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Abstract

Acetyl thiazole thiosemicarbazone 3 was used as key intermediate for preparation of novel series of thiazolylhydrazono
thiazole derivatives via reaction of 3 with two types of hydrazonoyl halides. Also, compound 3 reacted with a-haloketones
and a-haloester in ethanol or in acetic acid containing anhydrous sodium acetate under reflux to give another new thiazole
based compounds. Addionally, the key intermediate 3 was utilized for synthesis of functionalized
thiazolehydrazonothiazolones via its reaction with a variety of compounds containing activated double or triple bonds vis
maleic anhydride and dimethyl acetylene dicarboxylate. All spectroscopic techniques (IR,® HNMR and C3NMR, Mass
Spectrometry) and elemental analysis were used for confirmation of all the newly synthesized compounds. Moreover, the
synthetic  mechanism  of most of the newly developed compounds was  discussed.  The
as-prepared compounds were screened for their in vitro antiproliferative potential towards different human cell lines,
including: colon (LoVo), and liver (HEPG2) and breast (MCF7) cancer cell lines. Results revealed that compounds 1, 6a, 6b
and 6e were the most potent against tested cancer cell lines. Moreover, compound 6e was chosen for a further drug delivery
study through using chitosan and PVA polymer film as drug carrier. This drug delivery system was used for in vitro
anticancer evaluation and genotoxic investigation compared to Doxorubicin. colon (LoVo) cells were treated with various
concentrations from the selected compound 6e loaded in CS/PVA drug delivery in comparison to doxorubicin to evaluate its
anticancer activity and then analyzed via comet assay to study genotoxicity.

Keywords: Thiazoles; bisthiazoles, thiosemicarbazones, hydrazonoy! halides; drug delivery; anticancer activity

Introduction

Cancer is a major leading cause of death globally,
accounting for an estimated 10 million deaths in 2020
[1]. However, the wusually used medicines for
treatment of cancer are now not sufficient. So,
investigation and development of novel active agents
with promising therapeutic is the main topics that
concerned recently [2]. Moreover, drug delivery
systems were used to improve the efficiency of
currently and newly synthesized anticancer drug with
the hope of minimize their serious side effects.
Genotoxicity describes the property of chemical
agents that damages the genetic information within a

cell causing mutations, the alteration can have direct
or indirect effects on the DNA, however, cells
prevent expression of the genotoxic mutation by
either DNA repair or apoptosis. Recently, regulatory
authorities all over the world have require

data on the genotoxic potential of new drugs, as part
of the safety evaluation process. The pre-clinical
studies are generally conducted to obtain the basic
toxicological profile of new chemical entities (NCE).
Genotoxicity assays have become an integral
component of regulatory requirement[3-11]. The
Single-cell gel electrophoresis assay (comet assay) is
a rapid sensitive method for detecting genotoxic and
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geno-protective effects of both chemical and
nonchemical compounds and is accepted as a valid
technique for determining DNA damage in individual
cells [12-16].

Thiazoles tethered by heterocyclic compounds have a
prominent role in medicinal chemistry due to their
wide range of activities in the field of drug design
and discovery. Literature reports indicate that
thiazoles have a broad spectrum of biological
activities like antibacterial, antifungal, antiprotozoal,
antiviral, anticancer, anti-inflammatory, antioxidant,
analgesic,  anticonvulsant,  antidiabetic, and
antihypertensive activities [17-24].
Pyrazolylthiazoles have revealed significant in vitro
antiproliferative activity against MCF-7 [25-29].
Also, N-pyridinyl-2-(6-phenylimidazo[2,1-b]thiazol-
3-yl)acetamides have demonstrated inhibitory activity
against VEGFR2 kinase [30]. Moreover, 5-
benzylidene- 2,4-thiazolidine diones have been
evaluated as VEGFR-2 kinase inhibitors and revealed
anti-angiogenesis activity [31]. Recently, the utility
of thiazolylhyrazono-thiazoles has been endorsed as

potential anticancer drugs [29,32,33]. In addition,
azolylthiazoles have been handled in several
clinically available anticancer drugs, such as

ixabepilone, dabrafenib [3,34,35] and dasatinib [36]
(Figure 1). Otherwise, conjugated hydrazone system
has been widespread employed in pharmacological
research as antitumor[37] agents (Figure 1).

Thiosemicarbazones are a huge heterocyclic
compounds group, with promising medical and
pharmaceutical applications against parasites and
pathogenic microbes [38-40]. They are considered
also as one of the most interesting efficient antitumor
agents. The usage of the current cancer medicines
decreases the body immunity which makes the
human body not ready to threat any microbial
infections.

The main objective of the current work is to estimate
the cytotoxicity and in vitro anticancer activity of a
series of novel dithiazole derivatives. The
antiproleferative potency of these compounds is
assessed towards human liver (HEGP2), colon
(LoVo) and breast (MCF7) cancer cell lines as
compared to doxorubicin as a standard anticancer
drug. Furthermore, the most potent compound (6e)
was chosen for a further drug delivery study through
using chitosan and PVA polymer film as drug carrier.
This drug delivery system was used for in vitro
anticancer evaluation and genotoxic investigation
compared to doxorubicin. Colon (LoVo) cells were
treated with various concentrations from the selected
compound (6e) loaded in CS/PVA drug delivery in
comparison to doxorubicin to evaluate its anticancer
activity and then analysed via comet assay in liver
tissue to study genotoxicity.
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Figure 1. thiazole derivatives as anticancer drugs, as well as targeted compounds for cancer treatment
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2. Results and Discussion
2.1. Chemistry
Thiazoles are biologically and pharmaceutically very
active compounds[41,42,51,43-50], this finding
prompted us to synthesize some novel compounds
that contain two thiazole rings linked via hydrazone
group hoping to increase their biological activity. To
achieve this objective, we prepared the new thiazole
thiosemicarbazone 3 by reaction of acetylthiazole 1
with thiosemicarbazide 2 in ethanol at reflux in the
presence of few drops of HCI for (2-4 h) monitored
by TLC (Scheme 1). The chemical structure of
compound 3 was evidenced by elemental analysis
and spectral (IR, *HNMR, Mass) data. The IR
revealed the presence of an absorption band at v
3434-3152 cm? for the 2NH and NH: group, in
addition to the other absorption bands at v 3019, 2920
cm! that assigned for the aromatic and aliphatic C-H
stretching. 'HNMR of compound 3, showed two
singlet signals at 0 2.36 and 2,41 ppm at the two
methyl groups, a singlet at 6 8.41 for the CH =N
proton, four singlet signals at ¢ 8.18, 10.31, 11.65 and
12.23 ppm assigned for the NH; and 2NH protons, in
addition to the signals of the aromatic protons (see
experimental). In addition, the mass spectrum of 3
showed a molecular ion peak at 400 which is
consistent with the molecular weight of 3 (molecular
formula C14H14CI2N6Sy).
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As compound 3 contained the carbothioamide group,
it can be utilized as a building block for construction
of another thiazole ring. Thus, reaction of thiazole
thiosemicarbazone derivative 3 with N-aryl 2-OxO
propane hydrazonyl chloride 4 in dioxane under
reflux in the presence of triethylamine for 4-6 h, led
to formation of products 6 (Scheme 1).

The latter products were formed by elimination of
one molecule of water from the non-isolable
intermediate 5. The mechanism of formation of
products 6 that outlined in Scheme 1 was supported
by previously reported research work from our
laboratory and others[52].

The structure assigned for products 6 was
confirmed based on elemental analysis and spectral
data (IR, 'HNMR, MS). For example, the IR spectra
showed in each case two absorption bands at v 3422,
3173 attributed to the NH's of the two hydrazone
groups; in addition to the bands of the aromatic and
aliphatic C-H stretching and C=C and C=N groups
(see Experimental). *HNMR of products 6 revealed
three singlet signals at v 2.42, 2.51, 2.62 assigned for
the three methyl groups, singlet signal at ¢ 8.34 for
CH=N and two singlets at 6 10.56 and 10.78 ppm for
the 2NH protons of hydrazone groups. The mass
spectra revealed in each case a molecular ion peak
which agreed with the expected structure.
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Scheme 1. Synthesis of thiazoles 6a-e
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Similarly, the reaction of thiazolethiosemicarbazone
3 with ethylarylhydrazonochloro acetate 7 gave the
final products 8 (Scheme 2).

