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A convenient two step protocol for the synthesis of cyclopentenones and indanones, including an asymmetric variant.

Daniel J. Kerr, Christiane Metje and Bernard L. Flynn*
Department of Chemistry, The Faculties, Australian National University, Canberra ACT, 0200, Australia.
Melting points were recorded with a Kofler hot-stage apparatus and are uncorrected. Proton (1H) and carbon (13C) NMR spectra were recorded with a Varian Gemini 300 spectrometer operating at 300 MHz for proton and 75 MHz for carbon, unless otherwise stated. All NMR spectra were recorded in (D)chloroform (CDCl3) at 20 °C. The protonicities of the carbon atoms observed in the carbon NMR were determined using attached proton test (APT) experiments. Infrared spectra (IR) were obtained as KBr discs or as films on KBr plates and were recorded on a Perkin-Elmer Spectrum One Fourier-transform infrared spectrophotometer. Low-resolution electron impact mass spectra (MS) were recorded at 70 eV on either a VG micromass 7070F instrument or a JEOL AX-505H mass spectrometer, unless otherwise stated. High-resolution mass spectra (HRMS) were recorded on a VG micromass 7070F instrument. Tetrahydrofuran (THF) was distilled under nitrogen from sodium benzophenone ketyl. Dichloromethane was distilled from calcium hydride. All experiments were performed under an anhydrous atmosphere of N2 (g) except as indicated. Flash chromatography was performed on Merck Kieselgel 60. 
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Methyl 4-(3’-methoxyphenoxy)-2-butynoate (5d)

n-BuLi (2 M in cyclohexane, 3.10 mL, 6.2 mmol) was added dropwise to 3-methoxyphenyl propargyl ether (1.0 g, 6.17 mmol) in THF (11 mL) at –78oC. After stirring at this temperature for 15 min, methyl chloroformate (0.54 mL, 7.00 mmol) was added and the reaction mixture brought to room temperature. Silica gel (5 g) was added and the solvent removed under reduced pressure. The residue was subject to flash chromatography (silica gel, hexanes / ether 1:1) giving the product as a colorless oil (1.17 g, 91%). 1H NMR (300 MHz, CDCl3)  7.20  (t, J = 8.1 Hz, 1H), 6.50 – 6.59 (m, 3H), 4.78 (s, 2H), 3.78 (s, 3H), 3.76 (s, 3H). 13C NMR + APT (75 MHz, CDCl3)  160.7 (C), 158.3 (C), 153.2 (C), 129.9 (CH), 107.5 (CH), 106.5 (CH), 101.3 (CH), 82.0 (C), 78.2 (C), 55.3 (CH2), 55.2 (CH3), 52.7 (CH3).
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Methyl 2-(5,5-dimethyl-3-oxo-cyclohex-1-enyl)-acrylate (7a)

Pd(dba)2 (16 mg, 0.03 mmol) was added to a solution of PPh3 (30 mg, 0.12 mmol) in THF (7 mL) and left to stir for 0.25 h at 18oC. After this time methyl propiolate (5a) (84 mg, 1.00 mmol) was added and the reaction mixture cooled to 0oC, Bu3SnH (0.28 mL, 1.0 mmol) was then added dropwise and the mixture allowed to warm to room temperature over 1h. 3-Bromo-5,5-dimethyl-2-cyclohexenone (6a) (241 mg, 1.20 mmol) and CuCl  (80 mg, 0.8 mmol) were then added and the reaction stirred at 18oC for 10h. Then KF(aq) (30%, 20 mL) was added and the reaction stirred for 2 h. The triphasic (organic, aqueous and solid) mixture was filtered through celite, washing with ethyl acetate (25 mL). The aqueous phase was separated from organic phase and the latter dried over MgSO4 and concentrated onto silica gel (1 g) under reduced pressure. The solid residue was subjected to flash chromatography (silica gel, hexanes / dichloromethane / diethyl ether 6:2:1) giving the product 7a as a clear oil (126 mg, 61%). The 1H NMR of the crude reaction mixture indicated almost quantitative conversion of 5a to 7a, however, the product is unstable and the isolated material decomposed at 4oC over several days. 1H NMR (300 MHz, CDCl3)  6.25 (s, 1H), 6.16 (t, J = 1.6 Hz, 1H), 5.86 (s, 1H), 3.81 (s, 3H), 2.39 (d, J = 1.6 Hz, 2H), 2.29 (s, 2H), 1.08 (s, 6H). 13C NMR + APT (75 MHz, CDCl3)  199.7 (C), 165.6 (C), 154.3 (C), 141.2 (C), 127.1 (CH2), 126.9 (CH), 52.0 (CH3), 50.8 (CH2), 41.7 (CH2), 33.6 (C), 27.9  (CH3). IR (NaCl film, cm-1): 2957, 2870, 1726, 1668, 1437, 1369, 1297, 1198, 1158, 994, 906. LRMS (70 eV) m/z (%): 208 (, 65), 133 (65), 124 (100), 105 (80), 91 (60). HRMS calcd for C12H16O3: 208.1099. Found: 208.1099.
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Methyl (Z)-2-(4’-methoxyphenyl)-3-phenyl-acrylate (7b)

Pd(dba)2 (16 mg, 0.03 mmol) was added to a solution of PPh3 (30 mg, 0.12 mmol) in THF (7 mL) and left to stir for 0.25 h at 18oC. After this time methyl 3-phenylpropiolate (5b) (160 mg, 1.00 mmol) was added and the reaction mixture cooled to 0oC, Bu3SnH (0.28 mL, 1.0 mmol) was then added dropwise and the mixture allowed to warm to room temperature over 1h. 4-Iodoanisole (257 mg, 1.05 mmol) and CuCl  (200 mg, 2.0 mmol) were then added and the reaction stirred at 18oC for 50h. Then KF(aq) (30%, 20 mL) was added and the reaction stirred for 2 h. The triphasic (organic, aqueous and solid) mixture was filtered through celite, washing with ethyl acetate (25 mL). The aqueous phase was separated from organic phase and the latter dried over MgSO4 and concentrated onto silica gel (1 g) under reduced pressure. The solid residue was subjected to flash chromatography (silica gel, hexanes / diethyl ether 9:1) giving the product as a slightly tan oil (201 mg, 75%). 1H NMR (300 MHz, CDCl3)  7.33 (d, J = 8.3 Hz, 2H), 7.3 - 7.2 (m, 5H), 6.89 (s, 1H), 6.84 (d, J = 8.3 Hz, 2H), 3.75 (s, 3H), 3.71 (s, 3H). LRMS (70 eV) m/z (%): 268 (, 100), 209 (55), 165 (55), 121 (85), 84 (65).
This material has been described previously.a
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Methyl (E)/(Z)-2-(5,5-Dimethyl-3-oxo-cyclohex-1-enyl)-3-phenyl-acrylate (7c)

Pd(dba)2 (16 mg, 0.03 mmol) was added to a solution of PPh3 (30 mg, 0.12 mmol) in THF (7 mL) and left to stir for 0.25 h at 18oC. After this time methyl 3-phenylpropiolate (5b) (160 mg, 1.00 mmol) was added and the reaction mixture cooled to 0oC, Bu3SnH (0.28 mL, 1.0 mmol) was then added dropwise and the mixture allowed to warm to room temperature over 1h. 3-Bromo-5,5-dimethyl-2-cyclohexenone 6a (241 mg, 1.20 mmol) and CuCl  (100 mg, 1.0 mmol) were then added and the reaction stirred at 18oC for 72h. Then KF(aq) (30%, 20 mL) was added and the reaction stirred for 2 h. The triphasic (organic, aqueous and solid) mixture was filtered through celite, washing with ethyl acetate (25 mL). The aqueous phase was separated from organic phase and the latter dried over MgSO4 and concentrated onto silica gel (1 g) under reduced pressure. The solid residue was subjected to flash chromatography (silica gel, hexanes / dichloromethane / diethyl ether 3:1:0.35) giving the product as separable (E/Z)-isomers of 7c (264 mg, 93%). Higher Rf isomer, (64 mg, 22.3%, thick oil) 1H NMR (300 MHz, CDCl3)  7.30 – 7.40 (m 3H), 7.04 - 7.12 (m, 2H), 6.31 (s, 1H), 5.83 (s, 1H), 3.57 (s, 3H), 2.42 (s, 2H), 2.28 (s, 2H), 1.08 (s, 6H). 13C NMR + APT (75 MHz, CDCl3)  200.0 (C), 165.8 (C), 156.1 (C), 155.1 (C), 136.2 (C), 130.5 (CH), 128.4 (CH), 128.3 (CH), 128.1 (CH), 120.3 (CH), 51.6 (CH3), 51.0 (CH2), 40.6 (CH2), 33.6 (C), 28.3 (CH3). IR (NaCl film, cm-1): 3080, 3057, 3026, 2957, 2870, 1731, 1668, 1613, 1590, 1434, 1307, 1276, 1236, 1167, 1118, 1018, 700. LRMS (70 eV) m/z (%): 284 (, 100), 237 (85), 225 (80), 209 (80), 199 (80), 141 (70). Lower Rf isomer, (200 mg, 70.5%, white solid, mp = 77-9(C) 1H NMR (300 MHz, CDCl3)  7.35 (s, 5H), 7.04 (s, 1H), 6.03 (s, 1H), 3.78 (s, 3H), 2.48 (s, 2H), 2.31 (s, 2H), 1.12 (s, 6H). 13C NMR + APT (75 MHz, CDCl3)  199.5 (C), 168.6 (C), 151.6 (C), 134.9 (C), 134.2 (C), 133.8 (CH), 129.3 (CH), 128.6 (CH), 128.4 (CH), 125.5 (CH), 52.3 (CH3), 50.7 (CH2), 39.4 (CH2), 33.1 (C), 28.3 (CH3). IR (KBr disc, cm-1): 3047, 2955, 2929, 2871, 1725, 1673, 1581, 1465, 1440, 1305, 1277, 1261, 1236, 1219, 1161, 1111, 1003, 759, 688, 520. LRMS (70 eV) m/z (%): 284 (, 85), 225 (90), 209 (80), 196 (75), 141 (100). HRMS calcd for C18H20O3: 284.1412. Found: 284.1417.
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Methyl (Z)-2-benzylidine-4-pentenoate (7d)

