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General: Reactions were monitored by thin layer chromatography using silica gel 

HSGF254 plates. Flash chromatography was performed using silica gel HG/T2354-92. 
1H NMR and 13C NMR (600 and 150 MHz, respectively) spectra were recorded in CDCl3. 
1H NMR chemical shifts are reported in ppm (δ) relative to tetramethylsilane (TMS) with 

the solvent resonance employed as the internal standard (CDCl3, δ 7.26 ppm). Data are 

reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, m = 

multiplet), integration and coupling constants (Hz). 13C NMR chemical shifts are reported 

in ppm from tetramethylsilane (TMS) with the solvent resonance as the internal standard 

(CDCl3, δ 77.0 ppm). ESI-HRMS spectra were recorded on BioTOF Q. Optical rotations 

were acquired on a Perkin Elmer-341 Digital Polarimeter. Glycals 2, 16-22 and 24-27 are 

known compounds and their 1H NMR data matched the literature data.1

General Procedure for the Synthesis of glycopyranosyl bromide.1a 

General Procedure for the Synthesis of glycals 

To a solution of glycopyranosyl bromide (1 mmol) in PEG-600/H2O (1:1, 6.0 mL) 

were added zinc dust (2.0 mmol), followed by stirring at room temperature. TLC 

indicated that the reaction was complete. Upon completion of the reaction, inorganic salts 

and excessive zinc dust were removed by filtration. The filtrate was extracted with 

EtOAc. The combined organic layers are dried (sodium sulfate) and concentrated in 

vacuo and the residue was purified by silica gel flash column chromatography to afford 

the pure glycal.  

 

The multi-gram scale preparation of glycals  3,4,6-tri-O-acetyl-D-glucal (2) 

 

To a suspension of glycopyranosyl bromide (20.6 g, 50 mmol) in PEG-600/H2O (1:1, 

400 mL) were added zinc dust (6.5 g, 100 mmol) at room temperature. The reaction 

mixture was stirred at room temperature and monitored by TLC. Upon completion of the 

reaction, inorganic salts and excessive zinc dust were removed by filtration. The filtrate 

was extracted with EtOAc. The combined organic layers are dried (sodium sulfate) and 

concentrated in vacuo and the residue was purified by silica gel flash column 

chromatography to afford glucal 2 (10.9 g, 80%). 
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2,3,4,6-Tetra-O-benzoyl-α-D-mannopyranosyl bromide (5) 

OBzO
BzO

Br

OBz
OBz

 
1H NMR (CDCl3): δH 4.52 (dd, 1H, J = 12.4, 3.7), 4.66 (m, 1H), 4.74 (dd, 1H, J = 12.4, 

2.3), 5.91 (dd, 1H, J = 2.9, 1.6), 6.24 (dd, 1H, J = 10.1, 10.1), 6.29 (dd, 2H, J = 10.3, 

3.3), 6.59 (d, 1H, J = 1.0), 7.28 (d, 2H, J = 7.6), 7.37-7.45 (m, 7H), 7.53 (m, 1H), 7.57-

7.62 (m, 2H), 7.84 (dd, 2H, J = 8.2, 1.0), 7.98 (dd, 2H, J = 8.2, 1.0), 8.03 (dd, 2H, J = 

8.2, 1.1), 8.10 (dd, 2H, J = 8.2, 1.2). 

 

2,3,4,6-Tetra-O-benzoyl-α-D-galactopyranosyl bromide (6) 

O

OBz

BzO

OBz

BrOBz  
1H NMR (CD3COCD3): δH 4.60 (dd, 1H, J = 11.6, 5.8), 4.69 (dd, 1H, J = 11.6, 6.7), 5.15 

(dd, 1H, J = 6.3, 6.1), 5.83 (dd, 1H, J = 10.4, 4.0), 6.12 (dd, 1H, J = 10.3, 3.2), 6.27 (d, 

1H, J = 2.7), 7.23 (d, 1H, J = 4.0), 7.30 (dd, 2H, J = 8.0, 7.6), 7.42-7.51 (m, 5H), 7.56 

(dd, 2H, J = 7.9, 7.6), 7.58-7.61 (m, 2H), 7.69 (dd, 1H, J = 7.6, 7.4), 7.79-7.81 (m, 2H), 

7.98-8.01 (m, 4H), 8.12-8.13 (m, 2H). 

 
2,3,4-Tri-O-benzoyl-α-D-arabinosyl bromide (7) 

O
BzO

OBz Br

BzO

 
1H NMR (CDCl3): δH 4.23 (dd, 1H, J = 13.5, 1.7), 4.47 (d, 1H, J = 12.2), 5.71(dd, 1H, J 

= 10.6, 3.9), 5.83 (m, 1H), 6.00 (dd, 1H, J = 10.4, 3.4), 6.93 (d, 1H, J = 3.9), 7.29 (dd, 

2H, J = 8.0, 7.6), 7.41 (dd, 2H, J = 8.0, 7.6), 7.45-7.51 (m, 3H), 7.54 (dd, 1H, J = 7.4, 

7.4), 7.62 (dd, 1H, J = 7.4, 7.4), 7.85 (d, 2H, J = 8.0), 8.02 (d, 2H, J = 8.0), 8.09 (d, 2H, 

J = 7.9). 