The structure of compounds 8 which contain
thiazolone ring in addition to the thiazole ring was
established by elemental analysis and spectral (IR,
'HNMR and Mass) data. For example, the IR of
compounds 8a showed absorption bands at v 3431-
3181 cm corresponding to the NH say hydrazone
groups and a characteristic band at v 1685 cm
attributed to the C=0 group. The *HNMR spectrum
of 8a displayed two singlet signals at 6 2.42 and 2.51
ppm assigned for the two methyl groups, one singlet
signal at 0 8.39 for CH=N proton, three singlet
signals at ¢ 8.69, 10.53 and 10.82 ppm corresponding
to the three NH protons, in addition to the signals of
the aromatic protons. The mass spectrum of 8a
showed a molecular ion peak at m/z = 544,

Our study was extended to prepare another
thiazolylthiazole compounds by reaction of thiazole
thiosemicarbazone 3 with a-haloketones and -
haloesters. For example, reaction of compound 3 with
2-bromo 1-phenylethane 9 in ethanol at reflux for 2-4
h led to formation of product 10 (scheme 3). By the
same way, the reaction of compound 3 with 3-chloro-
2,4-pentanedione 11 gave product 12 (Scheme 3)
whose structure containing acetylthiazole ring in

addition to the thiazole ring. The confirmation of
structures 10 and 12 were based on IR, *HNMR and
Mass spectral data (See Experimental).

Treatment of compound 3 with ethyl chloroacetate 13
in glacial acetic acid under reflux containing
anhydrazone sodium acetate afforded a product
whose spectra (IR, tTHNMR and mass spectrometry)
together with elemental analysis data are consistent
with Structure 14 (Scheme 3) (see Experimental).
Moreover, the chemical reaction of compound 3
towards unsaturated compounds was studied. Thus,
reaction of thiazole thiosemicarbazone 3 with maleic
anhydride 15 in dry methanol yielded a product
whose spectra (IR, HNMR and MS) and elemental
analysis data are in agreement with the proposed
structure 16 (Scheme 3). In addition, reaction of
compound 3 with dimethyl acetylene dicarboxylate
17 in dry methanol at reflux for 2-4 h (Scheme 3)
afforded product 18. The structure of 18 was
evidenced by elemental analysis and spectral (IR,
'HNMR and Mass spectroscopy) data (see
Experimental). The reaction of formation of product
18 was proposed to proceed via Michael addition of
the -SH group of thiosemicarbazone derivative 3 to
the triple bond of 17 followed by direct elimination
of one molecule of water to give the final cyclized
product (Scheme 3).
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2.2. Antiproliferative activity of the tested
compounds

The antiproliferative activity of the new
compounds toward different selected cell lines named
“human colon (LoV0), and liver (HEPG2) and breast
(MCF7) cancer cell lines” was performed by SRB
assay, in comparison with doxorubicin as standard
drug and the results obtained were expressed by 1Csg
as mentioned in Table 1.

Evaluation of the antitumor effect of the tested
compounds towards human breast (MCF7) and
human liver (HEPG2) cancer cell lines revealed that
most of the tested compounds showed nonsignificant
to weak potency. On the other hand, the antitumor
effect of the tested compounds showed variable
antiproliferative activity towards colon cancer cell
line (LoVo) as compounds 8d, 12, 14, 16 and 18 had
no effect on this cell line, compounds 6c¢, 6d, 10,
8a, 8b, 8c and 8e showed weak to moderate
potency, while compounds 6a, 6¢c and 6b and 1
were found to be the most potent derivatives
towards colon cancer cell line (LoVo) compared to
doxorubicin the standard anticancer drug, with I1Csg
values 0.041, 0.067, 0.071, and 0.076 pmol/l
versus 0.008umol/l for doxorubicin. Moreover,
compound 6e showed the strongest activity
towards (LoVo) cell line with 1Cs value 0.016
pmol/l versus 0.008 umol/I for doxorubicin. So, 6e
was selected to be loaded on polymeric carrier
prepared from chitosan and polyvinyl alcohol
CS/PVA to be used as a drug delivery system.

2.3. Drug loading on CS/PVA as a drug delivery
system

Compound 6e was selected for loading on a
polymeric carrier CS/PVA to be used as a drug

Egypt. J. Chem. 66, No. SI 13 (2023)

delivery system. The average diameter of the as
prepared chitosan (CS) / polyvinyl alcohol (PVA)
film particles with and without 6e loading was further
evaluated using DLS. The samples were well
dispersed in water and held in the instrument for
about 16 run. The obtained values are the average of
16 run (Figure 2 a, b). It is clearly seen that the
chitosan (CS) / polyvinyl alcohol (PVA) film
particles exhibited an average size around 19.31 nm.
The size was increased to 91.06 nm when these film
particles were loaded with the drug like compound
Ge.

Additionally, the particle size and surface
morphology of the developed chitosan (CS) /
polyvinyl alcohol (PVA) film particles (Figure 3 a-
c), and drug like compound 6e loaded chitosan (CS) /
polyvinyl alcohol (PVA) film particles (Figure 4 a-c)
were further examined using TEM. As observed from
TEM (Figure 3 a-c) the sample of the chitosan (CS) /
polyvinyl alcohol (PVA) film particles was assessed
at different magnifications to clarify the nature of its
particles. It was depicted that these particles were
formed with cavities. These cavities are available to
be encapsulated with any of the model drugs or other
organic compounds. Additionally, and by checking
the particle feature of chitosan (CS) / polyvinyl
alcohol (PVA) film particles loaded with 6e (Figure
4a-c), it was depicted that the cavities were formed
with black color which suggested that they are filled
with the drug (6e) signifying that, 6e was
successfully encapsulated inside the cavities of the
chitosan (CS) / polyvinyl alcohol (PVA) film
particles.

On the other hand, the morphology of the
developed chitosan (CS) / polyvinyl alcohol (PVA)
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film loaded with 6e was estimated using the field-
emission scanning electron microscopy. The image
revealed that the surface texture of the chitosan (CS) /

polyvinyl alcohol (PVA) film loaded with 6e is

ingredients,
aggregations (Figure 5)

homogeneous and had a good distribution of all
also smooth with no evidence of

Table 1: In vitro cytotoxic activity of the newly synthesized compounds towards human colon (LoVo), liver

cancer (HEPG2) and Breast (MCF7) cell lines

Compound Colon Colon liver liver Breast Breast
ID (LoVo) (LoVo) (HEPG2) (HEPG2) (MCFT7) (MCF7)
IC50 [ug/mi] IC50 IC50 [ug/ml] | 1C50 pmol/l | 1C50 [pg/mi] IC50
pumol/I pumol/I
1 24.3 +3.02 0.076 825+ 146 0.250 76.3+7.1 0.232
3 76.3+7.1 0.19 92.2+4.6 0.230 N.A. N.A.
6a 21.9+25 0.041 61.7+9.5 0.112 85.3+6.2 0.156
6b 40.1+8.2 0.071 86.3+9.1 0.154 76.3+7.1 0.136
6c 38.7+5.2 0.067 71.4+6.3 0.123 93.7+5.7 0.161
6d 85.3 + 6. 0.144 415+43 0.069 N.A. N.A.
6e 10.3£0.8 0.016 50.3+5.1 0.082 59.14 + 6.3 0.096
8a 71.4+6.3 0.130 N.A. N.A. N.A. N.A.
8b 60.3+5.1 0.102 71.4+13.2 0.127 87.4+11.3 0.155
8c 67.5+8.03 0.115 86.3+9.1 0.148 N.A. N.A.
8d N.A. N.A. 93.7+5.7 0.159 N.A. N.A.
8e 415+43 0.067 79.5+14.3 0.131 85.3+6.2 0.076
10 71.4+6.3 0.142 82.2+116 0.164 96.3+13.1 0.076
12 N.A. N.A. N.A. N.A. N.A. N.A.
14 N.A. N.A. N.A. N.A. N.A. N.A.
16 N.A. N.A. 86.3+9.1 0.168 N.A. N.A.
18 N.A. N.A. 93.7+5.7 0.213 N.A. N.A.
DOX 4.8 £0.6 0.008 2.7 £0.06 0.005 5.03+0.7 0.008
DMSO N.A. N.A. N.A. N.A. N.A. N.A.
Data were expressed as Mean + SD of three independent experiments.
IC50 (ug/mL): 1-10 (very strong), 11-25 (strong), 26-50 (moderate), 51-100 (weak).
DOX: Doxorubicin is the drug reference.
N.A.: is no activity
i 91.06

19,31

Figure 2: particle size of the chitosan (CS) / polyvinyl alcohol (PVA) film particles (a) without the drug like
compound 6e and (b) with the drug like compound 6e.
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Figure 3 (a-c): TEM images of the chitosan (CS) / polyvinyl alcohol (PVA) film particles without 6e at different
magnifications

Figure 4 (a-c): TEM images of the chitosan (CS) / polyvinyl alcohol (PVA) film particles with 6e loading at
different magnifications

2000kV | 400x | 3.5 129mm | BSED 5.09:
Figure 5: SEM micrographs of the developed chitosan (CS) / polyvinyl alcohol (PVA) film loaded with 6e.

