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1. Preparation of triazolo-mannose mimic 6b 
(2S,3S,4R)-2,3,4-Tri(benzyloxy)-1,1-dimethoxyhex-5-ene (2b).  According to the synthetic procedure for 2a, 

1,1-dimethoxyhex-5-ene derivative 2b was prepared in 100% yield (6.29 g, 13.6 mmol) by the reaction of 

(2S,3S,4R)-2,3,4-tribenzyloxyhex-5-enal 1b (5.7 g, 13.6 mmol),1 pTsOH·H2O (30 mg) and HC(OMe)3 (35 mL).  Colorless oil.  

[α]D
25 (c 1.00, CHCl3) –23.7;  IR (neat) ν 3030, 2930, 1454, 1093, 735, 697 cm-1;  1H NMR (400 MHz, CDCl3) δ 3.37 (3H, s), 3.40 

(3H, s), 3.67-3.71 (1H, m), 3.72-3.75 (1H, m), 4.15 (1H, dd, J = 7.5, 5.6 Hz), 4.33 (1H, d, J = 11.8 Hz), 4.47 (1H, d, J = 11.5 Hz), 4.55 

(1H, d, J = 4.7 Hz), 4.59 (1H, d, J = 11.8 Hz), 4.69 (1H, d, J = 11.5 Hz), 4.73 (1H, d, J = 11.5 Hz), 4.75 (1H, d, J = 11.5 Hz), 5.25 (1H, 

dd, J = 10.3, 1.5 Hz), 5.33 (1H, dd, J = 17.3, 1.5 Hz), 5.83 (1H, ddd, J = 17.3, 10.3, 7.5 Hz), 7.20-7.35 (15H, m);  13C NMR (100 

MHz, CDCl3) δ 55.2, 56.2, 70.6, 73.7, 74.7, 78.9, 81.0, 82.6, 105.4, 118.6, 127.4, 127.8, 127.8, 127.9, 128.1, 128.2, 128.2, 136.0, 

138.6, 138.7, 138.9.  MS (ESI-TOF) m/z 485 [M+Na]+.  HRMS calcd for C29H34NaO5 [M+Na]+, 485.2304; found, 485.2324.  Anal. 

Calcd for C29H34O5: C, 75.30; H, 7.41. Found: C, 75.37; H, 7.47. 

 

(2S,3R,4S)-Tri(benzyloxy)-5,5-dimethoxypentanal (3b).  According to the synthetic procedure for 3a, 5,5-dimethoxypentanal 

derivative 3b was prepared in 86% yield (4.39 g, 9.46 mmol) by the reaction of 2b (5.1 g, 11 mmol), OsO4 (0.11 M in H2O, 4.5 mL, 

0.5 mmol), NMO (3.8 g, 33 mmol) and NaIO4 (5 g) in a mixture of acetone (200 mL), H2O (50 mL) and tert-butyl alcohol (6.5 mL).  

Colorless oil.  [α]D
25 (c 1.00, CHCl3) -31.3.  IR (neat) ν 3030, 2930, 1730, 1454, 1093, 735, 697 cm-1.  1H NMR (400 MHz, 

CDCl3) δ 3.37 (3H, s), 3.44 (3H, s), 3.77-3.82 (1H, m), 4.03-4.05 (1H, m), 4.09-4.13 (1H, m), 4.53 (1H, d, J = 11.9 Hz), 4.55-4.63 (4H, 

m), 4.69 (1H, d, J = 11.8 Hz), 4.81 (1H, d, J = 11.5 Hz), 7.25-7.36 (15H, m), 9.69 (1H, brs);  13C NMR (100 MHz, CDCl3) δ 55.7, 

55.8, 73.1, 73.2, 74.3, 79.1, 79.5, 83.0, 105.0, 127.5, 127.8, 127.8, 127.9, 128.0, 128.1, 128.2, 128.3, 128.4, 137.3, 137.7, 138.2, 

201.1;  MS (ESI-TOF) m/z 487 [M+Na]+;  HRMS calcd for C28H32NaO6 [M+Na]+, 487.2097; found, 487.2082. 

 

(2S,3S,4R)-2,3,4-Tri(benzyloxy)-1,1-dimethoxyhex-5-yne (4b).  According to the synthetic procedure for 4a, 

1,1-dimethoxyhex-5-yne derivative 4b was prepared in 52% yield (1.23 g, 2.72 mmol) by the reaction of 3b (2.3 g, 13.5 mmol), 

Ohira-Bestmann reagent (2.88 g, 15 mmol) and K2CO3 (2.3 g, 13.5 mmol) in MeOH (400 mL).    Colorless oil.  [α]D
25 (c 1.00, 

CHCl3) -50.3;  IR (neat) ν 3030, 2931, 1454, 1070, 737, 697 cm-1.  1H NMR (400 MHz, CDCl3) δ 2.55 (1H, d, J = 2.1 Hz), 3.39 (3H, 

s), 3.42 (3H, s), 3.87-3.89 (1H, m), 3.94 (1H, dd, J = 5.6, 4.9 Hz), 4.49-4.58 (3H, m), 4.63 (1H, d, J = 4.9 Hz), 4.76 (1H, d, J = 11.4 

Hz), 4.79 (1H, d, J = 11.1 Hz), 4.87 (1H, d, J = 11.7 Hz), 4.98 (1H, d, J = 11.4 Hz), 7.25-7.42 (15H, m);  13C NMR (100 MHz, 

CDCl3) δ 55.1, 56.1, 69.4, 70.9, 73.6, 74.8, 77.3, 78.7, 81.1, 81.6, 105.0, 127.4, 127.6, 127.9, 127.9, 128.1, 128.2, 128.3, 137.7, 138.4, 

138.6;  MS (ESI-TOF) m/z 483 [M+Na]+;  HRMS calcd for C29H32NaO5 [M+Na]+, 483.2147; found, 483.2135. 

