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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 (5€) showed the most
favorable antioxidant activity exhibiting 1Csg of 32.55 uM.

Keywords: 2(3H)-benzothiazolone, 2-hydroxybenzaldehyde, fBdizses, synthesis, green chemistry, ultrasound
irradiation

INTRODUCTION

In recent years, the interest of preventive effetantioxidative agents, in relation to their #yeeutic properties,
has increased significantly. The antioxidant attivef a compound is its ability to resist oxidatioRhenolic

antioxidant compounds are one of the most imporatipxidant agents which can inhibit the oxidatsteess in

biological system and prevent any damage. Indeex$t of the antioxidants of synthetic or naturalgorihave

hydroxyphenolique groups in their structures arelahtioxidant properties are attributable in parthe ability of

these compounds to trap free radicals such astheat hydroxyl (OF) and superoxide (£ [1-4]. Previous studies
have indicated that free radicals and reactive erygpecies (ROS) including hydrogen peroxidgOdy extremely

reactive hydroxyl, and several other free radipatgluced by cells, would cause damage to all biemdés such as
lipids, proteins and DNA resulting in cell dama&é énd subsequently this damage may result in ndéseases [6-
13].

Schiff base derived from the condensation of stuistl salicylaldehydes and primary amines proditesesting
oxygen and nitrogen donor Schiff base compounds$aa@ of very particular interest due to diverselating ability
[14]. They play important roles in both synthetindastructural research because of their strucuirarsity and
preparative accessibility, also of their importantenedicinal and pharmaceutical field [15]. Salidgiehyde Schiff
base ligands may contain a variety of substitueiitis different electron-donating or electron-witaging groups,
and therefore may have interesting chemical anb@ical properties. They have also been shown hibéba broad
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range of biological activities including antioxiddi 6], antiviral [17], anticancer [18] and othefithese activities
can be related to the ligand structural arrangesnentl to the nature of the substituent groups [A8¢litionally, a

great deal of interest has been directed towargdbitactivity of 2(3H)-benzothiazolone derivatives sources of
antioxidant. A large number of 2(3H)-benzothiaz@alerivatives bearing various substituents at joposB and 6

have been reported to posgetifungal [20] and anti-inflammatory as well as analgesitivitiees which are related
to antioxidant property [21-26].

Ultrasound irradiation is a fascinating phenomeramwn to accelerate different types of common tieas used
in synthetic organic chemistry efficiently [27,28Therefore ultrasound irradiation has been estaddisas an
important technique in organic synthesis, which iniigued many research laboratories worldwiderduthe last
few years [29-35].

In view of the above facts, we were interested ipractical technique for the synthesis of new sené 2-
benzothiazolinonyl Schiff bases. Herein, we wishréport our studies toward the coupling of 6-am2(8H)-
benzothiazolone substrates with substituted salidghyde as the base to produce diverse 2(3H)-b@azolone
Schiff bases (Figure 1) under conventional andastiund irradiation conditions. We also investigdtex effect of
the nature and the substituent position on theeahdicavenging abilities of these novel compoursisguthe DPPH

method.
R
N
H OH
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Figure 1 General structure of the synthesized Schibases ligands 5a-5h
MATERIALS AND METHODS

All chemicals and solvents that we have used is $hidy were purchased from Aldrich Chemicals. Mglpoints
have been determined using a SMP3 Stuart Scieatifiaratus and are uncorrected. feand**C NMR spectra
were performed (CE),SO solutions on a Bruker AC 400 spectrometer uslingethylsulfoxide-g with TMS as
internal standard, with chemical shifts reporteddggpm). Analytical thin layer chromatography was perfedn
with commercial silica gel plates 6Qsk (Merck) and visualized with UV light, using Ethgktate/Cyclohexane
(8/2, viv) solvent system as eluent. The experialeBtemental analyses (C, H, N, S) were conductadguthe
ThermoScientific Flash 2000, their results werenfibtio be in satisfactory agreement (+0.4%) with ¢hiculated
values. Ultrasound assisted reactions were caaugdising a FUNGILAB ultrasonic bath with a freqagrof 40
kHz and a nominal power of 250 W. The reactionsenearried out in an open glass tube (diameter: 8§ m
thickness: 1 mm; volume: 20 mL) at room tempera@e2C).