Egypt. J. Chem. 66, No. SI 13 (2023)
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2.4. In vitro cytotoxic evaluation of the developed
chitosan (CS) / polyvinyl alcohol (PVA) film
loaded with 6e

The antiproleferative potency of the selected

compound (6e) loaded in CS/PVA drug delivery

system was evaluated towards human colon cancer
cell line (LoVo) according to the method described
before. Results revealed that this loaded compound

(6e) indicated a better strong potency towards

(LoVo) cell line in this drug delivery form than in its

drug like compound with 1C50 value 8.4 + 0.7 pg/ml

versus 4.8 = 0.6 pg/ml for doxorubicin.

2.5. Genotoxic activities of the developed chitosan
(CS) / polyvinyl alcohol (PVA) film loaded
with 6e in comparison to doxorubicin: The
effect of the developed chitosan (CS) /
polyvinyl alcohol (PVA) film loaded with 6e,
on the rate of DNA damage in lymphocyte
cells using comet assay

The genotoxic effect of the developed chitosan (CS) /

polyvinyl alcohol (PVA) film loaded with 6e in

comparison to doxorubicin was determined in human
lymphocyte cells using the comet assay.

The data obtained in  table 2 revealed that
doxorubicin  intoxication produced a significant
elevation in tail moment reaching 15 folds of the
control group. On the other hand, treatment with
chitosan (CS) / polyvinyl alcohol (PVA) film loaded
with 6e showed a significantly reduced tail moment
as compared to doxorubicin -intoxicated group
reaching only 8 folds of the control group. It is
obvious that the chitosan (CS) / polyvinyl alcohol
(PVA) film loaded with 6e produced the most marked
reduction in tail moment as compared to doxorubicin
intoxicated group, which may indicate fewer side
effects than resulted from the treatment with
doxorubicin.

Figure 6: a and b, showed examples of visual score
for DNA damage as classes: 0, 1, 2 and 3 using
comet assay in lymphocyte cells.

Table 2: Effect of developed chitosan (CS) / polyvinyl alcohol (PVA) film loaded with 6e on the rate of DNA
damage in lymphocyte cells using comet assay in comparison to doxorubicin

Treatment No. of cells* Class* of comet DNA damaged
Groups of cells cells
Analyzed Total 0 1 2 3 (mean + SEM)
comets
Control 500 12 488 8 4 0 2.4 +0.08
Doxorubicin 500 156 344 36 49 71 31.2+0.63
6e on CS/PVA 500 87 413 37 31 19 174 +0.2

¥: Class 0= no tail; 1= tail length < diameter of nucleus; 2= tail length between 1X and 2X the diameter of

nucleus; and 3= tail length > 2X the diameter of nucleus.

(*): No of cells analyzed were 100 per treatment

Class 0

i

Figure 6: Visual score of DNA damage using comet assay in lymphocyte cells

A: classes 0, 1 and 2. B: class 3.

Egypt. J. Chem. 66, No. SI 13 (2023)
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3. Experimental

3.1. Chemistry

3.1.1. Materials
Poly vinyl alcohol granules (PVA, Mw = 19,800-
24,200)
with 88% alcoholysis degree were purchased from
Shanghai Yingjia Industrial Development Co., Ltd.
Chitosan (CS; Its degree of deacetylation is greater
than >75%), acetic acid and dimethyl sulphoxide
(DMSO) were provided from Aldrich company,
Germany.

3.1.2. Experimental instrumentation

Melting  points were measured on an

Electrothermal 1A 9000 series digital melting point
apparatus. IR spectra were recorded in potassium
bromide discs on PyeUnicam SP 3300 and Shimadzu
FTIR 8101 PC infrared spectrophotometers. NMR
spectra were recorded on a a BRUKER NMR
spectrometer operating at 400 MHz (*H-NMR) and
run in deuterated dimethylsulfoxide (DMSO-d6).
Chemical shifts were related to that of the solvent.
13C-NMR was recorded on a BRUKER spectrometer
at 100 MHz. Mass spectra were recorded on a
Shimadzu GCMS-QP1000 EX mass spectrometer at
70 eV. Elemental analyses were measured by using a
German made Elementarvario LI1I CHNS analyzer.

3.1.1. Synthesis
1-(2-(2-(2,4-dichlorobenzylidene)hydrazineyl)-4-
methylthiazol-5-yl)ethan-1-one (1). A mixture of 2-
(2,4-dichlorobenzylidene)hydrazine-1-
carbothioamide (248 g, 10 mmol) and 3-
chloropentane-2,4-dione (1.34 g, 10 mmol) in 50 mL
of ethanol was refluxed for 3h and then was cooled to
room temperature. The desired product precipitated
from reaction mixture was filtered, washed with
ethanol and recrystallized from ethanol to give pure
product of compound 1 as Yellow solid (82% yield);
m.p. 279-281°C (m.p. 240-242 );IR (KBr) v 3437
(NH), 3056, 2931 (C-H), 1689 (C=0), 1612 (C=N),
1588 (C=C Ar), 735 (C-S-C) cm’; *H NMR (400
MHz, DMSO-ds) 6 2.42 (s, 3H, CH3), 2.51 (s, 3H,
CHgz), 7.50-7.53 (d, J = 8.8 Hz, 1H, Ar-H), 7.71 (s,
1H, Ar-H), 7.94-7.96 (d, J = 8.8 Hz, 1H, Ar-H),
8.41(s, 1H, CH=N), 11.63 (s, br, 1H, NH) ppm; MS,
m/z (%) 327 (M*, 39), 248 (100), 329 (78), 73 (68),
64 (70). Anal. calcd for C14H11CIoN3OS (327): C,
47.57; H, 3.38; N, 12.80. Found: C, 47.36; H, 3.25;
N, 12.69%.
2-(1-(2-(2-(2,4-dichlorobenzylidene)hydrazineyl)-
4-methylthiazol-5-yl)ethylidene)hydrazine-1-
carbothioamide (3)
A mixture of acetylthiazole derivative 1 (3.27 g, 10
mmol) and thiosemicarbazide 2 (0.91 g, 10 mmol) in
20 mL EtOH and HCI (2 drops) for 2-4 h (monitored
by TLC). The formed solid product was filtered and
crystallized from ethanol to afford thiosemicarbazone
derivative 3 as yellow solid, 80% yield, m.p. 180-

Egypt. J. Chem. 66, No. SI 13 (2023)

182°C; IR (KBr) v = 3434-3152 (2NH + NH_), 3019,
2920 (C-H), 1614 (C=N), 1588 (C=C Ar) cm; H-
NMR (DMSO-dg): 6 2.36 (s, 3H, CHs3), 2.41 (s, 3H,
CHgs), 7.53-7.55 (d, J = 8.8 Hz, 1H, Ar-H), 7.72 (s,
1H, Ar-H), 7.94-7.96 (d, J = 8.8 Hz, 1H, Ar-H), 8.18
(s, br, 1H, NH), 8.41(s, 1H, CH=N), 10.31 (s, br, 1H,
NH), 11.65 (s, br, 1H, NH), 12.23 (s, br, 1H, NH)
ppm; MS m/z (%): 402(M*+2, 27), 400 (M*, 30),
Anal. Calcd for C14H14Cl2NgS> (400.01): C, 41.90; H,
3.52; N, 20.94. Found: C, 41.75; H, 3.39; N, 20.88%.
General method for synthesis of thiazoles 6a-e and
8a-e.

