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Abstract

Background and purpose: Isatin derivatives have excited attention due to their biological attractions,
especially, anticancer properties. Isatin analogs such as semaxanib and sunitinib were exposed to tyrosine
kinase inhibitory properties. N-substituted isatins were reported to show cytotoxic activity. On the other, the
extension of impressive and cost-effective agents against leishmaniasis is necessary in third-world countries.
The capability of isatin derivatives to create novel anticancer and anti-leishmanial compounds has been
identified in medicinal chemistry research. The current study aimed to synthesize N-alkyl-isatin-3-imino
aromatic amine compounds and evaluate their biological effects.

Experimental approach: Synthesis started with the formation of 2-chloro-N-phenylacetamide derivatives
by the reaction of aniline derivatives with chloroacetyl chloride. N-alkylation of isatin was performed
in the presence of K2CO3 in N, N-dimethylformamide. Final products were prepared via the condensation
of N-alkyl isatin derivatives with aromatic amines. Cell viability was checked out by using the MTT
assay against cancer cells. Final compounds were screened for anti-leishmanial activity. The molecules were
docked in the active sites of the epidermal growth factor receptor tyrosine kinase to define the possible
interactions.

Findings/Results: Compounds 5c and 4d with ICso value of 50 pM showed cytotoxic activity on the
MCF-7 cell line. Compound 5b presented anti-leishmanial activity against promastigote form after 48 h
(IC50:59 uM) and 72 h (ICsp: 41 puM) incubations. The highest docking score was -7.33 kcal/mol for
compound 4d.

Conclusions and implications: The nature of substitution in the N1 region of isatin seems to be able to
influence the cytotoxic activity. Based on the obtained results of docking and cytotoxic tests, compound 4d
seems to be a good compound for further investigations.
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INTRODUCTION could be beneficial to develop new anticancer

agents (1). Isatin backbone has an active

Cervical and breast cancers are two types of biological profile in diseases such as

malignancy in women. Primary screening is inflammation  (3,4), cancer (5-7), and
one of the most effective methods for leishmaniasis (8,9).

decreasing the mortality attributable to these

two cancers by far (1). However, cancer Access this article online

treatment comprises surgery, radiotherapy, and

chemotherapy (2). Due to drug resistance, it Website: http://rps.mui.ac.ir
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Fig. 1. Isatin analogues with tyrosine kinase inhibitory activity and anti-leishmanial activity.

Literature surveys have shown isatin
scaffold as an anticancer agent against various
human tumor cell lines, especially the tyrosine
kinase inhibitor (10-13). The analogs of isatin
such as sunitinib were exposed to tyrosine
kinase inhibitory properties (10,14) (Fig. 1).
Ibrahim et al. synthesized isatin-pyridine
derivatives with tyrosine kinase inhibitory
activity (12). Al-Salem et al. reported isatin-
hydrazones as multiple receptor tyrosine kinase
inhibitors (13) (Fig. 1).

Literature has reported the anti-leukemia
activity of N-substituted isatins. Increased
cytotoxic activity was observed with the
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introduction of an N-benzyl group containing
electron-withdrawing groups at the meta or para
position of the phenyl. Halogenated isatin
derivatives such as N-alkyl isatins and 5, 7-
dibromo isatin have been reported to show
anticancer activity (15-18). The ketonic
carbonyl of isatin can participate in
condensation and addition reactions because of
its electrophilic property resulted in the
generation of 3-substituted isatin derivatives
(19). DNA binding is a possible mechanism for
the anticancer activity of isatin (19). Other
mechanisms involved in the anticancer activity
of isatin include the inhibitors of kinases
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(11-13), cysteine and serine proteases (20),
tubulin polymerization (21), and apoptosis
(10,22). Interaction with extracellular signal-
related protein kinases is attributed to isatin
derivatives  (17).  3-Phenyl  hydrazone
derivatives of isatin showed cytotoxic activity
via the inhibition of cyclin-dependent kinases
(23). Isatin hybrids were identified as
promising antitumor agents (24). On the other,
leishmaniasis is a neglected protozoan disease
for drug development. This disease has a global
prevalence and causes considerable mortality
and morbidity (8). Leishmania parasites have
two stages in their life cycle including
extracellular and intracellular stages (25). The
synthesis of new compounds offers an
opportunity to design effective anti-leishmanial
agents such  as 5-Nitroisatin-derived
thiosemicarbazones, which showed anti-
leishmanial activity during random screening
(Fig. 1) (9). Schift-base derivatives of isatin
have been found as potential anti-leishmanial
agents (8,9). According to the potential of isatin
for structural modifications, the present study
attempted to synthesize N-alkyl-isatin-3-imino
aromatic amine derivatives along with their
cytotoxicity and anti-leishmanial assays.
Moreover, the molecular docking of
compounds on binding sites of the_epidermal
growth factor receptor (EGFR) tyrosine kinase
domain (Protein Data Bank; PDB: 1M17)

crystal structure was also performed and their
binding energies were determined.

