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Dehydration of Glucose and Fructose into 5-Hydroxymethylfurfural
Catalyzed by Lewis Acid in Ionic Liquids
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Abstract: A variety of Lewis acids have been examined for the transformation of glucose and fructose into 5-hydroxymethylfurfural
(5-HMF) in ionic liquids (ILs). SnCl, and CrCl, are effective catalysts for the isomerization, and Lewis acids with strong acidity can facili-
tate the dehydration of fructose. The influence of ILs  structure, including the length of alkyl side chain and halide anions, on the conversion
was also studied. A distinct odd-even carbon-atom-number effect is observed in the conversion of glucose to 5-HMF and the imidazolium
bromides with short alkyl side-chains can provide a higher yield of 5-HMF from fructose. In the presence of 1-ethyl-3-methylimidazolium
bromide (|[C;MIM]Br) and SnCl,, the yields of 5-HMF are 65% and 73% from glucose and fructose, respectively.
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Scheme 1. TLewis acid-catalyzed conversion of glucose and fructose

to 5-HMF in the presence of ionic liquids.
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Fig. 1. Glucose to 5S-HMF catalyzed by metal chlorides in [C;MIM]Br at 100 °C for 3 h.
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Table 1 Fructose into 5-HMF catalyzed by metal chlorides catalyzed
fructose into in [C;MIM|Br
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Table 2 SnX, and SnX, (X = F, Cl, Br and I) catalyzed glucose and
fructose into 5-HMF in [C,MIM|Br

Catalyst Conversion (%) 5-HMF yield (%) Selectivity (%)
AlCl;6H,O 99 82 83
CrCl, 99 70 71
CrCly6H,O 99 84 84
FeCl, 33 7 21
FeCls 99 84 85
CuCl 32 3 8
CuCly2H,0 99 81 82
RuCls3H,0 99 89 90
RhCls 99 90 90
SnCl,'H,O 99 65 66
SnCl,5H,O 99 73 74
LaCl;6H,0 95 47 49
CeCly6H,O 83 64 77
PrCly-6H,O 75 67 89
NdCl5-6H,O 99 66 67
SmCl;-6H,O 99 79 80
EuCly-6H,O 82 67 82
GdCls6H,0 90 78 87
TbCly-6H,O 99 74 75
DyCl;-6H,0O 89 81 91
HoCls6H,0O 91 75 82
ErCls-6H,0 98 92 94
TmCly-6H,0 94 81 86
YbCls6H,0O 89 84 94
LuCly-6H,O 89 85 96
IrCls 99 81 81
IrCly 99 84 84

Reaction conditions: [C;MIM]Br 0.5 g, fructose 50 mg, catalyst 6
mol% based on sugar, 100 °C, 3 h.
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Catalyst Sugar

() () ()
SnF, glucose 46 5 11
SnF, glucose 78 34 43
SnCl, glucose 99 65 66
SnCly-5H,O glucose 99 63 64
SnBr, glucose 78 48 61
SnBry glucose 91 50 55
Snl, glucose 76 43 57
Snl, glucose 80 34 43
SnF, fructose 79 15 19
SnF, fructose 99 68 68
SnCl, fructose 99 65 66
SnCly-5H,O fructose 99 73 74
SnBr, fructose 99 78 78
SnBry fructose 99 86 86
Snl, fructose 99 86 86
Snl, fructose 99 86 86

Reaction conditions: [C;MIM]Br 0.5 g, sugar 50 mg, catalyst 6 mol%
based on sugar, 100 °C, 3 h.
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Table 3 Lewis acids catalyzed glucose and fructose into 5-HMF in [C MIM]X (1= 2~6, X = Br and Cl)
Glucose Fructose

Tonic liquid Catalyst Conversion 5-HMF yield Selectivity Conversion 5-HMF yield Selectivity

() () () () () ()
[C;MIM]Br SnCl, 99 65 66 99 65 66
[C;MIM]Br SnCly-5H,0 99 63 64 99 73 74
[C;MIM]Br FeCls 80 3 4 99 84 85
[C;MIM]Br CuCly2H,0 70 99 81 82
[CsMIM]Br SnCl, 85 52 62 99 74 74
[CsMIM]Br SnCly-5H,0 80 46 57 99 86 86
[CsMIM]Br FeCls 90 5 5 99 85 85
[CsMIM]Br CuCly2H,0 90 6 6 99 84 84
[CaMIM]Br SnCl, 99 59 59 99 76 76
[CaMIM]Br SnCly-5H,0 93 59 61 99 85 87
[CaMIM]Br FeCls 86 6 99 76 76
[C,MIM]Br CuCly2H,0 85 6 99 82 82
[CsMIM]Br SnCl, 77 31 40 99 53 53
[CsMIM]Br SnCl,-5H,0 97 53 54 99 62 62
[CsMIM]Br FeCl; 6 81 53 65
[CsMIM]Br CuCly2H,0 15 0 99 73 74
[CeMIM]Br SnCl, 77 30 37 99 52 52
[CeMIM]Br SnCl,-5H,0 97 54 55 99 55 55
[CeMIM]Br FeCl; 12 0 44 20 45
[CeMIM]Br CuCly2H,0 15 0 25 8 32
[C:MIM]CI SnCl, 10 2 20 32 5 16
[C:MIM]CI SnCl,-5H,0 30 5 16 53 14 26
[C:MIM]CI FeCl; 16 0 18 9 50
[C:MIM]CI CuCly2H,0 5 0 20 1 5
[C,MIM]CI SnCl, 58 14 22 99 37 37
[C,MIM]CI SnCl,-5H,0 51 25 49 99 59 59
[C,MIM]CI FeCl; 68 8 12 99 72 72
[C,MIM]CI CuCly2H,0 47 5 11 99 73 73

Reaction conditions: ionic liquids 0.5 g, sugar 50 mg, catalyst 6 mol% based on sugar, 100 °C, 3 h.
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