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General Remarks 
All reactions were conducted in oven-dried glassware with magnetic stirring. Dichloromethane 
was dried and freshly distilled from calcium hydride under nitrogen atmosphere. Chromatographic 
purification was performed on silica gel (100~200 mesh) and analytical thin layer chromatography 
(TLC) on silica gel 60-F254 (Qindao), which was detected by fluorescence. 1H NMR (300 MHz) 
and 13C NMR (75 MHz) spectra were measured with a Bruker AC 300 spectrometer using 
tetramethylsilane (TMS) as an internal standard. 1H NMR data are reported as follows: δ, 
chemical shift; coupling constants (J are given in Hertz, Hz) and integration. Abbreviations to 
denote the multiplicity of a particular signal were s (singlet), d (doublet), t (triplet), q (quartet), 
quint (quintet), sext (sextet), m (multiplet), and br (broad singlet). High resolution mass spectra 
were obtained with a Micromass GCT-TOF mass spectrometer. IR spectra were recorded as thin 
films or as solids in KBr pellets on a Perkin-Elmer FT210 spectrophotometer. Melting points were 
determined on a digital melting point apparatus and temperatures were uncorrected. 
 
General Procedure 
 
General procedure for the reaction of 1-(2-hydroxyphenyl)-3-aryl-1,3-diones 
with terminal alkynoates catalyzed by PPh3 (Tables 2 and 3) 
To a solution of 1-(2-hydroxyphenyl)-3-aryl-1,3-diones (0.3 mmol) and terminal 
alkynoates (0.33 mmol) in dry CH2Cl2 (2 mL) was added PPh3 (24 mg, 0.09 mmol). The mixture 
was stirred at room temperature for 12 h. Then the solvent was removed in vacuo and the residue 
was purified by column chromatography on silica gel (10:1 petroleum ether/EtOAc) to give the 
desired product. (The 5b and 5c were purified by column chromatography on silica gel (2:1-5:1 
dichloromethane/petroleum) to give the desired products.) 
 
 
General procedure for the reaction of 1-(2-hydroxyphenyl)-3-alkyl-1,3-diones 
with terminal alkynoates catalyzed by PPh3 (Table 4). 
To a solution of 1-(2-hydroxyphenyl)-3-alkyl-1,3-diones (0.3 mmol) with terminal 
alkynoates (0.33 mmol) in dry CH2Cl2 (2 mL) was added PPh3 (24 mg, 0.09 mmol) at 0 �. The 
resulting mixture was stirred at 0 � for 24 h. Then the solvent was removed in vacuo and the 
residue was purified by column chromatography on silica gel (10:1 petroleum ether/EtOAc) to 
give the desired product. 
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Benzoic acid 2-(3-ethoxycarbonyl-but-3-enoyl)-phenyl ester (3a) 

O O
O

O

O

 White solid. Mp: 79-81℃. 1H NMR (300 MHz, CDCl3), δ, ppm, 
8.20-8.17 (m, 2H), 7.89-7.86 (m, 1H), 7.63-7.47 (m, 4H), 7.39-7.34 (m, 1H), 7.26-7.23 (m, 
1H), 6.32 (s, 1H), 5.60 (d, J = 0.9 Hz, 1H), 4.16 (q, J = 7.2 Hz, 2H), 3.89 (s, 2H), 1.23 (t, J = 
7.2 Hz, 3H). 13C NMR (75 MHz, CDCl3), δ, ppm, 196.9, 166.2, 165.1, 149.1, 134.6, 133.8, 
133.2, 131.4, 130.4, 130.0, 129.3, 128.7, 126.2, 123.9, 61.0, 44.7, 14.1. IR (KBr) v 1735, 1719, 
1699, 1638 cm-1. HRMS (EI) calcd for C20H18O5 (M+): 338.1154; Found: 338.1152. 

