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General remarks. 1H-NMR spectra were recorded on a 300 MHz spectrometer in CDCl3 

using tetramethylsilane as the internal standard. Infrared spectra were measured on a 

spectrometer. Mass spectra were recorded by EI method, and HRMS was measured on Kratos 

Analytical Concept mass spectrometer (EI), and IonSpec 4.7 Tesla FFMS (MALDI). 

Satisfactory CHN microanalyses were obtained with an analyzer. Melting points are 

uncorrected. All reactions were monitored by TLC with silica gel coated plates. Flash 

Column Chromatography was carried out using 300-400 mesh silica gel at increased 

pressure.  

 

General Procedure for the Synthesis of 1a and 1b.  
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According to the previous literature,1 the compound Va was synthesized starting from Ia. In a 

25 mL of RB flask, Va (1.0 g, 1.63 mmol) was dissolved in 10 mL of CH3CN and the solution 

was cooled to 0 °C. Ethyl glyoxylate (449 mg of its 50% solution in toluene, 2.45 mmol) was 

added at 0 °C, then Et3N (329 mg, 3.26 mmol) was added dropwise. The mixture was stirred 

at 0 °C for 5 minutes and the mixture was purified by flash column chromatography (SiO2, 

eluent: Petroleum ether) without removal of the solvent. The solvent was removed under 

reduced pressure from the collected eluents without heating to yield the corresponding 

product 2a (320 mg, 71%) as a yellow powder. Using the similar procedure, compound 2b 

could be synthesized. 
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ethyl 5,5-diphenylpenta-2,3,4-trienoate 2a. 

A yellow solid, Mp: 83-85 oC. 1H NMR (CDCl3, 300 MHz, TMS) δ 1.36 (t, 3H, J = 7.2 Hz), 

4.25 (q, 2H, J = 7.2 Hz), 5.81 (s, 1H), 7.40-7.44 (m, 6H), 7.55-7.58 (m, 2H), 7.67-7.70 (m, 

2H); 13C NMR (CDCl3, 75 MHz, TMS) δ 14.2, 60.8, 96.8, 128.5, 129.6, 129.7, 130.0, 134.8, 

136.9, 137.2, 154.5, 165.5, 168.8; IR (CH2Cl2): ν 3056, 2980, 2925, 2359, 2341, 2053, 1733, 

1699, 1489, 1446, 1365, 1329, 1243, 1185, 1150, 757, 692 cm-1; MS (EI) m/z (%): 276 [M+] 

(73.2), 202 (100.0), 204 (78.0), 203 (73.5), 276 (73.2), 231 (25.7), 201 (25.1), 200 (21.5), 101 

(17.8); HRMS (EI) Calcd. for C19H16O2 (M+) requires 276.1150, Found: 276.1153. 
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CO2Et

H

Cl

Cl

 
ethyl 5,5-bis(4-chlorophenyl)penta-2,3,4-trienoate 2b. 

A yellow solid, Mp: 87-89 oC. 1H NMR (CDCl3, 300 MHz, TMS) δ 1.36 (t, 3H, J = 6.9 Hz), 

4.25 (q, 2H, J = 6.9 Hz), 5.85 (s, 1H), 7.37-7.41 (m, 4H), 7.45-7.48 (m, 2H), 7.56-7.59 (m, 

2H); 13C NMR (CDCl3, 75 MHz, TMS) δ 14.3, 61.0, 98.1, 128.90, 128.94, 130.8, 131.0, 

131.7, 135.0, 135.4, 135.9, 136.1, 155.0, 165.1, 168.2; IR (CH2Cl2): ν 3053, 2980, 2359, 2341, 

2053, 1702, 1585, 1488, 1405, 1366, 1322, 1300, 1244, 1189, 1152, 1092, 1012, 833, 749 

cm-1; MS (EI) m/z (%): 344 [M+] (8.0), 57 (100.0), 91 (63.4), 56 (49.5), 131 (43.6), 92 (39.7), 

77 (29.8), 128 (29.3), 55 (27.4); HRMS (EI) Calcd. for C19H14Cl2O2 (M+) requires 344.0371, 

Found: 344.0369. 
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General procedure for the cycloaddition of diarylvinylidenecyclopropanes 1 with ethyl 

5,5-diarylpenta-2,3,4-trienoate 2. 

