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General Experimental Procedures 

 

 
1H NMR-Spectra (300 or 500 MHz), 13C NMR-spectra (75 MHz) spectra were recorded on 

Brüker spectrometers. Chemical shifts are given in ppm (δ) and were referenced to the 

internal solvent signal or to TMS used as an internal standard (1H and 13C NMR). 

Multiplicities are declared as follow: s (singlet), br s (broad singlet), d (doublet), t (triplet), q 

(quadruplet), quint (quintuplet), sept (septet), dd (doublet of doublet), ddd (doublet of doublet 

of doublet), dt (doublet of triplet), m (multiplet). Coupling constants J are given in Hz.  

 

Infrared spectra (IR) were recorded on a Perkin-Elmer FT-IR system using diamond 

window Dura SamplIR II and the data are reported in reciprocal centimetres (ν, cm-1). 

 

Mass spectra were recorded on a Micromass LCT (ESI) or on a thermo finnigan map95xl 

(CI). 

 

Reactions were performed using oven dried glasswares under an atmosphere of dry argon. 

Silica gel 60 (35-70 μm) was used for flash chromatography. Silica gel (5 μm) was used for 

HPLC.  TLC plates (Merck 60 F254 aluminum sheets) were rendered visible by ultraviolet 

and/or spraying with phosphomolybdic acid (5%) in MeOH or vanillin (1%) + sulfuric acid 

(5%) in EtOH followed by heating.  

 

Solvents: Tetrahydrofuran was distilled under Argon on sodium-benzophenone. 

Dichloromethane was distilled under Argon on CaH2. Unless otherwise noted, all reagent-

grade chemicals and solvents were obtained from commercial suppliers (Sigma-Aldrich, 

Acros Organics and Avocado) and were used as received. 

 

CAUTION: CO is a highly toxic odorless and colorless gas. Reactions involving Carbone 

Monoxide must be performed in a well ventilated hood with a Carbon Monoxide 

detector nearby. 
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1,1-dichloro-1-alkene, general procedure1 

Diethyl 1,1,1-trichloromethylphosphonate (1.2 equiv. In THF) was added dropwise to a 

solution of n-BuLi (1.25 equiv in THF) at -100°C and stirred for 10 min. The aldehyde (1 

equiv. in THF) was then added dropwise at -100 °C. The reaction mixture was slowly warm 

to room temperature and stirred overnight before being quenched by a 1/1 mixture of ice/2N 

HCl and extracted with CH2Cl2 (three times). The organic layers were dried over MgSO4, 

filtered concentrated under vacuum and purified by flash column chromatography on silica 

gel to furnish the title compound. 

 

 

 
(2,2-dichlorovinyl)benzene2 (1a): 

The product (10.97 g, 87%) as a colorless oil was prepared according to the general procedure 

described above. Spectroscopic and analytical data were in accordance with those reported in 

the literature. Rf 0.66 (heptanes/ethylacetate 9/1); 1H NMR (500 MHz, CDCl3) δH 6.86 (s, 

1H), 7.31 (t, J= 7.1 Hz, 1H), 7.37 (t, J= 7.4 Hz, 2H), 7.53 (d, J= 7.4 Hz, 2H). 

 

 
2-(2,2-dichlorovinyl)pyridine3 (1e): 

The product (680 mg, 78%) as a colorless oil was prepared according to the general procedure 

described above. Rf 0.44 (heptanes/ethylacetate 7/3), IR (neat) υmax/cm-1 3053, 1608, 1580, 

1567, 1460, 1433, 990, 912, 829, 768, 739, 670, 626; 1H NMR (500 MHz, CDCl3) δH 7.04 (s, 

1H), 7.21 (ddd, J= 6.8, 4.7, 1.5 Hz, 1H), 7.71 (td, J= 7.6, 1.7 Hz, 1H), 7.74 (t, J= 7.6 Hz, 1H), 

8.63 (d, J= 4.8 Hz, 1H); 13C (75 MHz, CDCl3) δC 123.0 (1), 123.8(1) , 124.8 (0), 129.4 (1), 

136.5 (1), 149.8 (1), 152.6 (0); MS (EI) m/z 173, 175. 

 

Cl

Cl

Cl  
1-chloro-4-(2,2-dichlorovinyl)benzene4 (1f): 

                                                 
1 Villieras, J.; Perriot, P.; Normant, J. F. Synthesis, 1975, 458-461 
2 Liron, F.; Fosse, C.; Pernolet, A.; Roulland, E. J. Org. Chem. 2007, 72, 2220-2223 
3 Jubault, P.; Feasson, C.; Collignon N. Bull. Soc. Chim. Fr. 1994, 131, 1001-1006. 
4 Krabbenhoft, H. O. J. Org. Chem. 1978, 43, 1305-1311. 
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The product (670 mg, 65%) as a colorless oil was prepared according to the general procedure 

described above. Spectroscopic and analytical data were in accordance with those reported in 

the literature. Rf 0.57 (heptanes/ethylacetate 97/3); 1H NMR (500 MHz, CDCl3) δH 6.81 (s, 

1H), 7.34 (d, J= 8.6 Hz, 2H), 7.47 (d, J= 8.7 Hz, 2H).   

 

 
1-bromo-4-(2,2-dichlorovinyl)benzene5 (1g): 

The product (1.04 g, 80%) as a colorless oil that crystallized at 4°C was prepared according to 

the general procedure described above. Spectroscopic and analytical data were in accordance 

with those reported in the literature. Rf 0.51 (heptanes/ethylacetate 97/3); 1H NMR (500 MHz, 

CDCl3) δH 6.79 (s, 1H), 7.40 (d, J= 8.6 Hz, 2H), 7.50 (d, J= 8.7 Hz, 2H).   

