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Abstract 

The synthetic potassium pyrophosphate K2CaP2O7 is a new solid support, catalyse the Michael addition of 

mercaptans onto ,-unsaturated carbonyl compounds in  heterogeneous media, leading to quantitative yields in a 

short reaction time. Products of undesirable side reactions resulting from 1,2-addition, polymerisation and bis-

addition are not observed. The work-up procedure is simplified so she gives a cleaner product. 
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Introduction 

The conjugate addition1 of thiols to electron deficient alkenes is one of the most effective methods for carbon-

sulphur bond formation2
 
and has been the subject of a number of studies about various uses involving synthesis of 

anti-tuberculosis drug3, biochemistry4, agrochemistry5, anti-corrosion6 and lubrication7 among others. 
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In classic methods8, this reaction catalysed by strong bases such as alkali metal alkoxides, hydroxides and 

transition metal complexes. The limitation of these strong bases in these reactions is mainly the formation of 

undesirable side products by polymerisation, bis-addition and self-condensation. 

A new methodology to overcome these problems has been devised by the use of heterogeneous catalyst like 

alumina9, zeolites10, montmorillonite11, Mg-Al hydrotalcite12, animal bone meal13, Na2CaP2O714, 

fluorapatite15, hydroxyapatite16, natural phosphate17. 

In continuation of our investigations on the use of heterogeneous catalysts for fine chemicals preparation, we wish to 

report here a mild, heterogeneous catalytic method for the Michael addition between chalcones derivatives 1 and 

mercaptans 2 catalyzed by synthetic potassium pyrophosphate K2CaP2O7 in mild reaction condition (Figure 1). 
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Figure 1. Thia-Michael addition catalyzed by K2CaP2O7 

 

Materials and Method 

Chemicals and instrumentations 

All commercial reagents and solvents were used without further purification. Potassium pyrophosphate K2CaP2O7 is 

prepared in powder state. X-ray diffraction (XRD) patterns of the catalysts were obtained on a Philips 1710 

diffractometer using Cu-K radiation. Surface areas were determined at 77 K using a Coulter SA 31000 instrument 

with an automated gas volumetric method employing nitrogen as the adsorbate. NMR spectra were recorded on a 

Bruker ARX 300 spectrometer. Mass spectra were recorded on a VG Autospec spectrometer. FTIR spectra were 

recorded on an ATI Mattson-Genesis Series spectrophotometer using the KBr disc method. 

Preparation of the catalyst and structural characteristics 

The Potassium pyrophosphate K2CaP2O7 [18] was synthesized by heating stoichiometric quantities of K2CO3, 

CaCO3 and NH4H2PO4 (purity greater than 99%). The starting materials were carefully mixed in an agate mortar and 

heated by steps of 150°C in a porcelain crucible up to 800°C. This solid state technique allows ammonia, water and 

carbon dioxide to evolve progressively according to the following equation (Figure 2). 

K2CO2 + CaCO3 + 2 NH4H2PO4  →  K2CaP2O7 + 3 H2O + 2 NH3 + 2 CO2 

Figure 2. Preparation of potassium pyrophosphate 

 

After the final grinding, the powder is heated at 820°C for 48hours. The purity of the final powder was controlled by 

X-ray diffraction, using a D 500 Diffractometer (CuK radiation, 1,540 Å). 

The powder pattern of K2CaP2O7 available in the literature (monoclinic system, space group P21/n, a = 9.79 Å, c = 

12.97 Å,  = 104.3°), and by comparison to those of its two isomorphous diphosphates Cs2CaP2O7 and 

Rb2CaP2O7[19]. 
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The powder was dried for 2 hours at 100°C before use in order to eliminate possible water molecules adsorbed on 

the surface of the sample which may affect catalytic. 

 

Results and Discussion 

Thiophenol 2a and chalcone 1a catalyzed by the potassium pyrophosphate K2CaP2O7 (0.1g), were chosen as model 

substrates to determine suitable reaction conditions for thia-Michael addtion. 

Firstly, various solvents (1.5ml) were tested. Thus, after 25 min of reaction the yields obtained of product 3a are in 

presence of methanol (92%) and ethanol (93%), respectively. In the cases of hexane, THF, dichloromethane, or 

butanol, no product 3a was observed under the reaction conditions, only the starting material was isolated. Thus, 

methanol was chosen as a solvent for further study. 

