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Antimicrobial screening of several novel 4-thiazolidinones with benzothiazole moiety has been performed. These 
compounds were evaluated for antimicrobial activity against a panel of bacterial and fungal strains. The strains were treated 
with these benzothiazole derivatives at varying concentrations, and MIC’s were calculated. Structures of these compounds 
have been determined by spectroscopic studies viz., FT-IR, 1H NMR, 13C NMR and elemental analysis. Significant 
antimicrobial activity was observed for some members of the series, and compounds viz. 3-(4-(benzo[d]thiazol-2-yl) 
phenyl)-2-(4-methoxyphenyl)thiazolidin-4-one and 3-(4-(benzo[d]thiazol-2-yl)phenyl)-2-(4-hydroxy phenyl)thiazolidin-4-
one were found to be the most active against E.coli and C.albicans with MIC values in the range of 15.6–125 µg/ml. 
Preliminary study of the structure–activity relationship revealed that electron donating groups associated with thiazolidine 
bearing benzothiazole rings had a great effect on the antimicrobial activity of these compounds and contributes positively 
for the action. DNA cleavage experiments gave valuable hints with supporting evidence for describing the mechanism of 
action and hence showed a good correlation between their calculated MIC’s and its lethality. 
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In recent years, the number of life threatening 
infections caused by multiple drug resistant pathogens 
has reached to an alarming level in hospitals, 
community and have become a global public health 
problem. These resistance problems demands 
renewed efforts should be made for effective therapy. 

Benzothiazole and its derivatives are widely 
distributed in nature and are well known to exhibit 
broad spectrum of biological activities such as 
antimicrobial1, antiproliferative2, antimalarial3, 
anticonvulsant4, antihelmintic5, analgesic6, anti-
inflammatory7 and antidiabetic8. Small ring 
heterocycles, particularly 4-thiazolidinones have 
shown important biological activities i.e  
anti-inflammatory9, antitubercular10, antimicrobial11, 
antiviral12 and anti-HIV13. Therefore, it was envisaged 
that chemical entities with benzothiazole and  
4-thiazolidinone moieties would result in compounds 
of interesting biological activities. In view of these, an 
attempt was made to incorporate these biologically 

active components together to give a confined 
structure like the titled compounds and evaluate their 
antimicrobial activity. 

Synthesis and biological properties of various 
Schiff base-benzothiazole hybrids have been 
reported14. These compounds were screened for their 
antibacterial and antifungal activities and it was found 
that some of them have moderate to good biological 
properties. The biological significance of this class of 
compounds impelled us to extend this series by 
working on the synthesis of new 4-thiazolidinone 
derivatives. In this communication synthesis of some 
new 4-thiazolidinone derivatives derived from Schiff 
bases of benzothiazoles and their antimicrobial 
studies have been reported. 

Some of the metal free ligands have shown 
promising nucleolytic activity. The key functionality 
at the active site in natural nucleases viz. 
staphylococcal nuclease (SNase)15 and bovine 
pancreatic ribonuclease (RNase A)16, are the positive 
charge groups (guanidinium or ammonium). The 
binding ability of this positive group with the 
phosphate of DNA or RNA (negative group) through 
hydrogen bonding and electrostatic interaction17 in 
biological molecules imparts cleavage of phosphodiester 
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bond18-22. Some of the compounds with positive charge 
groups, as nuclease mimics for cleavage of 
phosphodiester bond, are identified as efficient cleavers 
of RNA23

. Thus the compounds designed in such manner 
were artificial nuclease mimics. 

Keeping the above information in view, the DNA 
cleavage activity of 4-thiazolidinones-benzothiazole 
conjugates has been studied by gel electrophoresis. 
 

Materials and Methods 

ChemistryThe target compounds  
4-thiazolidinones-benzothiazole conjugates (TB01-10) 
were obtained by adopting the following steps: 
equimolar quantities of Schiff bases of benzothiazole 
hybrids reported earlier14 and thioglycolic acid, were 
refluxed in suitable solvent (DMF) in presence of 
anhyd. ZnCl2 as catalyst which yielded substituted  
4-thiazolidindione benzothiazole derivatives. The IR, 
1H-NMR, 13C-NMR spectral data of compounds 
(TB01-10) were in accordance with the proposed 
molecular structures. 

