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Experimental Procedures 
General： 

Melting points are uncorrected. NMR experiments were performed at 500 MHz or 400 MHz 

(Bruker Avance DMX 500 and 400 instruments) with internal standard TMS (1H NMR) and the 

solvent signal (13C NMR). GC-MS analyses were performed on a HP-5973 spectrometer. 
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General experimental Procedure for 1 and 3a-k: 

A mixture of DMAD (2 mmol) and phenylacetyl chloride (2 mmol) in DCM (3 ml) was added 

dropwise to the solution of 1-methylimidazole (2 mmol) and i-Pr2NEt (3 mmol) in dry DCM (5 ml) 

under a nitrogen atmosphere at -10 oC, and the resulting solution was stirred for 6 h. Afterward, the 

reaction solution was allowed to warm to r.t, and water (2 mmol) was added. After additional 2 days at 

this temperature, the solvent was then removed under vacuum, and the residue was chromatographed 

on a silica gel column with a hexane-ethyl acetate mixture (7:1) to afford dimethyl 2-arylidene- 

succinates (E)-3a, and (Z)-3a. 
 

RCH2COCl+

CO2Me
R

CO2Me
CO2Me

2a-k 3a-k

(2)
H

(Z) and (E)

1) 1-methylimidazole,
i-Pr2NEt, -10 oC 
2) H2O, rt

CO2Me

 
 

Isotopic Labeling Experiment (Compound 4) 

A mixture of DMAD (2 mmol) and phenylacetyl chloride (2 mmol) in DCM (3 ml) was added 

dropwise to the solution of 1-methylimidazole (2 mmol) and i-Pr2NEt (3 mmol) in dry DCM (5 ml) 

under a nitrogen atmosphere at -10 oC, and the resulting solution was stirred for 6 h. Afterward, the 

reaction solution was allowed to warm to r.t, and D2O (2 mmol) was added. After additional 2 days at 

this temperature, the solvent was then removed under vacuum, and the residue was chromatographed 

on a silica gel column with a hexane-ethyl acetate mixture (7:1) to afford compound (Z)-4. 
 
 

Characterization Data: 
Compound 1 

CO2Me

CO2MeO2N
1  

1: Pale yellow crystal, yield: 363 mg, 65%, m.p. 111-112 0C. IR (KBr): νmax 2954, 1736, 1716, 1637, 

1517, 1436, 1348, 1295, 1207, 853 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 8.26 (d, 2H, J=8.5Hz), 

7.92 (s, 1H), 7.52 (d, 2H, J=8.5Hz), 3.86 (s, 3H), 3.76 (s, 3H), 3.49 (s, 2H); 13C NMR (125MHz, 

CDCl3, TMS) δ 171.2, 167.2, 148.0, 141.6, 139.8, 129.9, 129.2, 124.1, 52.8, 52.7, 33.7; MS (EI) m/z: 

279 (M+), 247 [(M-32)+], 130 [(M-149)+], 115 [(M-164)+], 59 [(M-220)+]. 
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Compound 3a (GC-MS: (Z)-3a, Rt = 6.19 min; (E)-3a, Rt = 6.42 min) 

CO2Me
CO2Me

CO2Me

CO2Me

(Z)-3a                                         (E)-3a
 

(Z)-3a: Colorless oil, yield: 214 mg, 46%. IR (Neat): νmax 2953, 1743, 1716, 1637, 1494, 1462, 1436, 

1377, 1342, 1259, 1125, 693 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 7.32-7.28 (m, 5H), 6.89 (s, 

1H), 3.72 (s, 3H), 3.65 (s, 3H), 3.48 (s, 2H); 13C NMR (125MHz, CDCl3, TMS) δ 171.4, 168.4, 139.7, 

135.7, 128.8, 128.5, 128.2, 126.5, 52.4, 52.0, 40.9; MS (EI) m/z: 234 (M+), 202 [(M-32)+], 174 

[(M-60)+], 115 [(M-119)+]. 

