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Abstract

Several chiral hydroxyoxazolines have been prepared starting from (1S)-(+)-ketopinic acid and enantiopure β-amino alcohols by short synthetic routes. They have been employed in the catalytic asymmetric Diels-Alder reaction, resulting in ee values of up to 90%.
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NaBH4 (22.6 mg, 0.6 mmol) was added to a solution of 5d (178 mg, 0.6 mmol) and CeCl3·7H2O (223 mg, 0.6 mmol) in MeOH (4 mL) at -10 °C. After 10 min, sat. aq NH4Cl (5 mL) was added, the mixture was diluted with EtOAc (100 mL) and washed with brine (2 × 10 mL), dried and concentrated under reduced pressure. Column chromatography (hexane-EtOAc, 8:2) gave 2d (88 mg, 50%) and epi-2d (18 mg). Compound 2d: mp 98-101 °C; [α]D
            25 +214.2 (c = 0.80, CHCl3). 1H NMR (300 MHz, CDCl3): δ = 7.47 (m, 1 H), 7.27 (m, 3 H), 5.79 (br s, 1 H), 5.58 (d, J = 8.1 Hz, 1 H), 5.29 (ddd, J = 1.8, 7.2, 8.1 Hz, 1 H), 3.90 (dd, J = 3.5, 7.8 Hz, 1 H), 3.47 (dd, J = 7.0, 18.0 Hz, 1 H), 3.23 (dd, J = 1.6, 18.0 Hz, 1 H), 2.07 (m, 1 H), 1.91 (m, 1 H), 1.81 (m, 2 H), 1.71 (dd, J = 7.8, 12.9 Hz, 1 H), 1.24 (s, 3 H), 1.10 (m, 2 H), 1.07 (s, 3 H). 13C NMR (75.5 MHz, CDCl3): δ = 169.2 (s), 141.7 (s), 139.4 (s), 128.3 (d), 127.3 (d), 125.5 (d), 125.1 (d), 81.5 (d), 77.3 (d), 75.4 (d), 52.7 (s), 50.0 (s), 45.6 (d), 39.6 (t), 39.4 (t), 29.9 (t), 27.5 (t), 21.9 (q), 20.6 (q). MS (EI): m/z (%) = 297 (13) [M+], 282 (50), 269 (69), 254 (61), 228 (17), 214 (42), 186 (13), 151 (14), 132 (20), 115 (100), 104 (23), 77 (24). HRMS: m/z [M] calcd for C19H23NO2: 295.1729; found: 297.1723.

            
Experimental Procedure for the Enantioselective Diels-Alder Reaction: Copper triflate (9.0 mg, 0.025 mmol) in a Schlenk tube was dried at  90 °C under vacuum for 1 h. The tube was filled in with nitrogen and 2d (7.5 mg, 0.025 mmol) was added followed by CH2Cl2 (1.5 mL). The mixture was stirred for 1 h and the dienophile 7 (35 mg, 0.25 mmol) was added. After stirring for 30 min cyclopentadiene (6; 115 mg, 1.75 mmol) was added at -78 °C. After 1 h, the solvent was removed under reduced pressure and the product was purified by column chromatography to give compound 8; yield: 50.5 mg (98%); [α]D
            25 -149.0 (c = 1.0, CHCl3; for a 90% ee and 98:2 endo/exo mixture). 1H NMR (300 MHz, CDCl3): δ = 6.23 (dd, J = 3.1, 5.6 Hz, 1 H), 5.86 (dd, J = 2.8, 5.6 Hz, 1 H), 4.40 (m, 2 H), 3.95 (m, 3 H), 3.30 (br s, 1 H), 2.93 (br s, 1 H), 1.94 (ddd, J = 3.7, 9.2, 12.1 Hz, 1 H), 1.50-1.38 (m, 3 H). Chiral HPLC: Chiralpak AD-H, hexane-i-PrOH (93:7), flow rate: 1 mL/min, exo
            minor t
            R = 16.5 min, endo(S)major t
            R = 17.6 min, exo
            major t
              R
             = 21.5 min, endo(R)minor t
            R = 22.5 min.
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