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Experimental Details and Characterization Data for Monosaccharide Building Blocks 

8-Azidooctyl 2,3-Di-O-benzoyl-5-O-tert-butyldiphenylsilyl-α-D-arabinofuranoside 

(10).  To a mixture of 91 (5.51 g, 7.82 mmol), 8-azido-1-octanol (1.34 g, 7.82 mmol), and 4 Å 

molecular sieves (3.0 g) in CH2Cl2 (100 mL) was added NIS (2.04 g, 8.62 mmol) followed by 

AgOTf (0.403 g, 1.57 mmol) at 0 °C.  After stirring for 30 min at 0 °C, the solution turned dark 

red and Et3N was added.  The mixture was then diluted with CH2Cl2 (300 mL) and filtered 

through Celite.  The filtrate was washed with a saturated aqueous Na2S2O3 solution (300 mL), 

dried (Na2SO4), and concentrated to give a crude residue that was purified by column 

chromatography (8:1, hexanes–EtOAc) to afford 10 (5.38 g, 92%) as a colorless oil.  Rf 0.67 (4:1, 

hexanes–EtOAc); [α]D –4.3 (c 1.1, CH2Cl2); 1H NMR (400 MHz, CDCl3, δH) 8.11–8.07 (m, 2 H, 

Ar), 8.03–7.99 (m, 2 H, Ar), 7.77–7.72 (m, 4 H, Ar), 7.64–7.55 (m, 2 H, Ar), 7.50–7.32 (m, 10 

H, Ar), 5.63 (dd, 1 H, J = 5.0, 1.6 Hz, H-3), 5.48 (d, 1 H, J = 1.6 Hz, H-2), 5.24 (s, 1 H, H-1), 

4.40 (ddd, 1 H, J = 5.0, 4.9, 4.9 Hz, H-4), 4.08–4.01 (m, 2 H, H-5 × 2), 3.79 (ddd, 1 H, J = 9.5, 

6.7, 6.7 Hz, octyl OCH2), 3.55 (ddd, 1 H, J = 9.5, 6.3, 6.3 Hz, octyl OCH2), 3.24 (dd, 2 H, J = 

7.0, 7.0 Hz, octyl N3CH2), 1.72–1.55 (m, 4 H, octyl CH2), 1.48–1.30 (m, 8 H, octyl CH2), 1.08 (s, 

9 H, C(CH3)3); 13C NMR (100 MHz, CDCl3, δC) 165.4 (C=O), 165.3 (C=O), 135.5(9) (Ar), 

135.5(7) (Ar), 133.3 (Ar), 133.2 (Ar), 133.1(8) (Ar), 133.1(6) (Ar), 129.8 (Ar), 129.6 (Ar), 129.5 

(Ar), 129.2 (Ar), 128.3 (Ar), 127.7 (Ar), 105.6 (C-1), 82.9 (C-2), 82.2 (C-3), 77.5 (C-4), 67.3 

(octyl OCH2), 63.6 (C-5), 51.4 (octyl N3CH2), 29.4 (octyl CH2), 29.2 (octyl CH2), 29.0 (octyl 

CH2), 28.7 (octyl CH2), 26.7 (C(CH3)3), 26.6 (octyl CH2), 25.9 (octyl CH2), 19.2 (C(CH3)3).  

ESIMS m/z calcd. for (M + Na) C43H51N3O7SiNa 772.3388.  Found: 772.3389; FTIR 2094.8 cm-1 

(N3).  
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8-Azidooctyl 2,3-di-O-benzoyl-α-D-arabinofuranoside (11).  To a solution of 10 (5.32 

g, 7.09 mmol) in pyridine (12 mL) and THF (50 mL) was added HF–pyridine (2.7 mL) at 0 °C, 

and the resulting mixture was slowly warmed up and stirred for 18 h at rt.  The reaction mixture 

was concentrated, diluted with EtOAc (200 mL), and washed with a saturated aqueous NaHCO3 

solution (150 mL × 2).  The organic layer was then dried (NaSO4), filtered, and concentrated. 

