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Introduction

The siliceous MCM-41 has been synthesized by a fast solvent evaporation method using C22TMACl surfactant as a template. As a result, hexagonal arrayed mesoporous materials could be successfully synthesized within a few hours.  The mesoporous samples obtained using alcohol solvent have very high strength enough to reuse for several times in the catalytic reactions.  Also functionalized mesoporous materials were used to immobilize the new chiral salen complexes on it by a grafting method.  By applying this grafting method, it is possible to synthesize various unsymmetrical chiral salens of different structure. The chiral salen Mn(III)- and Co(II)-complexes immobilized on a siliceous MCM-41 have been applied as catalysts in the epoxidation of olefins[1] and the reduction of aromatic ketones using NaBH4 respectively.  These chiral salen complexes immobilized on mesoporous material were also applied for the enantioselective addition of trimethylsilylcyanide(TMSCN) to benzaldehyde[2]. According to our studies, unsymmetrical chiral salens immobilized on MCM-41 represented relatively high ee% for this reaction.   The enantioseletive hydrolytic resolution of racemic epoxides was performed in the ZSM-5/MCM-41 membrane system containing chiral salen complexes[3,4].
Experiment

An way to obtain heterogeneous chiral Ti(Ⅳ) salen is the condensation of mercapto silane-functionalized MCM-41 with a salicylaldehyde derivative containing vinyl groups, followed by grafting methods. The compound of 3-mercaptopropylsilyl-functionalized MCM-41 was used as a starting material[5,6].  In Hydrolytic Kinetic Resoluton, one side of membrane is made of the thin layer of ZSM-5 crystal and the other side is coated with a mesoporous material by spin-coating method.   The supported ZSM-5 film was synthesized hydrothermally on the porous support (Anopore) from the reaction mixture of SiO2-0.13 Na2O-52 H2O-0.12 TPAOH composition at 170 ℃.  The ZSM-5 crystals grown on the porous matrix (Anopore) were very closely bound together.   In addition, unsupported ZSM-5 zeolite membrane could be obtained by solid-state transformation method in which the silica (ZeoSil, Lodia Co.) mixed and intercalated with tetrapopylammonium hydroxide(TPAOH) and NaOH was shaped in disk form and then heated in a autoclave to be transformed into a ZSM-5 zeolite disk. The solvent evaporation method was applied to synthesize a purely siliceous MCM-41.  A purely siliceous MCM-41 was synthesized according to the procedure as reported by Roh et al.[10]  The MCM-41 of very high crystallinity could be synthesized within about 4 h by this modified method.
Results and Discussion

3-mercaptopropyl-functionalized MCM-41 was synthesized according to the following procedure as reported by Lim et al(Fig. 1). Also, the chiral titanium salen complexes immobilized on MCM-41 were prepared by the method as shown in Scheme 1. And it was applied for the enantioselective addition of trimethylsilylcyanide(TMSCN) to benzaldehyde. In the case of heterogeneous asymmetric chiral titanium salen containing a salicylaldehyde and 3,5-di-tertbutylsalicylaldehyde unit, it showed high ee% for the TMSCN addition reaction. The catalyst was simply separated by filtration from the mixture of products.  On the basis of asymmetric TMSCN reaction of benzaldehyde, the chiral (salen) complexes immobilized on mesoporous material by the present procedure can be applied as an effective heterogenized homogeneous catalyst for the asymmetric reactions. 
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Scheme 1. The Synthesis of Chiral Ti(Ⅳ) Salen Complexes Immobilized on MCM-41

Enantioselective trimethylsilylcyanation of benzaldehyde catalyzed by 
chiral Schiff base titanium complexes
	Entry       Substrate             Catalyst        Conversion(%)    ee(%)

	
1      Benzaldehyde            Ti(Ⅳ)-A          
50            77 


2      Benzaldehyde         Ti(Ⅳ)-A/MCM           5         
83 


3      Benzaldehyde            Ti(Ⅳ)-B           
65           
90 


4      Benzaldehyde         Ti(Ⅳ)-B/MCM           9           
94 
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Fig. 1. Schematic diagram for the synthesis of organic functionalized MCM-41

The reaction using the ZSM-5/Co(III) salen-MCM-41 membrane reactor gave the high selectivity as compared with homogeneous salen catalysts used in enantioselective HKR of epoxide.  It allows to separate the reagents with markedly different polarities without the need for a mutual solvent and to increase the conversion of reactant.  In order to obtain a high productivity, thin mesoporous membrane with a high catalyst volume fraction has to be applied.  A high catalytic activity was obtained even at the low catalyst loading.  Epichlorohydrin gave a very high diol yield and ee% over the chiral Co(Ⅲ) salen complex immobilized on the MCM-41 membrane. After using Co(salen) complexes immobilized on ZSM-5/MCM-41 membrane catalyst, the resultant solutions exhibited no color and no Co(III) salen complex was detected both in the aqueous and organic solution. The catalysts used in reaction were reused several times and represented same catalytic activities.
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Fig. 2. The representative construction of composite membrane
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Fig. 3. ZSM-5/MCM-41 membrane system for the enantioselective HKR of epoxide.
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Fig. 4. Enantioselectivity using recycled membrane
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