 

(4R,5S,6S,7R)-4,5,6-Tri(benzyloxy)-7-methoxy-4,5,6,7-tetrahydro[1,2,3]triazolo[1,5-a]pyridine (5b-α) and 

(4R,5S,6S,7S)-4,5,6-tri(benzyloxy)-7-methoxy-4,5,6,7-tetrahydro[1,2,3]triazolo[1,5-a]pyridine (5b-β). 

According to the synthetic procedure for 5a, these compounds were prepared in 91% yield (5b-α 88.0 mg, 0.187 mmol, 43% yield; 

5a-β 98.2 mg, 0.208 mmol, 48% yield) by the reaction of 4b (200 mg, 0.43 mmol) and TMSN3 (260 μL, 2.2 mmol) in the presence of 

In(OTf)3 (12.5 mg, 22 μmol) in 1,2-dichloroethane (6.0 mL).  5b-α as a less polar isomer.  Colorless oil.  [α]D
25 (c 1.05, CHCl3) 

–22.3;  IR (neat, ν) 3031, 2933, 1496, 1454, 1198, 1093, 740, 698 cm-1;  1H-NMR (400 MHz, CDCl3) δ 3.53 (3H, s), 4.22 (1H, dd, J 

= 3.4, 2.1 Hz), 4.26 (1H, dd, J = 7.7, 2.1 Hz), 4.64-4.75 (4H, m), 4.77 (1H, d, J = 11.5 Hz), 4.81 (1H, d, J = 11.5 Hz), 4.95 (1H, d, J = 

7.7 Hz), 5.57 (1H, d, J = 3.4 Hz), 7.19-7.34 (15H, m), 7.53 (1H, s);  13C NMR (100 MHz, CDCl3) δ 58.3, 71.4, 72.8, 73.2, 73.4, 76.0, 
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78.1, 86.4, 127.7, 127.8, 127.87, 127.94, 128.01, 128.03, 128.4, 128.47, 128.51, 132.1, 134.3, 137.2, 137.5, 137.7;  MS (ESI-TOF) 

m/z 472 [M+H]+;  HRMS calcd for C28H30N3O4 [M+Na]+
, 472.2236; found, 472.2264.  5b-β as a more polar isomer.  Colorless oil.  

[α]D
25 (c 1.03, CHCl3) –73.7;  IR (neat) ν 3031, 2915, 1496, 1454, 1195, 1101, 740, 698 cm-1;  1H NMR (400 MHz, CDCl3) δ 3.58 

(3H, s), 4.23 (1H, dd, J = 3.4, 2.1 Hz), 4.28 (1H, dd, J = 7.5, 2.1 Hz), 4.64-4.75 (4H, m), 4.78 (1H, d, J = 12.0 Hz), 4.79 (1H, d, J = 

12.0 Hz), 4.96 (1H, d, J = 7.5 Hz), 5.58 (1H, d, J = 3.4 Hz), 7.26-7.41 (15H, m), 7.57 (1H, s);  13C NMR (100 MHz, CDCl3) δ 58.4, 

71.5, 72.9, 73.3, 73.4, 76.1, 78.1, 86.5, 127.8, 127.8, 127.9, 128.0, 128.1, 128.5, 128.5, 128.6, 132.2, 134.3, 137.2, 137.6, 137.7;  MS 

(ESI-TOF) m/z 472 [M+H]+;  HRMS calcd for C28H30N3O4 [M+H]+, 472.2236; found, 472.2277. 

 

(4R,5S,6S,7R)-4,5,6-Trihydroxy-7-methoxy-4,5,6,7-tetrahydro[1,2,3]triazolo[1,5-a]pyridine (6b-α).  According to the synthetic 

procedure for 6a-α, triol 6b-α was obtained in 88% yield (76.1 mg, 0.379 mmol) by the debenzylation reaction of 5b-α (200 mg, 0.43 

mmol) in the presence of Pd(OH)2 on carbon (20 w/w%, 238 mg) in MeOH (5.0 mL) under H2 atmosphere (1 atm).  Colorless oil.  

[α]D
25 (c 1.02, MeOH) +28.9;  IR (neat) ν 3335, 2928, 1457, 1273, 1126, 1071 cm-1;  1H NMR (400 MHz, D2O) δ 3.64 (3H, s), 4.25 

(1H, dd, J = 8.0, 2.2 Hz), 4.50 (1H, dd, J = 3.2, 2.2 Hz), 4.99 (1H, d, J = 8.0 Hz), 5.77 (1H, d, J = 3.2 Hz), 7.92 (1H, s);  13C NMR 

(100 MHz, CDCl3) δ 60.1, 66.5, 72.5, 73.1, 90.6, 134.5, 138.7;  MS (ESI-TOF) m/z 202 [M+H]+;  HRMS calcd for C28H30N3O4 

[M+H]+, 202.0828; found, 202.0818. 

 

(4R,5S,6S,7S)-4,5,6-Trihydroxy-7-methoxy-4,5,6,7-tetrahydro[1,2,3]triazolo[1,5-a]pyridine (6b-β).  According to the synthetic 

procedure for 6a-α, triol 6b-β was obtained in 79% yield (60.5 mg, 0.305 mmol) by the debenzylation reaction of 5b-β (180 mg, 0.39 

mmol) in the presence of Pd(OH)2 on carbon (20 w/w%, 218 mg) in MeOH (5.0 mL) under H2 atmosphere (1 atm).  Colorless oil.  

[α]D
25 (c 1.01, MeOH) –86.6;  IR (neat) ν 3348, 2927, 1455, 1226, 1114, 1084 cm-1;  1H NMR (400 MHz, D2O) δ 3.88 (3H, s), 4.04 

(1H, dd, J = 7.4, 2.3 Hz), 4.59 (1H, dd, J = 3.3, 2.3 Hz), 5.05 (1H, d, J = 7.4 Hz), 5.80 (1H, d, J = 3.3 Hz), 7.89 (1H, s);  13C NMR 

(100 MHz, D2O) δ 61.5, 66.1, 70.9, 74.2, 89.9, 133.9, 138.0;  MS (ESI-TOF) m/z 202 [M+H]+;  HRMS calcd for C7H12N3O4 

[M+H]+, 202.0828; found, 202.0813. 

