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Experimental and analytical data 

 

Experimental section 

Typical procedure for the regioselective mono-O-silylation: To a mixture of the polyol substrate 

(0.5–1 mmol), TBAB and the silylating agent, pyridine was added under air (see Tables 1 and 2 for 

stoichiometric proportions). The mixture was kept under stirring at room temperature until 

consumption of the starting material as revealed by TLC analysis (1.5–3 hours). The mixture was 

concentrated under vacuum and then submitted to silica-gel flash cromatography (eluents: ethyl 

acetate or ethyl acetate/hexane mixtures) to afford the mono-O-silylated products in the yields 

indicated in Tables 1 and 2. 

 

Regioselective double silylation of monosaccharide polyols or silylation of secondary 

carbinols: To a mixture of the polyol substrate (0.5–1 mmol), TBAB and the silylating agent, 

pyridine was added under air (see Table 3 for stoichiometric proportions). The mixture was kept 

under stirring at 50 °C. Upon completion of the reaction (1–6 hours), the mixture was concentrated 

under vacuum and then submitted to silica-gel flash chromatography (eluents: hexane/ethyl acetate 

mixtures) to afford the di-O-silylated products in the yields indicated in Table 3. The 

regiochemistry of the double silylation was determined by acetylation of the isolated products 

(2:1v/v pyridine/acetic anhydride, overnight, rt) and subsequent NMR analysis. 

 

One-pot synthesis of orthogonally protected building-blocks (silylation–alkylation sequence): 

Upon completion of the mono-O-silylation step (see above for the procedure), to the mixture were 
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sequentially added under air DIPEA, benzyl bromide, and Bu2SnO, and the vessel placed on an oil 

bath at the suitable temperature (see Table 4 for stoichiometric proportions and the temperature of 

the second step). The mixture was kept under stirring until TLC analysis indicated optimal 

conversion. The reaction vessel was cooled to rt and the mixture was diluted with DCM. The 

organic phase was washed with aqueous NaOH and the aqueous phase re-extracted with DCM. The 

combined organic phases were dried with anhydrous sodium sulfate and concentrated under vacuum. 

Flash chromatography (eluents: hexane/ethyl acetate mixtures) provided pure products in the yields 

indicated in Table 4. 

 

One-pot synthesis of orthogonally protected building-blocks (alkylation-silylation sequence): 

To a mixture of the substrate (0.5–1 mmol), Bu2SnO and TBAB, were sequentially added under air 

DIPEA and benzyl (or allyl) bromide (see Table 4 for stoichiometric proportions). The mixture was 

kept under stirring at 70 °C (or 90 °C for regioselective allylation) until TLC analysis indicated 

optimal conversion. The flask was cooled to rt and then pyridine and the silylating agent were 

sequentially added. On completion of the reaction, the mixture was diluted with DCM. The organic 

phase was washed with aqueous NaOH and the aqueous phase was re-extracted with DCM. 

Combined organic phases were dried with anhydrous sodium sulfate and concentrated under 

vacuum. Flash chromatography (eluents: hexane/ethyl acetate mixtures) provided pure products in 

the yields indicated in Table 4. 

 

Spectral data 

Methyl 6-O-tert-butyldimethylsilyl--D-mannopyranoside (2).
[1-3]

 

1
H NMR (400 MHz, CDCl3) 4.67 (s, 1H, H-1), 4.25 (bs, exchangeable, 1H), 4.02 (bs, 

exchangeable, 1H), 3.90-3.80 (overlapped signals, 3H), 3.76 (bdd, J = 2.8 and 9.6 Hz, 1H, H-3), 

3.69 (t, J = 9.6 Hz, 1H, H-4), 3.53 (m, 1H, H-5), 3.34 (s, 3H, -OCH3), 0.89 (s, 9H, t-butyl protons), 

0.09 (s, 6H, -Si(CH3)2) ppm. 
13

C NMR (100 MHz, CDCl3) 100.7 (C-1), 71.7, 71.4 (C-3, C-5), 

70.3 (C-2), 69.5 (C-4), 64.3 (C-6), 54.7 (-OCH3), 25.8 (-SiC(CH3)3), 18.2 (-SiC(CH3)3), - 5.46 (-Si 

(CH3)2) ppm . Anal. Calcd. for C13H28O6Si: C, 50.62; H, 9.15. Found: C, 50.75; H, 9.10.MALDI-

MS [M + Na]
+
 calcd. for (C13H28O6Si)331.16, found 331.30. 

 

Methyl 6-O-tert-butyldimethylsilyl--D-glucopyranoside (10).
 [4-6]

 

1
H NMR (400 MHz, CDCl3) 5.32 (bs, exchangeable, 1H), 4.69 (d, J = 3.6 Hz, 1H, H-1),4.61 (bs, 

exchangeable, 1H), 4.55 (bs, exchangeable, 1H), 3.87 (bd, J = 10.2 Hz, 1H, H-6a), 3.75 (dd, J = 5.6 

and 10.2 Hz, 1H, H-6b), 3.71 (t, J = 9.6 Hz, 1H, H-3), 3.55-3.45 (overlapped signals, 2H), 3.37 (s, 
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3H, -OCH3), 3.49 (t, J = 9.6 Hz, 1H, H-4), 0.88 (s, 9H, t-butyl protons), 0.06 (s, 6H, -Si(CH3)2) ppm. 