 

 
(E)-(4,4-dichlorobuta-1,3-dienyl)benzene6 (1h): 

The product (600 mg, 60%) as a yellow oil that crystallized at 4 °C was prepared according to 

the general procedure described above. Spectroscopic and analytical data were in accordance 

with those reported in the literature. Rf 0.75 (heptanes/ethylacetate 9/1); 1H NMR (500 MHz, 

CDCl3) δH 6.58 (d,  J= 10.5 Hz, 1H), 6.65 (d, J= 15.7 Hz, 1H), 6.89 (dd, J= 15.7, 10.5 Hz, 

1H), 7.29 (d, J= 7.5 Hz, 1H), 7.34 (t, J= 7.4 Hz, 2H), 7.44 (d, J= 7.4 Hz, 1H).  

 

 
(E)-(2-(2,2-dichlorovinyl)oct-1-enyl)benzene (1i): 

The product (1.219 g, 86 %) as a colorless oil was prepared according to the general 

procedure described above. Rf 0.77 (heptanes/ethylacetate 9/1), IR (neat) υmax/cm-1 2954, 

2925, 2854, 1598, 1492, 1456, 1377, 1073, 861, 746, 695;  1H NMR (500 MHz, CDCl3) δH 

0.86 (t, J= 6.8 Hz, 3H), 1.22-1.32 (m, 6H); 1.45-1.51 (m, 2H), 2.40 (m, 2H), 6.43 (d, J= 1.3 

Hz, 1H), 6.68 (s, 1H), 7.24-7.26 (m, 3H), 7.34 (t, J= 7.5 Hz, 2H); 13C (75 MHz, CDCl3) δC 

14.1 (3), 22.6 (2), 28.9 (2), 29.1 (2), 30.1 (2), 31.5 (2), 119.8 (0), 127.1 (1), 128.3 (1), 128.8 

                                                 
5 Shastin, A. V.; Korotchenko, V. N.; Nenajdenko, V. G.;  Balenkova E. S. Tetrahedron, 2000, 56, 6557-6564 
6 Brady, W. T.; Saidi, K. J. Org. Chem. 1979, 44, 733-737. 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010



   S6

(1), 131.7 (1), 132.7 (1), 136.6 (0), 136.9 (0), MS (CI) m/z 247, 249, 283, 285 HRMS (CI) m/z 

calcd for C16H21Cl2 283.1020, found 283.1020.  

 

 
1,1-dichlorohept-1-ene2 (1j): 

The product (650 mg, 86%) as a colorless oil was prepared according to the general procedure 

described above and purified by distillation. Spectroscopic and analytical data were in 

accordance with those reported in the literature. Rf 0.66 (heptanes/ethylacetate 97/3), 1H 

NMR (500 MHz, CDCl3) δH 0.90 (t, J= 6.8 Hz, 3H), 1.30 (m, 4H), 1.41 (quint, J= 7.1 Hz, 

2H), 2.16 (q, J= 7.3 Hz, 2H), 5.85 (t, J= 7.4 Hz, 1H). 

 

 
(2,2-dichlorovinyl)cyclohexane1 (1l): 

The product (800 mg, 89%) as a colorless oil was prepared according to the general procedure 

described above. Spectroscopic and analytical data were in accordance with those reported in 

the literature. Rf 0.55 (heptanes 100%), 1H NMR (500 MHz, CDCl3) δH 1.06-1.22 (m, 3H), 

1.26-1.34 (m, 2H), 1.63-1.66 (m, 1H), 1.69-1.73 (m, 4H), 2.33-2.39 (m, 1H), 5.70 (d, J= 9.2 

Hz, 1H). 

 

 

 

 

1,1-dichloro-1-alkene 1k is commercially available, 1,1-dichloro-1-alkenes 1b, 1c, 1d were 

previously prepared in our laboratory following Liron et al. procedure.2 
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Carbonylation of 1,1-dichloro-1-alkene, general procedure 

 

 
 

A flask was charged with Pd2dba3 (22.9 mg, 0.025 mmol), dpephos (26.9 mg, 0.05mmol) and 

purged with argon. Dichloroalkene (1 mmol, in 6 ml of degassed alcohol) and DIPEA (522 µl, 

3 mmol) were added. The mixture was stirred for 5 min and purged and backfilled with 

carbon monoxide (balloon), heated at the appropriate temperature for the indicated time. After 

cooling at room temperature, the mixture was directly purified by column chromatography on 

silica gel (for BnOH and MPMOH) or concentrated under vacuum, partitioned between 

ethylacetate and water, extracted (twice with ethylacetate), dried over MgSO4, filtered, 

concentrated under vacuum and purified by column chromatography (other alcohol) to afford 

the desired chloroacrylate. 

    

 
(Z)-methyl 2-chloro-3-phenylacrylate7 (2aa): 

Acrylate 2aa was prepared according to the general procedure described above (60°C, 70h). 

Purification by flash chromatography on silica gel (heptanes/ethylacetate 95/5) provides the 

title compound as colorless oil witch solidifies at 4 °C (133 mg, 68 %). Spectroscopic and 

analytical data were in accordance with those reported in the literature. Rf 0.30 

(heptanes/ethylacetae 9/1), IR (neat) υmax/cm-1; 2951, 1721, 1615, 1446, 1433, 1242, 4498, 

1038, 764; 1H NMR (500 MHz, CDCl3) δH 3.91 (s, 3H), 7.41-7.45 (m, 3H), 7.84 (d, J= 7.8 

Hz, 2H), 7.91 (s, 1H); MS (CI) m/z 197, 199 HRMS (CI) m/z calcd for C10H10ClO2 197.0369, 

found 197.0368.  

  

 
(Z)-ethyl 2-chloro-3-phenylacrylate8 (2ab): 

                                                 
7 Barma, D. K. ; Kundu, A., Zhang, H. Mioskowski, C. Falck, J. R. J. Am. Chem. Soc. 2003, 125, 3218-3219 
8 Concellon, J. M., Huerta, M. J. Org. Chem, 2005, 70, 4714-4719. 
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Acrylate 2ab was prepared according to the general procedure described above (70°C, 65h). 

