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| A number of fused heterocyclic hybrids with central rings of thiazolotriazoles are synthesized and characterized by 'H NMR, “C NMR |
and EI-MS techniques. The synthesized compounds showed variable degrees of efficacy in their in vitro cytotoxic activity against MCF-7,

| MDA-MB-231 and MCF-10A cell lines. Remarkably some analogues exhibited greater activity than the reference drugs, erlotinib. The |

| most effective compounds, 6i, 6h and 6j, displayed significant EGFR tyrosine kinase inhibition and significant cytotoxicity, in accordance |

| with the molecular docking investigations that revealed favourable binding contacts and energies inside the EGFR active region. |

| |
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INTRODUCTION

As the main cause of cancer related diseases and fatalities
for women worldwide, breast cancer demands the development
of focused treatment approaches. The epidermal growth factor
receptor (EGFR) is a promising target for therapeutic interven-
tion due to its critical role in tumor development, survival and
metastasis, among other biological targets [1]. Numerous breast
cancer subtypes, particularly those that are resistant to tradi-
tional therapies, have been linked to overexpression of EGFR,
highlighting the need for new inhibitors with high selectivity
and potency [2]. As heterocyclic compounds have a wide range
of biological features, they are particularly significant in the
medicinal chemistry. Quinazolines, containing an extensive
spectrum of biological activities including anticancer [3], anti-
fungal [4], antihypertensive [5], antibacterial [6], antimalarial
[7], anticonvulsant [8], anti-inflammatory [9] and anti-HIV
[10] activities, are one class of the most significant heterocyclic
compounds. The FDA has approved a number of quinazoline
moiety based chemotherapy drugs viz. erlotinib [10], gefitinib
[9] and lapatinib [11]. Furthermore, a number of quinazoline
derivatives, including ZM447439 [12], AZD1152 [13], canertinib
[14], etc. have also been investigated in the clinical studies

(Fig. 1).

Thiazolo [3,2-b][1,2,4]triazoles are heterocycles with a
unique arrangement of nitrogen and sulfur atoms that serve as
a scaffold for a variety of modifications that can improve their
biological activities [ 1 1-13]. Thiazolotriazoles have been shown
to exhibit a wide range of medicinal properties, including COX2
inhibition [ 14], anticancer [15-17], anti-inflammatory [ 18], anti-
microbial [19-22], antidiuretic [14] and analgesic [ 18] activities.
According to recent research, thiazolo[3,2-b][1,2,4]-triazole
derivatives can interfere with receptor tyrosine kinases, such
as EGFR, which is essential for controlling cell growth, survival
and differentiation, which demonstrated its strong biological
activities [23]. A few examples of molecules consisting thiazolo-
triazole cores that demonstrate a range of therapeutic uses are
shown in Fig. 2.

In order to assess quinazoline bringing thiazolotriazole
compounds potential as potent EGFR inhibitors for the treat-
ment of breast cancer, this work focuses on their design, synth-
esis and characterization. To identify novel compounds with
enhanced anti-breast cancer efficacy through a rational drug
design approach, thereby providing innovative insights into
the therapeutic targeting of the EGFR signaling pathway. The
outcomes of this research may pave the way for the innovative
treatments which can improve patient outcomes and address
the urgent need for more effective breast cancer therapies.
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Fig. 1. FDA-approved quinazoline-skeleton chemotherapy drugs
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EXPERIMENTAL

All the reagents were of analytical grade or chemically pure.
Analytical TLC was performed on silica gel 60 F,s, plates. 'H
NMR spectra were recorded on a Varian Gemini 400 MHz
spectrometer by using TMS as an internal standard. *C NMR
spectra were recorded on a Bruker 100 MHz spectrometer. Mass
spectral measurements were conducted using EI method. The
elemental analyses were performed on a Carlo Erba 106 and
Perkin-Elmer Model 240 analyzers. The melting points were
measured with a Cintex apparatus and are not corrected.