 
4-Methoxy-benzoic acid 2-(3-ethoxycarbonyl-but-3-enoyl)-phenyl ester (3b) 

O O
O

O

O

OCH3

 White solid. Mp: 78-79℃. 1H NMR (300 MHz, CDCl3), δ, ppm, 8.16 
(d, J = 8.7 Hz, 2H), 7.87-7.85 (m, 1H), 7.58-7.53 (m, 1H), 7.37-7.32 (m, 1H), 7.26-7.22 (m, 
1H), 6.99 (d, J = 8.7 Hz, 2H), 6.32 (s, 1H), 5.59 (s, 1H), 4.16 (q, J = 7.2 Hz, 2H), 3.89 (s, 2H), 
3.87 (s, 3H), 1.23 (t, J = 7.2 Hz, 3H). 13C NMR (75 MHz, CDCl3), δ, ppm, 197.0, 166.2, 164.7, 
164.2, 149.3, 134.6, 133.1, 132.5, 131.5, 130.0, 128.6, 126.0, 123.9, 121.5, 114.0, 61.0, 55.6, 
44.9, 14.1. IR (KBr) v 1732, 1716, 1699, 1637 cm-1. HRMS (EI) calcd for C21H20O6 (M+): 
368.1260; Found: 368.1257. 

 
3,4-Dimethoxy-benzoic acid 2-(3-ethoxycarbonyl-but-3-enoyl)-phenyl ester (3c) 

O O
O

O

O

OCH3
OCH3

Pale yellow oil. 1H NMR (300 MHz, CDCl3), δ, ppm, 7.88-7.85 (m, 
2H), 7.67 (s, 1H), 7.59-7.54 (m, 1H), 7.38-7.33 (m, 1H), 7.26 (d, J = 8.1 Hz, 1H), 6.97 (d, J = 
8.4 Hz, 1H), 6.32 (s, 1H), 5.60 (s, 1H), 4.17 (q, J = 7.2 Hz, 2H), 3.96 (s, 3H), 3.95 (s, 3H), 
3.90 (s, 2H), 1.24 (t, J = 7.2 Hz, 3H). 13C NMR (75 MHz, CDCl3), δ, ppm, 196.9, 166.1, 164.6, 
153.8, 149.2, 148.8, 134.5, 133.1, 131.4, 129.9, 128.5, 126.0, 124.6, 123.8, 121.5, 112.5, 110.5, 
60.9, 56.1, 56.0, 44.8, 14.0. IR (neat) v 1725, 1691, 1638 cm-1. HRMS (EI) calcd for C22H22O7 
(M+): 398.1366; Found: 398.1358. 

 
 



Supplementary Material (ESI) for Chemical Communications 
This journal is © The Royal Society of Chemistry 2009 

 S4

4-Methyl-benzoic acid 2-(3-ethoxycarbonyl-but-3-enoyl)-phenyl ester (3d) 

O O
O

O

O

CH3

 White solid. Mp: 106-108℃. 1H NMR (300 MHz, CDCl3), δ, ppm, 
8.09 (d, J = 8.4 Hz, 2H), 7.87 (d, J = 7.8 Hz, 1H), 7.59-7.53 (m, 1H), 7.37-7.22 (m, 4H), 6.31 
(s, 1H), 5.58 (s, 1H), 4.16 (q, J = 7.2 Hz, 2H), 3.88 (s, 2H), 2.43 (s, 3H), 1.23 (t, J = 7.2 Hz, 
3H). 13C NMR (75 MHz, CDCl3), δ, ppm, 197.0, 166.2, 165.1, 149.2, 144.8, 134.6, 133.2, 
131.5, 130.4, 130.0, 129.5, 128.7, 126.5, 126.1, 123.9, 61.0, 44.9, 21.8, 14.1. IR (KBr) v 1734, 
1715, 1686, 1637 cm-1. HRMS (EI) calcd for C21H20O5 (M+): 352.1311; Found: 352.1317. 

 
4-Fluoro-benzoic acid 2-(3-ethoxycarbonyl-but-3-enoyl)-phenyl ester (3e) 

O O
O

O

O

F

 White solid. Mp: 84-86℃. 1H NMR (300 MHz, CDCl3), δ, ppm, 
8.23-8.18 (m, 2H), 7.90-7.87 (m, 1H), 7.60-7.55 (m, 1H), 7.40-7.35 (m, 1H), 7.26-7.14 (m, 
3H), 6.33 (s, 1H), 5.62 (d, J = 0.9 Hz, 1H), 4.17 (q, J = 7.2 Hz, 2H), 3.88 (s, 2H), 1.24 (t, J = 
7.2 Hz, 3H). 13C NMR (75 MHz, CDCl3), δ, ppm, 196.8, 168.0, 166.3, 164.7, 149.1, 134.6, 
133.3, 133.1, 131.2, 130.1, 128.8, 126.3, 125.7, 123.9, 116.1, 61.1, 44.6, 14.1. IR (KBr) v 1736, 
1716, 1689, 1638 cm-1. HRMS (EI) calcd for C20H17O5F(M+): 356.1060; Found: 356.1064. 

