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1. Experimental procedures 

1.1 Preparation of Michael adducts 

A solution of internal alkyne 1 (1.0 mmol) in DMF (1 mL) were added to a mixture of nitrile 2 

(1.1 equiv) and KOtBu (1.1 equiv) in DMF (1 mL) at room temperature. The reaction was stirred at 

room temperature for 2 h. Then, the mixture was cooled down under ice-bath and neutralized with 1 

N HCl. The products were extracted with EtOAc. The combined organic layers were washed with 

water, successively, dried over Na2SO4, and the solvent was concentrate under reduced pressure. 

Crude products were purified by column chromatography on silica gel using hexanes and an 

increasing proportion of EtOAc as eluents to afford compound 3 or 4. For the synthesis of nitro 

compounds, K2CO3 was used as base, instead of KOtBu, and the reaction was stirred at room 

temperature for 4 h. 

*** Unless otherwise noted, all known compounds 1, 3 and 4 were prepared according to our previous 

literatures.1,2  
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tert-Butyl (7-(2-chlorophenyl)-7-cyano-4-oxo-6-phenylhept-6-en-1-yl)carbamate (3b) 

 

85% yield, yellow oil. 1H NMR (300 MHz, CDCl3) δ (isomeric ratio 46:54) 7.577.29 (m, 10H), 

7.237.10 (m, 4H), 7.076.96 (m, 4H), 4.72 (br s, 1H), 4.56 (br s, 1H), 4.07 (s, 2H), 3.36 (br d, J = 

16.5 Hz, 1H), 3.42 (br d, J = 16.5 Hz, 1H), 3.10 (br q, J = 6.3 Hz, 2H), 2.92 (br q, J = 6.3 Hz, 2H), 

2.62 (t, J = 7.1 Hz, 2H), 2.20 (t, J = 7.1 Hz, 2H), 1.78 (quint, J = 7.0 Hz, 2H), 1.601.50 (m, 2H), 

1.43 (s, 9H), 1.40 (s, 9H); 13C NMR (75 MHz, CDCl3) δ (isomeric ratio 46:54) 204.61, 204.30, 

155.98, 155.86, 154.85, 154.43, 138.05, 137.18, 133.90, 133.53, 132.39, 132.29, 132.08, 131.07, 

130.77, 130.11, 130.07, 129.66, 129.63, 128.91, 128.68, 128.21, 127.84, 127.70, 127.42, 126.93, 

117.03, 113.16, 112.18, 79.11, 51.14, 48.40, 40.08, 39.91, 39.52, 39.42, 28.29, 28.26, 23.82, 23.68; 

IR (UATR) νmax 3378, 2977, 2212, 1702, 1609, 1513, 1473, 1444, 1392, 1366, 1268, 1250, 1166, 

1062, 1035, 860, 759, 732, 699 cm1; HRMS (ESI+) calcd for C25H27Cl1N2Na1O3 (M+Na)+ 461.1602, 

found 461.1603. 

tert-Butyl (7-(2-bromophenyl)-7-cyano-4-oxo-6-phenylhept-6-en-1-yl)carbamate (3c) 

 

87% yield, yellow oil. 1H NMR (300 MHz, CDCl3) δ (isomeric ratio 44:56) 7.69 (d, J = 8.0 Hz, 1H), 

7.607.25 (m, 10H), 7.186.95 (m, 7H), 4.66 (br s, 1H), 4.50 (br s, 1H), 4.07 (s, 2H), 3.58 (d, J = 

16.8 Hz, 1H), 3.40 (d, J = 16.8 Hz, 1H), 3.11 (br q, J = 6.4 Hz, 2H), 2.93 (br q, J = 6.5 Hz, 2H), 2.64 

(t, J = 7.1 Hz, 2H), 2.302.10 (m, 2H), 1.79 (quint, J = 7.0 Hz, 2H), 1.601.50 (m, 2H), 1.43 (s, 9H), 

1.41 (s, 9H); 13C NMR (75 MHz, CDCl3) δ (isomeric ratio 44:56) 204.55, 204.30, 155.95, 155.83, 

154.53, 154.04, 138.02, 137.06, 134.34, 134.23, 133.28, 132.81, 132.23, 131.13, 130.88, 130.15, 

129.65, 128.89, 128.68, 128.20, 128.03, 127.82, 127.66, 127.55, 123.90, 123.41, 116.92, 116.87, 