The identity of the known products benzothiazolalegivativesl, 2, 3a, 3b, 4a and 4b was confirmed by the
comparison of their melting points and spectrostcagata with those of authentic compounds availabléhe
literature [36-41].

General procedure for the Synthesis of Schiff baseatkerivatives (5a-5h)

Conventional technique

Substutued 2-hydroxybenzaldehyde dissolved in fopikthanol was mixed with a boiling solution of iiao-
2(3H)-benzothiazolone4a and4b in the same solvent. The resulting mixture wasusefti at 80 °C for 1-3h with
continuous stirring in the presence of few dro@moétic acid. Progress of the reaction was monitbge@LC. The
product which formed was filtered off, washed wéthanol, dried, and recrystallized from ethanolgiee the
desired Schiff base ligan@sa-5h) (Scheme 1).

Ultrasound technique

The procedure was similar to that described in eatisnal method except that the mixture was cappech open
glass tube and subjected to ultrasonic irradiatid@skHz and nominal power 250 W) at room tempeeatinder
catalyst-free condition for the appropriate timeilurompletion of the reaction (monitored by TLQ)he resulting
solid was collected by filtration and purified brystallization from the appropriate solvent.
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6-(2-Hydroxy-3-methoxybenzylideneamino)benzo[d]thiaol-2(3H)-one (5a)

Orange powder; m.p.: 244-245°% NMR (400 MHz, DMSO-g, 5 ppm): 03.82 (3H, s, O-Ch), 6.92 (d, J=5 Hz,
1H), 7.17 (m, 2H), 7.37 (d, J=1.5 Hz, 1H), 7.75J€d1.5 Hz, 1H), 8.96 (s, 1H, N=CH, azomethine)p14s, 1H, N-
H), 13.14 (s, 1H, O-H)™*C NMR (100 MHz, DMSO-¢ d ppm):  169.95 (C=0), 162.35 (N=C), 150.30, 147.86,
142.87, 135.43, 124.56, 123.73, 120.54, 119.26,6B18.15.50, 115.31, 112.03 (aromatic carbonsBBE0CH).
Anal. Calcd for GsH1oNoO3S: (%): C, 59.98; H, 4.02; N, 9.32; S, 10.67. Faund59.82; H, 2.94; N, 7.61; S, 8.43.

3-Methyl-6-(2-hydroxy-3-methoxybenzylideneamino)bero[d]thiazol-2(3H)-one (5b)

Yellow powder; m.p.: 200-201°CH NMR (400 MHz, DMSO-¢, J ppm): J 3.43 (s, 3H, N-Ch) 3.83 (s, 3H, O-
CHy), 6.92 (d, J=7.2 Hz, 1H), 7.12 (d, J=7.2 Hz, TH21 (d, J=1.2 Hz, 1H), 7.38 (d, J=5.5 Hz, 1H)87d, J=1.2
Hz, 1H), 7.83 (d, J=1.2 Hz, 1H), 8.98 (s, 1H, N=Citpmethine), 13.10 (s, 1H, O-HC NMR (100 MHz,
DMSO-d;, dppm): 6168.61(C=0), 162.64 (N=C), 150.31, 147.88, 147138.42, 136.57, 123.74, 122.41, 120.46,
119.27,118.66, 115.55, 111.91 (aromatic carb&@isR9 (O-CH), 29.18 (CH). Anal. Calcd for GH14N,0sS: (%):

C, 61.13; H, 4.49; N, 8.91; S, 10.20. Found: CO61H, 4.52; N, 9.17; S, 9.90.

6-(2-hydroxy-4-methoxybenzylideneamino)benzo[d]thizol-2(3H)-one (5¢)

Green powder; mp: 253-254°6H NMR (400 MHz, DMSO-g, d ppm): 03.81 (s, 3H, O-CH), 6.49 (d, J=2.4 Hz,
1H), 6.55 (d, J=11.6 Hz, H), 7.14 (d, J=8.4 Hz,)1R,31 (d, J=8.4 Hz, 1H), 7.49 (d, J=8.8 Hz, TH®9 (d, J=2 Hz,
1H), 7.86 (s, 1H, N=CH, azomethine), 11.99 (s, M-H), 13.55 (s, 1H, O-H)*C NMR (100 MHz, DMSO-¢ J
ppm): 0 169.90 (C=0), 163.48 (N=C), 162.72, 161.57, 1431%4.87, 133.90, 124.47, 120.24, 115.05, 113.01,
112.00, 106.78, 100.80 (aromatic carbons). AnalccCtor C;sH1,N,OsS: (%): 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)bero[d]thiazol-2(3H)-one (5d)