2-(Quinazoline-2-carbonyl)hydrazine-1-carbothio-
amide (3): A mixture containing ethyl quinazoline-2-carboxy-
late (1) (1 mmol, 202 mg) and thiosemicarbazide (2) (1 mmol,
91 mg) in 20 mL of methanol was refluxed for 8 h. The product,
2-(quinazoline-2-carbonyl)hydrazine- 1-carbothioamide (3),
was obtained by removing the solvent under reduced pressure,
pouring the viscous mass over ice-water, filtered and then
recrystallized from a methanol-water mixture (1:1).

5-(Quinazolin-2-yl)-4H-1,2,4-triazole-3-thiol (4): 2-
(Quinazoline-2-carbonyl)hydrazine- 1-carbothioamide (3) (1
mmol, 247 mg) dissolved in 15 mL of 8% NaOH solution was
heated under reflux for 5 h. After cooling to room temperature,
the reaction mixture was acidified with dilute acetic acid, resul-
ting in the precipitate formation. The resulting solid was filtered,
washed thoroughly with water and then recrystallized from
ethanol to yield 5-(quinazolin-2-yl)-4H-1,2,4-triazole-3-thiol
4).

6-Phenyl-2-(quinazolin-2-yl)thiazolo[3,2-5][1,2,4]-
triazole (6a): A solution of 5-(quinazolin-2-yl)-4H-1,2 4-tri-
azole-3-thiol (4) (1 mmol, 229 mg) and 2-bromo-1-phenyl-
ethan-1-one (5a) (1.2 mmol, 239 mg) in were mixed in 10 mL
of absolute ethanol. The reaction mixture was heated under
reflux for 3 h and then cooled to room temperature. Now, added
0.5 mL of conc. H,SO, and refluxed the mixture for additional
3 h, monitoring it with TLC. After cooling, the mixture was
poured over ice and neutralized with NaOH solution. The resul-
ting precipitate was filtered and purified column chromato-
graphy. The same synthetic procedure was applied with various
substituents, to synthesize the similar analogues (6b-k)
(Scheme-I).
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6a: White crystalline solid; yield: 84%; m.p.: 148-150 °C;
'H NMR (400 MHz, DMSO-ds) & ppm: 9.50 (s, 1H, quinazo-
line 4-H), 8.18 (s, 1H, thiazole 5-H), 8.12 (dd, /=7.5, 1.5 Hz,
1H, Ar-H), 7.91 (dt, J = 7.5, 1.4 Hz, 1H, Ar-H), 7.84-7.73 (m,
3H, Ar-H), 7.60 (td,J=7.4, 1.4 Hz, 1H, Ar-H), 7.47 (t,J=7.4
Hz, 2H, Ar-H), 7.38 (d, J = 7.3 Hz, 1H, Ar-H); *C NMR (100
MHz, DMSO-ds) 6 ppm: 174.58, 162.55, 159.72, 153.78,
141.37, 140.66, 134.09, 131.00, 129.57, 128.82, 128.04, 127.21,
126.24, 123.61, 112.22; ESI-MS: m/z 330.5007 [M + HJ*;
Calculated, %: CsH;;NsS: C, 65.64, H, 3.37, N, 21.26; Found,
%: C, 65.69, H, 3.31, N, 21.22.
6-(4-Bromophenyl)-2-(quinazolin-2-yl)thiazolo[3,2-b]-
[1,2,4]triazole (6b): Light yellow solid; yield 86%; m.p.: 156-
158 °C; '"H NMR (400 MHz, DMSO-ds) & ppm: 9.43 (s, 1H,
quinazoline 4-H), 8.09 (dd, J = 7.4, 1.5 Hz, 1H, Ar-H), 7.87
(dt,J=3.1, 1.3 Hz, 1H, Ar-H), 7.77 (td, J = 7.5, 1.5 Hz, 1H,
Ar-H), 7.63 (d, J = 1.6 Hz, 5H, Ar-H, thiazole 5-H), 7.56 (td,
J=7.5,1.2Hz, 1H, Ar-H); *C NMR (100 MHz, DMSO-ds) 6
ppm: 174.55,162.53, 159.74, 153.75, 141.33, 140.63, 134.08,
132.41,131.02, 128.29, 128.06, 127.52, 126.26, 123.61, 123.56,
112.25; ESI-MS: m/z 408.3000 [M + 2]*; Calculated, %:
CsH10BrNsS: C, 52.95,H,2.47,N, 17.15; Found, %: C, 52.89,
H, 2.52, N, 17.19.
2-(Quinazolin-2-yl)-6-(p-tolyl)thiazolo[3,2-b][1,2,4]-
triazole (6¢): White crystalline solid; yield: 84%; m.p.: 148-
150 °C; '"H NMR (400 MHz, DMSO-ds) & ppm: 9.50 (s, 1H,
quinazoline 4-H), 8.18 (s, 1H, thiazole 5-H), 8.12 (dd, J=7.5,
1.5 Hz, 1H, Ar-H), 7.91 (dt, J = 7.5, 1.4 Hz, 1H, Ar-H), 7.81
(td,J=17.5,1.5Hz, 1H, Ar-H), 7.71 (d, J=7.5 Hz, 2H, Ar-H),
7.60 (td, J=7.4, 1.4 Hz, 1H, Ar-H), 7.34 (d, J = 7.5 Hz, 2H,
Ar-H), 2.34 (s, 3H, -CH3); *C NMR (100 MHz, DMSO-d;) &
ppm: 174.57,162.56, 159.73, 153.77, 141.35, 140.65, 138.33,
134.09, 131.03, 130.51, 129.62, 128.07, 127.70, 126.24, 123.63,
112.27, 21.18; ESI-MS: m/z 344.3252 [M + H]*; Calculated,
%: C19H15NsS: C, 66.45, H, 3.82, N, 20.39; Found, %: C, 66.48,
H, 3.78, N, 20.42.