115.04, 113.97, 79.09, 51.11, 48.39, 40.10, 39.91, 39.52, 39.41, 28.29, 28.26, 23.81, 23.68; IR 

(UATR) νmax 3379, 2977, 2212, 1705, 1608, 1510, 1444, 1392, 1366, 1268, 1250, 1166, 1027, 860, 

758, 727, 699 cm1; HRMS (ESI+) calcd for C25H27Br1N2Na1O3 (M+Na)+ 505.1097, found 505.1090. 
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tert-Butyl (7-cyano-7-(2-iodophenyl)-4-oxo-6-phenylhept-6-en-1-yl)carbamate (3d) 

82% yield, yellow oil. 1H NMR (300 MHz, CDCl3) δ (isomeric ratio 43:57) 7.95 (dd, J = 8.0, 0.9 Hz, 

1H), 7.82 (dd, J = 8.0, 1.0 Hz, 1H), 7.597.31 (m, 8H), 7.186.88 (m, 8H), 4.72 (br s, 1H), 4.57 (br 

s, 1H), 4.06 (dd, J = 3.0 Hz, 2H), 3.54 (d, J = 16.8 Hz, 1H), 3.36 (d, J = 16.8 Hz, 1H), 3.10 (br q, J = 

6.3 Hz, 2H), 2.92 (br q, J = 6.4 Hz, 2H), 2.64 (t, J = 7.1 Hz, 2H), 2.23 (dt, J = 17.9, 7.2 Hz, 1H), 2.15 

(dt, J = 17.9, 7.2 Hz, 1H), 1.77 (quint, J = 7.0 Hz, 2H), 1.601.50 (m, 2H), 1.43 (s, 9H), 1.40 (s, 9H); 

13C NMR (75 MHz, CDCl3) δ (isomeric ratio 43:57) 204.44, 204.28, 155.89, 155.78, 154.16, 153.50, 

139.59, 139.20, 138.06, 137.99, 137.96, 136.83, 131.71, 130.72, 130.39, 129.96, 129.61, 128.86, 

128.82, 128.63, 128.33, 128.13, 127.80, 127.57, 118.19, 117.19, 116.81, 116.72, 99.22, 98.75, 79.01, 

51.07, 48.36, 40.10, 39.95, 39.47, 39.35, 28.27, 28.23, 23.73, 23.62; IR (UATR) νmax 3384, 2976, 

2211, 1705, 1600, 1509, 1444, 1392, 1366, 1268, 1250, 1165, 1015, 860, 758, 724, 698 cm1; HRMS 

(ESI+) calcd for C25H27I1N2Na1O3 (M+Na)+ 553.0959, found 553.0963. 

tert-Butyl (7-cyano-4-oxo-6-phenyl-7-(o-tolyl)hept-6-en-1-yl)carbamate (3e) 

 

78% yield, yellow oil. 1H NMR (300 MHz, CDCl3) δ (isomeric ratio 76:24) 7.566.91 (m, 18H), 4.80 

(br s, 1H), 4.62 (br s, 1H), 4.05 (s, 2H), 3.59 (br d, J = 14.6 Hz, 1H), 3.39 (br d, J = 14.6 Hz, 1H), 

3.08 (br q, J = 6.3 Hz, 2H), 2.88 (br q, J = 6.3 Hz, 2H), 2.59 (t, J = 7.1 Hz, 2H), 2.38 (s, 3H), 2.28 (s, 

3H), 2.12 (t, J = 7.1 Hz, 2H), 1.76 (quint, J = 7.0 Hz, 2H), 1.581.45 (m, 2H), 1.42 (s, 9H), 1.40 (s, 

9H); 13C NMR (75 MHz, CDCl3) δ (isomeric ratio 76:24) 204.82, 204.51, 155.89, 155.75, 153.67, 

152.34, 138.36, 137.42, 136.59, 136.49, 132.91, 132.56, 130.67, 130.25, 130.13, 129.25, 129.03, 

128.57, 128.50, 128.46, 127.94, 127.84, 127.59, 126.30, 125.84, 117.88, 117.45, 114.59, 114.01, 

78.83, 50.93, 47.91, 39.94, 39.86, 39.35, 39.24, 28.16, 28.13, 23.71, 23.50, 19.49, 19.17; IR (UATR) 

νmax 3373, 2977, 2210, 1706, 1600, 1512, 1445, 1392, 1366, 1268, 1250, 1167, 1038, 860, 759, 729, 

698 cm1; HRMS (ESI+) calcd for C26H30N2Na1O3 (M+Na)+ 441.2149, found 441.2149. 
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tert-Butyl (7-cyano-4-oxo-6-phenyl-7-(2-(trifluoromethyl)phenyl)hept-6-en-1-yl) carbamate 

