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Abstract- A novel magnetically immobilized polyethyleneimine (PEI) 

fabricated by covalently anchoring on MCM-41 (MCM-41@PEI) 

was prepared. The synthesized catalyst was characterized by Fourier 

transform infrared (FT-IR), thermogravimetric analysis (TGA), X-ray 

powder diffraction (XRD), scanning electron microscopy (SEM) and 

transmission electron microscopy (TEM). The immobilized PEI was 

shown to be an efficient heterogeneous catalyst for the synthesis of 

spiro-oxindole and benzopyranes derivatives via multi-component 

reaction (MCR), in ethylene glycol as a green solvent. No leaching 

problem was observed after several runs, while the catalyst can be 

recovered and reused without loss of reactivity under the described 

reaction conditions. 
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Introduction 

Solid-supported catalysts are an important and growing arena in heterogeneous catalysis 

which has attracted increased attention in organic transformation due to their easy separation 

from the reaction mixture and possible reuse and has become strategically vital for the 

efficient and ecofriendly organic transformations over the past few decades [1-5].Surface 

fictionalization allows a number of groups to introduce onto the surfaces through co-

condensation or post-synthesis. The advancement of heterogenized catalysis by Solid-

supported catalysts, such as various organic/inorganic polymer-supported catalysts, zeolites, 

mixed metal oxides, hydrotalcites, mesoporous siliceous molecular sieve, resins, etc combine 

the advantages of both homogeneous and heterogeneous catalytic systems.  

In the last few decades, mesoporous materials have received much attention in the field of 

catalysis, especially for their use as solid supports. One of the well-ordered mesoporous solid 

structures is MCM-41 that has some interesting properties such as high surface area, uniform 
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pore size (20–100A˚) and relatively hydrophobic nature [6]. The MCM-41 in pure silica form 

exhibits only weak hydrogen bonding [7, 8] and hasenormous specific surface area.It can be 

easily modified with organic groups and metal complexes to form discreteand uniform active 

sites for substrates [9, 10]. 

In recent years, functionalization of MCM-41 by using the reaction with the surface silanol 

groups, to form MCM-supported catalysts, have been successfully deployed in organic 

synthesis for a variety of important reactions such as heteropolyacids (HPW) [11–13] and 

other mineral acids (H3PO4, H2SO4) supported on MCM-41 [14–16], pyridine-functionalized 

MCM-41 [17], SO3H-MCM-41 [18, 24]. 

Polyethyleneimine (PEI) or polyaziridine is a branched polymer and an available synthetic 

polycation with a high-density amine group. Linear PEIs contain all secondary amines, in 

contrast to branched PEIs which contain primary, secondary and tertiary amino groups by 

ratio 1:2:1. The branched PEIs have a strong protonation capacity and they are liquids at all 

molecular weights. It has been widely used in drug/gene delivery [26-28], CO2 adsorption 

[29], nucleic acid precipitation, protein coagulation/flocculation [30], nucleotide, cell and 

enzyme immobilization as well as modified surface agent of nanoparticles [31-34]. 

In this work, we used PEI as water soluble and cationic polymer consisting of large number 

of terminal amino groups in combination with MCM-41(MCM-41@PEI), with the maximum 

catalytic activity in the multi-component reaction (MCR) by optimizing reaction 

conditions.This catalyst is tested for the preparation of biologically interesting chromene, 

benzopyranes and spiro-oxindole derivatives via multi-component reaction (MCR), invarious 

conditions (Scheme 1).  
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Preparation of MCM-41 and MCM-41@PEI 

MCM-41 was prepared according the previous work [41]. Briefly, Cetyltrimethylammonium 

bromide (CTAB) (13.0 g) was dissolved in deionized water (167.0 mL). Then, aqueous 

ammonia (163.7 mL) and absolute ethanol (131.5 mL) were added to the surfactant solution, 

and stirred for 15 min. Subsequently, tetraethyl orthosilicate (TEOS) (24.8 mL) was added to 

the mixture. After 2 h of vigorous stirring at 1500 rpm and subsequent filtration, the white 

precipitate was washed with deionized water and dried at 60 °C for 24 h. The prepared 

MCM-41 was successfully calcinated under oxygen atmosphere by heat treatment at a rate of 

1 °C.min-1 up to 600 °C. This temperature was maintained for 6 h. 

