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A greener, economic and eco-friendly method for Knoevenagel condensation of aromatic aldehyde, salicylaldehyde with 

active methylene compounds like malononitrile and Meldrum’s acid to synthesize benzylidinemalononitrile and 3-carboxy 

coumarin derivatives respectively is demonstrated. The reaction has been carried out in the absence of external base using 

agro-waste sourced green catalyst WENBA {Water Extract of Nilgiri Bark Ash (Eucalyptus)} as an efficient natural 

catalytic medium. WENBA is a novel, ecologically safe and inexpensive green catalyst obtained from the agro-waste 

feedstock. The synthesized compounds benzylidinemalononitrile and 3-carboxy coumarin (2-oxo-2H-1-benzopyran) 

backbone have multiple applications in medicinal chemistry for the synthesis of bioactive molecules. Thus, a wide number 

of methodologies have been developed for the synthesis of this class of organic molecules. However, some of the methods 

reported are associated with hazardous materials and are toxic to the environment. They have longer reaction times, poor 

yields, and with lower purity of final isolated compound. In spite of a large number of methodologies available for this 

bioactive molecule synthesis, there is still demand for the development of newer reagents, which give environmentally 

friendly protocols, mild reaction conditions, inexpensive catalyst and final product isolation in pure form with good yields. 

Keywords: Agro-waste, Knoevenagel reaction, Benzylidinemalononitrile, Coumarin-3-carboxylic acid, room temperature 

Environmental issues associated with many of the 

organic reactions have created a huge challenge for 

the researchers to establish eco-friendly, sustainable 

or greener approaches for the existing organic 

transformations
1,2

. The use of aqueous media instead 

of volatile organic solvents has got huge attention in 

organic reactions. Recently, eco-friendly, green and 

benign approaches have gained huge attention to carry 

out the organic transformation at ambient 

temperature. The use of hazardous reagents as 

catalysts during reaction seriously affects the human 

health and extremely damages to our environment. 

Nowadays, various water extract catalytic approaches 

have also given more attention due to its clean, 

simple, safe, economic and high yielding 

advantages
3
.These room temperature reactions being 

highly greener in their approach which strongly also 

fulfil the principles of ‘Green Chemistry’
4
. 

Coumarin-3-carboxylic acid represents as a 

prominent heterocycle with wide variety of 

applications showed in biological activities and in 

material science. The reported literature reveals that, 

coumarin-3-carboxylic acids how potential effects in 

terms of medicinal application such as anti-coagulant5, 

anti-bacterial
6
, anti-inflammatory

7
, anti-HIV

8
 and 

neuro protective agents
9
.They have also been employed 

as prominent intermediates for the synthesis of various 

pharmacologically potential compounds such as  

β-lactams10, isoureas11 and tetrahydropyridones12.The 

ester and amide derivatives ofcoumarin-3-carboxylic 

acids are well known for their efficient anti-

cancer
13

properties which include the inhibition of 

tumour cell growth and invasion in vitro and in vivo
14

. 

The coumarin-3-carboxylic acids have not just focused 

to biological activities apart from that, they have also 

employed in triplet oxygen sensitizers
15

, cosmetics, 

perfume industries, pharmaceuticals
16

, also in the 

production of insecticide, optical brighteners
17

, as 

fluorescent probes
18

and laser dyes
19

. They have also 

been extensively used as a ligand in metal-coumarin 

preparation and showed prominent bio-applications
20,21

. 

The above mentioned and several other 

applications have gained promising importance, 

which has made coumarin-3-carboxylic acids as an 

important objective for the researchers. The previous 

reported method adopted the synthesis of  
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coumarin-3-carboxylic acid by condensing various  

o-hydroxybenzaldehyde with ethylcyanoacetate, 

malononitrile or malonic acid
22-26 

catalyzed using 

piperidine
27

, L-proline
28

 and also variety of ionic 

liquids have been reported
29

. Recently, researchers 

have reported better methodology for the synthesis of 

coumarin-3-carboxylic acid by condensing ortho-

hydroxybenzaldehyde with Meldrum’s acid has been 

proven to be more superior to previous combinations 

in terms of yield and simplicity of the reaction 

condition. Since coumarin derivatives have wide 

range of applications gave insight to chemist develop 

variety of synthetic methodologies. The various 

synthetic protocols available for it synthesis, some of 

the important reactions are Pechman condensation
30,31

, 

Perkin reaction
32

, Knoevenagel condensation
33

, Wittig 

reaction
34-36

, Baylis-Hillman reaction
37,38

. In spite of 

many reactions reported, the Pechmann and 

Knoevenagel reactions are regularly employed for the 

synthesis of coumarins due to the simple reaction 

conditions and isolation of product in good yield. The 

development of newer methodologies to facilitate 

coumarin synthesis via Knoevenagel condensation is 

an intense area of research at present. Therefore, 

many techniques have been introduced for new 

methodologies that are simple reaction, solvent-free, 

inexpensive catalyst and environment benign. 

