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Abstract

Bicyclopropylidenylalkyl-substituted nitrones 6 and 7 undergo regio- and diastereoselective intramolecular cycloadditions to afford exclusively the ring-fused adducts 8 and 9, respectively. The thermal rearrangement of the cycloadducts 8 and 9 under acidic conditions (TFA) leads to the tricyclic β-lactams 12 and 14, respectively. Under the reaction conditions, 12 undergoes lactam-amide bond cleavage to yield the bicyclic N-trifluoroacetylated β-amino acid derivative 13.
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[bookmark: RG01506ST-9]9  
            
Typical Procedure for the Synthesis of Isoxazolidine 8.
            

A 0.5 M solution of the alcohol 4 (300 mg, 2.17 mmol) in anhyd CH2Cl2 (4.3 mL) was added at 25 °C under a nitrogen atmosphere to a suspension of PCC (754 mg, 3.26 mmol) in anhyd CH2Cl2 (3.3 mL). The mixture was stirred at 25 °C for 3 h, and then Et2O (4.5 mL) was added. The mixture containing the desired aldehyde was directly filtered through Celite®, the dark filter cake was washed with Et2O (22 mL) into a flask containing activated molecular sieves 3 Å (1.7 g), N-methylhydroxylamine hydrochloride (217 mg, 2.60 mmol) and Et3N (360 µL, 2.60 mmol) in Et2O (10 mL). The resulting mixture was stirred at 25 °C for 48 h, then filtered through Celite®, and finally the solvents were evaporated. The crude product was purified by flash column chromatography to afford 8 (207 mg, 58%) as a colorless oil.
Analytical Data for Compound 8.

            
R
            
              f
             = 0.27 (eluent CH2Cl2-MeOH, 100:1). IR (neat): 3077, 3051, 3028, 2986,  2952, 2865, 1458 cm-1. 1H NMR (300 MHz, CDCl3): δ = 3.11 (bd, 1 H, J = 5.6 Hz), 2.71 (s, 3 H), 2.26-2.13 (m, 1 H), 1.78 (br dd, 1 H, J = 14.3, 9.3 Hz), 1.69 (ddd, 1 H, J = 10.0, 8.7, 1.9 Hz), 1.51-1.39 (m, 1 H), 1.18 (dt, 1 H, J = 8.1, 5.0 Hz), 0.97-0.82 (m, 2 H), 0.57-0.43 (m, 3 H), 0.22-0.14 (m, 1 H). 13C NMR (75.5 MHz, CDCl3): δ = 76.3 (d), 64.0 (s), 44.5 (q), 43.8 (s), 26.6 (t, 2 C), 22.3 (d), 10.2 (t), 8.8 (t), 6.7 (t). MS (EI): m/z (rel. int.) = 165 (17) [M+], 136 (3), 108 (16), 79 (100). Anal. Calcd for C10H15NO (165.23): C, 72.69; H, 9.15; N, 8.48. Found: C, 72.67; H, 8.95; N, 8.13.
[bookmark: RG01506ST-11]11  Analytical Data for Compound 9.

            
R
            
              f
             = 0.43 (eluent CH2Cl2-MeOH, 100:1). IR (neat): 3081, 3057, 2990, 2931, 2855, 1457 cm-1. 1H NMR (600 MHz, CDCl3): δ = 2.79 (s, 3 H), 2.71 (dd, 1 H, J = 9.9, 6.1 Hz), 1.76-1.70 (m, 2 H), 1.69-1.62 (m, 1 H), 1.57-1.52 (m, 1 H), 1.19-1.11 (m, 1 H), 0.97-0.91 (m, 1 H), 0.88 (dt, 1 H, J = 11.4, 6.8 Hz), 0.79 (ddd, 1 H, J = 11.4, 6.8, 5.8 Hz), 0.67 (dt, 1 H, J = 9.4, 5.9 Hz), 0.49 (dd, 1 H, J = 9.4, 5.0 Hz), 0.38 (ddd, 1 H, J = 10.5, 6.8, 5.8 Hz), 0.36-0.34 (m, 1 H), 0.26 (dt, 1 H, J = 10.5, 6.8 Hz). 13C NMR (75.5 MHz, CDCl3): δ = 70.5 (d), 65.8 (s), 44.7 (q), 30.2 (s), 27.1 (t), 22.5 (t), 16.7 (t), 14.2 (d), 12.2 (t), 9.5 (t), 6.1 (t). MS (EI): m/z (rel. int.) = 179 (14) [M+], 150 (13), 123 (23), 94 (71), 79 (100). Anal. Calcd for C11H17NO (179.26): C, 73.70; H, 9.56; N, 7.81. Found: C, 73.51; H, 9.27; N, 7.65.
[bookmark: RG01506ST-12]12  The fusion between the cyclopropane and the cyclohexane rings must be cis as a consequence of the way in which the nitrone functionality approaches the double bond during the cycloaddition (see Figure 
   [1]
 ), thus the term cis-fused for the isoxazolidines 
              8
             and 
              9
             refers to the fusion between the two larger rings.
[bookmark: RG01506ST-13]13  Analytical Data for Compound 13.
Two rotamers in a ratio of 1.6:1; R
            
