
1

Gold Catalyzed Heck-Coupling of 
Arenediazonium o-Benzenedisulfonimides

Margherita Barbero and  Stefano Dughera

Supplementary Information

Index: 
Physical and spectroscopical data of compounds 4–8; pag. 2-8

NMR spectra of compounds 4–8; pag. 9-40

References; pag. 41

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2017



2

Physical and spectroscopical data of compounds 4–8

(E)-4-Nitrocinnamaldehyde (4a): white solid (150 mg, 84% yield); mp 140–141 °C (from EtOH; 

lit1 138–139 °C). Rf =0.35 (petroleum ether/diethyl ether 9:1).  1H NMR (200 MHz,CDCl3): δ = 9.70 

(d, J = 7.4 Hz, 1H), 8.21 (d, J = 8.8 Hz, 2H), 7.67 (d, J = 8.8 Hz, 2H), 7.48 (d, J = 16.0 Hz, 1H), 

6.73 (dd, J1 = 16.0 Hz, J2 = 7.4 Hz, 1H); 13C NMR (50 MHz, CDCl3): δ = 193.3, 149.4, 149.2, 140.1, 

131.9, 129.3, 124.3. MS (m/z, EI): 177 [M+] (25), 176 (10), 160 (100), 130 (85). IR (neat) ν (cm−1): 

2842, 2773, 1688, 1613, 1535, 1428, 1358, 1225, 1210, 1115, 825.

(E)-Ethyl 4-nitrocinnamate (5a); white solid (193 mg, 87% yield); mp 137–138 °C (from EtOH; 

lit2 138–140 °C). Rf =0.45 (petroleum ether/diethyl ether 4:1).  1H NMR (200 MHz,CDCl3): δ = 8.13 

(d, J = 8.6 Hz, 2H), 7.64–7.55 (m, 3H), 6.45 (d, J = 16.0 Hz, 1H), 4.17 (q, J = 7.2 Hz, 2H), 1.24 (t, 

J = 7.2 Hz, 3H); 13C NMR (50 MHz, CDCl3): δ = 166.2, 148.6, 141.8, 140.7, 128.8, 124.3, 122.7, 

60.9,14.4.  MS (m/z, EI): 221 [M+] (15), 193 (35), 176 (100), 130 (25).  IR (neat) ν (cm−1): 2900, 

2851, 1689, 1613, 1555, 1501, 1307, 1235,1119, 1025, 918, 843.

(E)-4-Nitrostilbene (6a); white solid (206 mg, 91% yield); mp 156–157 °C (from EtOH; lit3 156–

157 °C). Rf =0.68 (petroleum ether/diethyl ether 9:1). 1H NMR (200 MHz,CDCl3): δ = 8.16 (d, J = 

9.0 Hz, 2H), 7.57 (d, J = 9.0 Hz, 2H), 7.52–7.47 (m, 2H), 7.39–7.26 (m, 3H), 7.20–7.11 (m, 2H); 13C 

NMR (50 MHz, CDCl3): δ = 146.9, 144.0, 136.4, 133.5, 129.1, 127.2, 127.0, 126.4, 124.3, 123.8. MS 

(m/z, EI): 225 [M+] (75), 178 (100), 152 (20).  IR (neat) ν (cm−1):. 2915, 1600, 1513, 1326, 956, 813, 

785, 740.

1-(4-Nitrophenyl)cyclopentene (7a); grey solid (127 mg, 67% yield); mp 99–100 °C (from EtOH; 

lit4 99–100 °C). Rf =0.57 (petroleum ether/diethyl ether 9:1). 1H NMR (200 MHz,CDCl3): δ = 8.06 

(d, J = 8.8 Hz, 2H), 7.43 (d, J = 8.8 Hz, 2H), 6.34–6.33 (m, 1H), 2.64–2.60 (m, 2H), 2.54–2.47 (m, 

2H), 2.05–1.91 (m, 2H); 13C NMR (50 MHz, CDCl3): δ = 146.4, 143.3, 141.1, 140.7, 132.0, 126.1, 

