Synthesis of allophanate-derived branched glycoforms from alcohols and p-nitrophenyl carbamates 
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General Experimental Methods.  NMR spectra were recorded on a Varian Unity-400, Varian Unity-500 or a Varian Inova-500 FT NMR spectrometer. Proton chemical shifts are reported in parts per million (ppm) with reference to CHCl3 in the internal solvent (7.27 ppm) unless noted otherwise. Coupling constants are reported in hertz (Hz). Carbon chemical shifts are reported in parts per million (ppm) with reference to internal solvent CDCl3 (77.23 ppm) unless noted otherwise. Splitting patterns as designated as follows: singlet (s), doublet (d), triplet (t), quartet (q), multiplet (m), and broadened (br). All mass spectrometry data were obtained by the University of Illinois Mass Spectroscopy Lab. CH2Cl2, Et3N, CH3CN and pyridine were distilled from CaH2 prior to use as reaction solvents. Benzene and THF were distilled from sodium benzophenone ketyl. 

Analytical thin layer chromatography (TLC) was performed using silica gel 60 F254 precoated plates with a fluorescent indicator. Visualization was accomplished by UV illumination, p-anisaldehyde solution followed by heat, and ceric ammonium molybdate solution followed by heat. Flash chromatography was performed using silica gel 60 (230-400 mesh) from Merck.  

Characterization data for compounds 1, 5 and 6 are found in the supporting information for ref. 
. Glycosyl azide 11 was prepared according to the method of Roy and coworkers.
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4,6-O-p-Methoxybenzylidene--D-glucopyranosyl azide (12) was prepared from azide 11 (3.28 g, 8.79 mmol) by Zemplén deacetylation followed by benzylidenation as follows: A solution of azide 11 (3.28 g, 8.79 mmol) in methanol (150 mL) was treated with methanolic NaOMe (Zemplén deacetylation conditions). The mixture was allowed to stir for 30 min at rt and neutralized with acidic cation exchange resin (Dowex 50W-X8).  The resin was filtered off, and the solvent was evaporated under reduced pressure to afford the tetraol as a white foam which was used without further purification.

To a solution of the tetraol in distilled DMF (6.75 mL) was added p-methoxybenzaldehyde dimethyl acetal (1.52 mL, 8.84 mmol) and a catalytic amount of dry p-toluenesulfonic acid monohydrate. p-Methoxybenzylidene acetal 12 (2.50 g, 88% from 11) was obtained as a white solid: 13C NMR (CDCl3, 126 MHz)  160.54, 129.39, 127.90, 113.95, 102.03, 90.58, 80.12, 74.09, 73.49, 68.41, 68.37, 55.47; 1H NMR (CDCl3, 500 MHz) 7.41 (AA’BB’, 2H, JAA’ = JBB’ = 2.5 Hz, JAB = JA’B’ = 8.8 Hz, A = A’  = 3702.2 Hz, B = B’  = 3447.4 Hz), 6.90 (AA’BB’, 2H, as above), 5.48 (s, 1H), 4.64 (d, 1H, J = 8.6 Hz), 4.35 (dd, 1H, J = 10.4, 4.0 Hz), 3.80 (s, 3H), 3.78 (m, 2H), 3.51 (m, 2H), 3.41 (t, 1H, J = 8.6 Hz), 3.03 (br. s, 1H), 2.92 (br. s, 1H); mp. 138-139 (C (dec.) (CH2Cl2/pet. ether); HRFABMS calcd for C14H18N3O6 (M+H)+ 324.1196, found 324.1195.