Purification by flash chromatography on silica gel (heptanes/ethylacetate 98/2) provides the 

title compound as colorless oil (184 mg, 87 %). Spectroscopic and analytical data were in 

accordance with those reported in the literature. Rf 0.30 (heptanes/ethylacetate 9/1); IR (neat) 

υmax/cm-1 2980, 1713, 1614, 1492, 1446, 1366, 1237, 1196, 1037; 1H NMR (500 MHz, 

CDCl3) δH 1.39 (t, J= 7.0 Hz, 3H), 4.36 (q, J= 7.0 Hz, 2H), 7.41-7.45 (m, 3H), 7.84 (d, J= 7.5 

Hz, 2H), 7.91 (s, 1H); 13C (75 MHz, CDCl3) δC 14.2 (3), 62.3 (2), 122.2 (0), 128.5 (1), 130.2 

(1), 130.6 (1), 133.0 (0), 136.9 (1), 163.4 (0); MS (CI) m/z 211, 213 HRMS (CI) m/z calcd for 

C11H12ClO2 211.0526, found 211.0525.  

 

 
(Z)-propyl 2-chloro-3-phenylacrylate (2ac): 

Acrylate 2ac was prepared according to the general procedure described above (85°C, 65h). 

Purification by flash chromatography on silica gel (heptanes/ethylacetate 98/2) provides the 

title compound as a pale yellow oil (145 mg, 65 %). Rf 0.36 (heptanes/ethylacetate 9/1); IR 

(neat) υmax/cm-1 2969, 1716, 1615, 1492, 1446, 1236, 1196, 1023, 763; 1H NMR (500 MHz, 

CDCl3) δH 1.02 (t, J= 7.5 Hz, 3H), 1.78 (m, 2H), 4.26 (t, J= 6.7 Hz, 2H), 7.40-7.45 (m, 3H), 

7.84 (d, J= 7.6 Hz, 2H), 7.91 (s, 1H); 13C (75 MHz, CDCl3) δC 10.4 (3), 22.0 (2), 68.1 (2), 

122.3 (0), 128.6 (1), 130.2 (1), 130.7 (1), 133.0 (0), 136.9 (1), 163.5 (0); MS (CI) m/z 225, 

227; HRMS (CI) m/z calcd for C12H14ClO2 225.0682, found 225.0682. 

 

 
(Z)-butyl 2-chloro-3-phenylacrylate (2ad): 

Acrylate 2ad was prepared according to the general procedure described above (105 °C, 65h). 

Purification by flash chromatography on silica gel (heptanes/ethylacetate 100/0 to 97/3) 

provides the title compound as colorless oil (164 mg, 69 %). Rf 0.42 (heptanes/ethylacetate 

9/1); IR (neat) υmax/cm-1 2958, 1716, 1616, 1492, 1447, 1239, 1196, 1031; 1H NMR (500 

MHz, CDCl3) δH 0.98 (t, J= 7.4 Hz, 3H), 1.47 (h, J= 7.3 Hz, 2H), 1.75 (q, J= 7.2 Hz, 2H), 

4.30 (t, J= 6.7 Hz, 2H), 7.41-7.45 (m, 3 H), 7.84 (d, J= 7.5 Hz, 2H), 7.90 (s, 1H); 13C (75 

MHz, CDCl3) δC 13.7 (3), 19.2 (2), 30.6 (2), 66.4 (2), 122.3 (0), 128.5 (1), 130.2 (1), 130.6 

(1), 133.0 (0), 136.9 (1), 163.5 (0); MS (CI) m/z 239, 241 HRMS (CI) m/z calcd for 

C13H16ClO2 239.0839, found 239.0837. 
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(Z)-benzyl 2-chloro-3-phenylacrylate (2ae): 

Acrylate 2ae was prepared according to the general procedure described above (70°C, 24h). 

Purification by flash chromatography on silica gel (heptanes/ethylacetate 97/3) provides the 

title compound as colorless oil witch solidifies at 4 °C (237 mg, 87 %). Rf 0.37 

(heptanes/ethylacetate 9/1); IR (neat) υmax/cm-1 3030, 2966, 1713, 1616, 1491, 1447, 1372, 

1232, 1207, 1018; 1H NMR (500 MHz, CDCl3) δH 5.33 (s, 2H), 7.36-7.45 (m, 8 H), 7.83 (d, 

J= 8.0 Hz, 2H), 7.94 (s, 1H); 13C (75 MHz, CDCl3) δC 13.7 (3), 19.2 (2), 30.6 (2), 66.4 (2), 

122.3 (0), 128.5 (1), 130.2 (1), 130.6 (1), 133.0 (0), 136.9 (1), 163.5 (0); MS (CI) m/z 273, 

275; HRMS (CI) m/z calcd forC16H14ClO2 273.0682, found 273.0680. 

 

 
(Z)-4-methoxybenzyl 2-chloro-3-phenylacrylate (2af): 

Acrylate 2af was prepared according to the general procedure described above (70°C, 24h). 

Purification by flash chromatography on silica gel (heptanes/ethylacetate 95/5) provides the 

title compound as colorless oil witch solidifies at 4 °C (274 mg, 91 %). Rf 0.25 

(heptanes/ethylacetate 9/1); IR (neat) υmax/cm-1 2962, 2845, 1702, 1609, 1511, 1446, 1378, 

1233, 1176, 1024; 1H NMR (500 MHz, CDCl3) δH 3.82 (s, 3H), 5.26 (s, 2H), 6.93 (d, J= 9.0 

Hz, 2H), 7.37-7.43 (m, 5H), 7.82 (d, J= 9.0Hz, 2H), 7.90 (s, 1H); 13C (75 MHz, CDCl3) δC 

55.3 (3), 68.0 (2), 114.1 (1), 122.1 (0), 127.5 (0), 128.6 (1), 130.2 (1), 130.3 (1), 130.7 (1), 

132.9 (0), 137.3 (1), 159.9 (0), 163.4 (0); MS (ESI) m/z 325, 327 [M+Na]+; HRMS (ESI) m/z 

calcd for C17H15O3NaCl 325.0607, found 325.0621. 

