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Abstract: An efficient synthesis of arylmethylidene products by the Knoevenagel condensation of aromatic aldehydes
with active methylene compounds in the presence of pyridinium salyicylate as an ionic liquid at 30oC was successfully
performed in aqueous media.  The major advantages of this method are short reaction time, high yields and green aspects
by avoiding toxic catalyst and solvents. The ionic liquid was successfully reused for four cycles without significant loss
of activity.
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Introduction and Experimental
The Knoevenagel condensation of araldehydes with
active methylene compounds is an important and basic
reaction for C-C bond formation, which is of
paramount important in organic synthesis (1). The
Knoevenagel condensation reactions are classically
catalyzed by base in liquid-phase systems; various
catalysts are known to effect the reaction with different
aldehydes and active methylene group. Usually
gaseous ammonia, amines and their salts are used as
catalysts in this condensation (2). Recently TEBA (3),
diammonium hydrogen phosphate (4), [bmim]OH (5),
lithium bromide (6), hydrotalcite (7), nanocrystalline
magnesium oxide (8), hexadecyltrimethyl ammonium
bromide(9), MgO/ZrO2 (10), CeCl3.7H2O-NaI (11),
imidazoles (12), gem-diamines (13), methyl
ammonium FAU zeolite (14), and poly(vinyl chloride)
supported tetraethylenepentamine (15) has been
reported to bring about this reaction.  Although some
of these methods represent convenient procedures with
good to high product yields, representation of a new,

efficient  and  facile  procedure  for  synthesis  of  these
compounds can be very significant. In general this type
of condensation reaction performs inhomogeneous
solution in the presence of organic bases. This method
has its limitations, namely, it has difficulties in catalyst
separation and recycling.  In order to reduce effluents
to environmentally acceptable limits, this
transformation has been studied by using various
heterogeneous solid base, for example, hydrotalcite ,
Cs-MCM-41,  MCM-41,  modified  silica  gel,  Ga  /  Al-
containing layered double hydroxides, Zr(O3POK)2,
modified expanded corn starches, amino-immobilized
MCM-41and so on. More recently, Knoevenagel
reactions have been performed using functional ionic
liquids, e.g., ethylammonium nitrate,
ethylenediammonium diacetate, Lewis acidic ionic
liquids, as both the catalyst and solvents.  In these
processes, however products were isolated by
extraction or water dilution, thus the use of large
amounts of volatile solvents or tedious distillation
work-up was unavoidable.  Also some approaches
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have been reported that Knoevenagel reaction could be
performed in water, even in the absence of catalyst.
Unfortunately, they are efficient only with high
activated substrates.  For example, Bigi and Co-
workers have described the aqueous catalyst-free
Knoevenagel reaction between aromatic aldehydes and
malononitrile (a highly activated methylene
compound).  However, this protocol is time consuming
and need to perform at heating condition.
Nowadays, there is an urgent need to develop green
chemistry process, where the use of noxious substance
and the generation of waste can be avoided. From both
environmental and economical points of view, using
aqueous media to perform organic reactions has
attracted considerable interest because water is
considered to be the most environmentally acceptable,
safe and inexpensive solvent. Recently work has
focused on the preparation and application of
functionalized ionic liquids with special tasks, such as
carrying hydroxyl, amino, sulfonic acid, or carboxyl
and so on. Recently, we have also reported the use of
functional ionic liquids as catalyst and recoverable
ligand for organic synthesis. Pyridinium-based ionic
liquids have been also used as solvents for various
catalysis processes (16) but are essentially unexplored
as media for generating and stabilizing metal
nanoparticles, although the presence of a functional
group might facilitate their formation/stabilization.
On one hand, studies on use of readily available and an
inexpensive environmentally benign sodium carbonate
have greatly expanded all around the world, and search
for application of sodium carbonate has pulled up
numerous records (17).  On the other hand, Aramendia
has reported the Knoevenagel condensation of
malononitrile with benzaldehyde using potassium
carbonate, rubidium carbonate and cesium carbonate to
get benzylidenemalanonitrile, but the reactions
proceed further to give benzylmalanonitrile ( also, the
Michael addition of malononitrile to certain double
bonds occurred in the presence of K2CO3) (18).
Siebenhaar et al in 2001 has used a 1:4 mixture of
sodium carbonate-4 Å molecular sieves at 50oC and at

90oC Knoevenagel condensation (19). Esteb et al have
performed the Knoevenagel condensation of aldehydes
and malononitrile at RT for 30 min in water using
sodium bicarbonate, sodium acetate and potassium
carbonate (20). Herein we describe an eco-friendly and
economical approach to Knoevenagel condensation
reaction catalyzed by pyridinium salicylate ionic
liquid. (Scheme 1). With the minimal amount of
catalyst, reactions were completed at room temperature
with high yields of desired products.

