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Abstract

Utilizing renewable biomass is becoming important part of strategy to lower the total 

emissions of CO2. Abundant biomass resources can be transformed into sustainable val-

uable chemical intermediates for the production of plastics, fine chemicals, and fuels. 

5-hydroxymethylfurfural (5-HMF) has already been considered as one of the valuable 

platform chemical intermediates. Herein, we prepared various types of ionic liquids (ILs) 

immobilized polymer catalysts for dehydration of fructose to 5-HMF. Ionic liquids have not 

only attracted as environment-friendly reaction medium, but also contributed efficient cat-

alytic performance by combination of various anions and cations. Among the ionic liquid 

catalysts investigated, sulfonate functionalized butylimidazolium immobilized polymer cata-

lyst showed the best catalytic activity and gave good yield of product.

1. Introduction

  Growing concerns about global climate changes has led us to use renewable and sustain-

able energy source in a near future[1]. Carbohydrates have currently received much atten-

tion as a fundamental feedstock for chemical industry due to the progressive reduction of 

petrochemical feedstock sources and their environmental consideration[2]. Thus, develop-

ment of valuable chemical production pathways based on renewable resources became a 

prime concern these days. Carbohydrates can be transformed into valuable intermediate in 

chemical industries for the production of plastics, fine chemicals and fuels[3]. Among the 

many possible biomass derived platform chemicals, 5-hydroxymethylfurfural (HMF) has al-

ready been considered as a key intermediate (Scheme 1). The most convenient method for 

the preparation of 5-HMF is acid catalyzed dehydration of  fructose or other fructose con-

taining carbohydrates. Currently, a number of processes for the production of furanic de-

rivatives using various types of active catalyst, such as Lewis acid, transition metal ions, 

solid acid and cation-exchange resins has been reported [4]. Generally, heterogeneous acid 

catalysts are easy to handle, giving higher selectivities than its soluble counterpart. Moreover, 

ionic liquids (ILs) have attracted considerable attention in carbohydrate chemistry. Ionic liq-
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uid immobilized polymer supports also brings many advantages such as stability, reusability 

and easier separation. Here, we prepared various types of ionic liquid immobilized polymer 

support and proved that they were efficient heterogeneous catalysts for dehydration of 

fructose.
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Scheme 1. Dehydration of fructose to 5-HMF

2. Experimental

  Ionic liquid immobilized polymer catalyst was synthesized by introduction of various imida-

zole group onto gel type chloromethylpolystyrene resin (CMPS). A mixture of excess mounts 

of imidazole, 1-methylimidazole, 1-butylimidazole and 1-benzylimidazole and CMPS resin 

were stirred in dimethylformamide (DMF) at 80℃ for 48 hr, respectively. Then, imidazole bound 

polymer resins were reacted with an excess amount of aqueous CF3SO3H solution at room 

temperature for 6 hr. Immediately after mixing, chloride anion was converted with trifluoro-

methane sulfonate anion quantitatively as a result of the anion-exchange reaction. A similar 

procedure was repeated with salts and acids bearing other anions such as CH3COOH, NaBF4, 

H2SO4, MeSO3H, CF3COOH, pMePhSO3H. 

Scheme 2. Preparation of ionic liquid immobilized polymer catalysts

3. Results and Discussion

  Each ionic liquid immobilized polymer resin was dried under reduced pressure. The loading 

of N-substituted imidazoles on the resin were analyzed by nitrogen contents from elemental 

analysis (calculated loading level: 2.1 (H), 2.9 (methyl), 2.6 (butyl), 2.5 (benzyl) mmol/g resin). 

FT-IR spectroscopy indicated that the quaternary imidazolium absorbance peak at 1,156 cm
-1

. 

Quantitative anion exchanges of ionic liquid were confirmed by energy dispersive X-ray spec-

troscopy (EDX) and FT-IR. Surface morphology of the catalysts was characterized by field 

emission scanning electron microscope (FE-SEM). The activity of various alkyl chain of ionic 

liquid immobilized catalysts (contained Cl
-
 anion) for the conversion of fructose was inves-

tigated by reacting 0.1 g of catalyst, 0.1 g of fructose in DMSO. The reaction mixture was 

continuously stirred by magnetic stirring, then, filtered to remove the catalyst. samples of 
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reaction products were filtered through a syringe filter (0.2㎛, PTFE) prior to analysis by 

HPLC (Shodex Asahipak NH2-50 and Zorbax Eclipsed XDB-C18). Results of the dehy-

dration of fructose to 5-HMF catalyzed by various ionic liquid bound polymer catalysts are 

listed in Fig. 1. 

<Conversion of fructose>                            <Yield of 5-HMF>

Fig. 1. Fructose conversion and yield of 5-HMF selectivity as a function of temperature with various 

alkyl chains of ionic liquid immobilized catalyst assisted dehydration of fructose. 

  In the literature, the highest selectively for 5-HMF has been obtained in DMSO. Fructose 

is nearly quantitatively converted in the absence of catalysts as well as in the presence of 

ionic liquid immobilized catalyst. However, 5-HMF is observed only as traces after 1 h at 

even 150℃ although shown higher conversion without catalyst. This results supported that 

rehydrated by-products were formed in relatively high yields, compared to 5-HMF. Both of 

imidazole or butylimidazole immobilized polymer catalyst gave 5-HMF in high yield. We re-

peated these studies with various anions of ionic liquid at same condition as shown Fig. 2.

Fig. 2. 5-HMF selectivity as a function of temperature with various anions of ionic liquid immobilized 

catalyst assisted dehydration of fructose.

  Most of acidic anions exchanged ionic liquid catalysts were effective as expected, almost 

quantitative yield of 5-HMF selectivity was achieved. Among them, the sulfonate anion con-

taining ionic liquid catalyst has shown superior performance over the others in the con-

versions of fructose and yields of 5-HMF at mild reaction condition. 
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<Conversion of fructose>                       <Yield of 5-HMF>

Fig. 3. Fructose conversion and yield of 5-HMF selectivity as functions of reaction time and temper-

ature with sulfonate functionalized butylimidazolium immobilized catalyst assisted dehydration of 

fructose. 

  We have also investigated the individual influence of several reaction parameters on the 

sulfonated functionalized butylimidazolium immobilized catalyst-assisted dehydration of fruc-

tose to 5-HMF as shown Fig. 3.

4. Conclusion

  Preparation of 5-HMF through the dehydration reaction of fructose is one of the most im-

portant approaches to utilize biomass as an alternative rout for petroleum-based process. 

We demonstrated that this reaction could be smoothly carried out in the presence of ionic 

liquid immobilized catalysts. Among them, butylimidazolium sulfonate immobilized polymer 

catalyst showed the best catalytic activity and gave good yield of product. Works are in 

progress in our laboratory to apply this procedure to a wide range of biorefinery process for 

the production of biomass mediated chemicals. 
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