Pd(dba)2 (16 mg, 0.03 mmol) was added to a solution of PPh3 (30 mg, 0.12 mmol) in THF (7 mL) and left to stir for 0.25 h at 18oC. After this time methyl 3-phenylpropiolate (5b) (160 mg, 1.00 mmol) was added and the reaction mixture cooled to 0oC, Bu3SnH (0.28 mL, 1.0 mmol) was then added dropwise and the mixture allowed to warm to room temperature over 1h. Allyl bromide (6c) (0.87 mL, 10 mmol) and CuCl  (200 mg, 2.0 mmol) were then added and the reaction stirred at 18oC for 72h. Then KF(aq) (30%, 20 mL) was added and the reaction stirred for 2 h. The triphasic (organic, aqueous and solid) mixture was filtered through celite, washing with ethyl acetate (25 mL). The aqueous phase was separated from organic phase and the latter dried over MgSO4 and concentrated onto silica gel (1 g) under reduced pressure. The solid residue was subjected to flash chromatography (silica gel, hexanes / diethyl ether 39:1) giving 7d as a clear oil (168 mg, 83.0%). 1H NMR (300 MHz, CDCl3)  7.20 - 7.45 (m, 5H), 6.68 (s, 1H), 5.89 (ddt, J = 17.0, 10.2, 6.6 Hz, 1H), 5.17 (d, J = 17.0 Hz, 1H), 5.13 (d, J = 10.2 Hz, 1H), 3.64 (s, 3H), 3.17 (d, J = 6.6 Hz, 2H). 13C NMR + APT (75 MHz, CDCl3)  169.8 (C), 136.0 (C), 134.5 (CH), 134.2 (CH), 132.5 (C), 128.1 (CH), 128.0 (CH), 127.8 (CH), 117.4 (CH2), 51.6 (CH3), 39.2 (CH2). IR (NaCl film, cm-1): 3081, 3061, 3027, 2951, 1720, 1435, 1215, 1123, 922, 752, 696. LRMS (70 eV) m/z (%): 202 (, 60), 143 (100).
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Methyl (E,Z)-2-benzylidene-4-methyl-3-oxo-4-hexenoate (7e)

Pd(dba)2 (48 mg, 0.09 mmol) was added to a solution of PPh3 (90 mg, 0.36 mmol) in THF (20 mL) and left to stir for 0.25 h at 18oC. After this time methyl 3-phenylpropiolate (5b) (480 mg, 3.00 mmol) was added and the reaction mixture cooled to 0oC, Bu3SnH (0.84 mL, 3.0 mmol) was then added dropwise and the mixture allowed to warm to room temperature over 1h. Tigloyl chloride (6d) (373 mg, 3.15 mmol) and CuCl  (240 mg, 2.4 mmol) were then added and the reaction stirred at 18oC for 8h. Then KF(aq) (30%, 20 mL) was added and the reaction stirred for 2 h. The triphasic (organic, aqueous and solid) mixture was filtered through celite, washing with ethyl acetate (25 mL). The aqueous phase was separated from organic phase and the latter dried over MgSO4 and concentrated onto silica gel (2 g) under reduced pressure. The solid residue was subjected to flash chromatography (silica gel, hexanes / diethyl ether 4:1) giving the desired  (E-Z)-product 7e as a slightly tan oil (638 mg, 87%). Proton NMR analysis revealed 91 % isomeric purity. 1H NMR (300 MHz, CDCl3)  7.30 - 7.45 (m, 5H), 7.21 (s, 1H), 6.62 (q, J = 6.7, Hz, 1H), 3.77 (s, 3H), 2.89 (s, 3H), 2.88 (d, J = 6.7 Hz, 3H).
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(E,E)-7e

On standing at ~4 C for 72 h the (E-Z)-isomer converts completely to the (E,E) isomer.
1H NMR (300 MHz, CDCl3)  7.80 (s, 1H), 7.28 - 7.35 (m, 5H), 6.72 (q, J = 6.7 Hz, 1H), 3.79 (s, 3H), 1.90 (s, 3H), 1.78 (d, J = 6.7 Hz, 3H). 13C NMR + APT (75 MHz, CDCl3)  197.0 (C), 165.5 (C), 142.9 (CH), 141.6 (CH), 138.1 (C), 133.0 (C), 131.2 (C), 130.0 (CH), 129.8 (CH), 128.6 (CH), 52.3 (CH3), 14.9 (CH3), 10.4 (CH3). IR (NaCl film, cm-1): 3056, 3028, 3000, 2952, 1715 (2 peaks), 1640 (multiple peaks), 1575, 1496, 1434, 1258, 1200. LRMS (70 eV) m/z (%): 244 (85), 211 (65), 185 (65), 121 (70), 83 (100). HRMS calcd for C15H16O3: 244.1099. Found: 244.1098.
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Methyl (E)/(Z)-3-phenyl-2-(3’,4’,5’-trimethoxybenzoyl)-acrylate (7f)

Pd(dba)2 (16 mg, 0.03 mmol) was added to a solution of PPh3 (30 mg, 0.12 mmol) in THF (7 mL) and left to stir for 0.25 h at 18oC. After this time methyl 3-phenylpropiolate (5b) (160 mg, 1.00 mmol) was added and the reaction mixture cooled to 0oC, Bu3SnH (0.28 mL, 1.0 mmol) was then added dropwise and the mixture allowed to warm to room temperature over 1h. 3,4,5-Trimethoxybenzoyl chloride (6e) (253 mg, 1.05 mmol) and CuCl  (80 mg, 0.8 mmol) were then added and the reaction stirred at 18oC for 8h. Then KF(aq) (30%, 20 mL) was added and the reaction stirred for 2 h. The triphasic (organic, aqueous and solid) mixture was filtered through celite, washing with ethyl acetate (25 mL). The aqueous phase was separated from organic phase and the latter dried over MgSO4 and concentrated onto silica gel (1 g) under reduced pressure. The solid residue was subjected to flash chromatography (silica gel, hexanes / dichloromethane / diethyl ether 1:1:0.1) giving the product as a slightly yellow solid (249 mg, 70%, mp 69-70(C). This material was identified as being the (E)-isomer, a small amount of (impure) (Z)-isomer was also isolated. (Z)-7f: 1H NMR (300 MHz, CDCl3)  7.5-7.2 (m, 6H), 7.08 (s, 2H), 3.93 (s, 3H), 3.88 (s, 6H), 3.79 (s, 3H). (E)-7f: 1H NMR (300 MHz, CDCl3)  7.99 (s, 1H), 7.25 - 7.40 (m, 5H), 7.19 (s, 2H), 3.90 (s, 3H), 3.82 (s, 6H), 3.78 (s, 3H). 13C NMR + APT (75 MHz, CDCl3)  193.8 (C), 165.1 (C), 152.9 (C), 143.0 (C), 142.4 (CH), 132.5 (C), 130.6 (C), 130.3 (C), 130.2 (CH), 129.8 (CH), 128.5 (CH), 106.2 (CH), 60.5 (CH3), 55.9 (CH3), 52.3 (CH3). IR (KBr disc, cm-1): 3089, 3061, 3001, 2947, 2836, 1712, 1663, 1619, 1581, 1501, 1329, 1255, 1128, 1000. LRMS (70 eV) m/z (%): 356 (,90), 195 (100), 121 (35), 84 (40). HRMS calcd for C20H20O6: 356.1260. Found: 356.1258.
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Methyl (E,Z)/(E,E)-5-(3’,4’-methylenedioxyphenyl)-2-benzylidene-3-oxo-4-pentenoate (7g)