              f
             = 0.37 (eluent CH2Cl2-MeOH-CH3CO2H, 20:1:0.1); mp 131 °C. IR (KBr): 3052, 2998, 2967, 2891, 1684, 1459 cm-1. 1H NMR (300 MHz, CDCl3, 50 °C): δ = 5.16 and 4.64 (0.62 H and 0.38 H, br s and d with J = 6.2 Hz), 3.01 and 2.91 (1.85 H and 1.15 H, each s), 2.39 (dt, 1 H, J = 8.1, 5.0 Hz), 2.19-2.04 (m, 1 H), 2.00-1.63 (m, 3 H), 1.54-1.42 (m, 1 H), 0.88-0.83 (m, 1 H), the signal of the COOH proton could not be assigned. 13C NMR (75.5 MHz, CDCl3, 50 °C): δ = 177.2 and 176.8 (each s), 157.1 and 156.9 (each q with J
            C,F = 35.5 Hz), 116.9 and 116.7 (each q with J
            C,F = 288.4 Hz), 57.5 and ca. 56.8-55.4 (qd with J
            C,F = 4.1 Hz and broad signal), 32.0 and 31.7 (each s), 30.6 and 29.5 (each q), 30.2 (d), 30.1 and 29.0 (each t), 26.2 and 25.8 (each t), 19.4 and 19.3 (each t). 19F NMR (282 MHz, CDCl3, 50 °C): δ = -67.6 and -70.0 (1.15 and 1.85 F, each s, together NCOCF
            3). MS (EI): m/z (rel. int.) = 251 (81) [M+], 206 (59), 154 (82), 196 (42), 136 (42), 124 (50), 79 (100). Anal. Calcd for C10H12F3NO3 (251.20): C, 47.81; H, 4.81; N, 5.58. Found: C, 47.98; H, 4.61; N, 5.76.
[bookmark: RG01506ST-16]16  Typical Procedure for the Synthesis of β-Lactam 14.
To a 0.02 M solution of the isoxazolidine 
              9
             (60 mg, 0.33 mmol) in MeCN was added TFA (51 µL, 0.66 mmol), and the mixture was heated under reflux for 15 min. The solvent was evaporated, and the crude product was purified by flash column chromatography to afford 
              14
             (33 mg, 66%) as a colorless oil.
Analytical Data for Compound 14.

            
R
            
              f
             = 0.23 (eluent CH2Cl2-MeOH, 50:1). IR (neat): 3063, 2991, 2930, 2857, 1750, 1450, 1382 cm-1. 1H NMR (300 MHz, CDCl3): δ = 3.47 (dd, 1 H, J = 9.0, 5.9 Hz), 2.87 (s, 3 H), 1.93 (dtd, 1 H, J = 12.5, 5.9, 2.0 Hz), 1.81-1.65 (m, 2 H), 1.65-1.51 (m, 2 H), 1.33 (dd, 1 H, J = 9.3, 6.2 Hz), 1.11-0.99 (m, 1 H), 0.94-0.83 (m, 1 H), 0.79 (t, 1 H, J = 6.2 Hz). 13C NMR (75.5 MHz, CDCl3): δ = 172.3 (s), 55.6 (d), 35.0 (s), 27.3 (t and q, 2 C), 23.0 (t), 17.8 (t), 14.7 (d), 11.6 (t). MS (EI): m/z (rel. int.) = 151 (22) [M+], 123 (29), 94 (20), 79 (100), 77 (16), 42 (16). Anal. Calcd for C9H13NO (151.21): C, 71.49; H, 8.67; N, 9.26. Found: C, 71.27; H, 8.65; N, 9.09.
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