Experimental—All the reactions were monitored 
with the help of thin-layer chromatography using pre-
coated aluminium sheets with GF254 silica gel, 0.2 mm 
layer thickness (E. Merck). Melting points were 
determined in open-glass capillaries on Stuart-SMP10 
melting point apparatus and were reported 
uncorrected. IR absorption spectra were recorded on 
Shimadzu FTIR-8400s. 1H NMR spectra were 
recorded on the Bruker DRX-300 FTNMR and 13C 
NMR spectra were recorded on the JEOL AL300 
FTNMR spectrometer operating at 300 MHz. 
Chemical shifts were measured relative to internal 
standard TMS (δ:0) and were reported as parts per 
million (ppm) downfield from TMS. Elemental 
analyses (C, H, N) were performed on Exeter 
Analytical Inc., USA, CE-440 elemental analyzer. 

General procedure for the synthesis of  

4-thiazolidinones-Benzothiazole Conjugates from 
Schiff bases of benzothiazoles [3-(4-(benzo[d]thiazol-
2-yl)phenyl)-2-(substituted-phenyl)thiazolidin-4-one 

(TB01-10)]To the equimolar solution of respective 
Schiff bases of benzothiazole (0.01 mol) in DMF and 
of thioglycolic acid solution (0.01 mol), certain 
amount of anhyd. ZnCl2 was added as catalyst. The 
reaction mixture was refluxed on a water bath for  
10-12 h. After cooling it to room temperature, the 
reaction mixture was poured on to the crushed ice, 
neutralized with K2CO3 to get the desired product. 
The solid that separated was filtered and dried. It was 
further recrystallised by ethanol/methanol. 

Characterization data of the compounds are given 
in Table 1. Physicochemical data and results of 
elemental analysis of the compounds are listed in 
Tables 2. 
 

Antimicrobial susceptibility testing 

MicroorganismsThe compounds (TB01-10) 
were screened for their antibacterial activity against 
various pathogenic bacterial strains (Gram-negative 
and Gram-positive) viz., Escherichia coli (ATCC 
35218), Staphylococcus aureus (ATCC 25323), 
Salmonella typhi (MTCC 3216), Pseudomonas 

aeruginosa (ATCC 27893) and Enterococcus faecalis 
(Clinical isolate). Anti-fungal activity of the above 
compounds was evaluated against fungal strains viz. 
Candida albicans (ATCC 90028) and Candida 

tropicalis (ATCC 750). 
Preparation of inoculumThe inoculum size of 

the test isolates was standardized according to the 
guidelines of National Committee for Clinical 
Laboratory Standards (NCCLS, 1997)24. The bacterial 
isolates were inoculated in Mueller–Hinton Agar 
(MHA, Hi-Media) and fungal isolates in Sabouraud 
dextrose agar (SDA, Hi-Media)25. The inoculums 
were incubated at 37 ºC for 3-6 h until the culture 
attained the turbidity to the Mc Farland Standard no: 
0.5 [~ 106 colony forming units (CFU) per mL]. 

Disc Diffusion methodSusceptibility test was 
performed by agar disc diffusion method. Standard 
inoculum (~ 106 CFU/mL or 0.5 McFarland 
standards) was introduced on to the surface of sterile 
agar plates, and a sterile glass spreader was used for 
even distribution of the inoculums. The Whatman no. 
1 filter paper discs (6 mm in diam.) impregnated with 
the test compounds (20 mL/disc) placed on the plates. 
Ciprofloxacin (5 mg/disc, Hi-Media) and fluconazole 
(10 mg/disc, Hi-Media) were used as positive controls 
for bacteria and fungi respectively. DMSO was used 
as negative control. The plates were inverted and 
incubated for 24 h at 37 °C and 48 h at 37 °C for 
bacteria and fungi respectively. The susceptibility was 
assessed on the basis of diameter of zone of inhibition 
measured in millimetres. All the tests were performed 
in triplicate and the average was taken as final 
reading. 

Determination of MICSolutions of the test 
compounds, ciprofloxacin and fluconazole were 
prepared in DMSO at a concentration of 500 µg/mL. 
From this stock solution, serial dilutions of the 
compounds (250, 125 ........ 3.91 µg/mL)  
were prepared  to  determine  the  minimum inhibitory 
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Table 1  Spectral data of compounds (TB01-10) 

 

S. No. Compound  
Structure and code 

IR Stretching  
in cm-1  

1H NMR shift  
(δ) ppm  

13C NMR shift  
(δ) ppm  

     

1  

N

S

N

S

O

H3CO

TB01 
 

1658.84 (C=O str. of carbonyl 
group), 2850 (C–H str., O–CH3 
group) 3221.23 (Aromatic –C–
H str.)  