 

 

2. Preparation of triazolo-galactose mimic 6c 
(2R,3S,4S)-2,3,4-Tri(benzyloxy)-1,1-dimethoxyhex-5-ene (2c).  According to the synthetic procedure for 2a, 

1,1-dimethoxyhex-5-ene derivative 2c was prepared in 91% (1.26 g, 2.72 mmol) by the reaction of 

(2R,3S,4S)-2,3,4-tribenzyloxyhex-5-enal 1c (1.3 g, 3.0 mmol),2 pTsOH·H2O (43 mg) and HC(OMe)3 (7 mL).  Colorless oil.  [α]D
25 

(c 1.00, CHCl3) +18.1;  IR (neat) ν 3030, 2928, 1454, 1094, 734, 697 cm-1;  1H NMR (400 MHz, CDCl3) δ 3.27 (3H, s), 3.43 (3H, s), 

3.73 (1H, dd, J = 7.7, 2.6 Hz), 3.80 (1H, dd, J = 7.1, 2.6 Hz), 4.09 (1H, t, J = 7.7 Hz), 4.12 (1H, d, J = 11.5 Hz), 4.47-4.56 (4H, m), 

4.69 (1H, d, J = 11.3 Hz), 4.78 (1H, d, J = 11.5 Hz), 5.34 (1H, brd, J = 10.2 Hz), 5.41 (1H, brd, J = 17.5 Hz), 5.90 (1H, ddd, J = 17.5, 

10.2, 7.7 Hz), 7.17-7.34 (15H, m);  13C NMR (100 MHz, CDCl3) δ 53.9, 56.2, 69.9, 74.3, 74.4, 78.7, 79.8, 81.0, 105.6, 119.3, 127.3, 

127.4, 127.5, 127.9, 128.0, 128.1, 128.2, 136.5, 138.5, 138.6, 138.9;  MS (ESI-TOF) m/z 485 [M+Na]+;  HRMS calcd for 

C29H34NaO5 [M+Na]+, 485.2304; found, 485.2286. 

 

(2R,3S,4R)-Tri(benzyloxy)-5,5-dimethoxypentanal (3c).  According to the synthetic procedure for 3a, 5,5-dimethoxypentanal 

derivative 3c was prepared in 89% yield (1.03 g, 2.22 mmol) by the reaction of 2c (1.2 g, 2.5 mmol), OsO4 (0.11 M in H2O, 1.2 mL, 
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0.13 mmol), NMO (0.5 g, 4.5 mmol) and NaIO4 (3 g) in a mixture of acetone (40 mL), H2O (10 mL) and tert-butyl alcohol (3 mL).  

Colorless oil.  [α]D
25 (c 1.00, CHCl3) +9.10;  IR (neat) ν 3031, 2932, 1733, 1454, 1092, 737, 698 cm-1.  1H NMR (400 MHz, 

CDCl3) δ 3.28 (3H, s), 3.42 (3H, s), 3.66 (1H, dd, J = 6.3, 3.3 Hz), 3.98-4.02 (2H, m), 4.27 (1H, d, J = 11.7 Hz), 4.45 (1H, d, J = 6.3 

Hz), 4.51 (1H, d, J = 11.4 Hz), 4.55 (1H, d, J = 11.3 Hz), 4.57 (1H, d, J = 11.7 Hz), 4.63 (1H, d, J = 11.3 Hz), 4.77 (1H, d, J = 11.4 

Hz), 7.19-7.30 (15H, m), 9.64 (1H, d, J = 1.4 Hz);  13C NMR (100 MHz, CDCl3) δ 54.7, 56.3, 72.3, 74.1, 74.3, 78.8, 79.6, 83.6, 105.5, 

127.7, 127.7, 127.8, 128.2, 128.2, 128.3, 137.3, 137.8, 138.1, 201.2;  MS (ESI-TOF) m/z 487 [M+Na]+;  HRMS calcd for 

C28H32NaO6 [M+Na]+, 487.2097; found: 487.2077. 

 

(2R,3S,4S)-2,3,4-Tri(benzyloxy)-1,1-dimethoxyhex-5-yne (4c).  According to the synthetic procedure for 4a, 

1,1-dimethoxyhex-5-yne derivative 4c was prepared in 68% yield (0.69 g, 1.50 mmol) by the reaction of 3c (1.0 g, 2.2 mmol), 

Ohira-Bestmann reagent (3.6 g, 19 mmol) and K2CO3 (3.0 g, 22 mmol) in MeOH (230 mL).  Colorless oil.  [α]D
25 (c 1.00, CHCl3) 

+52.5;  IR (neat) ν 3031, 2932, 1454, 1095, 736, 697 cm-1.  1H NMR (400 MHz, CDCl3) δ 2.52 (1H, d, J = 2.0 Hz), 3.29 (3H, s), 

3.45 (3H, s), 3.76 (1H, dd, J = 7.0, 2.5 Hz), 3.92 (1H, dd, J = 7.9, 2.5 Hz), 4.28 (1H, d, J = 11.4 Hz), 4.43 (1H, dd, J = 7.9, 2.0 Hz), 

4.47 (1H, d, J = 11.5 Hz), 4.51 (1H, d, J = 7.0 Hz), 4.66 (1H, d, J = 11.2 Hz), 4.78 (1H, d, J = 11.5 Hz), 4.80 (1H, d, J = 11.4 Hz), 5.01 

(1H, d, J = 11.2 Hz), 7.18-7.35 (13H, m), 7.40 (2H, d, J = 7.5 Hz).  13C NMR (100 MHz, CDCl3) δ 53.9, 56.3, 68.6, 70.3, 74.4, 74.9, 

75.2, 78.2, 80.3, 81.8, 105.3, 127.4, 127.5, 127.6, 127.9, 127.9, 128.1, 128.1, 128.3, 137.6, 138.5, 138.7;  MS (ESI-TOF) m/z 483 

[M+Na]+;  HRMS calcd for C29H32NaO5 [M+Na]+, 483.2147; found, 483.2122.  Anal. Calcd for C29H32O5: C, 75.63; H, 7.00. 

