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ABSTRACT: Cancer is the most severe disease worldwide. Every
year, tens of millions of people are diagnosed with cancer, and over
half of those people will ultimately die from the disease. Hence, the
discovery of new inhibitors for fighting cancer is necessary. As a
result, new indolyl-triazole hybrids were synthesized to target
breast and liver cancer cells. The synthetic strategy involves
glycosylation of the 4-aryltriazolethiones 3a−b with acetyl-
protected α-halosugars in the presence of K2CO3 in acetone to
give a mixture of β-S-glycosides 6a−b, 7a−b, and β-N-glycosides
8a−b, 9a−b. Chemo-selective S-glycosylation was achieved using
NaHCO3 in ethanol. The migration of glycosyl moiety from sulfur
to nitrogen (S → N glycosylmigration) was achieved thermally
without any catalyst. Alkylation of the triazole-thiones with 2-
bromoethanol and 1-bromopropan-2-ol in the presence of K2CO3 yielded the corresponding S-alkylated products. The synthesized
compounds were tested for their cytotoxicity using an MTT assay and for apoptosis induction targeting PARP-1 and EGFR.
Compounds 12b, 13a, and 13b exhibited cytotoxic activities with promising IC50 values of 2.67, 6.21, 1.07 μM against MCF-7 cells
and 3.21, 8.91, 0.32 μM against HepG2 cells compared to Erlotinib (IC50 = 2.51, 2.91 μM, respectively) as reference drug.
Interestingly, compounds 13b induced apoptosis in MCf-7 and HepG2 cells, arresting the cell cycle at the G2/M and S phases,
respectively. Additionally, the dual enzyme inhibition seen in compound 13b against EGFR and PARP-1 is encouraging, with IC50
values of 62.4 nM compared to Erlotinib (80 nM) and 1.24 nM compared to Olaparib (1.49 nM), respectively. The anticancer
activity was finally validated using an in vivo SEC-cancer model; compound 13b improved both hematological and biochemical
analyses inhibiting tumor proliferation by 66.7% compared to Erlotinib’s 65.7%. So, compound 13b may serve as a promising
anticancer activity through dual PARP-1/EGFR target inhibition.

■ INTRODUCTION
In 2020, new cancer cases were estimated at 19.3 million, and
almost 10.0 million cancer deaths were detected worldwide.
Breast and liver cancers are the most diagnosed types of
cancers cancer in many countries. Female breast cancer is the
most commonly diagnosed cancer, with an estimated 2.3
million new cases (11.7%), while there are 1.6 million new
estimated cases of liver cancer (8.3%).1 Research and
development in chemotherapy will continue to face the
challenge of finding safer and more effective chemotherapeutic
drugs, which is a crucial step in transforming cancer
medication therapy using nontargeted antitumor agents.
DNA damage repair and maintaining genomic stability are
two primary functions of poly ADP-ribose polymerase
(PARP). It has been found that reducing PARP-1 activity,
one of the most prevalent members of the PARP family, is
effective in cancer treatment because it prevents tumor cells
from repairing DNA damage, prevents tumor cell DNA
synthesis, and induces tumor cell apoptosis.2−7

It has been found that EGFRs are the most important
molecular targets in cancer treatment. Overexpression of

epidermal growth factor receptors in breast cancer is linked to
unfavorable tumor characteristics and poor prognosis.8,9 It is a
promising target for these new anticancer drugs early in the
discovery process. About 50% of triple-negative breast cancer
(TNBC) and inflammatory breast cancer (IBC) is EGFR-
overexpressing. Consequently, the pursuit of EGFR inhibitors
as a therapy for breast cancer has persisted.10−13 Cell
proliferation and tumor growth were also inhibited by
inhibiting PARP in EGFR mutant tumors, which was achieved
by targeting nuclear PKM2.14

Gefitinib, a tyrosine kinase inhibitor that can be reversed, is
used to treat breast cancer and has been shown to have potent
antiproliferative effects in studies of other cancers, including
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ovarian, lung, prostate, and colorectal cancers.15,16 It is possible
to treat breast cancer and other solid tumors with an orally
active medication called Lapatinib (Tykerb or Tyverb). There
is an EGFR and Her2 tyrosine kinase inhibitor in it, which
blocks their respective signaling pathways. The inhibitor was
authorized by FDA for the treatment of advanced breast cancer
in March 2007.17−19

A PARP inhibitor called Rubracarib (brand name Rubraca)
has shown promise as a cancer treatment. Taken orally, the
novel medication Rucaparib inhibits the DNA-repair enzyme
poly-ADP ribose polymerase-1 (PARP-1).20 Oliparib, or
Lynparza, is an inhibitor of poly ADP ribose polymerase
(PARP). PARP is an enzyme involved in DNA repair. Some
breast, ovarian, and prostate cancers in families with a BRCA1
or BRCA2 mutation can be prevented by taking this drug21

(Figure 1).

The indolyl-triazole hybrid systems disclosed promising
results in fighting cancer by suppressing the activity of kinase

Inhibitors, including EGFR and PARP-1 enzymes.22−25

Besides indoles, 1,2,4-triazole motifs have been widely explored
in medicinal chemistry because of their structural features and
pharmacophoric activities that could be employed as
anticancer agents.26−28

3-Benzylsulfanyl-5-(1H-indol-2-yl)-2H-1,2,4-triazole I was
found to have promising antiproliferative activity against
HEPG-2 and MCF-7 cancer cell lines with IC50 = 3.58 μg/
mL and 4.53 μg/mL, respectively, compared to the standard
drug doxorubicin (IC50 = 4.0 μg/mL) this activity was
predicted to be through the interaction with tyrosine kinases,
namely, Akt, PI3, and EGFR.29

As seen in Figure 2, interesting antiproliferative potential
against breast cancer in the low micromolar range was revealed
for 3-(allylsulfanyl)-4-phenyl-5-(1H-indol-2-yl)-1,2,4-triazole
II and its derivatives. The study’s findings demonstrated that
the identified hit compounds effectively impeded cell migration
and cell proliferation, most likely interfering with PARP-1
enzymatic activity.30 There was significant suppression of
VEGFR-2by indole-triazole hybrid III and its analogs,
suggesting that these compounds may have efficacy against
kidney cancer.31 In comparison to Sorafenib (IC50 = 2.13 M),
the indolyl-triazole hit compound IV showed promising
cytotoxic action against the MCF-7 cells with an IC50 of 1.18
M. Remarkably, lead compound IV dramatically enhanced
apoptotic breast cancer cell death and showed remarkable
VEGFR2 inhibitory activity with an IC50 value of 19.8 nM
compared to Sorafenib (IC50 = 30 nM).32

Compounds 12b and 13b, two newly synthesized indolyl-
triazoles, showed dual PARP-1 and EGFR inhibition and
promised anticancer action against breast and liver malig-
nancies.

