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Abstract


An efficient and diversity-oriented access to functionalized pyrrolidin-2-ones through an Ugi reaction of readily available starting materials with a subsequent transformation is described. A two-step reaction sequence of a four-component Ugi reaction and an intramolecular radical-cyclization reaction leads to the chemo- and regioselective formation of a single product with high atom economy and good to high yields. The radicalization of the pseudopeptides generated from the first step by a cavitational mechanism produces the key intermediate for the ultrasound-activated formation of γ-lactams as the final products by β-Michael addition. Among the advantages of this approach are its use of cavitation bubble implosion as an exclusive path to radicalization of the polyfunctional Ugi adduct, its high selectivity, and its short reaction times.
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          Diphenylpyrrolidine-2-carboxamides 6a–k: General Procedure
Aniline 2a–c (1 mmol) was added to a solution of benzaldehyde 1a–i (1 mmol) in MeOH (5 mL), and the mixture was stirred for 2 h at rt. Acid 3a–c (1 mmol) and isocyanide 4a or 4b (1 mmol) were added, and the mixture was stirred for 24 h at rt. When the reaction was complete (TLC; hexane–EtOAc, 3:1), the solvent was removed in vacuo. EtOAc (10 mL), Cu2O (30 mol%), and DCP (3 mmol) were added to the resulting precipitate, and the mixture was stirred with ultrasonic irradiation (400 W) for 45 min. When the reaction was complete (TLC; hexane–EtOAc, 7:1), the mixture was extracted with H2O (3 × 10 mL). The organic layer was dried (MgSO4), filtered, and concentrated in vacuo, and the residue was purified by flash column chromatography (silica gel, n-hexane:EtOAc 7:1).
(2E)-N-[1-(4-Chlorophenyl)-2-(cyclohexylamino)-2-oxoethyl]-N,3-diphenylacrylamide (5a)
Colorless powder; yield: 378 mg (80%); mp 187–190 °C (hexane–EtOAc, 5:1). IR (KBr): 1648 (C=O) cm–1. 1H NMR (300 MHz, CDCl3): δ = 7.71 [d, J = 15.5 Hz, 1 H, C(sp2)–H], 7.29–7.24 (m, 8 H, H–Ar), 7.21–7.15 (m, 6 H, H–Ar), 6.21 [d, J = 15.5 Hz, 1 H, C(sp2)–H], 6.12 [s, 1 H, C(sp3)–H], 6.04 (d, J = 11.7 Hz, 1 H, N–H), 3.92–3.80 (m, 1 H, H–cyc-N), 2.01–1.86 (m, 2 H, H-cyc), 1.74–1.57 (m, 3 H, H-cyc), 1.45–1.29 (m, 2 H, H-cyc), 1.22–1.05 (m, 3 H, H-cyc). 13C NMR (75 MHz, CDCl3): δ = 168.3, 166.7, 142.8, 139.5, 134.9, 134.3, 133.3, 131.5, 130.4, 129.7, 129.0, 128.6, 128.4, 128.3, 127.9, 118.6, 118.5, 64.9, 48.7, 32.9, 32.8, 25.4, 24.8, 24.7. HRMS (ESI): m/z [M + H]+ Calcd for C29H30ClN2O2: 473.1990; found: 473.1989. [M + Na]+ Calcd for C29H29ClN2NaO2: 495.1810; found: 495.1810.
2-(4-Chlorophenyl)-N-cyclohexyl-5-oxo-1,3-diphenylpyrrolidine-2-carboxamide (6a)
Colorless powder; yield: 378 mg (80%); mp 245–248 °C (hexane–EtOAc, 5:1). IR (KBr): 1711 (C=O), 1672 (C=O) cm–1.1H NMR (300 MHz, CDCl3): δ = 7.33–7.24 (m, 5 H, H-Ar), 7.19–7.13 (m, 5 H, H–Ar), 6.90 (d, J = 8.7 Hz, 2 H, H–Ar), 6.80 (d, J = 6.9 Hz, 2 H, H–Ar), 5.32 (d, J = 8.4 Hz, 1 H, N–H), 4.91 [dd, J = 12.4, 8.4 Hz, 1 H, C(sp3)–H], 3.65–3.54 (m, 1 H, H–cyc-N), 2.89–2.72 [m, 2 H, C(sp3)–H], 1.56–1.46 (m, 3 H, H-cyc), 1.33–1.12 (m, 4 H, H-cyc), 1.02–0.90 (m, 1 H, H-cyc), 0.79–0.69 (m, 1 H, H-cyc), 0.59–0.48 (m, 1 H, H-cyc).13C NMR (75 MHz, CDCl3): δ = 174.4, 166.8, 137.1, 135.5, 134.5, 133.1, 130.2, 129.1, 128.9, 128.2, 127.8, 127.7, 127.2, 125.9, 79.7, 48.9, 48.8, 33.9, 32.3, 31.8, 29.7, 25.2, 24.5. HRMS (ESI): m/z [M + Na]+ Calcd for C29H29ClN2NaO2: 495.1810; found: 495.1817. 
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