33.9, 33.2, 23.4.  MS (m/z, EI): 189 [M+] (100), 172 (10), 142 (80), 128 (90), 115 (55).  IR (neat) ν 

(cm−1): 2984, 2914, 2853, 1603,1553, 1418, 1275, 999, 823

(E)-3-(4-Nitrophenyl)but-2-enale (8a): brown solid (150 mg, 78% yield); mp 111–112 °C (from 

EtOH; lit5 110–114 °C). Rf =0.38 (petroleum ether/diethyl ether 9:1).  1H NMR (200 MHz,CDCl3): δ 

= 10.14 (d, J = 7.6 Hz, 1H), 8.21 (d, J = 9.0 Hz, 2H), 7.62 (d, J = 9.0 Hz, 2H), 6.34 (dq, J1 = 7.6 Hz, 

J2 = 1.2 Hz, 1H), 2.54 (d, J = 1.2 Hz, 3H); 13C NMR (50 MHz, CDCl3): δ = 191.2, 155.1, 148.6, 

147.2, 129.4, 127.4, 124.1, 16.7. MS (m/z, EI): 191 [M+] (15), 190 (20), 174 (100), 144 (85), 115 

(100). IR (neat) ν (cm−1): 2912, 2810, 2779, 1667, 1605, 1515, 1410, 1200, 840.
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(E)-4-Methylcinnamaldehyde (4b): white solid (105 mg, 72% yield); mp 44–45 °C (from EtOH; 

lit1 45–47 °C). Rf =0.45 (petroleum ether/diethyl ether 9.8:0.2). 1H NMR (200 MHz,CDCl3): δ = 9.58 

(d, J = 7.8 Hz, 1H), 7.37 (d, J = 8.2 Hz, 2H), 7.19–7.13 (m, 3H), 6.59 (dd, J1 = 16.0 Hz, J2 = 7.8 Hz, 

1H), 2.31 (s, 3H); 13C NMR (50 MHz, CDCl3): δ = 194.3, 153.2, 142.2, 131.5, 130.0, 128.7, 127.8, 

21.8. MS (m/z, EI): 146 [M+] (25), 145 (25), 131 (100), 115 (40). IR (neat) ν (cm−1): 3000, 2925, 

2832, 2777, 1648, 1597, 1435, 1221, 1135, 944, 824. 

(E)-Ethyl 4-methylcinnamate (5b); viscous oil (131 mg, 68% yield). Rf =0.44 (petroleum 

ether/diethyl ether  9:1).  1H NMR (200 MHz,CDCl3): δ =7.54 (d, J = 16.0 Hz, 1H), 7.25 (d, J = 8.2 

Hz, 2H), 7.01 (d, J = 8.2 Hz, 2H), 6.26 (d, J = 16.0 Hz, 1H), 4.13 (q, J = 7.2 Hz, 2H), 2.21 (s, 

3H),1.21 (t, J = 7.2 Hz, 3H); 13C NMR (50 MHz, CDCl3): δ = 167.1, 144.7, 140.6, 131.9, 129.7, 

128.1, 117.2, 60.4, 21.5, 14.5.  MS (m/z, EI): 190 [M+] (45), 145 (100), 115 (35), 91 (15).  IR (neat) 

ν (cm−1): 2975, 2961, 1700, 1603, 1310, 1163, 975, 831. 

(E)-4-Methylstilbene (6b); white solid (145 mg, 75% yield); mp 117–118 °C (from EtOH; lit3 119–

120 °C). Rf =0.61 (petroleum ether/diethyl ether 9.8:0.2). 1H NMR (200 MHz,CDCl3): δ = 7.50–7.05 

(m, 11H), 2.33 (s, 3H); 13C NMR (50 MHz, CDCl3): δ = 137.8, 137.7, 134.9, 129.7, 128.9, 128.0, 

127.7,126.8, 126.7 21.6. MS (m/z, EI): 194 [M+] (95), 179 (100), 178 (85), 152 (10).  IR (neat) ν 

(cm−1):. 2995, 2935, 1605, 1421, 899, 840, 735, 700. 

