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A new efficient and environmental friendly procedure for the synthesis of a series of salicylaldehyde-based schiff bases under
microwave irradiation is described. e method is compared with the conventional method also. e present work involves
condensation of salicylaldehyde with various aromatic amines in water under microwave irradiation. A judicious choice of the
solvent and reaction conditions allowed the �nal products to be generated in excellent yields in a one-step procedure, whereas
experiments under thermal conditions led to lower yields with tedious work-up. Microwave irradiation method gives advantages
like reduction in reaction time, increase in conversion, reduced wastes, and good yields. e structures of synthesized compounds
were con�rmed by IR, 1H�MR, and Mass Spectra data.

1. Introduction

ere has been growing concern over the environmental
impact of chemicals so that cleaner green reaction condi-
tions in synthetic processes have been advocated. e tight
legislation to maintain greenness requires us to prevent
the generation of waste, avoid use of auxiliary substances
(e.g., organic solvents, additional reagents), and minimize
the energy requirement. In this context, the use of water as
the reaction medium offers several advantages as (a) it is
cheap, nonin�ammable, nontoxic, and safe to use [1, 2], (b)
its unique physical and chemical properties oen increase
the reactivity or selectivity, which sometimes is unattainable
in organic solvents [3], and (c) it eliminates the additional
efforts required to make the substrates/reagents dry before
use and thus reduces/eliminates the consumption of drying
agents, energy, and time.

Schiff bases are typically formed by the condensation of
a primary amine and an aldehyde which involves the use of
organic solvents such as methanol, tetrahydrofuran (THF),
and 1,2-dichloroethane (DCE) [4]. Microwave-assisted
preparation of a series of Schiff base without solvent [5]
has also been reported. Comparison of the three ways to
synthesize simple Schiff base has been made and microwave

irradiation was found to be the simplest way to synthesize
the Schiff base [6].

Schiff base compounds are very popular ligands because
of their easy formation and rich coordination chemistry
with a large variety of metal ions, that has allowed their
use as catalysts in different asymmetric reactions [7, 8].
Salicylaldehyde-based Schiff bases complexes of 2-amino-
l,3,4-thiadiazole have been screened for antibacterial activity
against several bacterial strains such as Escherichia coli,
Staphylococcus aureus, and Pseudomonas aeruginosa [9].
e antibacterial potency of these Schiff bases increased upon
chelation/complexation, against the tested bacterial sixties,
opening new approaches in the �ght against antibiotic resis-
tant strains. Considering all these �ndings, we hereby report
the microwave-assisted synthesis of some salicylaldehyde-
based Schiff bases in aqueous media.

It is worthwhile to mention here that the synthesis
of these Schiff bases is known [10–13] in the literature
involving tedious process using methanol/ethanol as solvent
and requires longer reaction time. In general the reported
syntheses of Schiff bases involving condensation reactions
requires drastic conditions namely, use of Dean Stark appa-
ratus, use of catalyst, higher temperature, and longer reaction
time [14]. Fluorinated Schiff bases reported in this paper
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are also equally important because of the effects of �uorine
substitution on inter- and intramolecular forces which affect
binding of ligands, and thus introduce receptor subtype
selectivity in the body [15, 16]. e scope and generality of
this process is illustrated with respect to salicylaldehyde and
various �uorinated amines.

In conclusion, we describe a green and efficient method
for the synthesis of Schiff bases in aqueous media (Scheme
1). e easy workup, facile conditions, fast reaction rates,
good yields, and selectivity of the reaction make the present
methodology attractive.

2. Experimental

Melting points were determined in open capillary tubes and
are uncorrected. e purity of the compound was checked
on silica-gel-coated aluminium plates (Merck). IR spectra
were recorded in KBr on a Perkin Elmer Spectrum RX-1 FT-
IR spectrophotometer. 1H-NMR and 13C-NMR spectra were
measured on Jeol JNM-ECX400P at 400MHz. Microwave
irradiations were carried out in microwave synthesizer,
(CEM-Discover). All chemicals usedwere of analytical grade.

3. Conventional Method

Schiff bases are prepared by condensation of salicylaldehyde
(0.004mol) with various aromatic amines (2a–e) (0.004mol)
in water (10mL) and the mixture was stirred at ambient
temperature. e progress of reaction was monitored by
TLC. On completion of reaction the product was separated
as yellow-coloured amorphous product which was �ltered,
dried, and recrystallized from methanol.

4. MicrowaveMethod

A mixture of salicylaldehyde (0.004mol) and substituted
aromatic amines (2a–e) (0.004mol) in water (1mL) were
added in microwave tube. e contents were subjected to
microwave irradiation at 200W for about 30 sec–2min.
Progress of the reaction was monitored by TLC. Aer the
completion of the reaction, solid product was obtained in
reaction mixture which was �ltered and recrystallized with
methanol. Recrystallization provides the title compounds as
solid crystals.

5. Results and Discussion

Novel green method using water as solvent for synthesis of
schiff ’s base has been established. e synthetic scheme has
been given in Scheme 1. e results summarized in Table 1.

Reaction for the synthesis of 3a–e was standardized by
performing the synthesis of 3a at different temperatures
starting from ambient temperature to 80∘C as shown in
Table 1. However, on comparing the progress of reaction,
the best yields were obtained at a temperature of 70∘C,
therefore synthesis of compounds (3b–e) was carried out
at this temperature. Moreover reaction time reported was
according to the completion of reaction at amicrowave power

T 1: Comparison of yield of Schiff base (3a) at different
temperatures under microwave condition.

Compound Microwave method Yield %
Power Temp.