■ RESULTS AND DISCUSSION
Chemistry. Reaction of indole-2-carbohydrazide 1 with

phenyl isothiocyanate and 4-chlorophenyl isothiocyanate in
ethanol yielded thethiosemicarbazides 2a−b, which revealed
four NH protons around 9.80, 9.90, 10.50, and 11.70 ppm in
the 1H NMR and the carbonyl carbon near 161.4 ppm and the
thiocarbonyl carbon at 181.3 ppm in the 13C NMR.
Cyclization of the thiosemicarbazides 2a−b by reflux in
aqueous KOH afforded the indolyl-triazolethiones 3a−b,

Figure 1. Approved EGFR and PARP-1 inhibitors.

Figure 2. Indolyl-triazole hybrids showing EGFR and PARP-1 inhibition activity.
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which showed only two NH protons around 11.90 and 14.20
ppm, and the thiocarbonyl carbon (C�S) at 168.5 ppm. In
glycosylation of the indolyltriazolethiones 3a−b with 2,3,4,6-
tetra-O-acetyl-α-D-glucopyranosyl bromide 4 and 2-acetamido-
3,4,6-tri-O-acetyl-2-deoxy-α-D-glucopyranosyl chloride 5 in
acetone and the presence of anhydrous K2CO3, each reaction
was found to give a mixture of two products that were
separated by alumina column chromatography and charac-
terized as S-glycosides 6a−b and 7a−b and N-glycosides 8a−b
and 9a−b. Chemo-selectivity was successfully obtained using
NaHCO3 in ethanol to afford S-glycosylated products in good
yields (Scheme 1). Rearrangement of the S-glycosides to the
corresponding N-glycosides was done by thermal fusion
without solvent or catalyst. This glycosyl migration was done
in a short time with good to excellent yields, which served as a
rapid and economical way. The anomeric protons in the case

of S-glycosides appeared at a lower chemical shift (≈ 5.50
ppm) than their respective N-glycosides (≈ 6.30 ppm). The
coupling constants of the anomeric protons of S-glycosides
were detected to be greater than 10.2 Hz, and its value for N-
glycosides was greater than 9.3 Hz, which strongly
recommends the β-configuration. The N-glycosides showed
the C�S signal near 170.0 ppm.
Alkylation of the indolyl triazoles 3a−b with 2-bromoetha-

nol 10, and 1-bromopropan-2-ol 11 in the presence of K2CO3
produces S-alkylated products 12a−b and 13a−b (Scheme 2).
The 2-hydroxyethyl-sulfanyl-triazoles 12a−b exhibited the

ethylene protons (−S−CH2−CH2−) as triplet at 3.26 ppm
and multiplet between 3.65 and 3.70 ppm. The −S−CH2−
CH2−OH carbons appeared at 34.96 and 59.62 ppm,
respectively. The hydroxy group was found as a triplet at
5.04 ppm. The methyl and methylene protons were shown as a

Scheme 1. Glycosylation of Triazolyl-indoles 3a−b

Scheme 2. Alkylation of 3a−b with Bromoalkanoles
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doublet at 1.13 and 3.22 ppm, respectively, in 2-hydrox-
ypropyl-sulfanyl-triazoles 13a−b. Around 3.88−3.92 ppm, the
multiplet of the proton in methine was first seen. At 22.44,
40.68, and 65.12 ppm, 2-hydroxypropyl carbons were detected.

■ BIOLOGY
Cytotoxicity against MCF-7 and HepG2 Cells. The

MTT assay was used to test the synthesized compounds for
cytotoxicity against MCF-7 and HepG2 cells; IC50 values were
summarized in Table 1. As seen in the results, compounds 12b,

13a, and 13b exhibited cytotoxic activities with promising IC50
values of 2.67, 6.21, and 1.07 μM against MCF-7 cells and
3.21, 8.91, and 0.32 μM against HepG2 cells compared to
Erlotinib as reference drug. However, the cytotoxicity of the
remaining compounds was moderate. Compound 12b was
found to be the most cytotoxic of the two tested compounds;
thus, it was tested on normal cell lines MCF-10A and THLE2.
As can be seen in Figure 3, at the highest dose of 100 μM, it
caused 80% cell inhibition; this is relatively low in comparison
to the other substances tested. In this study, compound 13b

was effective against cancer cells while showing no toxicity to
healthy cells.
As summarized in Figure 4, tested compounds with varying

derivatives exhibited varying cytotoxicity against MCF-7 and
HepG2 cells. Both compounds 13b and 12b with p-chloro-
phenyl at the triazole ring exhibited potent cytotoxicity against
MCF-7 and HepG2 cells. Compound 13b (IC50 = 1.07 μM,
0.32 μM) with S-substituted secondary alcohol derivative
exhibited cytotoxicity more than compound 12b (IC50 = 2.67
μM, 3.21 μM) with S-substituted primary alcohol derivative.
Additionally, 9a and 7b (IC50 range of 6.68−16.9 μM) with
sugar and indole substitution exhibited moderate activity, and
compounds 13a and 12a (IC50 range of 6.21−16.3 μM)
exhibited moderate activity. Other compounds exhibited poor
cytotoxicity.
Compound 13b Induced Apoptosis in MCF-7 and

HepG2 Cells. Compound 13b was tested for its ability to
induce apoptosis in MCF-7 and HepG2 cancer cells using cell
cycle analysis of the cell population at various stages of the cell
cycle after treatment (IC50 = 1.07 and 0.32 M, 48 h).
Figure 5A reveals that compound 13b greatly enhanced total

apoptotic breast cancer cell death by 26-fold (27.63%
compared to 1.07 for the control). The percentage of cells
undergoing early apoptosis was increased by 10.6%, and the
percentage of cells undergoing late apoptosis by 16.9%
compared to the control group’s 0.8% and 0.2%, respectively.
Additionally, it caused a 4.18-fold increase in necrosis-
mediated cell death (5.06%, compared to 1.21% for the
control).
Figure 5B shows that the overall apoptotic cell death of liver

cancer cells was greatly enhanced by compound 13b, with a
34.68-fold increase (32.95% compared to 0.95 for the control).
Compared to the control group’s 0.74 and 0.21%, it produced
early apoptosis at 23.61% and late apoptosis at 9.34%.
Furthermore, a 6.1-fold increase in necrosis-induced cell
death was observed (6.01%, compared to 0.98% for the
control).
Cell cycle analysis was performed on both cell lines to

determine the percentage of cells in each divisional stage
before and after treatment. As seen in Figure 5C and D,
compound 13b significantly increased the cell population of
MCF-7 at G2/M by 26.4%, compared to 10.32% for control,
so it arrested cell division at the G2/M phase, while treatment
of HepG2 cells with the compound significantly increased cells
at the S phase by 45.21% compared to 32.61%, so it arrested
cell division at the S phase.
As a result, compound 13b caused cell cycle arrest at the