Procedure A: Diarylvinylidenecyclopropanes (VDCPs) 1 (0.18 mmol) and ethyl 

5,5-diarylpenta-2,3,4-trienoate 2 (0.22 mmol, 1.2 equiv) were dissolved in CH2Cl2 (3 mL), 

then Tf2NH (2 mg, 4 mol %) was added. The mixture was stirred for 4 to 5 days at room 

temperature (25 oC). The solvent was removed in vacuo, and the residue was purified by flash 

column chromatography on silica gel column with petroleum ether-EtOAc (50:1) as an eluent. 

Procedure B: Diarylvinylidenecyclopropanes (VDCPs) 1 (0.18 mmol) and ethyl 

5,5-diarylpenta-2,3,4-trienoate 2 (0.22 mmol, 1.2 equiv) were dissolved in CH2Cl2 (3 mL), 

and then Tf2NH (2 mg, 4 mol %) was added at 40 oC. The mixture was stirred for several 

hours at this temperature till the substrates were consumed. The solvent was removed in vacuo, 

and the residue was purified by flash column chromatography on silica gel column with 

petroleum ether-EtOAc (50:1) as an eluent.  
 

Ph

Ph Ph
EtOOC

 
ethyl 

2-(3-(diphenylmethylene)-2,2-dimethyl-8-phenyl-1-(propan-2-ylidene)-1,2,3,3a-tetrahydr

ocyclopenta[a]inden-3a-yl)acetate 3a. 

A white solid, Mp: 210-212 oC; 1H NMR (CDCl3, 300 MHz, TMS) δ 0.75 (t, J = 6.9 Hz, 3H, 
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CH3), 1.22 (s, 3H, CH3), 1.32 (s, 3H, CH3), 1.62 (s, 3H, CH3), 1.87 (s, 3H, CH3), 3.22 (d, J = 

13.5 Hz, 1H), 3.30 (d, J = 13.5 Hz, 1H), 3.61-3.76 (m, 2H, CH2), 5.80 (d, J = 7.8 Hz, 1H, Ar), 

6.43-6.50 (m, 2H, Ar), 6.86-6.90 (m, 2H, Ar), 6.94-7.09 (m, 6H, Ar), 7.27-7.32 (m, 1H, Ar), 

7.37-7.56 (m, 7H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) δ 13.7, 21.1, 25.0, 26.9, 29.3, 41.2, 

43.0, 59.7, 64.8, 119.3, 123.9, 125.9, 126.0, 127.1, 127.2, 127.4, 127.8, 128.1, 128.5, 129.7, 

130.1, 130.9, 131.2, 135.3, 136.8, 137.4, 141.2, 143.2, 144.3, 144.9, 145.3, 147.3, 159.9, 

169.9. IR (CH2Cl2) ν 3057, 3021, 2976, 2931, 2903, 2867, 1950, 1630, 1597, 1491, 1462, 

1442, 1386, 1366, 1310, 1266, 1169, 1114, 1094, 1031, 779, 761, 701, 608, 597 cm-1. MS (%) 

m/e 550 (M+, 100), 535 (17), 463 (85), 462 (43), 448 (26), 447 (53), 372 (19), 230 (15), 215 

(14). Anal. calcd. for C40H38O2: C, 87.23%; H, 6.95%. Found: C, 86.91%; H, 7.00%.  
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C6H5 C6H5EtOOC
H3C

CH3  

ethyl 

2-(3-(diphenylmethylene)-2,2,5-trimethyl-1-(propan-2-ylidene)-8-p-tolyl-1,2,3,3a-tetrahy

drocyclopenta[a]inden-3a-yl)acetate 3b.  