 

 
(Z)-ethyl 2-chloro-3-(4-fluorophenyl)acrylate9 (2bb): 

Acrylate 2bb was prepared according to the general procedure described above (70°C, 84h). 

Purification by flash chromatography on silica gel (heptanes/ethylacetate 97/3) provides the 

title compound as a pale yellow oil (125 mg, 55 %). Rf  0.30 (heptanes/ethylacetate 9/1); IR 

(neat) υmax/cm-1 2980, 1717, 1617, 1599, 1506, 1411, 1366, 4563, 1225, 1194, 1160, 1039; 1H 

                                                 
9 Tay, M. K.; About-Jaudet, E.; Collignon, N.; Teulade, M. P.; Savignac, Ph. Synth.Commun. 1988, 18, 1349. 
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NMR (500 MHz, CDCl3) δH 1.39 (t, J= 7.2 Hz, 3H), 4.35 (q, J= 7.2 Hz, 2H), 7.12 (t, J= 8.6 

Hz, 2H), 7.85-7.88 (m, 3H); 13C (75 MHz, CDCl3) δC 14.3 (3), 62.7 (2), 115.8 (1, J= 21.8 

Hz), 122.0 (0), 129.3 (0, J= 3.3 Hz), 132.9 (1, J= 8.7 Hz), 135.7 (1), 163.4 (0), 163.6 J= 247.6 

Hz (0); MS (CI) m/z 229, 231; HRMS (CI) m/z calcd for C11H11ClFO2 229.0432,  found 

229.0431. 

 

 
(Z)-benzyl 2-chloro-3-(4-fluorophenyl)acrylate (2be): 

Acrylate 2be was prepared according to the general procedure described above (70°C, 24h). 

Purification by flash chromatography on silica gel (heptanes/ethylacetate 95/5) provides the 

title compound as white solid (238 mg, 82 %). Rf  0.31 (heptanes/ethylacetate 9/1); Mp: 42°C;  

IR (neat) υmax/cm-1 3037, 1704, 1618, 1597, 1504, 1454, 1407, 1256, 1227, 1191, 1154, 1100; 
1H NMR (500 MHz, CDCl3) δH 5.33 (s, 2H), 7.11 (t, J= 8.7 Hz, 2H), 7.36-7.44 (m, 5H), 7.84-

7.87 (m, 2H), 7.89 (s, 1H); 13C (75 MHz, CDCl3) δC 68.2 (2), 115.8 (1, J = 21.8 Hz), 121.6 

(0), 128.4 (1), 128.6 (1), 128.7 (1), 129.1 (0, d, J = 3.3 Hz), 132.9 (1, J = 7.6 Hz), 135.4 (0), 

136.1 (1), 163.2 (0), 163.3 (0, J = 252 Hz); MS (CI) m/z 291, 293; HRMS (CI) m/z calcd for 

C16H13ClFO2 291.0588,  found 291.0585. 

 

 
(Z)-ethyl 2-chloro-3-(4-methoxyphenyl)acrylate10 (2cb): 

Acrylate 2cb was prepared according to the general procedure described above (70°C, 84h). 

Purification by flash chromatography on silica gel (heptanes/ethylacetate 95/5) provides the 

title compound as colorless oil (108 mg, 45%). Rf  0.25 (heptanes/ethylacetate 9/1); IR (neat) 

υmax/cm-1 2976, 2838, 1712, 1598, 1508, 1461, 1421, 1365, 1241, 1170, 1028; 1H NMR (500 

MHz, CDCl3) δH 1.38 (t, J= 7.2 Hz, 3H), 4.33 (q, J= 7.2 Hz, 2H), 6.95 (d, J= 8.8 Hz, 2H), 

7.85 (s, 1H), 7.86 (d, J= 8.8 Hz, 2H); 13C (75 MHz, CDCl3) δC 14.3 (3), 55.4 (3), 62.4 (2), 

114.1 (1), 119.6 (0), 125.6 (0), 132.7 (1), 136.5 (1), 161.1 (0), 163.7 (0); MS (CI) m/z 241, 

243; HRMS (CI) m/z calcd for C12H14ClO3 241.0631, found 241.0632. 

                                                 
10 Thomas, O.; Reinhard, B. Synthesis 2004, 2135. 
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(Z)-benzyl 2-chloro-3-(4-methoxyphenyl)acrylate (2ce): 

Acrylate 2ce was prepared according to the general procedure described above (70°C, 24h). 

Purification by flash chromatography on silica gel (heptanes/ethylacetate 97/3) provides the 

title compound as pale yellow solid (243 mg, 80 %). Rf 0.37 (heptanes/ethylacetate 9/1); Mp : 

48°C; IR (neat) υmax/cm-1 3030, 2952, 2894, 2835, 1696, 1598, 1507, 1456, 1420, 1239, 1200, 

1169, 1023; 1H NMR (500 MHz, CDCl3) δH 3.85 (s, 3H), 5.32 (s, 2H), 6.94 (d, J= 9.0 Hz, 

2H),  7.36-7.45 (m, 5 H), 7.86 (d, J= 8.9 Hz, 2H), 7.89 (s, 1H); 13C (75 MHz, CDCl3) δC 55.4 

(3), 67.9 (2), 114.1 (1), 119.3 (0), 125.6 (0), 128.3 (1), 128.5 (1), 128.7 (1), 132.8 (1), 135.6 

(0), 137.0 (1), 161.2 (0), 163.6 (0); MS (CI) m/z 303, 305 HRMS (CI) m/z calcd for 

C17H16ClO3 303.0788, found 303.0788.  

 

 
(Z)-methyl 4-(3-(benzyloxy)-2-chloro-3-oxoprop-1-enyl)benzoate (2de): 

Acrylate 2de was prepared according to the general procedure described above (70°C, 24h). 