G2/M and S phases in MCf-7 and HepG2 cells, inducing death
in both types of cells.
Enzyme Targeting. Table 2 shows that of the three

compounds evaluated, compound 13b showed the most
promise as a dual enzyme inhibitor of EGFR (IC50 = 62.4
nM) and PARP-1 (1.24 nM) compared to Erlotinib (IC50 = 80
nM) and Olaparib (IC50 = 1.49 nM). Additionally, compound
12b exhibited dual inhibitory activities in the same manner
with IC50 values of 78.1 nM and 2.13 nM, respectively. In
contrast, compound 13a showed poor inhibitory activities. As
seen in Figure 6, Interestingly, our results of PARP-1 and
EGFR inhibition agreed with some 1,2,4-triazole-based
derivatives (V)33 showed promising cytotoxic efficacy as an
EGFR inhibitor with an IC50 value of 1.5 M, another derivative
with the same moiety (VI)34 had intriguing cytotoxic action,
inducing apoptosis by blocking PARP-1 at an IC50 of 0.33 μM.

Table 1. Cytotoxicity of the Synthesized Compounds
against MCF-7 and HepG2 Cells Using MTT Assay

IC50 (μM)a

Compound MCF-7 HepG2

2a NT 12.36
3a NT 7.39
3b 14.2 17.21
6a NT 6.71
6b 19.6 21.6
7a 17.2 ≥50
7b 12.7 16.9
8a 11.2 ≥50
8b 17.3 46.35
9a 8.3 6.68
12a 12.1 16.31
12b 2.67 3.21
13a 6.21 8.91
13b 1.07 0.32
Erlotinib 2.51 2.91

a“IC50values were calculated as the average of three independent trials
using a dose-response curve in GraphPad prism”. NT: Not tested.

Figure 3. Percentage of cell viability compared to concentrations of
compound 13b against normal breast (MCF-10A) and normal liver
(THLE2) cells using an MTT assay.
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In Silico Studies. Both the physical and chemical
characteristics of the lead molecule, 13b, and its drug-likeness
scores were predicted using ADME pharmacokinetics. Drug
candidates that adhere to Lipinski’s “five rules” (Ro5) are seen
as having a good chance of being approved.37,38 Compound
9b, according to the calculations, had a molecular weight of
384.89 D, a volume of 322.76 A3, a polar surface area of 66.74
A2, a logP (octanol−water partition coefficient) value of 4.28, 5
H-bond acceptors, and 2 H-bond donors. As a result, it
complied with Lipinski’s “five rules” (Ro5) and was found
suitable for use as an oral drug Figure 7.
Based on the promising dual PARP-1 and EGFR inhibitory

activities of compound 13b, it was screened for virtual binding
toward PARP-1 and EGFR proteins using the molecular
docking approach. As summarized in Table 3, compound 13b
was docked inside the PARP-1 protein with a binding energy
of −24.97 kcal/mol and formed one HB with Gly 863 and
arene-cation with His 862, while it was docked inside the
EGFR protein with a binding energy of −24.32 kcal/mol and
formed one HB with Met 793 and arene-cation with Lys 745 as
the key amino acids for enzyme activities. Hence, docking
results highlighted the virtual mechanism of the binding of
compound 13b toward PARP-1 and EGFR proteins, which
agreed with its promising experimental activity.
In Vivo. Further validation of the anticancer activity of 13b,

solid Ehrlich carcinoma cells were proliferated as a solid tumor
model, and the compound was administered IP during the
experiment duration. At the end of the experiment, blood and
tumor parameters were assayed and summarized in Table 4.
In SEC-bearing mice, all CBC parameters were altered, and

Hb content and RBCs were significantly reduced to 2.36 (g/

dL) and 2.34 (106/L), respectively, while the WBC count was
significantly increased to 7.03 (103/L) compared to normal
control levels. Reduced hemoglobin and RBC levels, as well as
an increase in WBC counts, are common side effects of tumor
progression.39,41 CBC levels were nearly restored to normal
after treatment with the compound, which increased Hb (7.29
g/dL), RBC (4.79 × 106/L), and WBC (4.36 × 103/L) levels.
Interestingly, our results followed those of refs 40 and 41,
which showed improvement in hematological parameters after
treatment with the tested compound. The effectiveness of
compound 13b was comparable to Erlotinib as standard
anticancer medication.
Liver enzymes (ALT and AST) were considerably elevated

to 69.8 and 89.69 (U/L), respectively, as compared to normal
mice, suggesting hepatocellular injury from tumor inoculation
(42.36 and 46.6, respectively). Treatment with 13b, sub-
stantially reduced liver enzymes to 50.6, 60.3 U/L, respectively,
and increased the reduced total protein content from 3.29 (g/
dL) in the SEC-control to 5.6 (g/dL) near the normal control
levels. These results indicated a significant improvement in
hepatocellular toxicity caused by SEC proliferation.
Accordingly, regarding tumor potentiality, an increase in

solid tumor mass of around 214 mg was observed via tumor
proliferation. Treatment with 13b and Erlotinib significantly
decreased the solid tumor mass to 74.6 mg and 69.3 mg,
respectively. Accordingly, treatments with 9b 5-FU signifi-
cantly inhibited tumor proliferation by 66.7% and 65.7%,
respectively, by reducing the tumor volume from 348.6 mm3 in
the untreated control to 129 mm3 and 114 mm3.
For validating the anticancer activity of compound 13b,

histopathological examinations of liver tissues of normal,

Figure 4. Effect of derivatization of the synthesized alkylated 1,2,4-triazoles on their cytotoxicity.
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untreated, and treated SEC-mice as seen in Figure 8.
Compound 13b-treatment exhibited improvement in liver
tissues and retained them near normal.

