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Abstract

The intramolecular glycosidation of the 1-C-alkyl-d-hexopyranose derivatives to form the anhydroketopyranoses having 6,8-dioxabicyclo[3.2.1]octane structures was investigated. We synthesized several 1-C-alkyl-2,3,4-tri-O-benzyl-d-hexopyranoses and found that only 5 mol% trifluoromethanesulfonic acid efficiently promoted the intramolecular glycosidation to afford the desired anhydroketopyranoses in good yields.
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Typical Intramolecular Glycosidation Procedure (Table 1, Entry 4).
            

A typical glycosidation procedure is as follows. To a stirred solution of TfOH (0.48 µL, 0.0054 mmol) was added 1a (50 mg, 0.11 mmol) in MeCN (2 mL) at 0 °C in the presence of dry MgSO4 (ca. 100 mg) in an Ar atmosphere. The resulting mixture was stirred for 2 h. The reaction was then quenched by the addition of a sat. NaHCO3 solution (5 mL). The reaction mixture was extracted with EtOAc, and the organic layer was washed with H2O and a sat. NaCl solution. After the organic layer was dried over Na2SO4, the solvent was evaporated under reduced pressure. The crude product was purified by preparative silica gel TLC (EtOAc-hexane = 1:2) to give 2a (45 mg, 93%).
Compound 2a: [α]D
            23 -47.7 (c 1.54, CHCl3). 1H NMR (600 MHz, CDCl3): δ = 1.49 (3 H, s, H-2′), 3.23 (1 H, s, H-4), 3.31 (1 H, s, H-2), 3.59 (1 H, s, H-3), 3.75 (1 H, dd, J = 6.2 Hz, J = 6.9 Hz, H-7a), 3.96 (1 H, d, J = 6.9 Hz, H-7b), 4.34-4.39 (3 H, m, OCH
            2Ph and OCHaHbPh), 4.53 (1 H, m, OCHaHbPh), 4.53 (1 H, d, J = 6.2 Hz, H-1), 4.58-4.61 (2 H, m, OCH
            
              2
            Ph). 13C NMR (150 MHz, CDCl3): δ = 21.0 (C-2′), 65.5 (C-7), 71.0 (OCH2Ph), 71.2 (OCH2Ph), 72.3 (OCH2Ph), 74.5 (C-2), 75.2 (C-3), 75.7 (C-1), 77.3 (C-4), 107.0 (C-5). HRMS (ESI): m/z calcd for C28H30O5Na+: 469.1991; found: 469.2032.
Compound 2b: [α]D
            23 +7.6 (c 4.57, CHCl3). 1H NMR (600 MHz, CDCl3): δ = 2.56 (1 H, dd, J = 7.6 Hz, J = 14.4 Hz, H-2′a), 2.64 (1 H,dd, J = 7.6 Hz, J = 14.4 Hz, H-2′b), 3.24 (1 H, s, H-4), 3.26 (1 H, s, H-2), 3.54 (1 H, s, H-3), 3.66 (1 H, dd, J = 6.2 Hz, J = 6.9 Hz, H-7a), 3.94 (1 H, d, J = 6.9 Hz, H-7b), 4.29-4.34 (3 H, m, OCH
            2Ph and OCHaHbPh), 4.41-4.52 (3 H, m, OCH
            2Ph and OCHaHbPh), 4.56 (1 H, d, J = 5.5 Hz, H-1), 5.03-5.05 (2 H, m, H-4′), 5.77 (1 H, m, H-3′). 13C NMR (150 MHz, CDCl3): δ = 38.1 (C-2′), 65.7 (C-7), 70.9 (OCH2Ph), 71.5 (OCH2Ph), 72.2 (OCH2Ph), 74.6 (C-2), 74.9 (C-3), 75.5 (C-1), 76.2 (C-4), 107.2 (C-5), 118.4 (C-4′), 132.0 (C-3′). HRMS (ESI): m/z calcd for C30H32O5Na+: 495.2147; found: 495.2195.