Yellow powder; mp: 219-220°CH NMR (400 MHz, DMSO-¢, d ppm): J 3.42 (s, 3H, N-Ch), 3.81(s, 3H, O-
CHy), 6.49 (d, J=2 Hz, 1H), 6.55 (dd, J=11.2 Hz, J4224 1H), 7.35 (d, J=8.8 Hz, 1H), 7.43 (dd, J=1d8 J=2.4
Hz, 1H), 7.50 (d, J=8.8 Hz, 1H), 7.77 (d, J=2 HH#),18.89 (s, 1H, N=CH, azomethine), 13.52 (s, 1HHC

NMR (100 MHz, DMSO-¢, o ppm): 0 168.56 (C=0), 163.54 (N=C), 145.28, 143.57, 136125.90, 133.94,
122.12, 120.17, 115.25, 113.01, 111.88, 106.82,8000aromatic carbons), 55.45 (O-gH9.15 (CH). Anal.

Calcd for GgH14N,0sS: (%): C, 61.13; H, 4.49; N, 8.91; S, 10.20. Faungd61.23; H, 4.48; N, 9.14; S, 10.14.

6-(5-Bromo-2-hydroxybenzylideneamino)benzo[d]thiazkb2(3H)-one (5€)

Yellow powder; m.p.: 282-283°CH NMR (400 MHz, DMSO-g, dppm): J 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)37(8d, J= 11.6 Hz, J= 2.4 Hz, 1H), 7.71 (d, J=2z8 1H), 7.73
(d, J= 2 Hz, 1H), 7.78 (d, J= 2 Hz, 1H), 8.94 (d, N=CH, azomethine), 12.00 (s, 1H, N-H), 12.961(d, O-H).
13C NMR (100 MHz, DMSO-¢ J ppm):  169.65 (C=0), 160.43 (N=C), 159.10, 142.80, 1351535.27, 133.68,
124.60, 121.30, 120.47, 119.00, 115.58, 112.07,910&romatic carbons). Anal. Calcd fo@9N,O,SBr: (%): C,
48.15; H, 2.60; N, 8.02; S, 9.18. Found: C, 471942.52; N, 7.51; S, 8.90.

3-Methyl-6-(5-bromo-2-hydroxybenzylideneamino)benzf]thiazol-2(3H)-one (5f)

Beige powder; m.p.: 218-219°H NMR (400 MHz, DMSO-¢, dppm): 03.43 (s, 3H, N-Ch), 7.39 (d, J= 8.4 Hz,
1H), 7.60 (d, J=2.4 Hz, 1H), 7.64 (d, J=2.4 Hz, 1H¥6 (d, J=2.4 Hz, 1H), 7.72 (d, J=2.8 Hz, 1H317(d, J=2 Hz,
1H), 8.96 (s, 1H, N=CH, azomethine, 12.91 (s, 1H{)0**C NMR (100 MHz, DMSO-¢ dppm): §168.59 (C=0),
159.10 (N=C), 143.40, 145.80, 136.79, 135.34, 183122.41, 121.30, 120.41, 119.01, 115.78, 111199,93
(aromatic carbons), 29.20 (N-GH Anal. Calcd for GH1iN,O,SBr: (%): 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]thiarl-2(3H)-one(50)

Yellow powder; m.p.: 278-279°CH NMR (400 MHz, DMSO-¢, dppm): §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), 7.4@,(J= 11.6 Hz, J= 2.8 Hz, 1H), 7.71 (d, J= 2.8 H1), 7.73 (d,
J= 2.4 Hz, 1H), 8.94 (s, 1H, N=CH, azomethine)002s, 1H, N-H) , 12.93 (s, 1H, O-HJC NMR (100 MHz,
DMSO-d;, dppm): 0169.91 (C=0), 160.55 (N=C), 158.69, 142.87, 135162.52, 130.72, 124.53, 122.55, 120.68,
120.49, 118.57, 115.59, 112.05 (aromatic carbaxsdl. Calcd for GHoN,O,SCl: (%): C, 55.17; H, 2.98; N, 9.19;
S, 10.52. Found: C, 54.81; H, 2.83; N, 8.82; S240.