6-(4-Chlorophenyl)-2-(quinazolin-2-yl)thiazolo[3,2-b]-
[1,2,4]triazole (6d): White crystalline solid; yield: 79%; m.p.:
142-144 °C; '"H NMR (400 MHz, DMSO-ds) 8 ppm: 9.43 (s,
1H, quinazoline 4-H), 8.09 (dd, J = 7.4, 1.4 Hz, 1H, Ar-H),
7.87 (dt,J=3.1, 1.3 Hz, 1H, Ar-H), 7.77 (td, J = 7.5, 1.5 Hz,
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Scheme-I: Synthesis of quinazoline bearing thiazolotriazole Scaffolds
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1H, Ar-H), 7.67 (d,J=7.3 Hz, 2H, Ar-H), 7.65 (s, 1H, thiazole
5-H), 7.56 (td, J=7.5, 1.2 Hz, 1H, Ar-H), 7.46 (d, /= 7.5 Hz,
2H, Ar-H); *C NMR (100 MHz, DMSO-ds) § ppm: 174.56,
162.52, 159.76, 153.78, 141.37, 140.66, 135.13, 134.05,
132.21, 131.00, 129.30, 129.22, 128.05, 126.28, 123.65,
112.23; ESI-MS: m/z 365.0802 [M + 2]*; Calculated, %:
CsH10CINsS: C,59.42, H, 2.77, N, 19.25; Found, %: C, 59.52,
H, 2.82, N, 19.21.
6-(4-Methoxyphenyl)-2-(quinazolin-2-yl)thiazolo[3,2-b]-
[1,2,4]triazole (6e): Yellow crystalline solid; yield: 80%; m.p.:
156-158 °C; '"H NMR (400 MHz, DMSO-ds) & ppm: 9.48 (s,
1H, quinazoline 4-H), 8.09 (dd, J = 7.5, 1.3 Hz, 1H, Ar-H),
7.90 (dt,J=7.5, 1.4 Hz, 1H, Ar-H), 7.79 (td, J = 7.4, 1.4 Hz,
1H, Ar-H), 7.67 (d,J=7.5Hz, 2H, Ar-H), 7.63 (s, 1H, thiazole
5-H), 7.59 (td, J=7.5, 1.4 Hz, 1H, Ar-H), 7.08 (d, /= 7.5 Hz,
2H, Ar-H), 3.81 (s, 3H, -OCH3); *C NMR (100 MHz, DMSO-
ds) O ppm: 174.54, 162.57, 159.72, 158.96, 153.75, 141.39,
140.68, 134.04, 131.03, 128.21, 128.06, 126.23, 124.61, 123.62,
115.09, 112.26, 56.06; ESI-MS: m/z 360.0660 [M + H]*; Calcu-
lated, %: CsH3NsOS: C, 63.50, H, 3.65, N, 19.49; Found, %:
C, 63.58, H, 3.61, N, 19.54.
4-(2-(Quinazolin-2-yl)thiazolo[3,2-5][1,2,4]triazol-6-
ylphenol (6f): White crystalline solid; yield: 78%; m.p.: 206-
208 °C; 'H NMR (400 MHz, DMSO-ds) & ppm: 9.48 (s, 1H,
quinazoline 4-H), 8.53 (s, 1H, -OH), 8.12 (dd, /=7.5, 1.2 Hz,
1H, Ar-H), 7.91 (dt, J=17.5, 1.4 Hz, 1H, Ar-H), 7.81 (td, J =
7.5, 1.5 Hz, 1H, Ar-H), 7.66 (s, 1H, thiazole 5-H), 7.60 (d, J =
7.5 Hz, 3H, Ar-H), 6.97 (d, J = 7.5 Hz, 2H, Ar-H); °C NMR
(100 MHz, DMSO-ds) 8 ppm: 174.60, 162.54, 159.76, 159.29,
153.78,141.37,140.68, 134.12, 131.09, 128.61, 128.08, 126.36,
123.68, 121.87, 115.75, 112.25; ESI-MS: m/z 346.1063 [M + H]*;
Calculated, %: C,sH;;NsOS: C, 62.60,H, 3.21, N, 20.28; Found,
%: C, 62.52,H, 3.27, N, 20.35.
6-(4-Fluorophenyl)-2-(quinazolin-2-yl)thiazolo[3,2-b]-
[1,2,4]triazole (6g): Light brown crystalline solid; yield: 82%;
m.p.: 166-168 °C; '"H NMR (400 MHz, DMSO-ds) & ppm: 9.49
(s, 1H, quinazoline 4-H), 8.20 (s, 1H, thiazole), 8.11 (dd, J =
7.5, 1.2 Hz, 1H, Ar-H), 7.90 (dt, J = 7.5, 1.4 Hz, 1H, Ar-H),
7.80 (td, J=7.5, 1.5 Hz, 1H, Ar-H), 7.73-7.69 (m, 2H, Ar-H),
7.59 (td, J = 7.5, 1.5 Hz, 1H, Ar-H), 7.21 (t, J = 7.8 Hz, 2H,
Ar-H); C NMR (100 MHz, DMSO-ds) 8 ppm: 174.56, 162.58,
161.32,159.78, 153.81, 141.40, 140.63, 134.09, 131.11, 129.73,
128.59, 128.02, 126.28, 123.66, 116.38, 112.28; ESI-MS: m/z
347.4803 [M + HJ*; Calculated, %: CisH,0FN;S: C, 62.24, H,
2.90, N, 20.16; Found, %: C, 62.18, H, 2.96, N, 20.11.
6-(2,4-Dibromophenyl)-2-(quinazolin-2-yl)thiazolo-
[3,2-b][1,2,4]triazole (6h): Brown crystalline solid; yield: 86%;
m.p.: 158-160 °C; 'H NMR (400 MHz, DMSO-ds) 8 ppm: 9.52
(s, IH, quinazoline 4-H), 8.21 (s, 1H,, thiazole 5-H), 8.11 (dd,
J=17.5,15Hz, 1H, Ar-H), 7.90 (d, J = 7.4 Hz, 1H, Ar-H), 7.88
(s, 1H, Ar-H), 7.80 (td, J = 7.5, 1.5 Hz, 1H, Ar-H), 7.63-7.57
(m, 2H, Ar-H), 7.55 (d, J = 7.5 Hz, 1H, Ar-H); ®C NMR (100
MHz, DMSO-ds) 6 ppm: 174.62, 162.56, 159.78, 153.75, 141.39,
140.38, 135.77,134.09, 131.51, 131.00, 129.74, 128.04, 126.24,
123.62, 122.69, 121.56, 109.38; ESI-MS: m/z 486.8000 [M + 2]*;
Calculated, %: C,sHoBroN;sS: C, 44.38, H, 1.86, N, 14.38; Found,
%: C,44.42, H, 1.81, N, 14.46.

