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RESEARCH LETTER

An efficient ionic liquid promoted Knoevenagel condensation of

4-oxo-4H-benzopyran-3-carbaldehyde with Meldrum’s acid

Kiran F. Shelke, Balaji R. Madje, Suryakant B. Sapkal, Bapurao B. Shingate and Murlidhar S. Shingare*

Department of Chemistry, Dr. Babasaheb Ambedkar Marathwada University, Aurangabad, MS 431 004, India

(Received 19 September 2008; final form 20 January 2009)

The green, mild, and efficient synthesis of 2, 2-dimethyl-5-[(4-oxo-4H-chromen-3-yl) methylene]-1, 3-dioxane-4,

6-diones by Knoevenagel condensation of 4-oxo-4H-benzopyran-3-carbaldehydes with Meldrum’s acid in
presence of 1-benzyl-3-methylimidazolium chloride ((bnmim)(Cl)) ionic liquid at room temperature is reported.
This method gives remarkable advantages such as a simple procedure, mild conditions, faster (10�20 min)

reactions, and excellent yields. Additionally, the (bnmim)(Cl) was successfully recycled at least four times without
significant loss of activity.

Keywords: Knoevenagel reaction; ionic liquid; 4-oxo-(4H)-1-benzopyran-3-carbaldehyde; Meldrum’s acid

Introduction

In recent years, the application of ionic liquids in
organic synthesis have attracted considerable atten-
tion due to their special properties such as good
solvating capability, wide liquid range, non-
inflammability, negligible vapor pressure, easy recy-
cling, high-thermal stability, and rate enhancers (1).
Nowadays, much attention has been focused on
organic reactions catalyzed by ionic liquids (2). Parti-
cularly, imidazolium-based ionic liquids have been
successfully used in many organic transformations
such as Diels�Alder (3a),Wittig (3b), and Suzuki cross-
coupling (3c).

The Knoevenagel condensation is one of the most
important methods for the preparation of substituted
alkenes by the reaction of carbonyl compounds with
active methylene compounds (4).

Meldrum’s acid (2,2-dimethyl-1,3-dioxane-4,6-
dione) is an active methylene compound having rigid
cyclic structure with high acidity (pKa�4.9) which
undergoes hydrolysis very easily (5). Recently, there
have been several methods reported in the literature
for the Knoevenagel condensation of aldehydes with
Meldrum’s acid (6).

Compounds having a chromone moiety are
synthetically versatile molecules with a reactive
carbonyl group. They have considerable significan-
ce for their biological activities (7) and for their
reactivity toward nucleophiles, which allow the synth-
esis of a wide variety of heterocycles. The substrate,

4-oxo-(4H)-1-benzopyran-3-carbaldehyde has three

active sites such as, a, b-unsaturated carbonyl group,

a carbon�carbon double bond and a formyl group. Of

these, the formyl group has the highest reactivity

toward active methylene compounds. The condensa-

tion reactions of 4-oxo-(4H)-1-benzopyran-3-carbal-

dehyde with active methylene compounds are well

known (8). It is well known that 2,2-dimethyl-5-[(4-

oxo-4H-chromen-3-yl) methylene]-1, 3-dioxane-4, 6-

diones are generally synthesized by condensation

of 4-oxo-4H-benzopyran-3-carbaldehyde with Mel-

drum’s acid in presence of alumina under microwave

irradiation (9).

Results and discussion

In continuation of our work on Knoevenagel con-

densations (9,10) and the development of novel

synthetic methodologies (11), herein, we would like

to report a simple, efficient, and green methodology

for the synthesis of 2, 2-dimethyl-5-[(4-oxo-4H-chro-

men-3-yl) methylene]-1, 3-dioxane-4, 6-diones. The

synthetic route has been shown in Scheme 1.
In search of an efficient ionic liquid and the best

experimental conditions, the reaction of 4-oxo-4H-

benzopyran-3-carbaldehyde 1a and Meldrum’s acid

2 at room temperature has been considered as the

model reaction. We screened different ionic liquids

such as, 1-hexyl-2,3-dimethylimidazolium chloride

((hdmim)(Cl)), 1-hexyl-3-methylimidazolium chloride
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((hmim)(Cl)), 1-butyl-3-methylimidazolium chloride