1-(4-Tolyl)cyclopentene (7b); pale brown solid (99 mg, 63% yield); mp 52–53 °C (from EtOH; lit6 

54–57 °C). Rf =0.64 (petroleum ether/diethyl ether 9.8:0.2). 1H NMR (200 MHz,CDCl3): δ = 7.45 (d, 

J = 7.8 Hz, 2H), 7.23 (d, J = 7.8 Hz, 2H), 6.25–6.24 (m, 1H), 2.85–2.82 (m, 2H), 2.78–2.65 (m, 2H), 

2.45 (s, 3H), 2.20–2.09 (m, 2H); 13C NMR (50 MHz, CDCl3): δ = 142.7, 136.8, 134.4, 129.3, 125.8, 

125.2, 33.7, 33.6, 23.7, 21.5. MS (m/z, EI): 158 [M+] (70), 143 (100), 128 (25), 115 (20). IR (neat) ν 

(cm−1): 2930, 2845, 1615, 1445, 1215, 1015, 823.

(E)-3-(4-Tolyl)but-2-enale (8b): viscous oil (59 mg, 37% yield); Rf =0.43 (petroleum ether/diethyl 

ether 9:1).  1H NMR (200 MHz,CDCl3): δ = 10.14 (d, J = 7.6 Hz, 1H), 7.37 (d, J = 8.0 Hz, 2H), 7.16 

(d, J = 8.0 Hz, 2H), 6.34 (dq, J1 = 7.6 Hz, J2 = 1.2 Hz, 1H), 2.54 (d, J = 1.2 Hz, 3H), 2.29 (s, 3H); 
13C NMR (50 MHz, CDCl3): δ = 187.9, 158.4, 137.8, 137.1, 128.8, 128.4, 126.8, 21.1,16.5. MS (m/z, 

EI): 160 [M+] (5), 159 (85), 158 (100), 144 (65), 91 (60). IR (neat) ν (cm−1): 2900, 2858, 2799, 1657, 

1605, 1400, 830.

(E)-4-Bromocinnamaldehyde (4c): white solid (172 mg, 81% yield); mp 79–80 °C (from EtOH; lit7 

78–79 °C). Rf =0.41 (petroleum ether).  1H NMR (200 MHz,CDCl3): δ = 9.62 (d, J = 7.6 Hz, 1H), 

7.48 (d, J = 8.6 Hz, 2H), 7.38–7.30 (m, 3H), 6.61(dd, J1 = 16.2 Hz, J2 = 7.6 Hz, 1H); 13C NMR (50 
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MHz, CDCl3): δ = 193.6, 151.3, 133.1, 132.6,129.9, 129.2, 125.8. MS (m/z, EI): 212 (25), 211 (20), 

210 [M+]  (25), 209 (20),), 131 (100), 103 (40). IR (neat) ν (cm−1): 3054, 3018, 2803, 2719, 1652, 

1600, 1551, 1418, 961, 818.

(E)-Ethyl 4-bromocinnamate (5c); viscous oil (229 mg, 90% yield). Rf =0.34 (petroleum ether).  1H 

NMR (200 MHz,CDCl3): δ = 7.44 (d, J = 16.0 Hz, 1H), 7.33 (d, J = 6.8 Hz, 2H), 7.19 (d, J = 6.8 Hz, 

2H),  6.15 (d, J = 16.0 Hz, 1H), 4.11 (q, J = 7.2 Hz, 2H), 1.19 (t, J = 7.2 Hz, 3H); 13C NMR (50 

MHz, CDCl3): δ = 166.7, 143.2, 133.5, 132.2, 129.5, 124.5, 119.1, 60.7,14.5.  MS (m/z, EI): 256 (45), 

254 [M+] (45), 211 (100), 209 (100), 182 (25), 130 (25), 102 (75). IR (neat) ν (cm−1): 2985, 1700, 

1625, 1495, 1222, 995, 831.