(E)-3a: Colorless oil, yield: 57 mg, 12%. IR (Neat): νmax 2952, 1740, 1713, 1640, 1494, 1436, 1374, 

1270, 1203, 703 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ7.91 (s, 1H), 7.41-7.33 (m, 5H), 3.83 (s, 

3H), 3.74 (s, 3H), 3.55 (s, 2H); 13C NMR (125MHz, CDCl3, TMS) δ 171.9, 168.1, 142.4, 135.1, 129.3, 

129.2, 128.9, 126.1, 52.6, 52.4, 33.7; MS (EI) m/z: 234 (M+), 202 [(M-32)+], 174 [(M-60)+], 115 

[(M-119)+]. 

 
 
Coumpound (Z)-4 

CO2Me
CO2Me

D D

(Z)-4  

(Z)-4: Colorless oil, yield: 208 mg, 44%.  
1H NMR(500MHz, CDCl3, TMS) δ 7.32-7.28 (m, 5H), 6.89 (s, 1H), 3.72 (s, 3H), 3.65 (s, 3H). 
 
 
Compound 3b (GC-MS: (Z)-3b, Rt = 5.97 min; (E)-3b, Rt = 6.10 min) 

CO2Me
CO2Me

Cl

CO2Me

Cl CO2Me

(Z)-3b                                           (E)-3b  

(Z)-3b: Colorless oil, yield: 242 mg, 45%. IR (Neat): νmax 2952, 1738, 1720, 1641, 1490, 1436, 1343, 

1208, 806 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 7.29 (d, J=8.5Hz, 2H), 7.23 (d, J=8.5Hz, 2H), 

6.83 (s, 1H), 3.72 (s, 3H), 3.66 (s, 3H), 3.47 (s, 2H); 13C NMR (100MHz, CDCl3, TMS) δ 171.1, 

167.8, 138.6, 134.3, 134.0, 130.0, 128.3, 127.1, 52.2, 51.9, 40.6; MS (EI) m/z: 268 (M+), 236 

[(M-32)+], 208 [(M-60)+], 149 [(M-119)+], 115 [(M-153)+]. 
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(E)-3b: Colorless oil, yield: 37 mg, 7%. IR (Neat): νmax 2953, 1740, 1716, 1642, 1491, 1436, 1330, 

1282, 1202, 843 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 7.85 (s, 1H), 7.37 (d, J=8.5Hz, 2H), 7.28 

(d, J=8.5Hz, 2H), 3.83 (s, 3H), 3.74 (s, 3H), 3.51 (s, 2H); 13C NMR (100MHz, CDCl3, TMS) δ 171.8, 

168.0, 141.1, 135.3, 133.6, 130.6, 129.2, 126.8, 52.7, 52.5, 33.7; MS (EI) m/z: 268 (M+), 236 

[(M-32)+], 208 [(M-60)+], 149 [(M-119)+], 115 [(M-153)+]. 

 
 
Compound 3c (GC-MS: (Z)-3c, Rt = 8.79 min; (E)-3c, Rt = 9.05 min) 

CO2Me
CO2Me

Cl
CO2Me

CO2Me

Cl

(Z)-3c                                        (E)-3c  

(Z)-3c: Colorless oil, yield: 140 mg, 26%. IR (Neat): νmax 2952, 1738, 1716, 1646, 1435, 1212, 1055, 

756 cm-1; 1H NMR (400MHz, CDCl3, TMS) δ7.37 (d, J=7.2Hz, 1H), 7.26-7.21 (m, 3H), 6.99 (s, 1H), 

3.74 (s, 3H), 3.59 (s, 3H), 3.52 (s, 2H); 13C NMR (100MHz, CDCl3, TMS) δ171.1, 167.4, 137.5, 

134.7, 133.0, 130.2, 129.5, 129.2, 128.3, 126.2, 52.2, 51.8, 40.1; MS (EI) m/z: 233 [(M-35)+], 149 

[(M-119)+], 115 [(M-153)+], 59 [(M-209)+]. 