Pd(dba)2 (48 mg, 0.09 mmol) was added to a solution of PPh3 (90 mg, 0.36 mmol) in THF (20 mL) and left to stir for 0.25 h at 18oC. After this time methyl 3-phenylpropiolate (5b) (480 mg, 3.00 mmol) was added and the reaction mixture cooled to 0oC, Bu3SnH (0.84 mL, 3.0 mmol) was then added dropwise and the mixture allowed to warm to room temperature over 1h. 3,4-Methylenedioxycinnamoyl chloride (6f) (663 mg, 3.15 mmol) and CuCl  (240 mg, 2.4 mmol) were then added and the reaction stirred at 18oC for 10h. Then KF(aq) (30%, 20 mL) was added and the reaction stirred for 2 h. The triphasic (organic, aqueous and solid) mixture was filtered through celite, washing with ethyl acetate (25 mL). The aqueous phase was separated from organic phase and the latter dried over MgSO4 and concentrated onto silica gel (2 g) under reduced pressure. The solid residue was subjected to flash chromatography (silica gel, hexanes / dichloromethane / diethyl ether 1:1:0.1) giving the product as a yellow solid (726 mg, 72.0%, mixture of (E,Z)- and (E,E)-isomers). Crystallization of this material from minimal dichloromethane with hexanes gave (E,Z)-7g (414 mg, 41 %), the remaining material contains roughly equal proportions of both isomers. (E,Z)-7g: 1H NMR (300 MHz, CDCl3)  7.72 (d, J = 15.4 Hz, 1H), 7.72 (s, 1H), 7.36 - 7.50 (m, 5H), 7.11 (s, 1H), 7.10 (d, J = 7.9 Hz, 1H), 7.00 (d, J = 15.4 Hz, 1H), 6.84 (d, J = 7.9 Hz, 1H), 6.03 (s, 2H), 3.87 (s, 3H). LRMS (70 eV) m/z (%): 336 (, 100), 277 (75), 175 (95), 145 (65), 89 (75).
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(E,E)-7g (mp = 121-3C).

Complete conversion to the (E,E)-Isomer was observed after storing the material at 4(C for 6 months. 1H NMR (300 MHz, CDCl3)  7.89 (s, 1H), 7.22 - 7.48 (m, 6H), 6.99 (s, 1H), 6.95 (d, J = 8.4 Hz, 1H), 6.78 (d, J = 8.4 Hz, 1H), 6.67 (d, J = 16.1 Hz, 1H), 6.00 (s, 2H), 3.82 (s 3H). 13C NMR (150 MHz, CDCl3)  195.4 (C), 165.6 (C), 150.3 (C), 148.4 (C), 146.4 (CH), 142.5 (CH), 132.8 (C), 131.2 (C), 130.5 (CH), 130.2 (CH), 128.8 (CH), 128.5 (C), 125.6 (CH), 125.0 (CH), 108.6 (CH), 106.7 (CH), 101.7 (CH2), 52.7 (CH3). IR (KBr disc, cm-1): 3070, 3015, 2949, 2903, 1718, 1642, 1601, 1493, 1363, 1258. LRMS (70 eV) m/z (%): 336 (, 95), 277 (75), 175 (100), 145 (65), 89 (80). HRMS calcd for C20H16O5: 336.0998. Found: 336.0994.
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Methyl (Z,E)-2-(2’-methyl-but-2’-enoyl)-2-hexenoate (7h)

Pd(dba)2 (48 mg, 0.09 mmol) was added to a solution of PPh3 (90 mg, 0.36 mmol) in THF (20 mL) and left to stir for 0.25 h at 18oC. After this time methyl 2-hexynoate (5c) (0.379 g, 3.00 mmol) was added and the reaction mixture cooled to 0oC, Bu3SnH (0.84 mL, 3.0 mmol) was then added dropwise and the mixture allowed to warm to room temperature over 1h. Tigloyl chloride (6d) (374 mg, 3.15 mmol) and CuCl  (240 mg, 2.4 mmol) were then added and the reaction stirred at 18oC for 8h. Then KF(aq) (30%, 20 mL) was added and the reaction stirred for 2 h. The triphasic (organic, aqueous and solid) mixture was filtered through celite, washing with ethyl acetate (25 mL). The aqueous phase was separated from organic phase and the latter dried over MgSO4 and concentrated onto silica gel (2 g) under reduced pressure. The solid residue was subjected to flash chromatography (silica gel, hexanes / diethyl ether 8:1) giving (Z,E)-7h as a clear oil (505 mg, 80%). 1H NMR (300 MHz, CDCl3)  6.51 (q, J = 7.1 Hz, 1H), 6.31 (t, J = 7.7 Hz, 1H), 3.69 (s, 3H), 2.49 (q, J = 7.7 Hz, 2H), 1.82 (d, J = 7.1 Hz, 3H), 1.83 (s, 3H), 1.49 (sextet, J = 7.7 Hz, 2H), 0.93 (t, J = 7.7 Hz, 3H). 13C NMR + APT (75 MHz, CDCl3)  195.4 (C), 165.7 (C), 149.1 (CH), 140.7 (CH), 138.2 (C), 134.0 (C), 51.7 (CH3), 31.2 (CH2), 21.9 (CH2), 14.7 (CH3), 13.7 (CH3), 11.3 (CH3). IR (NaCl film, cm-1): 2958, 2932, 2871, 1726, 1659, 1642, 1434, 1215, 1158.
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(E,E)-7h

After standing at 4(C for 18 months 70% of the (Z,E)-7h initially isolated had converted to the more stable (E,E)-7h, this was purified by flash chromatography (silica gel, hexanes / diethyl ether 8:1). 1H NMR (300 MHz, CDCl3)  7.00 (t, J = 7.8 Hz, 1H), 6.64 (m, 1H), 3.71 (s, 3H), 2.01 (dt, J = 7.8, 7.4 Hz, 2H), 1.8 – 1.9 (m, 6H), 1.45 (sextet, J = 7.4 Hz, 2H), 0.90 (t, J = 7.4 Hz, 3H). 13C NMR + APT (75 MHz, CDCl3)  196.0 (C), 165.0 (C), 146.6 (CH), 142.8 (CH), 138.8 (C), 133.4 (C), 51.9 (CH3), 31.4 (CH2), 21.5 (CH2), 14.9 (CH3), 13.6 (CH3), 10.2 (CH3). IR (NaCl film, cm-1): 2961, 2932, 2874, 1725, 1660, 1642, 1435, 1281, 1247, 1226, 1054, 1030. LRMS (70 eV) m/z (%): 210 (, 5), 163 (55), 135 (60), 83 (100), 55 (90). HRMS calcd for C12H18O3: 210.1256. Found: 210.1258.
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Methyl (E,Z)-2-(2’-(3’’-methoxy-phenoxy)-ethylidine(-4-methyl-3-oxo-4-hexenoate (7i)

Pd(dba)2 (65.4 mg, 0.114 mmol) was added to a solution of PPh3 (105 mg, 0.401 mmol) in THF (12 mL) and left to stir for 0.25 h at 18oC. After this time 5d (800 mg, 3.80 mmol) was added and the reaction mixture cooled to 0oC, Bu3SnH (1.01 mL, 4.0 mmol) was then added dropwise and the mixture allowed to warm to room temperature over 1h. Tigloyl chloride (6d) (495 mg, 4.1 mmol) and CuCl  (376 mg, 3.8 mmol) were then added and the reaction stirred at 18oC for 18h. Then KF(aq) (30%, 20 mL) was added and the reaction stirred for 2 h. The triphasic (organic, aqueous and solid) mixture was filtered through celite, washing with ethyl acetate (25 mL). The aqueous phase was separated from organic phase and the latter dried over MgSO4 and concentrated onto silica gel (3 g) under reduced pressure. The solid residue was subjected to flash chromatography (silica gel, hexanes / dichloromethane / diethyl ether 5:5:1) giving the product (E,Z)-7i as a slightly tan oil (983 mg, 85%). 1H NMR (300 MHz, CDCl3)  7.18  (t, J = 8.1 Hz, 1H), 6.64 (q, J = 6.6 Hz, 1H), 6.42 – 6.55 (m, 4H), 5.11 (d, J = 4.5 Hz, 1H), 3.77 (s, 3H), 3.76 (s, 3H), 1.86 (d, J = 6.6 Hz, 3H), 1.85 (s, 3H). 13C NMR + APT (75 MHz, CDCl3)  194.2 (C), 164.8 (C), 160.8 (C), 159.0 (C), 145.7 (CH), 143.4 (CH), 138.1 (C), 132.9 (C), 129.9 (CH), 106.7 (CH), 106.6 (CH), 101.2 (CH), 65.8 (CH2), 55.2 (CH3), 52.2 (CH3), 15.0 (CH3), 10.9 (CH3). IR (KBr film, cm-1): 3000, 2953, 2838, 1722, 1658, 1603, 1492, 1437, 1377, 1334, 1263, 1200, 1152. LRMS (FAB) m/z (%): 305 (, 100), 273 (M+H+MeOH, 60). HRMS (FAB) calcd for C17H21O5 (: 305.1389 Found: 305.1392.