3-Methyl-6-(5-chloro-2-hydroxybenzylideneamino)bena[d]thiazol-2(3H)-one (5h)

Yellow powder; m.p.: 218-219°CH NMR (400 MHz, DMSO-¢, J ppm): J 3.44 (s, 3H, N-Ch) 6.99 (d, J= 8.8
Hz, 1H), 7.40 (m, 2H), 7.48 (dd, J= 10.8 Hz, J=R# 1H), 7.72 (d, J= 2.8 Hz, 1H), 7.81 (d, J= 2 HA), 8.97 (s,
1H, N=CH, azomethine), 12.89 (s, 1H, O-fC NMR (100 MHz, DMSO-¢ & ppm): J 168.59 (C=0), 160.80
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(N=C), 158.70, 143.41, 136.80, 132.58, 130.71,822122.41, 120.69, 120.42, 118.58, 115.76, 11(agdmatic
carbons), 28.19 (N-CHL Anal. Calcd for GH1iN,O,SCl: (%): C, 56.52; H, 3.48; N, 8.79; S, 10.06. ReuC,
56.39; H, 3.38; N, 8.32; S, 9.96.

Measurement of Free Radical-Scavenging Action

Free radical scavenging activity of the synthesizammmpounds against stable free radical 2,2-diph2nyl
picrylhydrazylhydrate  (DPPH, Sigma-Aldrich  Chemie,Steinheim, Germany) was determined
spectrophotometrically and estimated as previodsigcribed with some modifications [42]. When DPRdcts
with antioxidant compounds, which can donate hydmgt is reduced. Following the reduction, its mlegolet
color in methanol bleached to yellow, showing andigant absorption decrease at 517 nm. Then BO6f various
concentrations (5, 10, 30, 50 and 100) of the compoundsb@-5h) dissolved in methanol were added to p0of
methanol solution of DPPH (018M). After a 30 min incubation period at room temgiare, the absorbance was
read against a blank at 517 nm. Ascorbic acid ifvitaC) and butylated hydroxytoluene (BTH) were usadthe
reference compounds. All tests and analyses ware micthree replicates and the results were avdrage

The free radical scavenging activity of each solutivas then calculated as percent inhibition (%R&Eprding to
the following equation:

(Ablank - Asample)

%RSC = 100 * A
blank

Where Ayankis the absorbance of the control reaction (coirtgiall reagents except the test compound) ang.A
is the absorbance of the test compound.

The antioxidant activities of various concentrasiarf the compound$4-5h) were expressed asdf-defined as the
concentration of the test material required to eau50% decrease in initial DPPH concentration.

RESULTS AND DISCUSSION

NH, o)
Il 1) HCI, 80°C, 3h HNO; (68%)
+ 3 0)
©:SH HNCNH, >~ O=< O=<

2) (CH30,)S0,, NaOH ACZO -5-0°C
1: R=H; 2. R=CHj4 3a: R=H; 3b: R=CH;

SnCl,.2H,0 | EtOH

reflux, 3h
))» 40 kHz, 3-8 mn R .
HO R2 N
o RT, EtOH N
:< j@\ + 0=<
80°C, EtOH OHC R3 S NH,

] HCOOH, 1-3h
Sa-5h R R2=H, OCH;,  4a:R=H; 4b: R=CH,

R3=H, CI, Br
Scheme 1 Synthesis of compounds 5a-5h

Chemistry

In this present work, new Schiff bases derived fi2(3H)-benzothiazolone have been successfully sgikd, by
the condensation of 6-amino-2(3H)-benzothiazoloreivdtives with substituted salicylaldehyde undeflux
conditions. The synthetic route used for the pragiam of the novel Schiff base liganBla-5hhave been realized as
shown in scheme 1. 2(3H)-benzothiazoloAasand4b bearing an amino group in 6-position were usedtasirsg
materials to prepare the target compounds. Syrgéhefdhe title compounds were started by obtair(gH)-
benzothiazolonel from 2-aminothiophenol by reaction with urea undeyat, that was N-methylated using
dimethylsulfate in basic medium, leading to tharfation of the corresponding 3-methylbenzothiazoldeevative