(E)-3c: Colorless oil, yield: 64 mg, 12%. IR (Neat): νmax 2922, 1740, 1716, 1646, 1469, 1437, 1330, 

1290, 1204, 771 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 7.95 (s, 1H), 7.43 (d, J=7.5Hz, 1H), 

7.32-7.30 (m, 3H), 3.85 (s, 3H), 3.73 (s, 3H), 3.42 (s, 2H); 13C NMR (125MHz, CDCl3, TMS) δ 171.7, 

167.5, 139.6, 134.3, 133.8, 130.4, 130.2, 129.9, 127.9, 127.1, 52.7, 52.5, 33.9; MS (EI) m/z: 233 

[(M-35)+], 149 [(M-119)+], 115 [(M-153)+], 59 [(M-209)+]. 

 

 

Compound 3d (GC-MS: (Z)-3d, Rt = 9.04 min; (E)-3d, Rt = 9.14 min) 

(Z)-3d                                           (E)-3d

CO2Me
CO2Me

Cl CO2Me

CO2Me

Cl

 

(Z)-3d: Colorless oil, yield: 200 mg, 37%. IR (Neat): νmax 2952, 1736, 1718, 1643, 1566, 1437, 1342, 

1284, 1208, 785 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 7.25-7.23 (m, 3H), 7.13 (d, J=6.1Hz, 1H), 

6.80 (s, 1H), 3.70 (s, 3H), 3.63 (s, 3H), 3.45 (s, 2H); 13C NMR (100MHz, CDCl3, TMS) δ 171.0, 

167.7, 138.1, 137.3, 134.0, 129.3, 128.6, 128.3, 127.9, 126.7, 52.2, 51.9, 40.5; MS (EI) m/z: 268 (M+), 

236 [(M-32)+], 208 [(M-60)+], 149 [(M-119)+], 129 [(M-139)+], 115 [(M-153)+], 59 [(M-209)+]. 
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(E)-3d: Colorless oil, yield: 47 mg, 9%. IR (Neat): νmax 2953, 1732, 1716, 1644, 1566, 1436, 1330, 

1284, 1204, 790 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 7.83 (s, 1H), 7.33 (d, J=4.5Hz, 3H), 

7.23-7.22 (m, 1H, Ar), 3.83 (s, 3H), 3.74 (s, 3H), 3.51 (s, 2H); 13C NMR (100MHz, CDCl3, TMS) δ 

171.3, 167.5, 140.6, 136.8, 134.7, 130.0, 129.0, 128.9, 127.3, 127.0, 52.5, 52.3, 33.5; MS (EI) m/z: 

268 (M+), 236 [(M-32)+], 208 [(M-60)+], 149 [(M-119)+], 129 [(M-139)+], 115 [(M-153)+], 59 

[(M-209)+]. 

 
 
Compound 3e (GC-MS: (Z)-3e, Rt = 9.58 min; (E)-3e, Rt = 10.31 min) 

(Z)-3e                                        (E)-3e

CO2Me
CO2Me

CO2Me

CO2Me

 

(Z)-3e: Colorless oil, yield: 187 mg, 33%. IR (Neat): νmax 2951, 1737, 1712, 1643, 1507, 1435, 1341, 

1212, 779 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 7.92 (d, J=9.0Hz, 1H), 7.85 (d, J=9.0Hz, 1H), 

7.80 (d, J=8.5Hz, 1H), 7.51-7.48 (m, 2H), 7.44-7.34 (m, 3H), 3.77 (s, 3H), 3.61 (s, 2H), 3.41 (s, 3H); 
13C NMR (125MHz, CDCl3, TMS) δ 171.6, 167.8, 139.4, 134.0, 133.5, 131.3, 129.0, 128.7, 128.6, 

126.5, 126.2, 126.0, 125.3, 124.8, 52.4, 51.8, 40.3; MS (EI) m/z: 284 (M+), 224 [(M-60)+], 210 

[(M-74)+], 165 [(M-119)+]. 

