
Chinese Journal of Catalysis 36 (2015) 1606–1613 

        

 

a v a i l a b l e  a t  w w w . s c i e n c e d i r e c t . c o m  

 
j o u r n a l  h o m e p a g e :  w w w . e l s e v i e r . c o m / l o c a t e / c h n j c   

Article (Special Issue for Excellent Research Work in Recognition of Scientists Who Are in Catalysis Field in China) 

Silica-supported policresulen as a solid acid catalyst for organic  
reactions Kexing Zeng a,†, Zhipeng Huang a,†, Jie Yang a, Yanlong Gu a,b,* 
a Key Laboratory for Large-Format Battery, Materials and System, Ministry of Education, School of Chemistry and Chemical Engineering, Huazhong Uni-
versity of Science and Technology, Wuhan 430074, Hubei, China b State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics, Chinese Academy of Science, Lanzhou 730000, 
Gansu, China 

A R T I C L E  I N F O   A B S T R A C T  
Article history: Received 25 April 2015 Accepted 22 May 2015 Published 20 September 2015 

 A new type of solid catalyst was prepared by coating a thin layer of policresulen, an inexpensivepolymer prepared via condensation of 2-hydroxy-4-methylbenzenesulfonic acid and formaldehydethat has been used as commercially available drug, onto the surface of silica. The policresulen com-ponent is insoluble in many organic solvents and can be adsorbed on silica with the aid of hydrogen bonding. The obtained silica/policresulen composite showed remarkable catalytic activity for vari-ous organic reactions. In model reactions, the catalyst can be recycled several times without signifi-cant loss of activity. The salient features of using this acid catalyst in organic reactions include cost-effectiveness, simple and time-efficient preparation, and the convenience of controlling the acid loading on the solid. © 2015, Dalian Institute of Chemical Physics, Chinese Academy of Sciences.Published by Elsevier B.V. All rights reserved.
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1.  Introduction Acid catalysts have been widely used in both academia and industry, and can be categorized into two major types: homo-geneous liquid acids and heterogeneous solid acids [1–3]. Alt-hough homogeneous mineral acids, such as H2SO4 and HF, which are corrosive and toxic, have been widely adopted by chemical industry, with increasing pressure coming from envi-ronmental protection there is a need to develop green synthetic systems based on environmentally benign acid catalysts [4–8]. The use of heterogeneous solid acid catalysts has the general advantages of easier operation, milder conditions, reduced equipment corrosion, and minimized contamination of the 

waste streams as well as reusability of the catalyst [9–11]. For this reason, heterogeneous solid acids have been extensively investigated [12–15], and in some chemical processes, their use has already contributed to significant improvement of both the synthetic efficiency and the greenness of the system [16–23]. Despite promising and sometime spectacular results, the prac-tical application of solid acids in industrial processes is still hindered by many factors. Among all the methods used to pre-pare solid acids, the binding of catalysts to organic polymers or inorganic solids is widely used to produce a stable covalent bond between the acid center and the solid support, and is preferable to reduce the chance of leaching [24–26]. The syn-thesis of some solid acids with this method, however, involves 
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several steps which are rather time-consuming. Furthermore, functionalization of a solid support using covalent bonds often requires harsh reaction conditions and as a consequence, calls for both a support and an acid precursor with sufficient chemi-cal and thermal stability [27]. In many cases, a sophisticated operational procedure is also needed [28]. Therefore, some current solid acid catalysts are rather expensive and are there-fore not widely used in synthesis. There thus exists a need to develop new, innovative approaches toward the design of re-coverable and reusable solid acid catalysts. Recently, the concept of solid-supported liquid phase catal-ysis has experienced a rekindled interest in the catalytic and synthetic community for the preparation of efficient heteroge-neous catalytic materials [29–34]. With the aid of a thin layer of less volatile fluid coated onto the surface of solid support, some homogeneous catalysts have been easily immobilized without employing sophisticated operational procedures. In a selected reaction, solid form of the catalyst enables an easy recycling, but the reaction proceeded in microcosmically homogeneous conditions [35,36]. Inspired by this elegant strategy, we envi-sion that it may be possible to transfer this concept to the de-velopment of a solid acid catalyst. To realize this idea, an acidic species that is amenable to the immobilization step and can stay stable on the surface of solid support is needed. Policresulen is prepared by the condensation of meta-cresolsulfonic acid and formaldehyde and is commercially available as a clear red-brown solution. It is available at a low price in a number of countries worldwide [37]. Its systematic name is 2-hydroxy-3,5-bis(4-hydroxy-2-methyl-5-sulfobenzyl)- 4-methylbenzenesulfonic acid. Policresulen is a topical hemo-static and antisepticwidely used as medicine for treating com-mon anal disorders, such as hemorrhoids, and for gynecological infections [38]. Because the backbone of this reagent contains many hydroxyl and sulfonic acid groups, it is barely soluble in many organic solvents, such as toluene, ethyl acetate, and di-chloroethane. The thermal stability and chemical stability of policresulen are quite good, making the extension of its appli-cations to other fields possible. Considering that policresulen is a strong organic acid, and also taking into account its hydro-philic properties, we propose that it may be possible to con-

struct a new heterogeneous acid catalyst using this reagent as a homogeneous counterpart in conjunction with silica as a sup-porting material. Thus, we herein report a new solid acid com-posed of silica and policresulen that displays remarkable cata-lytic activity in many organic reactions. Compared with con-ventional solid acids, such as silica-supported sulfonic acid catalysts and Amberlyst-15, the materials obtained by our method have several advantages including simple and time-efficient preparation, low cost, and controllable sulfonic acid loading as well as tunable catalytic activity. 
2.  Experimental  

2.1.  Preparation of SiO2/policresulen composite catalysts  
1a–1d In a typical procedure used to prepare silica/policresulen composite catalyst 1b, silica gel (10 g) was added to a 250-mL round-bottomed flask containing a mixture of aqueous policresulen solution (52 wt%, 2.09 g) and ethanol (150 mL). The suspension was stirred at room temperature for 30 min prior to the removal of the ethanol and water under reduced pressure, affording free-flowing solid 1b. Catalysts with differ-ent amounts of loaded policresulen (1a, 1c, 1d) were prepared in an analogous way. 
2.2.  Preparation of TiO2-supported benzenesulfonic acid  
catalyst 1f Titanium oxide (5 g) and toluene (100 mL) were added to a 250-mL round-bottomed flask equipped with magnetic stirring and a Dean-Stark apparatus. After 10 h of reflux, 4-hydroxybenzenesulfonic acid (3.87 g) dissolved in acetoni-trile (7 mL) was added to the system and refluxed for another 16 h. At the end of the reaction, the solid was filtered, washed with ethanol (50 mL × 5) and dried under vacuum conditions, yielding catalyst 1f. The ion exchange capacity of this catalyst was measured by titration. The obtained result was in good agreement with elemental analysis of the sulfur and carbon content.  
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