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ABSTRACT   
 
A series of new Schiff bases derived from benzothiazolone moiety were synthesized under thermal and ultrasound 
irradiation conditions, by reaction of 6-amino-benzothiazolone intermediates with various substituted 2-
hydroxybenzaldehydes. The chemical structures of the prepared compounds 5a-5h were characterized by their 
melting point, spectral and analytical data. The newly synthesized compounds were in good agreement with the 
proposed structures. Ultrasound irradiations gave a lower reaction time to offer products 5a-5h in higher yields 
than those obtained by the conventional method where their yields increased from 67-87% to 91-98%. All the 
compounds were screened for in vitro antioxidant activity. The free radical scavenging activities have been 
determined by measuring their interaction with the stable free radical 2,2-diphenyl-2-picrylhydrazylhydrate. Result 
indicated that the 6-(5-Bromo-2-hydroxybenzylideneamino)benzo[d]thiazol-2(3H)-one (5e) showed the most 
favorable antioxidant activity exhibiting IC50 of 32.55 µM.  
 
Keywords: 2(3H)-benzothiazolone, 2-hydroxybenzaldehyde, Schiff bases, synthesis, green chemistry, ultrasound 
irradiation 
_____________________________________________________________________________________________ 
 

INTRODUCTION 
 

In recent years, the interest of preventive effects of antioxidative agents, in relation to their therapeutic properties, 
has increased significantly. The antioxidant activity of a compound is its ability to resist oxidation. Phenolic 
antioxidant compounds are one of the most important antioxidant agents which can inhibit the oxidative stress in 
biological system and prevent any damage. Indeed, most of the antioxidants of synthetic or natural origin have 
hydroxyphenolique groups in their structures and the antioxidant properties are attributable in part to the ability of 
these compounds to trap free radicals such as the radical hydroxyl (OH•) and superoxide (O2

•) [1-4]. Previous studies 
have indicated that free radicals and reactive oxygen species (ROS) including hydrogen peroxide (H2O2), extremely 
reactive hydroxyl, and several other free radicals produced by cells, would cause damage to all biomolecules such as 
lipids, proteins and DNA resulting in cell damage [5] and subsequently this damage may result in many diseases [6-
13]. 
 
Schiff base derived from the condensation of substituted salicylaldehydes and primary amines produces interesting 
oxygen and nitrogen donor Schiff base compounds, and are of very particular interest due to diverse chelating ability 
[14]. They play important roles in both synthetic and structural research because of their structural diversity and 
preparative accessibility, also of their importance in medicinal and pharmaceutical field [15]. Salicylaldehyde Schiff 
base ligands may contain a variety of substituents with different electron-donating or electron-withdrawing groups, 
and therefore may have interesting chemical and biological properties. They have also been shown to exhibit a broad 
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range of biological activities including antioxidant [16], antiviral [17], anticancer [18] and others. These activities 
can be related to the ligand structural arrangements and to the nature of the substituent groups [19]. Additionally, a 
great deal of interest has been directed towards the bioactivity of 2(3H)-benzothiazolone derivatives as sources of 
antioxidant. A large number of 2(3H)-benzothiazolone derivatives bearing various substituents at position-3 and 6 
have been reported to posses Antifungal [20] and anti-inflammatory as well as analgesic activities which are related 
to antioxidant property [21-26]. 
 
Ultrasound irradiation is a fascinating phenomenon, known to accelerate different types of common reactions used 
in synthetic organic chemistry efficiently [27,28]. Therefore ultrasound irradiation has been established as an 
important technique in organic synthesis, which has intrigued many research laboratories worldwide during the last 
few years [29-35].  
 
In view of the above facts, we were interested in a practical technique for the synthesis of new series of 2-
benzothiazolinonyl Schiff bases. Herein, we wish to report our studies toward the coupling of 6-amino-2(3H)-
benzothiazolone substrates with substituted salicylaldehyde as the base to produce diverse 2(3H)-benzothiazolone 
Schiff bases (Figure 1) under conventional and ultrasound irradiation conditions. We also investigated the effect of 
the nature and the substituent position on the radical scavenging abilities of these novel compounds using the DPPH 
method. 