PEI was grafted onto the prepared MCM-41 as follows. [3-(2,3-epoxypropoxy) propyl] 

trimethoxysilane (EPO) (1.0 mmol) was added to PEI solution (3.0 mmol) in dry toluene (150 

mL). The resultant mixture was allowed to react at 80 °C for 24 h. The calcined MCM-41 

(2.5 g) and ethanol (25 mL) were added to the mixture and then stirred at 80 °C for 24 h. The 

produced PEI@MCM-41 was filtered and washed several times with deionized water and 

ethanol. It was subsequently Soxhleted with ethanol for 24 h to remove physically bonded 

compounds, filtered, and dried at 50 °C for several days [42] (Scheme 2). 

Catalytic experiments 

Multi-component reactions of an active carbonyl compound (isatin or aldehyde, 1 mmol), 

malononitrile (1.2 mmol) and an enolizable compounds (dimedone, or 3-(dimethylamino) 

phenol) were performed with microwave irradiation assistance for the preparation of spiro-

oxindole, benzopyranes and chromene derivatives (Scheme 1).  

 

 

Scheme 2. Schematic representation of the formation of MCM-41@PEI 

 

Prior to reaction, Benzaldehyde (Merck, 1.0 mmol), Malononitrile (MN, Merck, 1.2 mmol), 

3-(dimethylamino) phenol (Merck, 1.0 mmol) and freshly activated MCM-41@PEI catalyst 

(0.1 g, 100 ◦C, 20 min) in PEG were loaded into a reactor. The reaction was realized in the 
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microwave oven (ETHOS 1600, Milestone) with a power of 300 W.After completion of the 

reaction, the reaction mixture was allowed to cool at room temperature and diluted with ethyl 

acetate and the catalyst was easily separated bycentrifuge and washed twice with ethyl 

acetate. The combined organic layers were concentrated and the residue was purified by 

recrystallization from ethanol.  

Characterization of PEI@MCM-41 

The as-synthesized PEI@MCM-41catalyst was characterized by various techniques. The FT-

IR spectra of MCM and PEI@MCM-41 are shown in Figs. 1a and 1b. The FT-IR spectrum of 

the PEI@MCM-41, shows weak peaks at 1079, 796, and 467 cm-1 assigned to the 

dissymmetry, symmetry, and bending vibration of the Si-O-Si group, respectively [48] and 

The strong peaks at 3410 cm-1 attributed to the stretching and bending vibration of OH, 

indicate the presence of a large number of hydroxyl groups and H2O molecules on the surface 

of the particles (Fig. 1a). In addition, the characteristic peaks of the stretching vibrations of 

C-H and C-N bonds at 2940 and 1466 cm-1 were also observed in the FT-IR spectrum of the 

PEI grafted onto MCM-41(Fig. 1b). 

 

 

Figure 1. FT-IR spectra of the prepared (a) MCM-41 and (b) PEI@MCM-41 

 

The ordered mesoporosity of MCM-41 solids was determined by XRD analysis. The XRD 

pattern of calcined MCM-41 exhibits an intense signal at 2θ= 2.2◦ corresponding to (1 0 0) 

plane and three small signals between 3.5◦ and 6.5◦ due to (1 1 0), (2 0 0) and (2 1 0) planes 

which confirms the presence of well-defined hexagonal MCM-41 (Fig. 2a) [49]. 

The Fig. 2b presents the thermal properties of PEI@MCM-41 (TGA) which shows 38% 

weight loss up to 800 ºC. The weight loss of FCNT can be described to decomposition of PEI 
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groups, EPO and intrinsic structure of MCM. The most part of this weight loss belongs to 

thermal degradation of PEI grafted onto MCM and less part of it belongs to thermal 

degradation of the other materials. The mass loss of 5.2 % (below 100 ◦C) may be due to 

removal of surface adsorbed water of the catalyst. 