(3f) 

   

89% yield, yellow oil. 1H NMR (300 MHz, CDCl3) δ (isomeric ratio 31:69) 7.78 (d, J = 7.6 Hz, 1H), 

7.687.34 (m, 14H), 7.197.10 (m, 2H), 7.146.95 (m, 1H), 4.68 (br s, 1H), 4.51 (br s), 3.6 (d, J = 

17.0 Hz, 1H), 3.29 (d, J = 17.0 Hz, 3.09 (br q, J = 5.9 Hz, 2H), 2.90 (br q, J = 6.4 Hz, 2H), 2.60 (t, J 

= 6.7 Hz, 2H), 2.302.07 (m, 2H), 1.78 (quint, J = 7.0 Hz, 2H), 1.601.50 (m, 2H), 1.43 (s, 9H), 1.40 

(s, 9H); 13C NMR (75 MHz, CDCl3) δ (isomeric ratio 31:69) 204.50, 204.24, 155.99, 155.85, 155.18, 

154.50, 138.02, 136.94, 133.10, 132.62, 131.94, 131.84, 131.81, 131.59, 129.68, 129.59, 129.05, 

128.72, 128.67, 128.13, 127.90, 127.52, 126.82, 126.75, 126.68, 126.61, 125.42, 125.36, 121.79, 

121.73, 117.24, 117.12, 112.83, 111.52, 79.06, 51.36, 48.60, 40.03, 39.95, 39.48, 39.33, 28.25, 28.21, 

23.79, 23.70; IR (UATR) νmax 3384, 2978, 2216, 1706, 1603, 1513, 1446, 1393, 1366, 1315, 1269, 

1250, 1171, 1128, 1112, 1065, 1035, 860, 771, 698 cm1; HRMS (ESI+) calcd for C26H27F3N2Na1O3 

(M+Na)+ 495.1866, found 495.1867. 

tert-Butyl (7-cyano-7-(2-methoxyphenyl)-4-oxo-6-phenylhept-6-en-1-yl)carbamate (3g) 

 

85% yield, yellow oil. 1H NMR (300 MHz, CDCl3) δ (isomeric ratio 42:58) 7.54 (dd, J = 8.0, 1.8 Hz, 

2H), 7.5487.34 (m, 4H), 7.287.18(m, 3H), 7.14 (dd, J = 5.2, 1.7 Hz, 2H), 7.046.93 (m, 4H), 6.90 

(dd, J = 7.6, 1.7 Hz, 1H), 6.81 (d, J = 8.0 Hz, 1H), 6.72 (t, J = 7.5 Hz, 1H), 4.70 (br s, 1H), 4.55 (br 

s, 1H), 4.04 (s, 2H), 3.85 (s, 3H), 3.74 (s, 3H), 3.55 (s, 2H), 3.09 (br q, J = 6.4 Hz, 2H), 2.92 (br q, J 

= 6.4 Hz, 2H), 2.61 (t, J = 7.1 Hz, 2H), 2.21 (t, J = 7.1 Hz, 2H), 1.76 (quint, J = 7.0 Hz, 2H), 1.601.50 

(m, 2H), 1.43 (s, 9H), 1.41 (s, 9H); 13C NMR (75 MHz, CDCl3) δ (isomeric ratio 42:58) 205.25, 

204.82, 156.94, 156.69, 155.93, 155.82, 153.34, 152.27, 138.60, 137.98, 131.36, 130.90, 130.43, 

130.18, 129.27, 128.52, 128.47, 128.00, 127.88, 127.86, 122.47, 120.84, 120.47, 118.12, 118.05, 

111.45, 110.98, 79.01, 55.61, 55.38, 51.28, 48.59, 39.85, 39.71, 39.54, 39.48, 28.25, 23.77, 23.63; IR 

(UATR) νmax 3359, 2976, 2212, 1694, 1597, 1513, 1494, 1454, 1392, 1366, 1252, 1166, 1025, 859, 

757, 698 cm1; HRMS (ESI+) calcd for C26H30N2Na1O4 (M+Na)+ 457.2098, found 457.2101. 

wd
Typewriter

wd
Typewriter

wd
Typewriter
SI-4

wd
Typewriter

wd
Typewriter



tert-Butyl (7-(3-chlorophenyl)-7-cyano-4-oxo-6-phenylhept-6-en-1-yl)carbamate (3h) 

 