Storage of this material at room temperature for extended periods (3-5 days) results in partial isomerization to give some of the (E,E)-isomer. This mixture was separated and the (E,E)-isomer characterized spectroscopically.
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(E,E)-7i

1H NMR (300 MHz, CDCl3)  7.12 – 7.19  (m, 2H), 6.63 (q, J = 6.6 Hz, 1H), 6.52 (dd, J = 8.1 Hz, J = 2.7 Hz, 1H), 6.35 – 6.41 (m, 2H), 4.56 (d, J = 5.4 Hz, 1H), 3.78 (s, 3H), 3.75 (s, 3H), 1.87 (s, 3H), 1.84 (d, J = 6.6 Hz, 3H). 13C NMR + APT (75 MHz, CDCl3)  194.9 (C), 164.5 (C), 160.8 (C), 159.1 (C), 143.4 (CH), 140.9 (CH), 138.6 (C), 134.8 (C), 130.0 (CH), 106.9 (CH), 106.2 (CH), 101.1 (CH), 64.6 (CH2), 55.3 (CH3), 52.5 (CH3), 15.1 (CH3), 10.5 (CH3). IR (KBr film, cm-1): 2953, 1723, 1658, 1603, 1492, 1436, 1247, 1199, 1153.
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(Z)-2,3-Bis-(4’-methoxyphenyl)-1-(3’’,4’’,5’’-trimethoxyphenyl)-2-propenone (7j)

Pd(dba)2 (27 mg, 0.05 mmol) was added to a solution of PPh3 (50 mg, 0.20 mmol) in THF (7 mL) and left to stir for 0.25 h at 18oC. After this time 5e (326 mg, 1.00 mmol) was added and the reaction mixture cooled to 0oC, Bu3SnH (0.28 mL, 1.00 mmol) was then added dropwise and the mixture allowed to warm to room temperature over 1h. 4-Iodoanisole (6b) (281 mg, 1.20 mmol) and CuCl  (200 mg, 2.0 mmol) were then added and the reaction stirred at 18oC for 72h. Then KF(aq) (30%, 20 mL) was added and the reaction stirred for 2 h. The triphasic (organic, aqueous and solid) mixture was filtered through celite, washing with ethyl acetate (25 mL). The aqueous phase was separated from organic phase and the latter dried over MgSO4 and concentrated onto silica gel (1 g) under reduced pressure. The solid residue was subjected to flash chromatography (silica gel, hexanes / dichloromethane / diethyl ether 1:1:0.1 / 1:1:0.15) giving the product as two separable lightly discolored solids (404 mg, 93%). Higher Rf Isomer (E-7j), (0.160 g, 37 %, mp = 136-7(C). 1H NMR (300 MHz, CDCl3)  7.35 (d, J = 8.9 Hz, 2H), 7.28 (s, 2H), 7.21 (d, J = 8.8 Hz, 2H), 7.05 (s, 1H), 6.87 (d, J = 8.8 Hz, 2H), 6.73 (d, J = 8.9 Hz, 2H), 3.87 (s, 3H), 3.80 (s, 3H), 3.79 (s, 6H), 3.74 (s, 3H). 13C NMR + APT (75 MHz, CDCl3)  198.7 (C), 159.4 (C), 159.2 (C), 153.0 (C), 142.7 (C), 138.1 (C), 131.4 (C), 131.1 (C), 130.0 (CH), 128.4 (C), 128.1 (CH), 127.4 (CH), 114.2 (CH), 113.9 (CH), 106.9 (CH), 60.9 (CH3), 56.1 (CH3), 55.3 (CH3), 55.2 (CH3). IR (KBr disc, cm-1): 3003, 2940, 2836, 1654, 1606, 1578, 1512, 1501, 1462, 1412, 1325, 1246, 1176, 1158, 1123, 1028, 999, 852, 763, 564. LRMS (70 eV) m/z (%): 424 (, 100), 287 (70), 239 (35), 195 (100). HRMS calcd for C26H26O6: 434.1729. Found: 434.1731. Lower Rf Isomer (Z-7j), (0.244 g, 56 %, mp = 112-4(C) 1H NMR (300 MHz, CDCl3)  7.23 (s, 1H), 7.20 (d, J = 8.7 Hz, 2H), 7.10 (d, J = 8.9 Hz, 2H), 7.05 (s, 2H), 6.90 (d, J = 8.7 Hz, 2H), 6.73 (d, J = 8.9 Hz, 2H), 3.90 (s, 3H), 3.83 (s, 3H), 3.82 (s, 6H), 3.78 (s, 3H). 13C NMR + APT (75 MHz, CDCl3)  196.5 (C), 160.0 (C), 159.1 (C), 152.6 (C), 141.2 (C), 139.3 (CH), 138.2 (C), 133.3 (C), 132.0 (CH), 130.9 (CH), 129.3 (C), 127.5 (C), 114.3 (CH), 113.7 (CH), 107.2 (CH), 60.9 (CH3), 56.1 (CH3), 55.2 (CH3). IR (KBr disc, cm-1): 3003, 2968, 2941, 2838, 1647, 1602, 1579, 1507, 1468, 1414, 1330, 1256, 1156, 1124, 1031, 1006, 920, 833, 810, 765. LRMS (70 eV) m/z (%): 434 (, 100), 287 (85), 239 (55), 195 (90). HRMS calcd for C26H26O6: 434.1729, Found: 434.1734.
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(E/Z)-3-(4’-Methoxyphenyl)-1,2-bis-(3’’,4’’,5’’-trimethoxyphenyl)-2-propenone (7k)

Pd(dba)2 (16 mg, 0.03 mmol) was added to a solution of PPh3 (30 mg, 0.12 mmol) in THF (7 mL) and left to stir for 0.25 h at 18oC. After this time 5e (326 mg, 1.00 mmol) was added and the reaction mixture cooled to 0oC, Bu3SnH (0.28 mL, 1.00 mmol) was then added dropwise and the mixture allowed to warm to room temperature over 1h. 3,4,5-Trimethoxyphenyliodide (6g) (353 mg, 1.20 mmol) and CuCl  (80 mg, 0.8 mmol) were then added and the reaction stirred at 18oC for 92h. Then KF(aq) (30%, 20 mL) was added and the reaction stirred for 2 h. The triphasic (organic, aqueous and solid) mixture was filtered through celite, washing with ethyl acetate (25 mL). The aqueous phase was separated from organic phase and the latter dried over MgSO4 and concentrated onto silica gel (1 g) under reduced pressure. The solid residue was subjected to flash chromatography (silica gel, hexanes / dichloromethane / diethyl ether 1:1:0.25 / 1:1:0.3) giving the product as two separable lightly discolored solids (397 mg, 80%). Higher Rf Isomer (E-7k), (0.255 g, 51.6%, mp = 120-2(C) 1H NMR (300 MHz, CDCl3)  7.28 (s, 2H), 7.21 (d, J = 8.9 Hz, 2H), 7.07 (s, 1H), 6.74 (d, J = 8.9 Hz, 2H), 6.62 (s, 2H), 3.89 (s, 3H), 3.843 (s, 3H), 3.835 (s, 6H), 3.80 (s, 6H), 3.75 (s, 3H). 13C NMR + APT (75 MHz, CDCl3)  198.1 (C), 159.3 (C), 153.3 (C), 153.0 (C), 142.8 (C), 138.5 (C), 138.1 (C), 134.3 (C), 131.3 (C), 130.1 (CH), 129.7 (CH), 127.9 (C), 113.9 (CH), 106.9 (CH), 103.6 (CH), 60.8 (CH3), 56.12 (CH3), 56.06 (CH3), 55.1 (CH3). IR (KBr disc, cm-1): 3100, 3061, 3007, 2934, 2836, 1658, 1604, 1577, 1512, 1502, 1468, 1413, 1365, 1330, 1262, 1239, 1127, 1118, 1002, 840, 824, 647. LRMS (70 eV) m/z (%): 494 (, 100), 287 (65), 195 (60). HRMS calcd for C28H30O8: 494.1941. Found: 494.1938. Lower Rf Isomer (Z-7k), (0.142 g, 28.7%, mp = 130-1(C) 1H NMR (300 MHz, CDCl3)  7.25 (s, 1H), 7.084 (d, J = 8.9 Hz, 2H), 7.076 (s, 2H), 6.73 (d, J = 8.9 Hz, 2H), 6.47 (s, 2H), 3.90 (s, 3H), 3.87 (s, 3H), 3.84 (s, 6H), 3.77 (s, 3H), 3.73 (s, 6H). 13C NMR + APT (75 MHz, CDCl3)  196.0 (C), 160.2 (C), 153.5 (C), 152.6 (C), 141.3 (C), 140.3 (CH), 138.0 (C), 137.4 (C), 133.2 (C), 132.4 (C), 132.1 (CH), 126.9 (C), 113.6 (CH), 107.1 (CH), 106.4 (CH), 60.7 (CH3), 56.1 (CH3), 55.9 (CH3), 55.1 (CH3). IR (KBr disc, cm-1): 2997, 2939, 2833, 1644, 1604, 1578, 1563, 1504, 1461, 1412, 1329, 1253, 1236, 1177, 1127, 1028, 1002, 894, 766. LRMS (70 eV) m/z (%): 494 (, 100), 287 (65), 195 (60). HRMS calcd for C28H30O8: 494.1941. Found: 494.1942.
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(E/Z)-2-(4’-Methoxybenzylidine)3-(4’’-methoxyphenyl)-1-(3’’’,4’’’,5’’’-trimethoxyphenyl)-1,3-propadione (7l)