A white solid, Mp: 150-152 oC; 1H NMR (CDCl3, 300 MHz, TMS) δ 0.74 (t, J = 6.9 Hz, 3H, 

CH3), 1.22 (s, 3H, CH3), 1.30 (s, 3H, CH3), 1.63 (s, 3H, CH3), 1.86 (s, 3H, CH3), 2.21 (s, 3H, 

CH3), 2.40 (s, 3H, CH3), 3.21 (d, J = 13.8 Hz, 1H), 3.29 (d, J = 13.8 Hz, 1H), 3.62-3.74 (m, 

2H, CH2), 5.81 (d, J = 7.5 Hz, 1H, Ar), 6.33 (dd, J = 7.5, 1.8 Hz, 1H, Ar), 6.48 (dt, J = 7.2, 1.8 

Hz, 1H, Ar), 6.79 (d, J = 7.5 Hz, 1H, Ar), 6.86-6.93 (m, 6H, Ar), 7.29-7.49 (m, 7H, Ar). 13C 

NMR (CDCl3, 75 MHz, TMS) δ 13.7, 21.06, 21.09, 21.3, 25.0, 26.9, 29.3, 41.2, 43.1, 59.7, 

64.9, 119.2, 123.7, 125.9, 126.1, 127.2, 128.1, 128.2, 129.3, 129.5, 130.0, 130.7, 135.1, 135.6, 

136.7, 136.9, 137.4, 140.4, 141.7, 142.2, 143.4, 145.5, 147.4, 160.1, 170.0. IR (CH2Cl2) ν 

3021, 2975, 2927, 2866, 1731, 1597, 1508, 1492, 1461, 1443, 1366, 1306, 1266, 1213, 1166, 

1114, 1094, 1036, 819, 747, 702, 549 cm-1. MS (%) m/e 578 (M+, 40), 491 (45), 475 (36), 461 

(29), 386 (21), 305 (17), 238 (53), 230 (100), 215 (78), 105 (68). HRMS (EI) for C42H42O2: 
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578.3185; Found: 578.3188. 

 

 
 

C6H5

p-ClC6H4 p-ClC6H4

EtOOC

 

ethyl 

2-(3-(bis(4-chlorophenyl)methylene)-2,2-dimethyl-8-phenyl-1-(propan-2-ylidene)-1,2,3,3

a-tetrahydrocyclopenta[a]inden-3a-yl)acetate 3c.  

A white solid, Mp: 150-152 oC; 1H NMR (CDCl3, 400 MHz, TMS) δ 0.78 (t, J = 7.2 Hz, 3H, 
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CH3), 1.22 (s, 3H, CH3), 1.32 (s, 3H, CH3), 1.63 (s, 3H, CH3), 1.83 (s, 3H, CH3), 3.17 (d, J = 

14.1 Hz, 1H), 3.26 (d, J = 14.1 Hz, 1H), 3.65-3.75 (m, 2H, CH2), 5.67 (d, J = 2.8 Hz, 1H, Ar), 

6.45 (d, J = 7.8 Hz, 1H, Ar), 6.74 (d, J = 7.8 Hz, 1H, Ar), 6.90 (dd, J = 2.4 Hz, J = 8.1 Hz, 1H, 

Ar), 6.98-7.09 (m, 6H, Ar), 7.37-7.45 (m, 5H, Ar), 7.49-7.59 (m, 2H, Ar). 13C NMR (CDCl3, 

100 MHz, TMS) δ 13.7, 21.1, 26.9, 29.2, 31.6, 41.2, 42.6, 59.8, 64.8, 119.8, 126.3, 126.6, 

127.5, 128.0, 128.1, 128.5, 128.6, 129.5, 129.9, 130.1, 130.9, 131.9, 133.3, 133.4, 134.7, 

137.9, 140.2, 143.4, 144.4, 144.7, 144.8, 145.4, 161.4, 169.5. IR (CH2Cl2) ν 3078, 3057, 3018, 

2976, 2931, 2904, 2855, 1731, 1637, 1595, 1570, 1489, 1458, 1442, 1412, 1397, 1366, 1309, 

1277, 1260, 1198, 1164, 1120, 1090, 1059, 1031, 1016, 987, 912, 850, 824, 763, 763, 742, 

699, 677, 650, 631, 593 cm-1. MS (%) m/e 618 (M+, 28), 531 (38), 277 (38), 263 (72), 233 

(46), 207 (61), 167 (90), 91 (100). HRMS (EI) for C40H36O2Cl2: 618.2092; Found: 618.2091. 
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Ph Ph
EtOOC

Cl  

ethyl 

2-(8-(4-chlorophenyl)-2,2-dimethyl-1,3-di(propan-2-ylidene)-1,2,3,3a-tetrahydrocyclopen

ta[a]inden-3a-yl)acetate 3f. 

