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Ionic Liquid—-Mediated Synthesis of Coumarin-3-
carboxylic Acids via Knoevenagel Condensation
of Meldrum’s Acid with ortho-Hydroxyaryl
Aldehydes

Nitin B. Darvatkar,' Amol R. Deorukhkar,' Sachin V. Bhilare,!
Dilip G. Raut,” and Manikrao M. Salunkhe?
1Department of Chemistry, Institute of Science, Mumbai, India
2Department of Chemistry, Shivaji University, Kolhapur, India

Abstract: A simple, efficient, and green protocol for synthesis of coumarin-3-
carboxylic acids is described via Knoevenagel condensation of Meldrum’s acid
with ortho-hydroxyaryl aldehydes in [Hmim]Tfa ionic liquid, which was found
to give better results than other ionic liquids. Furthermore, ionic liquid is easily
reused without any appreciable loss in activity.

Keywords: Bronsted acidic ionic liquid, coumarin-3-carboxylic acids, Knoevenagel
condensation, Meldrum’s acid, recyclability

Various methods have been reported in the literature for the synthesis of
coumarin-3-carboxylic acid derivatives.' *! In 1988, Armstrong et al.
developed a two step method for the synthesis of coumarin-3-carboxylic
acids involving Knoevenagel condensation of 2-methoxybenzaldehydes
with Meldrum’s acid in dimethytlformamide (DMF) followed by cycliza-
tion with H»SO4.™ A solid-phase synthesis has also been reported for
condensation of 2-methoxybenzaldehydes with Meldrum’s acid in the
presence of an excess of ZnO at 80 °C followed by cyclization in the pre-
sence of cold H,SO4.”! Later on, many one-pot methods have been
reported involving condensation of ortho-hydroxyarylaldehyde and
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Scheme 1. Knoevenagel condensation of salicylaldehyde with Meldrum’s acid.

Meldrum’s acid in the presence of a solid acid catalyst under microwave
irradiation,!® by grinding a reaction mixture with ammonium acetate and
keeping it overnight,!”! and by use of piperidinium acetate in ethanol
under reflux conditions.®®! Some uncatalyzed routes have also been devel-
oped involving heating the reaction mixture in an aqueous medium.'"
A solid-phase synthesis has also been reported using ethylmalonate teth-
ered to Wang resin in pyridine as solvent.!'!

We have earlier reported an ecofriendly methodology for the
Knoevenagel condensation of Meldrum’s acid and aldehydes mediated
by ionic liquid.""? As an extension of this work, we have studied the
one-pot synthesis of coumarin-3-carboxylic acids by Knoevenagel con-
densation of ortho-hydroxyarylaldehydes and Meldrum’s acid followed
by intramolecular cyclization (Scheme 1).

The condensation of salicylaldehydes and Meldrum’s acid were studied
in different ionic liquids for optimization of the product yield with gas chro-
matographic analysis (Table 1). (Conversions in all cases were monitored
with respect to decay of aldehyde by GC. A gas chromatograph Nucon
5765 equipped with FID and RH-17 capillary column was employed
for analysis. The column was programmed initially at 50 °C with a gradi-
ent of 10 °C/min to 280 °C. The detector and injector temperature was set
at 300°C.) Although it was expected from our previous investigations,
the actual isolated yields obtained after the usual workup procedure

Table 1. Knoevenagel condensation of Meldrum’s acid and
salicylaldehyde in different ionic liquids

Entry Ionic liquid Time Conversion (%)
1 [bmim]PF¢ 36h 56
2 [hmim]BF, 16h 70
3 [bmim]BF, 16h 74
4 [Hmim]Tfa 45 min 95
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(addition of water to the reaction mixture followed by filtration) were
found to be much less as compared with percentage conversion. Even
after carrying out the workup procedure very carefully, the isolated yields
could not be improved. We have attributed this reduction in isolated
yields to the loss of product during workup procedure, which was sup-
ported by the presence of product in the filtrate as indicated by thin layer
chromatographic (TLC) analysis of the filtrate. Although product is
expected to be insoluble in aqueous filtrate, its partial solubility in it
can be due to presence of acetone, which is one of the side products
formed in the reaction. Thus in the modified workup procedure, before
the addition of water to the reaction mixture, the acetone that is formed
is removed under reduced pressure. As expected, improved yields were
observed as shown in Table 2 (entry 1). To generalize the protocol, we
have used various substituted salicylaldehydes. Good yields were
observed in almost all cases (Table 2).