MATERIALS AND METHODS

All chemical materials were obtained from
Merck (Germany) and Samchun (Korea)
companies. Silica gel 60 F254 plates (Merck,
Germany) were used for monitoring the
reactions. An Electrothermal IA9200 apparatus
(England) was used to measure melting points
(mp) and are uncorrected. WQF-510 Fourier
transform spectrometer (China) recorded
infrared spectra using potassium bromide discs.
Proton nuclear magnetic resonance (‘H NMR)
was obtained by a 400 MHz spectrometer
(Bruker, Germany). Mass spectra were run on
Agilent Technologies 5975C mass spectrometer
(USA).

Synthesis

Synthesis of 2-chloro-N-phenylacetamide
derivatives (2a and 2b)

Aromatic amines (aniline and 2-

chloroaniline) (0.04 mol) were dissolved in a
mixture of saturated sodium acetate (25
mL)/glacial acetic acid (25 mL). Chloroacetyl
chloride (0.06 mol) was added dropwise and
stirred for 1 h. The precipitated product (2a or
2b) was filtered and washed by water, and
finally crystallized from methanol (Scheme 1)
(18).
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Scheme 1. Synthesis of target compounds (5a-5¢ and 4d). (i) Glacial acetic acid /saturated sodium acetate, chloroacetyl
chloride, room temperature. (ii) Dimethylformamide, potassium carbonate, 2a, 2b, or chloroacetic acid; (iii) suitable

solvent, aniline, or 4-aminobenzoic acid.
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Synthesis of N-Alkyl-isatin (4a, 4c and 4d)
The isatin 3 (2.9 g, 0.02 mol) was dissolved
in anhydrous dimethylformamide (DMF) (30
mL) at 0 °C. Potassium carbonate (0.03 mol)
was added and the suspension was stirred for 1
h (16). 2-Chloro-N-phenylacetamide
derivatives (2a, 2b or chloroacetic acid) (0.02
mol) and potassium iodide (0.02 mol) were
added and stirred at 80 °C for 24-72 h. The
mixture was poured into water, and the pH was
adjusted between 3 and 4 by diluted
hydrochloric acid. The product was filtered.

Synthesis and biological activities of isatin-imino derivatives

After washing with water, it was crystallized
from methanol (Scheme 1 and Table 1).

2-(2-Ox0-3-(phenyl-imino)
phenylacetamide (5a)

The mixture of 4a (0.01 mol) and aniline
(0.01 mol) was refluxed in methanol (30 mL) in
the presence of acetic acid for 6 h. The solvent
was removed under reduced pressure, and the
residue was recrystallized from ethanol to
obtain yellow product 5a (Scheme 1 and
Table 1).

indolin-1-yl)-N-

Table 1. The structural backbone and the substitution groups of the compounds were investigated.
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Synthesis of  4-(2-oxo-1-(2-oxo-2-(phenyl-
amino) ethyl) indolin-3-ylideneamino)
benzoic acid (5b)

A mixture of 4a (0.01 mol) and 4-
aminobenzoic acid (0.01 mol) was refluxed in
the mixture of chloroform/ethanol (30 mL: 3/1)
(26) and acetic acid for 48 h. The obtained
precipitate was filtrated off and recrystallized
from methanol to acquire orange product 5b
(Scheme 1 and Table 1).

Synthesis  of 2-(2-ox0-3-(phenylimino)
indolin-1-yl) acetic acid (5c)

A mixture of 4c (0.01 mol) and aniline
(0.01 mol) was refluxed in ethanol (30 mL) in
the presence of acetic acid for 48 h. The
obtained precipitate was collected and
recrystallized from ethanol to acquire orange
product 5c (Scheme 1, Table 1).