 
 

Figure 1 General structure of the synthesized Schiff bases ligands 5a-5h 
 

MATERIALS AND METHODS 
 
All chemicals and solvents that we have used in this study were purchased from Aldrich Chemicals. Melting points 
have been determined using a SMP3 Stuart Scientific apparatus and are uncorrected. The 1H and 13C NMR spectra 
were performed (CD3)2SO solutions on a Bruker AC 400 spectrometer using dimethylsulfoxide-d6 with TMS as 
internal standard, with chemical shifts reported as δ (ppm). Analytical thin layer chromatography was performed 
with commercial silica gel plates 60 F254 (Merck) and visualized with UV light, using Ethylacetate/Cyclohexane 
(8/2, v/v) solvent system as eluent. The experimental Elemental analyses (C, H, N, S) were conducted using the 
ThermoScientific Flash 2000, their results were found to be in satisfactory agreement (±0.4%) with the calculated 
values. Ultrasound assisted reactions were carried out using a FUNGILAB ultrasonic bath with a frequency of 40 
kHz and a nominal power of 250 W. The reactions were carried out in an open glass tube (diameter: 25 mm; 
thickness: 1 mm; volume: 20 mL) at room temperature (25°C).  
 
The identity of the known products benzothiazolone derivatives 1, 2, 3a, 3b, 4a and 4b was confirmed by the 
comparison of their melting points and spectroscopic data with those of authentic compounds available in the 
literature [36-41]. 
 
General procedure for the Synthesis of Schiff bases derivatives (5a-5h) 
Conventional technique 
Substutued 2-hydroxybenzaldehyde dissolved in boiling ethanol was mixed with a boiling solution of 6-amino-
2(3H)-benzothiazolones 4a and 4b in the same solvent. The resulting mixture was refluxed at 80 ºC for 1-3h with 
continuous stirring in the presence of few drop of acetic acid. Progress of the reaction was monitored by TLC. The 
product which formed was filtered off, washed with ethanol, dried, and recrystallized from ethanol to give the 
desired Schiff base ligands (5a-5h) (Scheme 1). 
 
Ultrasound technique  
The procedure was similar to that described in conventional method except that the mixture was capped in an open 
glass tube and subjected to ultrasonic irradiations (40 kHz and nominal power 250 W) at room temperature under 
catalyst-free condition for the appropriate time until completion of the reaction (monitored by TLC). The resulting 
solid was collected by filtration and purified by crystallization from the appropriate solvent. 
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6-(2-Hydroxy-3-methoxybenzylideneamino)benzo[d]thiazol-2(3H)-one (5a) 
Orange powder; m.p.: 244-245°C. 1H NMR (400 MHz, DMSO-d6, δ ppm): δ 3.82 (3H, s, O-CH3), 6.92 (d, J=5 Hz, 
1H), 7.17 (m, 2H), 7.37 (d, J=1.5 Hz, 1H), 7.75 (d, J=1.5 Hz, 1H), 8.96 (s, 1H, N=CH, azomethine), 12.01 (s, 1H, N-
H), 13.14 (s, 1H, O-H). 13C NMR (100 MHz, DMSO-d6, δ ppm): δ 169.95 (C=O), 162.35 (N=C), 150.30, 147.86, 
142.87, 135.43, 124.56, 123.73, 120.54, 119.26, 118.63, 115.50, 115.31, 112.03 (aromatic carbons), 55.87 (OCH3). 
Anal. Calcd for C15H12N2O3S: (%): C, 59.98; H, 4.02; N, 9.32; S, 10.67. Found: C, 59.82; H, 2.94; N, 7.61; S, 8.43. 
 