A light yellow oil. 1H NMR (CDCl3, 300 MHz, TMS) δ 0.75 (t, J = 7.2 Hz, 3H, CH3), 1.26 (s, 

3H, CH3), 1.29 (s, 3H, CH3), 1.65 (s, 3H, CH3), 1.87 (s, 3H, CH3), 3.21 (d, J = 13.8 Hz, 1H), 

3.28 (d, J = 13.8 Hz, 1H), 3.61-3.74 (m, 2H, CH2), 5.79 (d, J = 7.5 Hz, 1H, Ar), 6.41 (d, J = 

7.5 Hz, 1H, Ar), 6.45-6.50 (m, 1H, Ar), 6.88-6.90 (m, 4H, Ar), 6.93-7.02 (m, 3H, Ar), 

7.13-7.17 (m, 1H, Ar), 7.28-7.33 (m, 2H, Ar), 7.37-7.40 (m, 1H, Ar), 7.44-7.47 (m, 3H, Ar), 

7.50-7.52 (m, 2H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) δ 13.7, 21.1, 25.0, 26.9, 29.3, 41.2, 

42.9, 59.8, 64.8, 119.4, 124.0, 125.9, 126.0, 127.3, 127.4, 127.7, 128.0, 128.2, 128.7, 129.6, 

130.1, 130.8, 130.9, 131.6, 131.8, 135.5, 136.1, 136.6, 142.0, 143.1, 143.4, 143.9, 145.3, 

147.3, 159.6, 169.8. IR (CH2Cl2) ν 3058, 2970, 2929, 2871, 1730, 1596, 1489, 1461, 1443, 

1394, 1367, 1304, 1264, 1214, 1166, 1118, 1090, 1071, 1035, 1014, 825, 749, 703, 681 cm-1. 

MS (%) m/e 584 (M+, 15), 497 (15), 341 (21), 252 (41), 133 (51), 105 (86), 71 (90), 57 (100). 
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HRMS (EI) for C40H37O2Cl: 584.2482; Found: 584.2490. 

 

 
 

Ph Ph
EtOOC

Cl
Cl

 

ethyl 

2-(8-(3,4-dichlorophenyl)-2,2-dimethyl-1,3-di(propan-2-ylidene)-1,2,3,3a-tetrahydrocyclo
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penta[a]inden-3a-yl)acetate 3g. 

A white solid, Mp: 95-97 oC; 1H NMR (CDCl3, 400 MHz, TMS) δ 0.76 (t, J = 7.2 Hz, 3H, 

CH3), 1.31 (s, 3H, CH3), 1.31 (s, 3H, CH3), 1.67 (s, 3H, CH3), 1.88 (s, 3H, CH3), 3.20 (d, J = 

13.6 Hz, 1H), 3.24 (d, J = 13.6 Hz, 1H), 3.63-3.76 (m, 2H, CH2), 5.79 (d, J = 7.6 Hz, 1H, Ar), 

6.40 (dd, J = 7.6, 1.2 Hz, 1H, Ar), 6.47 (dt, J = 6.4, 2.0 Hz, 1H, Ar), 6.80 (dd, J = 2.0 Hz, J = 

8.1 Hz, 1H, Ar), 6.87-6.91 (m, 1H, Ar), 6.99 (t, J = 7.8 Hz, 1H, Ar), 7.12-7.15 (m, 2H, Ar), 

7.29-7.40 (m, 3H, Ar), 7.43-7.49 (m, 4H, Ar), 7.51 (d, J = 4.8 Hz, 2H, Ar). 13C NMR (CDCl3, 

100 MHz, TMS) δ 13.7, 21.1, 25.1, 26.9, 29.3, 41.2, 42.8, 59.8, 64.8, 119.5, 124.1, 125.8, 

126.1, 127.4, 127.6, 128.1, 128.2, 128.8, 128.9, 129.4, 129.8, 130.2, 130.7, 131.3, 131.4, 

132.1, 134.9, 135.7, 136.5, 142.9, 143.1, 143.2, 144.9, 145.3, 147.2, 159.3, 169.7. IR (CH2Cl2) 