Thus, researchers have been established many 

efficient catalytic approaches for the condensation of  

o-hydroxybenzaldehyde with Meldrum’s acid which has 

been accepted as one of the best combination of 

substrates for the synthesis of 3-carboxy coumarins. The 

various catalysts reported such as ammonium acetate
39

, 

potassium phosphate
40

, stannous chloride
41

, ferrous 

chloride
42

, clays
25

, lithium salt
26

, triethylamine
43

, silica 

sulphuric acid
44

, choline chloride
45

, 1,1,3,3,-N,N,N’,N’-

tetramethylgaunidinium triflouroacetate ionic liquid 

(TMGT)
46

, piperidinium acetate
47

. 

Among various C-C bond formation reactions, 

widely employed and one of them which has got 

many industrial application is Knoevenagel 

condensation
48,49

. This reaction proceeds by 

condensing aldehyde with active methylene 

compounds like malononitrile or ethylcyanoacetate 

which leads to alkenes. The product have been 

recognized by wide range of applications in chemical 

synthesis includes therapeutic drugs, cosmetics, 

insecticides,polymers and many moredivisions
50

. The 

Knoevenagel condensation reaction usually catalyzed 

by Lewis acid or base.In literature method reveals that 

variety of catalytic approaches have been adopted for 

the Knoevenagel condensation of aldehyde with 

active methylene compound such as microporous 

polyurethane
51

, basic ionic liquid
52

, functionalized 

ionic liquids
53-55

, functionalized silica gel
56

, 

diammonium hydrogen phosphate
57

, Xonothite silica 

gel
58

, Zn(OAc)2
59

, K10-ZnCl2
60

, AlPO4-Al2O3
61

, 

cetyltrimethyl ammonium bromide
62

, KF-Al2O3
63

, 

ZnCl2
64, K3PO4

65, I2-K2CO3
66, CdI2

67, Al2O3
68, natural 

catalyst
69

, MgBr2.OEt2
70

, GaCl3
71

. In spite of these 

many catalytic approaches, some of the methods have 

advantages, and most of the method suffer from 

various disadvantages such as longer reaction time, 

harsh condition, elevated temperature, need for excess 

reagents, lower yields, tedious workup and mainly 

expensive catalyst, lead to several side products, 

usage of hazardous organic solvents and most of the 

method ask for chromatographic purification of 

adducts. Therefore, there is huge demand to establish 

clean, simple, efficient and high yielding approaches 

to follow green chemistry principles are still in 

demand in organic synthesis. 

Present chemists are more interested to develop eco-

friendly, simple, efficient and economic approach 

methods as an important tool for many synthetic 

transformations, which employ various natural 

feedstock extracts, which are well known for their non-

hazardousness, no usage of organic solvent, and 

replace many organic and inorganic based catalysts.  

At present literature reported so many homogenous 

catalytic approaches, which follow green chemistry 

principle established for various organic 

transformations such as Suzuki coupling, Henry 

reaction, Dakin reaction and Ipso-hydroxylation in 

WERSA
72-75

, Suzuki coupling, Dakin reaction and 

peptide bond formation using WEB
76-78

, 

heterocyclization using BFE (Aeglemarmelos)
79

, 

Sonogashira coupling reaction employing WEPBA
80

, 

Suzuki cross coupling reaction using 

Eichhorniacrassipes (Water hyaninth)
81

, and recently 

our group has reported Knoevenagel condensation  

using WEPBA
82 

and WEB
83

. And also our group has 

recently focused on the green synthesis of 

pharmacologically potent heterocylic molecules such 

as 2-aryl benzimidazoles using WEPBA
84a

, 2-amino-

4H-chromenes using WEPPA84b and 4-Benzylidene-2-

(2-fluorophenyl) Oxazol-5(4H)-one derivatives using 

ESP
84c

. Thus all these findings inspired us to generate a 

novel catalytic media using water extract of nilgiri bark 

ash (WENBA). In this regard our group has established 
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a novel, efficient and economic catalytic media,  

which plays dual role being catalyst as well  

solvent, low cost, abundantly available, natural 

feedstock extract for the green method synthesis of  

3-carboxy coumarins and benzylidinemalononitriles 

at chromatographically pure is described. 

