Knoevenagel Condensation in Neutral Media: A simple and efficient protocol for the Synthesis of Electrophillic alkenes Catalyzed by Anhydrous Ferric Sulphate with Remarkable Reusability
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Abstract: An efficient method for Knoevenagel condensation has been developed by using anhydrous ferric sulphate [Fe2 (SO4)3] to afford substituted electrophillic alkene in good to excellent yield in short time. The catalyst was found to be recyclable and all the reaction were carried out in dichloromethane at room temperature under neutral media.  
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1. Introduction

In organic synthesis one of the most well known reactions for C-C bond formation is the Knoevenagel condensation [1]. This reaction has been widely used for the synthesis of intermediate such as coumarin derivatives which are useful in perfumes, cosmetics and bioactive compounds [2]. In addition, there has been considerable interest Knoevenagel condensation product because of there widespread application including inhibition of antiphosphorylation of EGF-receptor and antiproliferative activity [3]. 

As a result of their importance from a pharmacological, industrial and synthetic point of view several methods for the Knoevenagel condensation have been reported. 
These methods includes both 

homogeneous condition catalyzed by base such as piperedine [4] ethylene diamines or corresponding ammonium salts DMAP or organocatalyst such as glycine, L-poroline and alanine [5]. Recently, resins [6] montmorillonite–KSF [7] and ZrCl4-SiO2, ionic liquid [8], MWI [9] and Lewis acids [10] reported so far.

Unfortunately many of these methods have some drawbacks, such as use of expensive, use of stoichiometric, amount of reactant, low yields, extended time and lack of geometry. Thus the need for the development of an alternative rout to construct the substituted electrophillic alkene by reducing time from hours to minutes at ambient temperature is in demand.
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Scheme 1 Fe2(SO4)3 catalyzed Knoevenagel condensation of aldehyde.

2. Result and Discussion
In the present work we first examine the reaction of equimolar amount of 4-chlorobenzaldehyde and ethylcyno acetate or malanonitrile in different quantities of a Fe2(SO4)3 in dichloromethane. Optimum results were obtained when reaction was carried at 20 mole% of Fe2(SO4)3 at room temperature with  90 % yield for 3c and 88% yield for 3d. Encouraged by these result, we have applied the present method to the virtue of aromatic aldehyde bearing electron donating as well as electron withdrawing groups (Table 1) and aliphatic aldehyde such as butyraldehyde (entry 8). It has been found that the reaction was general for aliphatic and aromatic aldehydes as indicated by TLC to afford excellent yield of condensation product with in short period. The formation of condensation product was confirmed by formation of corresponding cinnamic acid on hydrolysis and decarboxylation in 1:1 HCl at boiling temperature (Scheme 2).
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4a: R1 = H; R2 = CN; Yield = 93%

4b: R1 = CH3; R2 = CN; Yield = 89%

4c: R1 = H; R2 = COOEt; Yield = 98%

4d: R1 = CH3; R2 = COOEt; Yield = 90%

Scheme 2 Acid catalyzed hydrolysis of 2-(phenyl methylene) malanonitrile and ethyl (E)-2-cyno-3-pnenylpropionate.

In all cases reactions  were completed 5-10 minutes of reaction time in absence of catalyst reaction does not proceeds even after prolonged stirring furtherer, after completion of reaction the catalyst was filter off and washed with CH2Cl2 (2×3 ml) , dried at 100˚C temperature and subsequently used for next reaction without loss in activity. It is clearly indicated that catalyst is recyclable again and again and hence economical to modern organic synthesis.

3. Experimental reaction

3.1 General procedures 

All chemicals are of analytical grade. The melting points were determined on the open capillary tube and are uncorrected. The IR spectra were recorded on Bomen FT-IR MB-104 Spectrophotometer. 1HNMR were recorded on Brucker AC-300 MHz in CDCl3 using TMS as an internal standard.

