzene ((E)-12)  

Colorless crystals; mp 134.0–134.5 °C (hexane/AcOEt); IR (KBr) 2924, 1489, 1442, 

1392, 1085, 1052, 823, 806, 796, 760, 693 cm–1; 1H NMR (500 MHz, CDCl3) δ = 2.41 

(s, 3H), 7.31 (d, J = 8.1 Hz, 2H), 7.40–7.46 (m, 3H), 7.49–7.54 (m, 4H); 13C NMR (126 

MHz, CDCl3) δ 21.4 (CH3), 124.7 (CH), 128.8 (d, 2JCC = 4.1 Hz, CH), 129.5 (CH), 

129.9 (CH), 132.5 (d, 1JCC = 55.9 Hz, C), 138.0 (C), 138.2 (t, 1JCD = 24.4 Hz, C), 140.3 

(d, 1JCC = 79.9 Hz, C), 142.0 (C); MS (EI) m/z (%) 278 (M+, 17), 230 (100), 215 (48), 

195 (28), 139 (53), 127 (31), 104 (47); HRMS (EI) calcd for 12C1413CH12DClOS: 

278.0472, found: 278.0470.  

  

(Z)-1-chloro-4-(2-chloro-2-(p-tolylsulfinyl)vinyl)benzene ((Z)-6b) 

Colorless crystals; IR (KBr) 2365, 2343, 1591, 1490, 1402, 1084, 1052, 1013, 826, 

803 cm–1; 1H NMR (500 MHz, CDCl3) δ 2.42 (3H, s), 7.27 (3H, s), 7.32 (2H, d, J = 8.4 

Hz), 7.43 (2H, d, J = 8.6 Hz), 7.470 (2H, d, J = 8.6 Hz), 7.474 (2H, d, J = 8.4 Hz); 13C 

NMR (126 MHz, CDCl3) δ 21.4 (CH3), 124.7 (CH), 129.1 (CH), 129.9 (CH), 130.8 

(CH), 131.0 (C), 135.6 (C), 137.0 (CH), 137.8 (C), 141.2 (C), 142.2 (C). 

 

(E)-1-chloro-4-(2-chloro-2-(p-tolylsulfinyl)vinyl)benzene ((E)-6b) 

Colorless crystals; IR (KBr) 3012, 1591, 1492, 1092, 1082, 1068, 1012, 895, 886, 818 

cm–1; 1H NMR (500 MHz, CDCl3) δ 2.42 (3H, s), 7.33 (2H, d, J = 8.1 Hz), 7.38 (2H, d, 

J = 8.5 Hz), 7.58 (1H, s), 7.64 (2H, d, J = 8.1 Hz), 7.69 (2H, d, J = 8.5 Hz); 13C NMR 

(126 MHz, CDCl3) δ 21.5 (CH3), 125.9 (CH), 127.2 (CH), 128.9 (CH), 130.0 (CH), 

130.6 (C), 130.9 (CH), 135.7 (C), 136.1 (C), 138.5 (C), 142.9 (C). 
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((Z)-1-((1-chloro-2-(4-(trifluoromethyl)phenyl)vinyl)sulfinyl)-4-methylbenzene 

((Z)-6f) 

Colorless crystals; IR (KBr) 3046, 2920, 1615, 1489, 1401, 1323, 1164, 1127, 1107, 

1052, 828, 800 cm–1; 1H NMR (500 MHz, CDCl3) δ 2.42 (3H, s), 7.32 (2H, d, J = 8.2 

Hz), 7.47 (2H, d, J = 8.2 Hz), 7.64 (2H, d, J = 8.3 Hz), 7.72 (2H, d, J = 8.3 Hz); 13C 

NMR (126 MHz, CDCl3) δ 21.4 (CH3), 123.7 (q, 1J = 272.3 Hz, C), 124.7 (CH), 125.8 

(q, 3J = 3.9 Hz, CH), 129.7 (CH), 130.0 (CH), 131.2 (q, 2J = 33.1 Hz, C), 136.0 (C), 

136.4 (CH), 137.6 (C), 142.4 (C), 143.0 (C); MS (EI) m/z (%) 345 ((M+1)+, 100); HRMS 

(FAB+) calcd for C16H13ClF3OS: 345.0328, found: 345.0325. 