2. Nitration of the aromatic ring df and2 with nitric acid in acetic anhydride produced thaio-benzothiazolone
and 3-methyl-6-nitro-benzothiazolone derivativés and 3b respectively. Reduction of the nitro group of the
intermediates3a and 3b was carried under standard conditions, using hilorde dihydrate (SnGl 2H,0) in
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ethanol to give the corresponding 6-aminobenzotiise substrate4a and4b, respectively (Scheme 1). Finally,
the new target compoundsa-5h were obtained with yields ranging from 67% to 87#hen synthesized by
conventional method in ethanol at reflux in pregeatcatalytic amount of acetic acid. The reacti@s completed
in (91-98%) of yield within 3-8 minutes when ultcamd irradiation was used to the synthesis of thiesired
Schiff base compounds, under catalyst-free comdiiy condensation of the appropriate salicylaldehwith the
corresponding appropriate 6-aminobenzothiazolobstsatesta and4b, as illustrated in Table 1 (Scheme 1).

Table 1 Comparison between reaction times and yiesdfor conventional and ultrasonic irradiation methals

Entr Structure Conventional Ultrasound
Y Time (h) Yield (%) Time (min) Yield (%)
H OCHg3
N HO
5a O:< 1 87 8 97
H
OCHg3

CH,
N HO
5b O:< j@\ 1 74 6 95
H
H
N HO OCH,
. =<1 T
H

2 67 7 94
e
N HO OCH,
o 0=<X :@\ :©/ 1 81 5 96
S N:(|:
H
H
N HO
= 0= j@\ j@\ 1 78 3 95
S N=C|) Br
H
CH,
N HO
s 0=X j@\ j@\ 1 80 4 96
S N=C|) Br
H
H
N HO
59 o= :©\ jg\ 2 70 3 9%
S N=C Cl
H
CHs
N HO
s 0= jg\ 1 81 4 98
S N=C Cl
H
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Antioxidant Activity

The antioxidant activity of the newly synthesizeghhdssa—5hwas investigated and evaluated for their freecadi
scavenging activity using the stable DPPH (2,2-eipt-2-picrylhydrazylhydrate) radical. The 40vas calculated

for each compound with ascorbic acid and BHT asdsted compounds and are summarized in Table 2. The
synthesized compounds-5h showed activity in the range of 32.55-1181Md (Table 2). Compounée (ICs =
32.55uM) showed highest activity, more active than ttendard BHT (IG, = 36.81uM).

Ascorbic acid, a phenolic antioxidant used as adsted compound showed stronger antioxidant act\®y, value
of 13.12uM) than that of any the other synthesized compounds

Table 2 DPPH radical scavenging and 16 (M) of Schiff bases 5a-5h and reference compoundscorbic acid and BHT

%RSC
Compound ~ 5uM 10uM 30 puM 50 pM_ 100 pM_ ICs
5a 12.67 27.16 47.14 5539 69.65  54.35
5b 469 1770 2833 4256 5762  81.23
5¢ 594 1558 2402 4615 6564  69.18
5d 6.20 874 2429 37.49 5437  84.92
5e 3371 41.04 5754 6292 7465 3255
5f 10.48 2035 4237 5629 6254  65.15
5¢ 223 2016 27.84 3859 5372  87.70
5h 2.80 1036 2012 2693 4256  118.10
Ascorbicacid 20.72 51.83 6836 79.87 9561  13.12
BHT 2222 31.85 4005 7272 82.66  36.81
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CONCLUSION

In conclusion, some novel Schiff base ligands aatifrom 6-amino-2(3H)-benzothiazolones and sulistiti2-
hydroxybenzaldehydes@-5h) have been successfully synthesized and charagetean the basis of their analytical
and spectroscopic properties, and evaluated therhédr in vitro antioxidant activity by DPPH metthoThe IG
value was determined for every compound. From tesifl DPPH assay, it has been found that the compbe
showed promising antioxidant activity comparedhe synthetic antioxidant BHT. The above resultgssted that
the rational design of benzothiazolone based Sdbeffe derivatives could have great importance aglno
antioxidant agents, and contributing to the develept of novel effective compounds with potentiali@idative
activity for prevention, reduction of risk factoamd treatment of disease associated with oxidatiress related
degenerative diseases. Further studies on thespomding action mechanisms of these compounds raderu
investigation.
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