 
4-Chloro-benzoic acid 2-(3-ethoxycarbonyl-but-3-enoyl)-phenyl ester (3f) 

O O
O

O

O

Cl

 White solid. Mp: 110-112℃. 1H NMR (300 MHz, CDCl3), δ, ppm, 
8.13 (d, J = 8.1 Hz, 2H), 7.90 (d, J = 7.8 Hz, 1H), 7.60-7.55 (m, 1H), 7.49 (d, J = 8.1 Hz, 2H), 
7.40-7.35 (m, 1H), 7.25 (d, J = 8.1 Hz, 1H), 6.33 (s, 1H), 5.61 (s, 1H), 4.17 (q, J = 7.2 Hz, 2H), 
3.88 (s, 2H), 1.24 (t, J = 7.2 Hz, 3H). 13C NMR (75 MHz, CDCl3), δ, ppm, 196.8, 166.2, 164.4, 
149.0, 140.4, 134.5, 133.4, 131.8, 131.1, 130.1, 129.1, 128.8, 127.8, 126.4, 123.9, 61.1, 44.5, 
14.1. IR (KBr) v 1736, 1714, 1686, 1635 cm-1; HRMS (EI) calcd for C20H17O5

35Cl (M+): 
372.0765; Found: 372.0769. 

 
 



Supplementary Material (ESI) for Chemical Communications 
This journal is © The Royal Society of Chemistry 2009 

 S5

4-Bromo-benzoic acid 2-(3-ethoxycarbonyl-but-3-enoyl)-phenyl ester (3g) 

O O
O

O

O

Br

 White solid. Mp: 124-126℃. 1H NMR (300 MHz, CDCl3), δ, ppm, 
8.05 (d, J = 8.4 Hz, 2H), 7.90-7.88 (m, 1H), 7.66-7.56 (m, 3H), 7.40-7.35 (m, 1H), 7.25 (d, J = 
8.1 Hz, 1H), 6.33 (s, 1H), 5.62 (s, 1H), 4.17 (q, J = 7.2 Hz, 2H), 3.88 (s, 2H), 1.24 (t, J = 7.2 
Hz, 3H). 13C NMR (75 MHz, CDCl3), δ, ppm, 196.7, 166.2, 164.5, 149.0, 134.5, 133.4, 132.1, 
131.9, 131.1, 130.1, 129.1, 128.8, 128.3, 126.4, 123.9, 61.1, 44.5, 14.1. IR (KBr) v 1736, 1711, 
1686, 1636 cm-1. HRMS (EI) calcd for C20H17O5

79Br (M+): 416.0259; Found: 416.0256. 
 
Thiophene-2-carboxylic acid 2-(3-ethoxycarbonyl-but-3-enoyl)-phenyl ester (3h) 

O O
O

O

O

S

 White solid. Mp: 87-90℃. 1H NMR (300 MHz, CDCl3), δ, ppm, 8.00 

(d, J = 3.3 Hz, 1H), 7.88 (d, J = 7.5 Hz, 1H), 7.68 (d, J = 4.8 Hz, 1H), 7.59-7.54 (m, 1H), 
7.39-7.34 (m, 1H), 7.28 (d, J = 7.2 Hz, 1H), 7.19-7.17 (m, 1H), 6.35 (s, 1H), 5.63 (s, 1H), 4.19 
(q, J = 7.2 Hz, 2H), 3.92 (s, 2H), 1.25 (t, J = 7.2 Hz, 3H). 13C NMR (75 MHz, CDCl3), δ, ppm, 
196.9, 166.3, 160.3, 148.7, 135.3, 134.6, 134.0, 133.2, 132.5, 131.4, 130.1, 128.8, 128.3, 126.4, 
123.8, 61.1, 45.0, 14.2. IR (KBr) v 1719, 1714, 1691, 1636 cm-1. HRMS (EI) calcd for 
C18H16O5S (M+): 344.0718; Found: 344.0720. 
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3,4-Dimethoxy-benzoic acid 2-(3-ethoxycarbonyl-but-3-enoyl)-4-methyl-phenyl 
ester (5a) 