13
C NMR (100 MHz, CDCl3): 99.3 (C-1), 74.1 (C-3), 71.9, 71.7 (C-5, C-2), 70.8 (C-4), 63.3 (C-

6), 54.9 (-OCH3), 25.9 (-SiC(CH3)3), 18.3 (-SiC(CH3)3), -5.3 (-Si (CH3)2) ppm. Anal. Calcd. for 

C13H28O6Si: C, 50.62; H, 9.15. Found: C, 50.55; H, 9.15.MALDI-MS [M + Na]
+
 calcd. for 

(C13H28O6Si) 331.16, found 331.05. 

 

1,2-O-Isopropylidene-6-O-tert-butyldimethylsilyl--D-glucofuranose (11).
[7]

 

1
H NMR (400 MHz, CDCl3) 5.90 (d, J = 3.2 Hz, 1H, H-1), 4.49 (d, J = 3.2 Hz, 1H, H-2), 4.30 (d, 

J = 2.0 Hz, 1H, H-3), 4.04 (dd, J = 2.0 and 6.8 Hz, 1H, H-4), 3.97 (m, 1H, H-5), 3.82 (dd, J = 3.6 

and 10.0 Hz, 1H, H-6a), 3.71 (dd, J = 4.8 and 10.0 Hz, 1H, H-6b), 3.19 (bs, exchangeable), 1.49 

and 1.32 (2 x s, 6H, isopropylidene methyls), 1.09 (s, 9H, t-butyl protons), 0.06 (s, 6 H, -Si(CH3)2) 

ppm. 
13

C NMR (100 MHz, CDCl3): 111.6 (isopropylidene quaternary C), 104.8 (C-1), 85.0 (C-2), 

79.5 (C-4), 75.3 (C-3), 69.9 (C-5), 64.0 (C-6), 26.6, 26.1 (isopropylidene CH3), 25.7 (-SiC(CH3)3), 

18.2 (-SiC(CH3)3), -5.5 (-Si (CH3)2) ppm. Anal. Calcd. for C15H30O6Si: C, 53.86; H, 9.04. Found: C, 

53.80; H, 9.15. MALDI-MS [M + Na]
+
 calcd. for (C15H30O6Si)357.40, found 357.30. 

 

Allyl 6-O-tert-butyldimethylsilyl--D-galactopyranoside (12).
[8]

 

1
H NMR (400 MHz, CDCl3) 6.00-5.90 (m, 1H, -CH=CH2), 5.28 (bd, J = 17.2 Hz, 1H, -

CH=CHaHb), 5.17 (bd, J = 10.4 Hz, 1H, -CH=CHaHb), 4.34 (dd, J = 5.2 and 12.4 Hz, 1H, H-6a), 

4.24 (d, J = 7.6 Hz, 1H, H-1), 4.11 (dd, J = 6.4and 12.4 Hz , 1H, H-6b), 3.94 (bs, 1H, H-4), 3.80-

3.60 (m, 2 H, -CH2CH=CH2), 3.70 (bt, J = 8.8 Hz, 1H, H-2), 3.56 (m, 1H, H-3), 3.43 (m, 1H, H-5), 

0.87 (s, 9H, t-butyl protons), 0.06(s, 6 H, -Si(CH3)2) ppm. 
13

C NMR (100 MHz, CDCl3) 134.0 

(CH2=CH-), 117.9 (CH2=CH-), 101.9 (C-1), 75.0 (C-5), 73.7 (C-3), 71.2 (C-2), 70.0 (CH2=CHCH2-

), 68.7 (C-4), 62.2 (C-6), 25.8 (-SiC(CH3)3), 18.2 (-SiC(CH3)3), -5.4 (-Si (CH3)2) ppm. Anal. Calcd. 

for C15H30O6Si: C, 53.86; H, 9.04. Found: C, 53.70; H, 9.10. MALDI-MS [M + Na]
+
 calcd. for 

(C15H30O6Si) 357.40, found 357.50. 

