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ABSTRACT 

A simple, green method for condensation of substituted aromatic aldehydes with malanonitrile catalyzed  

by  extract of henna leaves at room temperature in absence of any chemical reagents. The products were 

purified by recrystallisation method and were identified along with their by spectroscopic methods: 

NMR and IR spectroscopy. 
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INTRODUCTION 

The Knoevenagel condensation1 is mostly useful 

for the formation of carbon-carbon bonds2-3. 

Generally, Knoevenagel condensation is 

catalyzed by using bases such as amines and their 

ammonium salts, etc. as well as weak acids such 

as Lewis acids- ZnCl2
4, LiCl5, TiCl4

6, Al2O3
7 etc. 

However, the use of such acids bases and 

solvents in large scale has led to many ecological 

problems i.e. the necessity to dispose organic 

waste due to the formation undesirable side 

products resulting from polymerization and self-

condensation along with the total dissolve salt 

form during the neutralization of the catalysts. As 

a result, cation exchanged zeolite8, modified 

inorganic solids9, ion exchange resin10, Schiff 

supported MCM-4111-12 have been introduced as 

new catalysts. 

 

 

 

 

 

 

A number of organic reactions using natural 

catalysts such as clay13-14, natural phosphates15-17, 

animal bone18 and various fruit juices are 

reported due to acidic nature aqueous fruit juice 

like lemon19-27, pine apple28-29, coconut30, 

tamarinds indica31 etc. 

The present work concerns about environmental 

demands and development of eco-friendly, non 

hazardous method for the formation of carbon-

carbon bond using inexpensive henna leaves 

extract as a natural catalyst with excellent yield. 

Henna leaves contains Lawson, Gallic acid, 

Tannin, Sugars etc.  The reaction was carried out 

at RT with constant stirring by taking equimolar 

quantities of aromatic aldehydes and 

malanonitrile in presence of stoichiometric 

amount of henna extract without any organic 

solvents to give methylene malononitrile. 

EXPERIMENTAL 

Henna leaves were collected from nearby forest 

as shown in Figure No.1. Leaves were cleaned 

under running water and extract prepared using 

mortal and pastel. Extract was filtered using filter 
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paper and juice was used to carry out 

Knoevenagel condensation.  

 

Figure 1: Henna leaves 

Scheme-1 

 

Instruments 

IR spectroscopy was carried out using Spectrum 

BX instrument model L1050033. 

General Method for the Condensation of 

Aldehydes with Malononitrile 

Different aromatic aldehydes (10mmol), 

Malononitrile (10mmol) and henna juice (1ml, 

pH = 4.5 to 5.3) were taken in a round bottom 

flask and stirred using magnetic stirrer. The 

reaction time varied from 30 to 90 min monitored 

by TLC. Upon completion of the reaction, the 

reaction mixture was taken into watch glass and 

purified by recrystallization method using 

alcohol as a solvent. Identity of compounds 

confirmed by 1H NMR spectra, IR spectra and 

M.P. 

RESULTS AND DISCUSSION 

In the present research paper we have reported an  

efficient eco-friendly and economic catalyst for 

Knoevenagel condensation of aromatic aldehydes 

with active methylene group to give   substituted 

methylene malononitrile.  

In addition to easy way, this catalyst resulted in 

higher yields for the synthesis products (Tab-1), 

in the knoevenagel condensation. Furthermore 

the work up is simple and user friendly. 

Spectral Data 

2-(Phenylmethylene) malononitrile (a): Light 

yellow crystal, yield: 88 %, mp 83oC (82-83oC). 

FTIR (KBr, max (cm-1)) 2223 (CN), 1598 (C=C). 
1HNMR (300 MHz, CDCl, 25oC): d = 7.9 (d, 

J=8.5 Hz, 2 H, phenyl), 7.8 (s, 1 H, CH), 7.5–7.7 

(m, 3 H, phenyl) ppm. 

2-[(4-Chlorophenyl) methylene] malononitrile 

(b): Colorless crystals, yield:  93%, mp 165oC 

(163-165oC). FTIR (KBr, max (cm-1)) 2223 

(CN), 1582 (C=C). 1HNMR (300 MHz, 

CDCl3Hz, 2H, phenyl) ppm. , 25oC): d = 7.8 (d, 

J= 8.4 Hz, 2H, phenyl), 7.7 (s, 1H, CH), 7.5 (d, 

J= 8.4 Hz, 2H, phenyl) ppm. 

2-[(4-Methoxyphenyl) methylene] malononitrile 

(c): Pale yellow crystals, yield: 85%, mp 112-

114oC (114-115oC), FTIR (KBr, max (cm-1)) 

2218 (CN), 1598 (C=C). 1H NMR (300 MHz, 

CDCl3, 25oC): d = 7.9 (d, J=8.5 Hz, 2H, phenyl), 

7.6 (s, 1H, CH), 7.0 (d, J=8.5 Hz, 2H, phenyl), 

3.9 (s, 3H, OCH3) ppm. 

2-[(3-Nitrophenyl) methylene] malononitrile 

(d): Off-white crystals, yield: 92, mp 104oC 

(104-105oC) FTIR (KBr, max (cm-1)) 2228 (CN), 

1592 (C=C), 1521 (NO2, asymmetric), 1349 

(NO2, symmetric). 1HNMR (300 MHz, CDCl3, 

25oC): d = 8.4 (s, 1H, phenyl), 8.2 (s, 1H, CH), 

7.4-8.1 (m, 3H, phenyl) ppm. 

2-[(4-Nitrophenyl) methylene] malononitrile 

(e): Pale yellow crystal, yield: 88%, mp 163oC 

(160-162oC) FTIR (KBr, max (cm-1)) 2226 (CN), 

1592 (C=C), 1523(NO2, asymmetric), 1349 

(NO2, symmetric). 1HNMR (300 MHz, CDCl3, 

25oC): d = 8.2–8.0(d, J=10.0 Hz, 2H, phenyl), 

7.8 (s, 1H, CH), 7.7–7.6 (d, J=10.0 Hz, 2H, 

phenyl) ppm. 
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Mechanism 

 

Table 1: Results of Knovenagel condensation of malononitrile with aldehydes catalyzed by Henna 

leaves (extract) 

 Substrate Product 
Color and nature 

of product 

Yield 

(%) 

Time 

(min) 

M.P. 

(oC) 

a. 
 

Benzaldehyde 

 

 

Light yellow 

crystals 

 

88 

 

32 

 

83 

b. 
 

4-Chlorobenzaldehyde 

 

 

Colorless crystals 

 

90 

 

40 

 

164 

c. 
 

4- Methoxybenzaldehyde 

 

 

 

Yellow crystals 

 

86 

 

25 

 

116 

d. 
 

3-Nitrobenzaldehyde 

 

 

Off-white crystals 

 

90 

 

30 

 

104 

e. 
 

4-Nitrobenzaldehyde 

 

 

Pale yellow crystals 

 

94 

 

38 

 

163 
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CONCLUSION 

An eco-friendly and economic method has been 

developed to carry out the Knoevenagel 

condensation by henna juice catalyst with good 

yields. This solvent free approach is based on 

green chemistry principles and do not cause any 

harm to environment. In addition, it involves 

mild reaction condition and simple work up. 
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