■ CONCLUSION
New hybrid compounds containing indole, triazole, and alkyl
moiety were synthesized via glycosylation and alkylation of 4-
aryltriazolethiones. Among the synthesized compounds, the hit
compound 13b exhibited cytotoxic activities with promising
IC50 values of 1.07 μM against MCF-7 cells and 0.32 μM
against HepG2 cells compared to Erlotinib as a reference drug.

Figure 5. Flow cytometry analysis. (A, B) Bar representation of Annexin V/PI staining for apoptosis-necrosis assessment. (C, D) Histograms of
DNA content at each phase of untreated and 13b-treated MCF-7 and HepG2 cells with IC50 values of 1.07 and 0.32 μM, 48 h. “*(P ≤ 0.05), and
**(P ≤ 0.001) are significantly different using the unpaired test in GraphPad prism”.

Table 2. EGFR/PARP Target Inhibition of Compounds
12b, 13a, and 13b

IC50 (nM)

sample EGFR PARP-1

12b 78.1 2.13
13a 140.2 21.6
13b 62.4 1.24
Erlotinib 8035

Olaparib 1.4936
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Interestingly, compounds 13b induced apoptosis in MCf-7 and
HepG2 cells, arresting the cell cycle at the G2/M and S phases,
respectively. Additionally, compound 13b exhibited promising
dual enzyme inhibition EGFR and PARP-1 with IC50 values of
62.4 nM compared to Erlotinib (80 nM) and 1.24 nM
compared to Olaparib (1.49 nM), respectively. The anticancer
activity was finally validated using an in vivo SEC-cancer
model; compound 13b improved both hematological and
biochemical analyses inhibiting tumor proliferation by 66.7%
compared to Erlotinib by 65.7%. So, compound 13b may serve
as a promising anticancer activity through dual PARP-1 and
EGFR inhibitory activities.

■ EXPERIMENTAL SECTION
Melting points were assigned in open capillaries by a melting-
point equipment (SMP10). Thin-layer chromatography
(TLC) plates precoated with 0.25 mm thick layers of silica
gel 60 F254 were used to monitor the reactions as they

unfolded (Merck). UV light illumination and/or treatment
with 10% H2SO4 in an aqueous methanol solution were used
for detection. The process of flash chromatography utilized
commercial alumina. Infrared (IR) spectra were recorded using
a Bruker Alpha-I ATR FTIR spectrophotometer and are
expressed in v (cm−1). The 1H NMR, 13C NMR, and 2D NMR
spectra were acquired using Bruker AC 300−500 spectrom-
eters in CDCl3 and DMSO-d6 with tetramethylsilane as the
internal standard. Coupling constants are described in Hz, and
chemical changes are described in ppm. The incorporation of
D2O verified the OH and NH assignments. Both the Jeol
JMS.600H and Finnigan MAT312 mass spectrometers were
used to capture the EI mass spectra.The Finnigan MAT 95XP
was used to record the mass spectra of HREI experiments. A
Jeol JMS HX110 mass spectrometer was used to capture the
FAB-MS data. ESI-MS spectra were determined with an
Applied Biosystems QStarXL instrument. Using Flash EA-1112
equipment, CHNS microanalysis was carried out.
Synthesis of Thiosemicarbazides 2a−b. A mixture of

indole-2-carbohydrazide 1 (1.0 mmol) and phenyl isothiocya-
nate or its chloro-substituted derivative (1.1 mmol) were
refluxed in ethanol for 4 h and then left to cool. The formed
precipitate was filtered, washed with ethanol, and dried. The
products are pure enough for the next reaction. For more
purification, recrystallization from ethanol was done.
1-(1H-Indol-2-yl-carbonyl)-4-Phenyl-thiosemicarbazide

(2a). Yield: 91%, mp 204−205 °C [Lit. 23]; 1H NMR
(DMSO-d6, 400 MHz) δ 7.04−7.47 (m, 9H), 7.67 (d, 1H, J =
8.0 Hz), 9.76 (br.s, 1H, NH), 9.88 (br.s, 1H, NH), 10.55 (br.s,
1H, NH), 11.73 (br.s, 1H, NH); 13C NMR (DMSO-d6, 100
MHz) δ 104.02, 112.29, 119.87, 121.66, 123.68, 125.84,
126.90, 127.91, 128.29, 129.65, 136.58, 139.24, 161.07,
181.37; HRMS (EI) calcd for C16H14N4OS (M+): 310.0888.
Found: 310.0893.
4-(4-Chlorophenyl ) -1- (1H- indol-2-y l -carbonyl ) -

thiosemicarbazide (2b). Yield: 96%, mp 202−203 °C;1H
NMR (DMSO-d6, 300 MHz) δ 7.04 (dd, 1H, J = 7.8, 7.5 Hz),
7.17−7.23 (m, 2H), 7.35−7.63 (m, 5 H), 7.64 (d, 1H, J4,5 7.8
Hz), 9.84 (br.s, 1 H, NH), 9.92 (br.s, 1H, NH), 10.54 (br.s,
1H, NH), 11.72 (br.s, 1H, NH); 13C NMR (DMSO-d6, 75

Figure 6. Highlighted pharmacophoric regions with the previously reported triazole-based PARP-1 and EGFR target inhibition.

Figure 7. ADME pharmacokinetics of the most active compound 13b
using SWIS-ADME: BOILED-Egg model for compound 16 using
SwissADME. “Points in the BOILED-yolk Eggs are molecules
predicted to passively permeate the blood-brain barrier (BBB),
whereas points in the BOILED-white Eggs are molecules predicted to
be passively absorbed by the GI tract”.
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MHz) δ 104.09, 112.33, 119.93, 121.71, 123.76, 126.92,
127.46, 127.85, 129.00, 129.59, 136.63, 138.27, 161.14,
181.26; HRMS (FAB + ve) calcd for C16H14N4OSCl (M+1):
345.0577. Found: 345.0557.
Synthesis of the Triazole-thiones. Thiosemicarbazides

2a−b (1.0 mmol)were refluxed in 10 mL of 4 N KOH for 6 h.
After cooling the solutions were acidified with conc. HCl, the
formed precipitates were filtered, washed with distilled water,
dried and recrystallized from ethanol.
5-(1H-Indol-2-yl)-4-phenyl-1,2,4-triazole-3(4H)-thione

(3a). Yield: 88%, mp 292−294 °C [Lit. 23]; 1H NMR
(DMSO-d6, 300 MHz) δ 5.51 (s, 1H), 6.94 (dd, 1H, J = 8.1,
7.2 Hz,), 7.14 (dd, 1H, J = 8.4, 7.2 Hz), 7.33 (d, 1H, J = 8.1
Hz), 7.39 (d, 1H, J = 8.4 Hz), 7.46−7.49 (m, 2 H), 7.63−7.65