The residue was purified by column chromatography (4:1, hexanes–EtOAc) to afford 11 (3.02 g, 

83%) as a white foam.  Rf 0.25 (4:1, hexanes–EtOAc); [α]D –10.8 (c 1.0, CH2Cl2); 1H NMR (400 

MHz, CDCl3, δH) 8.10–8.03 (m, 4 H, Ar), 7.62–7.56 (m, 2 H, Ar), 7.48–7.42 (m, 4 H, Ar), 5.53 

(d, 1 H, J = 1.4 Hz, H-2), 5.43–5.41 (m, 1 H, H-3),  5.24 (s, 1 H, H-1), 4.32 (ddd, 1 H, J = 4.2, 

4.2, 3.7 Hz, H-4), 4.03 (dd, 1 H, J = 12.0, 3.7 Hz, H-5), 3.98 (dd, 1 H, J = 12.0, 4.2 Hz, H-5), 

3.76 (ddd, 1 H, J = 9.4, 6.7, 6.7 Hz, octyl OCH2), 3.53 (ddd, 1 H, J = 9.4, 6.2, 6.2 Hz, octyl 

OCH2), 3.22 (dd, 2 H, J = 7.0, 7.0 Hz, octyl CH2N3), 2.40–2.08 (br, 1 H, OH), 1.70–1.52 (m, 4 H, 

octyl CH2), 1.45–1.22 (m, 8 H, octyl CH2); 13C NMR (100 MHz, CDCl3, δC) 166.0 (C=O), 165.2 

(C=O), 133.4 (Ar × 2), 129.8 (Ar × 2), 129.7 (Ar × 2), 129.1 (Ar), 129.0 (Ar), 128.4 (Ar × 2), 

128.3 (Ar × 2), 105.4 (C-1), 83.5 (C-4), 81.6 (C-2), 77.8 (C-3), 67.3 (octyl OCH2), 62.3 (C-5), 

51.3 (octyl CH2N3), 29.3 (octyl CH2), 29.1 (octyl CH2), 28.9 (octyl CH2), 28.6 (octyl CH2), 26.5 

(octyl CH2), 25.9 (octyl CH2).  ESIMS m/z calcd. for (M + Na) C27H33N3O7: 534.2210.  Found: 

534.2209; FTIR 3502.1 cm-1 (OH), 2095.9 cm-1 (N3). 

2,3-Di-O-benzoyl-5-O-tert-butyldiphenylsilyl-D-arabinofuranose (12).  To a solution 

of thioglycoside 9 (2.0 g, 2.8 mmol) in THF–water (40:1, 41 mL) was added N-iodosuccinimide 

(1.15 g, 5.1 mmol) and silver triflate (0.29 g, 1.1 mmol) at 0 °C.  The reaction mixture was 

stirred well for 3.5 h and neutralized with Et3N, followed by the addition of solid Na2S2O3 (10 g).  

The suspension was stirred for 20 min, diluted with CH2Cl2 (30 mL) and filtered through Celite.  
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The filtrate was directly concentrated to give a syrup that was purified by column 

chromatography (6:1, hexanes–EtOAc) to afford 12 (1.44 g, 1:1 α:β mixture, 85%) as a syrup.  

Rf 0.26 (4:1, hexanes–EtOAc); 1H NMR (500 MHz, CDCl3, δH) 8.17–7.96 (m, 4 H, Ar), 7.84–

7.20 (m, 16 H, Ar), 6.05 (dd, 0.5 H, J = 5.6, 4.2 Hz, H-2), 5.73 (d, 0.5 H, J = 4.7 Hz, H-1), 5.67 

(dd, 0.5 H, J = 4.8, 1.2 Hz, H-2), 5.63 (s, 0.5 H, H-1), 5.59 (dd, 0.5 H, J = 4.8 Hz, H-3), 5.51 (d, 

0.5 H, J = 1.2 Hz, H-3), 4.60 (dd, 0.5 H, J = 9.3, 4.6 Hz, H-4), 4.28 (dd, 0.5 H, J = 6.6, 2.7 Hz, 

H-4), 4.10 (dd, 0.5 H, J = 11.1, 3.0 Hz, H-5), 4.05–3.98 (m, 1 H, H-5), 3.94 (dd, 0.5 H, J = 11.1, 

2.0 Hz, H-5), 1.14 (s, 4.5 H, C(CH3)3), 1.06 (s, 4.5 H, C(CH3)3); 13C NMR (125 MHz, CDCl3, δC) 

166.0 (C=O), 165.7 (C=O), 165.6 (C=O), 165.5 (C=O), 135.9 (Ar), 135.6(4) (Ar), 135.6(2) (Ar), 

135.5 (Ar), 133.4 (Ar), 133.3(9) (Ar), 133.3(4) (Ar), 133.2 (Ar), 133.1 (Ar), 132.0 (Ar), 131.7 