Found: C, 75.49; H, 7.00. 

 

(4S,5S,6R,7R)-4,5,6-Tri(benzyloxy)-7-methoxy-4,5,6,7-tetrahydro[1,2,3]triazolo[1,5-a]pyridine (5c-α) and 

(4S,5S,6R,7S)-4,5,6-tri(benzyloxy)-7-methoxy-4,5,6,7-tetrahydro[1,2,3]triazolo[1,5-a]pyridine (5c-β). 

According to the synthetic procedure for 5a, these compounds were prepared in 90% yield (5c-α 30.2 mg, 0.064 mmol, 32% yield; 

5c-β 54.7 mg, 0.116 mmol, 58% yield) by the reaction of 4c (92 mg, 0.20 mmol) and TMSN3 (120 μL, 1.0 mmol) in the presence of 

In(OTf)3 (5.6 mg, 10 μmol) in 1,2-dichloroethane (2.8 mL).  5c-α as a less polar isomer.  Colorless oil.  [α]D
25 (c 1.01, CHCl3) 

+35.4;  IR (neat) ν 3031, 2931, 1454, 1205, 1092, 739, 698 cm-1;  1H-NMR (400 MHz, CDCl3) δ 3.65 (3H, s), 4.26 (1H, dd, J = 9.6, 

3.8 Hz), 4.44 (1H, dd, J = 9.6, 3.6 Hz), 4.62 (1H, d, J = 12.2 Hz), 4.70 (1H, d, J = 12.2 Hz), 4.74 (1H, d, J = 11.8 Hz), 4.84 (1H, d, J = 

3.8 Hz), 4.86 (1H, d, J = 12.0 Hz), 4.89 (1H, d, J = 11.8 Hz), 4.96 (1H, d, J = 12.0 Hz), 5.61 (1H, d, J = 3.6 Hz), 7.30-7.44 (15H, m), 

7.56 (1H, s);  13C NMR (100 MHz, CDCl3) δ 59.0, 66.7, 71.7, 73.7, 74.2, 74.7, 74.9, 86.4, 127.8, 127.8, 128.0, 128.1, 128.1, 128.4, 

128.5, 128.5, 132.3, 132.5, 137.1, 137.7, 138.0;  MS (ESI-TOF) m/z 472 [M+H]+;  HRMS calcd for C28H30N3O4 [M+H]+, 472.2236; 

found, 472.2347.  5c-β as a more polar isomer.  White amorphous solid.  Mp. 56.0-62.0 °C;  [α]D
25 (c 1.00, CHCl3) +51.7;  IR 

(neat) ν 3030, 2929, 1454, 1191, 1118, 740, 698 cm-1;  1H NMR (400 MHz, CDCl3) δ 3.69 (1H, dd, J = 9.2, 3.1 Hz), 3.79 (3H, s), 

4.51 (1H, d, J = 12.5 Hz), 4.58 (1H, dd, J = 9.2, 4.6 Hz), 4.67 (1H, d, J = 12.0 Hz), 4.71 (1H, d, J = 12.5 Hz), 4.75 (1H, d, J = 3.1 Hz), 

4.78 (1H, d, J = 3.1 Hz), 4.89 (1H, d, J = 11.3 Hz), 4.96 (1H, d. J = 11.3 Hz), 5.56 (1H, d, J = 4.6 Hz), 7.30-7.43 (15H, m), 7.57 (1H, 

s);  13C NMR (100.6 MHz, CDCl3) δ 59.1, 65.1, 70.8, 72.6, 74.9, 77.9, 79.4, 90.9, 127.7, 127.8, 127.8, 127.9, 127.9, 128.0, 128.3, 

128.4, 131.9, 131.9, 137.0, 137.5, 137.7;  MS (ESI-TOF) m/z 472 [M+H]+;  HRMS calcd for C28H30N3O4 [M+H]+, 472.2236; found, 

472.2232;  Anal. Calcd for C28H29N3O5: C, 71.32; H, 6.20; N, 8.91. Found: C, 71.01; H, 6.20; N, 8.99. 

 

(4S,5S,6R,7R)-4,5,6-Trihydroxy-7-methoxy-4,5,6,7-tetrahydro[1,2,3]triazolo[1,5-a]pyridine (6c-α).  According to the synthetic 
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procedure for 6a-α, triol 6c-α was obtained in 83% yield (34.9 mg, 0.174 mmol) by the debenzylation reaction of 5c-α (100 mg, 0.21 

mmol) in the presence of Pd(OH)2 on carbon (20 w/w%, 118 mg) in MeOH (3.0 mL) under H2 atmosphere (1 atm).  Colorless oil.  

[α]D
25 (c 1.00, CH3OH) +91.2;  IR (neat) ν 3358, 2937, 1448, 1191, 1110, 827 cm-1;  1H NMR (400 MHz, D2O) δ 3.71 (3H, s), 4.33 

(1H, dd, J = 9.6, 4.1 Hz), 4.44 (1H, dd, J = 9.6, 3.7 Hz), 5.24 (1H, d, J = 4.1 Hz), 5.92 (1H, d, J = 3.7 Hz), 7.93 (1H, s).  13C NMR 

(100 MHz, CDCl3) δ 60.9, 62.9, 69.0, 69.4, 89.0, 135.1, 137.4;  MS (ESI-TOF) m/z 202 [M+H]+;  HRMS calcd for C28H30N3O4 

[M+H]+, 202.0828; found, 202.0823. 