 

(E)-1-((1-chloro-2-(4-(trifluoromethyl)phenyl)vinyl)sulfinyl)-4-methylbenzene 

((E)-6f) 

Colorless crystals; IR (KBr) 3014, 1616, 1594, 1411, 1326, 1195, 1175, 1127, 1116, 

1086, 1069, 899, 886, 835, 820 cm–1; 1H NMR (500 MHz, CDCl3) δ 2.42 (3H, s), 7.33 

(2H, d, J = 8.2 Hz), 7.65–7.68 (m, 5H), 7.84 (2H, d, J = 8.1 Hz); 13C NMR (126 MHz, 

CDCl3) δ 21.5 (CH3), 123.7 (q, 1J = 271.8 Hz, C), 125.6 (q, 3J = 3.6 Hz, CH), 126.0 

(CH), 126.5 (CH), 129.8 (CH), 130.1 (CH), 131.2 (q, 2J = 32.1 Hz, C), 135.6 (C), 138.2 

(C), 138.3 (C), 143.1 (C); MS (EI) m/z (%) 345 ((M+1)+, 100); HRMS (FAB+) calcd for 

C16H13ClF3OS: 345.0328, found: 345.0328. 

 

(E)-Hexa-3-en-1,5-diyne-1,3,6-triyltribenzene ((E)-8a)  

Yellow solid; mp 32.0–33.0 °C ; IR (KBr) 3057, 2205, 1596, 1490, 1442, 1070, 1028, 

769, 754, 688 cm–1; 1H NMR (500 MHz, CDCl3) δ 6.44 (s, 1H), 7.32–7.45 (m, 11H), 

7.51–7.53 (m, 2H), 8.07 (d, J = 7.5 Hz, 2H); 13C NMR (126 MHz, CDCl3) δ 88.4 (C), 

90.6 (C), 93.5 (C), 99.0 (C), 114.3 (CH), 122.9 (C), 123.2 (C), 128.0 (CH), 128.4 (CH), 

128.5 (CH), 128.6 (CH), 128.8 (CH), 131.5 (CH), 131.7 (CH), 132.7 (C), 136.6 (C); MS 

(EI) m/z (%) 304 (M+, 100); HRMS (EI) calcd for C24H16: 304.1252, found: 304.1251. 
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((Z)-Hexa-3-en-1,5-diyne-1,3,6-triyltribenzene ((Z)-8a)  

Yellow crystals; mp 66.5–67.0 °C (hexane/AcOEt); IR (KBr) 3351, 2180, 1595, 1486, 

1441, 1068, 1026, 913, 753, 687 cm–1; 1H NMR (500 MHz, CDCl3) δ 6.56 (s, 1H), 

7.30–7.39 (m, 9H), 7.52–7.53 (m, 2H) , 7.59–7.60 (m, 2H), 7.73 (d, J = 7.9 Hz, 2H); 
13C NMR (126 MHz, CDCl3) δ 87.6 (C), 89.0 (C), 98.4 (C), 98.5 (C), 113.7 (CH), 123.1 

(C), 123.4 (C), 126.1 (CH), 126.39 (CH), 128.42 (CH), 128.5 (CH), 128.6 (CH), 128.7 

(CH), 128.8 (CH), 131.6 (CH), 131.8 (CH), 133.4 (C), 136.7 (C); MS (EI) m/z (%) 304 

(M+, 100); HRMS (EI) calcd for C24H16: 304.1252, found: 304.1247. 

 

(Z)-Hexa-3-en-1,5-diyne-1,3,6-triyltribenzene ((Z)-13) 

Yellow crystals; mp 66.5–67.0 °C ; IR (KBr) 3033, 2925, 2855, 2178, 1722, 1595, 

1484, 1442, 1271, 1068, 755, 688 cm–1; 1H NMR (500 MHz, CDCl3) δ 6.57 (d, J = 1.9 

Hz, 1H), 7.31–7.43 (m, 9H), 7.52–7.55 (m, 2H) , 7.59–7.62 (m, 2H), 7.72–7.76 (m, 

2H); 13C NMR (126 MHz, CDCl3) δ 87.6 (d, 1JCC = 91.4 Hz, C, HD), 89.0 (d, 2JCC = 2.1 

Hz, C, D), 89.1 (d, 2JCC = 2.1 Hz, C, H), 98.40 (d, 2JCC = 19.7 Hz, C, D), 98.42 (d, 3JCC = 

4.1 Hz, C, D), 98.42 (d, 2JCC = 19.7 Hz, C, H), 98.44 (d, 3JCC = 4.1 Hz, C, H), 113.7 (d, 
1JCC = 77.6 Hz, CH, H), 123.2 (d, 3JCC = 2.1 Hz, C, HD), 123.5 (d, 4JCC = 1.8 Hz, C, 

