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ABSTRACT 

 

The study is carried out to test the catalytic efficiency of Cu-ZSM-5 zeolite catalyst on the reaction of Aza Michael under solvent-free conditions, 

at room temperature this reaction is most exploited in organic chemistry, b-amino -esters, ketones, nitriles are useful for the preparation of 

several natural bioactive products, antibiotics, and chiral auxiliaries, through the use of the porous material catalyst (zeolite Cu-ZSM-5), and 

the reaction of Aza Michael addition a series of amines on α, β-unsaturated methyl acrylate, we have synthesized new cc or c-heteroatom 

products, these compounds is an attractive area of researchers in synthetic organic chemistry, and we have developed new synthesis 

methodologies for the preparation of these products. The reaction was carried out with favorable conditions: ambient temperature, and without 

solvent, that the products, which are synthesized, gave us a high yield, and excellent chemo selectivity. 
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INTRODUCTION 

 

Porous materials [1-5] are materials with a large number of cavities; this results in a large area per unit volume. These materials are metastable. 

Porous materials are classified into different categories, depending on the size of their porous; Micro porous materials [6,7] with pores less than 

2 nm in size, macro porous solids with pore sizes greater than 50 nm, and intermediate grade are referred to as mesoporous materials [8,9]. 

Zeolites are natural materials (volcanic rock) or synthetic (three-dimensional assembly of tetrahedral units composed of 4 oxygen atoms at the 

center of which is positioned an aluminum or silicon atom. These crystallized and micro porous aluminosilicates are used in catalysis and to 

adsorb volatile organic compounds, these porous systems form excellent molecular sieves. 
 
Zeolites [10-15] are one of the most important materials in chemistry, their application as catalysts being particularly important in relevant 

industrial processes. Indeed, the zeolites have been exploited as industrial catalysts in several petroleum-based chemical processes (Catalytic 

cracking, hydrocracking, isomerization, aromatics alkylation, methanol in gasoline, dewaxing, etc.) and in fine chemical processes (Selective 

oxidation of olefins or perfumes, synthesis, etc.). This great industrial applicability of zeolites can be linked to the exceptional versatility that 

these materials offer as solids whose structure and surface properties can be easily adapted. In this sense, zeolites [16-19] are micro porous 

materials with regular pores and cavities of molecular size (3-15 A) formed by heteroatoms in tetrahedral coordination (Primary Si and Al) 

linked by atomic atoms of oxygen. 
 
The design and synthesis of a zeolite having the appropriate physicochemical properties for their application in an industrial chemical process 

must be rationalized taking into account not only the scientific requirements, but also the overall economic cost of its manufacture. In this sense, 

the direct synthesis or one pot of functional micro porous materials would offer interesting advantages over multi-step preparations, for example, 

significant savings that can be achieved by reducing the number of steps required to synthesize the micro porous material catalyst. Control over 

the variables that govern and direct the synthesis one-pot towards zeolites are stable at high temperatures and have a broad porous structure, 

which opens new perspectives for the treatment of large molecules especially in the field of petroleum refining and petrochemical catalysis 

processes. 
 
The size of the particles is an important point in catalysis. The exchange surface should be as large as possible to improve the catalysis reaction 

[20-24]. The finer the particles, the more the specific surface increases. But a too fine size does not allow to capture the untreated molecules 
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which inhibits the catalysis reaction. 
 
The addition of Michael [25-29] or 1,4 addition is a synthesis tool for forming carbon-carbon bonds [30], but also carbon-nitrogen bonds named 

Aza-Michael, carbon-oxygen named Oxa-Michael and carbon-sulfur named Sulfa-Michael. This reaction, most often catalyzed by a base (or a 

phase transfer agent), requires two synthetic partners, a donor and a Michael acceptor. 
 
The Michael addition reaction is a versatile synthetic methodology [31-47] for the efficient coupling of poor olefin electrons with a wide range 

of nucleophiles. This paper describes the role of the Michael addition reaction in intentional polymer synthesis for applications in emerging 

technologies, including biomedical, pharmaceutical, optoelectronic, composites, adhesives and polymer architectures, which are generally linear 

thermoplastics to hyper-branched polymers and networks, can be realized. The versatility of Michael's reaction, in terms of monomer selection, 

solvent and reaction temperature, allows the synthesis of sophisticated macromolecular structures under conditions where other reaction 

processes would not work. The utility of Michael addition in many biological applications, such as conjugated active principle polymers, is 

discussed in relation to the macromolecular structure. In addition to the Michael [48] reaction, a practical process has been developed for the 

addition of aliphatic or aromatic amines to alkenes by heterogeneous catalysis (acidic or basic), it is called the aza-Michael reaction, and can be 

carried out on large group activated alkenes such as esters, ketones, and β-unsaturated nitriles. 
 
In general, the aza-Michael reaction requires particular conditions, such as short reaction time, very good chemo selectivity, high yield, ease of 

product purification, use of a catalyst, the inexpensive and reusable, are the main features of this protocol [49]. However, in some cases, the use 

of catalysts in stoichiometric amounts with substrates leads to side reactions. The use of heterogeneous catalysts offers several advantages such 

as Great stability, Easy handling, Recovery and reuse, Non-corrosive nature, long catalytic activity, respect the environment, Green protocol. 
 