89% yield, yellow oil. 1H NMR (300 MHz, CDCl3) δ (isomeric ratio 52:48) 7.517.28 (m, 8H), 

7.287.13 (m, 6H), 7.10 (d, J = 7.8 Hz, 1H), 7.087.01 (m, 2H), 6.98 (dt, J = 7.8, 1.3 Hz, 1H), 4.77 

(br s, 1H), 4.66 (br s, 1H), 4.04 (s, 2H), 3.68 (s, 2H), 3.08 (br q, J = 6.4 Hz, 2H), 2.96 (br q, J = 6.4 

Hz, 2H), 2.57 (t, J = 7.2 Hz, 2H), 2.30 (t, J = 7.1 Hz, 2H), 1.75 (quint, J = 7.0 Hz, 2H), 1.61 (quint, J 

= 7.0 Hz, 2H), 1.43 (s, 9H), 1.40 (s, 9H); 13C NMR (75 MHz, CDCl3) δ (isomeric ratio 52:48) 205.24, 

204.15, 155.97, 155.89, 153.70, 152.72, 138.51, 137.32, 135.48, 134.72, 134.09, 130.26, 129.55, 

129.46, 129.27, 129.19, 128.99, 128.64, 128.54, 128.51, 128.46, 128.13, 127.56, 127.50, 126.70, 

118.02, 117.96, 114.04, 113.84, 78.97, 52.01, 48.47, 40.25, 40.04, 39.40, 39.31, 28.20, 28.18, 23.77, 

23.73; IR (UATR) νmax 3367, 2977, 2214, 1706, 1595, 1513, 1445, 1392, 1366, 1250, 1167, 882, 787, 

698 cm1; HRMS (ESI+) calcd for C25H27Cl1N2Na1O3 (M+Na)+ 461.1602, found 461.1606. 

tert-Butyl (7-(3-bromophenyl)-7-cyano-4-oxo-6-phenylhept-6-en-1-yl)carbamate (3i) 

 

84% yield, yellow oil. 1H NMR (300 MHz, CDCl3) δ (isomeric ratio 52:48) 7.577.19 (m, 14H), 

7.08 6.95 (m, 4H), 4.79 (br s, 1H), 4.69 (br s, 1H), 4.03 (s, 2H), 3.67 (s, 2H), 3.08 (br q, J = 6.4 Hz, 

2H), 2.96 (br q, J = 6.4 Hz, 2H), 2.57 (t, J = 7.2 Hz, 2H), 2.30 (t, J = 7.2 Hz, 2H), 1.75 (quint, J = 7.0 

Hz, 2H), 1.61 (quint, J = 7.0 Hz, 2H), 1.42 (s, 9H), 1.40 (s, 9H); 13C NMR (75 MHz, CDCl3) δ 

(isomeric ratio 52:48) 205.22, 204.12, 155.92, 155.85, 153.74, 152.75, 138.47, 137.25, 135.70, 

134.94, 132.15, 132.01, 131.33, 131.31, 130.47, 129.66, 129.52, 128.97, 128.60, 128.51, 128.10, 

127.92, 127.52, 127.12, 122.72, 122.08, 117.98, 117.93, 113.88, 113.67, 78.93, 51.97, 48.46, 40.21, 

40.01, 39.36, 39.28, 28.18, 28.16, 23.74, 23.71; 

IR (UATR) νmax 3381, 2977, 2213, 1706, 1513, 1444, 1366, 1250, 1167, 1075, 997, 882, 785, 697 

cm1; HRMS (ESI+) calcd for C25H27Br1N2Na1O3 (M+Na)+ 505.1097, found 505.1090. 
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tert-Butyl (7-cyano-4-oxo-6-phenyl-7-(m-tolyl)hept-6-en-1-yl)carbamate (3j) 

 

79% yield, yellow oil. 1H NMR (300 MHz, CDCl3) δ (isomeric ratio 45:55) 7.537.39 (m, 5H), 

7.357.15 (m, 8H), 7.097.03 (m, 2H), 7.02 (s, 2H), 6.86 (dt, J = 6.9, 2.0 Hz, 1H), 4.57 (br s, 1H), 

4.45 (br s, 1H), 4.04 (s, 2H), 3.68 (s, 2H), 3.10 (br q, J = 6.6 Hz, 2H), 2.97 (br q, J = 6.4 Hz, 2H), 

2.58 (t, J = 7.1 Hz, 2H), 2.38 (s, 3H), 2.29 (t, J = 7.2 Hz, 2H), 2.21 (s, 3H), 1.75 (quint, J = 7.0 Hz, 