MTT assay

The synthesized compounds (5a-5¢ and 4d)
were evaluated for cytotoxic activity against
Michigan Cancer Foundation-7 (MCF-7),
Henrietta Lacks (HeLa) and human umbilical
vein endothelial cells (HUVEC). Roswell Park
Memorial Institute (RPMI) 1640 supplemented
with 100 U/mL penicillin, 100 pg/mL
streptomycin, and 5% v/v fetal bovine serum
was used for growing cell lines. 96-Well plates
containing the viable cells (a concentration
of 5 x 10* cells/mL) per well were incubated
for 24 h to allow cell attachment. Then, the cells
were treated with the synthesized compounds at
the concentrations of 1, 10, and 100 pM.
Doxorubicin (20 uM) and dimethyl sulfoxide
(DMSO, 1%) were selected as the positive
and negative controls, respectively. Incubation
was performed in an incubator at 37 °C for
48 h. After that, 20 uL of 3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium
bromide solution (MTT dye, 5 mg/mL)
was added to wells and incubated for an
additional 3 h. Finally, after adding
Formasan dissolved in DMSO (150 pL
per well), the absorbance was read at 570 nm
using an ELISA plate reader. The experiments
were done three times, and cell viability was
calculated wusing the following equation
(27,28):
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Cell survival (%)
MA of treated wells — MA of blank

= X 100
MA of negative control — MA of blank

where, MA was put instead of the mean of
absorbance.

Assay for anti-leishmanial activity

The final compounds were evaluated for
their anti-leishmanial activity according to the
literature (25,29). A separate stock was
provided for each of the four compounds. These
compounds were diluted with DMSO and
transferred to tubes to reach final
concentrations of 500, 250, 125, 62, 31, and 15
pg/mL. The inhibitory effect of compounds
against L. major promastigotes was determined
using the MTT test. Living promastigotes had a
direct relationship with the amount of produced
purple formazan. 100 pL of the promastigotes
(106 cells/mL) harvested from the logarithmic
growth phase were added into a 96-well
microtiter plate (29). Then, 100 pL of various
concentrations of compounds were added to
wells and incubated at 37 °C and evaluated after
24, 48, and 72 h. Glucantime was used as
positive control. After incubation, 10 pL of
MTT solution (5 mg/mL) was added into each
well and incubated at 25 °C for 4 h. The
resulting formazan crystals were solubilized by
100 uL of DMSO, and the absorbance was read
by an ELISA reader at 490 nm. The assays were
performed in triplicate.

Molecular docking

The three-dimensional (3D) structures of
ligands were drawn by  HyperChem
7.0 software (Hypercube, Inc) and then
optimized using the MM*' molecular
mechanical force field and 3D geometry
optimization calculations. The ultimate
conformations were calculated by Austin model
1 (AM1) as a semi-empirical method, and the
molecular structures were optimized using the
Polak-Ribiere-Polyak  conjugate  gradient
algorithm. These optimized structures were
used by AutoDock Tools for the preparation of
PDB, partial charge (Q), and atom type

(T) (PDBQT) files as follows: polar and non-
polar hydrogen atoms were added and merged,
respectively. Then, Gasteiger partial atomic



charges were assigned to the ligands. All
rotatable bonds of ligands, defined by default of
the program, were allowed to be rotated during
the automated docking process. The crystal
structure of EGFR tyrosine kinase (PDB ID:
1M17) with 2.6 A resolution was obtained from
the PDB (www.rcsb.org) [27]. The PDBQT file
of protein was prepared by AutoDock Tools as
follows: water and ligand molecules were
removed from the protein file. All missing
hydrogens were added, and after determining
the Kollman united atom charges, non-polar
hydrogens  were merged into their
corresponding carbons (27,30). The grid box
dimensions were set in 60 x 60 x 60 A points
with a distance of 0.375 A between the grid
points. The grid box was centered with the
coordinates x = 22.00 A, y =0.204 A, and z =
52.81 A for EGFR tyrosine kinase. Docking
was performed using the routine procedure and
the default parameters of molecular docking
AutoDock 4.2 software. After 100 independent
docking runs for each ligand, conformations
were clustered according to the root mean
square deviation tolerance of 2.0 A and ranked
according to the binding free energy. Erlotinib
as a reference ligand was relocked into the
active site of EGFR tyrosine kinase for the
validation of the docking procedure.

Statistical analysis

Data were presented as mean + SD, and
analyzed by software of statistical package for
the social science (SPSS, version 18). One-way
analysis of variance (ANOVA) followed by
Tukey post-test was used to analyze cell
viability among groups. The P-value < 0.05 was
considered a significant difference.