A mixture of thiosemicarbazone 3 (0.4 g, 1 mmol)
and the appropriate hydrazonoyl halides 4 or 7 (1
mmol) in dioxane (20 mL) containing TEA (0.07
mL) was refluxed for 4-6 hr (monitored by TLC).
The hot solution was allowed to cool and the solid
formed was filtered off, washed with EtOH, dried and
recrystallized from the proper solvent to give the
corresponding thiazoles 6a-e and 8a-e, respectively.
The physical constants and analytical information for
the synthesized products 6a-e and 8a-e are listed
below.
2-(2-(2,4-Dichlorobenzylidene)hydrazineyl)-4-
methyl-5-(1-(2-(4-methyl-5-
(phenyldiazenyl)thiazol-2-
yDhydrazineylidene)ethyl)thiazole (6a). Yellow
solid; mp:200-202 °C (EtOH); IR (KBr) v = 3422,
3173 (2 NH), 3048, 2916 (C-H), 1593 (C=N), 1558
(C=C Ar) cm; 'H NMR (400 MHz, DMSO-ds) ¢
2.42 (s, 3H, CH3), 2.51 (s, 3H, CHs), 2.62 (s, 3H,
CHs), 7.35-7.38 (m, 5H, Ar-H),7.50-7.52 (d, J = 8.8
Hz, 1H, Ar-H), 7.71 (s, 1H, Ar-H), 7.94-7.96 (d, J =
8.8 Hz, 1H, Ar-H), 8.34(s, 1H, CH=N), 10.56 (s, br,
1H, NH), 10.78 (s, br, 1H, NH) ppm; MS, m/z (%)
544(M*+2, 8)542 (M*, 15). Anal. calcd for
Ca3H20Cl2NsS; (542.06): C, 50.83; H, 3.71; N, 20.62.
Found: C, 50.71; H, 3.59; N, 20.48%.
2-(2-(2,4-Dichlorobenzylidene)hydrazineyl)-4-
methyl-5-(1-(2-(4-methyl-5-(p-
tolyldiazenyl)thiazol-2-
yl)hydrazineylidene)ethyl)thiazole  (6b). Yellow
solid; mp 162-164 °C (EtOH); IR (KBr) v = 3436,
3217 (2 NH), 3042, 2916 (C-H), 1609 (C=N), 1579
(C=C Ar) cm; 'H NMR (400 MHz, DMSO-ds) ¢
2.26 (s, 3H, CHs), 2.50 (s, 3H, CHs), 2.56 (s, 3H,
CHa), 2.62 (s, 3H, CH3), 7.13-7.15 (d, J = 8.2 Hz, 2H,
Ar-H), 7.25-7.27 (d, J = 8.2 Hz, 2H, Ar-H), 7.56-7.58
(d, J = 8.8 Hz, 1H, Ar-H), 7.73 (s, 1H, Ar-H), 7.94-
7.96 (d, J = 8.8 Hz, 1H, Ar-H), 8.40 (s, 1H, CH=N),
10.50 (s, br, 1H, NH), 10.74 (s, br, 1H, NH) ppm;
13C-NMR (DMSO-ds): 6 10.6, 16.6, 17.3, 20.8 (CH3),
114.6, 127.0, 127.2, 128.1, 128.4, 129.8, 130.1,
130.2, 130.4, 131.0, 131.3, 133.2, 1335, 134.9,
138.0, 141.7, 160.6, 169.6 (Ar-C and C=N) ppm; MS,
m/z (%) 558(M*+2, 14), 556 (M*, 22). Anal. calcd for
C24H22CloNsS; (556.08): C, 51.71; H, 3.98; N, 20.10.
Found: C, 51.55; H, 3.78; N, 20.03%.
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5-((4-Chlorophenyl)diazenyl)-2-(2-(1-(2-(2-(2,4-
dichlorobenzylidene)hydrazineyl)-4-
methylthiazol-5-yl)ethylidene)hydrazineyl)-4-
methylthiazole (6¢). Yellow solid; mp:181-183
(AcOH); IR (KBr) v = 3430, 3219 (2 NH), 3040,
2921 (C-H), 1594 (C=N), 1563 (C=C Ar) cm*;H
NMR (400 MHz, DMSO-ds) 6 2.50 (s, 3H, CHs),
2.57 (s, 3H, CHa), 2.62 (s, 3H, CH3), 7.37-7.39 (d, J
= 8.4 Hz, 2H, Ar-H), 7.56-7.58 (d, J = 8.8 Hz, 1H,
Ar-H), 7.63-7.65 (d, J = 8.4 Hz, 2H, Ar-H), 7.73 (s,
1H, Ar-H), 7.94-7.96 (d, J = 8.8 Hz, 1H, Ar-H), 8.41
(s, 1H, CH=N), 10.63 (s, br, 1H, NH), 10.84 (s, br,
1H, NH) ppm; MS, m/z (%) 576 (M*, 37). Anal. calcd
for C23H19C|3Nssz (576.02): C, 47.80; H, 3.31; N,
19.39. Found: C, 47.70; H, 3.25; N, 19.27%.
2-(2-(2,4-Dichlorobenzylidene)hydrazineyl)-4-
methyl-5-(1-(2-(4-methyl-5-((4-
nitrophenyl)diazenyl)thiazol-2-
yhhydrazineylidene)ethyl)thiazole  (6d). Yellow
solid; mp 222-224°C (AcOH); IR (KBr) v = 3436,
3252 (2 NH), 3065, 2925 (C-H), 1592 (C=N), 1555
(C=C Ar) cm; 'H NMR (400 MHz, DMSO-ds) ¢
2.40 (s, 3H, CHa3), 2.45 (s, 3H, CHz), 2.48 (s, 3H,
CHg), 7.37-7.39 (d, J = 8.5 Hz, 2H, Ar-H), 7.54-7.56
(d, J = 8.8 Hz, 1H, Ar-H), 7.73 (s, 1H, Ar-H), 7.93-
7.95 (d, J = 8.8 Hz, 1H, Ar-H), 8.18-8.20 (d, J = 8.5
Hz, 2H, Ar-H), 8.37 (s, 1H, CH=N), 10.31 (s, br, 1H,
NH), 11.08 (s, br, 1H, NH) ppm; MS, m/z (%) 587
(M+), Anal. calcd for C23H19C|2N90282 (587.05): C,
46.94; H, 3.25; N, 21.42. Found: C, 46.75; H, 3.15;
N, 21.22%.
2-(2-(2,4-Dichlorobenzylidene)hydrazineyl)-5-(1-
(2-(5-((2,4-dichlorophenyl)diazenyl)-4-
methylthiazol-2-yl)hydrazineylidene)ethyl)-4-
methylthiazole (6e). Yellowish orange solid; mp
184-186 °C (AcOH); IR (KBr) v = 3395, 3262 (2
NH), 3053, 2911 (C-H), 1603 (C=N), 1581 (C=C Ar)
cmt; *H NMR (400 MHz, DMSO-dg) 6 2.29 (s, 3H,
CHa), 2.39 (s, 3H, CH3), 2.63 (s, 3H, CH3), 7.44-7.46
(d, J = 8.8 Hz, 1H, Ar-H), 7.53-7.55 (d, J = 8.8 Hz,
1H, Ar-H), 7.66 (s, 1H, Ar-H), 7.73 (s, 1H, Ar-H),
7.93-7.95 (d, J = 8.8 Hz, 1H, Ar-H), 8.00-8.02 (d, J =
8.8 Hz, 1H, Ar-H), 8.34 (s, 1H, CH=N), 10.31 (s, br,
1H, NH), 12.50 (s, br, 1H, NH) ppm; MS, m/z (%)
609 (M*, 32). Anal. calcd for Cu3H1sC1aNgS:
(609.98): C, 45.11; H, 2.96; N, 18.30. Found: C,
45.04; H, 2.83; N, 18.18%.