 

 

Figure 2. (a) XRD spectra of MCM and PEI@MCM-41, (b) TGA for PEI@MCM-41, and Nitrogen sorption 

isotherm obtained at 77 K for (c) MCM and (d) PEI@MCM-41. 

 

The SEM image of MCM-41 and PEI grafting MCM-41 presented in Fig. 3a and Fig. 3b, 

showing a nearly smooth spherical MCM surface. The high-resolution TEM images exhibit 

identical MCM coating by PEI and the formation of a core-shell structure (Figs. 3c and 3d). 

The TEM microphotographs show the core-shell structure of mesoporous silica in the 

polymer matrix and nanosized mesoporous MCM particles with diameters of 200-400 nm. 
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Figure 3. SEM images of the (a) MCM, (b) PEI@MCM-41; TEM image of the core-shell structure of 

PEI@MCM-41 (c) low magnification and (d) high magnification 

 

Catalytic study 

The reaction was caused by the 3-(dimethylamino) phenol which resulted in the formation of 

4H-benzo[b]pyran derivatives in excellent yields. Thus the PEI@MCM-41 as a catalyst by 

microwave irradiation shows excellent procedure for preparation of 4H-benzo[b]pyran 

derivatives (Table 1). 

A reusability test for PEI@MCM-41 was performed and it was found that the reactivity of the 

recovered PEI@MCM-41 was preserved after the second, third and fourth runs. This strongly 

suggests that little to no leaching took place as the PEI are covalently bonded to the 

mesoporous support. This is consistent with the results obtained from both thermogravimetry 

and IR spectroscopy analyses. 

Table 1. Synthesis of Chromene derivatives usingPEI@MCM-41 

 

Ar H

O CN

CN
N OH+ O

Ar

CN

NH2N+

PEI@MCM-41

PG, MW

 

Entry Ar Yielda m.pb Entry Product Yield a m.p.b(οC) 

1 4-NO2-C6H4 94 224-226 7 2,4-di-Me-C6H3 89 155-157 

2 3-Br-C6H4 91 194-196 8 2,3-di-Cl-C6H3 85 220-222 

3 3-F-C6H4 88 163-166 9 4-F-C6H4 87 174-178 
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4 3-CF3-C6H4 92 214-218 10 4-Br-C6H4 89 212-214 

5 2,3-di-OMe-C6H3 86 158-160 11 2,6-di-Cl-C6H3 83 >250 

6 3-NO2-C6H4 93 207-209 12 2-OMe-C6H3 82 182-184 

a Isolated yield 

b literature m.p.  [43-47] 

In continuation to this research, a simple and an efficient one pot synthetic approach was used 

for the preparation of biologically interesting spirooxindole derivatives by means of three-

component reactions of isatin, malononitrile, and dimedone or 4-hydroxycoumarin catalyzed 

by mentioned catalytic system in PG (Scheme 5).  
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Scheme 5. PEI@MCM-41 catalyzed three-component synthesis of spirooxindole derivatives 

Conclusions 

In summary, we showed that PEI grafted on silica coated MCM-41fabricated by covalently 

anchoring, was a novel and effective heterogeneous catalyst for the one-pot synthesis of 

benzopyranes and spiro-oxindoles derivatives from commercially available starting materials. 

The present method requires remarkably small amounts of non-toxic and environmentally 

friendly PEI@MCM-41 as catalyst. This procedure offers several worthy advantages 

including generality, simplicity, easy work up, clean reactions and improved yields. Based on 

these observations, it could be concluded that this green and cost-effective catalyst, with 

simple experimental and work-up procedure, which avoids the use of large volumes of 
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hazardous organic solvents, makes it a useful alternative for the scale-up of these three 

component reactions. 
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