6-(4-Nitrophenyl)-2-(quinazolin-2-yl)thiazolo[3,2-b]-
[1,2,4]triazole (6i): Orange crystalline solid; yield: 83%; m.p.:
146-148 °C; '"H NMR (400 MHz, DMSO-ds) 8 ppm: 9.56 (s,
1H, quinazoline 4-H), 8.39 (d, J=7.5 Hz, 2H, Ar-H), 8.09 (dd,
J=1.5,15Hz, 1H, Ar-H), 7.95 (d, /= 7.5 Hz, 2H, Ar-H), 7.90
(dt,J=7.5, 1.3 Hz, 1H, Ar-H), 7.79 (td, J = 7.4, 1.4 Hz, 1H,
Ar-H), 7.68 (s, 1H, thiazole 5-H), 7.62-7.57 (m, 1H, Ar-H);
C NMR (100 MHz, DMSO-ds) § ppm: 174.63, 162.575, 159.74,
153.79, 147.52, 141.39, 140.65, 135.68, 134.13, 131.09, 128.06,
127.06, 126.24, 125.07, 123.66, 112.29; ESI-MS: m/z 375.1062
[M + H]*; Calculated, %: CsH10NcO-S: C, 57.75, H, 2.69, N,
22.45; Found, %: C, 57.69, H, 2.76, N, 22.53.