ν 3059, 2976, 2932, 1730, 1598, 1504, 1464, 1443, 1366, 1308, 1265, 1222, 1156, 1093, 1034, 

1015, 836, 778, 703, 599, 531 cm-1. MS (%) m/e 618 (M+, 100), 532 (50), 531 (79), 515 (41), 

341 (29), 230 (79), 215 (73), 91 (33). HRMS (EI) for C40H36O2Cl2: 618.2092; Found: 

618.2086. 
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C6H5

p-FC6H4
C6H5

EtOOC

p-FC6H4

C6H5
C6H5

EtOOC

+

Ph Ph
EtOOC

F

+

 

The rato of 3h : 4h = 9 : 1 
ethyl 

2-(3-(diphenylmethylene)-8-(4-fluorophenyl)-2,2-dimethyl-1-(propan-2-ylidene)-1,2,3,3a-

tetrahydrocyclopenta[a]inden-3a-yl)acetate 3h and ethyl 

2-(3-((4-fluorophenyl)(phenyl)methylene)-1,1-dimethyl-8-phenyl-2-(propan-2-ylidene)-1,

2,3,3a-tetrahydrocyclopenta[a]inden-3a-yl)acetate 4h 

A white solid, Mp: 90-92 oC; 1H NMR (CDCl3, 300 MHz, TMS) δ 0.74 (t, J = 6.9 Hz, 3H, 

CH3), 1.25 (s, 3H, CH3), 1.30 (s, 3H, CH3), 1.64 (m, 3H, CH3), 1.87 (s, 3H, CH3), 3.17-3.31 

(m, 2H, CH2), 3.63-3.74 (m, 2H, CH2), 5.79 (d, J = 7.8 Hz, 1H, Ar), 5.93 (d, J = 7.8 Hz, 0.1H, 

Ar), 6.42-6.50 (m, 2H, Ar), 6.76 (t, J = 8.7 Hz, 2H, Ar), 6.88-7.01 (m, 6H, Ar), 7.14-7.20 (m, 

1H, Ar), 7.30-7.53 (m, 6H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) δ 13.7, 21.0, 25.0, 26.9, 

29.3, 41.2, 42.9, 59.7, 64.8, 114.3 (d, JC-F = 21.3 Hz), 119.4, 124.0, 125.9 (d, JC-F = 6.8 Hz), 

127.3, 128.2, 128.6, 128.8, 129.5, 129.9, 130.1, 130.3, 130.8, 131.1, 131.2 (d, JC-F = 2.6 Hz), 

135.4, 136.2, 136.7, 140.9, 141.4, 143.1, 144.1, 145.3, 147.3, 159.7, 161.1 (d, JC-F = 244.1 

Hz), 169.8. 19F NMR (CDCl3, 282 MHz, CFCl3) δ -123.1, -121.7, -121.1. IR (CH2Cl2) ν 3056, 
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2973, 2931, 1730, 1598, 1581, 1505, 1490, 1443, 1391, 1367, 1306, 1268, 1223, 1188, 1157, 

1117, 1090, 1035, 920, 866, 839, 779, 750, 702, 613 cm-1. MS (%) m/e 568 (M+, 36), 481 (42), 

451 (57), 341 (40), 229 (100), 215 (67), 165 (17), 91 (19). HRMS (EI) for C40H37O2F: 

568.2778; Found: 568.2790. 
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Ph Ph
EtOOC

F
F

 

ethyl 

2-(8-(3,4-difluorophenyl)-2,2-dimethyl-1,3-di(propan-2-ylidene)-1,2,3,3a-tetrahydrocyclo

penta[a]inden-3a-yl)acetate 3i. 
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A white solid, Mp: 100-102 oC; 1H NMR (CDCl3, 300 MHz, TMS) δ 0.75 (t, J = 7.2 Hz, 3H, 

CH3), 1.29 (s, 3H, CH3), 1.30 (s, 3H, CH3), 1.67 (s, 3H, CH3), 1.88 (s, 3H, CH3), 3.20 (d, J = 

13.8 Hz, 1H), 3.26 (d, J = 13.8 Hz, 1H), 3.64-3.75 (m, 2H, CH2), 5.78 (d, J = 7.5 Hz, 1H, Ar), 

6.41 (d, J = 7.6 Hz, 1H, Ar), 6.45-6.51 (m, 1H, Ar), 6.69-6.72 (m, 1H, Ar), 6.79-6.91 (m, 4H, 

