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Abstract

A synthesis of novel bicyclic ketals of galacturonic acid is described. The key cyclisation step was realised under acidic anhydrous conditions in very good yield. X-ray crystal structure analysis determined the correct regio- and stereochemistry.
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              f
             = 0.19 
(n-hexane-MTBE, 3:1); mp 76 °C; [α]D
            20 +51.8 (c 3.29, CHCl3). IR (KBr): 578 (w), 598 (w), 698 (vs), 749 (s), 811 (w), 844 (w), 886 (w), 926 (m), 951 (w), 1028 (s), 1089 (vs), 1216 (s), 1308 (m), 1340 (m), 1396 (s), 1454 (s), 1496 (m), 2866 (m), 3031 (m), 3064 (m), 3472 (br m). 1H NMR (400 MHz, CDCl3): δ = 2.86 (d, 1 H, J = 10.7 Hz, OH), 3.76 (dd, 1 H, J = 2.4, 8.7 Hz, 4-H), 3.84 (br d, 1 H, J = 10.1 Hz, 2-H), 4.05 (dd, 1 H, J = 1.1, 11.8 Hz, 5-H), 4.08 (dd, 1 H, J = 2.2, 6.8 Hz, 1-Ha), 4.19 (dd, 1 H, J = 1.0, 8.7 Hz, 3-H), 4.24 (dd, 1 H, J = 2.0, 11.9 Hz, 1-Hb), 4.34 (d, 1 H, J = 12.1 Hz, PhCH
            2), 4.69 (d, 1 H, J = 12.1 Hz, PhCH
            2), 4.70 (d, 1 H, J = 10.9 Hz, PhCH
            2), 4.78 (d, 1 H, J = 10.9 Hz, PhCH
            2), 5.27-5.38 (m, 2 H, 7-H2), 5.40 (s, 1 H, PhCH), 5.96 (ddd, 1 H, J = 7.5, 10.2, 17.5 Hz, 6-H), 7.12-7.40 (m, 15 H, Harom). 13C NMR (100 MHz, CDCl3): δ = 63.4 (C-6), 70.6 (PhCH2), 72.8 (C-7), 75.6 (PhCH2), 77.8 (C-5), 78.3 (C-3), 79.9 (C-4), 101.2 (PhCH), 118.6 (C-1), 126.0 (2 C), 127.7, 127.9, 128.2 (2 C), 128.3 (2 C), 2 × 128.4 (4 C), 128.6 (2 C), 129.0 (CHarom), 136.1 (C-2), 137.9, 138.3, 138.5 (Cq arom). HRMS (ESI): m/z calcd for C28H30NaO5 [M + Na+]: 469.1985; found: 469.1978.
[bookmark: RG05606ST-21]21  
            
Preparation of (1
            S
            ,3
            R
            ,4
            S
            ,5
            S
            ,6
            R
            )-1-Azidomethyl-3-(
            tert
            -butyldiphenylsilyloxymethyl)-5,6-dibenzyloxy-2,7-dioxabicyclo[2.2.1]heptane (9).
            

Powdered molecular sieves (2.30 g, 4 Å) were dried by heating in vacuo. Subsequently, 45 mL dry CH2Cl2 and 2.30 g (3.19 mmol) of ketone 8 were added. After the starting material had dissolved, 45 mL TFA were added in one portion at r.t. resulting in a yellow reaction mixture. TLC indicated complete conversion of the starting material within 25 min. The suspension was cooled to 0 °C, 20 mL dry toluene were added and the solvents were evaporated at the same temperature. The remaining solid was coevaporated twice with 10 mL dry toluene to remove traces of TFA. The pale pink crude product was purified by flash column chromatography (200 g silica, 7:1 pentane-MTBE) to yield 1.80 g (89%) of the bicyclic ketal 9 as colourless oil. R
            
              f
             = 0.36 (n-hexane-MTBE, 3:1); [α]D
            20 -1.1 (c 4.89, CHCl3). IR (film): 607 (m), 700 (s), 739 (m), 823 (m), 998 (w), 1113 (s), 1283 (w), 1361 (w), 1428 (m), 1472 (w), 2104 (s), 2857 (m), 2930 (m), 3069 (w). 1H NMR (500 MHz, CDCl3): δ = 1.06 [s, 9 H, C(CH3)3], 3.40 (d, 1 H, J = 13.7 Hz, CH
            