 

6-O-tert-Butyldimethylsilyl-1,2,3,4-tetra-O-acetyl-/-D-mannopyranose (13). ( 1:2.1): 
1
H 

NMR (400 MHz, CDCl3)  6.03 (d, J = 1.6 Hz , 1 H, H-1), 5.80 (bs, 1H, H-1), 5.40 (d, J = 2.4 

Hz, 1H, H-2),5.35 (t, J = 9.6 Hz , 1H, H-4), 5.29 (dd, J = 1.6 and 2.4 Hz, 1H, H-2), 5.28 (t, J = 

10.0 Hz, 1H, H-4), 5.18 (dd, J = 2.4 and 10.0 Hz, 1H, H-3), 3.72 (m, 1H, H-5), 3.80-3-65 (m, 

4H), 3.57 (m, 1H, H-5); 2.13, 2.10, 2.04, 1.99 (x3), 1.96 (x2) (5 x s, 24 H, acetyl methyls), 0.85 (s, 

18 H, t-butyl protons), 0.01 and – 0.01 (2 x s, 12 H, 2 x -Si(CH3)2) ppm. 
13

C NMR (100 MHz, 

CDCl3): 170.4, 169.8, 169.3, 168.3 (COCH3), 90.5 (C-1 ), 90.2 (C-1 ), 75.7 (C-5 ), 73.2 (C-5 
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), 70.9 (C-3 ), 69.0 (C-2 ), 68.4 (C-2 ), 68.3 (C-4 ), 65.8, 65.7 (C-3 C-4 ), 62.1 (C-6 ), 

61.8 (C-6 ), 25.6 (-SiC(CH3)3), 20.7-20.4 (COCH3), 18.1 (-SiC(CH3)3), -5.5 (-Si (CH3)2) ppm. 

Anal. Calcd. for C20H34O10Si: C, 51.93; H, 7.41. Found: C, 51.80; H, 7.45. MALDI-MS [M + Na]
+
 

calc. for (C20H34O10Si) 485.18, found 485.45. 

 

Methyl 6-O-tert-butyldiphenylsilyl--D-mannopyranoside (14).
[9-10]

 

1
H NMR (400 MHz, CDCl3)   7.80-7.30 (aromatic H), 4.65 (s, 1H, H-1), 3.93 (dd, J = 2.8 and 8.8 

Hz, 1H, H-3), 3.90-3.80 (overlapped signals, 2H), 3.80-3.70 (overlapped signals, 2H), 3.61 (m, 1H), 

3.29 (s, 3H, -OCH3), 1.05 (s, 6H, -Si(CH3)2) ppm. 
13

C NMR (100 MHz, CDCl3 135.7, 132.9, 

129.9, 127.6 (aromatic signals), 100.6 (C-1), 71.7, 71.1 (C-3 and C-5), 70.3 (C-2), 69.8 (C-4), 65.0 

(C-6), 54.7 (-OCH3), 26.7 (-SiC(CH3)3), 19.1 (-SiC(CH3)3) ppm. Anal. Calcd. for C23H32O6Si: C, 

63.86; H, 7.46. Found: C, 63.95; H, 7.45. MALDI-MS [M + Na]
+
 calcd. for (C23H32O6Si) 455.19, 

found 455.05. 

 

Methyl 6-O-tert-butyldiphenylsilyl--D-glucopyranoside (15).
[6, 11, 12]

 

1
H NMR (400 MHz, CDCl3):  7.80-7.30 aromatic H), 4.80 (bs, exchangeable, 1H), 4.70 (d, J = 

3.6 Hz, 1H, H-1), 4.00-3.85 (overlapped signals, 2H), 3.82 (dd, J = 5.4 and 10.8 Hz, 1H, H-6b), 

3.76 (t, J = 9.2 Hz, 1H, H-3), 3.64 (m, 1H, H-5), 3.55-3.43 (overlapped signals, 2H), 3.34 (s, 3H), 

1.04 (s, 9H, -Si(CH3)2) ppm. 
13

C NMR (100 MHz, CDCl3): 135.7, 133.2, 129.6, 127.7 (aromatic 

signals), 99.1 (C-1), 74.3 (C-3), 72.0 (C-2), 71.5 (C-5), 71.1 (C-4), 64.0 (C-6), 54.8 (-OCH3), 26.8 

(-SiC(CH3)3), 19.1 (-SiC(CH3)3) ppm. Anal. Calcd. for C23H32O6Si: C, 63.86; H, 7.46. Found: C, 

63.75; H, 7.50. MALDI-MS [M + Na]
+
 calcd. for (C23H32O6Si) 455.19, found 455.40. 

 

1,2-O-Isopropylidene-6-O-tert-butyldiphenylsilyl--D-glucofuranose (16).
[13]

 

1
H NMR (400 MHz, CDCl3): 7.80-7.30 (aromatic H), 5.96 (d, J = 3.2 Hz, 1H, H-1), 4.54 (d, J = 

3.2 Hz, 1H, H-2),4.40 (d, J = 1.6Hz, 1H, H-3),4.21 (dd, J = 1.6 and 6.4 Hz, 1H, H-4), 4.12 (m, 1H, 

H-5), 3.91 (dd, J = 4.0 and 10.4 Hz, 1H, H-6a), 3.85 (dd, J = 5.2 and 10.0 Hz, 1H, H-6b), 1.44 and 

1.28 (2 x s, 6H), 0.89 (s, 9H), 0.06 (s, 6H, -Si(CH3)2) ppm. 
13

C NMR (100 MHz, CDCl3): 135.5, 

132.2, 129.8, 127.8 (aromatic signals), 111.4 (isopropylidene quaternary C), 104.8 (C-1), 85.0 (C-2), 

79.2 (C-4), 75.4 (C-3), 70.2 (C-5), 64.8 (C-6), 26.7 (-SiC(CH3)3), 26.7, 26.1 (isopropylidene CH3), 

19.1 (-SiC(CH3)3) ppm. Anal. Calcd. for C25H34O6Si: C, 65.47; H, 7.47. Found: C, 65.67; H, 7.35. 