O O
O

O

O

Me

MeO
OMe

 Pale yellow oil. 1H NMR (300 MHz, CDCl3), δ, ppm, 7.84-7.82 (m, 

1H), 7.65-7.63 (m, 2H), 7.35 (d, J = 8.1 Hz, 1H), 7.12 (d, J = 8.1 Hz, 1H), 6.94 (d, J = 8.4 Hz, 
1H), 6.29 (s, 1H), 5.57 (s, 1H), 4.15 (q, J = 7.2 Hz, 2H), 3.94 (s, 3H), 3.93 (s, 3H), 3.86 (s, 2H), 
2.39 (s, 3H), 1.22 (t, J = 7.2 Hz, 3H). 13C NMR (75 MHz, CDCl3), δ, ppm, 197.1, 166.2, 164.9, 
153.8, 148.9, 147.0, 135.8, 134.7, 133.8, 131.1, 130.3, 128.5, 124.6, 123.6, 121.7, 112.6, 110.5, 
60.9, 56.1, 56.1, 44.9, 20.8, 14.1. IR (neat) v 1730, 1694, 1637 cm-1. HRMS (EI) calcd for 
C23H24O7 (M+): 412.1522; Found: 412.1516. 

 
3,4-Dimethoxy-benzoic acid 5-chloro-2-(3-ethoxycarbonyl-but-3-enoyl)-phenyl 
ester (5b) 

O O
O

O

O

MeO
OMe

Cl  Pale yellow oil. 1H NMR (300 MHz, CDCl3), δ, ppm, 7.87-7.83 (m, 
2H), 7.66 (s, 1H), 7.37-7.28 (m, 2H), 6.98 (d, J = 8.7 Hz, 1H), 6.34 (s, 1H), 5.62 (s, 1H), 4.18 
(q, J = 7.2 Hz, 2H), 3.98 (s, 3H), 3.96 (s, 3H), 3.87 (s, 2H), 1.26 (t, J = 7.2 Hz, 3H). 13C NMR 
(75 MHz, CDCl3), δ, ppm, 195.9, 166.2, 164.4, 154.1, 149.9, 149.0, 138.8, 134.4, 131.1, 129.9, 
128.8, 126.4, 124.9, 124.4, 121.1, 112.6, 110.6, 61.1, 56.2, 56.1, 44.9, 14.1. IR (neat) v 1733, 
1701, 1637 cm-1. HRMS (EI) calcd for C22H21O7

35Cl (M+): 432.0976; Found: 432.0981. 
 
3,4-Dimethoxy-benzoic acid 2-(3-ethoxycarbonyl-but-3-enoyl)-5-methoxy-phenyl 
ester (5c) 

O O
O

O

O

MeO
OMe

MeO  Pale yellow oil. 1H NMR (300 MHz, CDCl3), δ, ppm, 7.93-7.85 (m, 
2H), 7.67 (d, J = 1.8 Hz, 1H), 6.97 (d, J = 8.4 Hz, 1H), 6.89-7.85 (m, 1H), 6.74 (d, J = 2.4 Hz, 
1H), 6.30 (s, 1H), 5.58 (s, 1H), 4.17 (q, J = 7.2 Hz, 2H), 3.97 (s, 3H), 3.95 (s, 3H), 3.86 (s, 3H), 
3.86 (s, 2H), 1.24 (t, J = 7.2 Hz, 3H). 13C NMR (75 MHz, CDCl3), δ, ppm, 195.0, 166.4, 164.7, 
163.7, 153.9, 151.7, 149.0, 135.0, 132.2, 128.4, 124.8, 123.6, 121.7 112.7, 112.1, 110.6, 109.3, 
61.0, 56.2, 56.2, 55.8, 44.5, 14.1. IR (neat) v 1730, 1684, 1636 cm-1. HRMS (EI) calcd for 
C23H24O8 (M+): 428.1471; Found: 428.1464.. 
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Benzoic acid 2-(3-ethoxycarbonyl-but-3-enoyl)-4-methyl-phenyl ester (5d) 