Purification by flash chromatography on silica gel (toluene/ethylacetate 100/1) provides the 

title compound as a white solid (260 mg, 78%). Rf 0.30 (heptanes/ethylacetate 7/3);  Mp: 

94°C; IR (neat) υmax/cm-1 3030, 2953, 2893, 2836, 1696, 1598, 1507, 1456, 1420, 1238, 1169, 

1022; 1H NMR (500 MHz, CDCl3) δH 3.93 (s, 3H), 5.34 (s, 2H), 7.36-7.45 (m, 5H), 7.87 (d, 

J= 8.2 Hz, 2H), 7.95 (s, 1H), 8.07 (d, J= 8.3 Hz, 2H); 13C (75 MHz, CDCl3) δC 52.5 (3), 68.5 

(2), 124.3 (0), 128.6 (1), 128.8 (1), 128.9(1), 129.8 (1), 130.6 (1), 131.4 (0), 135.4 (0), 136.3 

(1), 137.3 (0), 163.1 (0), 166.6 (0); MS (CI) m/z 331, 333; HRMS (CI) m/z calcd for 

C18H16ClO4 331.0737, found 331.0736.  

 

N

Cl

O

O

 
(Z)-benzyl 2-chloro-3-(pyridin-3-yl)acrylate (2ee): 

Acrylate 2ee was prepared according to the general procedure described above (70°C, 24h).  

Benzyl alcohol was distilled under vacuum (2.10-2 Torr, 95 °C) before purification by flash 

chromatography on silica gel (heptanes/ethylacetate 2/2) that provides the title compound as a 

colorless oil (172 mg, 63%). Rf 0.23 (heptanes/ethylacetate 7/3); IR (neat) υmax/cm-1 3049, 
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1719, 1618, 1581, 1457, 1374, 1233, 1199, 1093, 1022; 1H NMR (500 MHz, CDCl3) δH 5.33 

(s, 1H), 7.29 (dd, J= 7.6, 5.0 Hz, 1H), 7.35-7.44 (m, 5H), 7.78 (td, J= 7.8, 1.7 Hz, 1H), 8.07 

(s, 1H), 8.15 (d, J= 8.0 Hz, 1H), 8.70 (d, J= 5.0 Hz); 13C (75 MHz, CDCl3) δC 68.4 (2), 124.0 

(1), 124.8 (0), 125.4 (1), 128.4 (1), 128.6 (1), 128.7 (1), 135.1 (0), 136.3 (1), 137.5 (1), 149.9 

(1), 152.9 (0), 162.8 (0); MS (ESI) m/z 274, 276; HRMS (ESI) m/z calcd forC15H13NO2Cl 

274.0635, found 274.0616. 

 

 
(Z)-benzyl 2-chloro-3-(4-chlorophenyl)acrylate (2fe); 

Acrylate 2fe was prepared according to the general procedure described above (70°C, 24h). 

Purification by flash chromatography on silica gel (heptanes/ethylacetate 95/5) provides the 

title compound as pale yellow needles (227 mg, 74%). Rf 0.37 (heptanes/ethylacetate 9/1); 

Mp: 72°C;  IR (neat) υmax/cm-1 3065, 3032, 1707, 1617, 1586, 1486, 1253, 1193, 1083, 1009; 
1H NMR (500 MHz, CDCl3) δH 5.32 (s, 2H), 7.34-7.45 (m, 7 H), 7.77 (d, J= 8.5 Hz, 2H), 7.87 

(s, 1H); 13C (75 MHz, CDCl3) δC 68.3 (2), 122.5 (0), 128.4 (1), 128.5 (1), 128.6 (1), 128.7 (1), 

128.9 (1), 131.3 (0), 131.9 (1), 136.3 (0), 163.1 (0); MS (CI) m/z 307, 309; HRMS (CI) m/z 

calcd forC16H16Cl2O2 307.0293, found 307.0293. 

 

 
Acrylate 2ge and 2gee were prepared according to the general procedure described above 

(70°C, 72h). Purification by flash chromatography on silica gel (heptanes/ethylacetate 95/5) 

provides the mono ester 2ge as colorless solid (70 mg, 20%) and diester 2gee as a colorless oil 

(151mg, 37 %). 

 

(Z)-benzyl 2-chloro-3-(4-bromophenyl)acrylate (2ge): 

Rf 0.33 (heptanes/ethylacetate 9/1); Mp: 90°C IR (neat) υmax/cm-1 2959, 1708, 1610, 1581, 

1488, 1454, 1446, 1397, 1361, 1253, 1194, 1073, 1024, 1008; 1H NMR (500 MHz, CDCl3) δH 

5.33 (s, 2H), 7.35-7.46 (m, 5 H), 7.55 (d, J= 8.6 Hz, 2H), 7.70 (d, J= 8.6 Hz, 2H), 7.86 (s, 

1H); 13C (75 MHz, CDCl3) δC 68.3 (2), 122.7 (0), 124.7 (0), 128.4 (1), 128.6 (1), 128.7 (1), 

131.7 (0), 131.9 (1), 132.1 (1), 136.1 (0), 163.1 (0); MS (CI) m/z 351, 353, 355 HRMS (CI) 

m/z calcd for C16H13BrO2Cl 350.9788, found 350.9786. 
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(Z)-benzyl 4-(3-(benzyloxy)-2-chloro-3-oxoprop-1-enyl)benzoate (2gee): 

Rf 0.20 (heptanes/ethylacetate 9/1); IR (neat) υmax/cm-1 3031, 1731, 1615, 1497, 1454, 1409, 

1375, 1255, 1235, 1195, 1098, 1016; 1H NMR (500 MHz, CDCl3) δH, 5.33 (s, 2H), 5.38 (s, 

2H), 7.39-7.44 (m, 10 H), 7.87 (d, J= 8.1 Hz), 7.94 (s, 1H), 8.11 (d, J= 8.1 Hz, 2H); 13C (75 

MHz, CDCl3) δC, 67.0 (2), 68.4 (2), 124.2 (0), 128.3 (1, 2C), 128.4 (1, 3C), 128.6 (1, 1C), 

128.7 (1, 2C), 128.8 (1, 2C), 129.8 (1, 2C), 130.5 (1, 2C), 131.2 (0), 135.2 (0), 135.9 (0), 

136.2 (1), 137.2 (0), 162.9 (0), 165.7 (0); MS (CI) m/z 407, 409; HRMS (CI) m/z calcd for 

C24H20ClO4 407.1050, found 407.1046. 