(Ar), 130.1 (Ar), 130.0 (Ar), 129.9(7) (Ar), 129.9(2) (Ar), 129.8 (Ar), 129.7 (Ar), 129.6 (Ar), 

129.3 (Ar), 129.2 (Ar), 129.1(8) (Ar), 129.1(0) (Ar), 128.4(7) (Ar), 128.4(3) (Ar), 128.4(0) (Ar), 

128.3 (Ar), 127.9(6) (Ar), 127.9(4) (Ar), 127.7 (Ar), 127.6 (Ar), 101.1 (C-1), 95.4 (C-1), 83.3, 

82.9, 82.6, 79.2, 77.5, 76.4, 65.0 (C-5), 63.6 (C-5), 26.8 (C(CH3)3), 26.7 (C(CH3)3), 19.2 

(C(CH3)3).  ESIMS m/z calcd for (M + Na) C35H36O7Si: 619.2123.  Found: 619.2122. 

p-Methoxyphenyl 2,3,5-Tri-O-benzoyl-α-D-arabinofuranoside (20).  To a mixture of 

192 (2.57 g, 4.52 mmol), p-methoxyphenol (0.84 g, 6.78 mmol), and 4 Å molecular sieves (2.0 g) 

in CH2Cl2 (60 mL) was added N-iodosuccinimide (1.27 g, 5.42 mmol) followed by silver triflate 

(0.348 g, 1.36 mmol) at 0 °C.  After stirring for 25 min, another portion of N-iodosuccinimide 

(0.7 g, 3 mmol) and p-methoxyphenol (0.372 g, 3 mmol) were added, and the reaction was 

slowly warmed up to 10 °C and kept for another 30 min before Et3N was added.  The mixture 

was then diluted with CH2Cl2 (100 mL) and filtered through Celite.  The filtrate was washed with 

a saturated aqueous Na2S2O3 solution (300 mL), dried (Na2SO4), and concentrated to give a crude 
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residue that was purified by column chromatography (6:1 hexanes–EtOAc) to afford 20 (2.31 g, 

90%) as a yellowish amorphous solid. Rf 0.35 (6:1, hexanes–EtOAc); [α]D +33.4 (c 0.7, CH2Cl2); 

1H NMR (500 MHz, CDCl3, δH) 8.16–8.13 (m, 2 H, Ar), 8.08–8.04 (m, 4 H, Ar), 7.64–7.58 (m, 2 

H, Ar), 7.54–7.47 (m, 3 H, Ar), 7.44–7.40 (m, 2 H, Ar), 7.33–7.29 (m, 2 H, Ar), 7.13–7.09 (m, 2 

H, Ar), 6.89–6.86 (m, 2 H, Ar), 5.89 (s, 1 H, H-1), 5.82 (s, 1 H, H-2), 5.72 (d, 1 H, J = 4.0 Hz, 

H-3), 4.85 (dd, 1 H, J = 11.3, 3.1 Hz, H-5), 4.80–4.76 (m, 2 H, H-4, H-5), 3.78 (s, 3 H, OCH3); 

13C NMR (125 MHz, CDCl3, δC) 166.2 (C=O), 165.7 (C=O), 165.4 (C=O), 155.3 (Ar), 150.0 

(Ar), 133.6 (Ar × 2), 133.0 (Ar), 129.9(9) (Ar × 2), 129.9(4) (Ar × 2), 129.8 (Ar × 2), 129.7 (Ar), 

129.1 (Ar), 128.9 (Ar), 128.5(8) (Ar × 2), 128.5(6) (Ar × 2), 128.3 (Ar × 2), 118.4 (Ar × 2), 

114.7 (Ar × 2), 105.1 (C-1), 82.2 (C-2), 81.8 (C-4), 77.8 (C-3), 63.6 (C-5), 55.6 (OCH3).  ESIMS 

m/z calcd. for (M + Na) C33H28O9: 591.1626.  Found: 591.1630. 

p-Methoxyphenyl α-D-Arabinofuranoside (21).  To a solution of 20 (1.65 g, 2.90 

mmol) in CH3OH (30 mL) and CH2Cl2 (30 mL) was added NaOCH3 until the pH of the solution 

was ~9.  The mixture was stirred for 12 h, neutralized by the addition of HOAc and then 

concentrated to give a crude residue, which was purified by column chromatography (10:1 