2,3-Di-O-benzyl-4,6-O-p-methoxybenzylidene--D-glucopyranosyl azide (13). A solution of the p-methoxybenzylidene acetal 12 (2.27 g, 7.02 mmol) in 24 mL dry DMF was transferred by cannula into a stirring, heterogeneous mixture of NaH (1.21 g, 50.5 mmol) in 9.6 mL DMF. To the reaction mixture was added BnBr (2.88 mL, 24.4 mmol) and stirring was continued overnight at rt. The reaction was quenched by addition of MeOH (5 mL), diluted with CHCl3 (500 mL), washed with H2O (3(), and brine, dried (MgSO4), and then evaporated under reduced pressure. The residue was purified by flash chromatography (11% EtOAc in hexane) to afford the 2,3-di-O-benzyl derivative 13 (2.91 g, 82%) as a white solid: Rf = 0.13 (11% EtOAc in hexane); 13C NMR (CDCl3, 126 MHz)  160.25, 138.40, 137.84, 129.73, 128.61, 128.53, 128.35, 128.20, 128.13, 127.92, 127.46, 113.78, 101.34, 90.78, 81.53, 81.31, 75.77, ; 1H NMR (CDCl3, 500 MHz)  7.46 (AA’BB’, 2H, JAA’ = JBB’ = 2.4 Hz, JAB = JA’B’ = 8.8 Hz, = 3005.6,  = 2800.9), 7.42-7.32 (m, 10H), 6.95 (AA’BB’, 2H, JAA’ = JBB’ = 2.4 Hz, JAB = JA’B’ = 8.8 Hz, = 3005.6,  = 2800.9 Hz), 5.57 (s, 1H), 4.91 (ABq, 2H, JAB = 11.3 Hz, = 2489.9,  = 2414.1, = 75.8 Hz), 4.88 (s, 2H), (s, 2H), 4.75 (d, 1H, J = 8.3 Hz), 4.40 (dd, 1H, J = 10.5, 5.0 Hz), 3.84 (s, 3H), 3.80 (t, 1H, J = 8.7 Hz), 3.80 (t, 1H, J = 10.3 Hz), 3.72 (t, 1H, J = 9.3 Hz), 3.52 (td, 1H, J = 10.5, 5.2 Hz), 3.43 (t, 1H, J = 8.6 Hz); mp. 90-92 (C (dec.); HRFABMS calcd for C28H30N3O6 (M+H)+ 504.2135, found 504.2135.

2,3-Di-O-benzyl-4-O-p-methoxybenzyl--D-glucopyranosyl azide (2) was prepared from 13 (1.47 g, 2.92 mmol) by selective opening of the p-methoxybenzylidene acetal according to conditions reported by Johansson and Samuelsson
 with the following modification: the reaction mixture was stirred at rt for 24 h. Purification by flash chromatography (9% EtOAc in CHCl3) afforded alcohol 2 (1.37 g, 93%) as a white solid: Rf = 0.25 (9% EtOAc in CHCl3); 13C NMR (CDCl3, 126 MHz) 159.71, 138.50, 137.87, 130.09, 130.03, 128.71, 128.69, 128.39, 128.21, 127.98, 127.95, 114.17, 90.45, 84.99, 81.95, 77.56, 76.89, 75.93, 75.48, 75.04, 67.90, 55.48; 1H NMR (CDCl3, 500 MHz)  7.36-7.28 (m, 10H) 7.21 (AA’BB’, 2H, JAA’ = JBB’ = 2.3 Hz, JAB = JA’B’ = 8.6 Hz, A = A’ = 3600.4 Hz, B = B’ = 3426.5 Hz), 6.86 (AA’BB’, 2H, as above), 4.89 (ABq, 2H, JAB = 11.0,  = 2456.5 Hz, = 2434.3 Hz,  = 22.1 Hz), 4.82 (ABq, 2H, JAB = 10.9 Hz,  = 2433.8 Hz,  = 2381.4,  = 52.4 Hz), 4.69 (ABq, 2H, JAB = 10.8 Hz,  = 2391.5 Hz,  = 2295.0 Hz,  = 96.6 Hz), 4.66 (d, 1H, J = 8.6 Hz), 3.88 (dd, 1H, J = 12.3, 2.6 Hz), 3.79 (s, 3H), 3.72 (dd, 1H, J = 9.4, 4.8 Hz), 3.67 (t, 1H, J = 9.0 Hz), 3.58 (t, 1H, J = 9.4 Hz), 3.43 (ddd, 1H, J = 9.7, 4.4, 2.6 Hz), 3.34 (t, 1H, J = 8.8 Hz), 1.79 (br. s, 1H); mp. 77-78 (C (dec.); HRFABMS calcd for C28H29N3O6K (M+K)+ 544.1850, found 544.1838.