(E)-3e: Colorless oil, yield: 125 mg, 22%. IR (Neat): νmax 2951, 1740, 1716, 1643, 1508, 1436, 1329, 

1282, 1200, 806 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 8.41 (s, 1H), 7.93-7.87 (m, 3H), 7.55-7.53 

(m, 2H), 7.50-7.41 (m, 2H), 3.90 (s, 3H), 3.71 (s, 3H), 3.45 (s, 2H); 13C NMR (125MHz, CDCl3, 

TMS) δ 171.9, 167.7, 141.1, 133.6, 132.5, 131.6, 129.5, 128.8, 128.3, 126.8, 126.6, 126.5, 125.5, 

124.8, 52.6, 52.3, 34.0; MS (EI) m/z: 284 (M+), 224 [(M-60)+], 210 [(M-74)+], 165 [(M-119)+]. 

 

 

Compound 3f (GC-MS: (Z)-3f, Rt = 4.57 min; (E)-3f, Rt = 4.69 min) 

(Z)-3f                                        (E)-3f

CO2Me
CO2Me

F

CO2Me

CO2MeF

 

(Z)-3f: Colorless oil, yield: 210 mg, 42%. IR (Neat): νmax 2954, 1739, 1716, 1602, 1509, 1437, 1343, 

1270, 1223, 845 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 7.31-7.28 (m, 2H), 7.01 (t, J=8.5Hz, 2H), 

6.84 (s, 1H), 3.72 (s, 3H), 3.66 (s, 3H), 3.47 (s, 2H); 13C NMR (125MHz, CDCl3, TMS) δ 171.3, 
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168.0, 163.8, 161.8, 139.0, 131.7, 130.8, 126.5, 115.3, 115.2, 52.3, 52.0, 40.8; MS (EI) m/z: 252 (M+), 

220 [(M-32)+], 192 [(M-60)+], 133 [(M-119)+]. 

(E)-3f: Colorless oil, yield: 56 mg, 11%. IR (Neat): νmax 2954, 1740, 1712, 1601, 1509, 1437, 1331, 

1269, 1227, 845 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 7.86 (s, 1H), 7.36-7.33 (m, 2H), 7.10 (t, 

J=8.5Hz, 2H), 3.84 (s, 3H), 3.74 (s, 3H), 3.52 (s, 2H); 13C NMR (125MHz, CDCl3, TMS) δ 171.8, 

167.9, 164.2, 162.2, 141.3, 131.3, 131.2, 126.0, 116.1, 116.0, 52.6, 52.5, 33.6; MS (EI) m/z: 252 (M+), 

220 [(M-32)+], 192 [(M-60)+], 133 [(M-119)+]. 
 
 
Compound 3g (GC-MS: (Z)-3g, Rt = 7.90 min; (E)-3g, Rt = 8.03 min) 

(Z)-3g                                         (E)-3g

CO2Me
CO2Me

F
CO2Me

CO2Me

F

 
(Z)-3g: Colorless oil, yield: 149 mg, 30%. IR (Neat): νmax 2954, 1740, 1716, 1612, 1489, 1437, 1344, 

1272, 1209, 760 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 7.30-7.26 (m, 2H), 7.11-7.02 (m, 2H), 

6.85 (s, 1H), 3.72 (s, 3H), 3.64 (s, 3H), 3.51 (s, 2H); 13C NMR (125MHz, CDCl3, TMS) δ 171.2, 

167.7, 161.1, 159.1, 132.9, 130.5, 130.3, 129.0, 123.8, 115.5, 52.4, 52.0, 40.6; MS (EI) m/z: 252 (M+), 

220 [(M-32+)], 192 [(M-60)+], 133 [(M-119)+]. 

(E)-3g: Colorless oil, yield: 58 mg, 11%. IR (Neat): νmax 2954, 1740, 1716, 1647, 1486, 1436, 1331, 

1273, 1201, 760 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 7.89 (s, 1H), 7.37-7.31 (m, 2H), 7.18-7.09 

(m, 2H), 3.84 (s, 3H), 3.73 (s, 3H), 3.48 (s, 2H); 13C NMR (125MHz, CDCl3, TMS) δ 171.6, 167.5, 

161.5, 159.5, 135.3, 131.1, 130.3, 128.3, 124.4, 116.1, 52.6, 52.4, 34.0; MS (EI) m/z: 252 (M+), 220 

[(M-32)+], 192 [(M-60)+], 133 [(M-119)+]. 