2-(2-(1-(2-(2-(2,4-
Dichlorobenzylidene)hydrazineyl)-4-
methylthiazol-5-yl)ethylidene)hydrazineyl)-5-(2-
phenylhydrazineylidene)thiazol-4(5H)-one  (8a).
Yellow solid; mp 171-173 °C (AcOH); IR (KBr) v =
3431-3181 (3 NH), 3043, 2917 (C-H), 1685 (C=0),
1623 (C=N), 1553 (C=C Ar) cm?; 'H NMR (400
MHz, DMSO-ds) ¢ 2.42 (s, 3H, CHs), 2.51 (s, 3H,
CHg), 7.26-7.39 (m, 5H, Ar-H),7.49-7.51 (d, J = 8.8
Hz, 1H, Ar-H), 7.69 (s, 1H, Ar-H), 7.93-7.95 (d, J =
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8.8 Hz, 1H, Ar-H), 8.39 (s, 1H, CH=N), 8.69 (s, br,
1H, NH), 10.53 (s, br, 1H, NH), 10.82 (s, br, 1H, NH)
ppm; MS, m/z (%) 544 (M*, 51) Anal. calcd for
C22H1sCl:NgOS, (544.04): C, 48.44; H, 3.33; N,
20.54. Found: C, 48.25; H, 3.20; N, 20.48%.
2-(2-(1-(2-(2-(2,4-
dichlorobenzylidene)hydrazineyl)-4-
methylthiazol-5-yl)ethylidene)hydrazineyl)-5-(2-
(p-tolyhhydrazineylidene)thiazol-4(5H)-one  (8b).
Yellow solid; mp 202-204 °C (EtOH); IR (KBr) v =
3419-3177 (3 NH), 3040, 2911 (C-H), 1682 (C=0),
1625 (C=N), 1543 (C=C Ar) cm; 'H NMR (400
MHz, DMSO-dg) d 2.25 (s, 3H, CHas), 2.27 (s, 3H,
CH3), 2.42 (s, 3H, CHs), 7.16-7.18 (d, 2H, Ar-H),
7.25-7.28 (d, 2H, Ar-H), 7.51-7.53 (d, J = 8.8 Hz, 1H,
Ar-H), 7.71 (s, 1H, Ar-H), 7.94-7.96 (d, J = 8.8 Hz,
1H, Ar-H), 8.40 (s, 1H, CH=N), 8.69 (s, br, 1H, NH),
10.47 (s, br, 1H, NH), 10.79 (s, br, 1H, NH) ppm;
BC-NMR (DMSO-de): & 14.5, 18.0, 20.8 (CHs),
114.4, 115.0, 118.9, 128.2, 128.5, 129.0, 129.8,
130.2, 130.5, 131.1, 132.2, 133.7, 135.0, 135.2,
136.6, 140.6, 141.7 (Ar-C and C=N), 169.4 (C=0)
ppm; MS, m/z (%) 558 (M*, 70). Anal. calcd for
C23H2Cl:NgOS, (558.06): C, 49.38; H, 3.60; N,
20.03. Found: C, 49.26; H, 3.48; N, 20.00%.

5-(2-(4-Chlorophenyl)hydrazineylidene)-2-(2-(1-
(2-(2-(2,4-dichlorobenzylidene)hydrazineyl)-4-
methylthiazol-5-yl)ethylidene)hydrazineyl)thiazol-
4(5H)-one  (8c). Brown solid; mp 180-182 °C
(EtOH); IR (KBr) v = 3428-3171 (3 NH), 3043, 2919
(C-H), 1691 (C=0), 1621 (C=N), 1550 (C=C Ar)
cml; IH NMR (400 MHz, DMSO-dg) 6 2.42 (s, 3H,
CHzs), 2.51 (s, 3H, CH3), 7.25-7.28 (d, 2H, Ar-H),
7.34-7.37 (d, 2H, Ar-H), 7.49-7.51 (d, J = 8.8 Hz, 1H,
Ar-H), 7.70 (s, 1H, Ar-H), 7.93-7.95 (d, J = 8.8 Hz,
1H, Ar-H), 8.39 (s, 1H, CH=N), 8.68 (s, br, 1H, NH),
10.61 (s, br, 1H, NH), 11.89 (s, br, 1H, NH) ppm;
MS, m/iz (%) 578 (M*, 12). Anal. calcd for
C22H17ClsNgOS, (578.00): C, 45.57; H, 2.95; N,
19.32. Found: C, 45.44; H, 2.74; N, 19.17%.
2-(2-(1-(2-(2-(2,4-
Dichlorobenzylidene)hydrazineyl)-4-
methylthiazol-5-yl)ethylidene)hydrazineyl)-5-(2-
(4-nitrophenyl)hydrazineylidene)thiazol-4(5H)-
one

(8d). Orange solid; mp 242-244 °C (AcOH); IR
(KBr) v = 3425-3172 (3 NH), 3060, 2922 (C-H),
1708 (C=0), 1617 (C=N), 1589 (C=C Ar) cm?; H
NMR (400 MHz, DMSO-ds) ¢ 2.42 (s, 3H, CHa),
2.51 (s, 3H, CHa3), 7.38-7.41 (d, 2H, Ar-H), 7.51-
7.53 (d, J = 8.8 Hz, 1H, Ar-H), 7.71 (s, 1H, Ar-H),
7.93-7.95 (d, J = 8.8 Hz, 1H, Ar-H), 8.20-8.22 (d, 2H,
Ar-H), 8.39 (s, 1H, CH=N), 8.69 (s, br, 1H, NH),
11.16 (s, br, 1H, NH), 11.63 (s, br, 1H, NH) ppm;
MS, m/z (%) 591 (M*+2, 14), 589 (M*, 14). Anal.
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calcd for 022H17C|2N90382 (589.03): C, 44.75; H,
2.90; N, 21.35. Found: C, 44.63; H, 2.77; N, 21.19%.
2-(2-(1-(2-(2-(2,4-
Dichlorobenzylidene)hydrazineyl)-4-
methylthiazol-5-yl)ethylidene)hydrazineyl)-5-(2-
(2,4-dichlorophenyl)hydrazineylidene)thiazol-
4(5H)-one

(8e). Yellow solid; mp 156-158 °C (EtOH); IR (KBr)
v = 3427-3175 (3 NH), 3059, 2921 (C-H), 1704
(C=0), 1613 (C=N), 1582 (C=C Ar) cm?; 'H NMR
(400 MHz, DMSO-ds) ¢ 2.41 (s, 3H, CH3), 2.50 (s,
3H, CH3), 7.45-7.51 (m, 2H, Ar-H), 7.68 (s, 1H, Ar-
H), 7.69 (s, 1H, Ar-H), 7.93-7.95 (d, J = 8.8 Hz, 2H,
Ar-H), 8.38 (s, 1H, CH=N), 8.68 (s, br, 1H, NH),
10.66 (s, br, 1H, NH), 12.05 (s, br, 1H, NH) ppm;
MS, m/z (%) 613(M*+2, 21), 611 (M*, 24). Anal.
calcd for CiHi6ClsNgOS; (611.96): C, 43.01; H,
2.63; N, 18.24. Found: C, 42.91; H, 2.52; N, 18.18%.
Synthesis of thiazoles 10, 12, 14 and 16.

To a solution of thiosemicarbazone 3 (0.4 g, 1 mmol)
in dry methanol (20 mL) was added 2-bromo-1-
phenylethan-1-one 9 or 3-chloropentane-2,4-dione 11
or maleic anhydride 15 or dimethyl acetylene
dicarboxylate 17 or (1 mmol). The solution was
refluxed for 2-4 h. The precipitate was filtered,
washed with methanol, and recrystallized from the
proper solvent to give thiazoles 10, 12, 14 and 16,
respectively. The products 10, 12, 14 and 16 together
with their physical constants are listed below.
2-(2-(2,4-Dichlorobenzylidene)hydrazineyl)-4-
methyl-5-(1-(2-(4-phenylthiazol-2-
ylhydrazineylidene)ethyl)thiazole  (10). Yellow
solid; mp 231-233 °C (AcOH); IR (KBr) v = 3414,
3164 (2 NH), 3044, 2912 (C-H), 1590 (C=N) cm™;*H
NMR (400 MHz, DMSO-dg) ¢ 2.42 (s, 3H, CHjy),
2.50 (s, 3H, CHs), 7.29-7.43 (m, 6H, Ar-H and
thiazole-H5),7.51-7.53 (d, J = 8.8 Hz, 1H, Ar-H),
7.70 (s, 1H, Ar-H), 7.92-7.94 (d, J = 8.8 Hz, 1H, Ar-
H), 8.39 (s, 1H, CH=N), 10.90 (s, br, 1H, NH), 12.50
(s, br, 1H, NH) ppm; MS, m/z (%) 500 (M*, 51), 498
(46). Anal.Calcd for CxHisCl2NgS2 (500.04): C,
52.70; H, 3.62; N, 16.76. Found C, 52.69; H, 3.56; N,
16.69%.