(m, 3H, 2H), 11.87 (br.s, 1H, NH), 14.19 (br.s, 1H, NH); 13C
NMR (DMSO-d6, 75 MHz) δ 102.93), 111.78, 119.85, 120.86,
122.75, 123.60, 126.77, 128.89, 129.74, 130.11, 134.60, 136.51,
145.06,168.64; FTIR cm−1: 3360 (NH), 3086 (Aromatic C−
H), 2499 (C�S), 1600 (C�C), 1513(C�N); HRMS (EI)
calcd for C16H12N4S (M+): 292.0783. Found: 292.0789.
4-(4-Chlorophenyl)-5-(1H-indol-2-yl)-2H-1,2,4-triazole-

3(4H)-thione (3b). Yield: 83%, mp 295−296 °C; 1H NMR
(DMSO-d6, 300 MHz) δ 5.67 (s, 1H), 6.95 (dd, 1H, J = 8.1,
6.9 Hz), 7.16 (dd, 1H, J = 6.9, 8.4 Hz), 7.38−7.43 (m, 2H),
7.55 (d, 2H, J = 8.7 Hz), 7.71 (d, 2H, J = 8.4 Hz), 11.88 (br. s,
1H, NH), 14.23 (br. s, 1H, NH); 13C NMR (DMSO-d6, 100
MHz) δ 103.19, 111.83, 119.93, 121.08, 122.62, 123.71,
126.87, 129.90, 130.95, 133.53, 134.79, 136.60, 144.97,

Table 3. Ligand−Receptor Interactions of the Docked Compound 13b with Binding Energies (kcal/mol) inside the PARP-1
and EGFR Proteinsa

aBinding disposition of compound 13b (green-colored) and co-crystallized ligands (cyan-colored) inside the active sites of PARP-1 and EGFR
proteins.

Table 4. Blood and Antitumor Parameters in Normal, Untreated, And Treated SEC-Bearing Micea

treatment

parameters normal control SEC control SEC + 13b SEC + Erlotinib

hematological parameters Hb (g/dL) 9.03 ± 0.49 2.36* ± 0.4 7.29# ± 0.67 7.9# ± 0.63
RBC count (× 106/μL) 5.76 ± 0.62 2.34* ± 0.48 4.99# ± 0.63 5.01# ± 0.39
WBC count (× 103/μL) 3.04 ± 0.29 7.03* ± 0.39 4.36# ± 0.49 4.02# ± 0.56

liver parameters ALT (I/U) 42.36 ± 1.03 69.8* ± 2.03 50.6# ± 1.3 51.4# ± 1.3
AST (I/U) 46.6 ± 0. 9 89.69* ± 1.23 60.3# ± 1.98 55.63# ± 1.4
total protein (g/dL) 6.7 ± 0.26 3.29 ± 0.36 5.6 ± 0.39 6.2 ± 0.47

tumor potentiality tumor weight (mg) 214.6 ± 3.14 74.6 ± 2.79 69.3 ± 2.19
tumor volume (mm3) 378.6 ± 16.8 129.6 ± 13.6 114.6 ± 12.5
tumor inhibition ratio (TIR%) 66.7 ± 1.06 65.7 ± 1.31

aMean ± SD values of mice in each group (n = 6). *Values are significantly different (P ≤ 0.05) between SEC control and normal group, while #

values are significantly different (P ≤ 0.05) between treated SEC and SEC control mice using the unpaired test in GraphPad prism.
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168.70; FTIR cm−1: 3324 (NH), 3061 (Aromatic C−H), 2318
(C�S), 1549 (C�C), 1484 (C�N), 711(C−Cl); HRMS
(EI) calcd for C16H11N4SCl (M+): 326.0393. Found:
326.0402.
General Procedures for Glycosylation and Alkylation.

Method A. A mixture of the selected 4-aryl-triazole-thione 3a
or 3b (1.0 mmol) and K2CO3 (1.1 mmol) in dry acetone (10
mL) was stirred for 1 h, and then the appropriate glycosyl
halides 4−5 or alkyl halides 10−11 (1.1 mmol) were added
portion wise and stirring was continued overnight. The mixture
was filtered off, washed thoroughly with acetone, and
evaporated invacuo. The products were purified using alumina
column chromatography and ethyl acetate/n-hexane 3:7 as
eluent in the case of the glycosides and by recrystallization
from ethanol in the remaining alkylated products.
Method B. A mixture of the selected 4-aryl-triazole-thione

3a or 3b (1.0 mmol) and NaHCO3 (1.1 mmol), in abs. ethanol
(10 mL) were stirred for 1 h and then the appropriate glycosyl
halide 4−5 (1.1 mmol) was added portion wise and stirring
was continued for 48 h at room temperature. The solvent was
evaporated under a vacuum, the residue was washed
thoroughly with water, filtered off, and dried. The products
were purified using alumina column chromatography and ethyl
acetate/n-hexane 3:7 as eluent.
General Method for Thermal Transformation of S-

Glycosides into N-Glycosides. Method C. The selected S-
glycoside 6a−b and 7a−b (0.1 mmol) was heated at a
temperature higher than its melting point for 5 min; the
conversion progress was monitored by TLC. After the glycosyl
migration is completed, the fused mass was left to reach
ambient temperature, and the resultant solid was grounded and
then recrystallized from EtOH to give the corresponding N-
glycosides analogs.
5-(1H-Indol-2-yl)-4-phenyl-3-(2,3,4,,6-tetra-O-acetyl-β-D-

glucopyranosylsulfanyl)-1,2,4-triazole (6a). Yields: 67%
method A, 62% method B, mp 137−138 °C [Lit. 23]; 1H
NMR (600 MHz, CDCl3): δ 1.97, 1.98, 2.00, 2.02 (4s, 12H),
3.75−3.78 (m, 1H), 4.07 (dd, 1H, J = 12.5, 1.9 Hz), 4.22 (dd,
1H, J = 12.5, 4.7 Hz), 5.06−5.11 (m, 2H), 5.27 (dd, 1 H, J =
9.3 Hz), 5.55 (d, 1H, J = 10.4 Hz), 5.71 (d, 1H, J = 1.3 Hz),
7.03 (dd,1 H, J = 8.0, 7.3 Hz), 7.22 (dd, 1H, J = 7.3, 8.3 Hz),
7.36−7.38 (m, 3H), 7.49 (d, 1H, J = 8.3 Hz), 7.60 (dd, 2H, J =
7.6, 8.0 Hz), 7.66 (dd, 1H, J = 7.4, 7.5 Hz), 10.00 (br.s, 1H,
NH); 13C NMR (150 MHz, CDCl3): δ 20.59, 20.61, 61.61,
67.85, 69.97, 73.72, 76.196, 84.34, 103.06, 111.68, 120.48,