(E)-4-Bromostilbene (6c); white solid (212 mg, 82% yield); mp 137–138 °C (from EtOH; lit3 139–

140 °C). Rf =0.41 (petroleum ether).  1H NMR (200 MHz,CDCl3): δ = 7.47–7.40 (m, 4H), 7.34–7.40 

(m, 5H), 7.00 (d, J = 3.8 Hz, 2H); 13C NMR (50 MHz, CDCl3): δ = 137.2, 136.5, 132.0, 129.6, 128.9, 

128.2, 128.1, 127.6, 126.8, 121.5.  MS (m/z, EI):  260 (55), 258 [M+] (55), 179 (80), 178 (100), 152 

(10). IR (neat) ν (cm−1): 2991, 1615,  915, 833, 739, 695.

1-(4-Bromophenyl)cyclopentene (7c); pale brown solid (176 mg, 79% yield); mp 95–96 °C (from 

EtOH; lit6 89–97 °C). Rf =0.37 (petroleum ether). 1H NMR (200 MHz,CDCl3): δ = 7.36 (d, J = 8.6 

Hz, 2H), 7.23 (d, J = 7.8 Hz, 2H), 6.15–6.11 (m, 1H), 2.66–2.57 (m, 2H), 2.51–2.42 (m, 2H), 2.04–

1.89 (m, 2H); 13C NMR (50 MHz, CDCl3): δ = 141.6, 135.9, 131.3, 127.3, 127.2, 121.1, 33.6, 33.3, 

23.5. MS (m/z, EI): 224 (45), 222 [M+] (45), 143 (100), 128 (75), 115 (20). IR (neat) ν (cm−1): 3015, 

2911, 1612,  1435, 1398, 958, 818.

(E)-3-(4-Bromophenyl)but-2-enale (8c): waxy solid (140 mg, 62% yield); Rf =0.52 (petroleum 

ether/diethyl ether 9.5:0.5).  1H NMR (200 MHz,CDCl3): δ = 10.14 (d, J = 7.6 Hz, 1H), 7.51 (d, J = 

8.4 Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H), 6.33 (dq, J1 = 7.6 Hz, J2 = 1.2 Hz, 1H), 2.55 (d, J = 1.2 Hz, 

3H); 13C NMR (50 MHz, CDCl3): δ = 187.9, 158.4, 138.9, 131.0, 128.8, 127.4, 120.9, 16.3. MS (m/z, 

EI): 226 (15), 225 (20), 224 [M+] (15), 223 (20) , 145 (100), 115 (75). IR (neat) ν (cm−1): 2998, 2790, 

2762, 1661, 1600, 835.

(E)-4-Methoxycinnamaldehyde (4d): pale yellow solid (125 mg, 77% yield); mp 59–60 °C (from 

EtOH; lit8 58–60 °C). Rf =0.38 (petroleum ether/diethyl ether 9.8:0.2). 1H NMR (200 MHz,CDCl3): 

δ = 9.59 (d, J = 7.8 Hz, 1H), 7.46 (d, J = 8.8 Hz, 2H), 7.36 (d, J = 16.0 Hz, 1H ), 6.88 (d, J = 8.8 Hz, 

2H), 6.54 (dd, J1 = 16.0 Hz, J2 = 7.8 Hz, 1H), 3.80 (s, 3H); 13C NMR (50 MHz, CDCl3): δ = 194.0, 

162.4, 153.1, 130.6, 126.9, 126.6, 114.8, 55.6. MS (m/z, EI): 162 [M+] (100), 161 (75), 147 (15), 131 

(60), 119 (30). IR (neat) ν (cm−1): 3012, 2935, 2842, 2778, 1672, 1600, 1375, 1135,  834. 
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(E)-Ethyl 4-methoxycinnamate (5d); waxy solid (188 mg, 91% yield). Rf =0.41 (petroleum 

ether/diethyl ether 9.5: 0.5).  1H NMR (200 MHz,CDCl3): δ = 7.65 (d, J = 16.0 Hz, 1H), 7.41 (d, J = 

8.8 Hz, 2H), 6.83 (d, J =8.8 Hz, 2H),  6.24 (d, J = 16.0 Hz, 1H), 4.18 (q, J = 7.2 Hz, 2H), 3.77 (s, 

3H), 1.27 (t, J = 7.2 Hz, 3H); 13C NMR (50 MHz, CDCl3): δ = 167.6, 161.5, 144.5, 129.9, 127.3, 

115.9, 114.5, 60.5, 55.5, 14.5.  MS (m/z, EI): 206 [M+] (85), 178 (10), 161 (100), 134 (35). IR (neat) 

ν (cm−1): 2980, 2910, 1710, 1633, 1512, 1243, 839. 