RESULTS

Chemistry
(7-Chloro-1H-indol-3-yl) indoline-2, 3-dione
(4d)

Orange solid; yield: 46%; mp: 200-203 °C,
IR (Vvmax cm™): 3308 (NH), 1746, 1678 (C=0),
1617 (C=C); 'THNMR: (400 MHz; DMSO-ds) &
8.49 (1H, d, J = 8 Hz, H-isatin), 8.33 (1H, d, J
= 8 Hz, H-isatin), 7.96-7.95 (2H, m, CH: isatin
and H-isatin), 7.90-7.86 (2H, m, H-isatin),
7.77-7.73 (1H, m, H-isatin),7.49 (1H, t, J = 8

Synthesis and biological activities of isatin-imino derivatives
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Hz, H-isatin); MS (m/z, %): 296 (M"), for
Ci6HoCIN202, MW 296 g/mol.

2-(2-Ox0-3-(phenylimino)
phenylacetamide (5a)

Yellow solid: yield: 80%; mp: 170-173 °C,
IR (vmax cm): 3304 (NH), 2989 (C-H,
Aliphatic), 1730, 1671 (C=0), 1697 (C=N),
1603 (C=C); 'HNMR: (400 MHz; DMSO-ds) &
10.38 (1H, s, NH), 7.59 (2H, d, J= 8 Hz, H-Ar),
7.51 2H, t, J= 8 Hz, H-Ar), 7.43 (1H, t, J=8
Hz, H-Ar), 7.34 (2H, t, J = 8 Hz, H-Ar), 7.30
(1H, t, J= 8 Hz, H-Ar), 7.12 (1H, d, J= 8 Hz,
H-isatin), 7.09 (1H, t, J = 8 Hz, H-isatin), 7.03
(2H, d, J= 8 Hz, H-Ar), 6.82 (1H, t, J= 8 Hz,
H-isatin), 6.44 (1H, d, J= 8 Hz, H-isatin), 4.66
(2H, s, CH2); MS (m/z, %): 355 (M"), for
C22H17N302, MW 355 g/mol.

indolin-1-yl)-N-

4-(2-Oxo-1-(2-oxo-2-(phenylamino)  ethyl)
indolin-3-ylideneamino) benzoicacid (5b)
Orange solid: yield: 71%; mp: 272-274 °C,
IR (vmax cm™), 3475 (OH, acid), 3377 (NH),
1630, 1666 (C=0), 1603 (C=C); 'HNMR: (400
MHz; DMSO-d¢) & 10.52 (1H, s, OH), 8.11
(2H, d, J= 8 Hz, H-Ar), 7.67 (2H, d, J= 8 Hz,
H-Ar), 7.51 (1H, t, J = 8 Hz, H-Ar), 7.40 (2H,
t, J= 8 Hz, H-Ar), 7.20 (1H, d, J = 8 Hz, H-
isatin), 7.17-7.12 (3H, m, H-isatin, H-Ar), 6.91
(1H, t, J = 8 Hz, H-isatin), 6.49 (1H, d, J= 8
Hz, H-isatin), 4.74 (2H, s, CHz); MS (m/z, %):
399 (M™), for C23H17N304, MW 399 g/mol.

2-(2-Ox0-3-(phenylimino)indolin-1-yl) acetic
acid (5¢c)

Orange solid: yield: 80%; mp: 225-228 °C,
IR (Vmax cm!), 3426 (OH), 1685 (C=0), 1661
(C=N); '"HNMR: (400 MHz; DMSO-ds) 8 9.97
(1H, s, OH), 7.70 (1H, t, J= 8 Hz, H-Ar), 7.61
(2H, t, J= 8 Hz, H-Ar), 7.52 (1H, d, J= 8 Hz,
H-isatin), 7.34 (1H, t, J= 8 Hz, H-isatin), 7.25-
7.19 (2H, m, H-isatin), 7.17 (2H, d, J = 8 Hz,
H-Ar), 4.64 (2H, s, CHz); MS (m/z, %): 280
(M), for Ci6H12N203, MW 280 g/mol.

