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Abstract


A novel glycosyl donor with a triisopropylsilyl (TIPS) nonparticipating group at O-2 is introduced for use in 1,2-cis-galactosylation. Coupling the 2-O-TIPS-substituted thiogalactoside donor with a series of mono- and disaccharide glycosyl acceptors was found to lead exclusively to α-linked oligosaccharides. The observed exceptionally high α-selectivity was interpreted in terms of conformational changes in the glycosyl cation induced by the bulky 2-O-TIPS group.
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          General Procedure for Glycosylation
Method A: Preparation of Oligosaccharides 13, 16, 17, 27
A mixture of thioglycoside 7 (40 mg, 58 μmol) and glycosyl acceptor 9, 12, or 24 (45 μmol) was dried in vacuo for 2 h, then anhydrous CH2Cl2 (2 mL) was added under argon. Freshly activated (220 °C, 6 h, in vacuo) powdered 4 Å MS (200 mg) were added under argon to the resulting solution, and the reaction flask was flushed with argon. The suspension was stirred under argon at ca. 22 °C for 1 h, then cooled to –40 °C (acetone/dry ice bath). Solid NIS (12 mg, 58 μmol) was added, followed by TfOH (2 μL, 12 μmol). Then the temperature was allowed to rise slowly to –20 °C. The mixture was kept at this temperature for 12 h, and then the reaction mixture was worked up.
Method B: Preparation of oligosaccharides 14, 15, 28
A mixture of a thioglycoside 7 (40 mg, 58 μmol) and glycosyl acceptor 10, 11, or 26 (45 μmol) was dried in vacuo for 2 h, then anhydrous CH2Cl2 (2 mL) was added under argon. Freshly activated (220 °C, 6 h, in vacuo) powdered 4 Å MS (200 mg) were added under argon to the resulting solution, and the reaction flask was flushed with argon. The suspension was stirred under argon at ca. 22 °C for 1 h, then cooled to –40 °C (acetone/dry ice bath). Solid NIS (12 mg, 58 μmol) was added, followed by AgOTf (3 mg, 12 μmol). Then the temperature was allowed to rise slowly until appearance of a persistent characteristic iodine color at –25 °C. This temperature was maintained for 60 min, and then the reaction mixture was worked up.
Workup
The reaction was  quenched by the addition of sat. aq NaHCO3 (50 μL), then diluted with CHCl3 (15 mL) and filtered through a Celite® pad. The residue was thoroughly washed with CHCl3 (50 mL), and the filtrate was successively washed with a mixture of sat. aq Na2S2O3 (50 mL) and sat. aq NaHCO3 (50 mL). The aqueous layer was extracted with CHCl3 (2 × 5 mL), and the combined organic extracts were filtered through a cotton wool plug, concentrated and dried in vacuo. The residue was applied to a column (50 × 2.5 cm) with Bio-Beads S×3 (200–400 mesh, Bio-Rad) which was then eluted with toluene using a differential refractometer (Knauer) as the detector. The first eluted fraction contained disaccharides 13–17 (trisaccharides in the case of 27 and 28) and was concentrated, dried in vacuo and analyzed by NMR spectroscopy. Disaccharides 16 and 17 were subsequently separated by chromatography on SiO2. 