O O
O

O

O

Me  Coloress oil. 1H NMR (300 MHz, CDCl3), δ, ppm, 8.20 (d, J = 7.5 
Hz, 2H), 7.66-7.60 (m, 2H), 7.52-7.47 (m, 2H), 7.38 (d, J = 8.4 Hz, 1H), 7.13 (d, J = 8.1 Hz, 
1H), 6.31 (s, 1H), 5.58 (s, 1H), 4.16 (q, J = 7.2 Hz, 2H), 3.88 (s, 2H), 2.41 (s, 3H), 1.23 (t, J = 
7.2 Hz, 3H). 13C NMR (75 MHz, CDCl3), δ, ppm, 197.1, 166.3, 165.3, 147.0, 136.0, 134.7, 
133.9, 133.8, 131.1, 130.4, 129.4, 128.7, 128.6, 123.6, 61.0, 44.9, 20.9, 14.1. IR (neat) v 1740 
cm-1, 1724, 1695, 1638 cm-1. HRMS (EI) calcd for C21H20O5 (M+): 352.1311; Found: 
352.1309 

 
Benzoic acid 5-chloro-2-(3-ethoxycarbonyl-but-3-enoyl)-phenyl ester (5e) 

O O
O

O

O

Cl  Pale yellow oil. 1H NMR (300 MHz, CDCl3), δ, ppm, 8.19-8.16 (m, 
2H), 7.86 (d, J = 8.4 Hz, 1H), 7.68-7.62 (m, 1H), 7.54-7.49 (m, 2H), 7.37-7.34 (m, 1H), 7.29 
(d, J = 1.8 Hz, 1H), 6.32 (s, 1H), 5.61 (d, J = 0.9 Hz, 1H), 4.17 (q, J = 7.2 Hz, 2H), 3.85 (s, 
2H), 1.24 (t, J = 7.2 Hz, 3H). 13C NMR (75 MHz, CDCl3), δ, ppm, 195.8, 166.2, 164.8, 149.9, 
138.9, 134.4, 134.1, 131.1, 130.5, 129.8, 129.2, 128.9, 128.8, 126.6, 124.5, 61.1, 44.8, 14.1. IR 
(neat) v 1745, 1717, 1697, 1639 cm-1. HRMS (EI) calcd for C20H17O5

35Cl (M+): 372.0765; 
Found: 372.0762. 

 
Benzoic acid 2-(3-ethoxycarbonyl-but-3-enoyl)-5-methoxy-phenyl ester (5f) 

O O
O

O

O

H3CO  Pale yellow oil. 1H NMR (300 MHz, CDCl3), δ, ppm, 8.20-8.18 

(m, 2H), 7.93 (d, J = 8.7 Hz, 1H), 7.65-7.60 (m, 1H), 7.52-7.47 (m, 2H), 6.89-6.85 (m, 1H), 
6.73 (d, J = 2.4 Hz, 1H), 6.30 (s, 1H), 5.57 (s, 1H), 4.16 (q, J = 7.2 Hz, 2H), 3.86 (s, 3H), 3.85 
(s, 2H), 1.23 (t, J = 7.2 Hz, 3H). 13C NMR (75 MHz, CDCl3), δ, ppm, 194.9, 166.4, 165.1, 
163.8, 151.6, 134.9, 133.8, 132.2, 130.4, 129.4, 128.7, 128.4, 123.5, 112.1, 109.4, 61.0, 55.8, 
44.3, 14.1. IR (neat) v 1736, 1718, 1685, 1637 cm-1. HRMS (EI) calcd for C21H20O6 (M+): 
368.1260; Found: 368.1263. 
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Benzoic acid 1-(3-ethoxycarbonyl-but-3-enoyl)-naphthalen-2-yl ester (5g) 

O
O

O

O

O  Coloress oil. 1H NMR (300 MHz, CDCl3), δ, ppm, 8.22 (d, J = 7.5 Hz, 
2H), 7.97-7.88 (m, 3H), 7.70-7.65 (m, 1H), 7.60-7.51 (m, 4H), 7.42 (d, J = 9.0 Hz, 1H), 6.32 
(s, 1H), 5.52 (s, 1H), 4.18 (q, J = 7.2 Hz, 2H), 3.94 (s, 2H), 1.23 (t, J = 7.2 Hz, 3H). 13C NMR 
(75 MHz, CDCl3), δ, ppm, 201.5, 166.2, 164.9, 144.8, 134.2, 133.9, 131.7, 131.1, 130.4, 130.3, 
130.0, 129.1, 128.9, 128.4, 127.8, 126.4, 124.9, 121.4, 61.1, 48.2, 14.1. IR (neat) v 1736, 1718, 
1708, 1638 cm-1. HRMS (EI) calcd for C24H20O5 (M+): 388.1311; Found: 388.1304. 