Cytotoxic activity

The cytotoxicity of compounds was
evaluated against HeLa, MCF-7, and HUVEC
cell lines at the concentrations of 1, 10, and 100
uM using MTT assay. The results were
summarized in Fig. 2 (A, B and C) and Table 2.
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Fig. 2. Cytotoxic effects of different concentrations (1, 10, and 100 uM) of compounds 5a,5b, 5c, 4d against (A) HelLa
cells, (B) MCF-7 and (C) HUVEC. Data were presented as mean + SD, n = 3. *P < 0.05, **P < 0.01, and ***P < 0.001
indicate significant differences in comparison with negative control group; doxorubicin was used as a positive control.

Table 2. The ICs of final compounds against cell lines.

ICso (uM)
Compounds
MCF-7 HeLa HUVEC
5a 97+2 > 100 > 100
5b >100 98 +3 > 100
5c¢ 50+2 74+3 82+2
4d 51+2 > 100 90+3

The results of the cytotoxic assay revealed
that compounds 5c and 4d had the highest
cytotoxic activity on the MCF-7 cell line with
ICso values of 50 and 51 uM, respectively
(Table 2). Also, all compounds at the
concentrations of 1, 10, and 100 uM
decreased cell viability in both HeLa and MCF-
7 cell lines in comparison to negative control
(Fig. 2A and 2B). Moreover, all the
concentrations of compounds 5a, 5b, 5c, and 4d
reduced cell viability, except the compounds Sa

and 5b at the concentration of 1 uM (Fig. 2C).
The cytotoxicity of final compounds
was relatively weak in normal cell line

(Fig. 2C).

Anti-leishmanial activity

ICso values for anti-leishmanial activity
against promastigote were presented in Table 3.
Compound 5b was found to be active against
promastigote form after 48 h (ICso: 59 uM) and
72 h (ICs0: 41 uM) incubation.
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Table 3. 1Cs values for anti-leishmanial activity against promastigote.

1Cso (uM)
Compounds
24h 48 h 72h

5a > 100 > 100 84+1
5b > 100 59+1 41+2
5¢ > 100 > 100 > 100
4d > 100 96+2 85+1
Glucantime > 100 62.01 +1 14871

Table 4. Energy-based interactions and hydrogen bonds of the final compounds with amino acid residues.

G BindA Hydrogen bond . .
Compounds (Kcal/mol) (Distance, A) Hydrophobic Ki (M)
5a -6.83 Met 769 (1.82) Ala 719, Thr 766, Leu 768 9.83
5b -6.96 - - 7.95
5c¢ -6.73 Cys 773 (1.92), Met 769 (1.83) Gly 772, Thr 766 11.65
4d -7.33 Met 769 (1.87), Thr 766 (2.19) Ala 719, Gly 772 4.26

A B
Q\'ﬁjﬂo
69 ¥ i CYSTT3
\ .
5 U820
\\n

Fig. 3. Docked conformation of compounds (A) 4d and (B) 5c in the binding site of EGFR tyrosine kinase.

Docking

The docking results of compounds including
the estimated free binding energy values of the
docked positions and the favorable interactions
with key amino acid residues at the active site
of enzymes exhibited in Table 4 and Fig. 3.
Compound 4d had the highest docking score
and the lowest Ki (inhibition constant) in which
Met 769 and Thr 766 have been detected for the
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formation of hydrogen bonds with carbonyl
groups 2 and 3 of the isatin ring, respectively.
Moreover, the amino acids of Ala 719 and Gly
772 participated in hydrophobic interactions
with compound 4d (Table 4). The re-docking
result of erlotinib in the active site of EGFR
tyrosine kinase with acceptable root mean
square deviation (RMSD) of 1.3 A was
presented in Fig. 4.



Hassanzadeh et al. / RPS 2024; 19(2): 238-250

—\ GLY695
7

Fig. 4. Redocking results of erlotinib in the active site of EGFR tyrosine kinase (RMSD: 1.3 A). EGFR, Epidermal growth

factor receptor; RMSD, root mean square deviation.

DISCUSSION

Literature surveys indicated that isatin
pharmacophore and N-alkyl/benzyl isatins
correlate with diverse biological properties
(19). One study has reported that the activity of
isatin derivatives is significantly dependent on
the presence and the nature of the substituent at
1-position of the structure (31). N-alkylation
reaction was carried out with aniline or
chloroacetic acid to give 4a and 4c compounds.
N-alkylated isatin derivatives 4a and 4c were
transferred to the corresponding imine
compounds 5a, 5b, and 5c¢ by condensation
reaction. The 'HNMR spectra showed the
singlet signal of CH: in the region of 4.64-4.74
ppm related to the alkylation reaction of isatin
in compounds 5a, 5b, and 5c. The hydrogens of
the isatin ring were observed in the range of
6.44-7.52 ppm in these compounds.