CH2Cl2–CH3OH) to yield 21 (0.643 g, 87%) as a yellowish amorphous solid.  Rf 0.34 (10:1, 

CH2Cl2–CH3OH); [α]D +171.5 (c 0.6, CH3OH); 1H NMR (400 MHz, CD3OD, δH) 7.00–6.96 (m, 2 

H, Ar), 6.83–6.79 (m, 2 H, Ar), 5.40 (d, 1 H, J = 1.8 Hz, H-1), 4.20 (dd, 1 H, J = 4.0, 1.8 Hz, H-

2), 4.05 (ddd, 1 H, J = 6.5, 5.1, 3.2 Hz, H-4), 3.95 (dd, 1 H, J = 6.5, 4.0 Hz, H-3), 3.76 (dd, 1 H, 

J = 12.0, 3.2 Hz, H-5), 3.71 (s, 3 H, OCH3), 3.65 (dd, 1 H, J = 12.0, 5.1 Hz, H-5); 13C NMR (100 

MHz, CD3OD, δC) 156.2 (Ar), 152.2 (Ar), 119.0 (Ar × 2), 115.3 (Ar × 2), 108.6 (C-1), 85.8 (C-

4), 83.5 (C-2), 78.1 (C-3), 62.6 (C-5), 55.9 (OCH3).  ESIMS m/z calcd. for (M + Na) C12H16O6: 

279.0839.  Found: 279.0838. 
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p-Methoxyphenyl 3,5-O-(Di-tert-butylsilanediyl)-α-D-arabinofuranoside (22).  To a 

solution of 21 (520 mg, 2.03 mmol) in a mixture of CH2Cl2 (15 mL) and DMF (5 mL) at 0 °C 

was added 2,6-lutidine (1.0 mL, 8.12 mmol) and di-tert-butylsilyl bis(trifluoromethanesulfonate) 

(0.75 mL, 2.23 mmol).  The resulting reaction mixture was stirred for 2 h, diluted with CH2Cl2 

(25 mL) and washed with a saturated aqueous NaHCO3 solution (20 mL) and then brine (20 mL).  

The organic layer was then dried (Na2SO4) and concentrated to give a crude residue, which was 

purified by column chromatography (10:1 hexanes–EtOAc) to afford 22 (702 mg, 87%) as a 

white amorphous solid.  Rf 0.54 (6:1 hexanes–EtOAc); [α]D +109.9 (c 0.5, CH2Cl2); 1H NMR 

(500 MHz, CDCl3, δH) 6.98–6.94 (m, 2 H, Ar), 6.83–6.80 (m, 2 H, Ar), 5.44 (d, 1 H, J = 3.5 Hz, 

H-1), 4.46–4.42 (m, 1 H, H-2), 4.37 (dd, 1 H, J = 9.3, 5.6 Hz, H-5), 4.13–4.04 (m, 2 H, H-4, H-

3), 3.96 (dd, 1 H, J = 9.7, 9.3 Hz, H-5), 3.78 (s, 3 H, OCH3), 3.16 (d, 1 H, J = 4.7 Hz, OH), 1.09 

(s, 9 H, C(CH3)3), 1.02 (s, 9 H, C(CH3)3); 13C NMR (125 MHz, CDCl3, δC) 155.0 (Ar), 150.8 

(Ar), 117.8 (Ar × 2), 114.6 (Ar × 2), 106.6 (C-1), 81.6 (C-2), 81.3 (C-3), 74.2 (C-4), 67.4 (C-5), 

55.6 (OCH3), 27.4 (C(CH3)3), 27.1 (C(CH3)3), 22.6 (C(CH3)3), 20.1 (C(CH3)3).  ESIMS m/z calcd. 

for (M + Na) C20H32O6Si: 419.1860.  Found: 419.1864. 

p-Methoxyphenyl 2-O-Benzoyl-α-D-arabinofuranoside (24).  To a solution of 

compound 22 (4.78 g, 12.1 mmol) in pyridine (50 mL) was added BzCl (2.2 mL, 18.6 mmol) at 0 

°C, and the mixture was allowed to warm to room temperature and stirred for 6 h.  The reaction 

mixture was diluted with CH2Cl2 (150 mL) and poured into ice-cold water (150 mL), stirred for 

20 min.  The organic layer was separated and washed with a saturated aqueous NaHCO3 solution 

(150 mL × 2), water (150 mL), and brine (150 mL), dried (Na2SO4), filtered, and concentrated.  