 

Results and Discussion 
Researchers are interested recently for the 

development of efficient, safer catalyst of green and 

sustainable processes derived from the natural 

‘feedstocks’ as an alternative to hazardous organic 

solvents or metal based catalysts for the synthesis of 

organic compounds. Keeping present demand, and in 

continuation of our interest in exploring the 

applications of natural feedstock catalysts for the 

organic transformation. Herein, we wish to report a 

WENBA extract as an efficient and eco-friendly 

catalyst for the synthesis of 3-carboxy coumarins and 

arylidinemalononitriles based on multi component 

reaction (MCR) strategy is described. The extracted 

WENBA catalyst act as a non-conventional base with 

a pH of 12.06, highly active with good to excellent 

product isolation in a short reaction time at RT. To the 

best of our knowledge, this is the first report on the 

use of WENBA catalyst for the synthesis of 3-

carboxy coumarins and arylidinemalononitriles. The 

catalytic media is extracted from the ash of Nilgiri 

bark (Eucalyptus) available in Indian continent was 

employed for the extraction. It has many medicinal 

significance also, the species of Eucalyptus are 

cultivated widely in the tropical and temperature in 

world, including the Americas, Europe, Africa, 

Mediterranean Basin, the middle east, china and the 

Indian continent. The physico-chemical studies using 

EDX analysis of WENBA extracted revealed that, it is 

rich in Ca, Mg, K, Na, Cu, O and C in the range of 

0.15 – 60.70 % (Figure 1 and Figure 2). The pH of the 

extracted solution was also examined using pH meter 

and found pH 12.06.The elemental analysis has also 

been carried out for WENBA using ESICO 

Microprocessor Flame Photometry 1382. The 

elemental analysis using flame photometry is also 

carried out by preparing standard solutions of 

 
 

Figure 1 — SEM images of Nilgiri bark ash 

 

 
 

Figure 2 — EDX spectrum of Nilgiri bark ash 
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respective metal salts KCl for K, NaCl for Na, 

MgCO3 for Mg and CaCO3 for Ca detection, these 

respective salt standard solutions are prepared such as 

40ppm, 60ppm, 80ppm for standardization purpose. 

Further, 10% of WENBA solution is employed for the 

flame photometry analysis, which reveals the 

presence of 17.55ppm of K, 16.53ppm of Na and 

26.3ppm of Mg and 44.2ppm of Ca in the WENBA, 

which is in comparable with the elemental data 

obtained from EDX analysis of WENBA. In view of 

this data of natural feedstock extract having alkaline 

nature, it may serve as a better alternative to harmful 

corrosive catalyst used in organic transformations. For 

the present study, bark of nilgiri was collected from 

local area and species was authenticated. The 

collected dried bark was broken into small pieces 

manually with a knife and burnt bark to ash directly 

using burner on a container. The resulted bark ash  

(10 gm) was suspended in distilled water (100 mL) 

stirred mixture for one hour at RT, filtered to get clear  

solution, the resulted light yellow coloured filtrate is 

named as WENBA. To check the applications of the 

extracted WENBA, we attempted the Knovenagel 

condensation reaction in 10% WENBA in the absence 

of any other ligand or solvent or promoters. To carry 

out this synthetic method, a model reaction (Table I, 

entry 1) of o-vanilin (1mmol), Meldrum’s acid 

(1mmol) and (5 mL) at RT stirring method. The 

Table I — Synthesis of 3-carboxy coumarins with physical data 

Compd Salicylaldehyde Producta Time (h) Yieldb (%) m.p. (°C) 

Obsd. Lit. 

3a OCH3

OH

CHO  

5a 

O

OCH3

OH

O

O

 

3 90 213-215 215-21645 

3b OH

CHOBr  
5b

O

OH

O

O

Br

 

3 89 191-193 193-19585 

3c OH

CHOCl  
5c

O

OH

O

O

Cl

 

3 88 122-123 122-12385 

3d 

OH

CHO

 5d

O

OH

O

O

 

3.5 90 167-169 166-16892 

3e OH

CHO

HO

 

5e 

O

OH

O

OHO

 

3 88 261-263 260-26285 

3f OH

CHO

H3CO

 5f

O

OH

O

OH3CO

 

3.5 89 192-194 192-19485 

3g OH

CHO  

5g

O

OH

O

O

 

 3 90 188-190 189-19185 

     (Contd.)
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model reaction at RT revealed that, thehighest 

isolation of the product with pure form took  of  about  

3hrs to complete.So, the method optimization 

revealed that, RT stirring method in presence of 

WENBA required lesser time with solvent free and no 

catalyst is an example of a greener protocol synthesis. 