3.72 (s, 3H, OCH3), 4.81  
(s, -CH of Thiazolidindione 
ring), 3.1 (s, 2H, -CH2 of 
Thiazolidindione ring),  
7.60–7.89 (m, 12H, Ar–H) 

55.69 (OCH3) , 65.70  
(-CH of Thiazolidindione 
ring), 33.11 (-CH2 of 
Thiazolidindione ring), 
183.34 (C=O), 126.67–
140.05 (Aromatic–C,  
C2–C9 C1’–C6’ C1”–C6”) 

2  

N

S

N

S

O

Cl

TB02 
 

1683.91 (C=O str. of carbonyl 
group), 1065 (C–Cl str.), 
3131.23(Aromatic –C–H str.)  

 4.51 (s, -CH of 
Thiazolidindione ring),  
3.20 (s, 2H, -CH2 of 
Thiazolidindione ring),  
7.69–7.90 (m, 12H, Ar–H) 

67.71 (-CH of 
Thiazolidindione ring), 
32.40 (-CH2 of 
Thiazolidindione ring), 
181.14 (C=O), 123.07–
145.05 (Aromatic–C,  
C2–C9 C1’–C6’ C1” 
–C6”) 

3  

N

S

N

S

O

Cl

Cl

 
TB03

 

1632.54 (C=O str. of carbonyl 
group) 1108, 1065 (C–Cl str.), 
3118, 3083 (Aromatic C–H 
str.) 

4.11 (s, -CH of 
Thiazolidindione ring),  
3.20 (s, 2H, -CH2 of 
Thiazolidindione ring),  
7.42–7.91 (m, 11H, Ar–H) 

63.51 (-CH of 
Thiazolidindione ring), 
38.40 (-CH2 of 
Thiazolidindione ring), 
178.14 (C=O), 121.07 
–142.05 (Aromatic–C, 
C2–C9 C1’–C6’ C1” 
–C6”) 

4  

N

S

N

S

O

HO

OH

TB04 
 

1628.34 (C=O str. of carbonyl 
group), 3126 (O–H str., br.), 
3121.03(Aromatic –C–H str.)  

10.69 (br, s, 1H, o–OH 
group), 9.92 (s, 1H, p–OH 
group), 4.30 (s, -CH of 
Thiazolidindione ring),  
3.61 (s, 2H, -CH2 of 
Thiazolidindione ring),  
6.91–7.54 (m, 11H, Ar–H) 

64.01 (-CH of 
Thiazolidindione ring), 
35.31 (-CH2 of 
Thiazolidindione ring), 
174.14 (C=O),  
122.07–146.05 
(Aromatic–C, C2–C9 
C1’–C6’ C1”–C6”) 
 

5  

N

S

N

S

O

Br

TB05 
 

1641.13 (C=O str. of carbonyl 
group), 765 (C–Br str.), 
3221.73(Aromatic –C–H str.)  

4.21 (s, -CH of 
Thiazolidindione ring),  
3.30 (s, 2H, -CH2 of 
Thiazolidindione ring),  
7.01–7.84 (m, 12H, Ar–H) 

67.62 (-CH of 
Thiazolidindione ring), 
32.11 (-CH2 of 
Thiazolidindione ring), 
179.24 (C=O), 125.07 
–149.15 (Aromatic–C, 
C2–C9 C1’–C6’ C1” 
–C6”) 
 

6  

N

S

N

S

O

HO

TB06 
 

1644.21 (C=O str. of carbonyl 
group), 3426 (O–H str.), 
3271.61(Aromatic –C–H str.) 

9.72 (s, 1H, –OH), 4.41  
(s, -CH of Thiazolidindione 
ring), 3.40 (s, 2H, -CH2 of 
Thiazolidindione ring),  
7.11–7.94 (m, 12H, Ar–H) 
 

65.21 (-CH of 
Thiazolidindione ring), 
34.50 (-CH2 of 
Thiazolidindione ring), 
182.84 (C=O), 122.37–
150.15 (Aromatic–C, C2–
C9 C1’–C6’ C1”–C6”) 

    …Contd
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concentration (MIC). All of the dilutions were made 
with distilled water. At the end of the incubation 
period, the MIC values were determined. All 
determinations were done in triplicates and the 
average was taken as final reading. The standard 
antibiotic, ciprofloxacin (500 µg/mL) for bacteria and 
fluconazole (500 µg/mL) for fungi were used as 
positive controls and 500 µL of DMSO used as a 
negative control. The lowest concentration of the 
compound that prevented visible growth (turbidity on 
liquid media) was considered as MIC. 
 