1-(2-(2-(1-(2-(2-(2,4-
Dichlorobenzylidene)hydrazineyl)-4-
methylthiazol-5-yl)ethylidene)hydrazineyl)-4-
methylthiazol-5-yl)ethan-1-one (12).Yellow solid,;
mp 251-253 °C (AcOH); IR (KBr) v = 3423, 3167 (2
NH), 3046, 2911 (C-H), 1694 (C=0), 1590 (C=N),
1570 (C=C Ar) cm*; TH NMR (400 MHz, DMSO-ds)
0 2.32 (s, 3H, CHa), 2.38 (s, 3H, CHs), 2.41 (s, 3H,
CHa), 2.43 (s, 3H, CH3), 7.48-7.50 (d, J = 8.8 Hz, 1H,
Ar-H), 7.68 (s, 1H, Ar-H), 7.92-7.94 (d, J = 8.8 Hz,
1H, Ar-H), 8.38 (s, 1H, CH=N), 10.61 (s, br, 1H,
NH), 12.36 (s, br, 1H, NH) ppm; MS, m/z (%)
482(M*+2, 40), 480 (M*, 45). Anal.Calcd for
C1oH1sCloNsOS, (480.04): C, 47.40; H, 3.77; N,
17.46. Found C, 47.29; H, 3.71; N, 17.38%.
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2-(2-(2-(1-(2-(2-(2,4-
Dichlorobenzylidene)hydrazineyl)-4-
methylthiazol-5-yl)ethylidene)hydrazineyl)-4-oxo-
4,5-dihydrothiazol-5-yl)acetic acid (14).Yellow
solid; mp 230-232 °C (AcOH); IR (KBr) v = 3436,
3232, 3145 (2 NH and OH), 3033, 2961 (C-H), 1720,
1681 ( 2C=0), 1592 (C=N), 1573 (C=C Ar) cm?; H
NMR (400 MHz, DMSO-de) ¢ 2.41 (s, 3H, CHj),
2.50 (s, 3H, CHa), 2.85 (dd, 1H, CHy), 2.94 (dd, 1H,
CHy), 4.57 (dd, 1H, CH), 7.47-7.49 (d, J = 8.8 Hz,
1H, Ar-H), 7.66 (s, 1H, Ar-H), 7.91-7.93 (d, J = 8.8
Hz, 1H, Ar-H), 8.40 (s, 1H, CH=N), 10.27 (s, br, 1H,
NH), 11.72 (s, br, 1H, NH), 12.68 (s, br, 1H, OH)
ppm; MS, m/z (%) 500 (M*+2, 23), 537 (M*, 15).
Anal.Calcd for C13H15C|2N60352 (498.01): C, 43.29;
H, 3.23; N, 16.83. Found C, 43.17; H, 3.09; N,
16.65%.

Methyl 2-(2-(2-(1-(2-(2-(2,4-
dichlorobenzylidene)hydrazineyl)-4-
methylthiazol-5-yl)ethylidene)hydrazineyl)-4-
oxothiazol-5(4H)-ylidene)acetate  (16).  Orange
solid; mp 281-283 °C (DMF); IR (KBr) v = 3439,
3164 (2 NH), 3041, 2943 (C-H), 1702, 1689 (2 C=0),
1590 (C=N), 1554 (C=C Ar) cm?; 'H NMR (400
MHz, DMSO-ds) 6 2.41 (s, 3H, CHs), 2.47 (s, 3H,
CHsz), 3.80 (s, 3H, COOCHs;), 6.68 (s, 1H,
CH=C),7.49-7.51 (d, J = 8.8 Hz, 1H, Ar-H), 7.75 (s,
1H, Ar-H), 7.92-7.94 (d, J = 8.8 Hz, 1H, Ar-H), 8.37
(s, 1H, CH=N), 8.67 (s, br, 1H, NH), 12.72 (s, br, 1H,
NH) ppm; 3C-NMR (DMSO-ds): J 18.4, 29.9 (CHs),
52.8 (OCHs), 125.3, 128.2, 128.5, 128.6, 129.8,
130.0, 130.4, 130.7, 133.7, 135.2, 136.8, 138.0,
143.1, 149.0 (Ar-C and C=N), 166.2, 169.4 (2 C=0)
ppm; MS, m/z (%) 512 (M*+2, 6), 510 (M*, 21).
Anal.Calcd for ClngeC|2N50382 (510.01): C, 44.62;
H, 3.15; N, 16.43. Found C, 44.50; H, 3.11; N,
16.29%.

Synthesis of 2-(2-(1-(2-(2-(2,4-
dichlorobenzylidene)hydrazineyl)-4-
methylthiazol-5-yl)ethylidene)hydrazineyl)thiazol-
4(5H)-one (18).

To a mixture of thiosemicarbazone 3 (0.4 g, 1 mmol)
in glacial acetic acid (10 mL) containing anhydrous
sodium acetate (0.123g, 1.5 mmol), ethyl
chloroacetate 17 (0.122 g, | mmol) was added. The
mixture was refluxed for 6 hr (monitored by TLC),
then left to cool. The solid product was filtered off,
washed with water and recrystalized from DMF to
afford the thiazolone derivative 18 as Beige solid
(82% yield); mp 161-163 °C (AcOH); IR (KBr) v =
3429, 3177 (2 NH), 3054, 2915 (C-H), 1681 (C=0),
1590 (C=N) cm™; 'H NMR (400 MHz, DMSO-ds) &
2.37 (s, 3H, CHa), 2.47 (s, 3H, CHa), 3.61 (s, 2H,
CHy), 7.48-7.50 (d, J = 8.8 Hz, 1H, Ar-H), 7.66 (s,
1H, Ar-H), 7.93-7.95 (d, J = 8.8 Hz, 1H, Ar-H), 8.37
(s, 1H, CH=N), 10.72 (s, br, 1H, NH), 12.44 (s, br,
1H, NH) ppm; MS, m/z (%) 442(M*+2, 7), 440 (M*,



2008 Manar Ayman et.al.

15). Anal.Calcd for CisH14CloNeOS; (440.00): C,
43.54; H, 3.20; N, 19.04. Found C, 43.38; H, 3.08; N,
18.96%.

3.2. Antiproliferative activity of the tested
compounds

3.2.1. Cells

LoVo, HEPG2 and MCF7 cell lines were obtained
from the American Type Culture collection
(Rockville, Maryland, USA).

3.2.2. Compounds preparation and anti-
proliferative in vitro assay.

The tested compounds were prepared as previously
mentioned and examined using SRB assay[17,39].
3.2.4. Cytotoxic test SRB

The details of this technique were described by
Skehan et al[53].

3.2.5. Statistical analysis

The obtained results are stated as Mean * Standard
error (S.E.) and each experiment was repeated for at
least 6 times.

3.2. Preparation of chitosan (CS) / polyvinyl
alcohol (PVA) films with and without 6e
loading.

The chitosan (CS) / polyvinyl alcohol (PVA) films
were prepared as previously mentioned.[54,55]

3.3. Determination of percent of DNA damage
by comet assay in lymphocyte cells:

The Comet assay was performed according to Blasiak
et al. protocol [56-59]

4. Conclusion

In conclusion, some of the tested compounds (1, 6a,
6b and 6e), exerted significant
anti-proliferative potency towards colon cancer cell
line (LoVo), while showed a moderate activity on
human liver cancer cell line (HEPG2) through
reducing cell proliferation and resulted in reasonable
significant growth inhibitory effect. On the other
hands, tested compounds gave no or slight activity
towards breast (MCF7) cell line. So, the present
study revealed that human colon (LoVo) and liver
(HEPGZ2) cancer cell lines were more sensitive to the
tested compounds than the breast (MCF7) cell line
which indicated a specific
anti-proliferative potency of these newly synthesized
compounds toward different cancer cell lines. The
results showed that the in vitro antiproliferative
potency of the newly synthesized compounds was
moderately significant and may be investigated for
further in vivo and pharmacokinetic studies.
Moreover, the genotoxicity study of the most potent
compound (6e) after chitosan (CS) / polyvinyl
alcohol (PVA) films loading showed a significantly
reduced DNA damage as compared to doxorubicin,
which may indicate lower side effects.

5. References

Egypt. J. Chem. 66, No. SI 13 (2023)

[1] C. de Martel, D. Georges, F. Bray, J. Ferlay,
G.M. Clifford, Global burden of cancer
attributable to infections in 2018: a worldwide
incidence analysis, The Lancet Global Health. 8
(2020) e180-e190.

[2] M.J. Elliott, D.W. Cescon, Development of
novel agents for the treatment of early estrogen
receptor positive breast cancer, The Breast. 62
(2022) S34-S42.

[3] D.J. Lambo, C.G. Lebedenko, P.A. McCallum,
I.A. Banerjee, Molecular dynamics, MMGBSA,
and docking studies of natural products
conjugated to tumor-targeted peptide for
targeting BRAF V600E and MERTK receptors,
Molecular Diversity. 27 (2023) 389—423.