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4,6-O-Benzylidene--D-glucopyranosyl azide (14). A solution of azide 11 (4.43 g, 11.9 mmol) in methanol (150 mL) was treated with methanolic NaOMe (Zemplén deacetylation conditions). The mixture was allowed to stir for 30 min at rt and neutralized with acidic cation exchange resin (Dowex 50W-X8).  The resin was filtered off, and the solvent was evaporated under reduced pressure to afford the tetraol as a white foam which was used without further purification.

To a solution of the above tetraol in distilled DMF (10 mL) was added benzaldehyde dimethyl acetal (2.3 mL, 15.3 mmol) and a catalytic amount of dry TsOHH2O. The solution was maintained under reduced pressure and at 40 (C for 2 h. To the reaction mixture was added a slurry of ice (5 mL), diethyl ether (5 mL), and saturated NaHCO3 (10 mL). A white precipitate appeared after vigorous swirling, and was collected, washed successively with ice-cold water, ice-cold ether, and ice-cold hexane, and dried under reduced pressure to afford the dry benzylidene acetal 14 (3.07 g, 88% from 11) as a white solid: 13C NMR (CDCl3, 126 MHz)  136.90, 129.68, 128.65, 126.49, 102.23, 90.76, 80.31, 74.31, 73.71, 68.58, 68.56; 1H NMR (CDCl3, 500 MHz)  7.50-7.48 (m, 2H), 7.40-7.37 (m, 3H), 5.55 (s, 1H), 4.70 (d, 1H, J = 8.6 Hz), 4.39 (dd, 1H, J = 10.4, 4.6 Hz), 3.81 (m, 2H), 3.56 (m, 2H), 3.46 (td, 1H, J =8.7, 4.6 Hz), 2.69 (d, 1H, J = 2.4 Hz), 2.54 (d, 1H, J = 2.6 Hz); mp. 152-153 (C (dec.) (CH2Cl2/pet. ether); HRFABMS calcd for C13H16N3O5 (M+H)+ 294.1090, found 294.1089.

3-O-Benzyl-4,6-O-benzylidene--D-glucopyranosyl azide (15) and 2-O-Benzyl-4,6-O-benzylidene--D-glucopyranosyl azide (8) were prepared from diol 14 (2.99 g, 10.2 mmol) using phase transfer catalysis conditions from Garegg and coworkers.
 The reaction mixture was purified by flash chromatography (5% EtOAc in CHCl3) to afford the minor isomer 15 (0.80 g, 20%) and the major isomer 8 (1.96 g, 50%), both as white solids, in approx. a 3:7 ratio. Minor isomer 15: Rf = 0.18 (5% EtOAc in hexane); 13C NMR (CDCl3, 126 MHz) 138.19, 137.20, 129.33, 128.79, 128.53, 128.33, 128.26, 126.20, 101.54, 90.70, 81.28, 80.58, 74.99, 73.86, 68.69, 68.59; 1H NMR (CDCl3, 500 MHz)  7.58-7.55 (m, 2H), 7.48-7.35 (m, 8H), 5.63 (s, 1H), 4.93 (ABq, 2H, JAB = 11.6 Hz, z,  Hzz), 4.68 (d, 1H, J = 8.5 Hz), 4.44 (dd, 1H, J = 10.5, 5.0 Hz), 3.85 (t, 1H, J = 10.3 Hz), 3.76 (t, 1H, J = 9.0 Hz), 3.71 (t, 1H, J = 8.8 Hz), 3.58 (dd, 1H, J = 9.4, 4.8 Hz), 3.54 (t, 1H, J = 8.6 Hz), 2.70 (br. s, 1H); mp. 150-152 (C (dec.); HRFABMS calcd for C20H22N3O5 (M+H)+ 384.1559, found 