3-Methyl-6-(2-hydroxy-3-methoxybenzylideneamino)benzo[d]thiazol-2(3H)-one (5b) 
Yellow powder; m.p.: 200-201°C. 1H NMR (400 MHz, DMSO-d6, δ ppm): δ 3.43 (s, 3H, N-CH3) 3.83 (s, 3H, O-
CH3), 6.92 (d, J=7.2 Hz, 1H), 7.12 (d, J=7.2 Hz, 1H), 7.21 (d, J=1.2 Hz, 1H), 7.38 (d, J=5.5 Hz, 1H), 7.48 (d, J=1.2 
Hz, 1H), 7.83 (d, J=1.2 Hz, 1H), 8.98 (s, 1H, N=CH, azomethine), 13.10 (s, 1H, O-H). 13C NMR (100 MHz, 
DMSO-d6, δ ppm): δ 168.61(C=O), 162.64 (N=C), 150.31, 147.88, 147.88, 143.42, 136.57, 123.74, 122.41, 120.46, 
119.27, 118.66, 115.55, 111.91 (aromatic carbons), 55.89 (O-CH3), 29.18 (CH3). Anal. Calcd for C16H14N2O3S: (%): 
C, 61.13; H, 4.49; N, 8.91; S, 10.20. Found: C, 61.05; H, 4.52; N, 9.17; S, 9.90.  
 
6-(2-hydroxy-4-methoxybenzylideneamino)benzo[d]thiazol-2(3H)-one (5c) 
Green powder; mp: 253-254°C. 1H NMR (400 MHz, DMSO-d6, δ ppm): δ 3.81 (s, 3H, O-CH3), 6.49 (d, J=2.4 Hz, 
1H), 6.55 (d, J=11.6 Hz, H), 7.14 (d, J=8.4 Hz, 1H,), 7.31 (d, J=8.4 Hz, 1H), 7.49 (d, J=8.8 Hz, 1H), 7.69 (d, J=2 Hz, 
1H), 7.86 (s, 1H, N=CH, azomethine), 11.99 (s, 1H, N-H), 13.55 (s, 1H, O-H). 13C NMR (100 MHz, DMSO-d6, δ 
ppm): δ 169.90 (C=O), 163.48 (N=C), 162.72, 161.57, 143.05, 134.87, 133.90, 124.47, 120.24, 115.05, 113.01, 
112.00, 106.78, 100.80 (aromatic carbons). Anal. Calcd for C15H12N2O3S: (%): C, 59.98; H, 4.02; N, 9.32; S, 10.60. 
Found: C, 60.31; H, 4.42; N, 9.29; S, 10.54. 
 
3-Methyl-6-(2-hydroxy-4-methoxybenzylideneamino)benzo[d]thiazol-2(3H)-one (5d) 
Yellow powder; mp: 219-220°C. 1H NMR (400 MHz, DMSO-d6, δ ppm): δ 3.42 (s, 3H, N-CH3), 3.81(s, 3H, O-
CH3), 6.49 (d, J=2 Hz, 1H), 6.55 (dd, J=11.2 Hz, J=2.4 Hz, 1H), 7.35 (d, J=8.8 Hz, 1H), 7.43 (dd, J=10.8 Hz, J=2.4 
Hz, 1H), 7.50 (d, J=8.8 Hz, 1H), 7.77 (d, J=2 Hz, 1H), 8.89 (s, 1H, N=CH, azomethine), 13.52 (s, 1H, O-H). 13C 
NMR (100 MHz, DMSO-d6, δ ppm): δ 168.56 (C=O), 163.54 (N=C), 145.28, 143.57, 136.12, 135.90, 133.94, 
122.12, 120.17, 115.25, 113.01, 111.88, 106.82, 100.80 (aromatic carbons), 55.45 (O-CH3) 29.15 (CH3). Anal. 
Calcd for C16H14N2O3S: (%): C, 61.13; H, 4.49; N, 8.91; S, 10.20. Found: C, 61.23; H, 4.48; N, 9.14; S, 10.14. 
 