 

 

Compound 3h (GC-MS: (Z)-3h, Rt = 6.62 min; (E)-3h, Rt = 6.86 min) 

CO2Me
CO2Me

Cl

Cl
CO2Me

CO2MeCl

Cl

(Z)-3h                                         (E)-3h
 

(Z)-3h: Colorless oil, yield: 275 mg, 45%. IR (Neat): νmax 2953, 1740, 1716, 1585, 1470, 1436, 1343, 

1262, 1221, 766 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 7.39 (d, J=2.0Hz, 1H), 7.22-7.18 (m, 2H), 

6.90 (s, 1H), 3.73 (s, 3H), 3.60 (s, 3H), 3.50 (s, 2H); 13C NMR (125MHz, CDCl3, TMS) δ 171.1, 

167.1, 136.7, 134.8, 133.9, 123.4, 131.2, 129.2, 129.1, 126.8, 52.4, 52.1, 40.2; MS (EI) m/z: 267 

6



[(M-35)+], 183 [(M-119)+], 149 [(M-153)+], 59 [(M-243)+]. 

(E)-3h: Colorless oil, yield: 106 mg, 18%. IR (Neat): νmax 2954, 1738, 1717, 1585, 1470, 1436, 1330, 

1285, 1205, 766 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 7.87 (s, 1H), 7.45 (d, J=1.5Hz, 1H), 

7.30-7.26 (m, 2H), 3.85 (s, 3H), 3.73 (s, 3H), 3.39 (s, 2H); 13C NMR (125MHz, CDCl3, TMS) δ 171.5, 

167.3, 138.5, 135.7, 135.1, 132.3, 130.9, 129.9, 128.5, 127.5, 52.7, 52.5, 33.9; MS (EI) m/z: 267 

[(M-35)+], 183 [(M-119)+], 149 [(M-153)+], 59 [(M-243)+]. 

 
 
Compound 3i (GC-MS: (Z)-3i, Rt = 7.52 min; (E)-3i, Rt = 7.61 min) 

CO2Me
CO2Me

Cl

Cl CO2Me

CO2MeCl

Cl

(Z)-3i                                         (E)-3i
 

(Z)-3i: Waxy solid, yield: 279 mg, 46%. IR (Neat): νmax 2953, 1738, 1716, 1640, 1470, 1436, 1330, 

1263, 1205, 818 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 7.38 (d, J=2.0Hz, 1H), 7.37(s, 1H), 

7.13-7.11 (m, 1H), 6.77 (s, 1H), 3.71 (s, 3H), 3.66 (s, 3H), 3.46 (s, 2H); 13C NMR (125MHz, CDCl3, 

TMS) δ 171.0, 167.5, 137.4, 135.6, 132.5, 132.4, 130.6, 130.2, 128.4, 128.1, 52.4, 52.2, 40.7; MS (EI) 

m/z: 302 (M+), 270 [(M-32)+], 342 [(M-60)+], 183 [(M-119)+], 149 [(M-153)+], 59 [(M-243)+]. 

(E)-3i: Colorless oil, yield: 109 mg, 18%. IR (Neat): νmax 2953, 1732, 1716, 1644, 1472, 1436, 1330, 

1286, 1204, 824 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 7.79 (s, 1H), 7.49-7.45 (m, 2H), 7.21-7.19 

(m, 1H), 3.84 (s, 3H), 3.75 (s, 3H), 3.50 (s, 2H); 13C NMR (125MHz, CDCl3, TMS) δ 171.4, 167.5, 

139.8, 135.0, 131.7, 131.0, 130.9, 129.1, 128.3, 127.8, 52.7, 52.6, 33.6; MS (EI) m/z: 302 (M+), 270 

[(M-32)+], 342 [(M-60)+], 183 [(M-119)+], 149 [(M-153)+], 59 [(M-243)+]. 