HD), 126.1 (d, 3JCC = 2.1 Hz, CH, HD), 126.41 (CH, HD), 128.44 (CH, HD), 128.5 

(CH, HD), 128.6 (d, 2JCC = 4.7 Hz, CH, HD), 128.7 (CH, HD), 128.9 (CH, HD), 131.6 

(CH, HD), 131.8 (CH, HD), 133.3 (labeled carbon C, D), 133.4 (labeled carbon C, H), 

136.8 (d, 1JCC = 57.9 Hz, CH, HD); MS (EI) m/z (%) 306 (M(D)+, 52), 305 (M(H)+, 100), 

304 (M+, 33), 303 (M+, 41); HRMS (EI) calcd for C24H16: 304.1252, found: 304.1247. 

 

(Z)-[3-(4-Chlorophenyl)hexa-3-en-1,5-diyne-1,6-diyl]dibenzene (8b) 

Yellow crystals; mp 95.5–96.5 °C (hexane/AcOEt); IR (KBr) 3057, 2925, 2181, 1597, 

1486, 1442, 1407, 1095, 1031, 820, 755, 689 cm–1; 1H NMR (500 MHz, CDCl3) δ 6.54 

(s, 1H), 7.33–7.38 (m, 8H), 7.52–7.54 (m, 2H), 7.59–7.61 (m, 2H), 7.67 (d, J = 8.6 Hz, 

2H); 13C NMR (126 MHz, CDCl3) δ 87.1 (C), 88.8 (C), 98.6 (C), 99.0 (C), 114.0 (CH), 

122.9 (C), 123.3 (C), 127.3 (CH), 128.4 (CH), 128.5 (CH), 128.6 (CH), 128.8 (CH), 
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128.9 (CH), 131.6 (CH), 131.8 (CH), 132.1 (C), 134.8 (C), 135.2 (C); MS (EI) m/z (%) 

338 (M+, 100); HRMS (EI) calcd for C24H15Cl: 338.062, found: 360.1878.   

 

((E)-1-(1,6-Diphenylhexa-3-en-1,5-diyn-3-yl)naphthalene (8c) 

Yellow oil; IR (neat) 3059, 2184, 1597, 1489, 1442, 802, 788, 776, 755, 689 cm–1; 1H 

NMR (500 MHz, CDCl3) δ 6.36 (s, 1H), 7.29–7.31 (m, 3H), 7.35–7.38 (m, 3H), 

7.46–7.59 (m, 8H), 7.85 (d, J = 8.5 Hz, 1H), 7.87 (d, J = 9.0 Hz, 1H), 8.44 (d, J = 8.4 

Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 88.4 (C), 89.2 (C), 97.8 (C), 98.6 (C), 119.0 

(CH), 123.1 (C), 123.3 (C), 125.3 (CH), 125.7 (CH), 126.1 (CH), 126.26 (CH), 126.29 

(CH), 128.3 (CH), 128.35 (CH), 128.44 (CH), 128.60 (CH), 128.65 (CH), 129.0 (CH), 

130.8 (C), 131.68 (CH), 131.69 (CH), 133.4 (C), 133.8 (C), 136.6 (C); MS (EI) m/z (%) 

354 (M+, 100), 276 (30); HRMS (EI) calcd for C28H18: 354.1409, found: 354.1413.   

 

(Z)-5-(1,6-Diphenylhexa-3-en-1,5-diyn-3-yl)benzo[d][1,3]dioxole (8d) 

Yellow crystals; mp 109.5–110.5 °C; IR (KBr) 3052, 2892, 2205, 1596, 1506, 1483, 

1442, 1247, 1038, 812, 753, 685 cm–1; 1H NMR (CDCl3, 300 MHz) δ 5.99 (s, 2H), 6.43 

(s, 1H), 6.83 (d, J = 8.1 Hz, 1H), 7.20 (d, J = 1.8 Hz, 1H), 7.29 (dd, J = 1.8, 8.1 Hz, 1H), 

7.31–7.37 (m, 6H), 7.50–7.53 (m, 2H) , 7.59–7.61 (m, 2H); 13C NMR (CDCl3, 126 

MHz) δ 87.6 (C), 89.1 (C), 98.09 (C), 98.11 (C), 101.4 (CH2), 106.2 (CH), 108.3 (CH), 

112.2 (CH), 120.6 (CH), 123.1 (C), 123.5 (C), 128.37 (CH), 126.41 (CH), 128.7 (CH), 

131.1 (C), 131.5 (CH), 131.7 (CH), 132.9 (C), 148.0 (C), 148.4 (C); MS (EI) m/z (%) 

348 (M+, 100), 289 (47); HRMS (EI) calcd for C25H16O2: 348.1150, found: 348.1145. 