6-(2,4-Dichlorophenyl)-2-(quinazolin-2-yl)thiazolo-
[3,2-b][1,2,4]triazole (6j): White crystalline solid; yield: 83%;
m.p.: 154-156 °C; 'H NMR (400 MHz, DMSO-ds) & ppm:
9.49 (s, 1H, quinazoline 4-H), 8.15 (s, 1H, thiazole 5-H), 8.11
(dd, J=7.4, 1.4 Hz, 1H, Ar-H), 7.91 (dt, J= 3.1, 1.3 Hz, 1H,
Ar-H), 7.80 (td, J = 7.5, 1.2 Hz, 1H, Ar-H), 7.65 (d, J=7.5
Hz, 1H, Ar-H), 7.60 (td, J=7.5, 1.4 Hz, 1H, Ar-H), 7.56 (s, 1H,
Ar-H),7.39(dd, J=17.5,1.5Hz, 1H, Ar-H); *C NMR (100 MHz,
DMSO-ds) & ppm: 174.66, 162.57, 159.73, 153.78, 141.37,
135.13,134.09, 133.45, 132.95, 131.19, 131.03, 130.25, 128.04,
127.61, 126.24, 124.62, 123.64; ESI-MS: m/7 398.9000 [M + 2]*;
Calculated, %: C;sHyCLLNsS: C, 54.28, H, 2.28, N, 17.29; Found,
%: C, 54.36, H, 2.22, N, 17.34.

4-(2-(Quinazolin-2-yl)thiazolo[3,2-b][1,2,4]triazol-6-yl)-
benzonitrile (6k): Light orange crystalline solid; yield: 86%;
m.p.: 162-164 °C;'H NMR (400 MHz, DMSO-d;) 8 ppm: 9.59
(s, 1H, quinazoline 4-H), 8.15 (s, 1H, thiazole 5-H), 8.10 (dd,
J=174,15Hz, 1H, Ar-H), 7.90 (d, J = 7.5 Hz, 3H, Ar-H), 7.80
(td,J=17.5,1.5Hz, 1H, Ar-H), 7.73 (d, J=7.5 Hz, 2H, Ar-H),
7.59 (td,J=7.5,1.5Hz, 1H, Ar-H); *C NMR (100 MHz, DMSO-
ds) & ppm: 174.59, 162.58, 159.77, 153.78, 141.37, 140.67,
134.06, 131.39, 131.01, 130.45, 128.04, 126.28, 123.66, 119.12,
112.82, 112.27; ESI-MS: m/z 355.0659 [M + H]*; Calculated,
%: C1sHoNgS: C, 64.39,H, 2.84, N, 23.71; Found, %: C, 64.42,
H, 2.68, N, 23.66.