384.1559; Major isomer 8: Rf = 0.29 (5% EtOAc in hexane); 13C NMR (CDCl3, 126 MHz) 137.80, 136.95, 129.46, 128.68, 128.48, 128.34, 128.24, 126.43, 101.88, 90.34, 81.39, 80.13, 75.20, 73.75, 68.40, 68.08; 1H NMR (CDCl3, 500 MHz)  7.51-7.48 (m, 2H), 7.42-7.32 (m, 8H), 5.51 (s, 1H), 4.86 (ABq, 2H, JAB = 11.2 Hz, Hz, Hzz), 4.70 (d, 1H, J = 8.4 Hz), 4.37 (dd, 1H, J = 10.5, 4.6 Hz), 3.85 (t, 1H, J = 8.9 Hz), 3.75 (t, 1H, J = 10.0 Hz), 3.51 (t, 1H, J = 9.2 Hz), 3.49 (dd, 1H, J = 9.4, 4.8 Hz), 3.29 (t, 1H, J = 8.7 Hz), 2.60 (br. s, 1H); mp. 103-105 (C (dec.); HRFABMS calcd for C20H21N3O5 (M+H)+ 384.1559, found 384.1559
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Carbamate 3. To a solution of alcohol 2 (18.3 mg, 0.0362 mmol), activated carbamate 1 (26.6 mg, 0.0478 mmol, 1.3 eq.), and NaH (50 mg, 55 eq.) in 1 mL THF was added 50 (L Et3N (10 eq.). The reaction mixture was stirred at 50 °C for 1h. TLC showed no more starting alcohol 2. The reaction mixture was diluted with 5 mL dry THF, filtered through celite (under N2 atmosphere), washed with sat’d NaHCO3 (2x), dried (MgSO4) and concentrated under reduced pressure. The residue was purified by flash chromatography (2:1 EtOAc : hex) to give carbamate 3 (26.8 mg, 80%) as a clear film: Rf = 0.18 (1:1 EtOAc : hexane); 13C NMR (CDCl3, 126 MHz) 170.89, 170.44, 169.65, 169.61, 159.71, 156.19, 138.45, 137.84, 130.13, 129.83, 128.69, 128.67, 128.39, 128.19, 127.96, 127.89, 114.15, 101.32, 90.32, 85.01, 81.80, 76.96, 75.89, 75.64, 75.40, 75.06, 72.87, 72.10, 71.41, 69.86, 68.42, 63.46, 61.94, 55.45, 41.12, 20.91, 20.83, 20.75; 1H NMR (CDCl3, 500 MHz)  7.36-7.28 (m, 10H), 7.19 (AA’BB’, 2H, JAA’ = JBB’ = 2.5 Hz, JAB = JA’B’ = 8.5 Hz, JAB’ = JA’B = 0.3 Hz, A = A’ = 3594.8 Hz, B = B’ = 3420.5 Hz), 6.84 (AA’BB’, 2H, as above), 5.21 (br. s, 1H), 5.20 (t, 1H, J = 9.5 Hz), 5.08 (t, 1H, J = 9.7 Hz), 4.99 (dd, 1H, J = 9.4, 8.1 Hz), 4.88 (ABq, 2H, JAB = 11.2,  = 2456.3 Hz, = 2422.5 Hz,  = 33.8 Hz), 4.81 (ABq, 2H, JAB = 11.2,  = 2432.3 Hz, = 2373.4 Hz,  = 58.9 Hz), 4.63 (ABq, 2H, JAB = 10.4,  = 2377.4 Hz, = 2252.6 Hz,  = 124.8 Hz), 4.62 (d, 1H, J = 8.6 Hz), 4.48 (d, 1H, J = 8.0 Hz), 4.35 (br. d, 1H, J = 11.8 Hz), 4.29-4.24 (m, 2H), 4.16 (dd, 1H, J = 12.5, 2.2 Hz), 3.88-3.83 (m, 1H), 3.78 (s, 3H), 3.72-3.67 (m, 2H), 3.65 (t, 1H, J = 8.8 Hz), 3.57-3.53 (m, 1H), 3.47 (t, 1H, J = 8.8 Hz), 3.41-3.36 (m, 2H), 3.33 (t, 1H, J = 8.9 Hz), 2.09 (s, 3H), 2.04 (s, 3H), 2.02 (s, 3H), 2.01 (s, 3H); IR  2116.9, 1756.2, 1613.3, 1515.7, 1455.7, 1366.4, 1229.7, 1068.6, 1038.2, 754.5, 699.7 cm-1; HRFABMS calcd for C45H54N4O17Na (M+Na)+ 945.3382, found 945.3380.