((bmim)(Cl)), 1-butyl-3-methylimidazolum tetrafluro-

borate ((bmim)(BF4)), 1-butyl-3-methylimidazolium

hexaflurophosphate ((bmim)(PF6)), and 1-benzyl-3-

methylimidazolium chloride ((bnmim)(Cl)) for the

model reaction. All the results are shown

in Table 1. In ionic liquids such as (bmim)(BF4),

(bmim)(PF6), and (bnmim)(Cl), the desired product

was obtained with satisfactory yield. Considering the

reaction time and yield of product, (bnmim)(Cl)

(Figure 1) was selected as the optimum ionic liquid to

promote the synthesis of 2, 2-dimethyl-5-[(4-

oxo-4H-chromen-3-yl) methylene]-1, 3-dioxane-4,

6-diones (Table 1, entry 6).
To determine the appropriate concentration of the

(bnmim)(Cl), we investigated the model reaction at

different concentrations including 5, 10, 15, and 20

mol%. The product formed in 86%, 89%, 93%, and

93% yield, respectively, indicating that 15 mol% of

(bnmim)(Cl) is sufficient (Table 2, entry 3).
We have developed a newer route for the con-

densation of various 4-oxo-(4H)-1-benzopyran-3-

carbaldehyde with Meldrum’s acid in the presence

of (bnmim)(Cl) at room temperature (Table 3). For

4-oxo-(4H)-1-benzopyran-3-carbaldehyde, which has

three active sites, the reactions selectively occurred at

the formyl group. The reaction does not require any

additional catalyst because the ionic liquid acts as a

catalyst as well as solvent (10a, 10b). The liberated

water during the reaction was adsorbed by the ionic

liquid and hence the reactions proceeded well. All the

reactions were carried out using mild reaction condi-

tions at room temperature with constant stirring.

Using this methodology, condensation reactions were

completed in shorter reaction times (10�20 min) with

excellent yield (90�96%).
We have successfully used recovered (bnmim)(Cl)

for the model reaction and the results of recycling

experiments are shown in Table 4. These results

clearly indicate that the recovered (bnmim)(Cl) can

be recycled successfully without significant loss of

activity. The possible mechanism of this reaction is

shown in Scheme 2.

Experimental section

All chemicals were purchased from Merck, Aldrich,

and Rankem chemical companies and used without

further purification. The uncorrected melting points

of compounds were taken in an open capillary in a

paraffin bath. The progress of the reactions was

monitored by Thin Layer Chromatography (TLC).

IR spectra were recorded on Perkin-Elmer FTIR

spectrophotometer in KBr disc. 1H NMR spectra

O

O

O

O

+

1(a-h) 2 3(a-h)

(bnmim)Cl

Stirring, r.t., 10-20 min

Ar-CHO
O

O

O

O

Ar

Scheme 1.

N+

N

Cl-

Figure 1. 1-benzyl-3-methylimidazolium chloride [(bnmim)

(Cl)].

Table 1. Effect of different ionic liquids for the synthesis of 2, 2-dimethyl-5-[(4-oxo-4H-chromen-3-yl) methylene]-1, 3-

dioxane-4, 6-dione 3a.a

O

CHO

O

O

O

O

O

O

O

O
O

O
O

+

1a 2 3a

Ionic liquid

Stirring, r.t., Time

Entry Ionic liquid Time (min) Yield (%)b

1 [hdmim]Cl 50 80

2 [hmim]Cl 40 85
3 [bmim]Cl 25 87
4 [bmim]BF4 30 89
5 [bmim]PF6 25 90

6 [bnmim]Cl 20 93

aReaction condition: 1a (1 mmol), 2 (1 mmol) at room temperature.
bIsolated yield.
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were recorded on an 300 MHz FT-NMR spectrometer
in CDCl3 as a solvent and chemical shift values are
recorded in units d (ppm) relative to tetramethylsilane
(Me4Si) as an internal standard.