Ar), 6.99 (t, J = 7.5 Hz, 1H, Ar), 7.31-7.42 (m, 3H, Ar), 7.44-7.47 (m, 3H, Ar), 7.52 (d, J = 

4.5 Hz, 2H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) δ 13.7, 21.1, 25.0, 26.9, 29.3, 41.2, 42.8, 

59.8, 64.8, 116.1 (d, JC-F = 16.3 Hz), 118.3 (d, JC-F = 16.3 Hz), 119.5, 124.1, 125.7 (dd, JC-F = 

3.0 Hz, JC-F = 3.5 Hz), 125.9, 126.1, 127.5 (d, JC-F = 11.9 Hz), 128.1, 128.2, 128.7, 129.6, 

130.1, 130.7, 131.8, 135.2, 135.6, 136.5, 141.8 (dd, JC-F = 4.5 Hz, JC-F = 4.7 Hz), 142.5, 143.2 

(d, JC-F = 40.0 Hz), 145.2, 147.2, 148.6 (dd, JC-F = 12.6 Hz, JC-F = 246.7 Hz), 149.5 (dd, JC-F = 

12.6 Hz, JC-F = 244.9 Hz), 159.4, 169.8. 19F NMR (CDCl3, 282 MHz, CFCl3) δ -144.6, -146.2. 

IR (CH2Cl2) ν 3058, 2976, 2928, 2855, 2360, 2342, 1731, 1599, 1511, 1492, 1459, 1443, 

1367, 1299, 1267, 1204, 1171, 1113, 1094, 1072, 1034, 880, 821, 749, 702, 669, 598 cm-1. 

MS (%) m/e 586 (M+, 40), 499 (35), 483 (36), 341 (31), 242 (52), 230 (100), 215 (90), 203 

(83). HRMS (EI) for C40H36O2F2Na: 609.2558; Found: 609.2576.  
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p-ClC6H4

p-ClC6H4
C6H5

EtOOC

 

ethyl 

2-(3-(bis(4-chlorophenyl)methylene)-1,1-dimethyl-8-phenyl-2-(propan-2-ylidene)-1,2,3,3

a-tetrahydrocyclopenta[a]inden-3a-yl)acetate 4c.  

A white solid, Mp: 152-154 oC; 1H NMR (CDCl3, 300 MHz, TMS) δ 0.77 (t, J = 6.9 Hz, 3H, 

CH3), 1.24 (s, 3H, CH3), 1.29 (s, 3H, CH3), 1.64 (s, 3H, CH3), 1.87 (s, 3H, CH3), 3.17 (d, J = 
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13.8 Hz, 1H), 3.23 (d, J = 13.8 Hz, 1H), 3.66-3.77 (m, 2H, CH2), 5.94 (d, J = 7.8 Hz, 1H, Ar), 

6.31 (d, J = 8.7 Hz, 1H, Ar), 6.62 (dt, J = 7.5, 1.8 Hz, 1H, Ar), 6.90-6.94 (m, 5H, Ar), 7.05 (d, 

J = 8.7 Hz, 2H, Ar), 7.37-7.49 (m, 7H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) δ 13.8, 21.0, 

25.0, 26.9, 29.3, 41.2, 42.6, 59.9, 64.7, 119.6, 124.0, 125.7, 126.3, 127.4, 127.8, 127.9, 128.2, 

128.8, 129.6, 130.8, 131.2, 131.8, 132.0, 133.3, 134.3, 135.5, 136.4, 142.2, 142.7, 142.8, 

145.0, 147.2, 159.3, 169.7. IR (CH2Cl2) ν 2974, 2930, 1731, 1488, 1463, 1442, 1396, 1366, 

1310, 1264, 1215, 1167, 1115, 1091, 1034, 1015, 826, 803, 778, 750, 702, 690 cm-1. MS (%) 

m/e 618 (M+, 16), 531 (15), 406 (11), 339 (11), 229 (66), 215 (75), 202 (27), 141 (30), 84 

(100). HRMS (EI) for C40H36O2Cl2: 618.2092; Found: 618.2086.  