 

 
Benzyl 2-chloro-5-phenylpenta-2,4-dienoate 2he 

Acrylate XX was prepared according to the general procedure described above (70°C, 24h). 

Purification by flash chromatography on silica gel (heptanes/ethylacetate 95/5) provides the 

Z,E-2he with solid (137 mg, 46 %) and E,E-2he as a colorless oil (75 mg, 25 %). 

 

(2Z,4E)-benzyl 2-chloro-5-phenylpenta-2,4-dienoate (2he): 

Rf 0.24 (heptanes/ethylacetate 9/1); Mp: 58 °C IR (neat) υmax/cm-1 3022, 1708, 1613, 1588, 

1495, 1448, 1380, 1257, 1231, 1147, 1021, 965; 1H NMR (500 MHz, CDCl3) δH 5.29 (s, 2H), 

7.00 (d, J= 15.7 Hz), 7.21 (dd, J= 15.7, 10.8 Hz, 1H), 7.31-7.44 (m, 8H), 7.52 (d, J= 7.4 Hz), 

7.64 (d, J= 10.8 Hz); 13C (75 MHz, CDCl3) δC 67.9 (2), 122.4 (0), 122.9 (1), 127.6 (1), 128.4 

(1), 128.5 (1), 128.7 (1), 128.9 (1), 129.6 (1), 135.5 (0), 135.9 (0), 138.2 (1), 142.4 (1), 162.9 

(0); MS (CI) m/z 299, 301; HRMS (CI) m/z calcd for C18H16ClO2 299.0839, found 299.0838. 

  

(2E,4E)-benzyl 2-chloro-5-phenylpenta-2,4-dienoate (2he): 

Rf 0.30 (heptanes/ethylacetate 9/1); IR (neat) υmax/cm-1 3030, 1711, 1609, 1577, 1447, 1378, 

1350, 1315, 1300, 1259, 1197, 1143, 1003, 971; 1H NMR (500 MHz, CDCl3) δH 5.31 (s, 2H), 

6.78 (d, J= 15.6 Hz), 7.07 (d, J= 11.5 Hz, 1H), 7.29-7.48 (m, 10H), 7.79 (dd, J= 15.6, 11.5 

Hz, 1H); 13C (75 MHz, CDCl3) δC 67.8 (2), 121.1 (0), 124.2 (1), 127.5 (1), 128.4 (1), 128.5 

(1), 128.77 (1), 128.80 (1), 129.3 (1), 135.3 (0), 136.1 (0), 141.4 (1), 142.5 (1), 162.6 (0); MS 

(CI) m/z 299, 301; HRMS (CI) m/z calcd for C18H16ClO2 299.0839, found 299.0837. 
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(2Z,4E)-benzyl 4-benzylidene-2-chlorodec-2-enoate (2ie): 

Acrylate 2ie was prepared according to the general procedure described above (70°C, 30h). 

Purification by flash chromatography on silica gel (heptanes/ethylacetate 95/5) provides the 

title compound a pale yellow oil (292 mg, 76%). Rf  0.35 (heptanes/ethylacetate 9/1); IR 

(neat) υmax/cm-1 2924, 2854, 1714, 1586, 1495, 1454, 1376, 1229, 1025; 1H NMR (500 MHz, 

CDCl3) δH 0.86 (t, J= 6.8 Hz, 3H), 1.22-1.34 (m, 6H), 1.47-1.53 (m, 2H), 2.60 (t, J= 7.9 Hz, 

2H), 5.30 (s, 2H), 7.00 (s, 1H), 7.25-7.44 (m, 10 H), 7.57 (s, 1H); 13C (75 MHz, CDCl3) δC 

14.2(3), 22.7 (2), 29.2 (2), 29.4 (2), 29.7 (2), 31.6 (2), 68.0 (2), 120.8(0), 127.8 (1), 128.3 (1), 

128.4 (1), 128.5 (1), 128.7 (1), 129.1 (1), 135.6(0) 136.6 (0), 137.5 (0),138.4 (1), 141.4 (1), 

163.5 (0); MS (CI) m/z 383, 385; HRMS (CI) m/z calcd for C24H28ClO2 383.1778, found 

383.1787. 

 
(Z)-benzyl 2-chlorooct-2-enoate (2je): 

Acrylate 2je was prepared according to the general procedure described above (100°C, 17h). 

Purification by flash chromatography on silica gel (heptanes/ethylacetate 97/3) provides the 

title compound as colorless oil (135 mg, 50%). Rf  0.55 (heptanes/ethylacetate 9/1); IR (neat) 

υmax/cm-1 2927, 2858, 1718, 1628, 1497, 1455, 1375, 1235, 1025; 1H NMR (500 MHz, 

CDCl3) δH 0.89 (t, J= 6.3 Hz, 3H), 1.28-1.34 (m, 4H), 1.45-1.51 (m, 2H), 2.35 (q, J= 7.4 Hz, 

2H), 5.25 (s, 2H), 7.11 (t, J= 7.2 Hz, 1H), 7.34-7.40 (m, 5H); 13C (75 MHz, CDCl3) δC 13.9 

(3), 22.4 (2), 27.2 (2), 29.5 (2), 31.5 (2), 67.7 (2), 124.5 (0), 128.2 (1), 128.4 (1), 128.6 (1), 

135.5 (0), 143.1 (1), 162.5 (0); HRMS (ESI) m/z calcd for C15H19ClNaO2 289.0971, found 

289.0972. 

