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Abstract


An enantioselective Michael addition of diphenyl phosphonate to nitroalkenes has been developed by using a secondary amine bisthiourea catalyst to access enantiomerically enriched β-nitro phosphonates. In this reaction, molecular sieves play a key role in achieving high and reproducible yields with a high enantioselectivities of up to 99% at –10 °C. A probable mechanism for the enantioselective Michael addition reaction was established by means of an NMR spectroscopic study.
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Phosphonate 2a (0.22 mmol, 43 μL) was added to a stirred mixture of bisthiourea 3g (0.010 mol%, 6.5 mg), nitrostyrene 1a (0.20 mmol, 30 mg), and 4 Å MS (60 mg) in CH2Cl2 (1 mL). The mixture was then stirred at –10 °C for 2 h until the reaction was complete (TLC). The resulting mixture was purified directly by column chromatography [silica gel, hexane–EtOAc (95:5)] to give a white solid; yield: 72.0 mg (98%; 92% ee); mp 130–136 °C; [α]D
          27 –1.8° (c 1.0, CHCl3). 1H NMR (600 MHz, CDCl3): δ = 7.45 (dd, J = 5.5, 3.8 Hz, 2 H), 7.37 (m, 3 H), 7.31 (t, J = 7.9 Hz, 2 H), 7.19 (m, 3 H), 7.09 (m, 3 H), 6.74 (d, J = 7.9 Hz, 2 H), 5.20 (ddd, J = 13.7, 7.3, 4.5 Hz, 1 H), 5.12 (ddd, J = 13.9, 11.0, 7.6 Hz, 1 H), 4.43 (ddd, J = 24.7, 11.0, 4.4 Hz, 1 H). 13C NMR (150 MHz, CDCl3): δ = 150.03, 130.70 (d, J
          C–P = 7.5 Hz), 130.04, 129.77, 129.34 (d, J
          C–P = 2.9 Hz), 129.00, 125.66 (d, J
          C–P = 37.0 Hz), 120.47 (d, J
          C–P = 4.2 Hz), 120.21 (d, J
          C–P = 4.1 Hz), 75.03 (d, J
          C–P = 5.0 Hz), 43.94, 43.00. HPLC: CHIRALPAK ASH [hexane–i-PrOH (85:15), 0.5 mL/min (λ = 220 nm), 25 °C]: Tr
           (minor) = 20.8 min; Tr
           (major) = 26.7 min. 
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          (R)-diphenyl(1-(3-Chlorophenyl)-2-nitroethyl) phosphonate (4g): 1H NMR (600 MHz,) δ = 7.43 (d, J= 1.8, 1H), 7.32 (m, 5H), 7.22 (m, 3H), 7.11 (dd, J= 18.6, 7.8, 3H), 6.82 (d, J= 8.2, 2H), 5.19 (ddd, J= 14.0, 7.2, 4.3, 1H), 5.08 (ddd, J= 14.0, 11.1, 7.1, 1H), 4.39 (ddd, J= 24.7, 11.1, 4.2, 1H).;13C NMR (150 MHz,) δ = 150.01, 135.20, 132.86, 129.88, 127.40, 125.84 (d, J
          C-P= 31.0), 120.20, 74.74, 43.57, 42.64. CHIRALPAK ASH column, hexane/2-propanol = 75:25, flow rate 0.5 ml/ min-1, λ = 220 nm, 25oC, tr1 (minor) = 14.0 min, tr2 (major) = 20.6 min, 87% ee, [α]D
          27 = -3.8 (c = 1.0 in CHCl3), white solid, mp 95 - 100oC; HRMS (ESI) Calcd. for C20H18ClNO5P [M+H]+ 418.0611, found 418.0607. 
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