(E)-4-Methoxystilbene (6d); pale grey solid (187 mg, 89% yield); mp 134–135 °C (from EtOH; lit3 

136 °C). Rf =0.49 (petroleum ether/diethyl ether 9.8:0.2).  1H NMR (200 MHz,CDCl3): δ = 7.51–7.20 

(m, 7H), 7.02 (d, J = 8.8 Hz, 2H); 6.89 (d, J = 8.8 Hz, 2H), 3.80 (s, 3H);  13C NMR (50 MHz, CDCl3): 

δ = 159.6, 137.9, 130.4, 128.9, 128.5, 128.0, 127.5, 126.8, 126.5, 114.4, 55.5. MS (m/z, EI):  210 

[M+] (100), 195 (15) 179 (10), 165 (20), 152 (15). IR (neat) ν (cm−1): 2991, 1600, 1443, 1294, 1115, 

945, 835, 748, 691. 

1-(4-Methoxyphenyl)cyclopentene (7d); pale brown solid (141 mg, 81% yield); mp 84–85 °C (from 

EtOH; lit6 84–89 °C). Rf =0.42 (petroleum ether/diethyl ether 9.8: 0.2). 1H NMR (200 MHz,CDCl3): 

δ = 7.32 (d, J = 8.8 Hz, 2H), 6.79 (d, J = 8.8 Hz, 2H), 6.01–5.97 (m, 1H), 3.75 (s, 3H), 2.67–2.57 (m, 

2H), 2.51–2.41 (m, 2H), 2.02–1.87 (m, 2H); 13C NMR (50 MHz, CDCl3): δ = 142.3, 129.9, 129.4, 

126.9, 124.1, 113.9, 55.4, 33.5, 33.2, 23.6. MS (m/z, EI): 174 [M+] (100), 173 (60), 159 (25), 143 

(35). IR (neat) ν (cm−1): 3000, 2894, 1621, 1502, 1415, 928, 835.

 (E)-3-Nitrocinnamaldehyde (4e): white solid (145 mg, 82% yield); mp 117–118 °C (from EtOH; 

lit9 78–79 °C). Rf = 0.32 (petroleum ether/diethyl ether 9:1).1H NMR (200 MHz,CDCl3): δ = 9.70 (d, 

J = 7.4 Hz, 1H), 8.37–8.36 (m, 1H), 8.26–8.21 (m, 1H), 7.86–7.82 (m, 1H), 7.63–7.44 (m, 2H), 6.75 

(dd, J1 = 16.0 Hz, J2 = 7.4 Hz, 1H); 13C NMR (50 MHz, CDCl3): δ = 193.2, 149.4, 148.9, 135.9, 

133.9, 130.9, 130.4, 125.5, 123.1. MS (m/z, EI): 177 [M+]  (25), 160 (100), 130 (50), 102 (40);  IR 

(neat) ν (cm−1): 2852, 2741, 1668, 1600, 1514, 1339, 1215, 1201, 1112, 827.

(E)-Ethyl 3-nitrocinnamate (5e); white solid (193 mg, 87% yield); mp 74–75 °C (from EtOH; lit10 

73–74 °C). Rf =0.40 (petroleum ether/diethyl ether 4:1). 1H NMR (200 MHz,CDCl3): δ = 8.33–8.31 

(m, 1H), 8.19–8.14 (m, 1H), 7.78–7.48 (m, 3H), 6.51 (d, J = 16.0 Hz, 1H), 4.23 (q, J = 7.2 Hz, 2H), 

1.29 (t, J = 7.2 Hz, 3H); 13C NMR (50 MHz, CDCl3): δ = 166.2, 148.8, 141.8,  136.3, 133.8, 130.1, 

124.6, 122.5, 121.6,  61.0, 14.4.  MS (m/z, EI): 221 [M+] (15), 193 (35), 176 (100), 160 (15).  IR 

(neat) ν (cm−1): 2918, 2862, 1700,  1631, 1592, 1498, 1343, 1181, 1064,  920, 763. 

