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ABSTRACT

Five series of thiourea derivatives bearing benzothiazole moiety were efficiently synthesized and evaluated for antimicrobial and anticancer
activities. The results indicated that the compounds possessed a broad spectrum of activity against the tested microorganisms and showed hig her activity
against fungi than bacteria. Compounds 1b, 2b, 3b, 4b and 5b exhibited the greatest antimicrobial activity. Preliminary study of the structure-activity
relationship revealed that electronic factors in benzothiazole rings had a great effect on the antimicrobial activity of these compounds. In preliminary MTT
cytotoxi city studies, the thiourea derivatives (2d, 5c and 5d) were found most potent. In MCF-7 and HeLa cells, the IC50 values were observed in the range of

18-26 mM and 38-46 mM, Respectively.
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INTRODUCTION

Benzothiazole is an aromatic heterocyclic compound with the
chemical formula C7HsNS. It is colorless, slightly viscous liquid. Although
the parent compound, benzothiazole is not widely used, many of its
derivatives are found in commercial products or in nature. A derivative
of benzothiazole is the light-emitting component of luciferin, found in
fireflies. Five series of thiourea derivatives bearing benzothiazole moiety
were efficiently synthesized and evaluated for antimicrobial and
anticancer activities. The results indicated that the compounds
possessed a broad spectrum of activity against the tested
microorganisms and showed higher activity against fungi than bacteria.

The development of new antimicrobial and anticancer
therapeutic agents is one of the fundamental goals in medicinal
chemistry.Cytotoxicity and genotoxicity of anticancer drugs to the
normal cells are major problems in cancer therapy and engender the risk
of inducing secondary malignancy. A dose of anticancer drug sufficient to
kill tumor cells is often toxic to the normal tissue and leads to many side
effects, which in tum, limits its treatment efficacy. In recent years, there
hasbeen a concerned search for the discovery and development of novel
selective anti-tumor agents, devoid of many of the unpleasantside effects
of conventional antitumor Agents. In the efforts to develop drugs with
such capabilities, scientists have focused upon many different aspects of
cancer biology during their research. Among the anti-tumor drugs
discovered in the recent years, various benzothiazoles as well as urea
and thioureaderivatives possess potent anticancer properties.

The combinations of urea and thiourea derivatives with
benzothiazoles have produced DNA topoisomerase or HIV reverse
transcriptase inhibitors Thiourea derivatives display a wide range of
biological activity including antibacterial, anti-fungal, antitubercular,
antithyroid, antihelmintic, rodenticidal, insecticidal, herbicidal, and plant
growth regulator properties.

The importance of such work lies in the possibility that the
next generation thiourea derivatives might be more efficacious as
antimicrobial and anticancer agents. However, a thorough investigation
relating the structure and the activity of the thiourea derivatives as well
as their stability under biological conditions is required. These detailed
investigations could be helpful in designing more potent antimicrobial
and anticancer agents for the therapeuticuse. Since varying substituents
isa common method for drug design in medicinal chemistry and a useful
medical value of substituted thiourea derivatives containing
benzothiazole moiety, we aimed to synthesize new thiourea derivatives
and to investigate their antimicrobial and anti-tumor activities. Based on
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these reports, we herein report the synthesis, characterization,
antibacterial, anti-fungal and in vitro evaluation of anti-tumor activity of
five different series of novel thiourea derivatives bearing benzothiazole
moiety.

Structure and Preparation:

Benzothiazoles consist of a 5-membered 1,3-thiazole ring
fused to a benzene ring. The nine atoms of the bicycle and the attached
substituents are coplanar.

Benzothiazole are prepared by treatment of 2-
aminobenzenethiol with acid chlorides:

CeH4 (NHy) SH + RC (0) C1 - CgHa (NH) SCR + HCl + H,0

Another Scheme:
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1a-1d: R1= 4-nitrophenyl 1a-5a:R=H
2a-2d: R1= 2-thiophene 1b-5b: R=NO2
3a-3d: R1 = phenyl 1c-5c: R=NH2
4a-4d: R1 = n-butyl 1d- 5d: R=Br

5a-5d: R1= 4-morpholine

Scheme 1. Preparation of thiourea derivatives bearing
benzothiazole moiety.