Allophanate 4. To a solution of alcohol 2 (41.3 mg, 0.0817 mmol), activated carbamate 1 (176.8 mg, 0.3177 mmol, 3.9 eq.), and NaH (70 mg, 34 eq.) in 1 mL THF was added 100 (L Et3N (9 eq.). The reaction mixture was stirred at 60 °C for 6h. The reaction mixture was diluted with 5 mL dry THF, filtered through celite (under N2 atmosphere and rinsed with dry CH2Cl2), washed with sat’d NaHCO3, dried (MgSO4) and concentrated under reduced pressure. The residue was purified by flash chromatography (2:1 EtOAc : hex) to give allophanate 4 (103.1 mg, 94%) as a white foam: Rf = 0.35 (2:1 EtOAc : hexane); 13C NMR (CDCl3, 126 MHz) 170.82, 170.42, 170.32, 169.61, 169.58, 169.49, 169.45, 159.72, 155.57, 154.17, 138.22, 137.80, 129.99, 129.68, 128.68, 128.66, 128.29, 128.16, 128.07, 114.12, 100.80, 100.69, 90.32, 84.94, 81.79, 76.61, 76.07, 75.37, 74.88, 74.75, 73.02, 72.81, 72.01, 71.83, 71.26, 71.01, 68.57, 68.50, 67.54, 64.81, 62.13, 62.06, 55.35, 43.05, 40.37, 20.86, 20.72, 20.69; 1H NMR (CDCl3, 500 MHz)  8.72 (br. t, 1H, J = 5.3 Hz), 7.36-7.27 (m, 10H), 7.22 (AA’BB’, 2H, JAA’ = JBB’ = 2.5 Hz, JAB = JA’B’ = 8.5 Hz, JAB’ = JA’B = 0.3 Hz, A = A’ = 3609.4 Hz, B = B’ = 3428.9 Hz), 6.86 (AA’BB’, 2H, as above), 5.19 (t, 1H, J = 9.5 Hz), 5.13 (t, 1H, J = 9.5 Hz), 5.07 (t, 1H, J = 9.7 Hz), 4.99 (dd, 1H, J = 9.5, 8.0 Hz), 4.87 (ABq, 2H, JAB = 10.9,  = 2449.5 Hz, = 2416.3 Hz,  = 33.2 Hz), 4.87 (t, 1H, J = 9.6 Hz), 4.84 (dd, 1H, J = 9.6, 7.9 Hz), 4.82 (ABq, 2H, JAB = 10.9,  = 2435.8 Hz, = 2380.2 Hz,  = 55.6 Hz), 4.70 (ABq, 2H, JAB = 11.2,  = 2379.5 Hz, = 2321.5 Hz,  = 58.0 Hz), 4.65 (d, 1H, J = 8.5 Hz), 4.54 (d, 1H, J = 7.9 Hz), 4.53 (dd, 1H, J = 11.9, 1.9 Hz), 4.44 (d, 1H, J = 8.0 Hz), 4.25 (dd. 1H, J = 12.2, 4.9 Hz), 4.23 (dd, 1H, J = 11.7, 4.4 Hz), 4.16 (dd, 1H, J = 12.3, 4.8), 4.12 (dd, 1H, J = 12.3, 2.4 Hz), 4.04 (dd, 1H, J = 12.2, 2.4 Hz), 4.02-3.87 (m, 4H), 3.78 (s, 3H), 3.67 (t, 1H, J = 9.1 Hz), 3.71-3.55 (m, 6H), 3.47 (t, 1H, J = 9.5 Hz), 3.42-3.36 (m, 1H), 3.33 (t, 1H, J = 8.9 Hz), 2.07 (s, 3H), 2.05 (s, 3H), 2.03 (s, 3H), 2.01 (s, 3H), 1.99 (s, 3H), 1.98 (s, 3H), 1.97 (s, 3H), 1.96 (s, 3H); IR  2117.2, 1756.0, 1722.3, 1515.9, 1366.4, 1221.1, 1171.2, 1066.7, 1038.7, 754.8 cm-1; HRFABMS calcd for C62H77N5O28Na (M+Na)+ 1362.4653, found 1362.4635.
