In-situ encapsulated RhCl(TPPTS)3 into the hexagonal mesoporous silica for hydroformylation of vinyl esters
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Abstract:  RhCl(TPPTS)3 (TPPTS = m-trisulphonato triphenyl phosphine) was encapsulated into the mesopores of hexagonal mesoporous silica (HMS) by insitu method. The catalyst was characterized by PXRD, 31P-CPMAS NMR, FT-IR, N2 sorption, TGA, SEM and ICP techniques. The synthesized heterogeneous catalyst was evaluated for hydroformylation of vinyl esters. The conversion levels of >99% was obtained with high selectivity to iso-aldehyde with small amounts of corresponding acid and propanal.
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1. Introduction 
 
Hydroformylation is one of the most important methods for the functionalization of olefinic double bond [1]. Hydroformylation of vinyl esters is important because the route is versatile for the synthesis of commercially important products [2-5]. In general, the vinyl acetate hydroformylation was done in homogeneous conditions [6, 7]. Homogeneous process has the drawback of separation and recycling of the catalyst. Hence development of a heterogeneous catalyst system for the hydroformylation of vinyl esters has a potential concern to overcome the drawbacks of the homogeneous counterpart. We have attempted the insitu encapsulation of RhCl(TPPTS)3 (TPPTS = m-trisulphonato triphenyl phosphine) into the pores of HMS and investigated the encapsulated material for the hydroformylation of vinyl esters.
2. Experimental
2.1 Catalyst synthesis

The catalyst was synthesized by the modification of the method reported elsewhere [1]. The synthesis of the catalyst was done by dissolving 0.0027mol of dodecyl amine in a mixture of 0.0909 mol of ethanol and 0.296 mol of deionised water. To this stirring solution 0.07 mmol of the RhCl(TPPTS)3 was added. TEOS (0.01 mol) was added in drop to this solution. Stirring was continued for 1 h and a pale yellow precipitate formed was kept for 18 h for aging at RT. The yellow precipitate was filtered and dried in vacuum at RT. The catalyst was named as Rh-TPPTS-HMS.
3. Results & discussion
3.1. Catalyst characterization

The catalyst was characterized for the formation of HMS by P-XRD and is shown in Fig. 1. It showed an intense reflection near 2.0° of 2θ corresponding to the (1 0 0) plane corresponding to HMS. 
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Fig. 1. PXRD of HMS and Rh-TPPTS-HMS
The 31P-NMR was taken to confirm that the complex has been encapsulated without decomposition. Rh-TPPTS-HMS catalyst was analyzed by  31P-CPMAS NMR. Rh-TPPTS-HMS showed these peaks at 31.12 and 26.04 confirming that the complex has been encapsulated without decomposition. The N2 sorption isotherm has been depicted in Fig. 2. The surface area of HMS and Rh-TPPTS-HMS were 136.54 and 59.85 m2/g respectively. The surface area was decreased when the pores were occupied with the encapsulated RhCl(TPPTS)3 confirming that the complex has been encapsulated in the pores of HMS.
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Fig. 2. N2 sorption isotherm
3.2. Hydroformylation of vinyl esters

Hydroformylation of vinyl esters were carried out and the results were given in Table 1. The catalyst was found to be efficient for the hydroformylation of vinyl esters. All the studied vinyl esters gave 100 % conversion with high selectivity to iso-aldehyde. Formation of normal aldehyde was not observed however a small amount of corresponding acid and propanal was found to be formed in each case.
Table 1. Hydroformylation of vinyl esters
	Entry
	Substrate
	Time, h
	% Conversion
	% Selectivity

	
	
	
	
	Iso-aldehyde
	Other 

	1
	Vinyl acetate
	12
	100
	94
	6

	2
	Vinyl propionate
	12
	100
	93
	7

	3
	Vinyl butyrate
	12
	100
	91
	9

	4
	Vinyl benzoate
	12
	100
	88
	12


Reaction conditions: substrate = 23.3 mmol, catalyst = 50 mg, syn gas = 40 bar, temp. = 100 °C, solvent = toluene (50 mL)
4. Conclusions

RhCl(TPPTS)3 was encapsulated by insitu technique into the pores of HMS. The catalyst was characterized and evaluated for hydroformylation of vinyl esters and found to be selective for the formation of iso-aldehyde.
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