Pd(dba)2 (32 mg, 0.06 mmol) was added to a solution of PPh3 (60 mg, 0.24 mmol) in THF (14 mL) and left to stir for 0.25 h at 18oC. After this time 5e (560 mg, 1.72 mmol) was added and the reaction mixture cooled to 0oC, Bu3SnH (0.48 mL, 1.72 mmol) was then added dropwise and the mixture allowed to warm to room temperature over 1h. 4-Methoxybenzoyl chloride (6h) (352 mg, 2.06 mmol) and CuCl  (150 mg, 1.5 mmol) were then added and the reaction stirred at 18oC for 16h. Then KF(aq) (30%, 20 mL) was added and the reaction stirred for 2 h. The triphasic (organic, aqueous and solid) mixture was filtered through celite, washing with ethyl acetate (25 mL). The aqueous phase was separated from organic phase and the latter dried over MgSO4 and concentrated onto silica gel (2 g) under reduced pressure. The solid residue was subjected to flash chromatography (silica gel, hexanes / dichloromethane / diethyl ether 1:1:0.27) giving the product as a light yellow solid (667 mg, 84%, mp = 107-10(C). NMR analysis indicates this material exists as an equilibrium of E/Z-isomers of 7l. 1H NMR (300 MHz, CDCl3)  Isomer A: 7.95 (d, J = 8.8 Hz, 2H), 7.56 (s, 1H), 7.32 (d, J = 8.8 Hz, 2H), 7.08 (s, 2H), 6.87 (d, J = 8.8 Hz, 2H), 6.75 (d, J = 8.8 Hz, 2H), 3.89 (s, 3H), 3.82 (s, 9H), 3.75 (s, 3H). Isomer B: 7.88 (d, J = 8.7 Hz, 2H), 7.45 (s, 1H), 7.27 (d, J = 8.7 Hz, 2H), 7.25 (s, 2H), 6.95 (d, J = 8.7 Hz, 2H), 6.78 (d, J = 8.7 Hz, 2H), 3.87 (s, 3H), 3.86 (s, 3H), 3.80 (s, 6H), 3.76 (s, 3H). 13C NMR + APT (75 MHz, CDCl3)  196.0 (C), 195.9 (C), 193.4 (C), 193.3 (C), 164.1 (C), 163.2 (C), 161.3 (C), 161.2 (C), 153.1 (C), 152.8 (C), 143.0 (CH), 142.5 (CH), 141.6 (C), 137.24 (C), 137.17 (C), 132.8 (C), 132.2 (CH), 131.9 (CH), 131.85 (CH), 131.81 (CH), 131.5 (C), 130.0 (C), 129.6 (C), 125.72 (C), 125.68 (C), 114.2 (CH), 114.0 (CH), 113.7 (CH), 106.8 (CH), 106.6 (CH), 60.8 (CH3), 56.12 (CH3), 56.06 (CH3), 55.4 (CH3), 55.2 (CH3). IR (KBr disc, cm-1): 3072, 3004, 2936, 2838, 1656, 1642, 1599, 1582, 1507, 1460, 1414, 1331, 1258, 1167, 1123, 1025, 848, 831. LRMS (70 eV) m/z (%): 462 (, 50), 327 (25), 195 (45), 135 (100). HRMS calcd for C27H26O7: 462.1679. Found: 462.1677.
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2-(4’-Methoxybenzylidine)-1,3-bis-(3’’,4’’,5’’-trimethoxyphenyl)-1,3-propadione (7m)

Pd(dba)2 (16 mg, 0.03 mmol) was added to a solution of PPh3 (30 mg, 0.12 mmol) in THF (7 mL) and left to stir for 0.25 h at 18oC. After this time 5e (326 mg, 1.00 mmol) was added and the reaction mixture cooled to 0oC, Bu3SnH (0.28 mL, 1.00 mmol) was then added dropwise and the mixture allowed to warm to room temperature over 1h. 3,4,5-Trimethoxybenzoyl chloride (6e) (0.254 g, 1.1 mmol) and CuCl  (80 mg, 0.8 mmol) were then added and the reaction stirred at 18oC for 24h. Then KF(aq) (30%, 20 mL) was added and the reaction stirred for 2 h. The triphasic (organic, aqueous and solid) mixture was filtered through celite, washing with ethyl acetate (25 mL). The aqueous phase was separated from organic phase and the latter dried over MgSO4 and concentrated onto silica gel (1 g) under reduced pressure. The solid residue was subjected to flash chromatography (silica gel, hexanes / dichloromethane / diethyl ether 1:1:0.3) giving the product 7m as a light yellow solid (422 mg, 81%, mp = 49-50(C). 1H NMR (300 MHz, CDCl3)  7.58 (s, 1H), 7.31 (d, J = 8.8 Hz, 2H), 7.24 (s, 2H), 7.09 (s, 2H), 6.77 (d, J = 8.8 Hz, 2H), 3.89 (s, 3H), 3.87 (s, 3H), 3.81 (s, 6H), 3.79 (s, 6H), 3.76 (s, 3H). 13C NMR + APT (75 MHz, CDCl3)  196.0 (C), 193.4 (C), 161.4 (C), 153.1 (C), 152.9 (C), 143.1 (CH), 143.1 (C), 141.8 (C), 136.9 (C), 132.6 (C), 132.2 (CH), 131.3 (C), 125.6 (C), 114.3 (CH), 106.8 (CH), 106.7 (CH), 60.9 (CH3), 56.1 (CH3), 55.3 (CH3). IR (KBr disc, cm-1): 3070, 2999, 2937, 2836, 1662, 1581, 1502, 1462, 1413, 1328, 1259, 1230, 1176, 1159, 1125, 1026, 999, 860, 831, 771. LRMS (70 eV) m/z (%): 522 (, 60), 327 (20), 311 (35), 195 (100). HRMS calcd for C29H30O9: 522.1890, Found: 522.1898.
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3-Phenyl-2-(3’, 4’, 5’-trimethoxybenzoyl)-2-propenal (7n)

Pd(dba)2 (16 mg, 0.03 mmol) was added to a solution of PPh3 (30 mg, 0.12 mmol) in THF (7 mL) and left to stir for 0.25 h at 18oC. After this time 3-phenyl-propynal 5f (130 mg, 1.00 mmol) was added and the reaction mixture cooled to 0oC, Bu3SnH (0.28 mL, 1.00 mmol) was then added dropwise and the mixture allowed to warm to room temperature over 1h. 3,4,5-Trimethoxybenzoyl chloride (6e) (254 mg, 1.10 mmol) and CuCl  (80 mg, 0.8 mmol) were then added and the reaction stirred at 18oC for 5h. Then KF(aq) (30%, 20 mL) was added and the reaction stirred for 2 h. The triphasic (organic, aqueous and solid) mixture was filtered through celite, washing with ethyl acetate (25 mL). The aqueous phase was separated from organic phase and the latter dried over MgSO4 and concentrated onto silica gel (1 g) under reduced pressure. The solid residue was subjected to flash chromatography (silica gel, hexanes / dichloromethane / diethyl ether 1:1:0.15) giving the product 7n as a lightly discolored solid (158 mg, 48%, mp = 100-2(C). 1H NMR (300 MHz, CDCl3)  9.73 (s, 1H), 7.59 (s, 1H), 7.25 - 7.45 (m, 5H), 7.15 (s, 2H), 3.88 (s, 3H), 3.79 (s, 6H). 13C NMR + APT (75 MHz, CDCl3)  194.4 (C), 191.2 (CH), 153.3 (C), 150.1 (CH), 143.7 (C), 140.3 (C), 132.4 (C), 131.6 (CH), 130.6 (CH), 129.1 (CH), 106.6 (CH), 60.9 (CH3), 56.2 (CH3). IR (KBr disc, cm-1): 3089, 3014, 2941, 2841, 1678, 1645, 1609, 1580, 1499, 1466, 1413, 1373, 1331, 1234, 1208, 1127, 1000, 860, 761, 684. LRMS (70 eV) m/z (%): 326 (, 100), 298 (90), 283 (50), 195 (70). HRMS calcd for C19H18O5: 326.1154. Found: 326.1155.
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(S)-(E,Z)-2-Benzylidine-4-methyl-1-(2’-oxo-4’-phenyl-3-oxazolidinyl)-4-hexene-1,3-dione (7o)