Experimental method
Araldehydes, malanonitrile, pyridine, salicylic acid are
purchased from S D fine-Chem limited and are of LR
grade and used without further purification. The
melting points were determined in open capillary tubes
in Infra tech melting point apparatus and are
uncorrected. The homogeneity of the products was
checked on TLC plates coated with silica gel-G and
visualized by exposure to iodine vapors. The IR
spectra were recorded on Perkin-Elmer Infrared model
S99-B and on Shimadzu IR-435 spectrophotometer
(νmax in cm-1). 1H  NMR  spectra  were  recorded  on  a
Varian unity 200 and 50 MHz NMR spectrometer
using solvent peak as an internal standard.

General procedure for the synthesis of
Knoevenagel condensation
A mixture of aromatic aldehydes (1 mmole), active
methylene compound (1 mmol) and ionic liquid (0.1
mmol) was taken in a round bottomed flask. Then the
reaction mixture was stirred and refluxed at 40oC for a
few minutes. After the reaction was over as monitored
on TLC, the solid product was separated by filtration,
washed with water, dried and purified by
recrystallization from ethanol to give products 1a-f.
The melting point (both observed and reported), 1H-
NMR spectral data, reaction time and yield of
arylmethylidene compounds prepared by this
procedure were noted.

Scheme 1. Synthesis of ionic liquid pyridiniumsalicylate [C7H5O3py]
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Scheme 2. Knoevenagel condensation (A representative case)
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  Table 1.Knoevenagel condensation of araldehydes with malanonitrile catalyzed by
  Pyridinium salyicylate ionic liquid

                                   m.p. (oC)Product R Yielda

(%) Observed Reported
1a C6H5 96 80-83 83-84
1b 4-CH3O-C6H5 93 114 113-114
1c 4-Cl-C6H4 95 162-64 161
1d 4-NO2-C6H4 91 160-162 161-162
1e 4-CH3-C6H4 90 110-112 111
1f C5H4O 90 120-126 124

    aYield refers to pure isolated products

   Table  2. Effect of ionic liquids on the synthesis of arylmethylidene compound 1a
Entry Ionic liquids Time (min) bYield (%)
1 [TBA][AMPS] 10 75
2 pyridinium salicylate 3 96
3 Tetrapropylammoniumbenzoate 10 15
4 Tetrapropylammoniumsalicylate 10 Not detected
5 Tetrapropylammoniumanthranilate 10 Not detected
6 Tricaprylmethylammoniumanthranil-ate 10 Not detected

     bYield refers to pure isolated products

   Table 3. Comparison of results of other reported procedures with the present method
    in terms of time and yielda

Entry Catalyst Time dYield (%)
1 ZnCO3 10 min ND
2 TPAB 10 min 15
3 Ba(OH)2 10 min Trace
4 piperidine 3 hr Ref 19
5 PEG 1 hr Ref 20
6 [bnmim]Cl 50-90 min 85-95

      dYield refers to pure isolated products

Table 4 .Recycling of pyridinium salicylate ionic liquid for the synthesis of
arylmethylidene compound
Entry Cycle eYield (%)
1 Fresh 96
2 1st 94
3 2nd 90
4 3rd 87
5 4th 83

     eYield refers to pure isolated products
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Results and Discussion
In continuation of our research work on Knoevenagel
condensation and development of novel synthetic
methodologies, herein, we would like to report a
simple, efficient and rapid method for the synthesis of
arylmethylidene derivatives.  In search for an efficient
ionic liquid, the reaction of benzaldehyde with
malononitrile at 30oC has been considered as standard
model reaction. We have screened four different ionic
liquids such as [TBA][AMPS], pyridinium salicylate,
Tetrapropylammoniumbenzoate,Tetrapropyl-
ammoniumsalicylate,Tetrapropylammonium-
anthranilate,Tricaprylmethylammoniumanthranilate
for the model reaction. All the results are listed in
Table  2.  In  ILs  such  as  [TBA][AMPS],
Tetrapropylammoniumbenzoate,Tetrapropyl-
ammoniumsalicylate,Tetrapropylammonium-
anthranilate,Tricaprylmethylammoniumanthranilate,
the desired product was not obtained in satisfactory
yields.  Considering the reaction time and yield of
product, pyridinium salicylate was selected as the
optimum catalyst to promote the synthesis of
arylmethylidene derivatives.  We have developed a
newer route for the condensation of various aldehydes
with malononitrile in an IL, pyridinium salicylate at
30oC. The reaction does not require any additional