Molecular formula: C7HS5NS
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Molar mass: 135.19 gmol-1

Density: 1.238 g/Ml

Melting point: 2°C,275K,36 °F

Boiling point: 227-228°C,500-501 K, 441-442 °F

Synthesis of Novel Analogs:
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Chemistry:

In the present study thiourea derivatives bearing
benzothiazole moiety were synthesized as presented in Scheme 1. These
compounds were prepared according to our published procedure 19 20]
with minor modifications. The use of phase transfer catalyst (PTC) as a
method of agitating a heterogeneous reaction system is gaining
recognition [21.22], In search of improving methods to prepare the target
thiourea by reacting isothiocyanates with nucleophiles, we have found
the use of tetrabutyl ammoniumbromide (TBAB) as PTC can afford
isothiocyanates in good yield. In this paper, we have conducted our
reaction using TBAB as PTC to synthesize the thiophenoyl, butanoyl,
benzoyl, para-nitrobenzoyland morpholinoyl thiourea derivatives
bearing benzothiazole moiety. All the structures of newly synthesized
compounds were assigned on the basis of their elemental analysis and
spectroscopicdata, IR and 1H NMR. All the compounds were soluble in
DMF, DMSO, ethanol and ethyl acetate. IR (KBr) spectrum of all the
synthesized compounds had strong N-H absorptionsatabout3300 cm_1,
and displayed absorptions at about 1670-1710 cm_1, 1440 cm_1, which
were assigned to C]0, and C]S functions respectively. The medium strong
yC]O band in the IR spectra of all the compounds appeared at 1670-1710
cm_1, which is lower than that of the ordinary carbonyl absorption
(1730 cm_1). The formation of H-bond leads an increase of their polarity,
so the strength of their double bond decreased, and absorption moved to
lower wave number. The 1H NMR spectrum exhibited broad signals at
10.50-13.75 ppm, which were assigned to the N-H protons. 13C NMR
showed peaks at d 168.29-169.09, 178.05-180.01 ppm for C]O(amide)
and C]S (thioamide), respectively for all the target compound.

EXPERIMENTAL PROTOCOLS

1. Chemistry:

Synthetic starting material, reagents and solvents were of
analytical reagent grade or of the highest quality commercially available
and were purchased from Aldrich Chemical Co., Merck Chemical Co. and
were dried when necessary. Melting points were recorded on Electro
thermal IA9000 series digital melting point apparatus. The proton NMR
and 13C spectra were recorded inDMSOd6 solvent on Jeol ECS-400 and
300 MHz spectrophotometer using tetramethylsilane as an internal
reference, respectively. The apparent resonance multiplicity is described
as s (singlet), br s (broad singlet), d (doublet), dd (doublet of doublets), t
(triplet), q (quartet) and m (multiplet). Infrared measurements were
recorded in the range 4004000 cm1 on spectrum 2000 by Perkin Elmer.
Elemental analysis was carried out using Perkin ElImer CHNS/O 2400.
Obtained results were within 04% of the theoretical values. Mass
spectra were recorded onaMAT-112-S spectrometer at70eV.X-ray
diffraction data were collected on Oxford Diffraction Xcalibur Nova
diffractometer. Thin layer chromatography (TLC) analysis was carried
out on 5 _ 20 cm plate coated with silica gel GF254 type 60 (25-250
mesh) using an ethyl acetate-petroleum ether mixture (1:2) as solvent.

2.X-ray crystallography:

A crystal of 2a in the form of a yellow lath was mounted in
inertoil on a glass fibre. The intensity data were collected at 100 Kon an
Oxford Diffraction Xcalibur E diffractometer using u-scan mode with

graphite monochromatized Mo Ka radiation. The structure was solved by
direct methods and refined by full-matrix least-squares te chniques on F2
using the program SHELXL-97 [41]. Hydrogens of NH groups were
refined freely, other H atoms using a riding model.6.3. General procedure
for synthesis

All the synthesized compounds were prepared according to
the following two-step procedures:

Step 01: To substituted aniline (25 mL), concentrated hydrochloric acid
(25 mL) was added and the solution was warmed for 30 min. A saturated
solution of ammonium thiocyanate in water (30 g in 60 mL) was added
slowly in above solution. The mixture was boiled until the solution got
turbid. The turbid solution was poured in cold water. The resulting
precipitate was filtered and re-crystallized from aqueous ethanol (80%)
to provide pure phenylthiourea. The substituted phenylthiourea (26
mmol) in chloroform (75 mL) was brominated by using bromine solution
in chloroform (5%) till the orange-yellow color appeared. The slurry was
kept overnight. The precipitate obtained was filtered and washed with
chloroform until the color disappeared. The precipitate, as
hydrobromide, was dissolved in rectified spirit (150 mL) and basified
with ammonia solution. The precipitated was filtered, washed with
water, dried and re-crystallized using ethanol: dichloromethane Mixture
(1:2). Substituted or unsubstituted 2-aminobenzothiazoleprepared by
this method was named as (II).