Pd(dba)2 (20 mg, 0.035 mmol) was added to a solution of PPh3 (35 mg, 0.134 mmol) in THF (3 mL) and left to stir for 0.25 h at 18oC. After this time 5gb (201 mg, 0.69 mmol) was added and the reaction mixture cooled to 0oC, Bu3SnH (190 L, 0.71 mmol) was then added dropwise and the mixture allowed to warm to room temperature over 1 h. Tigloyl chloride (6d) (92 mg, 0.76 mmol) and CuCl  (68 mg, 0.69 mmol) were then added and the reaction stirred at 18oC for 18h. After this time KF (30% w/v in H2O, 10 mL) was added and the reaction stirred for 2 h. To this mixture H2O (10 ml) and ethyl acetate (10 mL) were and the two phases separated and the aqueous phase was then extracted with ethyl acetate (15 mL). The organic fractions were combined, dried over MgSO4 and concentrated onto silica gel (2 g) under reduced pressure. The solid residue was subjected to flash chromatography (silica gel, hexanes / dichloromethane / diethyl ether 5:5:1) giving the product 7o as a white solid (227 mg, 88%) mp = 116-7oC. 1H NMR (300 MHz, CDCl3)  7.41 (br s, 5H), 7.35 (s, 1H), 7.27 (mc, 1H), 7.12 (br s, 4H), 6.65 (q, J = 6.6 Hz, 1H), 5.55 (dd, J = 8.4 Hz, J = 3.3 Hz, 1H), 4.71 (t, J = 8.4 Hz, 1H), 4.33 (dd, J = 8.4 Hz, J = 3.3 Hz, 1H), 1.91 (s, 3H), 1.87 (d, J = 6.6 Hz, 3H). 13C NMR + APT (75 MHz, CDCl3)  195.5 (C), 166.2 (C), 152.8 (C), 143.0 (CH), 138.4 (CH), 138.1 (C), 135.4 (C), 135.0 (C),  133.0 (C), 130.0 (CH),129.3 (CH), 129.0 (CH), 128.7 (CH), 128.6 (CH), 126.6 (CH), 70.4 (CH2), 57.4 (CH), 14.5 (CH3), 12.8 (CH3). IR (KBr disc, cm-1): 3043, 2913, 1783, 1699, 1637, 1622, 1393, 1368, 1333, 1282, 1262, 1222, 1120, 1064. LRMS (70 eV) m/z (%): 375 (20), 292 (25), 212 (100). HRMS (FAB) calcd for C23H22NO4 (M+H+): 376.1549. Found: 376.1552. The nuclear Overhauser enhancements shown above were observed in a NOSEY 2D-NMR experiment performed at 600MHz.
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()-trans-Methyl-3,4-dimethyl-2-oxo-5-phenyl-3-cyclopentenoate (8e)

Methanesulfonic acid (16 (L, 0.24 mmol) was added to a solution of 7ec (48.9 mg, 0.200 mmol) in dry dichloromethane (7 mL). After stirring for 4 h the solution was diluted with diethyl ether (20 mL), washed with distilled water (20 mL), dried over MgSO4 and concentrated under reduced pressure to give 8e as a slightly discolored solid (44.1 mg, 90.0%, mp = 70-2C). 1H NMR (300 MHz, CDCl3)  7.2 - 7.4 (m, 3H), 7.09 (dd, J = 6.4, 3.0 Hz, 2H), 4.23 (d, J = 2.7 Hz, 1H), 3.76 (s, 3H), 3.39 (d, J = 2.7 Hz, 1H), 1.87 (s, 3H), 1.81 (s, 3H). 13C NMR + APT (75 MHz, CDCl3)  201.4 (C), 171.8 (C), 169.1 (C), 140.1 (C), 135.4 (C), 129.1 (CH), 127.5 (CH), 60.9 (CH), 53.0 (CH3 or CH), 52.7 (CH3 or CH), 15.6 (CH3), 8.5 (CH3). IR (KBr disc, cm-1): 3029, 2951, 1735, 1702, 1645, 1599, 1494, 1433, 1162, 1031, 767, 700. LRMS (70 eV) m/z (%): 244 (, 75), 184 (100), 141 (35). HRMS calcd for C15H16O3: 244.1099. Found: 244.1101.
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()-trans-4,5,6-Trimethoxy-1-oxo-3-phenyl-indan-2-carboxylic acid methyl ester (8f)

Methanesulfonic acid (110 (L, 1.66 mmol) was added to a solution of propenoate 7f (130 mg, 0.365 mmol) in dry dichloromethane (2 mL). After stirring for 2 h the solution was diluted with diethyl ether (10 mL), washed with distilled water (5 mL), dried over MgSO4 and concentrated onto silica gel (~1 g). Flash chromatography (1:1:0.07, hexanes / dichloromethane / diethyl ether) returned the desired material 8f as a discoloured oil (108 mg, 836 %). 1H NMR (300 MHz, CDCl3)  7.15-7.30 (m, 3H), 7.05-7.15 (m, 2H), 7.08 (s, 1H), 4.94 (d, J = 3.2 Hz, 1H), 3.90 (2 ( s, 6H), 3.77 (s, 3H), 3.62 (d, J = 3.2 Hz, 1H), 3.33 (s, 3H). 13C NMR + APT (75 MHz, CDCl3)  197.7 (C), 168.7 (C), 155.1 (C), 150.2 (C), 149.4 (C), 143.4 (C), 142.5 (C), 130.3 (C), 128.7 (CH), 127.3 (CH), 127.0 (CH), 100.9 (CH), 63.5 (CH), 60.8 (CH3), 59.9 (CH3), 56.2 (CH3), 52.8 (CH3), 46.1 (CH). IR (KBr film, cm-1): IR (KBr film, cm-1): 3084, 3059, 3028, 2952, 2852, 1741, 1710, 1661, 1572, 1471, 1434, 1345, 1313, 1267, 1191, 1126, 1065, 1030, 1004, 966, 841, 702, 559. LRMS (70 eV) m/z (%): 356 ( 85), 324 (40), 296 (100). HRMS calcd for C20H20O6: 356.1260. Found: 356.1263.
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()-trans-Methyl-3,4-dimethyl-2-oxo-5-propyl-3-cyclopentenoate (8h)
Methanesulfonic acid (36 (L, 0.55 mmol) was added to a solution of 7h (105 mg, 0.500 mmol) in dry dichloromethane (7 mL). After stirring for 24 h the solution was diluted with diethyl ether (10 mL), washed with distilled water (5 mL), dried over MgSO4 and concentrated onto silica gel (0.5 g). Flash chromatography (silica gel, hexanes / diethyl ether 4:1) returned 8h as a clear oil (92.6 mg, 88.2%). 1H NMR (300 MHz, CDCl3)  3.74 (s, 3H), 3.08 (d, J = 2.6 Hz, 1H), 2.03 (s, 3H), 1.78 (td, J = 7.0, 2.6 Hz, 1H), 1.69 (s, 3H), 1.15 - 1.42 (m, 4H), 0.92 (t, J = 7.1 Hz, 3H). 13C NMR + APT (75 MHz, CDCl3)  201.5 (C), 173.3 (C), 170.2 (C), 134.7 (C), 57.3 (CH), 52.5 (CH3), 47.2 (CH), 34.3 (CH2), 20.3 (CH2), 15.2 (CH3), 14.0 (CH3), 8.3 (CH3). IR (NaCl film, cm-1): 2955, 2929, 2872, 1739, 1702, 1647, 1434, 1158. LRMS (70 eV) m/z (%): 210 (, 80), 179 (50), 150 (85), 122 (100). HRMS calcd for C12H18O3: 210.1256. Found: 210.1255.
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()-trans-Methyl-5-(3’-methoxyphenoxymethyl)-3,4-dimethyl-2-oxo-3-cyclopentenoate (8i)
Cupric triflate (149 mg, 0.41 mmol) was added to a solution of 7i (125 mg, 0.41 mmol) in dichloromethane (4 mL) and the solution stirred at 18oC for 2h. After this time NaHCO3 (5% w/v in H2O, 10 mL) was added and stirring continued for a further 1h. The biphasic mixture was separated and the aqueous layer extracted with dichloromethane (10 mL). The combined organic fractions were dried over MgSO4 and concentrated onto silica gel (1 g) under reduced pressure. The solid residue was subjected to flash chromatography (silica gel, hexanes / dichloromethane / diethyl ether 5:5:2) giving the product 8i as a slightly tan oil (63.5 mg, 51%) and (E,E)-7i (16 mg, 11%). 1H NMR (300 MHz, CDCl3)  7.20  (t, J = 8.1 Hz, 1H), 6.52 (dd, J = 8.1 Hz, J = 2.1, 1H), 6.45 (dd, J = 8.1 Hz, J = 2.1, 1H), 6.40 (t, J = 2.1 Hz, 1H), 4.14 (m, 2H), 3.78 (s, 6H), 3.50 (br s, 2H), 2.10 (s, 3H), 1.75 (s, 3H). 13C NMR + APT (75 MHz, CDCl3)  200.7 (C), 169.5 (C), 168.7 (C), 160.8 (C), 159.6 (C), 136.6 (C), 129.9 (CH), 107.0 (CH), 106.5 (CH), 101.1 (CH), 66.5 (CH2), 55.3 (CH3), 54.5 (CH), 52.7 (CH3), 47.0 (CH), 15.1 (CH3), 8.5 (CH3). IR (KBr film, cm-1): 2952, 1737, 1705, 1649, 1602, 1493, 1436, 1264, 1199, 1153. LRMS (70 eV) m/z (%): 304 ( 45), 273 (MeO, 22), 181 (50), 149 (75), 137 (44), 124 (100). HRMS calcd for C17H20O5: 304.1311. Found: 304.1315.
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()-trans-4,5,6-Trimethoxy-2,3-bis(4’-methoxyphenyl)-1-indanone (8j)