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          Analytical data for 4-(3-Chloropropoxy)phenyl 2,3,6-tri-O-benzoyl-4-O-[2,3,6-tri-O-benzoyl-4-O-(3,4,6-tri-O-benzoyl-2-O-triisopropylsilyl-α-d-galactopyranosyl)-β-d-galactopyranosyl]-β-d-glucopyranoside  (27)
Rf
           = 0.26, light PE–EtOAc (3:1). [α]D
          23 +71.2 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3): δ = 0.72–0.92 (m, 21 H, 3 × i-Pr), 2.17 (dt~p, J = 6.1 Hz, 2 H, CH2), 3.71 (t, J = 6.3 Hz, 2 H, CH2Cl), 3.85–3.91 (m, 1 H, H-5II), 3.97 (t, J = 5.9 Hz, 2 H, CH2O), 4.03 (ddd, J
          5,6b = 1.9 Hz, J
          5,6a = 5.7 Hz, J
          4,5 = 9.8 Hz, 1 H, H–5I), 4.15 (dd, J
          5,6a = 6.8 Hz, J
          6a,6b = 11.8 Hz, 1 H, H-6IIa), 4.30 (dd, J
          5,6a = 7.4 Hz, J
          6a,6b = 11.1 Hz, 1 H, H-6IIIa), 4.32 (mt, J = 9.2 Hz, 1 H, H-4I), 4.49–4.56 (m, 3 H, H-6Ia, H-4II, H-2III), 4.59 (dd, J
          5,6b = 5.0 Hz, J
          6a,6b = 11.8 Hz, 1 H, H-6IIb), 4.64 (dd, J
          5,6b = 6.1 Hz, J
          6a,6b = 11.1 Hz, 1 H, H-6IIIb), 4.73 (dd, J
          5,6b = 1.9 Hz, J
          6a,6b = 11.8 Hz, 1 H, H-6Ib), 4.77–4.82 (m, 1 H, H-5III), 4.97 (d, J
          1,2 = 7.7 Hz, 1 H, H-1II), 5.10 (d, J
          1,2 = 7.6 Hz, 1 H, H-1I), 5.29 (d, J
          1,2 = 3.2 Hz, 1 H, H-1III), 5.38 (dd, J
          3,4 = 2.6 Hz, J
          2,3 = 10.7 Hz, 1 H, H-3II), 5.63 (dd, J
          1,2 = 7.6 Hz, J
          2,3 = 9.2 Hz, 1 H, H-2I), 5.69 (dd, J
          3,4 = 3.3 Hz, J
          2,3 = 10.3 Hz, 1 H, H-3III), 5.82 (dd~t, J = 9.1 Hz, 1 H, H-3I), 5.88 (dd, J
          1,2 = 7.7 Hz, J
          2,3 = 10.7 Hz, 1 H, H-2II), 5.95 (dd, J
          4,5 = 1.6 Hz, J
          3,4 = 3.3 Hz, 1 H, H-4III), 6.58–6.66 (m, 2 H, OC6H4O), 6.81–6.89 (m, 2 H, OC6H4O), 7.17–7.24 (m, 2 H, Ph), 7.25–7.62 (m, 25 H, Ph), 7.75–7.81 (m, 2 H, H-2(6) Ph), 7.84–7.91 (m, 2 H, H-2(6) (PhCO)), 7.91–7.96 (m, 4 H, H-2(6) (PhCO)), 7.98–8.02 (m, 4 H, H-2(6) (PhCO)), 8.02–8.06 (m, 2 H, H-2(6) (PhCO)), 8.06–8.10 (m, 2 H, H-2(6) (PhCO)), 8.14–8.19 (m, 2 H, H-2(6) (PhCO)). 13C NMR (101 MHz, CDCl3): δ = 12.5 (CH(CH3)2), 17.7 (CH(CH3)2), 17.9 (CH(CH3)2), 32.2 (CH2), 41.5 (CH2Cl), 62.0 (C-6III), 62.6 (C-6I), 63.1 (C-6II), 64.6 (CH2O), 67.8 (C-5III), 69.40 (C-2III or C-4III), 69.41 (C-4III or C-2III), 69.8 (C-2II), 70.5 (C-3III), 72.0 (C-2I), 72.7 (C-3I), 73.2 (C-5I), 73.8 (2 C, C-3II, C-5II), 74.4 (C-4II), 76.4 (C-4I), 99.8 (C-1III), 100.3 (C-1I), 100.9 (C-1II), 115.1 (OC6H4O), 118.8 (OC6H4O), 128.0 (Ph), 128.1 (Ph), 128.27 (Ph), 128.33 (Ph), 128.47 (Ph), 128.51 (Ph), 128.54 (Ph), 128.8 (Ph), 129.2 (Ph), 129.3 (Ph), 129.46 (Ph), 129.50 (Ph), 129.6 (Ph), 129.75 (Ph), 129.80 (Ph), 129.91 (Ph), 129.95 (Ph), 132.7 (Ph), 132.8 (Ph), 132.99 (Ph), 133.03 (Ph), 133.15 (Ph), 133.22 (2 C, Ph), 133.4 (Ph), 133.5 (Ph), 151.1 (C-1 OC6H4O), 154.6 (C-4 OC6H4O), 164.7, 165.1, 165.17, 165.19, 165.3, 165.6, 165.7, 165.8, 166.0 (CO). ESI-HRMS: m/z calcd for C99H97ClNaO26Si: 1787.5618; found: 1787.5614 [M + Na]+; m/z calcd for C99H101ClNO26Si: 1782.6064; found: 1782.6014 [M + NH4]+
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