(E)-3-Nitrostilbene (6e); white solid (202 mg, 90% yield); mp 106–107 °C (from EtOH; lit11 104–

106 °C). Rf =0.62 (petroleum ether/diethyl ether 9:1). 1H NMR (200 MHz,CDCl3): δ = 8.31–8.29 (m, 
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1H), 8.06–8.00 (m, 1H), 7.75–7.71 (m, 1H),  7.51–7.09 (m, 8H); 13C NMR (50 MHz, CDCl3): δ = 

148.9, 139.3, 136.4, 132.4, 131.9, 129.7, 129.0, 128.7, 127.1, 126.2, 122.2, 121.0. MS (m/z, EI): 225 

[M+] (80), 178 (100), 152 (20).  IR (neat) ν (cm−1): 3026, 1610, 1520, 1490, 1330, 928, 798, 

753, 720. 

1-(3-Nitrophenyl)cyclopentene (7e); grey solid (130 mg, 69% yield); mp 77–78°C (from EtOH). 

Calcd for C11H11NO2: C 69.83%; H 5.86%; N 7.40%; found: C 69.91%; H 5.88%; N 7.34%. Rf =0.59 

(petroleum ether/diethyl ether 9:1). 1H NMR (200 MHz,CDCl3): δ = 8.18–8.16 (m, 1H), 8.01–7.98 

(m, 1H), 7.69–7.65 (m, 1H), 7.44–7.36 (m, 1H), 6.31–6.27 (m, 1H), 2.72–2.64 (m, 2H), 2.57–2.47 

(m, 2H), 2.08–1.93 (m, 2H); 13C NMR (50 MHz, CDCl3): δ = 148.5, 140.6, 138.5, 131.5, 129.7, 

129.2, 121,4, 120.2, 33.7, 33.2, 23.4.  MS (m/z, EI): 189 [M+] (100), 172 (25), 142 (90), 128 (95), 

115 (65).  IR (neat) ν (cm−1): 2981, 2904, 1614, 1512, 1437, 1252, 1100,  982, 784.

(E)-3-(3-Nitrophenyl)but-2-enale (8e): pale brown solid (150 mg, 76% yield); mp 98–99 °C (from 

EtOH.). Rf =0.40 (petroleum ether/diethyl ether 9:1). Calcd for C10H9NO3: C 62.82%; H 4.74%; N 

7.33%; found: C 62.86%; H 4.76%; S 7.28%.   1H NMR (200 MHz,CDCl3): δ = 10.14 (d, J = 7.6 Hz, 

1H), 8.35–8.32 (m, 1H), 8.25–8.19 (m, 1H), 7.83–7.79 (m, 1H), 7.60–7.52 (m, 2H), 6.35 (dq, J1 = 

7.6 Hz, J2 = 1.2 Hz, 1H), 2.56 (d, J = 1.2 Hz, 3H); 13C NMR (50 MHz, CDCl3): δ = 191.1, 148.6, 

142.4, 134.5, 132.3, 130.1, 128.8, 124.6, 121.4, 16.6. MS (m/z, EI): 191 [M+] (25), 190 (20), 174 

(100), 144 (85), 115 (100). IR (neat) ν (cm−1): 2900, 2842, 2777, 1664, 1600, 1535, 1220, 832.