[4] A.N. Mansoori, R.K. Gautam, P.C. Tiwari, A
review on genotoxicity, Asian Journal of
Pharmaceutical Research. 4 (2014) 162-165.

[5] S.K. Savale, Genotoxicity of drugs: Introduction,
prediction and evaluation, Asian Journal of
Biomaterial Research. 4 (2018) 1-29.

[6] Z. Magdolenova, A. Collins, A. Kumar, A.
Dhawan, V. Stone, M. Dusinska, Mechanisms of
genotoxicity. A review of in vitro and in vivo
studies  with  engineered nanoparticles,
Nanotoxicology. 8 (2014) 233-278.

[71 N. Singh, B. Manshian, G.J.S. Jenkins, S.M.
Griffiths, P.M. Williams, T.G.G. Maffeis, C.J.
Wright, S.H. Doak, NanoGenotoxicology: the
DNA damaging potential of engineered
nanomaterials, Biomaterials. 30 (2009) 3891-
3914,

[8] TW. Gebel, Genotoxicity of arsenical
compounds, International Journal of Hygiene
and Environmental Health. 203 (2001) 249-262.

[9] A.D. Bolz&n, M.S. Bianchi, Genotoxicity of
streptonigrin: a review, Mutation
Research/Reviews in Mutation Research. 488
(2001) 25-37.

[10]H. Turkez, M.E. Arslan, O. Ozdemir,
Genotoxicity testing: progress and prospects for
the next decade, Expert Opinion on Drug
Metabolism & Toxicology. 13 (2017) 1089-
1098.

[11]R.P.F. Schins, Mechanisms of genotoxicity of
particles and fibers, Inhalation Toxicology. 14
(2002) 57-78.

[12] A. Collins, P. Mgller, G. Gajski, S. Vodenkov4,
A. Abdulwahed, D. Anderson, E.E. Bankoglu, S.
Bonassi, E. Boutet-Robinet, G. Brunborg,
Measuring DNA modifications with the comet
assay: A compendium of protocols, Nature
Protocols. 18 (2023) 929-989.

[13]N. Jiang, S. Naz, Y. Ma, Q. Ullah, M.Z. Khan, J.
Wang, X. Lu, D.-Z. Luosang, S. Tabassum,
A.M.M. Chatha, An Overview of Comet Assay
Application for Detecting DNA Damage in



IN SIGHT INTO INNOVATIVE CANCER THERAPEUTIC APPROACH BASED ON NANOTECHNOLOGY ...... 2009

Aquatic Animals, Agriculture. 13 (2023) 623.

[14]V.J. McKelvey-Martin, M.H.L. Green, P.
Schmezer, B.L. Pool-Zobel, M.P. De Meo, A.
Collins, The single cell gel electrophoresis assay
(comet assay): a European review, Mutation
Research/Fundamental and Molecular
Mechanisms of Mutagenesis. 288 (1993) 47-63.

[15]H.R.M. Rashdana, S.M. Nasrb, H.A. El-Refaia,
M.S. Abdel-Azizc, A novel approach of potent
antioxidant and antimicrobial agents containing
coumarin moiety accompanied with cytotoxicity
studies on the newly synthesized derivatives,
Journal of Applied Pharmaceutical Science. 7
(2017) 186-196.

[16] M. Bajpayee, A. Kumar, A. Dhawan, The comet
assay: a versatile tool for assessing DNA
damage, (2016).

[17] hanaa F. roaiah, H.R. Rashdan, abdelmohsen
soliman, Z. Muhammed, J. Wietrzyk, M.
Milczarek,  Design,  efficient  synthesis,
mechanism of reaction and antiproliferative
activity against cancer and normal cell lines of a
novel class of fused pyrimidine derivatives, Acta
Poloniae Pharmaceutica-Drug Research. 75
(2018).

[18]M.A. El-Hashash, S.M. Sherif, A.A. Badawy,
H.R. Rashdan, Synthesis of some new
antimicrobial 5, 6, 7, 8-tetrahydro-pyrimido [4,
5-b] quinolone derivatives, Der Pharm. Chem. 6
(2014) 23-29.

[19]Y. Yao, S. Chen, X. Zhou, L. Xie, A. Chen,
5-FU and ixabepilone modify the microRNA
expression profiles in MDA-MB-453
triple-negative breast cancer cells, Oncology
Letters. 7 (2014) 541-547.

[20]1X. Li, Y. He, C.H. Ruiz, M. Koenig, M.D.
Cameron, Characterization of dasatinib and its
structural analogs as CYP3A4 mechanism-based
inactivators and the proposed bioactivation
pathways, Drug Metabolism and Disposition. 37
(2009) 1242-1250.

[21]P.-C. Lv, D.-D. Li, Q.-S. Li, X. Lu, Z.-P. Xiao,
H.-L. Zhu, Synthesis, molecular docking and
evaluation of thiazolyl-pyrazoline derivatives as
EGFR TK inhibitors and potential anticancer
agents, Bioorganic & Medicinal Chemistry
Letters. 21 (2011) 5374-5377.

[22]H. Ding, Z. Chen, C. Zhang, T. Xin, Y. Wang,
H. Song, Y. Jiang, Y. Chen, Y. Xu, C. Tan,
Synthesis and Cytotoxic Activity of Some Novel
N-Pyridinyl-2-(6-phenylimidazo [2, 1-b] thiazol-
3-yl) acetamide Derivatives, Molecules. 17
(2012) 4703-4716.

[23]U. Bhanushali, S. Rajendran, K. Sarma, P.
Kulkarni, K. Chatti, S. Chatterjee, C.S. Ramaa,
5-Benzylidene-2, 4-thiazolidenedione
derivatives: Design, synthesis and evaluation as
inhibitors of angiogenesis targeting VEGR-2,

Egypt. J. Chem. 66, No. SI 13 (2023)

Bioorganic Chemistry. 67 (2016) 139-147.

[24]L.A. Al-Mutabagani, F.M. Abdelrazek, S.M.
Gomha, A.S. Hebishy, M.S. Abdelfattah, S.M.
Hassan, A.R. Sayed, M.M. Elaasser, Synthesis
and biological evaluation of thiazolyl-ethylidene
hydrazino-thiazole  derivatives: A novel
heterocyclic system, Applied Sciences. 11 (2021)
8908.

[25] Y. Wang, Z. Wang, H. Kuang, Y. Zhang, W. Gu,
Y. Zhu, S. Wang, Synthesis and antitumor
activity of 2-isocamphanyl thiosemicarbazone
derivatives via ROS-enhanced mitochondrial
damage, Chemical Biology & Drug Design. 94
(2019) 1281-1291.

[26]1.H. EI Azab, R.B. Bakr, N.A.A. Elkanzi, Facile
one-pot multicomponent synthesis of pyrazolo-
thiazole substituted pyridines with potential anti-
proliferative activity: synthesis, in vitro and in
silico studies, Molecules. 26 (2021) 3103.

[27T1H.F. Rizk, M.A. El-Borai, A. Ragab, S.A.
Ibrahim, Design, synthesis, biological evaluation
and molecular docking study based on novel
fused pyrazolothiazole scaffold, Journal of the
Iranian Chemical Society. 17 (2020) 2493-2505.

[28]Z. Turgut, C. Yolacan, F. Aydogan, E. Bagdatli,
N. Ocal, Synthesis of new pyrazolothiazole
derivatives from 4-thiazolidinones, Molecules.
12 (2007) 2151-2159.

[29]S. Mamidala, R.K. Aravilli, K. Vaarla, R.R.
Vedula, Microwave-Assisted Synthesis and
Biological  Evaluation of Some  New
Pyrazolothiazoles via a  Multicomponent
Approach, ChemistrySelect. 4 (2019) 9878-
9881.

[30]P.P. Netalkar, S.P. Netalkar, V.K. Revankar,
Transition metal complexes of
thiosemicarbazone: Synthesis, structures and
invitro antimicrobial studies, Polyhedron. 100
(2015) 215-222.

[31]E.B. da Silva, D.A.O. e Silva, A.R. Oliveira,
C.H. da Silva Mendes, T.A.R. Dos Santos, A.C.
da Silva, M.C.A. de Castro, R.S. Ferreira,
D.R.M. Moreira, M.V. de Oliveira Cardoso,
Desing and synthesis of potent anti-
Trypanosoma cruzi agents new thiazoles
derivatives which induce apoptotic parasite
death, European Journal of Medicinal Chemistry.
130 (2017) 39-50.