The ionic liquid [Hmim]Tfa in the aqueous filtrate obtained after the
workup can be easily recycled by removing the water on a rotary eva-
porator. As indicated in Table 3, recycled ionic liquid gave good yields
even after the fourth cycle.

In conclusion, coumarin-3-carboxylic acids can be prepared in an
efficient, expeditious, and environmentally benign manner by Knoevena-
gel condensation of salicylaldehydes and Meldrum’s acid mediated by
[Hmim]Tfa. The protocol avoids use of hazardous organic solvents such
as dimethyl formamide (DMF), high temperature, and acidic catalysts.
Furthermore, the ionic liquid can be easily reused without any appreci-
able loss in activity.

EXPERIMENTAL

Meldrum’s acid and ionic liquids were prepared as per the procedures
reported in the literature. The aldehydes were purchased from Sd Fine
Chemicals and Aldrich and were used as received. The products were char-
acterized by "H NMR and mass spectroscopy (MS) techniques. "H NMR
was recorded on a Jeol (300-MHz) instrument using DMSO-dg¢ as solvent.
Mass spectra was recorded on Schimadzu QP-2010 spectrophotometer.

Typical Procedure

In a typical experiment, 1 mmol of salicylaldehyde was added to 200 mg
of [Hmim]Tfa in 50-ml round-bottom flask equipped with an efficient
magnetic stirrer. Stirring was continued until a homogeneous mixture
formed at room temperature. To this, I mmol of Meldrum’s acid was
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Table 2. Knoevenagel condensation of ortho-hydroxy benzaldehydes and
Meldrum’s acid

Isolated
Reaction Conversion yield
Entry  Aldehyde Product time (min) (%) (%)
1 45 95 90
@CHO ©\/iCOOH
OH (0] (0]
2 45 88 85
: .,CHO N COOH
HO OH HO~ : :O: ;O
3 45 99 90
CHO N COOH
OH 0} 6]
OH OH
4 OH OH 45 97 90
CHO N COOH
OH (0] o}
5 45 75 65
C|\©1CHO C|\©\/ICOOH
OH o” "o
6 60 80 75

CHO COOH
S
! OH l o o
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Table 3. Recycling of [Hmim]Tfa

No. of cycles Conversion (%) Isolated yield (%)

1 95 90
2 95 88
3 94 88
4 94 86

added. The reaction was monitored using TLC. The stirring continued
until the product precipitated out and the reaction mixture solidified.
The acetone formed in the reaction was removed by applying the
vacuum, and water was added to the reaction mixture, which dissolved
the ionic liquid. The product was separated by filtration and purified if
necessary by crystallization from ethanol or acetone. The products were
characterized by "THNMR and MS techniques. The ionic liquid was
recovered by removing the excess water from the filtrate under a
vacuum in a rotary evaporator.

Spectral Data of the Two Representative Compounds

2-Oxo0-2H-benzopyran-3-carboxylic acid (entry 1): '"H NMR (300 MHz,
DMSO-dg): § 7.4 (2H, m), 7.7 (2H, m), 8.7 (1H, s), 12.2 (1H, s, broad).
3C NMR (DMSO-dg): 6 116.1, 118.0, 118.3, 124.8, 130.2, 134.3, 148.4,
154.5, 156.7, 164.0. MS m/z (%): 190 (M™, 45), 146 (100), 118 (80), 89
(50), 90 (35).

7-Hydroxy-2-oxo-2H-benzopyran-3-carboxylic acid (entry 2): 'H
NMR (300 MHz, DMSO-dg): ¢ 3.7 (1H, D20 exchangeble), 6.7 (1H, s),
6.8 (1H,d, J=9Hz), 7.7 (1H, d, J=9Hz), 8.6 (1H, s), 12.5 (1H, s, broad).
13C NMR (DMSO-dg): 6 101.8, 110.6, 112.5, 114.1, 132.1, 149.4, 157.0,
157.6, 164.0, 164.3. MS m/z (%): 206 (M*, 85), 162 (100), 134 (75), 105
(35), 51(30).
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