2H), 1.61 (quint, J = 7.0 Hz, 2H), 1.43 (s, 9H), 1.41 (s, 9H); 13C NMR (75 MHz, CDCl3) δ (isomeric 

ratio 45:55) 205.47, 204.50, 155.93, 155.84, 152.38, 150.94, 138.94, 138.77, 137.99, 137.94, 133.86, 

132.88, 129.86, 129.32, 129.10, 129.06, 128.80, 128.62, 128.38, 128.31, 128.04, 127.69, 126.44, 

125.48, 118.66, 118.53, 115.60, 115.36, 79.03, 52.11, 48.54, 40.20, 39.98, 39.46, 28.26, 28.24, 23.82, 

23.77, 21.21, 21.06; IR (UATR) νmax 3372, 2977, 2212, 1705, 1605, 1509, 1445, 1392, 1366, 1269, 

1250, 1166, 1042, 1000, 859, 784, 765, 700 cm1; HRMS (ESI+) calcd for C26H30N2Na1O3 (M+Na)+ 

441.2149, found 441.2149. 

tert-Butyl (7-cyano-7-(3-methoxyphenyl)-4-oxo-6-phenylhept-6-en-1-yl)carbamate (3k) 

 

89% yield, yellow oil. 1H NMR (300 MHz, CDCl3) δ (isomeric ratio 50:50) 7.527.38 (m, 5H), 7.33 

(dd, J = 9.0, 7.6 Hz, 1H), 7.267.20 (m, 3H), 7.137.05 (m, 3H), 7.006.90 (m, 3H), 6.806.71 (m, 

2H), 6.62 (dd, J = 2.2, 1.9 Hz, 1H), 4.68 (br s, 1H), 4.58 (br s, 1H), 4.04 (s, 2H), 3.81 (s, 3H), 3.69 

(s, 2H), 3.55 (s, 3H), 3.08 (br q, J = 6.4 Hz, 2H), 2.96 (br q, J = 6.5 Hz, 2H), 2.57 (t, J = 7.1 Hz, 2H), 

2.29 (t, J = 7.1 Hz, 2H), 1.76 (quint, J = 7.0 Hz, 2H), 1.60 (quint, J = 7.0 Hz, 2H), 1.43 (s, 9H), 1.41 

(s, 9H); 13C NMR (75 MHz, CDCl3) δ (isomeric ratio 50:50) 205.54, 204.49, 159.81, 159.16, 155.97, 

155.89, 152.73, 151.37, 138.85, 138.02, 135.14, 134.13, 130.06, 129.44, 129.32, 128.74, 128.68, 

128.53, 128.25, 127.71, 121.77, 120.71, 118.49, 118.40, 114.96, 114.89, 114.21, 113.88, 79.11, 

55.27, 54.95, 52.16, 48.63, 40.25, 40.05, 39.52, 39.44, 28.28, 28.63, 23.85, 23.72; IR (UATR) νmax 

3385, 2976, 2212, 1708, 1599, 1580, 1513, 1489, 1445, 1392, 1366, 1287, 1252, 1167, 1041, 995, 

857, 782, 699 cm1; HRMS (ESI+) calcd for C26H30N2Na1O4 (M+Na)+ 457.2098, found 457.2103 
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tert-Butyl (7-(4-bromophenyl)-7-cyano-4-oxo-6-phenylhept-6-en-1-yl)carbamate (3m) 

 

91% yield, yellow oil. 1H NMR (300 MHz, CDCl3) δ (isomeric ratio 54:46) 7.56 (d, J =8.4 Hz, 2H), 

7.507.39 (m, 5H), 7.347.21 (m, 7H), 7.087.02 (m, 2H), 7.00 (d, J = 8.6 Hz, 2H), 4.68 (br s, 1H), 

4.56 (br s, 1H), 4.03 (s, 2H), 3.67 (s, 2H), 3.08 (br q, J = 6.4 Hz, 2H), 2.97 (br q, J = 6.4 Hz, 2H), 

2.57 (t, J = 7.1 Hz, 2H), 2.31 (t, J = 7.1 Hz, 2H), 1.76 (quint, J = 7.0 Hz, 2H), 1.60 (quint, J = 7.0 Hz, 

2H), 1.43 (s, 9H), 1.41 (s, 9H); 13C NMR (75 MHz, CDCl3) δ (isomeric ratio 54:46) 205.27, 204.23, 

155.96, 155.91, 153.16, 152.05, 138.64, 137.56, 132.79, 132.19, 132.01, 131.51, 130.88, 130.20, 