The required 4-oxo-4H-benzopyran-3-carbalde-
hydes was prepared by Vilsmeir�Haack reaction (12).

Synthesis of 2, 2-dimethyl-5-[(4-oxo-4H-chromen-3-
yl) methylene]-1,3-dioxane-4, 6-dione 3(a�h)
A mixture of 4-oxo-4H-benzopyran-3-carbaldehyde (1
mmol), Meldrum’s acid (1 mmol), and (bnmim)(Cl)

Table 2. Effect of concentration of (bnmim)(Cl) for the
synthesis of 2, 2-dimethyl-5-[(4-oxo-4H-chromen-3-yl)

methylene]-1, 3-dioxane-4, 6-dione 3a.a

Entry (bnmim)(Cl) (mol%) Time (min) Yield (%)b

1 5 40 86
2 10 25 89

3 15 20 93
4 20 20 93

aReaction condition: 1a (1 mmol), 2 (1 mmol) at room temperature.
bIsolated yield.

Table 3. Knoevenagel condensation of 4-oxo-4H-benzopyran-3-carbaldehydes with Meldrum’s acid in presence of

(bnmim)(Cl) at room temperature.a

Entry Ar Product Time (min) Yield (%)b M.p.(8C) found reported

3a
CHO

O

O

O

O
O

O
O

O

20 93 181�183 182(9)

3b

O

CHO

O

Cl

O

O

O
O

O
O

Cl 15 93 197�199 198(9)

3c

O

CHO

O

H3C O

O

O
O

O
O

H3C

20 90 184�186 186(9)

3d

O

CHO

O

Cl

Cl

O

O

O
O

O
O

Cl

Cl
15 92 178�180 180(9)

3e

O

CHO

O

CH3

Cl

O

O

O
O

O
O

CH3

Cl
10 96 198�200 200(9)

3f

O

CHO

O

Cl

Cl

O

O

O
O

O
O

Cl

Cl 15 94 240�242 242(9)

3g

O

CHO

O

Br

O

O

O
O

O
O

Br 15 95 202�204 205(9)

3h

O

CHO

O

F

O

O

O
O

O
O

F 10 96 200�202 �

aAll the products were characterized by IR,1H NMR, and mass spectra.
bIsolated yields based upon starting aldehyde.
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(15 mol%) were taken in a single neck round-bottom
flask. The contents of the flask were stirred at room
temperature for the appropriate time given in Table 3.
When TLC showed complete disappearance of the
starting material, the mixture was poured over ice-
water and extractedwith diethyl ether (3�10mL). The
organic layer was dried over anhydrous Na2SO4. The
solvent evaporated under reduced pressure and solid
compound was recrystallized from ethyl acetate to
afford the corresponding 2, 2-dimethyl-5-[(4-oxo-4H-
chromen-3-yl) methylene]-1, 3-dioxane-4, 6-dione 3a

in excellent yield. Furthermore, the aqueous layer was
distilled at 808C under vacuum to remove water,
leaving behind the ionic liquid (bnmim)(Cl). The
structures of the products were confirmed by IR, 1H
NMR, and mass spectral data.

Spectral data of compounds

3a IR (KBr, cm�1): 3062, 2996, 1732, 1670, 1396,

1251. 1H NMR (300 MHz, CDCL3) d (ppm): 1.8 (6H,

s, 2�CH3), 7.2�8.1 (4H, m, aromatic), 8.7 (1H, s,

olefinic), 9.6 (1H, s, C2�H of chromone moiety).

EIMS (electron ionization mass spectroscopy) (m/

z,%):�301 [M�1].

3b IR (KBr, cm�1): 3061, 2992, 1730, 1669, 1372,

1296, 797. 1H NMR (300 MHz, CDCl3) d (ppm)�1.9

(6H, s, 2�CH3), 7.2�8.2 (3H, m, aromatic), 8.6 (1H,

s, olefinic), 9.6 (1H, s, C2�H of chromone moiety).