Cupric triflate (78.1 mg, 0.216 mmol) was added to a solution of 7jc (78.4 mg, 0.180 mmol) in dry dichloromethane (2 mL). After stirring for 4 h the solution was concentrated directly onto silica gel (0.5 g). Flash chromatography (silica gel, hexanes / dichloromethane / diethyl ether 1:1:0.1 / 1:1:0.15) returned the desired material 8j as a slightly colored solid (73.9 mg, 94.2%, mp = 128C), as well as oxidized material (2.7 mg, 3.4%) and impure cis-isomer (1.5 mg, 1.9 %). 1H NMR (300 MHz, CDCl3)  7.15 (s, 1H), 7.01 (d, J = 8.7 Hz, 4H), 6.84 (d, J = 8.7 Hz, 2H), 6.83 (d, J = 8.7 Hz, 2H), 4.48 (d, J = 3.2 Hz, 1H), 3.94 (s, 3H), 3.93 (s, 3H), 3.78 (s, 3H), 3.77 (s, 3H), 3.66 (d, J = 3.2 Hz, 1H), 3.38 (s, 3H). 13C NMR + APT (75 MHz, CDCl3)  205.0 (C), 158.6 (C), 158.3 (C), 155.0 (C), 150.2 (C), 149.0 (C), 143.2 (C), 135.7 (C), 131.5 (C), 131.3 (C), 128.8 (CH), 128.2 (CH), 114.2 (CH), 113.9 (CH), 100.8 (CH), 64.0 (CH), 60.8 (CH3), 60.0 (CH3), 56.2 (CH3), 55.1 (CH3), 51.6 (CH). IR (KBr disc, cm-1): 3084, 3067, 3037, 3011, 2938, 2836, 1709, 1612, 1599, 1584, 1512, 1466, 1417, 1344, 1306, 1249, 1175, 1127, 1102, 1028, 974, 835, 801. LRMS (70 eV) m/z (%): 434 (, 100), 135 (20), 91 (25). HRMS calcd for C26H26O6: 434.1729. Found: 434.1732.
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()-trans-4,5,6-Trimethoxy-3-(4’-methoxyphenyl)-2-(3’’,4’’,5’’-trimethoxyphenyl)-1-indanone (8k)

Methanesulfonic acid (10 (L, 0.15 mmol) was added to a solution of 7kc (60 mg, 0.121 mmol) in dry dichloromethane (2 mL). After stirring for 2 h the solution was diluted with diethyl ether (10 mL), washed with distilled water (5 mL), dried over MgSO4 and concentrated onto silica gel (0.5 g). Flash chromatography (silica gel, hexanes / dichloromethane / diethyl ether 15:15:4) returned 8k as a slightly colored solid (52.0 mg, 86.7 %, mp = 137-8C). 1H NMR (300 MHz, CDCl3)  7.16 (s, 1H), 7.02 (d, J = 8.7 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 4.47 (d, J = 3.4 Hz, 1H), 3.94 (s, 3H), 3.94 (s, 3H), 3.81 (s, 3H), 3.78 (s, 3H), 3.77 (s, 6H), 3.63 (d, J = 3.4 Hz, 1H), 3.37 (s, 3H). 13C NMR + APT (75 MHz, CDCl3)  204.6 (C), 158.4 (C), 155.1 (C), 153.3 (C), 150.2 (C), 149.2 (C), 143.2 (C), 137.0 (C), 135.6 (C), 134.7 (C), 131.5 (C), 128.2 (CH), 113.9 (CH), 104.8 (CH), 100.8 (CH), 65.0 (CH), 60.8 (CH3), 60.7 (CH3), 60.0 (CH3), 56.2 (CH3), 56.0 (CH3), 55.1 (CH3), 51.6 (CH). IR (KBr disc, cm-1): 2997, 2969, 2937, 2901, 2827, 1704, 1590, 1508, 1474, 1416, 1347, 1308, 1246, 1126, 1039, 1009, 924, 853, 835, 808, 644, 568. LRMS (70 eV) m/z (%): 494 (, 100), 479 (20). HRMS calcd for C28H30O8: 494.1941. found: 494.1942.
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()-4,5,6-Trimethoxy-2-(4’-methoxybenzoyl)-3-(4’’-methoxyphenyl)-1-indanone (8l)

Methanesulfonic acid (30 (L, 0.44 mmol) was added to a solution of 7lc (185 mg, 0.40 mmol) in dry dichloromethane (5 mL). After stirring for 20 min the solution was diluted with diethyl ether (20 mL), washed with distilled water (20 mL), dried over MgSO4 and concentrated under reduced pressure to give 8l a slightly colored solid (161 mg, 87%, mp = 131-3C). NMR analysis indicates that the product 8l exists as an equilibrium mixture of an enol tautomer and the trans-keto tautomer. 1H NMR (300 MHz, CDCl3)  Trans-Keto tautomer: 8.00 (d, J = 8.9 Hz, 2H), 7.03 (d, J = 8.7 Hz, 2H), 7.03 (s, 1H), 6.94 (d, J = 8.9 Hz, 2H), 6.82 (d, J = 8.7 Hz, 2H), 5.10 (d, J = 2.4 Hz, 1H), 4.61 (d, J = 2.4 Hz, 1H), 3.92 (s, 3H), 3.89 (s, 3H), 3.87 (s, 3H), 3.77 (s, 3H), 3.45 (s, 3H). Enol tautomer: 7.68 (d, J = 8.9 Hz, 2H), 7.20 (s, 1H), 6.99 (d, J = 8.7 Hz, 2H), 6.81 (d, J = 8.9 Hz, 2H), 6.63 (d, J = 8.7 Hz, 2H), 5.23 (s, 1H), 3.93 (s, 3H), 3.88 (s, 3H), 3.80 (s, 3H), 3.68 (s, 3H), 3.28 (s, 3H). 13C NMR + APT (75 MHz, CDCl3)  199.2 (C), 195.8 (C), 192.2 (C), 170.7 (C), 163.9 (C), 161.7 (C), 158.5 (C), 157.9 (C), 155.0 (C), 154.6 (C), 150.1 (C), 149.7 (C), 149.2 (C), 147.5 (C), 144.3 (C), 140.1 (C), 135.2 (C), 132.8 (C), 132.2 (CH), 132.0 (C), 130.5 (C), 130.4 (CH), 129.2 (CH), 129.1 (C), 128.5 (CH), 126.2 (C), 115.2 (C), 114.0 (CH), 113.7 (CH), 113.33 (CH), 113.27 (CH), 100.8 (CH), 100.6 (CH), 67.1 (CH), 60.9 (CH3), 60.8 (CH3), 60.14 (CH3), 60.08 (CH3), 56.2 (CH3, 2C), 55.5 (CH3), 55.3 (CH3), 55.2 (CH3), 55.0 (CH3), 45.6 (CH), 45.2 (CH). IR (KBr disc, cm-1): 2942, 2837, 1708, 1664, 1602, 1512, 1466, 1421, 1343, 1315, 1265, 1175, 1123, 1092, 1031, 835, 821, 792, 570. LRMS (70 eV) m/z (%): 462 (, 35), 327 (95), 135 (100). HRMS calcd for C27H26O7: 462.1679. Found: 462.1676.
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()-4,5,6-Trimethoxy-3-(4’-methoxyphenyl)-2-(3’’,4’’,5’’-trimethoxybenzoyl)-1-indanone (8m)