MALDI-MS [M + Na]
+
 calcd. for (C25H34O6Si) 481.20, found 481.30.  
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Methyl 3,6-di-O-tert-butyldimethylsilyl--D-mannopyranoside (17).
[14, 15]

 

1
H NMR (400 MHz, CDCl3):4.71 (s, 1H, H-1), 3.86 (d, J = 5.6 Hz, 2H, H2-6), 3.83 (dd, J = 3.6 

and 9.2 Hz, 1H, H-3), 3.74 (bd, J = 2.0 Hz, 1 H, H-2), 3.70 (t, J = 9.2 Hz, 1H, H-4), 3.55 (m, 1H, H-

5), 3.36 (s, 3H, 1-OCH3), 2.70 (bs, exchangeable, 1H), 2.57 (bs,exchangeable, 1H), 0.91 and 0.90 (2 

x s, 18 H, t-butyl protons); 0.15, 0.13, 0.09 (x2) (3 x s, 18H, 2 x -Si(CH3)2) ppm. 
13

C NMR (100 

MHz, CDCl3100.0 (C-1), 72.9 (C-3), 71.0, 70.4 (x2) (C-2, C-4, C-5), 64.9 (C-6), 54.8 (-OCH3), 

25.8, 25.7 (2 x -SiC(CH3)3), 18.1 (2 x -SiC(CH3)3) -4.5, -4.9, -5.5 (x2) (-Si (CH3)2) ppm. Anal. 

Calcd. for C19H42O6Si2: C, 53.99; H, 10.01. Found: C, 53.80; H, 9.95. MALDI-MS [M + Na]
+
 calcd. 

for (C19H42O6Si2) 445.24, found 445.45. 

 

Methyl 2,6-di-O-tert-butyldimethylsilyl--D-glucopyranoside (18).
[16]

 

1
H NMR (400 MHz, CDCl3): 4.60 (d, J = 3.2 Hz, 1H, H-1), 3.85-3.82 (overlapped signals, 2H), 

3.80 (t, J = 9.2 Hz, 1H, H-3), 3.60 (m, 1H, H-5), 3.54 (dd, J = 3.2 and 9.2 Hz, 1H, H-2), 3.51 (t, J = 

9.2 Hz, 1H, H-4), 3.38 (s, 3H), 0.90 (s, 18H), 0.14, 0.11, 0.10 (x2) (3 x s, 12 H) ppm. 
13

C NMR 

(100 MHz, CDCl3): 99.8 (C-1), 73.9 (C-3), 73.4 (C-2), 71.8 (C-4), 70.5 (C-5), 64.0 (C-6), 55.2 (-

OCH3), 25.9, 25.8 (2 x -SiC(CH3)3), 18.3, 18.1 (2 x -SiC(CH3)3), -4.6, -5.4 (-Si (CH3)2) ppm. Anal. 

Calcd. for C19H42O6Si2: C, 53.99; H, 10.01. Found: C, 53.95; H, 10.05. MALDI-MS [M + Na]
+
 calc. 

for (C19H42O6Si2) 445.24, found 445.10. 

 

3,6-Di-O-tert-butyldimethylsilyl-D-galactal (19).
[17]

 

1
H NMR (400 MHz, CDCl3): 6.45 (d, J = 6.0 Hz, 1H, H-1), 4.63 (d, J = 6.0 Hz, 1H, H-2), 4.57 (d, 

J = 2.4 Hz, 1H), 4.20-3.95 (overlapped signals, 4H), 2.82 (s, exchangeable 1H), 1.03 and 1.02 (2 x s, 

18H, t-butyl protons), 0.24 and 0.21 (2 x s, 12H, 2 x -Si(CH3)2) ppm. 
13

C NMR (100 MHz, CDCl3): 

144.2 (C-1), 102.2 (C-2), 76.8 (C-5), 65.0, 64.8 (C-3, C-4), 61.9 (C-6), 25.9, 25.8 (2 x -

SiC(CH3)3), 18.3, 18.0 (2 x -SiC(CH3)3), -4.6, -4.9, -5.3, -5.4 (-Si (CH3)2) ppm. Anal. Calcd. for 

C18H38O4Si2: C, 57.70; H, 10.22. Found: C, 57.75; H, 10.35. MALDI-MS [M + Na]
+
 calc. for 

(C18H38O4Si2) 397.22, found 397.45. 