Further to check the amount of catalytic media 

required for the 1 mmol scale reaction, selected 3 mL, 

5 mL and 7 mL of 10% WENBA in a separate 

reaction on model reactants, the reaction revealed 

5 mL of catalyst is the minimal amount required for 

the reaction at RT. The 5 mL WENBA gave better 

product isolation compare to 3 mL of catalyst in 

reaction, but in the case of 7 mL catalytic media not 

observed any increase in its product isolation. So, we 

came to conclusion that, the minimal catalytic media 

required for the present work is 5 mL for 1 mmol 

scale reaction and used throughout in this present 

reaction. To extend generality of this model reaction, 

we prepared a range of coumarin derivatives (5a-5l, 

Table I, Scheme I, Scheme II) by reacting with 

various substituted salicylaldehyde derivatives (3a-3l) 

with Meldrum’s acid under optimized reaction 

conditions. As shown in Table I, substituted 

salicylaldehydes with groups carrying either electron 

donating or electron withdrawing reacted successively 

and gave the expected product in good to excellent 

yields. In addition, the synthesis of 5a derivative was 

also performed with 10 mmol scale of salicyladehyde 

and Meldrum’s acid, the final product isolated in good 

yield of 88% indicating that this method could also be 

used for the large scale synthesis without any side 

product formation. In all the cases, the single product 

isolated in pure form and was characterized by FT-IR, 
1
H, 

13
C–NMR and mass spectrometry. Inspired by 

these excited results obtained for the coumarin-3-

carboxylic acid cyclization, we extended the present 

protocol for the synthesis of arylidinemalononitriles 

Table I — Synthesis of 3-carboxy coumarins with physical data (Contd.) 

Compd Salicylaldehyde Producta Time (h) Yieldb (%) m.p. (°C) 

Obsd. Lit. 

3h 

OH

CHO

Cl

Cl  

5h 

O

OH

O

O

Cl

Cl

 

3 91 198-200 199-20285 

3i 

OH

CHO

OH

 

5i 

O

OH

O

O

OH

 

3.5 90 203-205 204-20692 

3j 

OH

CHO

N

 5j

O

OH

O

ON

 

3.5 89 209-211 210-21292 

3k 

OH

CHO

OH

HO

 5k

O

OH

O

O

OH

HO

 

3 89 190-192 190-19292 

3l 

OH

CHO

Br

Br  5l

O

OH

O

O

Br

Br

 

3.5 87 206-208 206-20885 

a All the products were characterized by FT-IR, 1H and 13C NMR, and LC-MS. 
b Yields refer to the isolated yields. 
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(6a-l) by reaction of various substituted benzaldehyde 

derivatives (4a-l) with malononitrile (Table II). 

Further, we also examined the present method 

compatibility on electron donating and electron 

withdrawing groups substitution on benzaldehyde, the 

results revealed that, the present method reacted 

successively with malononitrile and gave the expected 

products in high yields (Table II). The final product 

isolated in pure form and examined its homogeneity 

by FT-IR, 
1
H-, 

13
C NMR and mass spectrometry. The 

acceleration of coumarin and arylidinemalononitrile 

formation using WENBA (Scheme III) is currently 

not well understood. The EDX data revealed that, 

WENBA contains Ca, K, Na as major constituents 

along with the host of other trace elements. Therefore, 

it is believed that carbonates of Ca, Na, and K of 

WENBA get transformed into corresponding oxides 

on burning and then into hydroxides during water 

extract which may act as a basic catalyst for the 

present reaction. To compare the catalytic activity of 

WENBA, here we compared the catalytic activity 

some of synthetic alkali/carbonates for the model 

reactions (Table III). In Table III WENBA catalyzed 

reaction showed better catalysed with respect to time 

and product yield compare to other catalyzed 

(Table III, entry 1-3). This reaction suggested that, the 

strong alkalinity of WENBA (Table III, entry 4) in 

presence of other mineral salts is promoting the 

reaction efficiently. 

The plausible mechanism (Scheme IV) for the  

3-carboxy coumarin formation initiates by 

Knoevenagel condensation between salicylaldehyde 

and Meldrum’s acid. In the beginning hydrogen of 

active methylene site of Meldrum’s acid can be 

abstracted by the agro-waste natural basic catalyst (1) 

by forming carbanion for further attack on the 

carbonyl aldehyde proceeds via nucleophilic 

substitution,  which   further   promotes  ring  opening  

 
 

Scheme I — Previous work vs present work for the synthesis of 3-carboxy coumarin derivatives 

 

 
 

Scheme II — Previous work vs present work for the synthesis of benzylidinemalononitrile derivatives 
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Table II — Synthesis of benzylidinemalonitrile derivatives with physical data 

Compd Aldehyde Product a Time (min) Yield b (%) m.p. (°C) 

Obsd. Lit. 