6-(5-Bromo-2-hydroxybenzylideneamino)benzo[d]thiazol-2(3H)-one (5e) 
Yellow powder; m.p.: 282-283°C. 1H NMR (400 MHz, DMSO-d6, δ ppm): δ  6.97 (d, J= 8.8 Hz, 1H), 7.17 (d, J= 
8.4 Hz, 1H), 7.36 (dd, J= 10.4Hz, J= 2 Hz, 1H), 7.53 (dd, J= 11.6 Hz, J= 2.4 Hz, 1H), 7.71 (d, J= 2.8 Hz, 1H), 7.73 
(d, J= 2 Hz, 1H), 7.78 (d, J= 2 Hz, 1H), 8.94 (s, 1H, N=CH, azomethine), 12.00 (s, 1H, N-H), 12.96 (s, 1H, O-H). 
13C NMR (100 MHz, DMSO-d6, δ ppm): δ 169.65 (C=O), 160.43 (N=C), 159.10, 142.80, 135.76, 135.27, 133.68, 
124.60, 121.30, 120.47, 119.00, 115.58, 112.07, 109.91 (aromatic carbons). Anal. Calcd for C14H9N2O2SBr: (%): C, 
48.15; H, 2.60; N, 8.02; S, 9.18. Found: C, 47.94; H, 2.52; N, 7.51; S, 8.90. 
 
3-Methyl-6-(5-bromo-2-hydroxybenzylideneamino)benzo[d]thiazol-2(3H)-one (5f) 
Beige powder; m.p.: 218-219°C. 1H NMR (400 MHz, DMSO-d6, δ ppm): δ 3.43 (s, 3H, N-CH3), 7.39 (d, J= 8.4 Hz, 
1H), 7.60 (d, J=2.4 Hz, 1H), 7.64 (d, J=2.4 Hz, 1H), 7.66 (d, J=2.4 Hz, 1H), 7.72 (d, J=2.8 Hz, 1H), 7.81 (d, J=2 Hz, 
1H), 8.96 (s, 1H, N=CH, azomethine, 12.91 (s, 1H, O-H). 13C NMR (100 MHz, DMSO-d6, δ ppm): δ 168.59 (C=O), 
159.10 (N=C), 143.40, 145.80, 136.79, 135.34, 133.68, 122.41, 121.30, 120.41, 119.01, 115.78, 111.94, 109.93 
(aromatic carbons), 29.20 (N-CH3). Anal. Calcd for C15H11N2O2SBr: (%): C, 49.60; H, 3.05; N, 7.71; S, 8.83. 
Found: C, 49.33; H, 2.94; N, 7.44; S, 8.43. 
 
6-(5-Chloro-2-hydroxybenzylideneamino)benzo[d]thiazol-2(3H)-one (5g) 
Yellow powder; m.p.: 278-279°C. 1H NMR (400 MHz, DMSO-d6, δ ppm): δ 6.99 (d, J= 8.8 Hz, 1H), 7.17 (d, J= 8.8 
Hz, 1H), 7.37 (dd, J= 10.4 Hz, J= 2 Hz, 1H), 7.42 (dd, J= 11.6 Hz, J= 2.8 Hz, 1H), 7.71 (d, J= 2.8 Hz, 1H), 7.73 (d, 
J= 2.4 Hz, 1H), 8.94 (s, 1H, N=CH, azomethine), 12.00 (s, 1H, N-H) , 12.93 (s, 1H, O-H). 13C NMR (100 MHz, 
DMSO-d6, δ ppm): δ 169.91 (C=O), 160.55 (N=C), 158.69, 142.87, 135.60, 132.52, 130.72, 124.53, 122.55, 120.68, 
120.49, 118.57, 115.59, 112.05 (aromatic carbons). Anal. Calcd for C14H9N2O2SCl: (%): C, 55.17; H, 2.98; N, 9.19; 
S, 10.52. Found: C, 54.81; H, 2.83; N, 8.82; S, 10.24. 
 