121.32, 123.35, 124.19, 127.765, 127.985, 130.28, 130.95,
133.40, 136.398, 149.16, 150.22, 169.44, 169.55, 170.02, 170.
FTIR cm−1: 3418 (NH), 3092 (aromatic C−H), 2916
(aliphatic C−H), 1740 (C�O ester), 1595 (C�C), 1495
(C�N); HRMS (EI): m/z Calcd for C30H30N4O9S (M+):
622.1733. Found: 622.1731.
4-(4-Chlorophenyl)-5-(1H-indol-2-yl)-3-(2,3,4,,6-tetra-O-

acetyl-β-D-glucopyranosylsulfanyl)-1,2,4-triazole (6b).
Yields: 61% method A, 65% method B, mp 155−156 °C; 1H
NMR (300 MHz, CDCl3): δ 1.96, 1.98, 1.99, 2.02 (4s, 12H,
3.73−3.77 (m, 1H), 4.06 (dd, 1H, J = 12.6, 2.1 Hz), 4.20 (dd,
1H, J = 12.6, 4.8 Hz), 5.04−5.12 (m, 2H), 5.27 (dd, 1H, J =
9.3 Hz), 5.53 (d, 1H, J = 10.2 Hz), 5.77 (d, 1H, J = 1.5 Hz),
7.05 (dd, 1H, J = 8.1, 7.2 Hz), 7.23 (dd, 1H, J = 7.2, 8.4 Hz),
7.30 (d, 2 H, J 7.8 Hz, 2 HPh), 7.43 (d, 1 H, J4,5 8.1 Hz, H-
4Ind.), 7.53 (d, 1 H, J6,7 8.4 Hz, H-7Ind.), 7.57 (d, 2H, J = 9.0
Hz), 10.39 (br.s, 1H, NH); 13C NMR (75 MHz, CDCl3): δ
20.54, 20.61, 61.53, 67.84, 70.02, 73.65, 76.23, 84.49, 103.16,
111.84, 120.56, 121.36, 123.03, 124.29, 127.71, 129.41, 130.57,
131.89, 136.58, 137.12, 148.95, 150.17, 169.38, 169.51, 169.98,
170.47; FTIR cm−1: 3325 (NH), 3065 (aromatic C−H), 2944
(aliphatic C−H), 1749 (C�O), 1596 (C�C), 1493 (C�N),
744 (C−Cl); HRMS (ESI + ve mode): m/z Calcd for
C30H30N4O9SCl (M+1): 657.1422. Found: 657.1420.
3-(2-Acetamido-2-deoxy-3,4,6-tri-O-acetyl-2-deoxy-β-D-

glucopyranosylsulfanyl)-5-(1H-indol-2-yl)-4-phenyl-1,2,4-tri-
azole (7a). Yields: 65% method A, 67% method B, mp
133decomp. °C; 1H NMR (500 MHz, DMSO-d6): δ 1.75, 1.89,
1.91, 1.96 (4s, 12H), 3.81−3.85 (m, 1H), 3.88−3.94 (m, 1H),
3.98 (dd, 1H, J = 12.3, 1.9 Hz), 4.16 (dd, 1H, J = 12.3, 5.2
Hz), 4.82 (dd, 1H, J = 9.7, 9.8 Hz), 5.17 (dd, 1H, J = 9.7 Hz),
5.33 (d, 1H, J = 10.5 Hz, H-1), 5.56 (d, 1H, J = 1.55 Hz), 6.93
(dd, 1H, J = 8.0, 7.3 Hz), 7.13 (dd, 1H, J = 7.3, 8.4 Hz), 7.34
(d, 1H, J = 8.0 Hz), 7.42 (d, J = 8.4 Hz), 7.48 (d, 2H, J = 7.3
Hz), 7.63−7.70 (m, 3H), 8.11 (d, 1H, J = 9.2 Hz), 11.92 (br.s,
1H); 13C NMR (125 MHz, DMSO-d6): δ 20.21, 20.25, 20.29,
22.49, 52.26, 61.60, 68.29, 72.88, 74.88, 85.18, 101.53, 111.78,
119.66, 120.66, 123.11, 123.72, 127.05, 128.20, 129.89, 130.48,
133.70, 136.45, 148.23, 149.53, 169.14, 169.38, 169.44,
169.81; FTIR cm−1: 3312 (NH), 3171 (aromatic C−H),
2947 (aliphatic C−H), 1738 (C�O ester), 1660 (C�O
amide), 1536 (C�N); HRMS (ESI + ve mode): m/z Calcd
for C30H32N5O8S (M+1): 622.1972. Found: 622.1920.
3-(2-Acetamido-2-deoxy-3,4,6-tri-O-acetyl-2-deoxy-β-D-