 
Benzoic acid 2-(3-methoxycarbonyl-but-3-enoyl)-phenyl ester (5h) 

O O
O

O

O

 Coloress oil. 1H NMR (300 MHz, CDCl3), δ, ppm, 8.20 (d, J = 8.1 Hz, 
2H), 7.88 (d, J = 7.5 Hz, 1H), 7.66-7.48 (m, 4H), 7.39-7.34 (m, 1H), 7.26-7.23 (m, 1H), 6.32 
(s, 1H), 5.61 (s, 1H), 3.90 (s, 2H), 3.66 (s, 3H). 13C NMR (75 MHz, CDCl3), δ, ppm, 196.9, 
166.8, 165.1, 149.2, 134.3, 133.9, 133.3, 131.4, 130.4, 130.0, 129.3, 129.1, 128.8, 126.2, 123.9,  
52.1, 44.8. IR (neat) v 1735, 1719, 1686, 1638 cm-1. HRMS (EI) calcd for C19H16O5 (M+): 
324.0998; Found: 324.1006. 

 
Benzoic acid 2-(3-benzyloxycarbonyl-but-3-enoyl)-phenyl ester (5i) 

O O
O

O

O

 Coloress oil. 1H NMR (300 MHz, CDCl3), δ, ppm, 8.19-8.16 

(m, 2H), 7.82-7.79 (m, 1H), 7.64-7.45 (m, 4H), 7.34-7.22 (m, 7H), 6.37 (s, 1H), 5.63 (s, 1H), 
5.11 (s, 2H), 3.90 (s, 2H). 13C NMR (75 MHz, CDCl3), δ, ppm, 196.8, 166.0, 165.1, 149.1, 
135.8, 134.3, 133.8, 133.2, 131.3, 130.4, 130.0, 129.4, 128.7, 128.5, 128.2, 128.1, 126.2, 123.9, 
66.8, 44.8. IR (neat) v 1735, 1719, 1691, 1638 cm-1. HRMS (EI) calcd for C25H20O5 (M+): 
400.1311; Found: 400.1307. 
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Ethyl 2-(2-methyl-4-oxo-4H-chromen-3-yl)acrylate (7a) 

O

O
O

O
 White solid. Mp: 68-71℃. 1H NMR (300 MHz, CDCl3), δ, ppm, 8.19 

(d, J = 7.8 Hz, 1H), 7.66-7.61 (m, 1H), 7.43-7.34 (m, 2H), 6.68 (s, 1H), 5.79 (s, 1H), 4.27 (q, J 
= 7.2 Hz, 2H), 2.38 (s, 3H), 1.30 (t, J = 7.2 Hz, 3H). 13C NMR (75 MHz, CDCl3), δ, ppm, 
176.4, 165.7, 163.7, 155.9, 134.2, 133.5, 130.9, 126.1, 124.9, 123.0, 120.1, 117.6, 61.2, 19.3, 
14.2. IR (KBr) v 1719, 1644 cm-1. HRMS (EI) calcd for C15H14O4 (M+): 258.0892; Found: 
258.0898. 

 
Ethyl 2-(4-oxo-2-phenethyl-4H-chromen-3-yl)acrylate (7b) 

O

O
O

O

Pale yellow solid. Mp: 57-58�. 1H NMR (300 MHz, CDCl3), δ, ppm, 

8.20-8.17 (m, 1H), 7.69-7.63 (m, 1H), 7.45-7.35 (m, 2H), 7.30-7.14 (m, 5H), 6.57 (d, J = 1.2 
Hz, 1H), 5.40 (d, J = 1.2 Hz, 1H), 4.24 (q, J = 7.2 Hz, 2H), 3.09-3.06 (m, 2H), 2.97-2.92 (m, 
2H), 1.28 (t, J = 7.2 Hz, 3H). 13C NMR (75 MHz, CDCl3), δ, ppm, 176.6, 165.7, 165.3, 155.9, 
140.0, 133.8, 133.6, 131.0, 128.6, 128.4, 126.6, 126.2, 125.0, 123.1, 120.3, 117.7, 61.2, 34.6, 
33.2, 14.2. IR (KBr) v 1720, 1645 cm-1. HRMS (EI) calcd for C22H20O4 (M+): 348.1362; 
Found: 348.1358. 