3-Methyl-6-(5-chloro-2-hydroxybenzylideneamino)benzo[d]thiazol-2(3H)-one (5h) 
Yellow powder; m.p.: 218-219°C. 1H NMR (400 MHz, DMSO-d6, δ ppm): δ 3.44 (s, 3H, N-CH3), 6.99 (d, J= 8.8 
Hz, 1H), 7.40 (m, 2H), 7.48 (dd, J= 10.8 Hz, J= 2.4 Hz, 1H), 7.72 (d, J= 2.8 Hz, 1H), 7.81 (d, J= 2 Hz, 1H), 8.97 (s, 
1H, N=CH, azomethine), 12.89 (s, 1H, O-H). 13C NMR (100 MHz, DMSO-d6, δ ppm): δ 168.59 (C=O), 160.80 
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(N=C), 158.70, 143.41, 136.80, 132.58, 130.71, 122.58, 122.41, 120.69, 120.42, 118.58, 115.76, 111.94 (aromatic 
carbons), 28.19 (N-CH3). Anal. Calcd for C15H11N2O2SCl: (%): C, 56.52; H, 3.48; N, 8.79; S, 10.06. Found: C, 
56.39; H, 3.38; N, 8.32; S, 9.96. 
 
Measurement of Free Radical-Scavenging Action 
Free radical scavenging activity of the synthesized compounds against stable free radical 2,2-diphenyl-2-
picrylhydrazylhydrate (DPPH, Sigma-Aldrich Chemie, Steinheim, Germany) was determined 
spectrophotometrically and estimated as previously described with some modifications [42]. When DPPH reacts 
with antioxidant compounds, which can donate hydrogen, it is reduced. Following the reduction, its deep violet 
color in methanol bleached to yellow, showing a significant absorption decrease at 517 nm. Then 500 µL of various 
concentrations (5, 10, 30, 50 and 100 µM) of the compounds (5a-5h) dissolved in methanol were added to 500 µL of 
methanol solution of DPPH (0.6 mM). After a 30 min incubation period at room temperature, the absorbance was 
read against a blank at 517 nm. Ascorbic acid (vitamin C) and butylated hydroxytoluene (BTH) were used as the 
reference compounds. All tests and analyses were done in three replicates and the results were averaged.  
 
The free radical scavenging activity of each solution was then calculated as percent inhibition (%RSC) according to 
the following equation: 

%RSC = 100 ∗
	A���� − A������

A����
 

 
Where Ablank is the absorbance of the control reaction (containing all reagents except the test compound) and Asample 
is the absorbance of the test compound. 
 
The antioxidant activities of various concentrations of the compounds (5a-5h) were expressed as IC50, defined as the 
concentration of the test material required to cause a 50% decrease in initial DPPH concentration. 

 
RESULTS AND DISCUSSION 

 

 
 

Scheme 1 Synthesis of compounds 5a-5h 
 

Chemistry  
In this present work, new Schiff bases derived from 2(3H)-benzothiazolone have been successfully synthesized, by 
the condensation of 6-amino-2(3H)-benzothiazolone derivatives with substituted salicylaldehyde under reflux 
conditions. The synthetic route used for the preparation of the novel Schiff base ligands 5a-5h have been realized as 
shown in scheme 1. 2(3H)-benzothiazolones 4a and 4b bearing an amino group in 6-position were used as starting 
materials to prepare the target compounds. Syntheses of the title compounds were started by obtaining 2(3H)-
benzothiazolone 1 from 2-aminothiophenol by reaction with urea under heat, that was N-methylated using 
dimethylsulfate in basic medium, leading to the formation of the corresponding 3-methylbenzothiazolone derivative 
2. Nitration of the aromatic ring of 1 and 2 with nitric acid in acetic anhydride produced the 6-nitro-benzothiazolone 
and 3-methyl-6-nitro-benzothiazolone derivatives 3a and 3b respectively. Reduction of the nitro group of the 
intermediates 3a and 3b was carried under standard conditions, using tin chloride dihydrate (SnCl2. 2H2O) in 
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ethanol to give the corresponding 6-aminobenzothiazolone substrates 4a and 4b, respectively (Scheme 1). Finally, 
the new target compounds 5a-5h were obtained with yields ranging from 67% to 87%, when synthesized by 
conventional method in ethanol at reflux in presence of catalytic amount of acetic acid. The reaction was completed 
in (91-98%) of yield within 3-8 minutes when ultrasound irradiation was used to the synthesis of these desired 
Schiff base compounds, under catalyst-free condition, by condensation of the appropriate salicylaldehyde with the 
corresponding appropriate 6-aminobenzothiazolone substrates 4a and 4b, as illustrated in Table 1 (Scheme 1). 