 

Allyl 6´-O-tert-butyldimethylsilyl--D-galacatopyranosyl-(14)-6-O-tert-butyldimethylsilyl--

D-glucopyranoside (21). []D
25

+41 (c 1.0, CHCl3);
1
H NMR (400 MHz, CDCl3): 6.00-5.90 (m, 

1H, -CH=CH2), 5.41 (bd, J = 17.6 Hz, 1H, -CH=CHaHb), 5.41 (bd, J = 10.4 Hz, 1H,-CH=CHaHb), 

4.98 (d, J = 3.2 Hz, 1H, H-1), 4.47 (d, J = 7.6 Hz, 1H, H-1′), 4.26 (dd, J = 6.0 and 12.8 Hz, 1H, –

CHaHbCH=CH2), 4.13 (dd, J = 6.0 and 12.8 Hz, 1H, –CHaHbCH=CH2), 4.09 (bs, 1H, H-4′), 4.00-

3.70 (overlapped signals), 1.00 (s, 18H, t-butyl protons), 0.18 (s, 9H, -Si(CH3)2) ppm. 
13

C NMR 
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(100 MHz, CDCl3): 133.7 (CH2=CH), 117.8 (CH2=CH), 103.1 (C-1′), 98.9 (C-1), 79.0 (C-4), 

75.1 (C-5′), 73.8 (C-3′), 72.3, 72.2, 71.3, 70.7 (C-2, C-3, C-5, C-2′), 68.4, 68.3 (C-4′ and 

CH2=CHCH2-), 62.4, 61.7 (C-6, C-6′), 25.8 (-SiC(CH3)3), 18.3 (-SiC(CH3)3), -5.28 (-Si (CH3)2) 

ppm. Anal. Calcd. for C27H54O11Si2: C, 53.09; H, 8.91. Found: C, 53.15; H, 8.80. MALDI-MS [M + 

Na]
+
 calcd. for (C27H54O11Si2) 633.31, found 633.15. 

 

Ethyl 3-O-tert-butyldimethylsilyl--L-1-thio-rhamnopyranoside (23). 

( ca 4:1).
1
H NMR (400 MHz, CDCl3): signals of prevalent -anomer at 5.30 (s, 1H, H-1), 4.02 

(m, 1H, H-5), 3.89 (bs, 1H, H-2), 3.79 (dd, J = 3.2 and 8.8 Hz, 1H, H-3), 3.53 (t, J = 8.8 Hz, 1H, H-

4), 2.75-2.55 (m, 2H, -CH2CH3), 1.31 (t, J = 5.6 Hz, 3 H, -CH2CH3), 0.92-0.89 (overlapped signals), 

0.15 and 0.13 (2 x s, 6H, -Si(CH3)2) ppm. 
13

C NMR (100 MHz, CDCl3): 83.0 (C-1), 74.0, 73.6, 

73.2 (C-2, C-3, C-4), 68.0 (C-5), 25.7 (-SiC(CH3)3), 24.9 (-SCH2CH3), 18.1 (-SiC(CH3)3), 17.5 (C-

6), 14.8 (-SCH2CH3), -4.6, -4.7 (-Si(CH3)2) ppm. Anal. Calcd. for C14H28O4SSi: C, 52.13; H, 9.38. 

Found: C, 52.30; H, 9.30. MALDI-MS [M + Na]
+
 calcd. for (C14H28O4SSi) 345.15, found 345.35. 

 

Ethyl 4-O-benzoyl-3-O-tert-butyldimethylsilyl--L-1-thio-rhamnopyranoside (25). 

(4:1).
1
H NMR (400 MHz, CDCl3): signals of prevalent -anomer at 8.00-7.30 (aromatic 

Hs, H), 5.38 (s, 1H, H-1), 5.28 (t, J = 8.8 Hz, 1H, H-4), 4.25 (m, 1H, H-5), 4.08 (dd, J = 2.4 and 9.2 

Hz, 1H, H-3), 3.97 (bs, 1H, H-2), 2.75-2.50 (m, 2H, -CH2CH3), 1.31 (t, J = 7.2 Hz, 3H, -CH2CH3), 

1.22 (d, J = 6.4 Hz, 3H, H3-6), 0.77 (s, 9H, t-butyl protons), 0.04, -0.1 (2 x s, 6H, -Si(CH3)2) 

ppm.
13

C NMR (100 MHz, CDCl3):135.5, 133.1, 129.7, 128.4 (aromatic signals), 82.9 (C-1), 

74.5, 73.1, 71.2 (C-2, C-3, C-4), 66.6 (C-5), 25.4 (-SiC(CH3)3), 24.9 (-SCH2CH3), 18.1 (-

SiC(CH3)3), 17.3 (C-6), 14.8 (-SCH2CH3), -4.6, -4.7 (-Si(CH3)2) ppm. Anal. Calcd. for 

C21H34O5SSi: C, 59.12; H, 8.05. Found: C, 59.00; H, 8.15. MALDI-MS [M + Na]
+
 cald. for 

(C21H34O5SSi) 449.18, found 449.05. 