 
 
Compound 3j (GC-MS: (Z)-3j, Rt = 5.43 min; (E)-3j, Rt = 5.61 min) 

CO2Me
CO2Me CO2Me

CO2Me

(Z)-3j                                           (E)-3j
 

(Z)-3j: Colorless oil, yield: 140 mg, 28%. IR (Neat): νmax 2952, 1740, 1713, 1610, 1512, 1436, 1342, 

1242, 1206, 810 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 7.19 (d, J=8.0Hz, 2H), 7.12 (d, J=8.0Hz, 

2H), 6.84 (s, 1H), 3.71 (s, 3H), 3.66 (s, 3H), 3.46 (s, 2H), 2.34 (s, 3H); 13C NMR (125MHz, CDCl3, 

TMS) δ 171.5, 168.5, 139.9, 138.6, 132.7, 129.0, 128.9, 125.6, 52.3, 51.9, 41.0, 21.5; MS (EI) m/z: 

248 (M+), 216 [(M-32)+], 188[(M-60)+], 129 [(M-119)+], 115 [(M-133)+]. 
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(E)-3j: Colorless oil, yield: 44 mg, 9%. IR (Neat): νmax 2952, 1740, 1712, 1640, 1512, 1436, 1330, 

1272, 1202, 813 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 7.88 (s, 1H), 7.26-7.21 (m, 4H), 3.83 (s, 

3H), 3.74 (s, 3H), 3.56 (s, 2H), 2.37 (s, 3H); 13C NMR (125MHz, CDCl3, TMS) δ 171.9, 168.2, 142.4, 

139.4, 132.2, 129.6, 129.3, 125.2, 52.5, 52.4, 33.7, 21.6; MS (EI) m/z: 248 (M+), 216 [(M-32)+], 

188[(M-60)+], 129 [(M-119)+], 115 [(M-133)+]. 

 
 
Compound 3k (GC-MS: (Z)-3k, Rt = 5.02 min; (E)-3k, Rt = 5.25 min) 

CO2Me
CO2Me

CO2Me

CO2Me

(Z)-3k                                         (E)-3k
 

(Z)-3k: Colorless oil, yield: 99 mg, 20%. IR (Neat): νmax 2952, 1740, 1713, 1643, 1486, 1342, 1248, 

1211, 750 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 7.22-7.20 (m, 2H), 7.19-7.14 (m, 2H), 7.01 (s, 

1H), 3.75 (s, 3H), 3.57 (s, 3H), 3.52 (s, 2H), 2.30 (s, 3H); 13C NMR (125MHz, CDCl3, TMS) δ 172.8, 

169.1, 141.7, 137.1, 137.0, 131.0, 129.5, 129.4, 128.5, 126.7, 53.5, 53.0, 41.5, 21.3; MS (EI) m/z: 248 

(M+), 216 [(M-32)+], 184[(M-64)+], 157 [(M-91)+], 129 [(M-119)+], 115 [(M-133)+]. 

(E)-3k: Colorless oil, yield: 75 mg, 15%. IR (Neat): νmax 2952, 1740, 1716, 1643, 1485, 1436, 1329, 

1269, 1120, 772 cm-1; 1H NMR (500MHz, CDCl3, TMS) δ 7.95 (s, 1H), 7.26-7.19 (m, 4H), 3.84 (s, 

3H), 3.71 (s, 3H), 3.40 (s, 2H), 2.29 (s, 3H); 13C NMR (125MHz, CDCl3, TMS) δ 171.9, 167.8, 142.0, 

137.1, 134.5, 130.4, 129.0, 128.4, 126.8, 126.1, 52.5, 52.3, 33.6, 20.1; MS (EI) m/z: 248 (M+), 216 

[(M-32)+], 184[(M-64)+], 157 [(M-91)+], 129 [(M-119)+], 115 [(M-133)+]. 
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