Step 02: A solution of substituted carbonyl chloride (26 mmol) in
anhydrous acetone (80 ml) and 3% TBAB in acetone was added drop
wise to a suspension of ammonium thiocyanate in acetone (50 ml) and
the reaction mixture was refluxed for 30 min. After cooling at room
temperature, a solution of substituted or unsubstituted 2-amino
benzothiazole (26 mmol) in acetone (25 ml) was added.

3. Evaluation of antimicrobial activity:

For the bacterial organisms, both Gram-positive and Gram
negative bacteria were used. Gram-positive and Gram-negative bacteria
can be differentiated in the physical appearance of their cell envelopes.
The compounds were screened for their in vitro antiba cterial and anti-
yeast activities. Antimicrobial activities were determined by the broth
micro-dilution procedures and principles of the Clinical and Laboratory
Standards Institute (CLSI) [37, 38]. Minimal inhibitory concentrati ons for
each compound were investigated against standard bacterial strains; S.
aureus (ATCC 25923), S. aureus (ATCC 29213), E. faecalis (ATCC 29212),
E. coli (ATCC 25922), S. epidermidis (ATCC 12228), E. cloacae (ATCC
13047), P. vulgaris (ATCC 13315), P. aeruginosa (ATCC 27853) and
yeast-like fungi, C. albicans (ATCC90028), C. glabrata (ATCC 32554), C.
tropicalis (ATCC 20336), C. krusei (ATCC 6268). Bacterial and fungal
colonies of the test organisms were suspended directly into a small
volume of 0.9% saline and further diluted until turbidity matched the Mc
Farland Standard no: 0.5 Petri dishes containing Mueller-Hinton agar for
bacteria and Sabouraud Dextrose agar for fungi were impregnated with
these microbial suspensions. The stock solutions of the synthesized
compounds were prepared in dimethyl sulfoxide (DMSO), which had no
effect on the organisms in the concentrations studied. The initial
concentration was 200 mg/ml. All of the dilutions were done with
distillated water. The concentrations of tested compounds were 100, 50,
25, 12.5, 6.25, 3.125 mg/ml. DMSO was used as negative control.
Gentamycin, amikacin and nystatin were used as reference drugs for
Gram negative antibacterial activity, Gram-positive antibacterial activity
and anti-fungal activity, respectively. All the inoculated plates’ were
incubated at 37 _C and results were evaluated after 24 h for ba cteria and
48 h for fungi. The lowest concentration of the compounds that
prevented visible growth was considered minimal inhibitor
concentrations (MICs)

4. Evaluation of anti-tumor activity:

4.1. Preliminary in vitro cytotoxic activities (MTT assay) In vitro
cytotoxicity was determined using a standard MTT assay B9 with
protocol appropriate for the individual test system. Test compounds
were prepared prior to the experiment by dissolving in 0.1% DMSO and
diluted with medium. The cells were then exposed to different
concentrations of the drugs (1-100 mM) in the volume of 100 mM/well.
Cells in the control wells received the same volume of medium
containing 0.1% DMSO. After 24 h, the medium was removed and cell
cultures were incubated with 100 ml MTT reagent (1 mg/ml) for 5 h at
37 _C. The suspension was placed on microvibrator for 10 min and
absorbance was recorded by the ELISA reader. The experiment was
performed in triplicate. Human cancer cell lines, MCF-7 and HeLa cells
were cultured in MEM medium supplemented with 10% FBS, 1%
glutamine and 50 mM/ml gentamicin sulphate in a CO2 incubator in a
humidified atmosphere of 5% C02 and 95% air.
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4.2. Alkaline comet assay:

The effect of synthesized compounds on DNA was assessed
by comet assay as described by protocol 1% with slight modifications.
After the drug treatment, cells were harvested from each culture flask
and counted by trypan blue exclusion method. About 18,000 cells in 50
ml medium were suspended in 150 ml of low melting agarose (0.75%)
and layered onto slides pre-coated with an earlier layer of agarose
(1.5%). Slides were keptin lying solution (2.5 M NaCl, 100 mM EDTA, 10
mM Tris; pH 10-10.5; 1% Triton X-100 and 10% DMSO) overnight at 4
_C in dark, these were subjected to unwinding under alkaline conditions
(pH 13) for 1 h to allow DNA super coils to relax and express DNA single-
strand breaks and alkali-labile sites. Electrophoresis was then carried
out under highly alkaline (pH 13) conditions for 30 min at 16 V and 300
mA. Three slides were prepared for each concentration. About 50 cells
were captured per slide using fluorescent microscope and the images
were analyzed using Komet 5.5 software (kinetic imaging systems, UK).
A variety of objective measurements like Head DNA, Tail DNA, and Olive
Tail moment were made. Tail moment was calculated according to
reported procedure (8}