EIMS (m/z,%):�335 [M�1].

3c IR (KBr, cm�1): 3055, 2990, 1710, 1650, 1390,

1280. 1H NMR (300 MHz, CDCl3) d (ppm): 2.5 (3H,

s, Ar�CH3), 1.9 (6H, s, 2�CH3), 7.2�8.2 (3H, m,

aromatic), 8.7 (1H, s, olefinic), 9.6 (1H, s, C2�H of

chromone moiety). EIMS (m/z,%):�315 [M�1].

3d IR (KBr, cm�1): 3065, 2989, 1729, 1674, 1392,

1293, 791. 1H NMR (300 MHz, CDCl3) d (ppm): 1.9

(6H, s, 2�CH3), 7.2�8.2 (3H, m, aromatic), 8.6 (1H,

s, olefinic), 9.5 (1H, s, C2�H of chromone moiety).

EIMS (m/z,%):�370 [M�1].

3e IR (KBr, cm�1): 3060, 2996, 1718, 1649, 1396,

1283, 796. 1H NMR (300 MHz, CDCl3) d (ppm): 2.5

(3H, s, Ar�CH3), 1.9 (6H, s, 2�CH3), 7.2�7.5 (2H, s,

aromatic), 8.6 (1H, s, olefinic), 9.5 (1H, s, C2�H of

chromone moiety). EIMS (m/z,%):�349 [M�1].

3f IR (KBr, cm�1): 3084, 3018, 1714, 1662, 1392,

1280, 798. 1H NMR (300 MHz, CDCl3) d (ppm): 1.8

(6H, s, 2�CH3), 7.2�8.3 (2H, s, aromatic), 8.6 (1H, s,

Table 4. Recycling of (bnmim)(Cl) for the synthesis of 2, 2-

dimethyl-5-[(4-oxo-4H-chromen-3-yl) methylene]-1, 3-diox-
ane-4, 6-dione 3a.a

Entry Cycleb Yield (%)c

1 Fresh 93

2 First 91
3 Second 88
4 Third 87

5 Fourth 87

aReaction condition: 1a (1 mmol), 2 (1 mmol) and (bnmim)(Cl) (15

mol%) at room temperature.
bReaction time � 20 min.
cIsolated yield.
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olefinic), 9.5 (1H, s, C2�H of chromone moiety).
EIMS (m/z,%):�370 [M�1].
3g IR (KBr, cm�1): 3063, 2993, 1735, 1664, 1395,
1280, 805. 1H NMR (300 MHz, CDCl3) d (ppm): 1.8
(6H, s, 2�CH3), 7.2�8.2 (3H, m, aromatic), 8.6 (1H,
s, olefinic), 9.6 (1H, s, C2�H of chromone moiety).
EIMS (m/z,%):�380 [M�1].
3h IR (KBr, cm�1): 3061, 2992, 1730, 1669, 1372,
1296, 797. 1H NMR (300 MHz, CDCl3) d (ppm)�1.9
(6H, s, 2�CH3), 7.2�8.2 (3H, m, aromatic), 8.6 (1H,
s, olefinic), 9.6 (1H, s, C2�H of chromone moiety).
EIMS (m/z,%):�319 [M�1].

Conclusion

In conclusion, we developed a simple, safe, efficient,
and green methodology for the synthesis of 2, 2-
dimethyl-5-[(4-oxo-4H-chromen-3-yl) methylene]-1,
3-dioxane-4, 6-dione from the condensation of sub-
stituted 4-oxo-4H-benzopyran-3-carbaldehyde with
Meldrum’s acid in the presence of (bnmim)(Cl) at
room temperature. The notable merits offered by this
methodology are mild reaction conditions, simple
procedures, cleaner reaction, short reaction time and
excellent yield of products. Additionally, the
(bnmim)(Cl) can be recycled at least four times
without significant loss of activity, which makes the
present protocol more convenient and environmen-
tally benign.
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