Transition metal complex intercalated Layered double hydroxide: an efficient and reusable catalyst for organic transformation reactions
K.M. Parida 
           Colloids and Material Chemistry Department, Institute of Minerals and Materials Technology (CSIR), Bhubaneswar-751013, Orissa

†Email: paridakulamani@yahoo.com, Tel. no: +91-674-2581636-425   Fax: +91-674-2581637 

Abstract
Novel heterogeneous catalysts have been developed by immobilizing Ti(IV) and  Fe(III)-Schiff base complex intercalated  Zn-Al/LDH by an ion exchange method. The immobilized complexes were characterized by powder X-ray diffraction, FT-IR, UV-visible spectroscopy, Scanning electron microscopy, NMR and TGA techniques. Ti(IV)-Schiff base  supported catalyst showed an excellent catalytic activity in cyclohexene epoxidation reaction. Under mild conditions, Fe(III)-Schiff base  immobilized complex was found to be an effective catalyst for oxidation of cyclohexane using H2O2 as an oxidant. Cyclohexane conversion of 45.5% was obtained with 100% selectivity towards cyclohexanone/cyclohexanol at 70 oC in 8 h using acetonitrile as solvent  In this paper we report an environmentally benign reaction pathway in a solvent free condition, taking H2O2 as oxidant. The heterogeneous catalysts can be recovered easily and reused multiple times without significant loss in catalytic activity and selectivity, which is a better green alternative for practical applications.
1. Introduction 

Insertion of organic or organometallic species into inorganic solids offers an attractive route to nanohybrids in which complementary properties of the two components are expressed in a single material. Layered solids in which guest species can access interlamellar space via the intercalation process provide some of the best-studied examples of such systems. Layered double hydroxides (LDH), also known as anionic clay, constitute a class of host guest materials that have gained great attention recently. LDHs are brucite like solids that are constituted by two metals typically having 2+ (MII) and 3+ (MIII) oxidation states, octahedrally surrounded by oxo bridges and hydroxyl groups. The structure is organized forming layers that bear an excess of positive charge equivalent to the number of trivalent metal. This excess of positive charge requires the presence of charge compensating anions that are located in the interlayer spaces. Schiff base ligands derived from an aldehyde and amine, and their complexes with transition metals have been widely used in many organic transformations. Papers dealing with immobilizations of these complexes within mesoporous supports have been extensively studied. However studies on the intercalation of transition metal complexes into hydrotalcite layers are rather limited. Moreover, heterogeneous catalysts in the liquid-phase offers several advantages over homogeneous ones, such as an ease of recovery and recycling, atom utility, and enhanced stability in the oxidation reactions The role of oxidant has a great impact on oxidation products. In this context, hydrogen peroxide is probably the best terminal oxidant after dioxygen with respect to environmental and economic considerations. Indeed in certain circumstances, it is better than oxygen insofar as O2/organic mixtures can sometimes spontaneously ignite.
     In main objective of this study is to intercalate anionic Fe(III) and Ti(IV) Schiff base complex in the interlayer space of LDH by an anion exchange method. These prepared Fe and Ti based catalysts are robust enough for cyclohexane oxidation and epoxidation of cyclohexene respectively. The reaction conditions employ here are mild and environmental benign. These catalysts can be recycled and reused up to several cycles without appreciable loss of catalytic activity.
2. Experimental

2.1. Synthesis of materials
     The layer double hydroxide containing Zn-Al with Zn:Al molar ratio 3:1 was prepared by the co-precipitation method at a constant pH of 11 by the slow addition of mixed metal nitrate solution (1 M in total) Zn(NO3)2.6H2O and Al(NO3)3.9H2O to a 2 M NaOH solution under magnetic stirring in a N2 atmosphere. 2-aminonicotinic acid upon treated with Na2CO3 produce the sodium salt of 2-aminonicotinic acid. Equimolar amount of sodium salt of 2-aminonicotinic acid and salicylaldehyde were refluxed in ethanolic solution to produce a Schiff base ligand. The iron complex was formed by refluxing 0.484g (2 mmol) Schiff base ligand and 0.404g (1mmol) Fe(NO3)3.9H2O. To an ethanolic suspension of 1g LDH, the whole metal complex was transferred and refluxed for 24 h to form LDH/Fe complex. 10 mmol of sodium salt of 3-amino-2-pyrazine carboxylic acid was refluxed with 10 mmol of 2-pyridine carboxaldehyde in 30 ml of ethanol. Ti- complex was formed by refluxing 0.456 g  of sodium salt of Schiff base ligand and 0.29 ml of titanium tetra-isopropoxide (C12H28O4Ti) in ethanolic medium at 60 oC for 2 h. To an ethanolic suspension of 1 g of dried LDH (0.274 g) of metal complex was transferred and refluxed at 60 oC for 24 h with constant stirring to produce LDH/Ti(IV)Schiff base complex. The formation and intercalation of these metal complexes were confirmed by elemental analysis, IR, 1H and 13C NMR.
2.2. Catalytic reaction
Cyclohexane oxidation
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Epoxidation reaction
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3. Results and discussion