 

Cl

O

O

CO2Me  
methyl-3-((Z)-3-(benzyloxy)-2-chloro-3-oxoprop-1-enyl)-2,2-

dimethylcyclopropanecarboxylate (2ke): 
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Acrylate 2ke was prepared according to the general procedure described above (100°C, 17h). 

Purification by flash chromatography on silica gel (heptanes/ethylacetate 95/5) provides 

cis/trans (3/7) cyclopropyle derivative as colorless oil (275 mg, 62%) 

 

Cis 

Rf  0.54 (heptanes/ethylacetate 9/1); IR (neat) υmax/cm-1 2954, 1721, 1619, 1436, 1377, 1242, 

1195, 1142, 1087, 1026; 1H NMR (500 MHz, CDCl3) δH 1.29 (s, 3H), 1.33 (s, 3H), 2.04 (d, 

J= 8.4 Hz, 1H), 2.29 (dd, J= 9.7, 8.5 Hz, 1H), 3.67 (s, 3H), 5.25 (d, J=, 12.0 Hz, 1H), 5.29 (d, 

J= 12.0 Hz, 1H), 7.32-7.41 (m, 5H), 7.55 (d, J= 9.7 Hz, 1H); 13C (75 MHz, CDCl3) δC 15.2 

(3), 28.5 (3), 29.5 (0), 32.6 (1), 33.9 (1), 51.7 (3), 67.5 (2), 125.1 (0), 128.1 (1), 128.3 (1), 

128.6 (1), 135.6 (0), 128.4 (1), 162.1 (0), 170.6 (0); MS (CI) m/z 323, 325; HRMS (CI) m/z 

calcd for C17H20ClO4 323.1050, found 323.1046. 

 

trans 

Rf  0.46 (heptanes/ethylacetate 9/1); IR (neat) υmax/cm-1 2953, 1720, 1621, 1438, 1253, 1216, 

1170, 1111, 1089, 1036; 1H NMR (500 MHz, CDCl3) δH 1.25 (s, 3H), 1.34 (s, 3H), 1.84 (d, 

J= 5.2 Hz, 1H), 2.52 (dd, J= 9.7, 5.2 Hz, 1H), 3.70 (s, 3H), 5.23 (d, J= 12.5 Hz, 1H), 5.27 (d, 

J= 12.0 Hz, 1H), 6.79 (d, J= 9.7 Hz, 1H), 7.34-7.37 (m, 5H); 13C (75 MHz, CDCl3) δC 20.3 

(3), 22.7 (3), 30.8 (0), 33.3 (1), 36.3 (1), 51.9 (3), 67.7 (2), 125.5 (0), 128.2 (1), 128.4 (1), 

128.6 (1), 135.4 (0), 140.3 (1), 162.1 (0), 171.0 (0); MS (CI) m/z 323, 325; HRMS (CI) m/z 

calcd for C17H20ClO4 323.1050, found 323.1049. 

 

Cl

O

O

 
(Z)-benzyl 2-chloro-3-cyclohexylacrylate (2le): 

Acrylate 2le was prepared according to the general procedure described above (100°C, 24h). 

Purification by flash chromatography on silica gel (heptanes/ethylacetate 97/3) provides the 

title compound a colorless oil (175 mg, 63%). Rf 0.47 (heptanes/ethylacetate 95/5); IR (neat) 

υmax/cm-1 2925, 2851, 1720, 1625, 1448, 1252, 1216, 1142, 1020; 1H NMR (300 MHz, 

CDCl3) δH 1.10-1.40 (m, 5H), 1.66-1.77 (m, 5H), 2.56-2.66 (m, 1H), 5.24 (s, 2H), 6.93 (d, J= 

9.4 Hz, 1H), 7.34-7.41(m, 5H); 13C (75 MHz, CDCl3) δC 25.4 (2), 25.7 (2), 30.9 (2), 38.7 (1), 

67.7 (2), 122.7 (0), 128.3 (1), 128.4 (1), 128.6 (1), 135.5 (0), 147.4 (1), 162.7 (0); MS (CI) 

m/z 279, 281; HRMS (CI) m/z calcd for C16H20ClO2 279.1152, found 279.1151.  
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Suzuki-Miyaura rection with Z-α-chloroacrylates 

 

 
(E)-4-benzylideneisochroman-3-one (6a): 

Z-α-chloroacrylate 2ae (64 mg, 0.235 mmol), benzo[c][1,2]oxaborol-1(3H)-ol (38 mg, 0.281 

mmol), Pd2(dba)3 (5.4 mg, 0.0058 mmol), Ruphos (11.0 mg, 0.0235 mmol), Cs2CO3 (229 mg, 

0.70 mmol), CsF (107 mg, 0.70 mmol) were introduced in a Schlenk tube flushed with argon. 

Then THF (1.9 mL) and H2O (0.19 mL) were introduced, the tube was sealed and put in an oil 

bath at 80 °C. After 22 h of reaction, anhydrous Na2SO4 and EtOAc were added to the 

reaction medium, filtered, and the solvents were removed. The crude was purified by 

chromatography (heptanes/EtOAc : 4/1) affording lactone 6a as a colorless solid (42.2 mg, 

76%). Mp : 141 °C, Rf= 0.29 (heptanes/ EtOAc  : 10/1). IR (neat) υmax/cm-1 3023, 2919, 1724, 

1618, 1387, 1149; 1H NMR (500 MHz, CDCl3): δH 5.32 (s, 2H), 7.14 (ddd, 1H, J= 7.5, 6.8, 

1.9 Hz), 7.30 (m, 5H), 7.39 (d, 1H, J= 8.1 Hz), 7.46 (d, 2H, J= 6.4 Hz), 7.84 (s, 1H). 13C 

NMR (75 MHz, CDCl3): δC 69.4, 125.2, 125.4, 127.6, 128.1, 128.6, 128.8, 129.5, 129.7, 

130.6, 132.6, 134.5, 139.0, 168.8. MS (ESI): m/z= 259.1 (M+Na+). HRMS (ESI) calcd for 

C16H12O2Na: 259.0735. Found: 259.0739.  