Nuclease activity 
Cleavage experiments were performed by agarose 

gel electrophoresis. The illuminated gel was 
photographed by Alpha Innotech Corporation 
Instrument. Cleavage experiments of plasmid DNA 
(200 ng) by TB01, TB06, TB08 and TB09 (10-30 µM) 

in (5 mM Tris-HCl/50 mM NaCl), buffer (pH 7.2) 
were carried out. The samples were incubated for 1 h 
at 37 °C. A loading buffer containing 25% 
bromophenol blue, 0.25% xylene cyanol and 30% 
glycerol was added and electrophoresis was carried 
out at 60 V for 1 h in Tris-HCl buffer using 1% 
agarose gel containing 1.0 µg/mL ethidium bromide 
(EB)26. The reaction was also monitored upon 
addition of various radical inhibitors and/or activators 
such as DMSO, tert-butyl alcohol (TBA) and sodium 
azide (NaN3). 
 

Results and Discussion 
The structures of 4-thiazolidinones-benzothiazole 

conjugates (TB01-10) were confirmed by their 
spectral analysis. The FT-IR spectra showed 
absorption bands at 3,083–3,284 cm-1 for aromatic  
C–H and at 1,624-1,683 for C=O str. of carbonyl 

Table 1 Spectral data of compounds (TB01-10)…Contd 

 

S. No. Compound  
Structure and code 

IR Stretching  
in cm-1  

1H NMR shift  
(δ) ppm  

13C NMR shift  
(δ) ppm  

     

7  

N

S

N

S

O TB07 

1638.13 (C=O str.of carbonyl 
group), 2892 (C–H str., –CH3 
group), 3171.61(Aromatic – 
C–H str.) 

2.82 (s, 3H, –CH3), 4.12  
(s, -CH of Thiazolidindione 
ring), 3.4 (s, 2H, -CH2 of 
Thiazolidindione ring),  
7.10–7.89 (m, 12H, Ar–H)  

62.21 (-CH of 
Thiazolidindione ring), 
31.81 (-CH2 of 
Thiazolidindione ring), 
180.14 (C=O), 124.37 
–152.15 (Aromatic–C, 
C2–C9 C1’–C6’  
C1”–C6”) 
 

8  

N

S

N

S

O

NO2

TB08 

1624.22 (C=O str. of carbonyl 
group), 1351 (N=O str.), 
3154.03(Aromatic –C–H str.)  

4.61 (s, -CH of 
Thiazolidindione ring), 3.30 
(s, 2H, -CH2 of 
Thiazolidindione ring), 7.06–
7.90 (m, 12H, Ar–H)  

64.30 (-CH of 
Thiazolidindione ring), 
34.51 (-CH2 of 
Thiazolidindione ring), 
182.44 (C=O), 121.47–
155.25 (Aromatic–C, C2–
C9 C1’–C6’ C1”–C6”) 
 

9  

N

S

N

S

O

F

TB09 

1638.23 (C=O str. of carbonyl 
group), 3254.87 (Aromatic  
–C–H str.) 

4.50 (s, -CH of 
Thiazolidindione ring), 
 3.60 (s, 2H, -CH2 of 
Thiazolidindione ring),  
7.10–7.68 (m, 12H, Ar–H) 

62.31 (-CH of 
Thiazolidindione ring), 
36.90 (-CH2 of 
Thiazolidindione ring), 
185.40 (C=O), 123.07 
–153.85 (Aromatic–C, 
C2–C9 C1’–C6’ C1” 
–C6”) 
 

10  

N

S

N

S

O TB10 

1640.53 (C=O str. of carbonyl 
group), 3284.03(Aromatic –C–
H str.) 