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Carbamate 6. (see ref.1 for NMR and MS data) IR  2106.4, 1754.6, 1613.7, 1515.8, 1435.9, 1368.1, 1235.7, 1172.7, 1039.2, 906.5, 823.7, 756.5 cm-1.

Allophanate 7. To a solution of alcohol 5 (40.0 mg, 0.08821 mmol), activated carbamate 1 (176.0 mg, 0.3163 mmol, 3.6 eq.), and NaH (38.0 mg, 17 eq.) in 2 mL THF was added 100 (L Et3N (8 eq.). The reaction mixture was stirred at 55 °C for 6h. The reaction mixture was diluted with 5 mL dry THF, filtered through celite (under N2 atmosphere and rinsed with dry CH2Cl2), washed with sat’d NaHCO3, dried (MgSO4) and concentrated under reduced pressure. The residue was purified by flash chromatography (3:1 EtOAc : hexane) to give allophanate 7 (82.6 mg, 73%) as a white foam: Rf = 0.27 (3:1 EtOAc : hexane); 13C NMR (CDCl3, 126 MHz) 170.84, 170.45, 170.36, 170.21, 169.95, 169.60, 169.56, 169.45, 159.81, 155.57, 154.18, 129.92, 129.37, 114.18, 101.19, 100.80, 100.72, 75.52, 75.08, 74.66, 73.12, 73.00, 72.86, 72.03, 72.00, 71.84, 71.30, 71.09, 68.93, 68.60, 68.52, 67.93, 64.71, 62.12, 55.41, 50.67, 43.18, 40.45, 29.85, 21.00, 20.88, 20.74; 1H NMR (CDCl3, 500 MHz)  8.70 (br. t, 1H, J = 5.5 Hz), 7.20 (AA’BB’, 2H, JAA’ = JBB’ = 2.5 Hz, JAB = JA’B’ = 8.5 Hz, JAB’ = JA’B = 0.3 Hz, A = A’ = 3597.8 Hz, B = B’ = 3433.3 Hz), 6.87 (AA’BB’, 2H, as above), 5.24 (t, 1H, J = 9.2 Hz), 5.18 (t, 1H, J = 9.5 Hz), 5.12 (t, 1H, J = 9.5 Hz), 5.06 (t, 1H, J = 9.7 Hz), 4.97 (dd, 1H, J = 9.6, 8.0 Hz), 4.92 (t, 1H, J = 9.7 Hz), 4.87 (dd, 1H, J = 9.8, 8.0 Hz), 4.86 (dd, 1H, J = 9.7, 8.1 Hz), 4.56 (d, 1H, J = 8.1 Hz), 4.56 (dd, 1H, J = 11.1, 2.9 Hz), 4.55 (s, 2H), 4.53 (d, 1H, J = 8.2 Hz), 4.44 (d, 1H, J = 8.0 Hz), 4.24 (dd, 1H, J = 12.3, 4.9 Hz), 4.20 (dd, 1H, J = 12.3, 4.9 Hz), 4.17 (dd, 1H, J = 11.6, 4.1 Hz), 4.11 (dd, 1H, J = 12.3, 2.4 Hz), 4.08 (dd, 1H, J = 12.3, 2.5 Hz), 4.04-3.86 (m, 5H), 3.78 (s, 3H), 3.71-3.54 (m, 8H), 3.46 (ddd, 1H, J = 13.5, 8.0, 3.4 Hz), 3.40 (m, 1H), 3.28 (ddd, 1H, J = 13.5, 5.1, 3.2 Hz), 2.06 (s, 3H), 2.04 (s, 3H), 2.03 (s, 3H), 2.03 (s, 3H), 2.01 (s, 6H), 1.99 (s, 6H), 1.97 (s, 3H), 1.96 (s, 3H); IR  2106.3, 1754.9, 1721.4, 1684.1, 1613.5, 1516.1, 1435.6, 1367.2, 1220.4, 1170.4, 1039.5, 908.0, 756.8 cm-1; HRFABMS calcd for C54H73N5O31Na (M+Na)+ 1310.4187, found 1310.4191.