129.58, 128.97, 128.72, 128.67, 128.21, 127.62, 123.52, 122.65, 118.14, 118.08, 114.43, 114.35, 

79.10, 52.16, 48.50, 40.37, 40.11, 39.49, 39.36, 28.28, 28.26, 23.86, 23.78; IR (UATR) νmax 3372, 

2976, 2213, 1698, 1587, 1511, 1487, 1444, 1393, 1366, 1268, 1250, 1166, 1073, 1011, 828, 765, 699 

cm1; HRMS (ESI+) calcd for C25H27Br1N2Na1O3 (M+Na)+ 505.1097, found 505.1098. 

tert-Butyl (7-cyano-4-oxo-6-phenyl-7-(p-tolyl)hept-6-en-1-yl)carbamate (3n) 

 

81% yield, yellow oil. 1H NMR (300 MHz, CDCl3) δ (isomeric ratio 45:55) 7.48 (dd, J = 8.0, 1.9 Hz, 

2H), 7.467.37 (m, 4H), 7.28 (d, J = 8.2 Hz, 2H), 7.257.18 (m, 5H), 7.087.03 (m, 1H), 7.02 (d, J 

= 8.4 Hz, 2H), 6.96 (d, J = 8.4 Hz, 2H), 4.72 (br s, 1H), 4.60 (br s, 1H), 4.02 (s, 2H), 3.68 (s, 2H), 

3.07 (br q, J = 6.4 Hz, 2H), 2.95 (br q, J = 6.4 Hz, 2H), 2.56 (t, J = 7.1 Hz, 2H), 2.37 (s, 3H), 2.28 (t, 

J = 7.1 Hz, 2H), 2.24 (s, 3H), 1.74 (quint, J = 7.0 Hz, 2H), 1.59 (quint, J = 7.0 Hz, 2H), 1.42 (s, 9H), 

1.41 (s, 9H); 13C NMR (75 MHz, CDCl3) δ (isomeric ratio 45:55) 205.52, 204.54, 155.87, 155.81, 

152.08, 150.35, 139.09, 138.93, 138.29, 137.94, 130.96, 130.00, 129.53, 129.21, 129.07, 128.88, 

128.53, 128.39, 128.26, 128.25, 127.63, 118.64, 118.55, 115.18, 78.91, 52.07, 48.45, 40.12, 39.91, 

39.42, 39.36, 28.19, 28.17, 23.73, 23.63, 21.07, 20.97; IR (UATR) νmax 3376, 2977, 2212, 1706, 1607, 

1510, 1444, 1392, 1366, 1268, 1250, 1166, 1042, 858, 820, 765, 735, 699 cm1; HRMS (ESI+) calcd 

for C26H30N2Na1O3 (M+Na)+ 441.2149, found 441.2150. 
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tert-Butyl (7-cyano-7-(4-methoxyphenyl)-4-oxo-6-phenylhept-6-en-1-yl)carbamate (3o) 

 

85% yield, yellow oil. 1H NMR (300 MHz, CDCl3) δ (isomeric ratio 60:40) 7.507.38 (m, 7H), 7.33 

(d, J = 8.8 Hz, 2H), 7.267.20 (m, 2H), 7.117.03 (m, 1H), 7.06 (d, J = 8.8 Hz, 2H), 6.94 (d, J = 8.8 

Hz, 2H), 6.70 (d, J = 8.8 Hz, 2H), 4.63 (br s, 1H), 4.52 (br s, 1H), 4.01 (s, 2H), 3.83 (s, 3H), 3.74 (s, 

3H), 3.70 (s, 2H), 3.08 (br q, J = 6.4 Hz, 2H), 2.97 (br q, J = 6.4 Hz, 2H), 2.57 (t, J = 7.1 Hz, 2H), 

2.30 (t, J = 7.1 Hz, 2H), 1.75 (quint, J = 7.0 Hz, 2H), 1.61 (quint, J = 7.0 Hz, 2H), 1.43 (s, 9H), 1.41 

(s, 9H); 13C NMR (75 MHz, CDCl3) δ (isomeric ratio 60:40) 205.65, 204.67, 160.04, 159.36, 155.91, 

155.85, 151.65, 149.48, 139.02, 138.06, 130.59, 129.81, 129.23, 128.58, 128.53, 128.48, 128.28, 

127.68, 126.10, 125.20, 118.72, 118.66, 114.99, 114.26, 113.63, 78.99, 55.20, 55.04, 52.09, 48.52, 