3a 200W Ambient 30
3a 200W 50∘C 65
3a 200W 60∘C 80
3a 200W 70∘C 95
3a 200W 80∘C 96

of 200W.eMicrowave irradiationmethod is compared (in
terms of time and yield%) with conventional method for the
synthesis of Schiff bases as illustrated in Table 2.

5.1. Product Characterization Data

2-[(2�4-Di�uoro-phenylimino)-methyl]-phenol (3a) [10]. Yel-
low solid, M.p. 96–98∘C, IR (KBr, cm−1): 2921.64, 1615.96,
1490.71, 1282.72, 1144.23, 1HNMR (400MHz, CDCl3): 𝛿𝛿 𝛿
12.96 (1CH, s), 8.68 (1H, s), 7.40 (2H, d), 7.28 (1H, m), 7.04
(1H, t), 6.95 (3H, m). 13C-NMR (CDCl3) (𝛿𝛿 ppm): 164.32,
162.30, 161.18, 159.82, 136.99, 133.62, 132.45, 121.88, 119.82,
119.16, 117.53, 111.55, 104.98. M/S: 234.1 (M + 1).

2-[(4-Chloro-phenylimino)-methyl]-phenol (3b) [11]. Golden
solid, M.p. 70–72∘C, IR (KBr, cm−1): 2923.53, 1616.99,
1484.66, 1282.13, 830.12, 1HNMR (400MHz, CDCl3): 𝛿𝛿 𝛿
13.02 (1H, s), 8.59 (1H, s), 7.40 (2H, d), 7.38 (2H, d), 7.22
(2H, dd), 7.02 (1H, d), 6.95 (1H, t). 13C-NMR (CDCl3)
(𝛿𝛿 ppm): 162.97, 161.08, 147.01, 133.71, 133.42, 132.47,
132.38, 129.51, 122.43, 119.77, 119.19, 117.30. M/S: 232.1 (M
+ 1).

2-[(2�3�4�5-�etra�uoro-phenylimino)-methyl]-phenol (3c).
Greenish solid, M.p. 140–142∘C, IR (KBr, cm−1): 2921.81,
1608.12, 1487.30, 1050.26, 765.99. 1HNMR (400MHz,
CDCl3): 𝛿𝛿 𝛿 𝛿𝛿𝛿𝛿𝛿 (1H, s), 8.63 (1H, s), 7.44 (2H, dd), 7.06
(1H, d), 6.98 (2H, m). 13C-NMR (CDCl3) (𝛿𝛿 ppm): 166.19,
161.30, 140.25, 136.99, 134.55, 133.72, 132.95, 132.66, 119.83,
119.49, 118.58, 117.61, 103.07. M/S:270.1 (M + 1).

2-[(4-Bromo-phenylimino)-methyl]-phenol (3d) [11, 12].
Greenish solid, M.p. 98–100∘C, IR (KBr, cm−1): 2924.05,
1616.74, 1482.31, 1282.45, 827.96, 753.91, 1HNMR
(400MHz, CDCl3): 𝛿𝛿 𝛿 𝛿𝛿𝛿𝛿𝛿 (1H, s), 8.59 (1H, s),
7.53 (2H, d), 7.39 (2H, m), 7.14 (2H, d), 7.02 (1H, d), 6.90
(1H, t). 13C-NMR (CDCl3) (𝛿𝛿 ppm): 162.99, 161.13, 147.47,
133.43, 132.46, 132.39, 122.79, 120.34, 119.81, 119.20, 117.32.
M/S: 276.1 (M + 1).

2-[(4-Fluoro-phenylimino)-methyl]-phenol (3e) [13]. Yellow
solid, M.p. 72–74∘C, IR (KBr, cm−1): 2923.58, 1613.69,
1490.44, 1272.75, 837.45, 1HNMR (400MHz, CDCl3): 𝛿𝛿 𝛿
13.01 (1H, s), 8.58 (1H, s), 7.37 (2H, m), 7.26 (2H, m), 7.12
(2H, m), 7.03 (1H, d), 6.94 (1H, t). 13C-NMR (CDCl3) (𝛿𝛿
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(3b) R1 = H, R2 = H, R3 = Cl, R4 = H, R5 = H
(3c) R1 = F, R2 = F, R3 = F, R4 = F, R5 = H
(3d) R1 = H, R2 = H, R3 = Br, R4 = H, R5 = H
(3e) R1 = H, R2 = H, R3 = F, R4 = H, R5 = H

S 1: Synthesis of Schiff bases.

T 2: Comparison of microwave and conventional method.

Comp. Microwave method Conventional method
Power Temp. Time (sec) Yield % Temp. Time (hrs) Yield %

3a 200W 70∘C 60 95 Ambient 2 70
3b 200W 70∘C 30 92 Ambient 1.5 75
3c 200W 70∘C 60 96 Ambient 1.5 75
3d 200W 70∘C 30 94 Ambient 1 72
3e 200W 70∘C 120 90 Ambient 1.5 70

ppm): 162.41, 160.98, 160.37, 144.61, 133.18, 133.25, 122.61,
122.52, 119.11, 119.05, 117.21, 116.28, 116.06. M/S: 216.2 (M
+ 1).

6. Conclusions

e method shown here is the most convenient way to syn-
thesize the salicylaldimines, in which microwave irradiation
plays an important role for promoting the condensation
reaction of aldehyde and amine and water plays the role of
eco-friendly solvent. In conclusion, a simple efficient and
fast method has been developed for the synthesis of novel
Schiff bases in aqueous media under microwave irradiation
method.
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