Regarding the synthesis of compound 4d,
isatin was reacted with 2b to form intermediate
1 which was in resonance with the keto-enol
form. Cyclization was performed by
transferring the electron pair of nitrogen in the
form of an imine bond with a ring and remising
the n electrons to carbon. Upon being
aromatized the ring containing chlorine and
dehydrated in intermediate 3, the final
compound 4d was formed (Fig. 5). According
to the cytotoxic results (Table 2 and Fig. 2),
compounds 5c and 4d were relatively active
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against the MCF-7 cell line with ICso values of
50 and 51 uM, respectively. According to
Table 2, none of the compounds showed any
cytotoxic activities on the HeLa cell line. The
cytotoxicity of final compounds was relatively
weak in normal cell line. It seems that the
presence of electron-withdrawing groups
(COOH and Cl) in compounds 5¢ and 4d can
improve the cytotoxic activity against the MCF-
7 cell line. Vine et al. demonstrated that the
presence of benzene with electron-withdrawing
groups in N-alkyl-substituted isatin could
increase biological properties (32) as seen for
compound 4d.

A similar study showed that N-alkyl isatin-
3-iminobenzoic acid derivatives had cytotoxic
activity on the MCF-7 cell line in the range of
23-66 uM (16). Structure-Activity Relationship
(SAR) study revealed that the lipophilicity at
the 1-position of the isatin presents a positive
allotment to the cytotoxic activity (16). The
comparison of cytotoxic activity in compounds
5a and 5c with different substitutions in N1 of
isatin can confirm the importance of the nature
of substitution in this area. However, the
evaluation of cytotoxicity in extended isatin
derivatives should be performed to identify
more rational SAR. According to the reported
anti-leishmanial activity of isatin-based
derivatives (8,9), the final compounds were
evaluated for their anti-leishmanial properties
(Table 3).
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Only compound 5b was found to be active
against promastigote form after 48 h (ICso
59 uM) and 72 h (ICso: 41 uM) incubation. This
compound can act as the metal chelator in
parasites and show anti-leishmanial activity. It
can be considered for further evaluation of anti-
leishmanial activity and determined the exact
mechanisms. A piece of evidence revealed

Intermediate3
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Cl

that S-nitroisatin-derived thiosemicarbazones
synthesized as potential anti-leishmanial agents
could inhibit iron-dependent enzymes
catalyzing DNA synthesis in the parasite
through metal chelate (9). The estimated free
binding energy values and the interactions with
key amino acid residues at the active site of
enzymes were presented in Table 4 and Fig. 3.
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The docking results revealed that compound 4d
has the highest docking score and the lowest Ki
(inhibition constant) in which Met 769 and Thr
766 have been detected for the formation of
hydrogen bonds with carbonyl groups 2 and 3
of the isatin ring, respectively. Moreover, the
amino acids of Ala 719 and Gly 772
participated in hydrophobic interactions with
compound 4d. A similar study showed that
isatin moiety interacted with the amino acids of
Met 769 and Thr 766 (33). In the validation step
of the docking protocol, the redocking of
erlotinib into the active site of EGFR tyrosine
kinase was performed and Met 769 has been
detected for hydrogen bond formation (Fig. 4).

CONCLUSION

N-alkyl-isatin-3-imino  aromatic ~ amine
derivatives were synthesized through alkylation
and condensation reactions. The cytotoxic
evaluation of final compounds revealed that the
nature of substitution in the N1 region of isatin
seems to be able to influence the cytotoxic
activity.  Substitutions  with  electron-
withdrawing groups seem necessary factors in
providing cytotoxicity properties. The ICso
values of tested compounds revealed that the
MCF-7 is more susceptible to the compounds
5¢ and 4d. The anti-leishmanial activity of
compound 5b can probably be due to chelation.
To determine the exact mechanism, more
evaluations should be performed. The highest
docking score was -7.33 kcal/mol for
compound 4d. The obtained results of docking
and cytotoxic studies showed that compound 4d
could be a suitable structure for the inhibition
of tyrosine kinase. However, further
experimental tests such as in vitro inhibitory
studies against tyrosine kinases are essential to
confirm these findings.
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