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ABSTRACTABSTRACTABSTRACTABSTRACT. Zeolite encapsulated Co(II), Cu(II) and Zn(II) complexes with 2-methyl benzimidazole (Mebzlh) 

have been used to catalyze the reaction of styrene oxide with acetone under reflux condition. The yield of the 

isolated product using various catalysts range from good to excellent and the efficiency of the recycled catalyst 

was excellent. 
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INTRODUCTION 

 

1,3-Dioxolanes are widely used as protecting groups for the carbonyls and 1,2-diols in synthetic 

chemistry of carbohydrates and steroids [1]. They are generally prepared from oxiranes with 

carbonyl compounds in the presence of Bronsted [2] or Lewis acids such as BF3 [3], CuSO4 [4], 

Bi(III) [5], Sn(IV) [6], Ti(IV) [7], Ir(II) [8], Ru(III) [9], Re(VI) [10], zeolite [11], KSF clay [12] 

and HBF4 [13]
 
as catalysts has been reported. But these methods have suffered from drawbacks 

like low yields and require relatively long reaction times. The use of anhydrous zinc [14] and 

magnesium halides [15] as catalysts in the preparation of dioxalanes yields rearranged product 

instead of expected ones. The same reaction was carried out with FeCl3 [16] and Me3SiCl [17], 

gave the corresponding halohydrins, and the use of SnCl4 and TiCl4 produced little or no 

product [3]. Recently, Seung-Han Lee et al. [18], reported the use of copper(II) triflate catalyst  

in acetone for the  formation of 1,3-dioxalane with good yields, but the time required is 4 h. 

 Encapsulated metal complexes in zeolite are potential catalysts for various selective organic 

transformations such as hydrogenation [19-21], oxygenation [22] and cycloaddition [23] 

reactions. In view of their potential catalytic activity, transition metal complexes containing 

nitrogen heterocycles have attracted considerable attention in recent years. Zatorski et al.
 
[11] 

reported the formation of l,3-dioxolanes from styrene oxide and acetone in the presence of HY, 

HUSY (ultra stabilized) and HZSM-5 zeolite catalysts, here the yields are too low. To our 

knowledge, there are no reports available for the synthesis of 1,3-dioxolane using benzimidazole 

complexes encapsulated inside zeolite as catalyst.  

 In our laboratory, we reported the catalytic activity of zeolite encapsulated Co(II), Cu(II) and 

Zn(II) complexes of 2-methyl benzimidazole in phenol hydroxylation reaction [24]. The present 

paper describes the synthesis of 2,2-dimethyl-4-phenyl-[1,3]-dioxolane from styrene oxide and  

acetone in good yields using zeolite encapsulated Co(II), Cu(II) and Zn(II) complexes of 2-

methyl benzimidazole as catalysts. The catalyst can be reused several times with good selectivity 

for 1,3-dioxolanes. 
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EXPERIMENTAL 

 

Materials and methods. Protonated form of zeolite-Y [H-Y] and ZSM-5 [H-ZSM-5] were 

purchased from Sud-chemie (India). Acetone was purchased from s.d.fine-chemicals (India) and 

styrene oxide from Aldrich (Germany) and were used as such and catalysts were synthesized 

according to the known procedures [24].
 
The

 
product was identified by comparison with 

authentic sample. The purity of the product was checked by TLC and GLC by using Shimadzu 

14B gas chromatograph (Japan) fitted with FID detector and BP-5 capillary column.   

 

Synthesis of catalyst. Zeolite-Y and ZSM-5 encapsulated Co(II), Cu(II) and Zn(II) complexes of 

2-methyl benzimidazole, synthesized  by flexible ligand method and characterized by different 

physico-chemical method, which is  already reported by us [24]. [Metal % found in the complex 

by ICP method: [Co(Mebzlh)]-Y (10.45 %), [Co(Mebzlh)]-ZSM-5 (1.5 %), [Cu(Mebzlh)]-Y 

(1.8 %), [Cu(Mebzlh)]-ZSM-5 (0.8 %), [Zn(Mebzlh)]-Y (3.6 %) and [Zn(Mebzlh)]-ZSM-5 (0.8 

%)] Y is the zeolite complex formed. 