4a CHO

 

6a 

CN

CN

 

55 93 81-83 83-8488 

4b CHO

N
 

6b 

N

CN

CN

 

45 89 181-183 18069 

4c CHO

Cl  

6c 

CN

CN

Cl  

60 88 159-161 158-16088 

4d CHO

F  

6d 

CN

CN

F  

45 85 121-123 122-12490 

4e CHO

 

6e 

 

 

55 87 113-115 11490 

4f CHO

NO2  

6f 

CN

CN

NO2  

60 89 159-160 158-16188 

4g CHO

Cl

 

6g 

CN

CN

Cl

 

60 85 95-96 94-9591 

     
(Contd.)
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mechanistic way of Meldrum’s acid (2,3,4,) finally by 

cyclization of ortho-phenolic –OH (5) group of 

salicyaldehyde resulted in the formation of 3-carboxy 

coumarin (6). Further we checked the purity of the 

final product using several spectroscopic techniques. 

For this, the model reaction of o-vanilin and Meldrum’s  

acid for the synthesis of 8-methoxycoumarin-3-

carboxylic acid (8-methoxy-2-oxo-2H-1-benzopyran-3-

carboxylic acid) in pure form, which is directly taken for 

spectral analysis without further purification. The 

structure determining peaks observed in FT-IR using 

KBr pellets: 3410 (br, s, OH), 3055 (Aromatic CH), 

2923 (CH vinilic), 1749 (C=O, ester) 1669 (C=O, acid) 

1621, 1572 (C=C) cm
−1

. 
1
H NMR at 400 MHz, DMSO 

Table II — Synthesis of benzylidinemalonitrile derivatives with physical data 

Compd Aldehyde Product a Time (min) Yield b (%) m.p. (°C) 

Obsd. Lit. 

4h CHO

OH

OCH3

 

6h 

CN

CN

OH

OCH3

 

55 90 136-138 137-13891 

4i CHO

OCH3  

6i 

CN

CN

OCH3  

50 88 117-119 11669 

4j CHO

OH

 

6j 

CN

CN

OH

 

55 81 158-160 15969 

4k 

 

CHO

NO2

 

6k 

CN

CN

NO2

 

50 80 141-142 14069 

4l CHO

Br  

6l 

CN

CN

Br  

55 84 155-157 15669 

a All the products were characterized by FT-IR, 1H and 13C NMR and LC-MS. 
b Yields refer to the isolated yields. 
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(d6) as a solvent and TMS as an internal standard, 

showed proton variations at 8.715 (1H, s, C4-H), 7.32-

7.46 (m, Ar-3H), 3.31 (s, C8-OCH3). In 
13

C NMR: δ: 

163.92 (C3-COOH), 156.39 (C-8a), 148.52 (C8-OCH3), 

146.18(C-7), 143.75(C-5), 124.70(C-6), 121.04(C-3), 

118.43(C-8), 116.19(C-4a) 56.12 (C8-O-CH3) peaks  

are observed. Mass spectrometry data is observed  

using LC-MS which give strong m/z peak at  

221.01 [M+H]
+ 

and theoretically C11H8O5 requires 

220.17. 

 

Material and methods 

All the reagents and chemicals were purchased 

from Sigma-Aldrich and used as received without 

further purification. IR spectra were recorded on KBr 

disks on a Shimadzu FT-IR, 
1
H- and 

13
C NMR spectra 

were recorded on a Bruker spectrometer using TMS 

as an internal standard. The elemental analysis is 

carried out for WENBA using ESICO Microprocessor 

Flame Photometry 1382. LC-MS spectra were 

recorded in Waters; Synapt G2 High detection Mass 

spectrometry. SEM images are obtained using 

VEGA3, TESCAN (CZECH REPUBLIC) equipment 

followed by EDX by data by BRUKER nano, GmbH, 

D-12489 (Germany) equipment with Accelerating 

Voltage from 0 to 30 kV. The progress of the reaction 

 
 

Scheme III — Preparation of WENBA and its catalysed synthesis of coumarin-3-carboxylic acid and arylidenemalononitrile derivatives 
 

Table III — Comparison of different carbonates of Na, K, Ca and 

WENBA catalyst for the synthesis of coumarin-3-carboxylic 

acidsa and arylidinemalononitrilesb 

Entry Catalyst pHc Time 

(h) 

Yieldd  

(%) 

Time Yieldd  

(%) 

1 Na2CO3 11.86 5 48 3 h 49 

2 CaCO3 11.07 5 32 4 h 37 

3 K2CO3 11.58 6 64 2 h 68 

4 WENBA 12.06 3 91 55min 93 

a Reaction conditions: o-Vanilin (1.0 mmol), Meldrum’s acid 

(1.0 mmol) in presence of catalyst (10%, 5 mL) at RT. 
b Reaction conditions: benzaldehyde (1.0 mmol), malononitrile 

(1.0 mmol) in presence of catalyst (10%, 5 mL) at RT. 
c pH of 10% solution of alkaline salts 
d Isolated yields 
 

 
 

Scheme IV — Plausible mechanism for the synthesis of 

coumarin-3-carboxylic acid 
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was monitored by TLC. Melting points were 

determined in open capillaries and were uncorrected. 
 