3.2 General procedure for Knoevenagel condensation of aldehyde

To a mixture of aldehyde (5 m mole) and active methylene group containing compound (5 mmole) in dichloromethane (5ml), anhydrous Fe2(SO4)3 (10 mole) was added. The resultant reaction mixture was stirred at for appropriate time at room temperature (25 0C). The progress of reaction was checked over. Thin layer chromatographic technique (TLC). After completion of reaction, reaction mixture was filtered and filtrate was washed with CH2Cl2 (2×3 ml). The solvent was removed under reduced were pressure. The crude condensation products were purified by mixture of n-hexane and ethyl acetate to afford pure electron deficient olefins. All products were known compound and can be confirmed by IR (KBr dis) 1H NMR (CDCl3, 300 MHz, δ in ppm) and spectroscopic technique or by comparison with those available in the literature for known compound. 

The spectral data for representative compounds are given below:

2-(4-Methoxyphenyl methylene) malanonitrile [3f]: Solid, M.P = 112-113˚C, IR (KBr ); 2235.2, 1591.6 cm-1, 1H NMR (300 MHz, CDCl3) δ: 8.1(s, 1H); 7.9 (s, 1H); 7.3-7.7 (m, 4H); 3.8 (s, 3H); MS: m/z (%) =183.91 (M+)

Ethyl (E)-2 cyano-3-(-Nitro phenyl)-propionate [3g]: Solid, M.P = 90-92˚C, IR (KBr ); 2222.4, 1730.0, 1519.7, 1594.8 cm-1, 1H NMR (300 MHz, CDCl3) δ: 7.8(s, 1H); 7.6 (d, 2H, J=8Hz); 7.1 (d, 2H, J=8Hz), 4.2 (q, 2H); 2.3(s, 3H); 1.3(t, 3H); MS: m/z (%) =216.30 (M+1)

2-Cyano-3-(cinnamyl)-propionate [3m]: Solid, M.P = 115-116˚C, IR (KBr ); 2225.9, 1737.3, 1580..0 cm-1, 1H NMR (300 MHz, CDCl3) δ: 7.3-7.9(m, 8H); 4.5 (q, 2H); 1.4 (t, 3H); MS: m/z (%) =227.45 (M+)

Cinnamylidenemalanonitrile [3n]: Solid, M.P = 129-131˚C, IR (KBr ); 2222.2, 1590.0 cm-1, 1H NMR (300 MHz, CDCl3) δ: 7.3-7.8(m, 8H); MS: m/z (%) =181.05 (M+1)

Ethyl (E)-2 cyano-3-(4-Nitro phenyl)-propionate [3q]: Solid. M.P.:129-131˚C; IR (KBr); 2980, 2250.6, 1717.2, 1642.7, 1520.9, 1452.1, 1260.5, 831, 740 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.6 (d, 2H); 8.6 (d, 2H, J=8Hz); 7.9 (s, 1H), 2.2 (t, 3H); 3.7 (q, 2H); m/z=246.2 (M+).

2-(4-Nitrophenyl methylene) malanonitrile [3r]: Solid, M.P.-159-160˚C, IR (KBr); 2232.0, 1582.1, 1519.7, 1350.2, 1395.9, 960, 837, 735 cm-1, 1H NMR (CDCl3) δ: 7.9 (d, 2H, J=8Hz); 7.6 (d, 2H, J=8Hz), 8.2 (s, 1H); m/z (%) =198.98 (M+)

4. Conclusion: 
In conclusion, anhydrous Fe2(SO4)3 has been employed as an efficient and sate economic catalyst for C-C bond formation reaction. The most acceptable features of the present method are mild reaction use less expensive and environmental friendly catalyst, recyclable catalyst, and short reaction time operational similarly with excellent product yield.
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Table: 1 Knoevenagel condensation 1 with 2 using anhydrous Fe2(SO4)3 at 25˚C 
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a Condensation products were purified by coloumn chromatography using petroleum ether: ethyl acetate(4.5:0.5) solvent system b All products were characterized their by IR, 1H NMR and Mass spectrums. 
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