 

Synthesis of 2,2-dimethyl-4-phenyl-[1,3]-dioxolane. In a 50 mL double necked round bottom 

flask, styrene oxide (1 mmol), acetone (3 mL) and catalyst (2 mmol) were taken and then 

refluxed at 80 
o
C for 30 min on an oil bath with continuous stirring. The progress of the reaction 

was monitored by TLC and GLC. After the completion of the reaction, catalyst was separated 

and thoroughly washed with ethyl acetate, then dried in the oven at 100 
o
C. Then the reaction 

was repeated to test the catalytic activity of the used catalyst. 

 

RESULTS AND DISCUSSION 

 

In the present investigation, the reaction between 1 mmol of styrene oxide and acetone was 

carried out at 80 
o
C in presence of 2 mmol of catalyst gives 2,2-dimethyl-4-phenyl-[1,3]-

dioxolane in excellent yield and with 100% selectivity within 30 min (Scheme 1). The condition 

was optimized by considering varying temperature, substrate and catalyst ratio and time. The 

results are given in Table 1. 
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Scheme 1.  Synthesis of 2,2-dimethyl-4-phenyl-[1,3]-dioxolane. 

 

It was observed that ZSM form of complexes are more efficient than ZY form of complexes 

and among the Co(II), Cu(II) and Zn(II) encapsulated complexes, Zn(II) encapsulated complex 

was found to be  most efficient for the formation of 1,3-dioxolane. A maximum conversion of 

90% was observed with catalyst [Zn(Mebzlh)]-ZSM-5 and the order of formation of product for 

different catalyst  is as follows: 

   [Zn(Mebzlh)]-ZSM-5 > [Cu(Mebzlh)]-ZSM-5 >  [Zn(Mebzlh)]-Y = [Co(Mebzlh)]-ZSM-5 > 

[Cu(Mebzlh)]-Y = [Co(Mebzlh)] –Y as shown in Table 2. 

The catalyst was recycled twice and no leaching of metal complex was observed. The results 

are given in Table 3. 
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Table 1. Effect of different parameters on the yield of 2,2-dimethyl-4-phenyl-[1,3]-dioxolane using  

[Zn(Mebzlh)]-ZSM-5 catalyst.         

 

 

 

 

 

 

 

 

 
Table 2. Comparison of catalytic activity of various complexes for the formation of 2,2-dimethyl-4-phenyl-

[1,3]-dioxolane. 

 

Entry Catalyst Yield (%) 

1 H-Z-Y    5 

2 H-ZSM-5  15 

3 [Co(Mebzlh)]-Y  30 

4 [Co(Mebzlh)]- ZSM-5 40 

5 [Cu(Mebzlh)]-Y  30 

6 [Cu(Mebzlh)]-ZSM-5    60 

7 [Zn(Mebzlh)]-Y  40 

8 [Zn(Mebzlh)]-ZSM-5  90 

Reaction condition:  substrate:catalyst = 1:2, time = 30 min, temperature = 80 oC. 

 
Table 3. Catalytic activity of the fresh and recycled [Zn(Mebzlh)]-ZSM-5 catalyst for the formation of  2,2-

dimethyl-4-phenyl-[1,3]-dioxolane. 

 

 

 

   

       

Reaction condition: substrate: catalyst = 1:2, time = 30 min, temperature = 80 oC. 

 

CONCLUSIONS 

 

This catalytic method can be applied for the synthesis of 2,2-dimethyl-4-phenyl-[1,3]-dioxolane 

in excellent yield, by reacting styrene oxide and acetone within short duration of time. The 

methodology employed is simple and reusability of catalyst makes this protocol useful for 

carrying out this transformation. 
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