Tail moment = Tail length x%tail DNA/100

Derivative of Benzothiazole:

1.
o
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N
o
2-(1,3-benzothiazol-2-yl)-1H-isoindole-1,3(2H)-dione
2.
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N
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2-(1,3-benzothiazol-2-ylamino)-1H-isoindole-1,3(2H)-dione
USES:

This heterocyclic scaffold is readily substituted at the unique methyne
centre in the thiazole ring. It's a thermally stable electron-withdrawing
moiety with numerous applications in dyes such as thioflavin. Some
drugs contain this group, an example being riluzole. The heterocycle is
found in naturedAccelerators for the vulcanization of rubber are based
on 2-mercaptobenzothiazole. This ring is a potential component in
nonlinear optics (NLO).

RESULTS AND DISCUSSION

1. Antimicrobial activities:

In the light, interesting antimicrobial activities of thiourea
derivatives were screened for antibacterial and anti-fungal activity
against  Staphylococcus  aureus, Staphylococcus  epidermidis,
Enterococcus faecalis, Escherichia coli, Pseudomonas aeruginosa,
Enterobacter cloacae, Proteus vulgaris, Enterobacter aerogenes, Candida
albicans, Candidaglabrata and Candida tropicalis by the brothmicro-
dilutionprocedure. The Gram-positive antibacterial agent, amikacin, the

Gram-negative antibacterial agent, gentamycin, and the anti-fungal
agent, nystatin, were used as controls.

All the compounds inhibited the growth of bacteria with MIC
values ranging between 10 and 100 mg/ml and showed anti-yeast
activity with MICs between 5 and 50 mg/ml. Compounds which showed
MIC of >100 mg/ml or above have not been included for the discussion.
According to the antimicrobial studies, all the compounds showed such
activity, albeitlower than their anti-yeast efficacy. This difference may be
due to the differences between the cell structure of bacteria and yeast.
While the cell wall of fungi contains chitin, the cell wall of bacteria
contains murein [17). In addition, fung contain ergosterol in their cell
membranes instead of the cholesterol found in the cell membranes of
animals 23, When all the anti-yeast MIC values are compared, four of
twenty compounds show good activity against C. glabrata and ten of
twenty compounds showed low activity against C. tropicalis. According
to the antibacterial studies, the efficacy against Gram-negative is higher
than Gram-positive bacteria. Seven of twenty compounds showed good
activity against S. epidermidis. In addition, 2b and 5b showed high
activity against Gram-positive, Gram-negative bacteria and fungi. The
value of the investigated compounds in this research was higher than
thatreported for other thiourea derivatives [24-26], The main difference in
the thiourea derivatives reported in this paper is the presence of the
benzothiazole moiety. From the results of the antimicrobial activity of
the synthesized.

Substituted thiourea derivatives, the following structure-
activity relationships (SAR) can be derived:

a) In general, it was observed that most of the compounds with
substituted benzothiazole rings showed better antimicrobial
activity than the ones with anon-substituted  benzothiazole ring.

b) The high antimicrobial activity of compounds 2b and 5b in

comparison to compounds 1a-5a may be attributed to the presence
of nitro functional groups on benzothiazole ring. These electron
withdrawing groups may decrease electron density on benzene
ring through resonance effect. The synthesized compounds
containing nitro functional groups on benzothiazole ring are highly
active not only against Gram-positive, but also against Gram-
negative bacteria and fungi (2band 5b).

In contrast to point (b) mentioned above, the presence of electron
donating amino group also showed significant antifungal activity
against C. glabrata, C. albicans, and C. tropicalis in case of 5c.Here
the electronic factors is not justified. The other reason may be due
to low lipophilic character (log Pow w 0.39 _ 097) of the
compound. However, the thiophene and morpholine based
thiourea derivatives (2b and 5b) containing nitro group as electron
withdrawing group on benzothiazole nucleus showed good
antimicrobial activity. These electron withdrawing groups are also
present in benzothiazole rings for 3b and 4b thiourea derivatives
but their antimicrobial activity is comparatively lower than 2b and
5b. Lipophilicity is another factor, which correlates well with the
bioactivity of chemicals, is a very important molecular descriptor
and different lipophilic behavior of compounds plays an important
role in their biological activity mechanisms. The n-octanol/water
partition coefficient (log Pow) is widely used as a general measure
oflipophilicity. Compounds with 4-nitrophenyl (1b) and phenyl
group (3b) have relatively higher log Pow valuesof 337 _0.91 and
3.33_092, respectively and hence show more lipophilic character
127], The calculated value of partition coefficient (log Pow) for n-
butyl derivative (4b) is 268 _ 0.91. Its antibacterial activity is
comparatively lower than the compounds (5b) and (2b) due to its
higher partition coefficient (log Pow) value. The compounds with a
morpholine ring (5b) and thiophene ring (2b), which have the log
Pow value of 0.62 _ 097 and 2.97 _0.93, respectively show higher
antibacterial activity than other investigated compounds due
probably to their lower lipophilic character.