4.11 (s, -CH of 
Thiazolidindione ring),  
3.30 (s, 2H, -CH2 of 
Thiazolidindione ring),  
7.12–7.99 (m, 13H, Ar–H) 

61.70 (-CH of 
Thiazolidindione ring), 
34.91 (-CH2 of 
Thiazolidindione ring), 
178.54 (C=O), 120.67 
–145.05 (Aromatic–C, 
C2–C9 C1’–C6’ C1” 
–C6”) 
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group. The 1H NMR showed sharp singlet peak in the 
range of δ 4.11–4.81 ppm indicating the presence of 
 -CH of thiazolidindione ring. The singlet peak in the 
range of δ 3.10-3.61 ppm indicated the presence -CH2 
of thiazolidindione ring. The multiplet at δ 6.91–7.99 
ppm was due to aromatic protons. Moreover, 13C NMR 
spectra revealed all the corresponding peaks in the 
range of δ 61.70–67.71 ppm and δ 31.81–38.40 ppm 
which were due to -CH of thiazolidindione ring and -
CH2 of thiazolidindione ring respectively. The peaks 
appearing in the range of δ 174.14–185.40 ppm 

corresponds to C=O of the thiazolidinone ring and of 
δ 120.67–155.25 ppm corresponds to aryl carbon. 

The conjugates 4-thiazolidinone benzothiazoles 
were screened in vitro for antibacterial and antifungal 
activity against five bacterial and two fungal 
remarkable strains. Physicochemical data and results 
of elemental analysis of the compounds are listed in 
Table 2. The results of anti-microbial studies 
(inhibition zone of diameter and MIC) of all the novel 
compounds are presented in Table 3. Significant 
antimicrobial  activity  was observed for some  of  the 
 

Table 2  Analytical and physicochemical data of the synthesized compounds 
 

Compound code Molecular formula M.W.a M.p.(°C)b Yield (%) % Analysis of C, H,N found (calc.)c 
     C H N 

TB01 
 

C23H18N2O2S2 418.53 245-247 54 66.01(66.00) 
 

4.28(4.33) 6.65(6.69) 

 

TB02 
 

C22H15ClN2OS2 
 

422.95 
 

261-263 
 

62 
 

62.45(62.47) 
 

3.54(3.57) 
 

6.62(6.62) 
 
TB03 

 
C22H14Cl2N2OS2 

 
457.40 

 
255-257 

 
56 

 
57.75(57.77) 

 
3.06(3.09) 

 
6.10(6.12) 

 
TB04 

 
C22H16N2O3S2 

 
420.50 

 
224-226 

 
68 

 
62.83(62.84) 

 
3.82(3.84) 

 
6.63(6.66) 

 
TB05 

 
C22H15BrN2OS2 

 
467.40 

 
205-207 

 
53 

 
56.53(56.53) 

 
3.20(3.23) 

 
5.97(5.99) 

 
TB06 

 
C22H16N2O2S2 

 
404.50 

 
199-201 

 
65 

 
65.33(65.32) 

 
3.98(3.99) 

 
6.90(6.93) 

 
TB07 

 
C23H18N2OS2 

 
402.53 

 
238-240 

 
75 

 
68.62(68.63) 

 
4.50(4.51) 

 
6.96(6.96) 

 
TB08 

 
C22H15N3O3S2 

 
433.50 

 
196-198 

 
41 

 
60.95(60.95) 

 
3.47(3.49) 

 
9.67(9.69) 

 
TB09 

 
C22H15FN2OS2 

 
406.50 

 
229-231 

 
50 

 
65.01(65.00) 

 
3.70(3.72) 

 
6.88(6.89) 

 
TB10 

 
C22H16N2OS2 

 
388.51 

 
194-196 

 
71 

 
68.00(68.01) 

 
4.13(4.15) 

 
7.20(7.21) 

      
a Elemental analyses for C, H and N were within ±0.03% of the theoretical value. 
b Melting point of the compound at their decomposition 
c Molecular weight of the compound 
 

Table 3  Anti-bacterial and anti-fungal activities of the synthesized 4-thiazolidinones-benzothiazole conjugates 
 

Microbial species 
Bacteria Fungi 

 
Compound code 
 E.coli S.aureus S. typhi P.aeruginosa E. faecalis C. albicans C. tropicalis 