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Carbamate 9. To a solution of alcohol 8 (16.9 mg, 0.04407 mmol), activated carbamate 1 (32.0 mg, 0.0575 mmol, 1.3 eq.), and NaH (50 mg, 45 eq.) in 1 mL THF was added 50 (L Et3N (8 eq.). The reaction mixture was stirred at 50 °C for 3h. The reaction mixture was diluted with 5 mL dry THF, filtered through celite (under N2 atmosphere), washed with sat’d NaHCO3 (3x), dried (MgSO4) and concentrated under reduced pressure. The residue was purified by flash chromatography (1:1 EtOAc : hexane) to give carbamate 9 (30.0 mg, 85%) as a white foam: Rf = 0.25 (1:1 EtOAc : hexane); 13C NMR (CDCl3, 101 MHz) 170.80, 170.34, 169.54, 169.47, 155.44, 137.66, 136.95, 132.06, 129.35, 128.59, 128.41, 128.13, 126.42, 101.69, 101.33, 90.72, 80.04, 78.44, 74.85, 74.06, 72.76, 71.84, 71.35, 70.16, 68.56, 68.33, 61.88, 41.27, 20.86, 20.78; 1H NMR (CDCl3, 400 MHz)  7.46-7.42 (m, 2H), 7.37-7.28 (m, 8H), 5.48 (s, 1H), 5.23 (t, 1H, J = 9.2 Hz), 5.12 (br. t, 1H, J = 5.6 Hz), 5.08 (t, 1H, J = 9.4 Hz), 5.02 (t, 1H, J = 9.6 Hz), 4.93 (t, 1H, J = 8.7 Hz), 4.83 (d, 1H, J = 8.3 Hz), 4.75 (ABq, 2H, JAB = 11.4,  = 1932.3 Hz, = 1870.4 Hz,  = 62.0 Hz), 4.39-4.35 (m, 1H), 4.25 (d, 1H, J = 8.0 Hz), 4.15 (dd, 1H, J = 12.3, 4.7 Hz), 4.07 (dd, 1H, J = 12.3, 2.4 Hz), 3.80-3.73 (m, 2H), 3.73-3.62 (m, 1H), 3.61-3.57 (m, 2H), 3.50 (ddd, 1H, J = 9.4, 4.4, 2.3 Hz), 3.38-3.34 (m, 2H), 3.32 (t, 1H, J = 8.9 Hz), 2.02 (s, 6H), 2.01 (s, 3H), 1.99 (s, 3H); IR  2118.3, 1754.0, 1371.4, 1226.5, 1089.3, 1038.6 cm-1; HRFABMS calcd for C37H44N4O16Na (M+Na)+ 823.2650, found 823.2649.