 

Methyl 2,3,4,6-tetra-O-trimethylsilyl--D-glucopyranoside (26).
[18,19]

 

1
H NMR (400 MHz, CDCl3): 4.68 (d, J = 3.6 Hz, 1H, H-1), 3.85-3.80 (overlapped signals, 2 H), 

3.76 (dd, J = 4.8 and 11.6 Hz, 1H, H-6a), 3.60-3.50 (overlapped signals, 3H), 3.41 (s, 3H, -OCH3); 

0.24, 0.23 (x2), 0.20 (3 x s, 12H, 4 x -Si(CH3)3). 
13

C NMR (100 MHz, CDCl3): 99.6 (C-1), 75.2 

(C-3), 73.9 (C-2), 72.1 (C-4), 71.9 (C-5), 62.1 (C-6), 54.4 (-OCH3), 1.2, 0.8, 0.4 -0.3 (4 x -

Si(CH3)3). Anal. Calcd. for C19H46O6Si4: C, 47.26; H, 9.60. Found: C, 47.05; H, 9.70.  
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2-Amino-2-deoxy-1,3,4,6-tetra-O-trimethylsilyl--D-glucopyranose (27).
[20-24]

 

1
H NMR (400 MHz, CDCl3): 5.05 (d, J = 3.2 Hz, 1H, H-1), 3.70-3.55 (overlapped signals, 3H), 

3.47 (t, J = 8.8 Hz, 1H, H-3), 3.43 (t, J = 8.8 Hz, 1H, H-4), 2.47 (dd, J = 3.2 and 8.8 Hz, 1H, H-2), 

0.14, 0.11, 0.09, 0.03 (4 x s, 12H, 4 x -Si(CH3)3) ppm. 
13

C NMR (100 MHz, CDCl3): 94.5 (C-1), 

77.5 (C-3), 72.7 (C-5), 71.9 (C-4), 61.9 (C-6), 57.3 (C-2), 1.2, 0.7, -0.2, -0.4 (4 x -Si(CH3)3) ppm. 

Anal. Calcd. for C18H45NO5Si4: C, 46.22; H, 9.69. Found: C, 46.10; H, 9.80. 

 

2-Deoxy-2-trichloroethoxycarbonylamino-1,3,4,6-tetra-O-trimethylsilyl--D-glucopyranose 

(28).
[21]

 

1
H NMR (400 MHz, CDCl3): 5.08 (d, J = 2.4 Hz, 1H, H-1), 4.87 (d, J = 9.2 Hz, 1H, -NHTroc), 

4.81 and 4.59 (2 x d, AB, J = 12.0 Hz, 2 H, -CH2CCl3), 3.75-3.50 (overlapped signals, 6H), 0.16, 

0.14, 0.13, 0.08 (4 x s, 12H, 4 x -Si(CH3)3) ppm. 
13

C NMR (100 MHz, CDCl3): 154.1 (carbamate 

CO), 92.5 (C-1), 74.7 (-OCH2CCl3), 73.8, 72.4, 71.9 (C-3, C-4, C-5), 61.6 (C-6), 56.8 (C-2), 0.9, 

0.7, -0.2, -0.3 (4 x -Si(CH3)3) ppm. Anal. Calcd. for C21H46Cl3NO7Si4: C, 39.21; H, 7.21. Found: C, 

39.20; H, 7.10.  

 

Methyl 3-O-benzyl-6-O-tert-butyldimethylsilyl--D-mannopyranoside (29).
[25-27]

 

1
H NMR (400 MHz, CDCl3): 7.40-7.20 (aromatic H), 4.71 (s, 1H, H-1), 4.67 (s, 2H, -CH2Ph), 

3.94 (bs, 1H, 2-H), 3.90-3.84 (overlapped signals, 3H), 3.66 (dd, J = 2.8 and 8.8 Hz, H-3), 3.58 (m, 

1H, H-5), 3.34 (s, 3H, -OCH3), 0.90 (s, 9H, t-butyl protons), 0.08 (s, 6H, -Si(CH3)2). 
13

C NMR (100 

MHz, CDCl3): 137.9, 128.5, 127.9, 127.8 (aromatic signals), 100.3 (C-1), 79.4 (C-3), 72.0 (-

CH2Ph), 71.0 (C-5), 68.6 (C-4), 67.7 (C-2), 64.4 (C-6), 54.7 (-OCH3), 25.8 (-SiC(CH3)3), 18.2 (-

SiC(CH3)3), -5.5 (-Si(CH3)2) ppm. Anal. Calcd. for C20H34O6Si: C, 60.27; H, 8.60. Found: C, 60.45; 

H, 8.50. MALDI-MS [M + Na]
+
 calcd. for (C20H34O6Si) 421.20, found 421.55. 