Therefore, we carried out the reaction in various quantities of methanol. The yields obtained of product 3a are 71%; 

92%; 93%; 87%; and 53% with 0.75; 1.5; 3; 5; and 10 ml of methanol, respectively. 

This result confirms the crucial role played by the solvent used to carry out the reaction. It would appear that best 

solvent for this reaction is the methanol and ethanol. The same result has been observed with natural phosphate [20]. 

To determine the scope and limitation of Michael addition, the optimum conditions were applied to other substrates 

as shown in Table 1. For this study, we carried out the Michael addition of chalcones as acceptors with various 

mercaptans such as thiophenol, ethyl thioglycolate and 2-aminothiophenol, catalysed by K2CaP2O7 (0.1g) in the 

presence of methanol (1.5 ml) at room temperature. The products of undesirable side reactions resulting from 1,2 

addition, polymerization and bis-addition are not observed. 

Table 1.  Synthesis of products 3 catalyzed by K2CaP2O7 

Products X1 R Yield (%/min) 

3a H -Ph 92 (25) 

3b H -2-NH2-Ph 98 (03) 

3c H -CH2-CO2-Et 78 (60) 

3d p-NO3 -Ph 92 (02) 

3e p-NO3 -2-NH2-Ph 91 (01) 

3f p-NO3 -CH2-CO2-Et 86 (60) 

3g p-Cl -Ph 92 (02) 

3h p-Cl -2-NH2-Ph 94 (01) 

3i p-Cl -CH2-CO2-Et 83 (60) 

3j p-Me -Ph 90 (35) 

3k p-Me -2-NH2-Ph 94 (05) 

3l p-Me -CH2-CO2-Et 64 (60) 

3m p-OMe -Ph 91 (120) 

3n p-OMe -2-NH2-Ph 92 (06) 

3o p-OMe -CH2-CO2-Et 57 (60) 

 

The use of synthetic diphosphate K2CaP2O7 as heterogeneous catalyst for Michael reaction has allowed the isolation 

of products 3 rapidly and with good yields (83 % to 97 %), except for products (3c, 3l, 3o). 
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The results observed with different Michael acceptors shown that the presence of an electron-donors group (-OMe, -

CH 3) decreases their activity (3l, 3o, 3n) whereas the electron-acceptors group (NO2 , Cl) increases the activity of 

the Michael acceptors. 

In order to test their possible synthetic application, ketone 3a was converted to oxime 4a catalyzed by the Potassium 

pyrophosphate K2CaP2O7. The oxime was subjected to the reaction by thionyl chloride and the chemoselective 

Bekmann rearrangement gave the anilide of 3,N-Diphenylsulfanyl-propan-1-one 5a. Its alcoholysis furnished the 

corresponding ethyl ester 6a. While compound 6a is a direct precursor of -thio acid 7a (Figure 3). 
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Figure 3.  A simple route to synthesis of β-thio acid 

 

Thus, we estimate that the surface of K2CaP2O7 presents certainly multicatalytic active sites [21]. The basic sites 

(oxygens of P2O7 group and CaO6 octahedra) abstract the proton from the thiophenol. The acidic sites (phosphorus 

of P2O7 group, K
+
 and Ca

2+
 cations) coordinate with the oxygen of chalcone that increase the enone moiety 

polarization. Consequently, the C-S bond formation is facilitated and the sulfanyl product is obtained by transfer of a 

proton (Figure 4). 
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Figure 4.  Mechanism of heterogeneous catalytic for conjugate addition using K2CaP2O7 
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We next investigated the sability of the catalyst in order to recycle it. The used and recovered K2CaP2O7 has been 

shown to be reusable after drying at 150 °C in vacuum, and more efficiently after washing with acetone followed by 

calcinations at 600 °C. In the last case, the catalyst can be recovered and reused at least five times without 

appreciable loss of activity. 

Conclusion  

In summary, we believe that K2CaP2O7 is a new heterogeneous catalytic for effecting carbon-sulphur bond 

formation and represent an important breakthrough in the development of solid catalysts. The high reactivity and 

specificity of our catalyst coupled with their ease of use and reduced environmental problems makes them attractive 

alternatives to homogeneous basic reagents. 
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