RESULTS AND DISCUSSION

The synthesis of 6-phenyl-2-(quinazolin-2-yl)thiazolo-
[3,2-b][1,2,4]triazole (6a-k) scaffolds were made using key
intermediate 2-(quinazoline-2-carbonyl)hydrazine-1-
carbothioamide (3), ethyl quinazoline-2-carboxylate (1) and
thiosemicarbazide (2) were condensed at reflux temperature.
The synthesis of 5-(quinazolin-2-yl)-4H-1,2,4-triazole-3-thiol
(4) was obtained by cyclizing 2-(quinazoline-2-carbonyl)-
hydrazine-1-carbothioamide (3) with 8% NaOH at reflux temp-
erature. After obtaining compound 4, it was reacted with various
o-bromo-4-substituted acetophenones (5a-k) with conc. H,SO4
subsequently produced the desired 6-phenyl-2-(quinazolin-2-
ylthiazolo[3,2-b][1,2,4]triazole scaffolds (6a-k).

The newly synthesized structures of analogues 6a-k were
identified using '"H NMR, *C NMR, ESI mass spectrometry
and elemental analysis. In the '"H NMR spectrum of compound
6a, the singlet proton of quinazoline at 4-H was observed at
9.43 ppm, while the singlet proton of thiazole at 5-H appeared
at 8.18 ppm. The cyclized product formation was confirmed
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by *C NMR data, with a signal at 174.58 ppm attributed to the
imine (C=N) carbon and a signal at 112.22 ppm corresponding
to the thiazolotriazole ring C5 carbon. Additionally, the mole-
cular formula C;sH,NsS was identified, corresponding to a mole-
cular ion peak at m/z = 330.05 [M + H] " in the mass spectrum
of compound 6a.

In vitro cytotoxic activity: The in vitro cytotoxicity of
newly synthesized thiazolotriazole scaffolds 6a-k against the
cell lines MCF-7 (ATCC-HTB-22), MDA-MB-231 (ATCC-
HTB-26) and MCF-10 A (ATCCCRL-10317) was then investi-
gated using the MTT assay [24,25]. Herein, erlotinib was used
as a positive control and the results were displayed as ICs
with uM. The survival curves for MCF-7 and MDA-MB-231
were generated by plotting the surviving fraction against the
drug concentration, as demonstrated in Fig. 3. Based on the
cytotoxicity results (Table-1), the analogues had varying degrees
of cytotoxicity against the cancer cell lines that were tested.
In particular, a compound having a 4-nitrophenyl (6i) group
on the thiazolotriazole ring showed better cytotoxic activity
than erlotinib against two cell lines of breast cancer (ICs, values:
3.96 + 0.09 uM and 6.06 = 0.05 uM) and a compound comp-
rising 2,4-dibromophenyl (6h) on the thiazolotriazole ring
demonstrated excellent action against both cell lines with ICs

values of 4.19 + 0.15 uM and 6.22 + 0.03 uM, respectively.
Comparably, compound containing a 2,4-dichlorophenyl (6j)
on the thiazolotriazole ring demonstrated significantly higher
cytotoxic activity against the tested breast cancer cell lines
compared to erlotinib. Specifically, it exhibited ICs, values of
4.20 = 0.17 uM for the MCF-7 cell line and 7.13 + 0.16 uM
for the MDA-MB-231 cell line, whereas erlotinib showed ICs,
values of 4.21 +0.43 uM and 7.64 = 0.04 uM for MCF-7 and
MDA-MB-231, respectively.

Compounds 6b, 6d and 6k, which contain 4-bromophenyl,
4-chlorophenyl and 4-cyanophenyl groups, have demonstrated
favourable activity against the two cancer cell lines, with ICsg
values ranging from 6.42 + 0.53 uM to 13.67 + 0.26 uM,
respectively. Comparing the remaining compounds to the stan-
dard drug, they have rather weak performance against both
cancer cell lines.