 

Methyl 3-O-allyl-6-O-tert-butyldiphenylsilyl--D-mannopyranoside (30).
[28]

 

1
H NMR (400 MHz, CDCl3): 7.85-7.30 (aromatic H), 6.00-5.90 (m, 1H, -CH=CH2), 5.33 (bd, J = 

17.2 Hz, 1H, -CH=CHaHb), 5.22 (bd, J = 10.4 Hz, 1H, -CH=CHaHb), 4.75 (s, 1H, H-1), 4.20-4.10 

(m, 2H, -CH2CH=CH2), 4.00 (bs, 1H, H-2), 3.99-3.85 (overlapped signals, 3H), 3.67 (m, 1H, H-5), 

3.62 (dd, J = 2.8 and 8.8 Hz, 1H, H-3), 3.34 (s, 3H, -OCH3), 1.07 (s, 9H, t-butyl protons) ppm. 
13

C 

NMR (100 MHz, CDCl3): 135.5, 134.4, 129.6, 127.6 (aromatic), 132.0 (CH2=CH-), 117.6 

(CH2=CH-), 100.3 (C-1), 79.0 (C-3), 71.2 (C-5), 70.7 (-CH2CH=CH2), 68.3 (C-4), 67.6 (C-2), 64.9 

(C-6), 54.6 (-OCH3), 26.7 (-SiC(CH3)3), 19.1 (-SiC(CH3)3) ppm. Anal. Calcd. for C26H36O6Si: C, 
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66.07; H, 7.68. Found: C, 66.25; H, 7.55. MALDI-MS [M + Na]
+
 calcd. for (C26H36O6Si) 495.22, 

found 495.30. 

 

Methyl 3-O-benzyl-6-O-tert-butyldiphenylsilyl--D-mannopyranoside (31).
[29]

 

1
H NMR (400 MHz, CDCl3): 7.90-7.25(aromatic H), 4.88 (s, 1H, H-1), 4.84 (s, 2H, -CH2Ph), 

4.13 (bs, 1H, H-2), 4.10-4.03 (overlapped signals, 3H), 3.90-3.75 (overlapped signals, 2H), 3.48 (s, 

3H, -OCH3), 2.93 (bs, exchangeable, 1H), 2.61 (bs, exchangeable, 1H), 1.22 (s, 9 H, t-butyl 

protons) ppm. 
13

C NMR (100 MHz, CDCl3):137.9, 135.6, 133.0, 128.7, 128.5, 127.9, 127.7 

(aromatic signals), 100.2 (C-1), 79.5 (C-3), 72.0 (-CH2Ph), 71.1 (C-5), 68.5 (C-4), 67.7 (C-2), 64.9 

(C-6), 54.7 (-OCH3), 26.7 (-SiC(CH3)3), 19.1 (-SiC(CH3)3) ppm. Anal. Calcd. for C30H38O6Si: C, 

68.93; H, 7.33. Found: C, 68.75; H, 7.40. MALDI-MS [M + Na]
+
 calcd. for (C30H38O6Si) 545.23, 

found 545.40. 

 

Methyl 2-O-benzyl-6-O-tert-butyldiphenylsilyl--D-glucopyranoside (32).
[27]

 

1
H NMR (400 MHz, CDCl3): 7.85-7.25 (aromatic H), 4.85 and 4.82 (2 x d, AB, J = 12.0 Hz, 2H, -

CH2Ph), 4.76 (d, J = 3.2 Hz, 1H, H-1), 4.07 (t, J = 9.2 Hz, 1H, H-3), 4.04 (dd, J = 3.2 and 10.4 Hz, 

1H, H-6a), 3.97 (dd, J = 5.2and 10.4 Hz, 1H, H-6b), 3.78 (m, 1H, H-5), 3.66 (t, J = 9.2 Hz, 1H, H-

4), 3.48 (dd, J = 3.2 and 9.2 Hz, 1H, H-2), 3.48 (s, 3H, OCH3), 3.20 (bs, exchangeable, 1H), 1.20 (s, 

9H, t-butyl protons) ppm. 
13

C NMR (100 MHz, CDCl3): 137.9, 135.5, 133.1, 129.6, 128.4, 128.0, 

127.9, 127.6 (aromatic signals), 97.4 (C-1), 79.2 (C-2), 73.0 (-CH2Ph), 72.9 (C-3), 71.6 (C-4), 70.6 

(C-5), 64.3 (C-6), 54.9( -OCH3), 26.7 (-SiC(CH3)3), 19.1 (-SiC(CH3)3) ppm. Anal. Calcd. for 

C30H38O6Si: C, 68.93; H, 7.33. Found: C, 68.80; H, 7.35. MALDI-MS [M + Na]
+
 calcd. for 

(C30H38O6Si) 545.23, found 545.55. 

