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Experimental section: 

 

General: All reagents and solvents were obtained from commercial suppliers and 

used without further purification unless otherwise stated. Evaporation of organic 

solutions was achieved by rotary evaporation with a water bath temperature below 40 

°C. Product purification by flash column chromatography was accomplished using 

silica gel 60 (0.010–0.063 mm). Chromatograms were visualized by staining using 

base solution of potassium permanganate. Technical grade solvents were used for 

chromatography and distilled prior to use. NMR spectra were recorded at room 

temperature on 400 MHz Bruker DPX 400 spectrometers. The residual solvent signals 

were taken as the reference (7.26 ppm and 4.78 ppm for 1H NMR spectra and 77.0 

ppm and 49.1 ppm for 13C NMR spectra in CDCl3 and methanol-d4 respectively. 

Chemical shift (δ) is reported in ppm, coupling constants (J) are given in Hz. The 

following abbreviations classify the multiplicity: s = singlet, d = doublet, t = triplet, m 

= multiplet or unresolved. HRMS (ESI) spectra were recorded on a Waters Q-Tof 

premierTM mass spectrometer. Elemental analysis was measured on Perkin Elmer 

Series II CHNS/O Analyzer 2400. Powder X-ray diffraction (XRD) was collected 

from Shimadzu 6000 diffractometer. Carbonization of D-glucose was carried out on 

Carbolite 1200 °C three zone tube furnace.  

 

Preparation of carbon-based solid acid catalyst (1a): 

D-Glucose powder (2 g) was heated at 400 °C for 15 h under N2 flow to produce a 

black carbon solid. The solid was ground to fine powder and heated in 20 mL of conc. 

H2SO4 (>96%) at 150 °C under N2. After heating for 15 h and then cooling to room 

temperature, the mixture was diluted with 100 mL of distilled water. The black 

precipitate was collected by filtration and washed repeatedly with hot distilled water 

(>80 °C) until pH 7 was observed in filtrate. The resulting black solid was then 

washed with methanol (30 mL) followed by diethyl ether (30 mL). It was further 

dried at 60 °C in vacuo prior to use. Elemental analysis revealed that sulfur content is 

1.13 wt% which is equivalent to 0.35 mmol SO3H per gram of catalyst. 

 

 



Figure S1. XRD profile for the sulfonated carbon based solid acid. 

 

 

A typical procedure for neat glycosylation of monosaccharides wih aglycones:  

To a mixture of monosaccharide (1 eq) and aglycone (10 eq) was added 5 mol% solid 

acid catalyst and the reaction mixture was heated at 80 °C and stirred for 8 hrs. When 

the monosaccharide is completely consumed (TLC monitored), the reaction mixture 

was diluted with ethyl acetate and subjected to centrifugation. After the centrifugation, 

the remaining supernatant solution was decanted and this process is repeated for 3 

times. The combined organic solutions were removed under reduced pressure 

followed by purification of the residue by silica gel chromatography to give the 

desired glycosides. The remaining solid acid catalyst was dried under reduced 

pressure to remove all the volatile components, and then reused in the next run. The 

NMR data of  all the glycosides is in accordance with the reported literature data. 

 

A typical procedure for glycosylation of galactosyl trichloroacetimidates with 

acceptors: 

To a mixture of galactosyl trichloroacetimidate (1 eq) and acceptor (1.5 eq) in toluene 

(3 mL) was added 5 mol% solid acid catalyst and the reaction mixture was heated at 

80 °C and stirred for appropriate amount of time (table 2) and the extent of reaction 

was monitored by TLC analysis. The reaction mixture was diluted with ethyl acetate 



and subjected to centrifugation. After the centrifugation, the remaining supernatant 

solution was decanted and this process is repeated for 3 times. The combined organic 

solutions were removed under reduced pressure followed by purification of the 

residue by silica gel chromatography to give the desired β-galactosides. The 

remaining solid acid catalyst was dried under reduced pressure to remove all the 

volatile components, and then reused in the next run. 