Allophanate 10. To a solution of alcohol 8 (32.1 mg, 0.0837 mmol), activated carbamate 1 (176.2 mg, 0.3166 mmol, 3.8 eq.), and NaH (56.5 mg, 27 eq.) in 1 mL THF was added 100 (L Et3N (9 eq.). The reaction mixture was stirred at 60 °C for 5h. The reaction mixture was diluted with 5 mL dry THF, filtered through celite (under N2 atmosphere and rinsed with dry CH2Cl2), washed with sat’d NaHCO3, dried (MgSO4) and concentrated under reduced pressure. The residue was purified by flash chromatography (2:1 EtOAc : hexane) to give carbamate 10 (76.2 mg, 75%) as a white foam: Rf = 0.22 (2:1 EtOAc : hexane); 13C NMR (CDCl3, 126 MHz) 170.90, 170.75, 170.42, 170.35, 169.62, 169.56, 169.53, 169.43, 154.78, 153.99, 137.35, 136.81, 129.62, 128.67, 128.56, 128.38, 126.28, 101.63, 101.07, 100.69, 90.95, 79.22, 77.94, 75.42, 74.75, 73.00, 72.82, 72.00, 71.85, 71.16, 71.04, 68.48, 68.45, 68.31, 68.22, 67.47, 62.07, 61.73, 42.50, 40.60, 20.88, 20.81, 20.77, 20.74; 1H NMR (CDCl3, 500 MHz)  8.60 (br. t, 1H, J = 5.4 Hz), 7.40-7.34 (m, 5H), 7.30-7.25 (m, 3H), 7.24-7.21 (m, 2H), 5.52 (s, 1H), 5.16 (t, 1H, J = 9.6 Hz), 5.14 (t, 1H, J = 9.8 Hz), 5.06 (t, 1H, J = 9.7 Hz), 5.05(t, 1H, J = 9.5 Hz), 4.97 (dd, 1H, J = 9.7, 8.0 Hz), 4.94 (t, 1H, J = 9.7 Hz), 4.86 (dd, 1H, J = 9.4, 7.8 Hz), 4.84 (d, 1H, J = 8.3 Hz), 4.70 (ABq, 2H, JAB = 12.0,  = 2427.9 Hz, = 2274.1 Hz,  = 153.8 Hz), 4.52 (d, 1H, J = 8.1 Hz), 4.39 (dd, 1H, J = 10.3, 4.9 Hz), 4.24 (d, 1H, J = 8.0 Hz), 4.21 (dd, 1H, J = 12.5, 4.7 Hz), 4.14-4.09 (m, 2H), 3.95 (dd, 1H, J = 12.4, 2.1 Hz), 3.95-3.88 (m, 2H), 3.78 (t, 1H, J = 10.3 Hz), 3.75-3.70 (m, 1H), 3.69 (t, 1H, J = 9.7 Hz), 3.68-3.63 (m, 2H), 3.58 (td, 1H, J = 9.7, 4.9 Hz), 3.54-3.48 (m, 1H), 3.47-3.40 (m, 3H), 3.37 (t, 1H, J = 8.7 Hz), 3.39-3.10 (m, 1H), 2.03 (s, 3H), 2.00 (s, 3H), 2.00 (s, 3H), 1.99 (s, 3H), 1.99 (s, 3H), 1.98 (s, 3H), 1.97 (s, 3H), 1.94 (s, 3H); IR  2119.4, 1755.5, 1728.2, 1684.2, 1653.8, 1540.1, 1457.2, 1367.9, 1221.6, 1166.3, 1039.7, 754.5, 700.3 cm-1; HRFABMS calcd for C54H68N5O27 (M+H)+ 1218.4102, found 1218.4105.
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Isocyanurate 11. Rf = 0.20 (3:1 EtOAc : hexane); 13C NMR (CDCl3, 126 MHz) 170.91, 170.45, 169.62, 169.52, 148.84, 100.92, 72.89, 72.06, 71.11, 68.38, 65.92, 61.92, 42.12, 20.93, 20.83, 20.79; 1H NMR (CDCl3, 500 MHz)  5.17 (t, 1H, J = 9.5 Hz), 5.05 (t, 1H, J = 9.8 Hz), 4.93 (dd, 1H, J = 9.6, 8.0 Hz), 4.54 (d, 1H, J = 7.9 Hz), 4.25 (dd, 1H, J = 12.4, 4.4 Hz), 4.18-4.12 (m, 1H), 4.08 (dd, 1H, J = 12.4, 2.2 Hz), 4.00 (m, 2H), 3.73 (m, 1H), 3.69 (ddd, 1H, J = 9.9, 4.3, 2.3 Hz); HRFABMS calcd for C51H69N3O33Na (M+Na)+ 1274.3711, found 1274.3709.
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