 

(Z)-[4-(1,6-Diphenylhexa-3-en-1,5-diyne-3-yl)phenyl](methyl)sulfane (8e) 

Yellow crystals; mp 109.7–110.5 °C (hexane/AcOEt); IR (KBr) 3055, 2921, 2179, 

1593, 1484, 1095, 810, 755, 688 cm–1; 1H NMR (300 MHz, CDCl3) δ 2.51 (s, 3H), 6.54 

(s, 1H), 7.26 (d, J = 8.5 Hz, 2H), 7.32–7.38 (m, 6H), 7.51–7.54 (m, 2H) , 7.59–7.62 (m, 

2H), 7.67 (d, J = 8.5 Hz, 2H); 13C NMR (126 MHz, CDCl3) δ 15.5 (CH3), 87.4 (C), 89.1 

(C), 98.3 (C), 98.5 (C), 112.7 (CH), 123.1 (C), 123.5 (C), 126.2 (CH), 126.4 (CH), 
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128.39 (CH), 128.43 (CH), 128.5 (CH), 128.7 (CH), 131.6 (CH), 131.7 (CH), 132.7 (C), 

133.4 (C), 139.8 (C); MS (EI) m/z (%) 350 (M+, 100), 302 (48); HRMS (EI) calcd for 

C25H18S: 350.1129, found: 350.1131. 

 

((Z)-(3-(4-(Trifluoromethyl)phenyl)hexa-3-en-1,5-diyne-1,6-diyl)dibenzene (8f) 

Brown crystals; mp 106.0–106.5 °C (hexane/AcOEt); IR (KBr) 3050, 2182, 1615, 

1596, 1490, 1329, 1165, 1115, 1069, 831, 754, 686 cm–1; 1H NMR (500 MHz, CDCl3)  

δ 6.62 (s, 1H), 7.33–7.37 (m, 6H), 7.52–7.54 (m, 2H), 7.59–7.60 (m, 2H), 7.63 (d, J = 

8.0 Hz, 2H), 7.82 (d, J = 8.0 Hz, 2H); 13C NMR (126 MHz, CDCl3) δ 86.9 (C), 88.6 (C), 

99.0 (C), 99.8 (C), 115.6 (CH), 122.8 (C), 123.1 (C), 123.9 (q, 1J = 272.6 Hz, C) , 125.6 

(q, 3J = 3.8 Hz, CH), 126.3 (CH), 128.46 (CH), 128.50 (CH), 128.8 (CH), 129.0 (CH), 

130.5 (q, 2J = 32.5 Hz, C), 131.7 (CH), 131.8 (CH), 131.9 (C), 140.1 (C); MS (EI) m/z 

(%) 372 (M+, 100), 302 (38); HRMS (EI) calcd for C25H15F3: 372.1126, found: 

372.1129.  

 

(E)-2-(1,6-Diphenylhexa-3-en-1,5-diyn-3-yl)thiophene (8g) 

Yellow crystals; mp 87.0–88.0 °C; IR (KBr) 2924, 2178, 1485, 1441, 1425, 811, 751, 

698, 686 cm–1; 1H NMR (300 MHz, CDCl3) δ 6.45 (s, 1H), 7.04 (dd, J = 3.7, 5.1 Hz, 

1H), 7.26 (dd, J = 1.1, 5.1 Hz, 1H), 7.31–7.38 (m, 6H), 7.41 (dd, J = 1.1, 3.7 Hz, 1H), 

7.50–7.53 (m, 2H), 7.58–7.62 (m, 2H); 13C NMR (126 MHz, CDCl3) δ 86.5 (C), 88.7 

(C), 97.1 (C), 98.8 (C), 111.6 (CH), 122.8 (C), 123.4 (C), 126.0 (CH), 126.3 (CH), 127.3 

(C), 127.8 (CH), 128.38 (CH), 128.43 (CH), 128.5 (CH), 128.9 (CH), 131.6 (CH), 131.8 

(CH), 141.8 (C); MS (EI) m/z (%) 310 (M+, 100); HRMS (EI) calcd for C22H14S: 

310.0816, found: 310.0817. 