40.26, 39.93, 39.42, 28.23, 28.21, 23.78, 23.70; IR (UATR) νmax 3387, 2976, 2213, 1710, 1607, 1511, 

1444, 1366, 1290, 1252, 1176, 1031, 836, 767, 700 cm1; HRMS (ESI+) calcd for C26H30N2Na1O4 

(M+Na)+ 457.2098, found 457.2096. 

tert-Butyl (7-cyano-7-(2,4-dichlorophenyl)-4-oxo-6-phenylhept-6-en-1-yl)carbamate (3r) 

 

92% yield, yellow oil. 1H NMR (300 MHz, CDCl3) δ (isomeric ratio 51:49) 7.557.49 (m, 3H), 

7.477.41 (m, 3H), 7.38 (d, J = 2.0 Hz, 1H), 7.357.32 (m, 2H), 7.227.15 (m, 3H), 7.03 (dd, J = 

8.3, 2.0 Hz, 1H), 7.016.96 (m, 1H), 6.98 (dd, J = 7.0, 1.6 Hz, 1H), 6.92 (d, J = 8.3 Hz, 1H), 4.72 (br 

s, 1H), 4.57 (br s, 1H), 4.06 (s, 2H), 3.63 (br d, J = 16.2 Hz, 1H), 3.40 (br d, J = 16.2 Hz, 1H), 3.10 

(br q, J = 6.3 Hz, 2H), 2.94 (br q, J = 6.4 Hz, 2H), 2.62 (t, J = 7.1 Hz, 2H), 2.25 (t, J = 7.1 Hz, 2H), 

1.78 (quint, J = 7.0 Hz, 2H), 1.56 (quint, J = 6.9 Hz, 2H), 1.43 (s, 9H), 1.40 (s, 9H); 13C NMR (75 

MHz, CDCl3) δ (isomeric ratio 51:49) 204.39, 204.11, 155.98, 155.88, 155.43, 155.25, 137.80, 

136.98, 136.18, 135.37, 134.67, 134.43, 132.90, 131.95, 131.00, 130.76, 129.96, 129.77, 129.55, 

129.09, 128.69, 128.36, 127.82, 127.71, 127.61, 127.36, 116.67, 116.63, 112.09, 111.26, 79.10, 

51.09, 48.38, 40.12, 39.97, 39.47, 39.29, 28.26, 28.23, 23.82, 23.73; IR (UATR) νmax 3367, 2977,  

2215, 1706, 1512, 1431, 1392, 1366, 1250, 1167, 1093, 1014, 834, 782, 734, 700 cm1; HRMS (ESI+) 

calcd for C25H26Cl2N2Na1O3 (M+Na)+ 495.1213, found 495.1215. 
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tert-Butyl (7-cyano-7-(3,4-dichlorophenyl)-4-oxo-6-phenylhept-6-en-1-yl)carbamate (3s) 

 

89% yield, yellow oil. 1H NMR (300 MHz, CDCl3) δ (isomeric ratio 59:41) 7.54 (d, J = 2.2 Hz, 1H), 

7.52 (d, J = 8.4 Hz, 1H), 7.497.41 (m, 4H), 7.327.25 (m, 5H), 7.23 (d, J = 8.4 Hz, 2H), 7.087.03 

(m, 2H), 6.92 (dd, J = 8.4, 2.2 Hz, 1H), 4.66 (br s, 1H), 4.55 (br s, 1H), 4.04 (s, 2H), 3.68 (s, 2H), 

3.09 (br q, J = 6.5 Hz, 2H), 2.99 (br q, J = 6.5 Hz, 2H), 2.58 (t, J = 7.1 Hz, 2H), 2.33 (t, J = 7.1 Hz, 

2H), 1.77 (quint, J = 7.0 Hz, 2H), 1.63 (quint, J = 6.9 Hz, 2H), 1.43 (s, 9H), 1.40 (s, 9H); 13C NMR 

(75 MHz, CDCl3) δ (isomeric ratio 59:41) 205.19, 204.05, 156.00, 155.95, 154.11, 153.28, 138.42, 

137.26, 133.69, 133.21, 133.00, 132.69, 132.60, 131.09, 131.04, 130.49, 130.24, 129.79, 129.27, 

128.82, 128.81, 128.64, 128.12, 127.98, 127.60, 117.81, 113.30, 113.23, 79.16, 52.17, 48.60, 40.44, 

40.19, 39.50, 39.33, 28.29, 28.26, 23.91; IR (UATR) νmax 3374, 2977, 2216, 1705, 1510, 1470, 1366, 