Methanesulfonic acid (18 (L, 0.27 mmol) was added to a solution of 7m (120 mg, 0.23 mmol) in dry dichloromethane (1.5 mL). After stirring for 30 min the solution was diluted with diethyl ether (10 mL), washed with distilled water (5 mL), dried over MgSO4 and concentrated under reduced pressure to give 8m as a slightly colored solid (115 mg, 96%, mp = 57-9C). NMR analysis indicates that the product 8m exists as an equilibrium mixture of an enol tautomer and the trans-keto tautomer. 1H NMR (300 MHz, CDCl3)  Trans-Keto tautomer: 7.26 (s, 2H), 7.05 (s, 1H), 7.05 (d, J = 8.6 Hz, 2H), 6.83 (d, J = 8.6 Hz, 2H), 5.03 (d, J = 2.6 Hz, 1H), 4.56 (d, J = 2.6 Hz, 1H), 3.92 (s, 3H), 3.91 (s, 3H), 3.90 (s, 3H), 3.83 (s, 6H), 3.77 (s, 3H), 3.44 (s, 3H). Enol tautomer: 7.19 (s, 1H), 7.00 (d, J = 8.7 Hz, 2H), 6.83 (s, 2H), 6.65 (d, J = 8.7 Hz, 2H), 5.16 (s, 1H), 3.93 (s, 3H), 3.87 (s, 3H), 3.83 (s, 3H), 3.79 (s, 6H), 3.68 (s, 3H), 3.32 (s, 3H). 13C NMR + APT (75 MHz, CDCl3)  199.1 (C), 195.9 (C), 192.8 (C), 170.5 (C), 158.5 (C), 157.9 (C), 155.0 (C), 154.6 (C), 152.7 (C), 152.6 (C), 150.0 (C), 149.6 (C), 149.2 (C), 147.6 (C), 144.0 (C), 142.7 (C), 140.1 (C), 140.0 (C), 134.8 (C), 132.8 (C), 131.6 (C), 131.2 (C), 130.4 (C), 129.2 (C), 129.0 (CH), 128.5 (CH), 115.6 (C), 114.0 (CH), 113.3 (CH), 107.0 (CH), 105.8 (CH), 100.7 (CH), 100.6 (CH), 67.2 (CH), 60.8 (CH3), 60.7 (CH3), 60.0 (CH3), 56.1 (CH3), 56.00 (CH3), 55.98 (CH3), 55.1 (CH3), 55.0 (CH3), 45.6 (CH), 45.5 (CH). IR (KBr disc, cm-1): 3071, 2996, 2962, 2937, 2835, 1714, 1668, 1601, 1583, 1510, 1470, 1416, 1337, 1310, 1256, 1175, 1150, 1124, 1094, 1030, 925, 802. LRMS (70 eV) m/z (%): 522 (, 40), 327 (70), 195 (100). HRMS calcd for C29H30O9: 522.1890. Found: 522.1895.
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()-2-Hydroxymethylene-4,5,6-trimethoxy-3-phenyl-indan-1-one (8n)

Methanesulfonic acid (61 (L, 0.92 mmol) was added to a solution of 7n (50.0 mg, 0.153 mmol) in dry dichloromethane (2 mL). After stirring for 30 min the solution was diluted with diethyl ether (10 mL), washed with distilled water (5 mL), dried over MgSO4 and concentrated under reduced pressure to give 8n as a slightly colored solid (49.4 mg, 99%, mp = 66C). 1H NMR (300 MHz, CDCl3)  10.80 (broad singlet, 1H), 7.10 – 7.20 (m, 7H), 4.89 (s, 1H), 3.94 (s, 3H), 3.89 (s, 3H), 3.27 (s, 3H). 13C NMR + APT (75 MHz, CDCl3)  196.0 (C), 161.5 (CH), 154.9 (C), 150.1 (C), 148.1 (C), 141.9 (C), 140.1 (C), 132.8 (C), 128.4 (CH), 127.6 (CH), 126.8 (CH), 120.1 (C), 100.6 (CH), 60.8 (CH3), 59.9 (CH3), 56.2 (CH3), 44.3 (CH). IR (KBr disc, cm-1): 3420, 3058, 3026, 2934, 2853, 1693, 1675, 1595, 1527, 1470, 1422, 1339, 1277, 1207, 1168, 1114, 1077, 1031, 951, 804, 697. LRMS (70 eV) m/z (%): 326 (, 95), 297 (100), 283 (30), 267 (25). HRMS calcd for C19H18O5: 326.1154. Found: 326.1152.
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(S,S,S)-3-(3’,4’-Dimethyl-2-oxo-5-phenyl-cyclopent-3-enecarbonyl)-4-phenyl-oxazolidin-2-one (cis-8o)

Methanesulfonic acid (10% v/v in dichloromethane, 86 L, 0.133 mmol) was added to a stirring solution of 7o (50.0 mg, 0.133 mmol) in dichloromethane (3 mL) at –78oC (dry-ice / acetone bath). The reaction mixture was stirred at –78oC for 0.5h and then warmed to 0oC (ice bath) and allowed to stir for a further 0.2 h when TLC revealed complete consumption of starting material. The reaction mixture was then quenched at 0oC by addition of NaHCO3 (satd soln in H2O) with rapid stirring and allowed to warm to room temperature. The organic and aqueous phases were separated and the organic phase dried over MgSO4 concentrated onto silica gel (1 g) under reduced pressure. The solid residue was then subjected to flash chromatography (silica gel, ethyl acetate) giving the product cis-8o as a white solid (36.5 mg, 73%) mp = 132-4oC. 1H NMR (300 MHz, CDCl3)  6.95 – 7.20 (m, 8H), 6.51 (d, J = 7.2 Hz, 2H), 5.22 (dd, J = 8.4 Hz, J = 3.3 Hz, 1H), 4.72 (d, J = 7.8 Hz, 1H, Ha), 4.57 (t, J = 8.4 Hz, 1H), 4.52 (d, J = 7.8 Hz, 1H, Hb), 4.10 (dd, J = 8.4 Hz, J = 3.3 Hz, 1H), 1.83 (s, 3H), 1.78 (s, 3H). 13C NMR (150 MHz, CDCl3)  203.2, 171.1, 167.4, 153.5, 137.9, 137.5, 135.9, 129.3, 128.9, 128.5, 127.9, 127.8, 125.6, 70.3, 57.6, 56.5, 53.2, 15.7, 8.3. LRMS (70 eV) m/z (%): 375 (35), 212 (100). HRMS calcd for C23H21NO4: 375.1471. Found: 375.1467.
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(S,R,S)-3-(3’,4’-Dimethyl-2-oxo-5-phenyl-cyclopent-3-enecarbonyl)-4-phenyl-oxazolidin-2-one (trans-8o)
Cupric triflate (24.0 mg, 0.0665 mmol) was added to a stirring solution of 7o (25.0 mg, 0. 0665 mmol) in dichloromethane (2 mL) at 18oC. The reaction mixture was stirred at 18oC for 6 h then quenched by addition of NaHCO3 (satd soln in H2O) with rapid stirring. The organic and aqueous phases were separated and the organic phase dried over MgSO4 concentrated onto silica gel (1 g) under reduced pressure. The solid residue was then subjected to flash chromatography (silica gel, hexane / ethyl acetate 1:1) giving the product trans-8o as a white solid (19 mg, 76%) mp = 158-9oC. 1H NMR (300 MHz, CDCl3)  7.22 – 7.48 (m, 8H), 7.14 (d, J = 6.3 Hz, 2H), 5.41 (dd, J = 9.0 Hz, J = 5.7 Hz, 1H), 5.21 (d, J = 2.1 Hz, 1H, Ha), 4.65 (t, J = 9.0 Hz, 1H), 4.42 (d, J = 2.1, 1H, Hb), 4.21 (dd, J = 9.0 Hz, J = 5.7 Hz, 1H), 1.79 (s, 3H), 1.75 (s, 3H). 13C NMR (150 MHz, CDCl3)  199.7 (C), 170.8 (C), 167.4 (C), 153.4 (C), 140.0 (C), 138.2 (C), 134.3 (C), 129.1 (CH), 129.0 (CH), 128.5 (CH), 127.9 (CH), 127.4 (CH), 125.8 (CH), 69.7 (CH2), 60.5 (CH), 58.3 (CH), 51.0 (CH), 15.3 (CH3), 8.5 (CH3). IR (KBr disc, cm-1): 3048, 2927, 1782, 1700, 1637, 1393, 1332, 1282, 1221, 1120, 1063. LRMS (FAB) m/z (%): 376 (100). HRMS (FAB) calcd for C23H22NO4 (M+H+): 376.1549. Found: 376.1546.

a Cacchi, S.; Fabrizi, G; Moro, L.; Pace, P.; Synlett, 1997, 1367.

b Fonquerna, S.; Moyano, A.; Pericas M. A.; Riera, A. Tetrahedron Asymm. 1997, 8, 1685.

c Either isomer or a mixture of isomers of the alkylidene double bond proved equally effective in this cyclization.
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