 

 
 

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2009



 S-20 

p-FC6H4

p-FC6H4
C6H5

EtOOC

 
ethyl 

2-(3-(bis(4-fluorophenyl)methylene)-1,1-dimethyl-8-phenyl-2-(propan-2-ylidene)-1,2,3,3a

-tetrahydrocyclopenta[a]inden-3a-yl)acetate 4d.  

A white solid, Mp: 190-192 oC; 1H NMR (CDCl3, 300 MHz, TMS) δ 0.77 (t, J = 6.9 Hz, 3H, 

CH3), 1.23 (s, 3H, CH3), 1.30 (s, 3H, CH3), 1.64 (s, 3H, CH3), 1.87 (s, 3H, CH3), 3.17 (d, J = 

13.8 Hz, 1H), 3.25 (d, J = 13.8 Hz, 1H), 3.66-3.76 (m, 2H, CH2), 5.92 (d, J = 7.8 Hz, 1H, Ar), 

6.33-6.39 (m, 1H, Ar), 6.56-6.61 (m, 1H, Ar), 6.63-6.70 (m, 1H, Ar), 6.77 (t, J = 8.7 Hz, 2H, 

Ar), 6.89-6.98 (m, 4H, Ar), 7.17-7.24 (m, 1H, Ar), 7.35-7.52 (m, 6H, Ar). 13C NMR (CDCl3, 

75 MHz, TMS) δ 13.8, 21.0, 24.9, 26.9, 29.3, 41.2, 42.7, 59.8, 64.7, 114.4 (d, JC-F = 21.1 Hz), 

115.8 (d, JC-F = 21.8 Hz), 119.6, 124.0, 125.7, 126.2, 127.4, 128.2, 129.5, 131.1 (d, JC-F = 7.4 

Hz), 131.2, 131.3, 132.4 (d, JC-F = 8.3 Hz), 134.7, 135.4, 136.5, 140.1 (d, JC-F = 3.4 Hz), 

140.6 (d, JC-F = 2.9 Hz), 142.0, 143.1, 145.1, 147.3, 159.5, 161.2 (d, JC-F = 241.6 Hz), 162.3 

(d, JC-F = 244.8 Hz), 169.8. 19F NMR (CDCl3, 282 MHz, CFCl3) δ -115.6, -116.2. IR (CH2Cl2) 

ν 3061, 2977, 2932, 1887, 1731, 1599, 1504, 1464, 1443, 1403, 1387, 1367, 1309, 1266, 1224, 

1156, 1115, 1093, 1059, 1034, 1015, 982, 939, 911, 836, 777, 749, 739, 703, 676, 600, 584, 

548 cm-1. MS (%) m/e 586 (M+, 57), 499 (48), 483 (28), 390 (30), 309 (31), 242 (78), 230 

(100), 215 (99), 109 (39). HRMS (EI) for C40H36O2F2: 586.2683; Found: 586.2684. 
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p-ClC6H4

o-ClC6H4
C6H5

EtOOC

o-ClC6H4

p-ClC6H4
C6H5

EtOOC

or

 

(E) or (Z)-ethyl 

2-(3-((2-chlorophenyl)(4-chlorophenyl)methylene)-1,1-dimethyl-8-phenyl-2-(propan-2-yl

idene)-1,2,3,3a-tetrahydrocyclopenta[a]inden-3a-yl)acetate 4e. 

A white solid, Mp: 164-166 oC; 1H NMR (CDCl3, 300 MHz, TMS) δ 0.85 (t, J = 7.2 Hz, 3H, 

CH3), 1.24 (s, 3H, CH3), 1.32 (s, 3H, CH3), 1.65 (s, 3H, CH3), 1.86 (s, 3H, CH3), 3.06 (d, J = 
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14.1 Hz, 1H), 3.18 (d, J = 14.1 Hz, 1H), 3.79 (q, J = 7.2 Hz, 2H, CH2), 5.98 (d, J = 7.5 Hz, 

1H, Ar), 6.46 (dt, J = 7.8, 1.8 Hz, 1H, Ar), 6.85 (dd, J = 7.8, 1.2 Hz, 1H, Ar), 6.88-6.96 (m, 