C

N

2. Anticancer studies:

2.1. Cytotoxicity studies on cancerous MCF-7 and HelLa cell lines In vitro
cytotoxicity of synthesized compounds was assessed by standard 3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) bioassay
in different cancer cells at 24 h of drug exposure. To assess the efficacy
and to select the promising compounds human cancer cells (HeLa cells
and MCF-7) were used. In MCF-7 cells, the IC50 values for thiourea
derivatives bearing benzothiazole moiety were in the range of 18.10-
45.72 mM. Similarly, in HeLa cells, the IC50 values for thiourea
derivatives were found in the range of 38.85-75.13 mM. The compounds
4b and 4c do not show 50% inhibition even at a concentration of 100
mM; hence they were not evaluated in HeLa cells. Present study reveals
that among the human cancer cell lines tested, MCF-7 cells are more
sensitive to all the tested compounds than HeLa cells. Many anticancer
drugs are effective against MCF-7 and HeLa cells by causing apoptosis
through the expression of caspase-3, generating reactive oxygen species
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(ROS) and damaging DNA [, Cisplatin causes cytotoxicity in MCF-7 and
Hela cells by a similar mechanism [2°} Chemotherapeutic agents such as
doxorubicin, mitoxantrone and bleomycin cause cytotoxicity by
generating ROS B Hence like other cytotoxic drugs (doxorubicin,
mitoxantrone and cisplatin), the synthesized compounds may act as
effective anticancer drugs by similar mechanism. Previous studies have
shown that strong electronegative atom substitution such as
chloro/bromo at the Para position of the aromatic ring increases the
lipophilicity of molecules and is responsible for enhanced cytotoxicity in
MTT model B, Similar substitutions are present in the compounds 1d,
2d, 3d, 4d and 5d. We have also observed enhanced cytotoxicity in these
molecules. Hence, these molecules were taken up to assess the cytotoxic
potency at different intervals in MCF-7 cells. In the MTT time course
study, the selected compounds (2d, 5¢c, 5d) showed dose-dependent and
time-dependent activities. The previous study reported that the most
potent fluorinated benzothiazole, 5F 203, produced apoptosis and DNA
damage in MCF-7 cells, which is characteristic of cytotoxic activity 233]-
In our presentstudy, also MTT assay s revealed substantial cytotoxicity in
MCF-7 cells with increasing exposure to drug concentration, the IC50
values of promising compounds at 48 and 72 h were significantly
reduced as compared with 24 h values.

2.2. DNA damaging studies:

To determine the DNA damaging activity of synthesized
compounds, alkaline comet assay was performed in MCF-7 cells. Comet
assays is a rapid and inexpensive method for measuring DNA single-
strand breaks (SSBs). It also has an advantage over the other DNA
damage-detecting methods, such as sister chromatid exchange, alkali
elution, and micronucleus assay, because of its high sensitivity B4 A
number of cytotoxic compounds (doxorubicin, cisplatin etc) act as
anticancer drugs by causing DNA damage and subsequently inducing
apoptosis in cancerous cells. 24 h treatment with 2d and 5d produced a
dose dependent increase in tail moment. The damage produced by 2d
was quite prominent as at 50 mM it produced apoptotic bodies and tail
moment was 105.52. Elongated tail length and reduced DNA content in
head are sufficient indicators of DNA damage, and higher degree of
damage would result in greater number of smaller fragments, ending up
the effect of 2d and 5d on DNA damaging in MCF-7 cells at 24 h of drug
exposure by comet assay. a Compounds Tail length Tail DNA Tail
moment OTM.

CONCLUSIONS

An in vitro screen led to the identification of compounds 2d,
S5cand 5d as potential anticancer candidates worthy of further structural
modification and pharmacological evaluation. Moreover, the
antimicrobial activity of this series suggests the benzothiazole thiourea
core offers a novel template for the development of a new class of
antimicrobial agents.
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