The syrupy residue was dissolved in THF–pyridine (5:1, 150 mL), and HF–pyridine (5.0 mL) 

was added dropwise at 0 °C.  The reaction mixture was worked up after 18 h, as described for 5, 
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to afford 24 (3.78 g, 87% over two steps from 22) as a syrup.  Rf 0.26 (1:1, hexanes–EtOAc); 

[α]D +134.0 (c 0.1, CH3OH); 1H NMR (500 MHz, CDCl3, δH) 8.06–8.00 (m, 2 H, Ar), 7.62–7.56 

(m, 1 H, Ar), 7.48–7.42 (m, 2 H, Ar), 7.06–7.00 (m, 2 H, Ar), 6.86–6.80 (m, 2 H, Ar), 5.80 (s, 1 

H, H-1), 5.36 (d, 1 H, J = 2.9 Hz, H-2), 4.38–4.31 (m, 2 H, H-3, H-4), 3.95 (dd, 1 H, J = 12.2, 

2.6 Hz, H-5), 3.82 (dd, 1 H, J = 12.2, 3.6 Hz, H-5’), 3.76 (s, 3 H, OCH3); 13C NMR (125 MHz, 

CDCl3, δC) 166.8 (C=O), 155.2 (Ar), 150.1 (Ar), 133.7 (Ar), 129.8 (Ar × 2), 128.8 (Ar), 128.5 

(Ar × 2), 118.3 (Ar × 2), 114.6 (Ar × 2), 104.8 (C-1), 86.9 (C-2), 84.2 (C-4), 76.3 (C-3), 61.5 (C-

5), 55.6 (OCH3).  ESIMS m/z calcd for (M + Na) C19H20O7: 383.1097.  Found: 383.1101. 

p-Tolyl 3,5-O-(Di-tert-butylsilanediyl)-2-O-levulinoyl-1-thio-α-D-arabinofuranoside 

(30).  A mixture of 293 (109 mg, 0.275 mmol), levulinic acid (42 µL, 0.412 mmol), 1,3-

dicyclohexylcarbodiimide (85 mg, 0.412 mmol), and 4-(dimethylamino)pyridine (17 mg, 0.137 

mmol) in CH2Cl2 (5 mL) was stirred for 1 h.  The reaction mixture was diluted with CH2Cl2 (5 

mL), filtered through Celite, washed with a saturated aqueous NaHCO3 solution (10 mL), and 

brine (10 mL).  The organic layer was then dried (Na2SO4), filtered, and concentrated to give a 

residue, which was purified by column chromatography (6:1, hexanes–EtOAc) to afford 30 (122 

mg, 90%) as a white solid. Rf 0.27 (6:1, hexanes–EtOAc); [α]D +129.8 (c 1.0, CH2Cl2); 1H NMR 

(500 MHz, CDCl3, δH) 7.42 (d, 2 H,  J = 8.0 Hz, Ar), 7.12 (d, 2 H,  J = 8.0 Hz, Ar), 5.26–5.20 

(m, 2 H, H-1, H-2), 4.34 (dd, 1 H, J = 8.1, 7.8 Hz, H-5), 4.12 (dd, 1 H, J = 8.7, 7.2 Hz, H-3), 

4.02–3.92 (m, 2 H, H-4, H-5), 2.83–2.79 (m, 2 H, levulinoyl CH2), 2.73–2.62 (m, 2 H, levulinoyl 

CH2), 2.32 (s, 3 H, tolyl CH3), 2.20 (s, 3 H, levulinoyl COCH3), 1.04 (s, 9 H, C(CH3)3), 0.97 (s, 9 

H, C(CH3)3); 13C NMR (125 MHz, CDCl3, δC) 206.1 (C=O), 171.8 (C=O), 138.0 (Ar), 132.7 (Ar 

× 2), 129.8 (Ar × 2), 129.7 (Ar), 89.5 (C-1), 81.1 (C-2), 79.6 (C-3), 73.4 (C-4), 67.1 (C-5), 37.8 

(levulinoyl CH2), 29.8 (levulinoyl CH3), 27.8 (levulinoyl CH2), 27.3 (C(CH3)3), 27.0 (C(CH3)3), 
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22.6 (C(CH3)3), 21.1 (tolyl CH3), 20.0 (C(CH3)3).  ESIMS m/z calcd. for (M + Na) 

C25H38O6SiSNa 517.2051.  Found: 517.2053. 
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