(E)-Ethyl 2-nitrocinnamate (5f); white solid (202 mg, 90% yield); mp 43–44 °C (from EtOH; lit4 

42–43 °C). Rf =0.40 (petroleum ether/diethyl ether 4:1).   1H NMR (200 MHz,CDCl3): δ = 7.95–7.82 

(m, 1H), 7.91 (d, J = 16.0 Hz, 1H), 7.51–7.34 (m, 3H), 6.21 (d, J = 16.0 Hz, 1H), 4.11 (q, J = 7.2 

Hz, 2H), 1.17 (t, J = 7.2 Hz, 3H); 13C NMR (50 MHz, CDCl3): δ = 165.9, 148.4, 139.9,  133.7, 130.5, 

129.2, 124.9, 123.3, 119.4,  61.0, 19.9, 14.3. MS (m/z, EI): 176 [M+]  (70), 147 (60), 130(100), 120 

(55), 102 (45), 92 (70).  IR (neat) ν (cm−1) 2986, 1715, 1601, 1552, 1424, 1365, 1243, 1141, 997, 

754.

(E)-Ethyl 2-methylcinnamate (5g); viscous oil (67 mg, 35% yield); Rf =0.54 (petroleum 

ether/diethyl ether  9:1). 1H NMR (200 MHz,CDCl3): δ = 7.92 (d, J = 16.0 Hz, 1H), 7.51–7.46 (m, 

1H), 7.25–7.12 (m, 3H), 6.31 (d, J = 16.0 Hz, 1H), 4.21 (q, J = 7.2 Hz, 2H), 1.29 (t, J = 7.2 Hz, 3H); 
13C NMR (50 MHz, CDCl3): δ = 162.2, 142.5, 137.8,  133.6, 130.9, 130.1, 126.6, 126.5, 119.4,  60.7, 

19.9, 14.5.  MS (m/z, EI): 176 [M+] (20), 145 (100), 115 (75). IR (neat) ν (cm−1) 2924, 1700, 1612, 

1444, 1112, 787.
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(E)-Ethyl 2-iodocinnamate (5h); viscous oil (86 mg, 28% yield); Rf =0.42 (petroleum ether). 1H 

NMR (200 MHz,CDCl3): δ = 7.86–7.78 (m, 2H), 7.50–7.45 (m, 1H), 7.33–7.23 (m, 1H), 7.00–6.92 

(m, 1H), 6.23 (d, J = 16.0 Hz, 1H), 4.21 (q, J = 7.2 Hz, 2H), 1.27 (t, J = 7.2 Hz, 3H); 13C NMR (50 

MHz, CDCl3): δ = 166.4, 147.8, 140.2, 137.9, 131.4, 128.7, 127.5, 120.9, 101.4, 60.8, 14.5.  MS (m/z, 

EI): 302 [M+] (5), 257 (20), 175 (45), 147 (100), 130 (35), 102 (35).  IR (neat) ν (cm−1) 2900, 1711, 

1602, 1399,  1114, 753.

(E)-3-(2-Methoxycarbonyl-3-thienyl)prop-2-enale (4i); white solid (165 mg, 86% yield); mp 91–

92°C (from EtOH); Rf =0.51 (petroleum ether/diethyl ether 9.5:0.5).  Calcd for C9H8O3S: C 55.09%; 

H 4.11%; S 16.34%; found: C 55.21%; H 4.06%; S 16.31%. 1H NMR (200 MHz,CDCl3): δ = 9.70 

(d, J = 7.8 Hz, 1H), 8.39 (d, J = 16.0 Hz, 1H), 7.46 (d, J = 5.4 Hz, 1H), 7.32 (d, J = 5.4 Hz, 1H), , 

6.55 (dd, J1 = 16.0 Hz, J2 = 7.8 Hz, 1H), 3.87 (s, 3H);  13C NMR (50 MHz, CDCl3): δ = 194.5, 162.3, 

144.1, 141.9, 131.9, 131.7, 131.3, 126.8, 52.6. MS (m/z, EI): 167 [M+-29] (100), 152 (12), 137 (45), 

109 (15). IR (neat) ν (cm−1): 3001, 2995, 2815, 2777, 1710, 1665, 1512, 987. 