[32].M.M. Othman, M.A.M. Gad-Elkareem, H.A.
Radwan, R. Badraoui, K. Aouadi, M. Snoussi, A.
Kadri, Synthesis, structure-activity relationship
and in silico studies of novel pyrazolothiazole
and thiazolopyridine derivatives as prospective
antimicrobial and anticancer agents,
ChemistrySelect. 6 (2021) 7860-7872.

[33]J.W.P. Espindola, M.V. de Oliveira Cardoso,
G.B. de Oliveira Filho, D.A.O. e Silva, D.R.M.
Moreira, T.M. Bastos, C.A. de Simone, M.B.P.



2010 Manar Ayman et.al.

Soares, F.S. Villela, R.S. Ferreira, Synthesis and
structure—activity relationship study of a new
series of antiparasitic aryloxyl
thiosemicarbazones inhibiting  Trypanosoma
Cruzi Cruzain, European Journal of Medicinal
Chemistry. 101 (2015) 818-835.

[34]P.C. Sharma, K.K. Bansal, A. Sharma, D.
Sharma, A. Deep, Thiazole-containing
compounds as therapeutic targets for cancer
therapy, European Journal of Medicinal
Chemistry. 188 (2020) 112016.

[35]A.R. Sayed, S.M. Gomha, H.M. Abd El-lateef,
T.Z. Abolibda, L-Proline catalyzed green
synthesis and anticancer evaluation of novel
bioactive benzil bis-hydrazones under grinding
technique, Green Chemistry Letters and
Reviews. 14 (2021) 180-189.

[36]S.M. Gomha, F.M. Abdelrazek, A.H.
Abdelrahman, P. Metz, Synthesis of some novel
thiazole, thiadiazole and 1, 4-phenylene-bis-
thiazole derivatives as potent antitumor agents,
Heterocycles. 92 (2016) 954-967.

[37]1.M. Abbas, S.M. Riyadh, M.A. Abdallah, S.M.
Gomha, A novel route to tetracyclic fused
tetrazines and  thiadiazines, Journal of
Heterocyclic Chemistry. 43 (2006) 935-942.

[38]H.R.M. Rashdan, A.H. Abdelmonsef, M.M.
Abou-Krisha, T.A. Yousef, Synthesis,
Identification, Computer-Aided Docking Studies,
and ADMET Prediction of Novel Benzimidazo-
1, 2, 3-triazole Based Molecules as Potential
Antimicrobial Agents, Molecules. 26 (2021)
71109.

[39] A. Abdel-Aziem, H.R.M. Rashdan, E. Mohamed
Ahmed, S.N. Shabaan, Synthesis and cytotoxic
activity of some novel benzocoumarin
derivatives under solvent free conditions, Green
Chemistry Letters and Reviews. 12 (2019) 9-18.

[40]S.M. Gomha, T.M.A. Eldebss, M.G. Badrey,
M.M.  Abdulla, A.S. Mayhoub, Novel
4-heteroaryl-antipyrines as DPP-IV inhibitors,
Chemical Biology & Drug Design. 86 (2015)
1292-1303.

[41]S. Khan, H. Ullah, M. Taha, F. Rahim, M.
Sarfraz, R. Igbal, N. Igbal, R. Hussain, S.A. Ali
Shah, K. Ayub, Synthesis, DFT Studies,
Molecular Docking and Biological Activity
Evaluation of Thiazole-Sulfonamide Derivatives
as Potent Alzheimer’s Inhibitors, Molecules. 28
(2023) 559.

[42] Z.-X. Niu, Y.-T. Wang, S.-N. Zhang, Y. Li, X.-
B. Chen, S.-Q. Wang, H.-M. Liu, Application
and synthesis of thiazole ring in clinically
approved drugs, European Journal of Medicinal
Chemistry. 250 (2023) 115172.

[43]S.J. Kashyap, V.K. Garg, P.K. Sharma, N.
Kumar, R. Dudhe, J.K. Gupta, Thiazoles: having

Egypt. J. Chem. 66, No. SI 13 (2023)

diverse  biological  activities,  Medicinal
Chemistry Research. 21 (2012) 2123-2132.

[44]1N. Siddiqui, M.F. Arshad, W. Ahsan, M.S.
Alam, Thiazoles: a valuable insight into the
recent advances and biological activities, Int. J.
Pharm. Sci. Drug Res. 1 (2009) 136-143.

[45]S.H. Ali, A.R. Sayed, Review of the synthesis
and biological activity of thiazoles, Synthetic
Communications. 51 (2021) 670-700.

[46]V. Gupta, V. Kant, A review on biological
activity of imidazole and thiazole moieties and
their derivatives, Sci. Int. 1 (2013) 253-260.

[4711.H.A. Ripain, N. Ngah, A brief review on the
thiazole derivatives: Synthesis methods and
biological activities, Malays. J. Anal. Sci. 25
(2021) 257-267.

[48] M.K. Kumawat, Thiazole containing
heterocycles with antimalarial activity, Current
Drug Discovery Technologies. 15 (2018) 196-
200.

[49]H.R.M. Rashdan, M. EI-Naggar, A.H.
Abdelmonsef, Synthesis, Molecular Docking
Studies and In Silico ADMET Screening of New
Heterocycles Linked Thiazole Conjugates as
Potent Anti-Hepatic Cancer Agents, Molecules.
26 (2021) 1705.

[50]M. Ayman, AH. Abdelmonsef, H.R.M.
Rashdan, Mini Review on The Synthesis and
Biological Impact of Thiazoles, ChemistrySelect.
8 (2023) €202300414.

[51]A. Sabt, M.T. Abdelrahman, M. Abdelraof,
H.R.M. Rashdan, Investigation of Novel
Mucorales Fungal Inhibitors: Synthesis, In-Silico
Study and Anti-Fungal Potency of Novel Class
of  Coumarin-6-Sulfonamides-Thiazole  and
Thiadiazole Hybrids, ChemistrySelect. 7 (2022)
€202200691.

[52]S.M. Gomha, H.A. Abdelhady, D.Z.H. Hassain,
AH. Abdelmonsef, M. EI-Naggar, M.M.
Elaasser, H.K. Mahmoud, Thiazole-Based
Thiosemicarbazones: Synthesis, Cytotoxicity
Evaluation and Molecular Docking Study, Drug
Design, Development and Therapy. (2021) 659—
677.

[53]P. Skehan, R. Storeng, D. Scudiero, A. Monks, J.
McMahon, D. Vistica, J.T. Warren, H. Bokesch,
S. Kenney, M.R. Boyd, New colorimetric
cytotoxicity assay for anticancer-drug screening,
JNCI: Journal of the National Cancer Institute.
82 (1990) 1107-1112.

[54]Y. Liu, R. Song, X. Zhang, D. Zhang, Enhanced
antimicrobial  activity and  pH-responsive
sustained release of chitosan/poly  (vinyl
alcohol)/graphene oxide nanofibrous membrane
loading with allicin, International Journal of
Biological Macromolecules. 161 (2020) 1405-
1413.



2011

[55]W. Lan, S. Wang, M. Chen, D.E. Sameen, K.
Lee, Y. Liu, Developing poly (vinyl
alcohol)/chitosan films incorporate with d-
limonene: Study of structural, antibacterial, and
fruit  preservation properties, International
Journal of Biological Macromolecules. 145
(2020) 722-732.

[56]J. Blasiak, M. Arabski, R. Krupa, K. Wozniak,
M. Zadrozny, J. Kasznicki, M. Zurawska, J.
Drzewoski, DNA damage and repair in type 2
diabetes mellitus, Mutation
Research/Fundamental and Molecular
Mechanisms of Mutagenesis. 554 (2004) 297-
304.

[57]A.R. Collins, The comet assay for DNA damage
and repair:  principles, applications, and
limitations, Molecular Biotechnology. 26 (2004)
249-261.

[58]G. Speit, A. Hartmann, The comet assay (Single-
Cell Gel Test) a sensitive genotoxicity test for
the detection of DNA damage and repair, DNA
Repair Protocols: Eukaryotic Systems. (1999)
203-212.

[59]H. Stopper, F. Boullay, A. Heidland, U. Bahner,
Comet-assay analysis identifies genomic damage
in lymphocytes of uremic patients, American
Journal of Kidney Diseases. 38 (2001) 296-301.

Egypt. J. Chem. 66, No. SI 13 (2023)