TB01 22-26(15.6) - <10(125) - 12-14(62.5) 16-18(15.6) <10(125) 
TB02 12-15(62.5) 14-18(31.2) 12-14(62.5) - 15-17(31.2) 10-12(62.5) 14-16(31.2) 
TB03 16-19(31.2) 13-15(62.5) 11-14(62.5) <10(125) 11-13(62.5) <10(125) 13-15(31.2) 
TB04 13-17(62.5) 15-17(31.2) 12-15(62.5) - - 12-15(31.2) <10(125) 
TB05 <10(125) - <10(125) 11-13(62.5) - 12-15(31.2) - 
TB06 24-26(15.6) - <10(125) - <10(125) 17-19(15.6) 12-15(31.2) 
TB07 15-18(31.2) 14-18(31.2) 11-14(62.5) - - <10(125) 10-12(62.5) 
TB08 <10(125) - <10(125) 10-12(62.5) <10(125) <10(125) - 
TB09 - <10(125) - - <10(125) - 11-13(62.5) 
TB10 <10(125) <10(125) - 14-17(31.2) <10(125) <10(125) - 
Ciprofloxacin 30-32(6.25) 30-33(6.25) 28-31 (6.25) 29-32 (3.12) 27-29 (6.25) - - 
Fluconazole - - - - - 22-25(6.25) 24-27 (6.25) 
        

The value of each compound consisted of ‘zone of inhibition range (MIC)’ of 03 replicates 
Level of significance P < 0.05 
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members of the series with moderate to good MIC 
values ranging between 15.6–125 µg/mL. The results 
of antimicrobial screening revealed that among the 
compounds screened, compounds TB02, TB03, TB04 
and TB07 showed moderate activity while 
compounds TB01 and TB06 displayed good 
antimicrobial activity. Particularly, compounds such as  
3-(4-(benzo[d]thiazol-2-yl)phenyl)-2-(4-methoxyphenyl) 
thiazolidin-4-one (TB01) and 3-(4-(benzo[d]thiazol-2-
yl)phenyl)-2-(4-hydroxyphenyl) thiazolidin-4-one 
(TB06) were found to be the most active candidate 
against E. coli (zone of inhibition up to 22–26 mm at 
concentration of 15.6 µg/mL) and against C. albicans 
(zone of inhibition up to 16–19 mm at concentration 
of 15.6 µg/mL) (Fig. 1). 

The DNA cleaving ability of compounds TB01, 
TB06, TB08 and TB09 was studied by agarose gel 
electrophoresis using plasmid DNA as a substrate27. 
The activity of these compounds was assessed by the 
conversion of DNA from Form I to Form II or Form 
III. A concentration-dependent DNA cleavage by 
TB01 and TB06 along with TB08 and TB09 as 
negative control were performed. At 10 µM 
concentration, TB01 and TB06 exhibited efficient 
nuclease activity whereas no cleavage activity was 
observed in compounds TB08 and TB09. The present 
compounds at micromolar concentrations, after 1h 
incubation with DNA, showed the nucleolytic 
activities (Fig. 2). 

Compounds TB01 and TB06 were carrying 
electron donating groups (methoxy, hydroxy) on aryl 

 
 

Fig. 1 Antimicrobial activity of 4-thiazolidinones-benzothiazole 
conjugates (a) Antibacterial activity against E. coli with reference 
to standard drug Ciprofloxacin, TB01, TB03 and TB06 showing 
good inhibition compare to TB05, TB08 and TB10. (b) Antifungal 
activity against C. albicans with reference to standard drug 
Fluconazole, TB01, TB04, TB05 and TB06 showing the greater 
inhibition compare to TB03, TB08 and TB10.  

 
 

Fig. 2 Agarose gel electrophoresis patterns of plasmid DNA (200 ng) cleaved by (a) TB01 and TB06 (10-30 µM), after 1h incubation 
time (concentration dependent) Lane 1: DNA control; Lane 2: 10 µM TB01 + DNA; Lane 3: 20 µM TB01 + DNA; Lane 4: 30 µM TB01 
+ DNA; Lane 5: 10 µM TB06 + DNA; Lane 6: 20 µM TB06 + DNA; Lane 7: 30 µM TB06 + DNA in buffer (5mM Tris –HCl/50mM 
NaCl, pH= 7.2 at 25 °C). (b) TB08 and TB09 (10-30 µM), after 1h incubation time (concentration dependent) Lane 1: DNA control; Lane 
2: 10 µM TB08 + DNA; Lane 3: 20 µM TB08 + DNA; Lane 4: 30 µM TB08 + DNA; Lane 5: 10 µM TB09 + DNA; Lane 6: 20 µM 
TB09 + DNA; Lane 7: 30 µM TB09 + DNA in buffer (5mM Tris –HCl/50mM NaCl, pH= 7.2 at 25 °C). 
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ring and showed significant increase in antimicrobial 
activity against E. coli and C. albicans. A significant 
number of drugs and drug candidates in clinical 
development are halogenated structures. The 
formation of halogen bonds in ligand-target 
complexes is recognized as a kind of intermolecular 
interaction that favourably contributes to the stability 
of protein-ligand complexes. The insertion of halogen 
atoms has been used in innumerous cases of  
hit-to-lead or lead-to-drug conversions28,29. 
Derivatization of TB02 with chloro substitution on 
phenyl ring exhibited moderate potency (zone of 
inhibition = 10-18 mm) indicating that substitutions 
may result in restoration of potency. Whereas, 
compounds containing other halogen atoms viz., 
fluoro (TB09), bromo (TB05) substitutions exhibited 
least potency. Compounds TB08 bearing electron 
withdrawing group (nitro) and of without 
derivatization TB10, also exhibited least potency. 

