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ABSTRACT :  

A new route of Knoevenagel condensation of m-Nitrobenzaldehyde with different active methylene 
compounds in the presence of 50 wt% Cu–Cu2O-SiO2 catalyst in water is described. 50 wt% Cu–Cu2O-SiO2 
catalyst is the most effective catalyst to increase yield among 5 wt% Cu–Cu2O-SiO2 and 25 wt% Cu–Cu2O-SiO2.   
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1 INTRODUCTION:  

The Knoevenagel condensation is one of the most useful and widely employed methods for carbon-
carbon bond formation in organic synthesis. The Knoevenagel condensation is effected by treating a 
carbonyl compound with an active methylene compound in the presence of base or acid catalyst in organic 
solvents. It is appropriate in these reactions to remove the water formed by various ways [1]. With the 
present growing concern about controlling environment pollution and protecting future resources, the 
design of an environmentally friendly chemical processes has attracted considerable interest in organic 
synthesis. During the last decade, there has been increasing recognition that organic reaction carried out in 
aqueous media may offer advantage over those occurring in organic solvents [2] some of organic reactions in 
water have been reported such as Diels-Alder reaction [3], Michael reaction [4], Claisen rearrangement [5], 
Aldol condensation [6], and radical addition reaction [7]. We focus our attention on the new way of organic 
synthesis using water as solvent with Cu–Cu2O-SiO2 nanocomposite instead of organic solvent. Here we 
would like to report a Knoevenagel condensation of m-Nitrobenzaldehyde with different active methylene 
compounds in the presence of small amount of Cu–Cu2O-SiO2 nanocomposite at room temperature in water. 
 
2 EXPERIMENTAL DETAILS 

All chemicals used were of AR grade. For the synthesis of Cu-Cu2O-SiO2 nanocomposites, the 
different chemical such as copper acetate, sodium dodecyl sulphate as a capping agents, hydrazine hydrate 
as a reducing agent, commercial silica were used. The m-Nitrobenzaldehyde and different active methylene 
compounds were used for Knoevenagel condensation.  

 
2.1 Preparation of Cu-Cu2O-SiO2 nanocomposites. 

Cu-Cu2O-SiO2 nanocomposites were synthesized by chemical reduction followed by impregnation 
method. The copper nanoparticles were synthesised by using chemical reduction method. 5 mL (1x10-2 M) 
copper acetate solution and 5 mL (1x10-2 M) sodium dodecyl sulphate were mixed together. The mixture was 
stirred at 600C for 30 min. 3 mL hydrazine hydrate solution was added drop by drop with constant stirring in 
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oil bath keeping the temperature at 600C. The dark coloured slurry/residue was obtained. The content was 
centrifuged, washed with distilled water, ethanol and dried.  

For making composite, the copper nanoparticles were dispersed into 100 mg silica powder with 5 mL 
distilled water. The resulting mixture was stirred for 2-3 hours at room temperature. In the nanocomposites, 
the amount of copper was varied from 5 wt %, 25 wt % and 50 wt%. The obtained residue was centrifuged, 
washed with water and dried. The product was used as a catalyst for Knoevenagel condensation. 
 
2.2 Characterization of Cu-Cu2O-SiO2 nanocomposites 

X-ray diffractometer (Philips model PW-1710) was used to identify the structural properties of the 
samples using Cu Kα radiation. Energy-dispersive spectroscopy technique (JSM-JEOL 6360) was used for the 
elemental analysis of the Cu-Cu2O-SiO2 nanocomposites. Particle morphology was measured using a 
transmission electron microscope (TEM) (Philips, CM200, operating voltages 20–200 kV). The UV-visible (UV-
visible) spectra of the powders were recorded using a (JASCO model V-670) spectrophotometer equipped 
with an integrating sphere accessory. Barium sulphate was used as reference for the reflectance spectra. 
Fourier transform Infra-red (FT-IR) spectra of the catalysts were recorded in a Perkin-Elmer spectrometer 
using KBr pellets. The photoluminescence (PL) measurements of the samples were carried out by using 
Spectrofluorimeter (JASCO FP-750). 
 
2.3 Catalytic activity  

The catalytic properties of Cu-Cu2O-SiO2 system were examined by Knoevenagel condensation. This 
condensation was conducted between m-Nitrobenzaldehyde and different active methylene compounds in 
water as a solvent. In this reaction, the mixture of  m-Nitrobenzaldehyde (1 mmol), malononitrile (1 mmol), 
Cu-Cu2O-SiO2 (10 mg) catalyst with distilled water was taken in RB flask and stirred continuously at room 
temperature. The progress of the reaction was monitored by TLC. After completion of reaction, the reaction 
mixture was treated with ethanol for separating the desired product and catalyst by filtration. The products 
were recrystallized by ethanol and thereafter the various experimental parameters such as melting points, 
reaction-time and yield of the products were noted. NMR spectra were taken in CDCl3 using a Bruker 
Spectrospin Avance II-300MHz spectrophotometer and Jeol-400MHz spectrophotometer with TMS as an 
internal standard. The catalyst exhibited a clean reaction profile with excellent yields in a short reaction 
time. The experimental data of all the products were consistent with the proposed structure. Same 
procedure was adopted for different active methylene compounds.  