Compound 2c: [α]D
            23 -36.7 (c 1.08, CHCl3). 1H NMR (600 MHz, CDCl3): δ = 0.84 (3 H, t, J = 6.9 Hz, H-5′), 1.16 (1 H, m, H-3′a), 1.25 (2 H, m, H-4′), 1.36 (1 H, m, H-3′b), 1.75 (1 H, m, H-2′a), 1.90 (1 H, ddd, J = 13.1 Hz, J = 3.4 Hz, J = 13.7 Hz, H-2′b), 3.25 (1 H, s, H-4), 3.31 (1 H, s, H-2), 3.60 (1 H, s, H-3), 3.70 (1 H, dd, J = 6.9 Hz, J = 6.2 Hz, H-7a), 3.98 (1 H, d, J = 6.9 Hz, H-7b), 4.32-4.40 (3 H, m, OCH
            2Ph and OCHaHbPh), 4.49-4.57 (3 H, m, OCH
            2Ph and OCHaHbPh), 4.59 (1 H, d, J = 6.2 Hz, H-1). 13C NMR (150 MHz, CDCl3): δ = 14.0 (C-5′), 22.9 (C-4′), 24.1 (C-3′), 32.9 (C-2′), 65.6 (C-7), 70.9 (OCH2Ph), 71.4 (OCH2Ph), 72.0 (OCH2Ph), 74.7 (C-2), 75.0 (C-3), 75.4 (C-1), 76.2 (C-4), 107.9 (C-5). HRMS (ESI): m/z calcd for C31H36O5Na+: 511.2460; found: 511.2510.
Compound 2d: [α]D
            23 -3.5 (c 2.71, CHCl3). 1H NMR (600 MHz, CDCl3): δ = 3.39 (1 H, s, H-4), 3.50 (1 H, s, H-2), 3.68 (1 H, s, H-3), 3.81 (1 H, dd, J = 5.5 Hz, J = 6.2 Hz, H-7a), 4.03 (2 H, dd, J = 12.4 Hz, J = 3.4 Hz, OCH
            2Ph), 4.07 (1 H, d, J = 6.9 Hz, H-7b), 4.34 (2 H, dd, J = 12.4 Hz, J = 3.4 Hz, OCH
            2Ph), 4.56 (1 H, d, J = 13.1 Hz, OCHaHbPh), 4.67 (1 H, d, J = 13.1 Hz, OCHaHbPh), 4.79 (1 H, d, J = 6.2 Hz, H-1). 13C NMR (150 MHz, CDCl3): δ = 65.6 (C-7), 71.0 (OCH2Ph), 71.6 (OCH2Ph), 72.2 (OCH2Ph), 74.6 (C-2), 76.2 (C-3), 76.3 (C-1), 77.6 (C-4), 106.9 (C-5). HRMS (ESI): m/z calcd for C33H32O5Na+: 531.2147; found: 531.2196.
Compound 5d: [α]D
            23 -74.5 (c 0.47, CHCl3). 1H NMR (600 MHz, CDCl3): δ = 3.55 (1 H, s, H-2), 3.77 (1 H, d, J = 5.5 Hz, H-4), 3.86 (1 H, d, J = 5.5 Hz, H-3), 3.94 (1 H, dd, J = 8.2 Hz, J = 5.5 Hz, H-7a), 3.95 (1 H, d, J = 11.7 Hz, OCHaHbPh), 4.04 (1 H, d, J = 11.7 Hz, OCHaHbPh), 4.42 (1 H, d, J = 8.2 Hz, H-7b), 4.44 (1 H, d, J = 12.4 Hz, OCHa′Hb′Ph), 4.45 (1 H, d, J = 12.4 Hz, OCHa′Hb′Ph), 4.53 (1 H, d, J = 12.4 Hz, OCHa′′Hb′′Ph), 4.63 (1 H, d, J = 6.2 Hz, H-1), 4.66 (1 H, d, J = 12.4 Hz, OCHa′′Hb′′Ph). 13C NMR (150 MHz, CDCl3): δ = 66.1 (C-7), 71.2 (OCH2Ph), 72.4 (OCH2Ph), 73.3 (OCH2Ph), 75.0 (C-3), 75.4 (C-1), 76.9 (C-2), 77.7 (C-4), 107.6 (C-5). HRMS (ESI): m/z calcd for C33H32O5Na+: 531.2147; found: 531.2178.