 

(4S,5S,6R,7S)-4,5,6-Trihydroxy-7-methoxy-4,5,6,7-tetrahydro[1,2,3]triazolo[1,5-a]pyridine (6c-β).  According to the synthetic 

procedure for 6a-α, triol 6c-β was obtained in 90% yield (37.9 mg, 0.189 mmol) by the debenzylation reaction of 5c-β (100 mg, 0.21 

mmol) in the presence of Pd(OH)2 on carbon (20 w/w%, 121 mg) in MeOH (3.0 mL) under H2 atmosphere (1 atm).  Colorless oil.  

[α]D
25 (c 1.00, CH3OH) +11.2;  IR (neat) ν 3358, 2927, 1456, 1254, 1115, 1056, 838 cm-1;  1H NMR (400 MHz, D2O) δ 3.81 (3H, s), 

4.08 (1H, dd, J = 8.7, 3.8 Hz), 4.42 (1H, dd, J = 8.7, 5.4 Hz), 5.18 (1H, d, J = 3.8 Hz), 5.61 (1H, d, J = 5.4 Hz), 7.90 (1H, s);  13C 

NMR (100 MHz, D2O) δ 60.9, 63.1, 71.29, 71.33, 92.5, 134.5, 137.3;  MS (ESI-TOF) m/z 202 [M+H]+;  HRMS calcd for 

C7H12N3O4 [M+H]+, 202.0828; found, 202.0817. 

 

 

3. Preparation of triazolo-gulose mimic ent-5b 
tert-Butyl(dimethyl){[(2S,3S,4S)-2,3,4-tri(benzyloxy)hex-5-enyl]oxy}silane (7c).  According to the synthetic procedure for 7a, 

TBS ether 7c was prepared in 96% yield (5.53 g, 10.4 mmol) by the reaction of (2S,3S,4S)-2,3,4-tri(benzyloxy)hex-5-en-1-ol (4.5 g, 

11 mmol),3 which was prepared by NaBH4 reduction of 1b, imidazole (1.1 g, 16 mmol) and tert-butylchlorodimethylsilane (2.0 g, 13 

mmol) in DMF (50 mL).  Colorless oil.  [α]D
25 (c 1.01, CHCl3) +14.8;  IR (neat) ν 3031, 2928, 2856, 1254, 1091, 837, 697 cm-1.  

1H NMR (400 MHz, CDCl3) δ –0.05 (3H, s), –0.05 (3H, s), 0.83 (9H, s), 3.62 (2H, d, J = 6.0 Hz), 3.68 (1H, dd, J = 6.5, 3.6 Hz), 

3.70-3.75 (1H, m), 4.04-4.09 (1H, m), 4.19 (1H, d, J = 11.7 Hz), 4.51-4.57 (3H, m), 4.59 (1H, d, J = 11.8 Hz), 4.67 (1H, d, J = 11.3 

Hz), 5.32 (1H, brd, J = 17.5 Hz), 5.36 (1H, brd, J = 10.2 Hz), 5.92 (1H, ddd, J = 17.5, 10.2, 7.7 Hz), 7.19-7.30 (15H, m);  13C NMR 

(100 MHz, CDCl3) δ –5.4, –5.4, 18.2, 25.9, 62.9, 70.1, 73.5, 74.5, 79.6, 80.1, 80.8, 119.2, 127.4, 127.4, 127.5, 127.6, 128.0, 128.1, 

128.2, 128.3, 136.4, 138.6, 138.6, 139.0;  MS (ESI-TOF) m/z 555 [M+Na]+;  HRMS calcd for C33H44NaO4Si [M+H]+, 555.2907; 

found, 555.2863.  Anal. Calcd for C33H44O4Si: C, 74.39; H, 8.32. Found: C, 73.99; H, 8.23. 

 

(2R,3R,4S)-2,3,4-Tri(benzyloxy)-5-{[tert-butyl(dimethyl)silyl]oxy}pentanal (8c).  According to the synthetic procedure for 8a, 

pentanal derivative 8c was prepared in 84% yield (4.22 g, 7.90 mmol) by the reaction of 7c (5.0 g, 9.4 mmol), OsO4 (0.11 M in H2O, 

9.1 mL, 1.0 mmol), NMO (3.0 g, 16.4 mmol) in a mixture of acetone (120 mL), H2O (30 mL) and tert-butyl alcohol (9 mL) and 

following treatment of reaction mixture by NaIO4 (5 g).  Colorless oil.  [α]D
25 (c 0.20, CHCl3) +12.0;  IR (neat) ν 3031, 2928, 2856, 

1733, 1455, 1254, 1092, 837, 697 cm-1;  1H NMR (400 MHz, CDCl3) δ 0.03 (3H, s), 0.04 (3H, s), 0.90 (9H, s), 3.70-3.75 (1H, m), 

3.82-3.85 (2H, m), 4.01 (1H, m), 4.11 (1H, dd, J = 3.8, 1.4 Hz), 4.46 (1H, d, J = 11.8 Hz), 4.55 (1H, d, J = 11.8 Hz), 4.59-4.69 (4H, m), 

7.26-7.38 (15H, m), 9.70 (1H, d, J = 1.4 Hz);  13C NMR (100 MHz, CDCl3) δ –5.4, –5.4, 18.2, 25.9, 62.9, 72.7, 73.2, 73.7, 79.8, 80.0, 

83.7, 127.7, 127.8, 127.8, 127.9, 128.0, 128.1, 128.3, 128.3, 128.4, 137.4, 137.8, 138.2, 201.6;  MS (ESI-TOF) m/z 557 [M+Na]+;  

HRMS calcd for C32H42NaO5Si [M+Na]+, 557.2699; found, 557.2689. 
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tert-Butyl(dimethyl){[(2S,3R,4R)-2,3,4-tri(benzyloxy)-5,5-dimethoxypentyl]oxy}silane.  This compound was obtained in 89% 

yield (3.87 g, 6.65 mmol) by the reaction of 8c (4.0 g, 7.5 mmol) and HC(OMe)3 (15 mL) in the presence of pTsOH·H2O (50 mg).  