Tyrosine kinase EGFR inhibitory activity: The ability
of six active hybrids (6b, 6d, 6h, 6i, 6j and 6k) to inhibit the
tyrosine kinase EGFR using an enzymatic assay, based on their
cytotoxic effects [26,27] was investigated. The data in Table-2
demonstrated that compound 6i was more effective in inhib-
iting EGFR tyrosine kinase than the positive control, erlotinib
(ICs0=0.43 £0.05 uM) and the other compounds tested, which
had ICs, values of 0.39 + 0.02 uM, respectively. Additionally,
compounds 6h and 6j displayed equipotent activity compared

Iia v CYTOTOX[CI;FﬁLéEHIVITY WITH ICy, (UM)* to regular erlotinib (ICs, values of 0.45 + 0.04 uM and 0.49 +
1Cyy (uM) 0.12 uM). Compounds 6b, 6d and 6k effectively inhibited
Compounds MCE MDA-MB-231 MCF-10A EGFR; their respective ICsy values were 9.83 +0.06 uM, 0.68
6a 2372019 218720 13 NT +0.07 uM and 0.64 + 0.03 uM, respectively.
6b 8.61 +£0.25 11.44 £0.29 16.93 £0.13
6¢ 2038+036  22.88+0.11 NT TABLE-2
6d 1119018  13.67+026 1432027 EGER INHIBITORY ACTIVITY OF POTENT ANALOGUES
6e 25.17+008  25.16+0.15 NT Compound EGFR (ICs), uM)"
of 32.85+0.63 28.82 +£0.08 NT 6b 0.83 £0.06
6g 16.39 £ 0.42 17.53 £0.14 NT 6d 0.68 +£0.07
6h 4.19 £0.15 6.22 +0.03 16.42 +0.52 6h 0.45 £0.04
6i 3.96 +0.09 6.06 = 0.05 13.53 £0.76 6i 0.39 £0.02
6j 4.20+0.17 7.13 £0.16 14.12 £0.19 6j 0.49 +0.12
6k 6.42 +0.53 10.23 £0.12 11.35 £0.04 ok 0.64 +0.03
Erlotinib 421 +043 7.64 +0.04 17.31 £ 0.84 Erlotinib 0.43 £0.05
“Values are mean + SD of three replicates. NT = not tested. “Average of triplicates + standard deviation.
100 — 100
MCF-7 ® 6a MDA-MB-231 & ca
80 = 6b & 6b
“* 6¢c 4 6C
9 , ¥ 6d 9 ¥ 6d
> 60 : 6e = ; 6e
s ™ ? g ™ 2;
2 404 & 9 =
o) 6h o) 4 6h
© ¥ 6 © ¥ 6i
20— & 6 & 6j
+ 6k * 6k
Std. Std.
0 llT'I'Ill[l'l'l'llll[T'l'lTlll'l'l'lllll o lllll|ll'||||ll|||Illllll!llll
0 50 100 150 0 50 100 150

Concentration (uM/mL)

Concentration (uM/mL)

Fig. 3. Survival curves of MCF-7 and MDA-MB231 for thiazolotriazole analogues (6a-k)
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Molecular docking: One potential strategy for treating
cancer is to disrupt the signaling pathway of receptor tyrosine
kinases (RTKs), which are often overactivated in cancer [28,
29]. The tyrosine kinase EGFR was selected as the biological
target for docking studies on recently synthesized compounds.
The crystal structure of the EGFR kinase domain in complex
with its inhibitor has been identified (PDB ID: 4HJO) [30].
AutoDock Tools (ADT) version 1.5.6 and AutoDock 4.2.5.1
were used to perform the docking calculations. Erlotinib was
docked into the EGFR active site and then replaced it with the
synthesized compounds 6a-k to compare the binding modes
of erlotinib and the synthesized compounds.

The crystallized ligand erlotinib inhibitor was shown to
exhibit a self-docking process through two hydrogen bond back-
bone acceptors, Met769 with the quinazoline nitrogen and
CYS773 with the methoxy group’s oxygen, as shown in Fig. 4.
The binding energy of -8.22 Kcal/mol was obtained. The binding
energies of all the examined compounds within the active site
were found to be between -11.31 and -10.08 Kcal/mol greater
than those of erlotinib (Table-3).

