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Abstract


Strategic use of both soft gold(I) and hard gold(III) catalysts provides azepanes from propargylic alcohols in one pot. Thus, propargylic alcohols in the presence of soft gold(I) catalyst (Ph3PAuNTf2) undergo a Meyer–Schuster rearrangement to give α,β-unsaturated ketones, which in turn undergo a gold(III) (AuBr3)-catalyzed aza-Michael addition to afford azepanes bearing a carbonyl group.
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[bookmark: OR000-21]21 We chose propargylic alcohol protected by sulfonyl group (Ts) in this reaction because the synthesis of piperidines was achieved from propargylic alcohols protected by sulfonyl (Ms, Ts and Ns) and tert-butoxycarbonyl groups (Boc) in our previous work (see ref. 19). The reaction of substrates protected by the sulfonyl group (Ms, Ts and Ns) proceeded smoothly for 1d to afford the corresponding piperidines, whereas the reaction of substrate protected by tert-butoxycarbonyl group (Boc) proceeded with longer reaction periods of 4 d, to furnish the corresponding piperidine. 
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          Procedure for the Synthesis of 1-Phenyl-2-(1-tosylazepan-2-yl)ethan-1-one (9a): 
[Ph3PAuNTf2]2PhMe (2.2 mg, 1.0 mol%) was added at r.t. to a solution of propargylic alcohol 7a (50 mg, 0.13 mmol) and MeOH (5.7 μL, 0.14 mmol) in toluene (5 mL). After complete consumption of propargylic alcohol 7a (the reaction was monitored by TLC; 1 d), AuBr3 (3.0 mg, 5.0 mol%) was added to the reaction solution at r.t. After stirring for 1 d, the solvent was removed in vacuo and the crude product was subjected to column chromatography on silica gel (hexane–Et2O, 1:1) to give 1-phenyl-2-(1-tosylazepan-2-yl)ethan-1-one (9a; 43 mg, 86%) as a colorless oil. IR (KBr): 2928, 2856, 1682, 1597, 1331, 1152, 1090, 949, 880 cm–1. 1H NMR (300 MHz, CDCl3): δ = 7.92 (dd, J = 6.9, 1.5 Hz, 2 H), 7.74 (dd, J = 8.4, 1.8 Hz, 2 H), 7.54–7.60 (m, 1 H), 7.43–7.49 (m, 2 H), 7.24 (d, J = 7.5 Hz, 2 H), 4.30–4.40 (m, 1 H), 3.92 (dt, J = 15.0, 3.6 Hz, 1 H), 3.38 (dd, J = 15.3, 3.6 Hz, 1 H), 3.09 (ddd, J = 15.3, 11.1, 2.7 Hz, 1 H), 3.00 (dd, J = 15.3, 9.6 Hz, 1 H), 2.37 (s, 3 H), 2.04–2.14 (m, 1 H), 1.47–1.69 (m, 4 H), 1.15–1.39 (m, 2 H), 0.95–1.07 (m, 1 H). 13C NMR (75 MHz, CDCl3): δ = 198.0, 143.0, 138.5, 136.5, 133.2, 129.6, 128.6, 128.2, 127.2, 54.4, 45.1, 43.9, 34.5, 29.2, 29.1, 24.4, 21.4. HRMS (FAB): m/z [M + H]+ calcd for C21H26NO3S: 372.1628; found: 372.1622. 
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          Procedure for the Synthesis of 1-(4-Methoxyphenyl)-2-(1-tosylazepan-2-yl)ethan-1-one (9b):
[Ph3PAuNTf2]2PhMe (1.6 mg, 1.0 mol%) was added at r.t. to a solution of propargylic alcohol 7b (40 mg, 0.10 mmol) and MeOH (4.1 μL, 0.09 mmol) in toluene (5 mL). After stirring for 1 d at r.t., AuBr3 (2.2 mg, 5.0 mol%) was added to the reaction solution at r.t. After stirring for 1 d at 60 °C, the solvent was removed in vacuo and the crude product was subjected to column chromatography on silica gel (hexane–Et2O, 1:1) to give 1-(4-methoxyphenyl)-2-(1-tosylazepan-2-yl)ethan-1-one (9b; 30 mg, 75%) as a colorless oil. IR (KBr): 2930, 2856, 1672, 1601, 1329, 1261, 1151, 1090, 816 cm–1. 1H NMR (300 MHz, CDCl3): δ = 7.92 (dd, J = 8.7, 1.8 Hz, 2 H), 7.75 (d, J = 8.1 Hz, 2 H), 7.25 (d, J = 8.1 Hz, 2 H), 6.94 (dd, J = 8.7, 1.8 Hz, 2 H), 4.28–4.38 (m, 1 H), 3.80–3.95 (m, 1 H), 3.88 (s, 3 H), 3.36 (dd, J = 15.0, 3.6 Hz, 1 H), 3.08 (ddd, J = 15.3, 10.8, 2.1 Hz, 1 H), 2.79 (dd, J = 15.0, 9.9 Hz, 1 H), 2.39 (s, 3 H), 2.02–2.12 (m, 1 H), 1.45–1.72 (m, 4 H), 1.12–1.39 (m, 2 H), 0.93–1.04 (m, 1 H). 13C NMR (75 MHz, CDCl3): δ = 196.5, 163.6, 143.0, 138.6, 130.6, 129.7, 129.6, 127.2, 113.8, 55.5, 54.7, 44.9, 43.8, 34.4, 29.2, 29.0, 24.3, 21.5. HRMS (FAB): m/z [M + H]+ calcd for C22H28NO4S: 402.1734; found: 402.1747. 
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