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Abstract  
Fischer glycosylation has been used for decades for the synthesis of simple alkyl and 
aryl glycosides from free sugars. The reaction proceeds under reflux in the presence 
of catalytic acid with the alcohol as solvent. The main deficiency of this reaction is 
the long reaction time required. In this study microwave heating has been utilized for 
the Fischer glycosylation reaction of N-acetyl-D-glucosamine, N-acetyl-D-
galactosamine, D-glucose, D-galactose and D-mannose with a variety of alcohols 
(methanol, ethanol, benzyl alcohol and allyl alcohol). Remarkable acceleration of the 
glycosylation reactions (minutes compared to hours) over conventional reflux heating 
was observed with good yields and production of the α-glycoside as the dominant 
product. 
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Since the inception of Fischer glycosylation in 1896 many methods have been 
developed for the preparation of glycosides. However, for the synthesis of simple 
glycosides, Fischer glycosylation remains the method of choice despite the long 
reaction times required.1,2 Microwave irradiation, using either a domestic microwave 
oven or mono-mode reactors, has become a powerful tool for the preparation of 
various organic compounds.3,4 Thermally driven organic transformations can take 
place by conventional heating or microwave-accelerated heating. In the microwave 
system of this study, a circular single-mode cavity directs the microwave energy into 
a defined area, resulting in a homogenous field pattern surrounding the sample and an 
instantaneous coupling to all polar and ionic components in the sample, leading to a 
rapid rise in temperature.§ The microwave approach is simple and usually decreases 
reaction times whilst increasing product yield and purity. Fischer glycosylation 
appeared an ideal candidate for the application of microwave irradiation and herein 
we report a systematic analysis of the effect of microwave heating on the Fischer 
glycosylation reaction. 
 
Fischer glycosylation of the anomeric hydroxyl of a sugar occurs upon reflux with an 
alcohol in the presence of acid catalyst.5 An equilibrium mixture of α− 
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and β−glycosidic products is formed in a ratio that is dependent upon the relative 
thermodynamic stabilities of the isomers. When Fischer glycosylation reactions are 
stopped prior to reaching equilibrium the product ratios are different. The reaction 
mixtures contain not only α− and β−pyranosides but also furanosides and a small 
amount of acyclic dimethyl acetal. 
 

As part of our work on the development of new carbohydrate building blocks for 
dynamic combinatorial chemistry,6 we needed to prepare some simple glycosides as 
starting materials. The methyl glycoside of N-acetyl-D-glucosamine was the first of 
these materials. Conventional Fischer glycosylation reaction conditions using 
anhydrous methanol as solvent and Amberlite resin IRN 120 H+ as acid catalyst were 
adopted for this preparation (Scheme 1).7 The use of an acidic resin as catalyst offers 
work-up advantages as the catalyst can be removed by simple filtration, avoiding the 
need for neutralisation and resulting salt formation at the end of the reaction. 
 
 
Insert scheme 1 
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Scheme 1. (i) MeOH, Amberlite resin IRN 120 H+, reflux. 
 
Optimisation of reaction time to give both high yield and a high proportion of the 
desired α-glycoside was carried out in methanol at 70 oC. After 4 hours, total 
consumption of the starting material was verified by thin layer chromatography and 
1H NMR spectroscopy. The reaction proceeded cleanly to give an improving 
α/β glycoside ratio up to 8 hours. Continuing beyond 8 hours (18 hours and 24 hours) 
gave only a minor improvement of the α/β glycoside ratio with an increase in 
decomposition products (Table 1). 
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Insert Table 1 
 
 
aAnomeric composition of reaction mixture was monitored by 1H NMR spectroscopy 
(200 MHz, D2O, ppm): δ 4.80 (d, 1H, J1,2 = 8.50 Hz, H-1β), 4.71 (d, 1H, J1,2 = 4.00 
Hz, H-1α). 
bReaction performed on 5.00 g (0.023 mol) scale to provide 3.81 g of purified product 
after recrystallisation (70%).8 
 
Table 1.  Fischer glycosylations under conventional reflux conditions.  
 
We then investigated the effect of microwave heating on the synthesis of the methyl 
glycoside of N-acetyl-D-glucosamine again using Amberlite resin IRN 120 H+ as 
catalyst.§ Our procedure used microwave irradiation at both 90 oC and 120 oC for 10 
minutes.9 After 2 minutes there was almost complete consumption of starting material 
at both temperatures studied, compared with 4 hours at reflux. A similar α/β ratio was 
obtained after 10 minutes of microwave irradiation at 120 oC in comparison with 18 
hours at reflux (Table 2). 
 
 
Insert table 2 
 
 
aAnomeric composition of reaction mixture was monitored by 1H NMR spectroscopy 
(200 MHz, D2O, ppm): δ 4.80 (d, 1H, J1,2 = 8.50 Hz, H-1β), 4.71 (d, 1H, J1,2 = 4.00 
Hz, H-1α). 
bReactions performed on 0.5 g (0.0023 mol) scale to provide at 90 oC, 0.33 g of 
purified product after recrystallisation (61%) and 0.44 g (80%) at 120 oC. 9 
 
Table 2. Microwave assisted Fischer glycosylations of N-acetyl-D-glucosamine. 
 