 

Characterization of galactosides: 

Fenchyl-2,3,4,6-tetraacetyl-O-β-D-galactopyranoside: 

Rf (50% EtOAc/Hexane) 0.46; [α]D
24 7.3 (c = 0.1, 

CHCl3); 
1H NMR (400 MHz, CDCl3): δ 5.37 (d, J = 2.7 

Hz, 1H), 5.21 (dd, J = 8.0, 10.3 Hz, 1H), 5.00 (dd, J = 

3.3, 10.3 Hz, 1H), 4.32 (d, J = 8.0 Hz, 1H), 4.09-4.14 (m, 2H), 3.85 (t, J = 6.3 Hz, 

1H), 3.03 (s, 1H), 2.16 (s, 3H), 2.04 (s, 3H), 2.03 (s, 3H), 1.98 (s, 3H),  1.66-1.59 (m, 

4H), 1.26-1.43 (m, 3H), 0.96 (s, 3H), 0.85 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 

170.5, 70.4, 170.3, 169.4, 103.0, 94.6, 71.0, 70.4, 69.2, 67.3, 61.7, 49.1, 48.0, 41.0, 

39.2, 29.7, 26.1, 25.6, 21.6, 20.9 20.7, 20.6, 19.4; IR (neat) νmax/cm-1 1718, 1367, 

1217, 1097; HRMS (ESI) m/z [M + Na]+ calcd for C24H36O10Na 507.2206, found 

507.2200. 

 

Bornyl-2,3,4,6-tetraacetyl-O-β-D-galactopyranoside: Rf 

(50% EtOAc/Hexane) 0.46; [α]D
24 14.5 (c = 0.1, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ 5.19 (t, J = 9.4 

Hz, 1H), 5.08 (t, J = 9.6 Hz, 1H), 5.00 (dd, J = 8.1, 10.5 Hz, 1H), 4.45 (d, J = 8.1 Hz, 

1H), 4.26 (dd, J = 4.8, 12.1 Hz, 1H), 4.11 (dd, J = 2.5, 12.1 Hz, 1H), 3.95 (d, J = 9.4 

Hz, 1H), 3.63-3.66 (m, 1H), 2.00-2.17 (m, 12 H), 1.85-1.88 (m, 1H), 1.60-1.70 (m, 

2H), 1.17-1.25 (m, 2H), 1.05-1.07 (m, 1H), 0.81-0.94 (m, 7H); 13C NMR (100 MHz, 

CDCl3): δ 170.7, 170.4, 169.5, 169.2, 99.7, 84.1, 72.8, 71.6, 71.4, 68.8, 62.2, 49.1, 

48.0, 44.9, 36.1, 28.3, 26.4, 20.7, 20.7, 20.6, 19.7, 18.9, 13.3. IR (neat) νmax/cm-1 1755, 

1367, 1222, 1039; HRMS (ESI) m/z [M + Na]+ calcd for C24H36O10Na 507.2206, 

found 507.2190. 
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Menthyl-2,3,4,6-tetraacetyl-O-β-D-galactopyranoside: Rf 

(50% EtOAc/Hexane) 0.40; [α]D
24 240.2 (c = 0.1, CHCl3); 

1H NMR (400 MHz, CDCl3): δ 5.20 (t, J = 9.5 Hz, 1H), 

5.04 (t, J = 9.7 Hz, 1H), 4.93 (dd, J = 8.0, 9.6 Hz, 1H), 

4.54 (d, J = 8.0 Hz, 1H), 4.18 (dd, J = 5.5, 12.0 Hz, 1H), 4.11 (dd, J = 2.7, 12.0 Hz, 

1H), 3.67 (ddd, J = 2.7, 5.5, 9.9 Hz, 1H), 3.38 (dt,  J = 4.3, 10.7 Hz, 1H), 2.21-2.23 

(m, 1H), 2.05 (s, 3H), 2.03 (s, 3H), 2.02 (s, 3H), 1.99 (s, 3H), 1.93-1.96 (m, 1H), 

1.60-1.64 (m, 2H), 1.58 (s, 3H),  1.31-1.35 (m, 1H), 1.17-1.25 (m, 1H), 0.91 (d, J = 

6.6 Hz, 4 H), 0.86 (d = 6.6 Hz, 3H), 0.77-0.81 (m, 2H), 0.72 (d, J = 6.9 Hz, 3H); 13C 

NMR (100 MHz, CDCl3): δ 170.7, 170.4, 169.5, 169.3, 98.8, 79.1, 77.2, 73.1, 71.6, 

71.5, 68.9, 62.5, 47.4, 40.8, 34.2, 31.5, 25.0, 23.0, 22.3, 20.9, 20.7, 20.7, 20.6, 20.6, 

15.4; IR (neat) νmax/cm-1 1749, 1367, 1226, 1037; HRMS (ESI) m/z [M + Na]+ calcd 

for C24H38O10Na 509.2328, found 509.2332. 