              a
            HbN3), 3.55 (d, 1 H, J = 13.7 Hz, CHa
            H
            
              b
            N3), 3.57 (d, 1 H, J = 9.4 Hz, CH
            
              a
            HbOR), 3.61-3.66 (m, 2 H, CHa
            H
            
              b
            OR, 6-H), 3.80 (dd, 1 H, J = 9.2, 4.6 Hz, 3-H), 3.82 (t, 1 H, J = 1.5 Hz, 5-H), 4.45 (d, 1 H, J = 11.9 Hz, PhCH
            2), 4.53 (d, 1 H, J = 11.7 Hz, PhCH
            2), 4.55 (d, 1 H, J = 12.4 Hz, PhCH
            2), 4.58 (d, 1 H, J = 12.4 Hz, PhCH
            2), 4.74 (d, 1 H, J = 1.6 Hz, 4-H), 7.28-7.45 (m, 16 H, Harom), 7.59-7.65 (m, 4 H, Harom). 13C NMR (125 MHz, CDCl3): δ = 19.4 [C(CH3)3], 27.0 [C(CH3)3], 48.7 (CH2N3), 63.1 (CH2OR), 71.4, 73.1 (PhCH2), 77.2 (C-3), 81.1 (C-4), 83.6 (C-6), 87.4 (C-5), 106.9 (C-1), 127.9 (2C), 2 × 128.0 (4 C), 128.2, 128.3 (3 C), 2 × 128.7 (4 C), 130.0 (2 C,  CHarom), 133.3, 133.4 (Cq arom), 135.6 (4 C, CHarom), 137.4, 137.5 (Cq arom). HRMS (ESI): m/z calcd for C37H41N3NaO5Si [M + Na+]: 658.2708; found: 658.2701.
[bookmark: RG05606ST-23]23  
            
Preparation of (1
            R
            ,3
            S
            ,4
            R
            ,5
            R
            ,6
            R
            )-1-Aminomethyl-5,6-dihydroxy-2,7-dioxabicyclo[2.2.1]heptane-3-carboxylic Acid (1).
            

The amount of 120 mg (0.292 mmol, 1.0 equiv) of the azide 10 was dissolved under argon in 25 mL EtOAc-MeOH 2:1 (v/v, HPLC grade). Then, 819 mg (0.584 mmol, 2.0 equiv) Pd(OH)2/C (wet, 20% Pd on dry basis, Degussa type E101 NE/W) were added, and the flask was evacuated five times with subsequent hydrogen insertion. Complete conversion was achieved within 90 min. The reaction mixture was filtered through a short column of Celite® and it was washed with 5 × 5 mL MeOH. Evaporation to dryness gave 60 mg (quant.) of the title compound 1 as white foam in pure form. In order to get a powder for better handling, the foam was dissolved in 1 mL MeOH and precipitated by slow addition of 4 mL EtOAc. The suspension was centrifuged and the supernatant was decanted. The resulting white solid was washed with 4 mL Et2O and dried in vacuo. R
            
              f
             = 0.26 
(n-BuOH-H2O-HOAc 2:1:1); mp 140 °C (dec.); [α]D
            20 +45.1 (c 0.35, H2O). IR (KBr): 696 (w), 824 (w), 958 (m), 1035 (w), 1072 (m), 1170 (w), 1307 (w), 1429 (m), 1510 (w), 1602 (s), 2925 (m), 3401 (br vs). 1H NMR (500 MHz, DMSO): δ = 3.19 (d, 1 H, J = 13.9 Hz, CH
            
              a
            HbNH2), 3.24 (d, 1 H, J = 13.7 Hz, CHa
            H
            
              b
            NH2), 3.60 (s, 1 H, 5-H), 3.71 (d, 1 H, J = 1.6 Hz, 6-H), 3.96 (s, 1 H, 3-H), 4.42 (s, 1 H, 4-H). 13C NMR (100 MHz, DMSO): δ = 36.6 (CH2NH2), 73.9 (C-3), 77.0 (C-6), 82.3 (C-5), 86.5 (C-4), 106.5 (C-1), 171.3 (COOH). HRMS (ESI): m/z calcd for C7H12NO6 [M + H+]: 206.0659; found: 206.0660.
[bookmark: RG05606ST-24]24  The crystal data of 1 has been deposited in the Cambridge Crystallographic Data Centre as supplementary publication no. CCDC 295618. Crystal Data: C7H11NO6, M = 205.17, monoclinic, P21, a = 4.9367 (6) Å, b = 13.0534 (19) Å, c = 7.0289 (8) Å, α = 90°, β = 91.297 (13)°, γ = 90°, V = 452.83 (10) Å3, Z = 2, D
            calcd = 1.505 g/cm3, 4497 collected reflections, 1760 independent (R
            int = 0.0347), R1 = 0.0274, wR2 = 0.0703 (all data).
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