Colorless oil.  [α]D
25 (c 1.03, CHCl3) +11.7;  IR (neat) ν 3030, 2928, 2856, 1455, 1254, 1073, 836, 697 cm-1;  1H NMR (400 MHz, 

CDCl3) δ 0.04 (6H, s), 0.90 (9H, s), 3.41 (3H, s), 3.47 (3H, s), 3.75-3.83 (4H, m), 3.92-3.95 (1H, m), 4.59 (1H, d, J = 11.6 Hz), 4.61 

(1H, d, J = 4.9 Hz), 4.61 (1H, d, J = 11.8 Hz), 4.67 (1H, d, J = 11.8 Hz), 4.70 (1H, d, J = 11.5 Hz), 4.73 (1H, d, J = 11.5 Hz), 4.84 (1H, 

d, J = 11.6 Hz), 7.26-7.36 (15H, m);  13C NMR (100 MHz, CDCl3) δ –5.4, –5.4, 18.3, 25.9, 55.3, 56.0, 63.1, 73.1, 73.8, .74.2, 79.1, 

79.5, 80.5, 105.3, 127.3, 127.3, 127.4, 127.6, 127.9, 127.9, 128.1, 128.2, 138.9, 139.1;  MS (ESI-TOF) m/z 603 [M+Na]+;  HRMS 

calcd for C34H48NaO6Si [M+Na]+, 603.3118; found, 603.3127.  Anal. Calcd for C34H48O6Si: C, 70.31; H, 8.33. Found: C, 70.47; H, 

8.29. 

 

(2S,3R,4R)-2,3,4-Tri(benzyloxy)-5,5-dimethoxypentan-1-ol (9c).  According to the synthetic procedure for 9a, 

5,5-dimethoxypentan-1-ol derivative 9c was prepared in 88% yield (2.48 g, 5.31 mmol) by the reaction of 

tert-butyl(dimethyl){[(2S,3R,4R)-2,3,4-tri(benzyloxy)-5,5-dimethoxypentyl]oxy}silane (3.5 g, 6.0 mmol) and TBAF (1.0 M in THF, 

12 mL, 12 mmol) in THF (5 mL).  Colorless oil.  [α]D
25 (c 0.21, CHCl3) +16.7;  IR (neat) ν 3459, 3030, 2832, 1454, 1207, 1072, 

737, 698 cm-1.  1H NMR (400 MHz, CDCl3) δ 2.45 (1H, brs), 3.33 (3H, s), 3.41 (3H, s), 3.67-3.74 (4H, m), 3.88 (1H, dd, J = 5.7, 3.3 

Hz), 4.53-4.69 (6H, m), 4.76 (1H, d, J = 11.5 Hz), 7.21-7.32 (15H, m);  13C NMR (100 MHz, CDCl3) δ 55.6, 55.8, 61.4, 72.6, 73.7, 

74.2, 79.7, 79.9, 79.9, 105.1, 127.5, 127.5, 127.6, 127.8, 127.9, 127.9, 128.2, 128.3, 138.2, 138.4, 138.5;  MS (ESI-TOF) m/z 489 

[M+Na]+;  HRMS calcd for C28H34NaO6 [M+Na]+, 489.2253; found, 489.2255.  Anal. Calcd for C28H34O6: C, 72.08; H, 7.35. 

Found: C, 71.97; H, 7.37. 

 

(2R,3R,4R)-2,3,4-Tri(benzyloxy)-5,5-dimethoxypentanal (ent-3b).  According to the synthetic procedure for ent-3a, 

5,5-dimethoxypentanal derivative ent-3b was prepared in 88% yield (1.75 g, 3.78 mmol) by the reaction of 7c (2.0 g, 4.3 mmol) and 

DMP (3.0 g, 7.2 mmol) in CH2Cl2 (15 mL).  The physical data of ent-3b were coincident with those of 3b, except for specific optical 

rotation.  [α]D
25 (c 1.00, CHCl3) +29.8. 

 

(2R,3R,4S)-2,3,4-Tri(benzyloxy)-1,1-dimethoxyhex-5-yne (ent-4b).  This compound was prepared from ent-3b under the same 

conditions in a case of 4b.  The physical data of ent-3b were coincident with those of 3b, except for specific optical rotation.  [α]D
25 

(c 0.99, CHCl3) +52.7. 

 

(4S,5R,6R,7S)-4,5,6-Tri(benzyloxy)-7-methoxy-4,5,6,7-tetrahydro[1,2,3]triazolo[1,5-a]pyridine (ent-5b-α) and 

(4S,5R,6R,7R)-4,5,6-tri(benzyloxy)-7-methoxy-4,5,6,7-tetrahydro[1,2,3]triazolo[1,5-a]pyridine (ent-5b-β). 

According to the synthetic procedure for 5b, these compounds were prepared in 86% yield (ent-5b-α 45.2 mg, 95 μmol, 48% yield; 

ent-5b-β 36.0 mg, 76 μmol, 38% yield) by the reaction of ent-5b (92.1 mg, 0.20 mmol) and TMSN3 (120 μL, 1.0 mmol) in the 

presence of In(OTf)3 (5.6 mg, 10 μmol) in 1,2-dichloroethane (3.0 mL).  The physical data of ent-5b-α were coincident with those of 

5b-α, except for specific optical rotation. [α]D
25 (c 0.21, CHCl3) +23.5.  The physical data of ent-5b-β were also coincident with 

those of 5b-β, except for specific optical rotation. [α]D
25 (c 1.00, CHCl3) +74.5. 
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4. Preparation of triazolo-altrose mimic ent-5c 
tert-Butyl(dimethyl){[(2R,3S,4R)-2,3,4-tri(benzyloxy)hex-5-enyl]oxy}silane (7b).  According to the synthetic procedure for 7a, 