The general route for Cu-Cu2O-SiO2 catalysed Knoevenagel condensation is given below:  

X1

X2

H

X1X2

Cu-Cu2O-SiO2

H2O , RT

X1= -CN, -COOC2H5, -COPh

X2 = -CN, -COOC2H5, -COPh

H

O

NO2

NO2

 
3. RESULTS AND DISCUSSION 
3.1 X-ray diffraction studies 

Fig. 1.1 shows the powder X-ray diffraction patterns of Cu-Cu2O and Cu-Cu2O-SiO2 nanocomposites. 
All samples show peaks corresponding to well crystallized phase of metallic copper particles [JCPDS card no. 
85-1326, 04-0836, 70-3038, 89-2883] with the presence of small intensity peaks for Cu2O particles [JCPDS 
No. 78-2076, 05-0667]. This observation reveals the presence of copper particles with Cu2O particles due to 
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partial oxidation of surface copper particles [8]. The diffraction peaks with strong intensities appear at 

43.41, 50.36, 74.16 are corresponds to (111), (200) and (220) planes of copper particles, respectively. 
These diffraction peaks corresponds to face-centered cubic structure of elemental copper with the space 

group of Fm3m [JCPDS No. 85-1326]. The diffraction peaks at 36.27° and 61.34° indicates the presence of 
Cu2O, which corresponds to the (110) and (211) plane. In the composites, the broad and diffuse diffraction 

peak of SiO2 is observed at 21.44°, which is attributed to amorphous silica [9]. The crystallite size of copper 
as well as Cu2O NPs was calculated by using Scherrer’s equation.  
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Fig. 1.1: Powder XRD patterns of (a) Cu-Cu2O nanoparticles, (b) Cu-Cu2O-SiO2 (5 wt%)., 

(c) Cu-Cu2O-SiO2 (25 wt %). and (d) Cu-Cu2O-SiO2 (50 wt %) 
 
3.2 TEM and EDAX studies 

Fig. 1.2 (a–b) depicts the transmission electron micrographs of Cu-Cu2O and Cu- Cu2O-SiO2 samples. 
It is evident from Fig. 1.2(a) that the average particle size of copper nanoparticles is found in the range of 10-
15 nm. Fig. 1.2(b) clearly shows the presence of a dispersed phase of Cu-Cu2O particles in the matrix of SiO2. 
The compositions of 5 wt% Cu-Cu2O-SiO2, 25 wt% Cu-Cu2O-SiO2 and 50 wt% Cu-Cu2O-SiO2 samples were 
determined by using the energy dispersive X-ray analysis (EDAX).Typical EDAX spectrum of 50 wt% Cu-Cu2O-
SiO2 sample is shown in Fig.1.3. The quantitative analysis of the EDAX spectrum revealed that the relative 
atomic ratios of Cu and Cu: Si are close to the initial values taken for three nanocomposites samples.  

 

 
(a)                                                       (b) 

Fig. 1.2: TEM micrographs of (a) Cu-Cu2O, (b) Cu-Cu2O-SiO2 (50 wt%). 
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Fig. 1.3: EDAX patterns (a) Cu-Cu2O nanoparticles and (b) Cu-Cu2O-SiO2 (50 wt %). 

 
4 CATALYTIC STUDIES 

The catalytic activities of Cu-Cu2O-SiO2 nanocomposites have been tested towards the Knoevenagel 
condensation reaction of m-Nitrobenzaldehyde and different substituted active methylene compounds in 
water as a solvent. It is observed that all the reactions occurred rapidly and are completed in 2-5 minutes 
giving excellent yields of the Knoevenagel products. 

To determine the appropriate composition of the catalysts, we investigated the reaction at different 
composition of copper nanoparticles such as 5, 25 and 50 wt% supported on SiO2 matrix. It is noted that 50 
wt% copper NPs supported on SiO2 yields large amount of products than that of other compositions. 
Therefore, the further catalytic studies are carried out using 50 wt% of Cu-Cu2O-SiO2 nanocomposite. The 
reactants and products formed with their percentage yield as well as melting point, in this condensation, are 
summarized in Table 1.1.  

The yield of the products was in the range of 80-92 %, which reveals that, Cu-Cu2O-SiO2 (50 wt %) 
gave better yield with better selectivity also. Active methylene compounds with strong electron withdrawing 
groups (-CN) giving better yields in short time as compared to that of others.  

 
Table 1.1: Cu-Cu2O-SiO2 (50 wt %) catalysed Knoevenagel condensation of                       

m-Nitrobenzaldehyde and different substituted active methylene compounds. 

Sr. 
No. 

Aldehyde Different Active Methylene 
Compounds 

Time 
(min) 

Yield 
(%) 

M.P. (C) 
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5. SPECTRAL DATA OF SELECTED COMPOUNDS 

H CN

CN

O2N

 
2-(3-Nitrobenzylidene) malononitrile: Solid; M.P.: 104-106oC (lit10. 102 ℃);  
IR (KBr): 3100, 3019, 2361, 2225, 1565, 1529, 1479, 815, 690cm-1;  
1H-NMR (CDCl3): δ 7.82 (t, 1H, J = 7.0 Hz), 7.94 (s, 1H), 8.33 – 8.35 (m, 1H), 8.49 – 8.50 (m, 1H), 8.69 (t, 1H, J = 
6.8 Hz). 

 
Fig. 1.4: 1H Spectra of 2-(3-Nitrobenzylidene) malononitrile 

 
6. CONCLUSIONS  

In conclusion, we have developed a simple, inexpensive, and effective method for Knoevenagel 
condensation of m-Nitrobenzaldehyde with active methylene compounds catalysed by Cu-Cu2O-SiO2 catalyst 
in aqueous medium at room temperature. Further study on the synthetic application of the present reaction 
is now in progress. 
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