    In case of Fe(III)-Schiff base complex intercalated LDH the basal spacing increases from 8.67 Å to 12.43 Å. The gallery height of the intercalated materials is 7.63 Å. The increase in gallery height strongly suggests the successful intercalation of Fe(III)-Schiff base complex. Complex intercalated LDH shows higher surface area compare to neat LDH as the  expansion gallery height took place (i.e. increase in basal spacing from 8.67 Å to 12.43 Å). As a consequence of which surface area of LDH/Fe complex increases from 84 to 129 m2/g.    In our experiment we have tested the ability Fe(III)-Schiffbase complex intercalated LDH to oxidise cyclohexane (45.5% conversion) with H2O2 as oxidant and acetonitrile as solvent. With increase in reaction time cyclohexanone predominates compared to cyclohexananol. It does not promote to form any other oxidized product. The possible mechanistic pathway follows the free radical mechanism, which was confirmed by using free radical scavenger in the reaction system.
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The intercalation of Ti(IV)-Schiff base complex has led to an increase in the basal spacing from d=8.52 to 12.14 Å, The increase of the basal distance conﬁrms the intercalation of the complex anion. In the FT-IR spectra the bands around 445 and 675 cm-1 are due to Al-O and Zn-O lattice vibrations respectively. Bands in the regions of 1640 and 1725 cm-1 are due to C=N stretching of imine and C=O stretching of carboxylate group. Thermal analysis results for the LDH/Ti(IV)-complex shows the decomposition around 30–300 °C (14.8 % mass loss) corresponds to the removal of coordinated water. The sharp mass loss observed in the range 300–400 °C (21.1 %) is due to combustion of the organic ligand, with a corresponding sharp exothermic peak at 392 oC in the DTA curve. In our experiment we found 95% conversion with 84% selectivity towards epoxide in a solvent free condition. The formation of epoxide is generally proceeds through the formation of titanium hydroperoxide species (Ti-OOH), which in subsequent step attacks the olefinic double bond to form an epoxide. The method adopt here would be potentially viable for large scale production.
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 Reutilization is one of the greatest advantages of heterogeneous catalyst and can also provide useful information about intercalation process and catalytic stability along the catalytic cycles. To test if metal is leached out from the solid catalyst during reaction, the liquid phase of the reaction mixture is collected by filtration at the reaction temperature. Atomic absorption spectrometric analysis of the liquid phase of the reaction mixtures thus collected by filtration confirms the absence of metal ions in the liquid phase. These experiments clearly demonstrate that metal is not leaching out from the solid catalyst during catalytic reactions. After the catalytic reactions were over, solid catalyst was recovered by filtration and washed with ethanol several times and dried in open air. The recovered catalyst could be used up to several cycles without appreciably loss of activity. XRD and FT-IR spectra for the recycled catalyst showed that the structural integrity remains unaltered after the reaction.
4.Conclusions:

In summary, we have demonstrated that both Fe(III)-Schiff base and Ti(IV)-Schiff base complex have been immobilized in the interlayer space of LDH. These heterogeneous catalysts were well characterized by XRD, FT-IR, UV-DRS, and TGA which confirm that there is a strong intercalation between the host layer and the intercalated organic anions. Both the reactions are environmental benign and efficient pathway for conventional industrial process. The stabilities of these catalysts have also been demonstrated convincingly by repeated cycles without appreciable loss of activity.
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