TBS ether 7b was prepared in 89% yield (3.98 g, 7.49 mmol) by the reaction of (2R,3S,4R)-2,3,4-tri(benzyloxy)hex-5-en-1-ol (3.5 g, 

8.4 mmol),3 which was prepared by NaBH4 reduction of 1b, imidazole (743 mg, 11 mmol) and tert-butylchlorodimethylsilane (1.52 g, 

10 mmol) in DMF (9.0 mL).  Colorless oil.  [α]D
25 (c 1.00, CHCl3) –14.1;  IR (neat) ν 2928, 2856, 1455, 1253, 1093, 836, 734, 697 

cm-1;  1H NMR (400 MHz, CDCl3) δ 0.05 (6H, s), 0.91 (9H, s), 3.67-3.72 (1H, m), 3.72-3.79 (1H, m), 3.83 (1H, dd, J = 10.9, 5.3 Hz), 

3.96 (1H, dd, J = 10.9, 2.9 Hz), 4.13 (1H, dd, J = 7.7, 4.2 Hz), 4.34 (1H, d, J = 11.9 Hz), 4.40 (1H, d, J = 11.5 Hz), 4.63 (1H, d, J = 

11.9 Hz), 4.65 (1H, d, J = 11.5 Hz), 4.70-4.73 (2H, m), 5.27 (1H, brd, J = 10.4 Hz), 5.33 (1H, brd, J = 17.4 Hz), 5.91 (1H, ddd, J = 

17.4, 10.4, 7.7 Hz), 7.18-7.36 (15H, m);  13C NMR (100 MHz, CDCl3) δ –5.4, 18.2, 25.9, 62.6, 70.5, 72.3, 74.7, 79.8, 80.5, 81.5, 

118.2, 127.3, 127.3, 127.4, 127.6, 127.9, 128.0, 128.1, 128.1, 136.2, 138.5, 138.6, 138.7;  MS (ESI-TOF) m/z 533 [M+H]+;  HRMS 

calcd for C33H45O4Si [M+H]+, 533.3087; found, 533.3120. 

 

(2S,3R,4R)-2,3,4-Tri(benzyloxy)-5-{[tert-butyl(dimethyl)silyl]oxy}pentanal (8b).  According to the synthetic procedure for 8a, 

pentanal derivative 8b was prepared in 92% yield (3.49 g, 6.50 mmol) by the reaction of 7b (3.78 g, 7.1 mmol), OsO4 (0.11 M in H2O, 

6.4 mL, 0.7 mmol), NMO (1.6 g, 14 mmol) in a mixture of acetone (100 mL), H2O (35 mL) and tert-butyl alcohol (3 mL) and 

following treatment of reaction mixture by NaIO4 (15 g).  Colorless oil.  [α]D
25 (c 1.02, CHCl3) –34.1;  IR (neat) ν 3032, 2952, 

2929, 1731, 1455, 1327, 1253, 1096, 1028, 736, 697 cm-1;  1H NMR (400 MHz, CDCl3) δ 0.01 (3H, s), 0.02 (3H, s), 0.88 (9H, s), 

3.66-3.74 (1H, m), 3.78 (1H, dd, J = 11.2, 4.2 Hz), 3.95 (1H, dd, J = 11.2, 2.9 Hz), 4.03-4.07 (2H, m), 4.32 (1H, d, J = 11.5 Hz), 4.47 

(1H, d, J = 11.8 Hz), 4.52 (1H, d, J = 11.3 Hz), 4.57 (1H, d, J = 11.3 Hz), 4.62 (1H, d, J = 11.8 Hz), 4.64 (1H, d, J = 11.5 Hz), 

7.18-7.30 (15H, m), 9.58 (1H, d, J = 1.4 Hz);  13C NMR (100 MHz, CDCl3) δ –5.4, –5.4, 18.3, 25.9, 61.4, 72.0, 73.2, 74.1, 78.4, 78.9, 

84.2, 127.5, 127.7, 127.8, 128.0, 128.1, 128.2, 128.3, 128.3, 128.4, 137.3, 137.8, 138.1, 202.2;  MS (ESI-TOF) m/z 535 [M+H]+;  

HRMS calcd for C32H43O5Si [M+H]+, 535.2880; found, 535.2889. 

 

tert-Butyl(dimethyl){[(2R,3R,4S)-2,3,4-tri(benzyloxy)-5,5-dimethoxypentyl]oxy}silane.  This compound was obtained in 100% 

yield (3.48 g, 6.00 mmol) by the reaction of 8b (3.2 g, 6.0 mmol) and HC(OMe)3 (15 mL) in the presence of pTsOH·H2O (20 mg).  

Colorless oil.  [α]D
25 (c 0.98, CHCl3) –7.20;  IR (neat) ν 3031, 2929, 2856, 1454, 1096, 1028, 836, 734, 697 cm-1;  1H NMR (400 

MHz, CDCl3) δ 0.02 (3H, s), 0.02 (3H, s), 0.89 (9H, s), 3.28 (3H, s), 3.43 (3H, s), 3.73 (1H, ddd, J = 7.2, 4.8, 2.3 Hz), 3.76-3.82 (2H, 

m), 3.88 (1H, dd, J = 7.2, 2.6 Hz), 4.01 (1H, dd, J = 11.2, 2.3 Hz), 4.32 (1H, d, J = 11.7 Hz), 4.50 (1H, d, J = 11.6 Hz), 4.53 (1H, d, J 

= 7.1 Hz), 4.63 (1H, d, J = 11.6 Hz), 4.70 (1H, d, J = 11.7 Hz), 4.72 (1H, d, J = 11.6 Hz), 4.81 (1H, d, J = 11.6 Hz), 7.18-7.35 (15H, 

m);  13C NMR (100 MHz, CDCl3) δ –5.4, –5.3, 18.2, 25.9, 53.5, 55.9, 62.2, 71.8, 74.2, .74.3, 78.2, 78.8, 79.5, 105.4, 127.2, 127.4, 

127.8, 127.9, 128.1, 128.2, 128.2, 138.9, 139.1;  MS (ESI-TOF) m/z 603 [M+Na]+;  HRMS calcd for C34H48NaO6Si [M+Na]+, 

603.3118; found, 603.3062. 