2H, Ar), 7.01-7.07 (m, 4H, Ar), 7.16 (dt, J = 1.5 Hz, J = 7.5 Hz, 1H, Ar), 7.35-7.45 (m, 6H, 

Ar), 7.59 (dd, J = 1.5 Hz, J = 7.5 Hz, 1H, Ar). 13C NMR (CDCl3, 100 MHz, TMS) δ 13.9, 

20.7, 24.8, 27.0, 29.5, 41.4, 41.6, 59.9, 64.6, 119.7, 124.0, 125.1, 125.9, 126.0, 127.3, 127.6, 

128.2, 128.6, 129.5, 129.7, 130.9, 131.1, 131.3, 131.7, 135.2, 135.5, 136.7, 140.6, 141.6, 

142.0, 142.6, 143.9, 148.2, 158.3, 170.2. IR (CH2Cl2) ν 2976, 2927, 2854, 2359, 2340, 1731, 

1699, 1683, 1668, 1652, 1594, 1558, 1539, 1506, 1488, 1471, 1456, 1384, 1367, 1307, 1275, 

1261, 1169, 1118, 1093, 1034, 750, 703 cm-1. MS (%) m/e 618 (M+, 22), 531 (28), 515 (23), 

341 (21), 259 (28), 229 (87), 215 (100), 117 (63). HRMS (EI) for C40H36O2Cl2Na: 641.1989; 

Found: 641.1985. 
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Reference 

1) N. R. Browne, R. F. C. Brown, F. W. Eastwood, G. D. Fallon, Aust. J. Chem. 1987, 40, 
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The crystal data of 3a have been deposited in CCDC with number 689419. Empirical Formula: 

C40H38O2; Formula Weight: 550.70; Crystal Color, Habit: colorless, prismatic; Crystal 

Dimensions: 0.265 x 0.234 x 0.175 mm; Crystal System: Triclinic; Lattice Type: Primitive; 

Lattice Parameters: a = 10.8855(10)Å, b = 12.0229(11)Å, c = 13.1337(12)Å, α = 88.141(2)o, 

β = 75.077(2)o, γ = 73.626(2)o, V = 1592.0(3)Å3; Space group: P-1; Z = 2; Dcalc = 1.149 g/cm3; 

F000 = 588; Diffractometer: Rigaku AFC7R; Residuals: R; Rw: 0.0757, 0.1628.  

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2009



 S-25 

 
 

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2009



 S-26 

 
 

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2009



 S-27 

 
 

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2009



 S-28 

 
 

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2009



 S-29 

 

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2009



 S-30 

 

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2009



 S-31 

 

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2009



 S-32 

 
 

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2009



 S-33 

 

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2009



 S-34 

 
 

 

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2009



 S-35 

 
The crystal data of 4c have been deposited in CCDC with number 700829. Empirical Formula: 

C41H39Cl4O2; Formula Weight: 705.52; Crystal Color, Habit: colorless, prismatic; Crystal 

Dimensions: 0.465 x 0.414 x 0.270 mm; Crystal System: Monoclinic; Lattice Type: Primitive; 

Lattice Parameters: a = 11.0910(8)Å, b = 12.2148(8)Å, c = 27.0216(19)Å, α = 90o, β = 

99.3620(10)o, γ = 90o, V = 3612.0(4)Å3; Space group: P2(1)/n; Z = 4; Dcalc = 1.297 g/cm3; 

F000 = 1476; Diffractometer: Rigaku AFC7R; Residuals: R; Rw: 0.0602, 0.1556.  
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The crystal data of 4e have been deposited in CCDC with number 719328. Empirical Formula: 
C43H42Cl2O2; Formula Weight: 661.67; Crystal Color, Habit: colorless, prismatic; Crystal 
Dimensions: 0.471 x 0.425 x 0.360 mm; Crystal System: Triclinic; Lattice Type: Primitive; 
Lattice Parameters: a = 9.7469(12)Å, b = 11.6130(14)Å, c = 15.7201(18)Å, α = 90.102(2)o, β 
= 93.697(3)o, γ = 100.409(2)o, V = 1746.3(4)Å3; Space group: P-1; Z = 2; Dcalc = 1.258 g/cm3; 
F000 = 700; Diffractometer: Rigaku AFC7R; Residuals: R; Rw: 0.0733, 0.1969.  
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