 

(Z)-4,4'-(3-Phenylhexa-3-en-1,5-diyne-1,6-diyl)bis(methylbenzene) (10a)  

THF (1.2 mL) (51 mg, 0.50 mmol) 

 n- 1.65 M (0.30 mL, 0.50 mmol)

2 THF (0.8 mL) (E)-66a (28 mg, 0.10 mmol)
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110a (24.4 mg, 0.080 

mmol, 80%)  

Brown crystals; mp 96.5–97.5 °C ; IR (KBr) 3027, 2921, 2182, 1509, 1491, 1447, 815, 

760, 692 cm–1; 1H NMR (500 MHz, CDCl3) δ 2.37 (s, 3H), 2.38 (s, 3H), 6.54 (s, 1H), 

7.14 (d, J = 8.2 Hz, 2H), 7.17 (d, J = 7.6 Hz, 2H), 7.34–7.44 (m, 5H), 7.50 (d, J = 7.3 

Hz, 2H), 7.73 (d, J = 7.3 Hz, 2H); 13C NMR (126 MHz, CDCl3) δ 21.5 (CH3), 87.1 (C), 

88.6 (C), 98.5 (C), 98.6 (C), 113.5 (CH), 120.1 (C), 120.4 (C), 126.1 (CH), 128.5 (CH), 

128.7 (CH), 129.2 (CH), 129.8 (CH), 131.5 (CH), 131.7 (CH), 133.1 (C), 136.9 (C), 

138.7 (C), 138.9 (C); MS (EI) m/z (%) 332 (M+, 100); HRMS (EI) calcd for C26H20: 

332.1565, found: 332.1560. 

 

(Z)-4,4'-(3-Phenylhexa-3-en-1,5-diyne-1,6-diyl)bis(methoxybenzene) (10b) 

Yellow oil; IR (neat) 2933, 2179, 1605, 1508, 1289, 1249, 1171, 1030, 831, 760, 692 

cm–1; 1H NMR (500 MHz, CDCl3) δ 3.81 (s, 3H), 3.82 (s, 3H), 6.52 (s, 1H), 6.86 (d, J = 

8.5 Hz, 2H), 6.89 (d, J = 8.6 Hz, 2H), 7.33 (t, J = 7.3 Hz, 1H), 7.39 (t, J = 7.3 Hz, 2H),  

7.47 (d, J = 8.5 Hz, 2H), 7.54 (d, J = 8.6 Hz, 2H), 7.72 (d, J = 7.3 Hz, 2H); 13C NMR 

(126 MHz, CDCl3) δ 55.28 (CH3), 55.29 (CH3), 86.6 (C), 88.1 (C), 98.3 (C), 98.4 (C), 

113.2 (CH), 114.1 (CH), 115.3 (C), 115.7 (C), 126.0 (CH), 127.4 (CH), 128.5 (CH), 

128.6 (CH), 132.7 (C), 133.1 (CH), 133.2 (CH), 137.0 (C), 159.8 (C), 160.0 (C); MS 

(EI) m/z (%) 364 (M+, 100); HRMS (EI) calcd for C26H20O2: 364.1463, found: 

364.1465.   

 

(Z)-4,4'-(3-Phenylhexa-3-en-1,5-diyne-1,6-diyl)bis(chlorobenzene) (10c) 

Orange crystals; mp 110.0–111.0 °C; IR (KBr) 3032, 1591, 1541, 1485, 1446, 1397, 

1089, 1013, 832, 759, 692 cm–1; 1H NMR (500 MHz, CDCl3) δ 6.55 (s, 1H), 7.30–7.43 

(m, 9H), 7.50 (d, J = 8.4 Hz, 2H), 7.70 (d, J = 7.3 Hz, 2H); 13C NMR (126 MHz, 
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CDCl3) δ 88.4 (C), 89.8 (C), 97.2 (C), 97.3 (C), 113.7 (CH), 121.5 (C), 121.8 (C), 126.1 

(CH), 128.7 (CH), 128.8 (CH), 128.9 (CH), 129.1 (CH), 132.7 (CH), 132.9 (CH), 133.6 

(C), 134.7 (C), 134.9 (C), 136.4 (C); MS (EI) m/z (%) 372 (M+, 100); HRMS (EI) calcd 

for C24H14Cl2: 372.0473, found: 360.1878.   