Preparation of catalyst WENBA 
Preparation of water extract of nilgiri (Eucalyptus) 

bark ash (WENBA) is carried out by burning dried 

agro waste nilgiri bark to ash. After that, 10 g of ash 

was suspended in 100 mL of distilled water and 

stirred for one hour at RT. The suspension was then 

filtered and a light yellow coloured filtrate is 

denominated as WENBA. 

Typical experimental procedure for the synthesis 

of coumarin-3-carboxylic acid derivatives (5a-5l):  
A mixture of salicylaldehyde (1 mmol), 2,2- 

dimethyl-1,3-dioxane-4,6-dione (1 mmol) followed 

by addition of 5 mL of WENBA were mixed and 

reaction mixture was stirred at RT for respective time 

till completion of the reaction, after reaction 

completion monitored by TLC, reaction mixture is 

acidified with dilute hydrochloric acid and solid 

product formed is collected by filtering and washed 

several times with water to obtain almost pure 

coumarin-3-carboxylic acid. The homogeneity of the 

compound is confirmed by 
1
H NMR, 

13
C NMR and 

mass spectrometry. Melting point of the obtained 

products is very much compared to the literature data. 
 

Typical experimental procedure for the synthesis 

of arylidinemalononitrile derivatives (6a-6l): 

A mixture of aldehyde (1 mmol), malononitrile  

(1 mmol) followed by addition of 5 mL of WENBA 

were mixed and reaction mixture was stirred at RT for 

respective time till completion of the reaction, after 

reaction completion monitored by TLC, product 

precipitated is filtered and washed several times with 

water to obtain almost pure arylidenemalononitrile 

derivatives. The homogeneity of the compound is 

confirmed by 
1
H NMR, 

13
C NMR and mass 

spectrometry. Melting points of the obtained products 

are very much compared to the literature data. 
 

Selected spectral data of 2-oxochromene-3-

carboxylic acid derivatives 

(5a) 8-Methoxy-2-oxo-2H-chromene-3-carboxylic 
acid: Pale yellow solid, m.p. 213-215°C. FT-IR (KBr) 

ν: 3410, 3055, 2923, 1749, 1669, 1621, 1572 cm
−1

; 
1
H NMR (DMSO-d6), δ: 8.715 (1H, s, C4-H), 7.32-

7.46 (m, Ar-3H), 3.31 (s, C8-OCH3). 
13

C NMR  

(100 MHz, DMSO-d6): δ 163.92 (C3-COOH), 

156.39(C-8a), 148.52 (C8-OCH3), 146.18(C-7), 

143.75(C-5), 124.70(C-6), 121.04(C-3), 118.43(C-8), 

116.19(C-4a) 56.12 (C8-O-CH3).LC-MS: m/z Found: 

221.01 [M+H]
+

, C11H8O5 requires 220.17. 

(5b) 6-Bromo-2-oxo-2H-chromene-3-carboxylic 
acid: Pale creamy solid, m.p. 191-193°C. IR (KBr) ν: 

3603, 1742, 1710, 1609, 1551, 1473, 1343, 1030, 806 

cm
−1

; 
1
H NMR (400 MHz, DMSO-d6): δ 8.68 (1H, s, 

C4-H), 8.17 (1H, d, J = 2 Hz, Ar-H), 7.86-7.88  

(1H, dd, J = 8.8 and 2.4 Hz, Ar-H), 7.40-7.43 (1H, d,  

J = 8.8 Hz, Ar-H); 
13

C NMR (100 MHz, DMSO-d6):  

δ 163.68 (C3-COOH), 156.05 (C=O), 153.44 (C-8a), 

146.72 (C-4), 136.27 (C-7), 131.91 (C-5), 119.83  

(C-6), 119.67 (C-3), 118.35 (C-8), 116.14 (C-4a);  

LC-MS: m/z Found: 269.95 [M+H]
+
, C10H5BrO4 

requires 269.04. 