catalyst because IL itself acts as a good catalyst as well
as solvent. The liberated water during reaction was
adsorbed by the IL and hence the reaction proceeds
well. In this methodology, condensation reaction
completed in a shorter time and with excellent yields.
The reactions were compatible with various
substituents such as nitro, methoxyl, chloro, fluoro,
methyl, hydroxyl, etc. No any significant substituents
effect was observed in regarding the reaction time and
yield of product.

We have examined the catalytic activity of recovered
pyridinium salicylate for the model reaction and the
results of recycling experiments are given in table 3.
These results clearly indicate that the recovered
pyridinium salicylate can be recycled successfully
without significant loss of activity. In order to show
the merits of present method in comparisons with other
reported methods for the similar reactions, we have
tabulated  some  of  the  results  in  table  4.  The  IUPAC
name and the spectral characteristics (FT-IR, 1H-NMR,
13C-NMR and EIMS) of the products obtained and
their analytical data (by elemental analysis) are
presented in table5. As it is evident from the results,
the present method is found to be very effective for the
synthesis of arylmethylidenes.

Table 5.Spectroscopic and analytical data of the arylmethylidene compounds:
Anal.Entry Product Name IR

(KBr) cm-1

1H NMR

(CDCl3) ppm

EIMS

m/z
Calcd% Found%

1 1a  2-

phenylmethylidenemalononi

trile

3048,2231,1600,

1512

δ7.95-7.99

(s,5H,ArH),7.76(d,

2H,H-C=CH)

155(M+) C,77.42;H,4.5

2;N,18.06

C,77.46;H,4.

50;N,18.06

2 1b 2-(4-

Methoxyphenylmethylidene

)malononitrile

3090,2231,1600,1

512

δ 3.91 (s,3H,O

CH3),8.19(s,1H,H-

C=C),7.95-7.99

(m,2H,ArH),7.22-

7.27(m,2H,ArH)

185(M+) C,71.35;H,4.8

6;N,15.13;O,8

.65

C,71.30;H,4.

90;N,15.13;

O,8.68

3 1c 2-(4-

Chlorophenylmethylidene)

3048,2231,1600,

1512

7.95-7.99(m,2H,

ArH), 7.22-7.27

(m,2H,ArH),7.76(

190(M+) C,63.15;H,3.1

5;N,14.73;Cl,

18.65

C,63.18;H,3.

14;N,14.75;

Cl,18.62
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malononitrile s,1H,H-C=C)

4 1d 2-(4-

Nitrophenylmethylidene)ma

lononitrile

3048,2231,1600,1

512, 1536 (Asym.

Stretching, N=O),

1355(Asym.

Stretching, N=O)

Δ 7.95-7.99(m,2H,

ArH),7.76(s,1H,H-

C=C),7.22-

7.27(m,2H,ArH)

201(M+) C,60.00;H,2.0

0;N,21.00;Ol,

16.00

C,60.20;H,2.

00;N,21.30;

O,15.80

5 1e 2-(4-

Methylphenylmethylidene)

malononitrile

3048,2231,1600,

1512

δ 1.95(s,3H), 7.95-

7.99(m,2H,ArH),7

.76(s,1H,H-

C=C),7.22-

7.27(m,2H,ArH)

169(M+) C,78.10;H,5.3

2;N,16.57

C,78.26

;H,5.30;N,16

.00

6 1f 2-(4-

Florophenylmethylidene)ma

lononitrile

3048,2231,1600,

1512

7.95-7.99(m,2H,

ArH),7.76(s,1H,H-

C=C),7.22-

7.27(m,2H,ArH)

172.6(M+) C,69.36;H,3.4

6;N,16.18;F,1

0.40

C,69.45;H,3.

48;N,16.18;F

,10.40

Conclusion
In conclusion, an efficient and solvent-free protocol
for obtaining a series of arylmethylidene derivatives
using catalytic amounts of pyridinium salicylate ionic
liquid has been developed.  The advantages of this
method are: it is experimentally rapid, convenient and
set-up not requiring specialized equipment; the
reaction works at RT; excellent product yields are

obtained in a short reaction time with elimination of
solvents.
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