Carbohydrates that are selectively protected at the anomeric position are useful 
building blocks, provided that the protecting groups are easily removable as is the 
case with benzyl and allyl glycosides. Encouraged by the microwave irradiation 
results in methanol we conducted a study using a small range of starting materials (N-
acetyl-D-glucosamine, N-acetyl-D-galactosamine, D-glucose, D-galactose and D-
mannose) in methanol, ethanol, benzyl alcohol and allyl alcohol, to prepare the 
corresponding glycosides (Scheme 2). 
 
Reactions were performed at a range of temperatures. Good α/β glycoside ratios were 
observed in all cases (Table 3) with less than 5% of starting material remaining after 
just 10 minutes of irradiation.  
 
Insert scheme 2 
 
 
Scheme 2. (i) Alcohol (ROH), Amberlite resin IRN 120 H+, microwave irradiation, 
10 min, various temperatures. 
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Insert table 3 
 

 

aAnomeric composition of reaction mixture was monitored by 1H NMR spectroscopy, 
following microwave irradiation for 10 minutes. 
bReaction performed on 0.5 g (0.0027 mol) scale to provide 0.39 g of purified product 
after recrystallisation (74%).10 
 

Table 3. Microwave-accelerated Fischer glycosylations of N-acetyl-D-glucosamine, 
N-acetyl-D-galactosamine, D-glucose, D-galactose and D-mannose in various 
alcohols. 
 
We have applied microwave irradiation to conventional Fischer glycosylation 
resulting in an impressive acceleration of reaction time (minutes compared to hours) 
with good α-glycoside product selectivity. The synthesis is both practical and efficient 
for each substrate (N-acetyl-D-glucosamine, N-acetyl-D-galactosamine, D-glucose, D-
galactose and D-mannose). This study demonstrates that microwave irradiation has 
potential as one of the easiest and quickest routes to prepare simple glycosides using 
Fischer glycosylation. Microwave equipment with scale-up capabilities (automated 
reaction handling modules or continuous flow through systems) is commercially 
available to support the transfer from feasibility studies to large-scale synthesis with 
either minimal or no need for further optimisation. This equipment will allow 
synthesis on a multigram or even kilogram scale. A larger investigation of various 
glycosylation reactions and sugar protecting group manipulations using microwave 
irradiation is underway. 
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Tables 
 
Table 1: 
 

Entry Reaction Time          α/β Ratioa  % of starting 
material 

       1       15 min          0.1 / 1  85 
        2       30 min          0.5 / 1 76 
       3       45 min          0.8 / 1 51 
       4       60 min          1.0 / 1 22 
       5       90 min          1.3 / 1 9 
       6       120 min          1.8 / 1 < 5 
       7       4 h          7.2 / 1 0 
       8       6 h          9.8 / 1 0 
       9       8 h          11.6 / 1b 0 
       10       18 h          12.4 / 1 0 
       11       24 h          12.8 / 1 0 

 
 
 
Table 2: 
 

Entry      Reaction Time 
     (min) 

    Temperature 
    (oC) α/β Ratioa  

        1      2 

     90 

                0.8 / 1 
        2      4                 1.2 / 1 
        3      6                 2.1 / 1 
        4      8                 3.4 / 1 
        5      10                 5.0 / 1b 

        6      2 

     120 

                6.1 / 1 
        7      4                 8.9 / 1 
        8      6                 9.6 / 1 
        9      8                 10.5 / 1 
        10      10                 13.2 / 1b 

 
 



 10 

Table 3: 
 

Entry Solvent Starting    
material 

Temperature 
(oC) α/β Ratioa  

1 Methanol  
 

 
   N-Acetyl-D- 

glucosamine 

 90 5.0 / 1 
2 Methanol  120 13.0 / 1  
3 Ethanol  120 10.6 / 1 
4 Benzyl alcohol  120 8.9 / 1 
5 Benzyl alcohol  150 10.3 / 1 
6 Benzyl alcohol  200 Decomposition 
7 Allyl alcohol  120 12.7 / 1 
8 Allyl alcohol  150 Decomposition 
9 Methanol  

N-Acetyl-D- 
galactosamine 

 90 Only α  
10 Methanol  120 Only α 
11 Benzyl alcohol  120 Only α 
12 Benzyl alcohol  150 Only α 
13 Allyl alcohol  120 Only α 
14 Methanol  

 
 D-Glucose 

 90 10.0 / 1 

15 Methanol  120 15.1 / 1b 
16 Benzyl alcohol  120 7.6 / 1 
17 Benzyl alcohol  150 9.0 / 1 
18 Allyl alcohol  120 8.3 / 1 
19 Methanol  

 
 D-Galactose 

 90 9.3 / 1 
20 Methanol  120 12.0 / 1 
21 Benzyl alcohol  120 7.0 / 1 
22 Benzyl alcohol  150 10.6 / 1 
23 Allyl alcohol  120 9.7 / 1 
24 Methanol  

 
 D-Mannose 

 90 6.1 / 1 
25 Methanol  120 9.8 / 1 
26  Benzyl alcohol  120 6.9 / 1 
27 Benzyl alcohol  150 10.2 / 1 
28 Allyl alcohol  120 7.7 / 1 
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