Structure–activity relationship (SAR) studies from 
the results of the antimicrobial activity revealed that 
conversion of Schiff bases via formation of  
4-thiazolidinones-benzothiazole conjugates may 
contribute for good activity. The greater antimicrobial 
activity of TB01, TB02, TB03, TB04, TB06 and 
TB07 may be attributed to the presence of electron 
donating substituents such as methoxy, hydroxyl and 
also of chloro substituents on phenyl ring. 

Cleavage in plasmid DNA was detected by UV 
illumination in presence of ethidium bromide (EB), 
which is the most widely used intercalative agent and 
fluorescence probe for DNA structure30. When the 

supercoiled (SC) form I of DNA is nicked, it gives 
rise to an open circular (OC) relaxed form II and 
further cleavage gives a linear form III. In gel 
electrophoresis, SC shows the fastest migration, 
followed by linear form and lastly the OC form. 

To investigate the probable mechanism of nuclease 
activity by TB01 and TB06, comparative reactions 
were carried out in presence of various radical 
inhibitors or trappers31,32 such as singlet oxygen 
scavenger sodium azide (NaN3), hydroxyl radical 
scavengers via; dimethylsulphoxide (DMSO) and  
t-butyl alcohol (TBA) (Fig. 3 a and b). When the 
hydroxyl radical inhibitor DMSO and TBA were 
added to the reaction mixture no evident inhibition of 
the nuclease activity was observed, suggesting non 
involvement of hydroxyl radical in the cleavage 
process. Similarly, the nuclease activity of the 
compounds TB01 and TB06 did not change in 
presence of free radical scavenger like NaN3, thus the 
presence of singlet oxygen can be ruled out. 
Therefore, DNA cleavage promoted by TB01 and 
TB06 might mainly (be or come) through the  
non-oxidative pathway thus it is very possible that the 
phosphodiester bond of DNA would have been 
cleaved by TB01 and TB06 via phosphoryl transfer 
reactions33, 34. 

These promising findings may exalt the scope of 
developing these thiazolidinones derivatives of 
benzothiazole as promising antibacterial and 
antifungal agents. Further, TB01 and TB06 interacted 
with plasmid DNA and the electrophoresis pattern 
obtained showed specific and significant cleavage. 

 
 
Fig. 3 Agarose gel electrophoresis pattern for the cleavage of supercoiled DNA (200 ng) by TB01 and TB06 (10 µM), in presence of 
different radical scavengers. (a) Lane 1: DNA control; Lane 2: NaN3 + DNA; Lane 3: DMSO + DNA; Lane 4: t-butyl alcohol + DNA; in 
buffer (5mM Tris –HCl/ 50 mM NaCl, pH= 7.2 at 25°C). (b) Lane 1: DNA control; Lane 2: TB01 + NaN3 + DNA; Lane 3: TB01+ 
DMSO + DNA; Lane 4: TB01 + t-butyl alcohol + DNA; Lane 5: TB06 +NaN3 +DNA; Lane 6: TB06+ DMSO + DNA; Lane 7: TB06 + t-
butyl alcohol + DNA in buffer (5mM Tris –HCl/ 50 mM NaCl, pH= 7.2 at 25°C).  
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Consequently, they have shown the potential to act as 
good artificial nuclease mimics. These compounds 
possess significant potential to act as metal-free 
nucleolytic agents. Thus, DNA cleavage experiments 
gave valuable hints with supporting evidence for 
describing the mechanism of action and hence showed 
a good correlation between their calculated MIC’s and 
lethality. 
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