 
Ethyl 2-(2-cyclohexyl-4-oxo-4H-chromen-3-yl)acrylate (7c) 

O

O
O

O

Pale yellow oil. 1H NMR (300 MHz, CDCl3), δ, ppm, 8.20-8.16 (m, 

1H), 7.67-7.61 (m, 1H), 7.45 (d, J = 8.1 Hz, 1H), 7.39-7.34 (m, 1H), 6.68 (d, J = 1.5 Hz, 1H), 
5.75 (d, J = 1.5 Hz, 1H), 4.27 (q, J = 7.2 Hz, 2H), 2.76-2.69 (m, 1H), 1.85-1.72 (m, 7H), 
1.30-1.24 (m, 6H). 13C NMR (75 MHz, CDCl3), δ, ppm, 176.9, 169.7, 166.0, 156.1, 134.1, 
133.4, 130.7, 126.1, 124.9, 123.2, 118.6, 117.7, 61.2, 41.6, 29.9, 25.9, 25.7, 14.2. IR (neat) v 
1721, 1646 cm-1. HRMS (EI) calcd for C20H22O4 (M+): 326.1518; Found: 326.1516. 
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Ethyl 2-(2,6-dimethyl-4-oxo-4H-chromen-3-yl)acrylate (7d) 

O

O
O

O

Me

 White solid. Mp: 74-76℃ 1H NMR (300 MHz, CDCl3), δ, ppm, 
7.96 (s, 1H), 7.46-7.43 (m, 1H), 7.32-7.26 (m, 1H), 6.68 (d, J = 1.2 Hz, 1H), 5.78 (d, J = 1.2 Hz, 
1H), 4.27 (q, J = 7.2 Hz, 2H), 2.43 (s, 3H), 2.36 (s, 3H), 1.30 (t, J = 7.2 Hz, 3H). 13C NMR (75 
MHz, CDCl3), δ, ppm, 176.5, 165.9, 163.5, 154.3, 134.9, 134.8, 134.4, 130.8, 125.5, 122.8, 120.0, 
117.5, 61.3, 21.0, 19.3, 14.2. IR (KBr) v 1721, 1645 cm-1. HRMS (EI) calcd for C16H16O4 (M+): 
272.1049; Found: 272.1045. 
 
 
Ethyl 2-(6-chloro-2-methyl-4-oxo-4H-chromen-3-yl)acrylate (7e) 

O

O
O

O

Cl

 White solid. Mp: 103-105 ℃ 1H NMR (300 MHz, CDCl3), δ, 
ppm, 8.14-8.13 (m, 1H), 7.60-7.56 (m, 1H), 7.39 (d, J = 8.7 Hz, 1H), 6.70 (s, 1H), 5.79 (s, 1H), 
4.27 (q, J = 7.2 Hz, 2H), 2.38 (s, 3H), 1.31 (t, J = 7.2 Hz, 3H). 13C NMR (75 MHz, CDCl3), δ, 
ppm, 175.3, 165.6, 164.1, 154.3, 133.9, 133.8, 131.3, 131.0, 125.6, 124.1, 120.2, 119.5, 61.4, 
19.3, 14.2. IR (KBr) v 1721, 1650 cm-1. HRMS (EI) calcd for C15H13O4

35Cl (M+): 292.0502; 
Found: 292.0498. 
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Figure 1. X-ray crytal structure and data for compound 3a 

 
The crystal data of 3a has been deposited in CCDC with number 711329. Empirical 
Formula: C20H18O5; Formula Weight: 338.34; Crystal color, Habit: colorless, 
prismatic; Crystal Dimensions: 0.42 × 0.40 × 0.34 mm; Crystal System: monoclinic; 
Lattice Type: primitive; Lattice Parameters: a = 11.165(5)Å, b = 6.291(5)Å, c = 
13.510 (5) Å, α = 90.000(5)°, β = 114.011(5)°, γ = 90.000(5)°, V= 866.8(9) Å3; Space 
group: P 21; Z = 2; Dcalc = 1.296 g/cm3; F000 = 356 ; Diffractometer: Gemini s ultra 
oxford diffraction; Residuals: R; Rw: 0.0222, 0.0597.   
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