Compound 6i demonstrated three hydrogen bond donors:
Asp831 with the nitrogen of the quinazoline moiety, Lys721
with sulfur of thiazole ring and Met769 with oxygen of 4-nitro-
phenyl moiety, resulting in a binding energy of -11.31 kcal/
mol. The docking interactions involved residues of other amino
acids including MET742, LEU753, THR766, LEU820, ALA719
and VAL702, respectively (Fig. 5). The second best binding energy
score was for compound 6h, which had one hydrogen bond

Hydrophobicity

3.00
2.00

Qo
o000 O
[slslslatst

TABLE-3
BINDING ENERGY AND HYDROGEN BINDING
INTERACTIONS OF COMPOUNDS WITH EGFR
KINASE ENZYME INTO THE ACTIVE SITE OF 4HJO

Binding No. of Resi . .
esidues involved in
Compounds energy hydrogen hydrogen bondin.
(kcal/mol) bonds ydrog 2
5a -10.47 2 LYS721, ASP831
5b -10.48 2 LYS721, ASP831
5¢ -10.08 2 LYS721, ASP831
5d -10.37 2 LYS721, ASP831
Se -10.23 2 LYS721, ASP831
5f -10.16 3 LYS721, ASP831, GLN767
5¢g -10.35 3 LYS721, ASP831, MET769
5h -10.99 1 LYS721
5i -11.31 3 LYS721, ASP831, MET769
5j -10.81 1 LYS721
5k -10.73 3 LYS721, ASP831, MET769
Erlotinib -8.22 2 MET769, CYS773

with the LYS721 interact with sulfur of thiazole ring and found
to be -10.99 Kcal/mol. The linker thiazolotriazole ring exhi-
bited three hydrophobic interactions with LEU834, ASP83 and
LYS721, the quinazoline moiety displayed four hydrophobic
interactions with MET769, ALA719, LEU820 and GLN767
and the 2,4-dibromophenyl ring shows five hydrophobic inter-
actions with LUE764, PHES32, LEU753, MET742 and VAL745,
respectively (Fig. 6). Compound 6j had a binding energy of -
10.81 kcal/mol, where the sulfur atom of the thiazole moiety
formed one hydrogen bond with LYS721. The four hydrophobic

(b)

Met 760

534

A=Bla

Interactions

== Conventional hydrogen bond
L1 Carbon hydrogen bond
== Pi-Sigma

1 Alkyl
1 Piikyl

Fig. 4. The binding mode of erlotinib in the active site of EGFR (a) orientation of ligand with protein, (b) 3D interactions, (c) hydrophobic

surface interactions, (d) 2D interactions
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I
; +
1
:J !/ \
\y 1
IhrTiia ? Me1T42

euTi3

ALfeh

Interactions

== Conventional hydrogen bond = Pi-Anion
1 Sulfur-X — P!-Slama
= Unfavorable acceptor-acceptor 1 Pi-Alkyl

Fig. 5. The binding mode of compound 6i in the active site of EGFR (a) orientation of ligand with protein, (b) 3D interactions, (c) hydrophobic
surface interactions, (d) 2D interactions

APk
AT vy, AEE A5

B4y
A5,
Interactions
== Conventional hydrogen bond == Pi-Sigma
[ lﬁa{bon hglro erﬂ)bond '[ :élk Ik |
4 Halogen (CI, Br, i-
—_ Pi-Ar%on Y

Fig. 6. The binding mode of compound 6h in the active site of EGFR (a) orientation of ligand with protein, (b) 3D interactions, (c) hydrophobic
surface interactions, (d) 2D interactions

interactions with CYS751, MET769, ALA719 and LEU820 and LEU834. Furthermore, 2,4-dichlorophenyl moiety occu-
generate the quinazoline ring. The thiazolotriazole moiety  pied the formation of five hydrophobic interactions with PHE832,
exhibits the three hydrophobic interactions with ASP831, LYS721 VAL745, MET742, LEU753 and LEU764 (Fig. 7).
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Mel 7o
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Fig. 7. The binding mode of compound 6j in the active site of EGFR (a) orientation of ligand with protein, (b) 3D interactions, (c) hydrophobic
surface interactions, (d) 2D interactions
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