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Abstract


An efficient approach to a new family of highly functionalized P analogues of α-trifluoromethyl-substituted phenylalanine and its homologues using ruthenium-catalyzed intermolecular ene–yne metathesis as a key step of the reaction sequence has been developed. The method includes cross metathesis of α-alkynyl-α-trifluoromethyl-α-aminophosphonates with alkenes under catalysis by second-generation Grubbs carbene complex to afford the corresponding aminophosphonates with 1,3-diene backbone followed by one-pot Diels–Alder reaction–aromatization step.
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          Typical Procedure for Cross-Metathesis Reaction
A solution of the corresponding alkyne-containing amino phosphonate (0.5 mmol) in dry CH2Cl2 (5 mL) was placed in a flame-dried Schlenk tube (80 mL). The tube was cooled to –78 °C, and the solution was degassed by applying vacuum and argon flow sequentially. The corresponding alkene (2.5 mmol) and Grubbs second-generation catalyst (20 mg, 0.025 mmol, 5 mol%) were added, and the resulting suspension was vacuumized to a residual pressure of 1.33·10–4 bar. The tube was closed, warmed to r.t., and the resulting red solution was stirred for 4 h. Then the solvent was removed under vacuum, and the crude product was purified by column chromatography.
Selected Data for 4e (E-Isomer)
1H NMR (600 MHz, CDCl3): δ = 7.45 (d, J = 7.4 Hz, 2 H, Harom.), 7.42–7.32 (m, 7 H, Harom.), 7.25 (t, J = 7.3 Hz, 1 H, Harom.), 6.82 (d, J = 16.3 Hz, 1 H, CH), 6.72 (d, J = 16.3 Hz, 1 H, CH), 5.52 (d, J = 8.9 Hz, 1 H, NH), 5.22–5.09 (m, 4 H, CH2 + OCH2), 4.34–4.20 (m, 4 H, 2 OCH2), 2.78–2.63 (m, 2 H, CH2), 2.63–2.48 (m, 2 H, CH2), 1.44–1.34 (m, 6 H, 2 CH3). 13C NMR (151 MHz, CDCl3): δ = 154.10 (d, J = 11.5 Hz), 145.34, 137.37, 135.91, 130.45, 128.61, 128.61, 128.47, 128.38, 128.26, 127.49, 126.51, 124.88 (qd, J = 287.1, 4.5 Hz), 116.95, 67.30, 64.27 (d, J = 2.3 Hz), 64.22 (d, J = 2.3 Hz), 62.42 (dq, J = 151.9, 28.1 Hz), 28.46, 26.37, 16.41 (d, J = 5.7 Hz), 16.37 (d, J = 5.8 Hz). 19F NMR (282 MHz, CDCl3): δ = 7.54 (d, J = 4.1 Hz, 3 F, CF3). Anal. Calcd for C26H31F3NO5P (%): C, 59.43; H, 5.95; N, 2.67. Found: C, 59.69; H, 6.05; N, 2.78. 
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          General Procedure for One-Pot Diels–Alder–Aromatization Reaction
To a flame-dried Schlenk tube solution of the corresponding 1,3-diene (0.3 mmol) and dimethyl acetylenedicarboxylate (85 mg, 0.6 mmol) in dry toluene (5 mL) was loaded. The resulting mixture was cooled to –30 °C, and a solution was degassed by applying vacuum and an argon flow sequentially. The resulting mixture was refluxed for 20 h, then it was cooled to r.t. and DDQ (81 mg, 0.36 mmol) was added. The resulting red solution was heated at 80 °C for 4 h. After cooling to r.t. the solvent was removed under reduced pressure, and the resulting brown oil was fractionated by column chromatography to afford the desired product.
Selected Data for 6f
1H NMR (600 MHz, CDCl3): δ = 7.70 (d, J = 0.9 Hz, 1 H, Harom.), 7.44–7.32 (m, 5 H, Harom.), 7.28 (s, 1 H, Harom.), 5.50 (d, J = 8.4 Hz, 1 H, NH), 5.17 (d, J = 12.2 Hz, 1 H, OCH2Ph), 5.13 (d, J = 12.2 Hz, 1 H, OCH2Ph), 4.34–4.19 (m, 4 H, 2 OCH2), 3.94 (s, J = 4.0 Hz, 3 H, CO2CH3), 3.90 (s, 3 H, CO2CH3), 3.02–2.94 (m, 1 H, CH2), 2.82–2.65 (m, 2 H, CH2), 2.63–2.52 (m, 3 H, 2CH2), 1.61–1.55 (m, 2 H, CH2), 1.42–1.34 (m, 8 H, CH2 + 2CH3), 0.94 (t, J = 7.4 Hz, 3 H, CH3). 13C NMR (151 MHz, CDCl3): δ = 169.91, 166.46, 154.07 (d, J = 11.1 Hz), 142.54, 140.84, 135.87, 133.91, 132.91, 128.59, 128.40, 128.26, 128.16, 127.66, 124.76 (qd, J = 286.8, 5.0 Hz), 67.32, 64.32 (d, 2 C, J = 7.2 Hz), 62.26 (dq, J = 151.8, 28.3 Hz), 52.43, 52.39, 33.50, 32.97, 30.51, 29.84, 22.59, 16.37 (d, J = 5.2 Hz), 16.33 (d, J = 5.2 Hz), 13.87. 19F NMR (282 MHz, CDCl3): δ = 7.26 (d, J = 4.3 Hz, 3 F, CF3). 31P NMR (121 MHz, CDCl3): δ = 16.79 [q, J = 4.5 Hz, 1 P, PO(OEt)2]. Anal. Calcd for C30H39F3NO9P (%): C, 55.81; H, 6.09; N, 2.17. Found: C, 55.78; H, 6.05; N, 2.22. 
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