glucopyranosylsulfanyl)-4-(4-chlorophenyl)-5-(1H-indol-2-

Figure 8. Histopathological examination of SCE-bearing mice in different groups in normal mice, SEC mice, and SEC-treated with 13b. Mice that
are considered to be “normal” have hepatocytes and portal tracts that are both evenly distributed (black arrows). Hydropic degeneration of
hepatocytes, a region of lytic necrosis (black arrowhead), and enlargement of the portal tract with chronic inflammatory cells characterize the SEC
group (red arrows). Mild hydropic degeneration of hepatocytes in the treated 13b group (red arrows).
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yl)-1,2,4-triazole (7b). Yields: 66% method A, 61% method B,
mp 210decomp. °C; 1H NMR (500 MHz, DMSO-d6): δ 1.74,
1.89, 1.93, 1.97 (4s, 12 H), 3.80−3.97 (m, 3 H), 4.16 (dd, 1H,
J = 12.5, 5.0 Hz), 4.81 (dd, 1H, J = 9.5, 10.0 Hz), 5.15 (dd,
1H, J = 10.0, 9.5 Hz), 5.24 (d, 1H, J = 10.5 Hz), 5.67 (d, 1H, J
= 2.0 Hz), 6.95 (dd, 1H, J = 8.5, 7.5 Hz), 7.14 (dd, 1H, J = 7.5,
8.5 Hz), 7.42 (d, 2H, J = 8.5 Hz), 7.56 (d, 2H, J = 8.5 Hz),
7.71 (d, 2H, J = 8.5 Hz), 8.15 (d, 1H, J = 9.5 Hz), 11.99 (br.s,
1H, NH); 13C NMR (125 MHz, DMSO-d6): δ 20.29, 20.31,
20.36, 22.53, 52.32, 61.61, 68.29, 72.88, 74.91, 85.40, 101.80,
111.86, 119.76, 120.90, 123.26, 123.62, 127.15, 130.01, 130.29,
132.72, 135.14, 136.56, 148.12, 149.59, 169.21, 169.46, 169.53,
169.88; FTIR cm−1: 3306 (NH), 3052 (aromatic C−H), 2960
(aliphatic C−H), 1743 (C�O ester), 1661 (C�O amide),
1594 (C�C), 1536 (C�N), 738 (C−Cl); HRMS (ESI + ve
mode): m/z Calcd for C30H31N5O8SCl (M+1): 656.1582.
Found: 656.1500.
5-(1H-Indol-2-yl)-4-phenyl-2-(2,3,4,,6-tetra-O-acetyl-β-D-

glucoopyranosyl)-3-thioxo-1,2,4-triazole (8a). Yields: 25%
method A, 73% method C, mp 280decom. °C; 1H NMR (300
MHz, CDCl3): δ 1.96, 2.04, 2.06, 2.09 (4s, 12H), 4.04−4.06
(m, 1H), 4.17 (dd, 1H, J = 12.6, 2.1 Hz), 4.35 (dd, 1H, J =
12.6, 4.8 Hz), 5.29 (dd, 1H, J = 9.6, 9.9 Hz), 5.45 (dd, 1H, J =
9.3 Hz), 5.69 (d, 1H, J = 1.2 Hz), 5.88 (dd, 1H, J = 9.3 Hz),
6.27 (d, 1H, J = 9.3 Hz), 7.07 (dd, 1H, J = 7.5 Hz), 7.22−7.65
(m, 8 H), 8.96 (br.s, 1H, NH); 13C NMR (100 MHz, CDCl3):
δ 20.59, 61.72 (C-6Glc), 67.89, 69.63, 73.61, 74.68, 82.80,
105.83, 111.37, 120.87, 121.22, 121.75, 125.20, 127.32, 128.48,
130.26, 130.86, 136.39, 136.99, 144.49, 169.31, 169.46, 170.04,
170.62, 171.60; FTIR cm−1: 3433 (NH), 3068 (aromatic C−
H), 2964 (aliphatic C−H), 1746 (C�O ester), 1607 (C�C),
1426 (C�N); HRMS (EI): m/z Calcd for C30H30N4O9S
(M+): 622.1733. Found: 622.1723.
4-(4-Chlorophenyl)-5-(1H-indol-2-yl)-2-(2,3,4,,6-tetra-O-

acetyl-β-D-glucopyranosyl)-3-thioxo-1,2,4-triazole (8b).
Yields: 23% method A, 74% method C, mp >300 °C; 1H
NMR (300 MHz, CDCl3): δ 1.96, 2.045, 2.065, 2.07, 4.16−
4.39 (m, 1H, 4.18 (dd, 1 H, J = 12.6, 2.1 Hz = ), 4.35 (dd, 1H,
J = 12.6, 5.1 Hz), 5.30 (dd, 1H, J = 9.6, 9.9 Hz), 5.45 (dd, 1H,
J = 9.6 Hz), 5.75 (d, 1H, J = 1.5 Hz), 5.87 (dd, 1H, J = 9.3, 9.6
Hz), 6.25 (d, 1H, J = 9.3 Hz), 7.07 (dd, 1H, J = 8.4, 7.2 Hz),
7.24−7.30 (m 3H), 7.24−7.44 (m, 2H), 7.59 (d, 2H, J = 8.7
Hz), 9.01 (br.s, 1H, NH); 13C NMR (100 MHz, CDCl3): δ
20.60, 20.75, 20.78, 61.75, 67.83, 69.55, 73.54, 74.72, 82.77,
105.79, 111.48, 121.00, 121.24, 121.79, 125.35, 127.32, 129.88,
130.58, 132.77, 136.39, 136.99, 144.49, 169.31, 169.46, 170.04,
170.62, 171.60; FTIR cm−1: 3401 (NH), 3042 (aromatic C−
H), 2955 (aliphatic C−H), 1747 (C�O ester), 1612 (C�C),
1494 (C�N); HRMS (ESI + ve mode): m/z Calcd for
C30H30N4O9SCl (M+1): 657.1300. Found: 657.1420.
2-(2-Acetamido-2-deoxy-3,4,6-tri-O-acetyl-2-deoxy-β-D-

glucopyranosyl)-3-thioxo-5-(1H-indol-2-yl)-4-phenyl-1,2,4-
triazole (9a). Yields: 22% method A, 85% method C, mp
>270decomp. °C; 1H NMR (400 MHz, DMSO-d6): δ 1.69, 1.96,
2.01, 2.02 (4s, 12H), 4.11 (dd, 1 H, J = 12.5, 1.2 Hz), 4.14−
4.17 (m, 1H), 4.30 (dd, 1H, J = 12.5, 4.5 Hz), 4.56−4.32 (m,
1H), 5.02 (dd, 1H, J = 9.8, 9.9 Hz), 5.53 (d, 1H, J = 1.1 Hz),
5.58 (dd, 1H, J = 9.9, 9.8 Hz), 6.39 (d, 1H, J = 9.5 Hz), 6.96
(dd, 1H, J = 8.0, 7.4 Hz), 7.17 (dd, 1H, J = 7.4, 7.9 Hz), 7.35
(d, 1H, J = 8.0 Hz), 7.45−7.47 (m, 3H), 7.64−7.67 (m, 3H),
8.01 (d, 1H, J = 8.7 Hz), 11.86 (br.s, 1H); 13C NMR (125
MHz, DMSO-d6): δ 20.29, 20.34, 20.53, 22.68, 52.33, 61.70,
68.23, 72.18, 73.17, 82.75, 104.15, 111.99, 120.01, 120.99,