 
((E)-benzyl 2-(4-methoxyphenyl)-3-phenylacrylate (6b): 

Z-α-chloroacrylate 2ae (117.3  mg, 0.430 mmol), 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)aniline (113 mg, 0.516 mmol), Pd2(dba)3 (9.8 mg, 0.0105 mmol), Ruphos (20.1 mg, 

0.0430 mmol), Cs2CO3 (420 mg, 1.290 mmol) and CsF (196 mg, 1.290 mmol) were 

introduced in a Schlenk tube flushed with argon. Then THF (3.5 mL) and H2O (0.35 mL) 

were introduced, the tube was sealed and put in an oil bath at 80 °C. After 22 h of reaction, 

anhydrous Na2SO4 and EtOAc were added to the reaction medium, filtered, and the solvents 

were removed. The crude was purified by chromatography (heptanes/EtOAc : 4/1)  affording 

aniline 6b as a yellow solid (104.7 mg, 75%). Mp= 112 °C, Rf= 0.18 (heptanes/ EtOAc  : 

5/1). IR (neat) υmax/cm-1 3458, 3370, 3020, 1677, 1610, 1252; 1H NMR (500 MHz, CDCl3): 
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δH 5.26 (s, 2 H), 6.82 (t, 2H, J= 7.2 Hz), 7.01 (dd, 1H, J= 7.5, 1.6 Hz), 7.19 (m, 6H), 7.32 (m, 

4H), 7.94 (s, 1H). 13C NMR (75 MHz, CDCl3): δC 66.8, 116.0, 119.1, 121.6, 127.8, 128.1, 

128.6, 129.2, 129.4, 129.8, 130.5, 134.4, 136.4, 142.3, 144.2, 167.8. HRMS (ESI) calcd for 

C22H19NO2Na: 352.1313. Found: 352.1315.  

 

 

 
((E)-benzyl 2-(4-methoxyphenyl)-3-phenylacrylate (6c): 

Z-α-chloroacrylate 2ae (100.3 mg, 0.368 mmol), potassium 4-methoxyphenyltrifluoroborate 

(95 mg, 0.441 mmol), Pd2(dba)3 (8.4 mg, 0.0091 mmol), Ruphos (17.2 mg, 0.0368 mmol) and 

Cs2CO3 (360 mg, 1.103 mmol), were introduced in a Schlenk tube flushed with argon. Then 

THF (3.0 mL) and H2O (0.30 mL) were introduced, the tube was sealed and put in an oil bath 

at 80 °C. After 19 h of reaction, anhydrous Na2SO4 and EtOAc were added to the reaction 

medium, filtered, and the solvents were removed. The crude was purified by chromatography 

twice (heptanes/EtOAc : 10/1, then PhMe/EtOAc : 100/2)  affording ester 6c as a colorless oil 

(124.5 mg, 98%). Rf= 0.27 (heptanes/ EtOAc  : 10/1). IR (neat) υmax/cm-1 3030, 2955, 2835, 

1703, 1510, 1229, 1162; 1H NMR (500 MHz, CDCl3): δH 3.83 (s, 3H), 5.26 (s, 2H), 6.89 (d, 

2H, J= 9.0 Hz), 7.08 (d, 2H, J= 7.3 Hz), 7.15 (d, 2H, J= 8.5 Hz), 7.17 (m, 2H), 7.31 (m, 2H), 

7.34 (s, 4H), 7.82 (s, 1H). 13C NMR (75 MHz, CDCl3): δC 55.3, 66.9, 114.2, 127.9, 128.0, 

128.1, 128.3, 128.6, 128.8, 129.1, 130.7, 131.2, 132.2, 135.0, 136.4, 140.4, 159.3, 168.0. 

HRMS (ESI) calcd for C23H20O3Na: 367.1310. Found: 367.1305.  

 

 
Methyl 3-((E)-3-(benzyloxy)-2-methyl-3-oxoprop-1-enyl)-2,2-

dimethylcyclopropanecarboxylate (6d): 

Pd2(dba)3 (6.4 mg, 0.0070 mmol), Ruphos (20.1 mg, 0.028 mmol) and Cs2CO3 (273 mg, 

0.838 mmol) were introduced in a Schlenk tube flushed with argon. Then a solution of Z-α-

chloroacrylate trans-2ke (90.2  mg, 0.279 mmol) and trimethylboroxine (50 wt% THF 

solution, 80 μL, 0.280 mmol) in THF (3.5 mL), were introduced, the tube was sealed and put 
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in an oil bath at 80 °C. After 18 h of reaction, EtOAc were added to the reaction medium, 

filtered through a 1cm silice pad, and the solvents were removed. The crude was purified by 

HPLC (heptanes/EtOAc: 10/1) affording diester 6d as a yellow oil (65.6 mg, 78%). Rf= 0.22 

(heptanes/ EtOAc: 10/1). IR (neat) υmax/cm-1 2951, 1724, 1706, 1640, 1438, 1217; 1H NMR 

(500 MHz, CDCl3): δH 1.22 (s, 3H), 1.31 (s, 3H), 1.73 (d, 1H, J= 5.1 Hz ), 1.97 (s, 3H), 2.21 

(dd, J= 5.2, 9.6 Hz ), 3.69 (s, 3H), 5.17 (d, 1H, J= 12.7 Hz),  5.20 (d, 1H, J= 12.7 Hz), 6.52 

(d, 1H, J= 9.73 Hz ), 7.32 (m, 1H), 7.35 (d , 4H J= 4.0 Hz). 13C NMR (75 MHz, CDCl3): δC 

13.0, 20.6, 22.5, 30.3, 33.0, 36.1, 51.9, 66.4, 128.1, 128.2, 128.6, 129.6, 136.5, 140.0, 167.6, 

171.9. HRMS (ESI) calcd for C18H22O4Na: 325.1416. Found: 325.1423.  
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