 

Pregnenolonyl-2,3,4,6-tetraacetyl-O-β-D-

galactopyranoside: Rf (50% EtOAc/Hexane) 

0.42; [α]D
24 +46.96 (c = 0.1, CHCl3):  1H 

NMR (400 MHz, CDCl3): δ 5.36 (m, 2H), 

5.18 (dd, J = 8.0, 10.4 Hz, 1H), 5.01 (dd, J = 

3.4, 10.4 Hz, 1H), 4.54 (d, J = 8.0 Hz, 1H), 

4.18 (dd, J = 6.6, 11.2 Hz, 1H), 4.10 (dd, J = 7.1, 11.2 Hz, 1H), 3.88 (t, J = 6.6 Hz, 

1H), 3.54-3.55 (m, 1H), 2.52 (t, J = 9.6 Hz, 1H), 2.19-2.25 (m, 3H), 2.14 (s, 3H), 2.12 

(s, 3H), 2.06 (s, 3H), 2.04 (s, 3H), 1.98 (s, 3H), 1.85-1.91 (m, 2H), 1.60-1.67 (m, 3H), 

1.43-1.52 (m, 3H), 1.21-1.29 (m, 4H), 1.03-1.19 (m, H), 0.93-1.01 (m containing s, 

4H), 0.89 (t, J = 7.0 Hz, 1H), 0.62 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 209.5, 

170.4, 170.4, 170.2, 169.4, 140.3, 121.9, 100.3, 80.2, 71.0, 70.6, 69.1, 67.0, 63.7, 61.3, 

56.9, 50.0, 44.0, 38.9, 38.8, 37.2, 36.7, 31.8, 31.8, 31.6, 29.5, 24.5, 22.8, 21.1, 20.8, 

20.7, 20.6, 19.4, 13.2. IR (neat) νmax/cm-1 1749, 1367, 1217, 1055; HRMS (ESI) m/z 

[M + Na]+ calcd for C35H50O11Na 669.3251, found 669.3242. 

 

O

OAc

O

AcO

OAc

AcO

O

OAc

O

AcO

OAc

AcO

H

O

HH



Citronellyl-2,3,4,6-tetraacetyl-O-β-D-

galactopyranoside: Rf (50% EtOAc/Hexane) 

0.37; [α]D
24 +3.9 (c = 0.1, CHCl3);  

1H NMR 

(400 MHz, CDCl3): δ 5.19 (t, J = 9.5 Hz, 1H), 5.08 (t, J = 9.6 Hz, 2H), 4.97 (dd, J = 

8.0, 9.5 Hz, 1H), 4.48 (d, J = 8.0 Hz, 1H), 4.26 (dd, J = 4.7, 12.3 Hz, 1H), 4.13 (dd, J 

= 2.3, 12.3 Hz, 1H), 3.89-3.94 (m, 1H), 3.68 (ddd, J = 2.3, 4.7, 9.9 Hz, 1H), 3.46-3.52 

(m, 1H), 2.09 (s, 3H), 2.03 (s, 3H), 2.02 (s, 3H), 2.00 (s, 3H), 1.9-1.99 (m, 2H), 1.49-

1.67 (m containing s, 5H), 1.25-1.37 (m, 2H), 1.11-1.18 (m, 1H), 0.86 (d, J = 6.6 Hz, 

3H); 13C NMR (100 MHz, CDCl3): δ 170.7, 170.4, 169.4, 169.3, 131.3, 124.6, 101.0, 

72.9, 71.7, 71.3, 68.5, 68.5, 62.0, 37.2, 36.3, 29., 25.7, 25.4, 20.7, 20.6, 20.6, 19.1, 

17.6; IR (neat) νmax/cm-1 1749, 1371, 1226, 1056; HRMS (ESI) m/z [M + Na]+ calcd 

for C24H38O10Na 509.2363, found 509.152352. 