Compound 2e: [α]D
            23 -35.1 (c 2.32, CHCl3). 1H NMR (600 MHz, CDCl3): δ = 2.97 (1 H, d, J = 13.4 Hz, H-2′a), 3.23 (1 H, s, H-4), 3.29 (1 H, s, H-2), 3.34 (1 H, d, J = 13.7 Hz, H-2′b), 3.45 (1 H, dd, J = 6.9 Hz, J = 6.2 Hz, H-7a), 3.60 (1 H, s, H-3), 3.91 (1 H, d, J = 6.9 Hz, H-7b), 4.33 (3 H, m, OCH
            2Ph and OCHaHbPh), 4.43 (1 H, d, J = 12.4 Hz, OCHa′Hb′Ph), 4.50 (1 H, d, J = 12.4 Hz, OCHaHbPh), 4.53 (1 H, d, J = 5.5 Hz, H-1), 4.56 (1 H, d, J = 13.0 Hz, OCHa′Hb′Ph). 13C NMR (150 MHz, CDCl3): δ = 39.5 (C-2′), 65.7 (C-7), 70.9 (OCH2Ph), 71.5 (OCH2Ph), 72.0 (OCH2Ph), 74.5 (C-2), 74.9 (C-3), 75.3 (C-1), 76.8 (C-4), 107.2 (C-5). HRMS (ESI): m/z calcd for C34H34O5Na+: 545.2304; found: 545.2354.
Compound 5e: [α]D
            23 -19.3 (c 1.97, CHCl3). 1H NMR (600 MHz, CDCl3): δ = 2.95 (1 H, d, J = 14.4 Hz, H-2′a), 3.43 (1 H, d, J = 14.4 Hz, H-2′b), 3.48 (1 H, d, J = 1.4 Hz, H-2), 3.52 (1 H, dd, J = 6.9 Hz, J = 5.5 Hz, H-7a), 3.56 (1 H, d, J = 4.8 Hz,  H-4), 3.81 (1 H, dd, J = 5.5 Hz, J = 1.4 Hz, H-3), 4.12 (1 H, d, J = 6.9 Hz, H-7b), 4.26 (1 H, d, J = 11.7 Hz, OCHaHbPh), 4.40 (1 H, d, J = 5.5 Hz, H-1), 4.43-4.51 (5 H, m, OCH
            2Ph × 2 and OCHaHbPh). 13C NMR (150 MHz, CDCl3): δ = 39.1 (C-2′) 65.9 (C-7), 71.2 (OCH2Ph), 71.3 (OCH2Ph), 73.0 (OCH2Ph), 74.2 (C-3), 75.1 (C-1), 76.2 (C-2), 76.5 (C-4), 107.8 (C-5). HRMS (ESI): m/z calcd for C34H34O5Na+: 545.2304; found: 545.2352.
Compound 7a: [α]D
            23 +12.1 (c 2.4, CHCl3). 1H NMR (600 MHz, CDCl3): δ = 1.52 (3 H, s, H-2′), 3.48 (1 H, s, H-2), 3.53 (1 H, d, J = 5.5 Hz, H-4), 3.78-3.81 (2 H, m, H-3 and H-7a), 4.18 (1 H, d, J = 7.6 Hz, H-7b), 4.38 (1 H, d, J = 12.4 Hz, OCHaHbPh), 4.44-4.50 (4 H, m, H-1 and OCH
            2Ph and OCHaHbPh), 4.53-4.56 (2 H, m, OCH
            2Ph). 13C NMR (150 MHz, CDCl3): δ = 20.9 (C-2′), 65.7 (C-7), 71.2 (OCH2Ph), 71.7 (OCH2Ph), 73.1 (OCH2Ph), 74.1 (C-3), 75.1 (C-1), 76.3 (C-2), 77.1 (C-4), 107.1 (C-5). HRMS (ESI): m/z calcd for C28H30O5Na+: 469.1991; found: 469.2030.
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