 

3-O-Benzyl-6-O-tert-butyldimethylsilyl-D-galactal (33).
[30]

 

1
H NMR (400 MHz, CDCl3): 7.40-7.30 (aromatic H), 6.40 (d, J = 6.0 Hz, 1H, H-1),4.70 (d, J = 

6.0 Hz, 1H, H-2), 4.69-4.60 (AB, J = 12.0 Hz, 2H, -CH2Ph), 4.21 (bs, 1H), 4.14 (bs, 1H), 3.97 (m, 

1H), 3.90-3.80 (m, 2H), 2.63 (bs, 1H), 0.92 (s,9H, t-butyl protons), 0.11 (s, 6H, -Si(CH3)2) ppm. 
13

C 

NMR (100 MHz, CDCl3): 144.9 (C-1), 137.7, 128.5, 127.9, 127.7 (aromatic signals), 99.5 (C-2), 

76.6 (C-5), 70.9 (-CH2Ph), 70.4 (C-3), 62.4, 62.1 (C-4, C-6), 26.0 (-SiC(CH3)3), 19.2 (-SiC(CH3)3), 

-5.4 (-Si (CH3)2) ppm. Anal. Calcd. for C19H30O4Si: C, 65.10; H, 8.63. Found: C, 65.25; H, 8.55. 

MALDI-MS [M + Na]
+
 calcd. for (C19H30O4Si) 350.42, found 350.55 
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3-O-Benzyl-6-O-tert-butyldiphenylsilyl-D-galactal (34). 

[]D
25

 - 3 (c 1.9, CHCl3); 
1
H NMR (400 MHz, CDCl3): 7.90-7.30 (aromatic H), 6.50 (d, J = 6.0 

Hz, 1H, H-1), 4.84 (d, J = 6.0 Hz, 1H, H-2), 4.82-4.75 (AB, J = 12.0 Hz, 2H, -CH2Ph), 4.35 (s, 2H), 

4.23 (m, 1H), 4.15-4.00 (overlapped signals, 2H), 2.73 (s, 1 H), 1.22 (s, 9 H, t-butyl protons) ppm. 

13
C NMR (100 MHz, CDCl3): 144.9 (C-1), 137.7, 135.5, 133.1, 129.7-127.7 (aromatic signals), 

99.5 (C-2), 76.5 (C-5), 70.9 (-CH2Ph), 70.4 (C-3), 62.6, 62.5 (C-4, C-6), 26.7 (-SiC(CH3)3), 19.1 (-

SiC(CH3)3) ppm. Anal. Calcd. for C29H34O4Si: C, 73.38; H, 7.22. Found: C, 73.20; H, 7.40. 

MALDI-MS [M + Na]
+
 calc. for (C29H34O4Si) 497.21, found 497.45. 

 

Allyl 3-O-benzyl-6-O-tert-butyldimethylsilyl--D-galactopyranoside (35). 

[]D
25

+81 (c 1.6, CHCl3);
1
H NMR (400 MHz, CDCl3): 7.40-7.20 (aromatic H), 6.00-5.90 (m, 1H, 

-CH=CH2), 5.28 (bd, J = 1.6 and 17.2 Hz, 1H, -CH=CHaHb), 5.20 (bd, J = 1.6 and 10.4 Hz, 1H, -

CH=CHaHb), 4.95 (d, J = 4.0 Hz, 1H, H-1), 4.76 and 4.71 (2 x d, AB, J = 11.6 Hz, 2 H, -CH2Ph), 

4.19 (bdd, J = 5.2 and 12.8 Hz, 1H, -CHaHbCH=CH2), 4.05 (d, J = 3.2 Hz, 1H, H-4), 4.02 (dd, J = 

6.6 and 12.8 Hz, 1H, -CHaHbCH=CH2), 3.84 (dd, J = 5.6 and 9.6 Hz, 1H, H-6a), 3.80-3.70 

(overlapped signals, 2H), 3.63 (dd, J = 2.8 and 9.6 Hz, 1H, H-3), 2.63 (bs, exchangeable, 1H), 2.23 

(bs, exchangeable, 1H), 0.89 (s, 9H, t-butyl protons), 0.07 (s, 6H, -Si(CH3)2). 
13

C NMR (100 MHz, 

CDCl3): 137.9, 128.5, 127.9, 127.8 (aromatic signals), 133.6 (CH2=CH-), 117.8 (CH2=CH-), 97.6 

(C-1), 78.7 (C-3), 72.0 (-CH2Ph), 70.2 (C-5), 68.6 (C-2), 68.4 (CH2=CHCH2-), 66.9 (C-4), 62.5 (C-

6), 25.8 (-SiC(CH3)3), 18.2 (-SiC(CH3)3), -5.4 (-Si (CH3)2). Anal. Calcd. for C22H36O6Si: C, 62.23; 

H, 8.55. Found: C, 62.10; H, 8.60. MALDI-MS [M + Na]
+
 calcd. for (C22H36O6Si) 447.22, found 

447.40. 
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