(E)-Ethyl (2-methoxycarbonyl-3-thienyl)acrilate (5i); pale orange solid (219 mg, 91% yield); mp 

66–67 °C (from EtOH; lit4 65–66 °C); Rf =0.38 (petroleum ether/diethyl ether 9.5:0.5).  1H NMR (200 

MHz,CDCl3): δ = 8.42 (d, J = 16 Hz, 1H), 7.39 (d, J = 5.2 Hz, 1H), 7.26 (d, J = 5.2 Hz, 1H), 6.28 

(d, J = 16.0 Hz, 1H), 4.19 (q, J = 7.2 Hz, 2H), 3.84 (s,3H), 1.26 (t, J = 7.2 Hz, 3H); 13C NMR (50 

MHz, CDCl3): δ = 166.8, 166.2, 141.9, 136.5, 131.0, 126.7, 122.1, 60.7, 52.3, 14.4.  MS (m/z, EI): 

240 [M+] (5), 195 (15), 167(100). IR (neat) ν (cm−1): 2974, 2854, 1701, 1695, 1555, 1445, 922.

(E)-Methyl 3-styrylthiophene-2-carboxylate (6i); pale brown solid (206 mg, 84% yield); mp 81–

82°C (from EtOH; ; lit12 83–84 °C); Rf =0.45 (petroleum ether/diethyl ether 9.5:0.5) . 1H NMR (200 

MHz,CDCl3): δ = 8.11 (d, J = 16.6 Hz, 1H), 7.55–7.51 (m, 2H), 7.40–7.20 (m, 5H), 7.05 (d, J = 16.6 

Hz, 1H) 3.85 (s, 3H); 13C NMR (50 MHz, CDCl3): δ = 163.2, 145.8, 137.2, 133.1, 130.7, 128.9, 128.5, 

127.2, 126.5, 126.3, 122.1, 52.2. MS (m/z, EI): 244 [M+] (90), 211 (20), 185 (100), 184 (85). IR (neat) 

ν (cm−1): 3012, 2991, 1704, 1612, 1225, 987, 734, 699.

Methyl 3-(cyclopent-1-enyl)thiophene-2-carboxylate (7i); waxy solid (133 mg, 64% yield); Rf 

=0.58 (petroleum ether/diethyl ether 9.5:0.5). 1H NMR (200 MHz,CDCl3): δ = 7.31 (d, J = 5.2 Hz, 

1H), 6.93 (d, J = 5.2 Hz, 1H), 6.11–6.06 (m, 1H),3.74 (s, 3H),  2.71–2.62 (m, 2H), 2.50–2.36 (m, 

2H), 2.01–1.87 (m, 2H); 13C NMR (50 MHz, CDCl3): δ = 162.8, 145.6, 138.3, 132.3, 130.7, 129.9, 

128.7, 52.0, 33.6, 32.5, 24.0.  MS (m/z, EI): 208 [M+] (85), 176 (85), 185 (100), 148 (45), 147 (50).  

IR (neat) ν (cm−1): 3000, 2941, 1712, 1442, 1312, 1054,  991. 
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(E)-3-(2-Methoxycarbonyl-3-thienyl)but-2-enale (8i); white solid (165 mg, 78% yield); mp 87–

88°C (from EtOH); Rf =0.47 (petroleum ether/diethyl ether 9.5:0.5).  Calcd for C10H10O3S: C 57.13%; 

H 4.79%; S 22.83%; found: C 57.08%; H 4.82%; S 22.81%. 1H NMR (200 MHz,CDCl3): δ = 10.07 

(d, J = 8.0 Hz, 1H), 7.42 (d, J = 5.4 Hz, 1H), 6.85 (d, J = 5.4 Hz, 1H), 5.91 (dq, J1 = 8.0 Hz, J2 = 

1.4 Hz, 1H), 3.77 (s, 3H), 2.43 (d, J = 1.4 Hz, 3H); 13C NMR (50 MHz, CDCl3): δ = 191.1, 161.9, 

131.8, 131.5, 130.2, 130.1, 129.8, 129.4, 52.5, 16.6. MS (m/z, EI): 181 [M+ - 29] (100), 151 (75), 121 

(15), IR (neat) ν (cm−1): 3000, 2956, 2845, 2792, 1700, 1645, 1500, 983. 
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NMR spectra of compounds 4–8
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