 
Table 1 Comparison between reaction times and yields for conventional and ultrasonic irradiation methods 

 

Entry Structure 
Conventional 

Time (h)    Yield (%) 
Ultrasound 

Time (min)    Yield (%) 

 
5a 

 

 
1 87 

 
8  97 

 
5b 

 

 
1 74 

 
6  95 

 
5c 

 

 
2 67 

 
7  94 

 
5d 

 

 
1 81 

 
5  96 

 
5e 

 

 
1 78 

 
3  95 

 
5f 

 

 
1 80 

 
4  96 

 
5g 

 

 
2 70 

 
3 96 

 
5h 

 

 
1 81 

 
4  98 
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Antioxidant Activity  
The antioxidant activity of the newly synthesized ligands 5a–5h was investigated and evaluated for their free radical 
scavenging activity using the stable DPPH (2,2-diphenyl-2-picrylhydrazylhydrate) radical. The IC50 was calculated 
for each compound with ascorbic acid and BHT as standard compounds and are summarized in Table 2. The 
synthesized compounds 5a–5h showed activity in the range of 32.55-118.10 µM (Table 2). Compound 5e (IC50 = 
32.55 µM) showed highest activity, more active than the standard BHT (IC50 = 36.81µM).  
 
Ascorbic acid, a phenolic antioxidant used as a standard compound showed stronger antioxidant activity (IC50 value 
of 13.12 µM) than that of any the other synthesized compounds. 

 
Table 2 DPPH radical scavenging and IC50 (µM) of Schiff bases 5a-5h and reference compounds ascorbic acid and BHT 

 
   %RSC    
Compound 5 µM 10 µM 30 µM 50 µM 100 µM IC50 
5a 12.67 27.16 47.14 55.39 69.65 54.35 
5b 4.69 17.70 28.33 42.56 57.62 81.23 
5c 5.94 15.58 24.02 46.15 65.64 69.18 
5d 6.20 8.74 24.29 37.49 54.37 84.92 
5e 33.71 41.04 57.54 62.92 74.65 32.55 
5f 10.48 20.35 42.37 56.29 62.54 65.15 
5g 2.23 20.16 27.84 38.59 53.72 87.70 
5h 2.80 10.36 20.12 26.93 42.56 118.10 
Ascorbic acid 20.72 51.83 68.36 79.87 95.61 13.12 
BHT 22.22 31.85 40.05 72.72 82.66 36.81 
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CONCLUSION 
 
In conclusion, some novel Schiff base ligands derived from 6-amino-2(3H)-benzothiazolones and substituted 2-
hydroxybenzaldehyde (5a-5h) have been successfully synthesized and characterized on the basis of their analytical 
and spectroscopic properties, and evaluated them for their in vitro antioxidant activity by DPPH method. The IC50 
value was determined for every compound. From results of DPPH assay, it has been found that the compound 5e 
showed promising antioxidant activity compared to the synthetic antioxidant BHT. The above results suggested that 
the rational design of benzothiazolone based Schiff base derivatives could have great importance as novel 
antioxidant agents, and contributing to the development of novel effective compounds with potential antioxidative 
activity for prevention, reduction of risk factors and treatment of disease associated with oxidative stress related 
degenerative diseases. Further studies on the corresponding action mechanisms of these compounds are under 
investigation. 
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