Crystal data for 10c: crystal dimensions 0.14 _ 0.14 _ 0.11 mm, C24H15Cl, M = 

338.81, monoclinic, space group P2(1)/n, a = 6.076(5) A, b = 11.949(9) A, c = 

25.110(19) A, b = 95.463(15)_, V = 1815(2) A3, Z = 4, F(000) = 704.0, Dcalcd = 1.240 g 

cm_3,l(Mo Ka) = 0.212 mm_1, T = 173 K, radiation = 0.71073 A, 4447 reflections, 

226 parameters, R1 = 0.084, Rw = 0.226 [I >2r(I)], GOF = 0.871. 

  

((Z)-4,4'-(3-Phenylhexa-3-en-1,5-diyne-1,6-diyl)bis(fluorobenzene) (10d)  

Brown solid; mp 38–42 °C ; IR (KBr) 3057, 2925, 2183, 1600, 1506, 1493, 1231, 1154, 

833, 759, 688 cm–1; 1H NMR (500 MHz, CDCl3) δ 6.54 (s, 1H), 7.02–7.08 (m, 4H), 

7.34–7.41 (m, 3H), 7.47–7.50 (m, 2H), 7.55–7.58 (m, 2H) , 7.71 (d, J = 8.3 Hz, 2H); 
13C NMR (126 MHz, CDCl3) δ 87.3 (C), 88.6 (C), 97.2 (C), 97.3 (C), 113.5 (CH), 115.80 

(d, 2J = 22.8 Hz, CH), 115.82 (d, 2J = 22.8 Hz, CH), 119.2 (d, 4J = 3.9 Hz, C), 119.5 (d, 
4J = 3.1 Hz, C), 126.1 (CH), 128.6 (CH), 128.9 (CH), 133.3 (C), 133.4 (d, 3J = 8.3 Hz, 

CH), 133.6 (d, 3J = 8.3 Hz, CH), 136.6 (C), 162.7 (d, 1J = 250.1 Hz, C), 162.8 (d, 1J = 

251.1 Hz, C); MS (EI) m/z (%) 340 (M+, 100); HRMS (EI) calcd for C24H14F2: 340.1064, 

found: 340.1064. 

 

(Z)-Deca-5-en-3,7-diyne-1,5,10-triyltribenzene (10e) 

Brown oil; IR (neat) 3028, 2928, 2209, 1718, 1603, 1495, 1455, 761, 698 cm–1; 1H 

NMR (300 MHz, CDCl3) δ 2.71–2.82 (m, 4H), 2.92 (t, J = 7.4 Hz, 2H), 2.95 (t, J = 7.2 

Hz, 2H), 6.23 (t, J = 2.3 Hz, 1H), 7.23–7.30 (m, 13H), 7.49–7.52 (m, 2H); 13C NMR 

(126 MHz, CDCl3) δ 21.9 (CH2), 22.3 (CH2), 35.1 (CH2), 35.3 (CH2), 79.3 (C), 80.3 (C), 

97.9 (C), 98.0 (C), 113.4 (CH), 125.9 (CH), 126.3 (CH), 128.3 (CH), 128.39 (CH), 

128.42 (CH), 128.44 (CH), 128.5 (CH), 132.8 (C), 137.2 (C), 140.55 (C), 140.64 (C); 

MS (EI) m/z (%) 360 (M+, 100), 269 (44), 253 (76), 117 (47), 91 (88); HRMS (EI) calcd 
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for C28H24: 360.1878, found: 360.1878. 

 

((Z)-(3-Phenylhexa-3-en-1,5-diyne-1,6-diyl)bis(trimethylsilane) (10g) 

Brown oil; IR (neat) 2960, 2133, 1250, 1108, 1006, 993, 843, 760, 692 cm–1; 1H NMR 

(500 MHz, CDCl3) δ 0.25 (s, 9H), 0.28 (s, 9H), 6.32 (s, 1H), 7.32–7.36 (m, 3H), 7.60 (d, 

J = 7.3 Hz, 2H); 13C NMR (126 MHz, CDCl3) δ 0.09 (CH3), 0.00 (CH3), 102.0 (C), 

103.5 (C), 104.1 (C), 104.2 (C), 114.4 (CH), 126.1 (CH), 128.5 (CH), 128.9 (CH), 134.5 

(C), 136.4 (C); MS (EI) m/z (%) 296 (M+, 100), 281 (67), 265 (16), 209 (27), 73 (35); 

HRMS (EI) calcd for C18H24Si2: 296.1417, found: 296.1422.  
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