Michael's reaction and its modified form such as aza-Michael, thio-Michael and carba-Michael reaction is one of the most exploited reactions in 

organic chemistry. β-amino acids, esters, ketones, and nitriles are synthesized for the preparation of many nitrogen products, antibiotics and 

chiral auxiliaries. In addition, a large number of biologically active compounds contain parts of β-amino-ketone or ester. The development of 

new methodologies for the synthesis of such compounds is becoming attractive for research in synthetic organic chemistry. Although β-amino 

ketones can be prepared by the conventional Mannich reaction, it has several disadvantages, such as severe reaction conditions, longer reaction 

time, and the like. 
 
A comparative study shows that the aza-Michael addition reaction leads to the formation of the c-c or c-heteroatom bond. From these results, we 

carried out a series of amine addition on α,β-unsaturated alkenes, active or not active in a dry medium catalyzed by zeolite Cu-ZSM-5. 

 

MATERIALS AND METHODS 

 

The chemicals and solvents used in this work are products available at our Laboratory. We add in an Erlenmeyer Meyer (5 mmol, 1 eq) methyl 

acrylate on (6 mmol, 1.2 equivalent) amine and the mixture with stirring (0.100 mg) of CuZSM-5 at room temperature, and without solvent, 

followed the reaction by platelets CCM. The reaction is quenched, filtered and washed with dichloromethane, after which the solvent, excess 

amine and excess of starting reagents are removed by evaporation in a rotary evaporator; Proton nuclear magnetic resonance (1H-NMR) analyzes 

the products obtained. 
 
Preparation of Cu-ZSM-5 Catalyst 
 
We shared the preparation of the catalyst Cu-ZSM-5 in two stages. First step/stage preparation of (NaZSM-5), and second step/stage copper 

exchange 
 
First step preparation of (NaZSM-5) 
 
1.0 g of ZSM-5 zeolite are added with 100 ml of 1 M NaCl saline solution, the mixture is left stirring for 20 h and at room temperature, and the 

solution is filtered off, the product obtained is washed and dried in the oven at 80°C. 
 
Second stage copper exchange 
 
1.0 g of Na-ZSM-5 zeolite are added with 200 ml of CuCl2 solution, 1 M, under conditions of pH 6, and the temperature is 60°C., the mixture is 

left stirring for 1 h 30 min. Then filter the solution, the product obtained is washed, and dried in an oven, followed by the identification of our 

material (Cu-ZSM-5) by X-rays. 

 

 
 

Figure 1: X-ray diffractogram of the Cu-ZSM-5 exchanged material 
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The X-ray diffractoigram analysis of the Cu-ZSM-5 exchanged material (Figure 1) shows that the MFI type structure is preserved. Indeed, the 

presence of peaks at 2θ=8°, 2θ=9° and at 2θ=24°, 2θ=25°, reveal the MFI type structure. 

 

RESULTS AND DISCUSSION 

 

As part of the efficiency test of our Cu-ZSM-5 catalyst on the Aza Michael reaction we carried out addition of a series of amines on the α, β-

unsaturated methyl acrylate, for the synthesis of new products C-C or C-heteroatom, and developed new synthetic methodologies (Scheme 1) for 

the preparation of these products is shown below. 

 

 
 

Scheme 1: General Reaction 

 

Table 1: 1, 4-addition Aza-Michael addition of a series of amines on α,β-unsaturated alkene, Methyl acrylate catalyzed by zeolite 

CuZSM-5 in dry medium and the ambient temperature. 

 
Entr

y 
Akènes Amines Product 

Time 

(mn) 

Yield 

(%)  
Catalyseur  

1 

 

 
 

20 92 Cu-Z S M-5 

2 

 

 

 

20 94 Cu-ZS M-5 

3 

 

 

 

23 96 Cu-ZS M-5 

 

The results of the addition of methyl acrylate (Table 1) to a series of amines in the presence of the catalyst Cu-ZSM-5 show that excellent yields 

of the products obtained, in short times, and no by-products were observed, when using amines in excess [50,51]. Pure products can be obtained 

after filtering off the catalyst [11] and then removing excess amines by a rotary evaporator. The recovered catalyst was reactivated and reused 

several times for three further aza-Michael reactions. The products were characterized by 1H-NMR spectroscopy. 

 

CONCLUSION 

 

The results of the addition of methyl acrylate to a series of amines in the presence of Cu-ZSM-5 catalyst show that excellent yields of the 

products obtained. This encouraged us to exploit and generalize this addition reaction. It can be said that the addition of various aliphatic amines 

reacted successfully with alkenes, in the presence of Cu-ZSM-5 catalyst, to give the corresponding adducts with excellent yields in short times 

and in dry conditions, at room temperature, so our zeolite catalyst Cu-ZSM-5is has a very efficient catalytic, can satisfy the objective of the 

reaction Aza Michael.  
 
Spectral data 
 
Product 01 
 
RF= 0.60 (Hexane-EtoAc): 2/1 
1H-NMR (CDCl3, 300 MHz) δ=1-1.05 (d, 6H); 2.0 (q, 1H); 2.37(t, 1H); 2.94(q, 2H); 2.97 (m, 1H); 3.63 (s, 3H) 
 
Product 02 
 
RF= 0.72 (Hexane-EtoAc): 2/1 
1H-NMR (CDCl3, 300 MHz) δ=2.0 [(m, 1H); [(t, 2H)]; 2.37(t, 2H); 2.77(m, 2H)]; 2.81 (q, 2H); 2.94 (q, 2H); 3.87 (s, 3H) 
 
Product 03 
 
RF= 0.80 (Hexane-EtoAc): 2/1 
1H-NMR (CDCl3, 300 MHz) δ=2.0 [(m, 1H); [(d, 2H)]; 2.5(t, 2H); 3.04(q, 2H)]; 3.67 (s, 3H).  
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