 

Adamentanemethanyl-2,3,4,6-tetraacetyl-O-β-D-

galactopyranoside: Rf (50% EtOAc/Hexane) 0.55; 

[α]D
24 86.16 (c = 0.2, CHCl3): 

1H NMR (400 MHz, 

CDCl3): δ 5.37 (d, J = 3.2 Hz, 1H), 5.21 (dd, J = 8.2, 

10.4 Hz, 1H), 5.00 (dd, J = 3.2, 10.4 Hz, 1H), 4.37 (d, J = 7.9 Hz, 1H), 4.12-4.17 (m, 

2H), 3.86 (t, J = 6.8 Hz, 1H), 3.50 (d, J = 9.5 Hz, 1H), 2.97 (d, J = 9.6 Hz, 1H), 2.14 

(s, 3H), 2.06 (s, 3H), 2.04 (s, 3H), 1.98 (s, 3H), 1.94 (m, 2H), 1.69-1.72 (m, 3H), 

1.60-1.62 (m, 4H), 1.46-1.52 (m, 6H); 13C NMR (100 MHz, CDCl3): δ 170.4, 170.4, 

170.2, 169.3, 102.5, 81.1, 70.9, 70.5, 69.0, 67.1, 61.2, 39.3, 37.1, 33.9, 28.1, 20.8, 

20.7, 20.6; IR (neat) νmax/cm-1 1751, 1369, 1224, 1053; HRMS (ESI) m/z [M + Na]+ 

calcd for C25H36O10Na 519.2206, found 519.2198. 

 

Ferrocenemethyl 2,3,4,6-tetraacetyl-O-β-D-

galactopyranoside:  Rf (50% EtOAc/Hexane) 0.42; 

[α]D
24 +22.9 (c = 0.6, CHCl3);  1H NMR (400 MHz, 

CDCl3): δ 5.36 (d, J = 3.2 Hz, 1H), 5.18 (dd, J = 8.0, 10.2 Hz, 1H), 4.96 (dd, J = 3.2, 

10.2 Hz, 1H), 4.63 (d, J = 11.8, 1H), 4.49 (d, J = 7.9 Hz, 1H), 4.43 (d, J = 11.8 Hz, 

1H), 4.11-4.19 (m, 9H), 3.86 (t, J = 6.4 Hz, 1H), 2.14 (s, 3H), 2.07 (s, 3H), 1.96 (s 

3H), 1.95 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 170.4, 170.3, 170.2, 169.4, 99.4, 
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82.0, 71.0, 70.6, 69.3, 69.0, 68.9, 68.8, 68.6, 68.5, 68.5, 67.4, 67.1, 61.3, 20.8, 20.7, 

20.7, 20.6; IR (neat) νmax/cm-1 1749, 1369, 1222, 1053; HRMS (ESI) m/z [M + Na]+ 

calcd for C27H36FeO10Na 599.1556, found 599.1558. 

 

N-9-fluorenylmethoxycarbonyl-O-(2,3,4,6-tetra-O-

acetyl-β-D-galactopyranosyl)-L-serine methyl ester: 

Rf (50% EtOAc/Hexane) 0.25; [α]D
24 7.3 (c = 0.1, 

CHCl3); 
1H NMR (400 MHz, CDCl3): δ 7.77 (d, J = 

7.4 Hz, 2H), 7.71  (m, 2H), 7.40 (m, 2H), 7.34 (t, J = 7.3 Hz, 2H), 5.74 (d, J = 4.7 Hz, 

1H), 5.63 (d, J = 8.6 Hz, 1H), 5.42 (s. 1H), 5.02 (dd, J = 3.0, 6.7 Hz), 4.53 (d, J = 8.6 

Hz, 1H), 4.30-4.41 (m, 2H), 4.22-4.29 (m, 3H), 4.08-4.14 (m, 2H), 4.0 (dd, J = 2.2, 

9.6 Hz, 1H), 3.78 (s, 3H), 2.04-2.10 (m, 12H); 13C NMR (100 MHz, CDCl3): δ 170.4, 

170.4, 170.0, 169.7, 155.9, 143.8, 143, 141.3, 127.7, 125.1, 121.0, 95.5, 73.9, 71.4, 

69.2, 67.3, 65.8, 63.1, 61.3, 53.9, 52.7, 47.1, 23.5, 20.7, 20.5; IR (neat) νmax/cm-1 1747, 

1367, 1217, 1060; HRMS (ESI) m/z [M + Na]+ calcd for C33H37NO14Na 694.2112, 

found 694.2082. 
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