1250, 1167, 1032, 884, 824, 765, 700 cm1; HRMS (ESI+) calcd for C25H26Cl2N2Na1O3 (M+Na)+ 

495.1213, found 495.1216. 

tert-Butyl (7-cyano-7-(2,6-dichlorophenyl)-4-oxo-6-phenylhept-6-en-1-yl)carbamate (3t) 

 

92% yield, yellow oil. 1H NMR (300 MHz, CDCl3) δ (isomeric ratio 35:65) 7.627.56 (m, 2H), 

7.527.42 (m, 7H), 7.34 (dd, J = 9.0, 7.0 Hz, 1H), 7.287.12 (m, 5H), 7.117.05 (m, 1H), 4.64 (br s, 

1H), 4.46 (br s, 1H), 4.10 (s, 2H), 3.49 (s, 2H), 3.08 (br q, J = 6.5 Hz, 2H), 2.89 (br q, J = 6.5 Hz, 

2H), 2.63 (t, J = 7.1 Hz, 2H), 2.20 (t, J = 7.1 Hz, 2H), 1.76 (quint, J = 7.0 Hz, 2H), 1.50 (quint, J = 

7.0 Hz, 2H), 1.43 (s, 9H), 1.40 (s, 9H); 13C NMR (75 MHz, CDCl3) δ (isomeric ratio 35:65) 203.79, 

203.60, 156.38, 156.35, 155.94, 155.82, 137.42, 136.87, 135.52, 135.43, 131.25, 131.02, 130.87, 

130.69, 129.99, 129.24, 128.76, 128.59, 128.09, 127.76, 126.96, 116.23, 116.15, 110.00, 109.47, 

79.08, 51.21, 48.11, 39.94, 39.89, 39.56, 39.37, 28.29, 28.27, 23.72, 23.53; IR (UATR) νmax 3367, 

2977, 2215, 1705, 1511, 1430, 1366, 1250, 1167, 1040, 862, 781, 733, 700 cm1; HRMS (ESI+) calcd 

for C25H26Cl2N2Na1O3 (M+Na)+ 495.1213, found 495.1219. 
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tert-Butyl (7-cyano-4-oxo-6-phenyl-7-(3,4,5-trimethoxyphenyl)hept-6-en-1-yl)carbamate (3v) 

 

79% yield, yellow oil. 1H NMR (300 MHz, CDCl3) δ (isomeric ratio 56:44) 7.517.40 (m, 4H), 

7.307.23 (m, 4H), 7.137.08 (m, 2H), 6.68 (s, 2H), 6.34 (s, 2H), 4.63 (br s, 1H), 4.51 (br s, 1H), 

4.03 (s, 2H), 3.88 (s, 3H), 3.86 (s, 6H), 3.79 (s, 3H), 3.72 (s, 2H), 3.57 (s, 6H), 3.10 (br q, J = 6.5 Hz, 

2H), 2.97 (br q, J = 6.5 Hz, 2H), 2.59 (t, J = 7.2 Hz, 2H), 2.32 (t, J = 7.2 Hz, 2H), 1.77 (quint, J = 7.0 

Hz, 2H), 1.60 (quint, J = 7.0 Hz, 2H), 1.43 (s, 9H), 1.40 (s, 9H); 13C NMR (75 MHz, CDCl3) δ 

(isomeric ratio 56:44) 205.90, 204.52, 155.97, 153.44, 152.74, 152.33, 150.70, 138.76, 138.63, 

138.42, 138.07, 129.54, 129.24, 128.78, 128.69, 128.15, 127.99, 127.72, 118.44, 118.42, 115.59, 

115.49, 106.75, 105.76, 79.21, 60.83, 60.78, 56.17, 55.78, 52.26, 48.82, 40.70, 40.13, 39.57, 39.46, 

28.31, 28.28, 23.90; IR (UATR) νmax 3393, 2937, 2213, 1709, 1592, 1513, 1456, 1425, 1366, 1251, 

1206, 1156, 1062, 1037, 927, 841, 766, 698 cm1; HRMS (ESI+) calcd for C28H34N2Na1O6 (M+Na)+ 

517.2315, found 517.2318. 

1.2 References 

1. S. Ruchirawat and W. Disadee, Org. Chem. Front., 2017, 4, 2026; 

2. W. Disadee and S. Ruchirawat, J. Org. Chem., 2020, 85, 1802. 

1.3 Copies of 1H and 13C NMR spectra for all new compounds 
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