(5c) 6-Chloro-2-oxo-2H-chromene-3-carboxylic 
acid: Pale yellow solid, m.p. 122-123°C. IR (KBr) ν: 

3638, 3198, 1748, 1674, 1618, 1222, 1133, 980,  

833 cm
−1

; 
1
H NMR (400 MHz, DMSO-d6): δ 8.88 (1H, 

s, C4-H), 7.92 (1H, d, J = 2.4 Hz, Ar-H), 7.69 (1H, dd,  

J = 8.8 and 2.4 Hz, Ar-H), 7.38 (1H, d, J = 8.8 Hz,  

Ar-H); 
13

C NMR (100 MHz, DMSO-d6): δ 165.35 

(C3-COOH), 157.99 (C=O), 154.29 (C-8a), 146.22 

(C-4), 133.69 (C-6), 129.02 (C-7), 128.97 (C-5), 121.59 

(C-8), 119.69 (C-3), 118.65 (C-4a); LC-MS: m/z Found: 

225.90 [M+H]+, C10H5ClO4 requires 224.59. 

(5g) 2-oxochromene-3-carboxylic acid: White 

solid, m.p. 188-190°C. FT-IR (KBr) ν: 3056, 2930, 

2781, 1744, 1684, 1568, 1452, 1227, 1042, 833,  

770 cm
−1

; 
1
H NMR (400 MHz, DMSO-d6) δ  

7.36-7.82 (m,3H, Ar-H), 7.88-7.92 (dd, J = 8.0 Hz & 

J = 2.0 Hz, 1H, Ar-H), 8.75 (s, 1H, C4-H), 13.23 (s, 

1H, OH);
 13

C NMR (100 MHz, DMSO-d6): δ 165.99 

(C3-COOH), 156.37 (C=O), 152.72 (C-8a), 148.22 

(C-4), 133.26 (C-8), 131.14 (C-5), 124.85 (C-6), 

118.12 (C-3), 117.65 (C-4a), 115.09(C-7) LC-MS: 

m/z Found: 191.03 [M+H]
+
, C10H6O4 requires 190.15. 

(5h) 6,8-Dichloro-2-oxo-2H-chromene-3-carboxylic 
acid: Creamy solid, m.p. 198-200°C. IR (KBr) ν: 

3566, 3176, 1783, 1699, 1578, 1286, 1022, 956 cm
−1 

; 
1
H NMR (400 MHz, DMSO-d6): δ 8.61 (1H, s, C4-H), 

8.02 (1H, d, J = 2.0 Hz, Ar-H), 8.13 (1H, d, J = 2.0 Hz, 

Ar-H); 
13

C NMR (100 MHz, DMSO-d6): δ 164.05 

(C3-COOH), 155.23 (C=O), 149.56 (C-8a), 147.55  

(C-4), 133.36 (C-7), 128.67 (C-6), 128.56 (C-5), 122.34 

(C-8), 120.82 (C-3), 120.57 (C-4a); LC-MS: m/z Found: 

260.06 [M+H]
+
, C10H4Cl2O4 requires 259.04. 

(5l) 6,8-Dibromo-2-oxo-2H-chromene-3-carboxylic 
acid: Yellow solid, m.p. 206-208. IR (KBr) ν: 3550, 

3266, 2789, 1788, 1694, 1615, 1544, 1359, 1259, 
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1232, 979, 799, 694 cm
−1

. 
1
H NMR (400 MHz, 

DMSO-d6): δ 8.49 (1H, s, C4-H), 8.21 (1H, d,  

J = 2.0 Hz, Ar-H), 8.16 (1H, d, J = 1.6 Hz, Ar-H); 
13

C NMR (100 MHz, DMSO-d6): δ 165.02  

(C3-COOH), 149.99 (C=O), 145.02 (C-8a), 137.60 

(C-4), 131.42 (C-7), 126.35 (C-5), 122.36 (C-6), 

116.79 (C-3), 110.33 (C-8 and C-4a)); LC-MS: m/z 

Found: 348.90 [M+H]
+
, C10H4Br2O4 requires: 347.94. 

 

Selected spectral data of arylidinemalononitrile 

derivatives 

(6a) Benzylidenemalononitrile: Light yellow 

crystals, m.p. 81-83°C. FT-IR (KBr) ν: 3034cm
−1 

(HC=C) 2214 cm−1 (CN), 1589 cm−1 (C=C). 1H NMR 

(300 MHz, CDCl3): 7.93-7.96 (d, J=8.5 Hz, 2 H, 

phenyl), 7.81 (s, 1 H, CH), 7.54–7.68(m, 3 H, phenyl) 

ppm. 
13

C NMR (100 MHz, CDCl3): δ 160.02, 134.91, 

131.07, 129.41, 113.62, 112.55, 82.98. 