 

(2R,3R,4S)-2,3,4-Tri(benzyloxy)-5,5-dimethoxypentan-1-ol (9b).  According to the synthetic procedure for 9a, 

5,5-dimethoxypentan-1-ol derivative 9b was prepared in 98% yield (2.74 g, 5.88 mmol) by the reaction of 

tert-butyl(dimethyl){[(2R,3R,4S)-2,3,4-tri(benzyloxy)-5,5-dimethoxypentyl]oxy}silane (3.4 g, 6.0 mmol) and TBAF (1.0 M in THF, 

12 mL, 12 mmol) in THF (5 mL).  Colorless oil.  [α]D
25 (c 1.00, CHCl3) –8.70;  IR (neat) ν 3481, 3031, 2933, 1454, 1092, 1029, 

735, 697 cm-1;  1H NMR (400 MHz, CDCl3) δ 3.28 (3H, s), 3.43 (3H, s), 3.65-3.70 (2H, m), 3.74 (1H, brd, J = 12.0 Hz), 3.85 (1H, dd, 
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J = 12.0, 3.6 Hz), 3.90 (1H, dd, J = 6.9, 2.9 Hz), 4.29 (1H, d, J = 11.6 Hz), 4.48 (1H, d, J = 12.0 Hz), 4.50 (1H, d, J = 6.7 Hz), 4.51 

(1H, d, J = 12.0 Hz), 4.63 (1H, d, J = 11.5 Hz), 4.72 (1H, d, J = 11.5 Hz), 4.81 (1H, d, J = 11.6 Hz), 7.19-7.34 (15H, m);  13C NMR 

(100 MHz, CDCl3) δ 54.1, 56.2, 60.2, 71.2, 74.1, 74.6, 78.1, 7.7, 78.9, 105.6, .127.5, 127.6, 127.6, 127.7, 128.0, 128.0, 128.2, 128.3, 

128.4, 138.1, 138.4, 138.6;  MS (ESI-TOF) m/z 489 [M+Na]+;  HRMS calcd for C28H34NaO6 [M+Na]+, 489.2253; found, 489.2232. 

 

(2S,3R,4S)-2,3,4-Tri(benzyloxy)-5,5-dimethoxypentanal (ent-3c).  According to the synthetic procedure for ent-3a, 

5,5-dimethoxypentanal derivative ent-3c was prepared in 88% yield (2.20 g, 4.73 mmol) by the reaction of 9b (2.5 g, 5.4 mmol) and 

DMP (3.3 g, 8.0 mmol) in CH2Cl2 (15 mL).  The physical data of ent-3c were coincident with those of 3c, except for specific optical 

rotation.  [α]D
25 (c 1.00, CHCl3) –8.20. 

 

(2S,3R,4R)-2,3,4-Tri(benzyloxy)-1,1-dimethoxyhex-5-yne (ent-4c).  This compound was prepared from ent-3c under the same 

conditions in a case of 4c.  The physical data of ent-4c were coincident with those of 4c, except for specific optical rotation.  [α]D
25 

(c 1.01, CHCl3) –54.2. 

 

(4R,5R,6S,7S)-4,5,6-Tri(benzyloxy)-7-methoxy-4,5,6,7-tetrahydro[1,2,3]triazolo[1,5-a]pyridine (ent-5c-α) and 

(4R,5R,6S,7R)-4,5,6-tri(benzyloxy)-7-methoxy-4,5,6,7-tetrahydro[1,2,3]triazolo[1,5-a]pyridine (ent-5c-β). 

According to the synthetic procedure for 5c, these compounds were prepared in 89% yield (ent-5c-α 85.3 mg, 0.181 mmol, 28% yield; 

ent-5c-β 187.6 mg, 0.398 mmol, 61% yield) by the reaction of ent-4c (300 mg, 0.65 mmol) and TMSN3 (0.40 mL, 3.3 mmol) in the 

presence of In(OTf)3 (18.2 mg, 32.5 μmol) in 1,2-dichloroethane (9.0 mL).  The physical data of ent-5c-α were coincident with those 

of 5c-α, excluding specific optical rotation.  [α]D
25 (c 1.01, CHCl3) –36.8.  The physical data of ent-5c-β were also coincident with 

those of 5c-β, except for specific optical rotation.  [α]D
25 (c 0.98, CHCl3) –51.3.
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5. 1H and 13C NMR spectra of 2a, 3a, 4a, 5a and 6a 
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6. 1H and 13C NMR spectra of 7a, 8a and 9a 
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7. 1H and 13C NMR spectra of 2b, 3b, 4b, 5b and 6b 
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8. 1H and 13C NMR spectra of 2c, 3c 4c, 5c and 6c 

 

 

 

OMe
OBn

OBn

OBn

OMe

2c

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008



- S28 - 

 

 
 

 

OHC
OMe

OBn

OBn

OBn

OMe

3c

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008



- S29 - 

 

 
 

 

OMe
OBn

OBn

OBn

OMe
4c

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008



- S30 - 

 
 

 
 

 

N
NN

BnO
OBn

OBn

OMe

5c-α

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008



- S31 - 

 
 

 
 

 

N
NN

BnO
OBn

OBn

OMe

5c-β

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008



- S32 - 

 
 

 
 

 

N
NN

HO
OH

OH

OMe

6c-α

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008



- S33 - 

 

 

 

 

N
NN

HO
OH

OH

OMe

6c-β

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008



- S34 - 

9. 1H and 13C NMR spectra of 7c, 8c and 9c 
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10. 1H and 13C NMR spectra of 7b, 8b and 9b 
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