 
2,3,4-Tri-O-benzoyl-α-L-rhamnosyl bromide (8) 
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OMe
BzO

OBzBzO

Br

 
1H NMR (CDCl3): δH 1.43 (d, 3H, J = 6.1), 4.44 (m, 1H), 5.78 (dd, 1H, J = 12.0, 12.0), 

5.89 (m, 1H), 6.21 (dd, 1H, J = 10.3, 3.3), 6.56 (s, 1H), 7.24-7.26 (m, 2H), 7.38-7.43 (m, 

3H), 7.48-7.54 (m, 3H), 7.61 (dd, 1H, J = 7.4, 7.4), 7.83 (d, 2H, J = 7.4), 8.00 (d, 2H, J = 

7.4), 8.09 (d, 2H, J = 7.3). 

 

2,3,4-Tri-O-acetyl-6-O-mesyl-α-D-glucopyranosyl bromide (9) 

OAcO
AcO

OMs

BrOAc  
1H NMR (CDCl3): δH 2.04 (s, 3H), 2.08 (s, 3H), 2.10 (s, 3H), 3.06 (s, 3H), 4.30-4.83 (m, 

3H), 4.84 (dd, 1H, J = 9.8, 3.9), 5.16 (dd, 1H, J = 9.7, 9.7), 5.56 (dd, 1H, J = 9.8, 9.7), 

6.62 (d, 1H, J = 4.0). 

 

2,3,4-Tri-O-acetyl-6-O-tosyl-α-D-glucopyranosyl bromide (10) 

OAcO
AcO

OTs

OAcBr  
1H NMR (CDCl3): δH 2.00 (s, 3H), 2.02 (s, 3H), 2.08 (s, 3H), 2.46 (s, 3H), 4.14-4.19 (m, 

2H), 4.72 (dd, 1H, J = 10.2, 4.0), 5.09 (dd, 1H, J = 10.4, 9.4), 5.49 (dd, 1H, J = 9.6, 9.6), 

6.48 (d, 1H, J = 4.0). 

 
2,3,4-Tri-O-acetyl-6-O-tosyl-α-D-galactopyranosyl bromide (11) 

O

OAc

AcO

OTs

BrOAc  
1H NMR (CDCl3): δH 1.99 (s, 3H), 2.08 (s, 3H), 2.09 (s, 3H), 2.46 (s, 3H), 4.05-4.12 (m, 

2H), 4.43 (dd, 1H, J = 6.3, 6.1), 4.99 (dd, 1H, J = 10.7, 4.0), 5.34  (dd, 1H, J = 10.5, 3.2), 

5.47 (d, 1H, J = 3.1), 6.60 (d, 1H, J = 4.0), 7.36 (d, 2H, J = 8.0), 7.77 (d, 2H, J = 8.2). 
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2,3,4-Tri-O-acetyl-6-deoxy-6-azido-α-D-mannopyranosyl bromide (12) 

AcO
AcO

N3

Br

OAc

 
1H NMR (CD3COCD3): δH 1.95 (s, 3H), 2.08 (s, 3H), 2.11 (s, 3H), 3.60 (dd, 1H, J = 11.6, 

5.8), 3.71 (dd, 1H, J = 11.8, 2.3), 4.25 (m, 1H), 5.36 (dd, 1H, J = 10.1, 10.1), 5.43 (m, 

1H), 5.63 (dd, 1H, J = 10.1, 3.5), 6.11 (s, 1H). 

2,3,6,2',3',4',6'-hepta-O-acetyl-α-D-cellobiosyl bromide (13) 

OAcO
AcO

OAc
O

OAc

O

AcO

OAc

OAc
Br  

 1H NMR (CDCl3): δH 1.99 (s, 3H), 2.01 (s, 3H), 2.04 (s, 3H), 2.05 (s, 3H), 2.09 (s, 6H), 

2.14 (s, 3H), 3.68 (m, 1H), 3.84 (dd, 1H, J = 9.6, 9.5), 4.06 (d, 1H, J = 12.4), 4.17-4.21 

(m, 2H), 4.36 (dd, 1H, J = 12.4, 4.6), 4.53 (d, 1H, J = 10.6), 4.56 (d, 1H, J = 7.9), 4.77 

(dd, 1H, J = 9.8, 3.9), 4.94 (dd, 1H, J = 9.2, 7.9), 5.08 (dd, 1H, J = 9.7, 9.7), 5.16 (dd, 1H, 

J = 9.5, 9.2), 5.54 (dd, 1H, J = 9.9, 9.7), 6.53 (d, 1H, J = 5.8). 
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