(6b) [4-(Dimethylamino)benzylidene]malononitrile: 
Orange crystals, m.p. 181-183°C; FTIR (KBr) 3436 

(HC=C), 2924.7 (HC-C), 2207 (CN), 1618, 1526 

(C=C), 1359, 1186 b (C-N)cm
−1

; 
1
H NMR (300 MHz, 

CDCl3) d: 7.74 (2H, d,9.15 Hz, 2.88 Hz), 7.46 (1H, s, 

C=CH), 6.69 (2H, d, 9.22 Hz & 2.82 Hz), 3.17(6H, s, 

N-Me2); 
13

C NMR (100 MHz, CDCl3) d: 157.98, 

154.13, 133.81, 119.29, 115.94, 113.94, 111.58, 

71.79, 40.03. LC-MS: m/z Found: 198.69 [M+H]
+
, 

C12H11N3 requires: 197.23. 

(6c) (4-Chlorobenzylidene)malononitrile: Colorless 

crystals, m.p. 159-161°C. FTIR (KBr) ν: 2222 (CN), 

1587 (C=C). 1H NMR (300 MHz, CDCl3): d = 7.88 

(d, J = 8.4 Hz, 2H, phenyl), 7.67 (s, 1H, CH), 7.54 (d, 

J = 8.4 Hz, 2H, phenyl) ppm. LC-MS: m/z Found: 

189.90 [M+H]
+
, C10H5ClN2 requires: 188.61. 

(6d) (4-Fluorobenzylidene)malononitrile:White solid, 

m.p. 121-123°C. 
1
H NMR (400 MHz, CDCl3):  

δ = 7.99 (dd, J = 8.7, 5.2 Hz, 2H), 7.78 (s, 1H), 7.25 

(dd, J = 14.2, 5.8 Hz, 2H); 
13

C NMR (100 MHz, 

CDCl3): δ 164.82, 158.42, 133.51, 133.42, 127.41, 

117.32, 117.10, 113.62, 112.55, 82.36. LC-MS: m/z 

Found: 173.63 [M+H]
+
, C10H5FN2 requires: 172.15. 

(6f) (4-Nitrobenzylidene)malononitrile: m.p. 158-

159°C; 
1
H NMR (400MHz, CDCl3): δ (ppm): 8.43 (d, 

J = 8.84, 2H), 8.11 (d, J = 8.84, 2H), 7.95 (s, 1H); 
13

C NMR (100 MHz, CDCl3) δ (ppm): 156.9, 151.4, 

136.8, 134.3, 126.6, 112.8,113.5, 86.5. LC-MS: m/z 

Found: 200.19 [M+H]+, C10H5N3O2 requires: 199.16. 

(6g) (2-Chlorobenzylidene)malononitrile: m.p.  

95-96°C yield: 85%
1
H NMR (400MHz, CDCl3): δ 

(ppm): 7.87 (d, J = 7.84, 2H), 7.75 (s, 1H), 7.73 (d,  

J = 7.84, 2H); 
13

C NMR (CDCl3) δ (ppm):158.7, 133.8, 

132.9, 128.6, 129.7, 113.8, 112.4, 82.7. LC-MS: m/z 

Found: 189.72 [M+H]
+
, C10H5ClN2 requires: 188.61. 

(6i) (4-Methoxybenzylidene)malononitrile: Pale 

yellow crystals, yield: 88%, m.p. 115-11°C, FT-IR 

(KBr) 2223 (CN), 1597 (C=C). 
1
H NMR (300 MHz, 

CDCl3): d = 7.90-7.92 (d, J = 8.5 Hz, 2H, phenyl), 

7.65 (s, 1H, CH), 7.26 (d, J = 8.5 Hz, 2H, phenyl),  

3.91 (s, 3H, OCH3) ppm. 
13

C NMR (CDCl3) δ 

(ppm):164.81, 158.81, 133.42, 128.88, 124.03, 

115.12, 114.37, 114.39, 113.3, 79.67, 78.62, 77.31, 

76.99, 55.77. LC-MS: m/z Found: 183.23 [M+H]
+
, 

C11H8N2O requires: 184.19. 
 

Conclusion 
Our group has established a simple, efficient,  

eco-friendly green approach for the Knoevenagel 

condensation of aromatic aldehydes and 

salicylaldehydes with active methylene compounds 

like malononitrile and Meldrum’s acid to synthesize 

benzylidinemalononitrilederivatives and 3-carboxy 

coumarins respectively in the absence of external base 

using agro-waste sourced green catalyst WENBA. 

The catalystplays dual role being catalyst as well 

solvent media which made it to call as catalytic 

media. The advantages of the present approach are: it 

is an environmentally benign, inexpensive protocol, 

excellent yield, easier workup and shorter reaction 

time. The final product isolated was completely 

analysed for its purity using different spectroscopic 

techniques. 
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