121.82, 123.98, 126.63, 128.66, 129.95, 130.42, 134.65, 136.74,
144.25, 169.40, 169.65, 169.97, 170.26; FTIR cm−1: 3302
(NH), 3055 (aromatic C−H), 2938 (aliphatic C−H), 1744
(C�O ester), 1667 (C�O amide), 1604 (C�C), 1411 (C�
N); HRMS (ESI + ve mode): m/z Calcd for C30H32N5O8S (M
+1): 622.1972. Found: 622.1920.
2-(2-Acetamido-2-deoxy-3,4,6-tri-O-acetyl-2-deoxy-β-D-

glucopyranosyl)-4-(4-chlorophenyl)-5-(1H-indol-2-yl)-3-thi-
oxo-1,2,4-triazole (9b). Yields: 26% method A, 79% method
C, mp 251decomp. °C; 1H NMR (300 MHz, DMSO-d6): δ 1.69,
1.96, 2.01, 2.02 (4s, 12H), 4.09 (dd, 1H, J = 12.6, 1.3 Hz),
4.14−4.19 (m, 1H), 4.30 (dd, 1H, J = 12.6, 4.5 Hz), 4.49−4.62
(m, 1H), 5.02 (dd, 1H, J = 9.6, 9.9 Hz), 5.57 (dd, 1H, J = 9.9,
9.6 Hz), 5.68 (d, 1H, J = 1.8 Hz), 6.37 (d, 1H, J = 9.6 Hz),
6.97 (dd, 1H, J = 8.0, 7.2 Hz), 7.19 (dd, 1H, J = 7.2, J = 8.1
Hz), 7.42−7.53 (m, 4 H), 7.73 (d, 2H, J = 8.7 Hz), 8.03 (d,
1H, J = 8.7 Hz), 11.89 (br.s, 1H); 13C NMR (75 MHz,
DMSO-d6): δ 20.37, 20.42, 20.61, 22.77, 52.40, 61.74, 68.24,
72.19, 73.21, 82.87, 104.36, 112.05, 120.10, 121.23, 121.74,
124.11, 126.75, 130.17, 130.77, 133.58, 135.11, 136.84, 144.19,
169.46, 169.75, 170.04, 170.27; HRMS (ESI + ve mode): m/z
Calcd for C30H31N5O8SCl (M+1): 656.1582. Found:
656.1490.
3-(2-Hydroxyeth-1-ylsulfanyl)-5-(1H-indol-2-yl)-4-phenyl-

1,2,4-triazole (12a). Yield: 65%, mp 207−209 °C; 1H NMR
(DMSO-d6, 500 MHz) δ 3.26 (t, 2H, J = 6.5 Hz), 3.66−3.70
(m, 2H), 5.04 (t, 1H, J = 5.0 Hz), 5.58 (d, 1H, J = 1.5 Hz),
6.93 (dd, 1H, J = 8.0, 7.0 Hz), 7.12 (dd, 1H, J = 7.0, 8.5 Hz),
7.33 (d, 1H, J = 8.0 Hz), 7.41 (d, 1H, J = 8.5 Hz), 7.53−7.55
(m, 2H), 7.64−7.69 (m, 3H), 11.92 (br.s, 1H); 13C NMR
(DMSO-d6, 125 MHz) δ 34.78, 59.76, 101.22, 111.78, 119.66,
120.63, 123.02, 123.89, 127.12, 127.99, 130.19, 130.65, 133.71,
136.43, 149.03, 152.01 (C-3Trz.); FTIR cm−1: 3767 (OH),
3076 (aromatic C−H), 2932 (aliphatic C−H), 1589 (C�C),
1494 (C�N); HRMS (EI) calcd for C18H16N4OS (M+):
336.1045. Found: 336.1031.
4-(4-Chlorophenyl)-3-(2-hydroxyeth-1-ylsulfanyl)-5-(1H-

indol-2-yl)-1,2,4-triazole (12b). Yield: 70%, mp 251−252 °C;
1H NMR (DMSO-d6, 400 MHz) δ 3.26 (t, 2H, J = 6.4 Hz,),
3.65−3.70 (m, 2H), 5.03 (t, 1H, J = 5.4 Hz), 5.68 (d, 1H, J =
1.2 Hz), 6.94 (dd, 1H, J = 8.0, 7.2 Hz), 7.13 (dd, 1H, J = 7.2,
8.0 Hz), 7.39−7.43 (m, 2H), 7.62 (d, 2H, J = 8.4 Hz), 7.74 (d,
2H, J = 8.4 Hz), 11.93 (br.s, 1H); 13C NMR (DMSO-d6, 75
MHz) δ 34.96, 59.62, 101.54, 111.78, 119.79, 120.82, 123.21,
123.50, 127.14, 129.97, 130.32, 132.32, 135.34, 136.33, 148.95,
152.03; FTIR cm−1: 3730 (OH), 3365 (NH), 3154 (aromatic
C−H), 2858 (aliphatic C−H), 1591 (C�C), 1488 (C�N),
799 (C−Cl); HRMS (EI) calcd for C18H15N4OSCl (M+):
370.0667. Found: 370.0661.
3-(2-Hydroxyprop-1-ylsulfanyl)-5-(1H-indol-2-yl)-4-phe-

nyl-1,2,4-triazole (13a). Yield: 58%, mp 232−233 °C [Lit.
23]; 1H NMR (DMSO-d6, 400 MHz) δ 1.13 (d, 3H, J = 6.0
Hz), 3.22 (d, 2 H, J = 6.0 Hz), 3.88−3.92 (m, 2H), 5.01 (d,
1H, J = 4.8 Hz), 5.57 (s, 1H), 6.93 (dd, 1H, J = 8.0, 7.2 Hz),
7.12 (dd, 1H, J = 7.2, 8.0 Hz), 7.33 (d, 1H, J = 8.0 Hz), 7.41
(d, 1H, J = 8.0 Hz), 7.53−7.56 (m, 2H), 7.64−7.66 (m, 3H),
11.92 (br.s, 1H); 13C NMR (DMSO-d6, 75 MHz) δ 22.44,
40.68, 65.12, 101.96, 111.96, 119.98, 120.86, 123.35, 123.86,
127.28, 128.13, 130.45, 130.91, 133.85, 136.47, 149.19,
152.61; FTIR cm−1: 3647 (OH), 3159 (NH), 3084 (aromatic
C−H), 2922 (aliphatic C−H), 1593 (C�C), 1493 (C�N);
HRMS (EI) calcd for C19H18N4OS (M+): 350.1201. Found:
350.1208.
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4-(4-Chlorophenyl)-3-(2-hydroxyprop-1-ylsulfanyl)-5-(1H-
indol-2-yl)-1,2,4-triazole (13b). Yield: 64%, mp 243−244 °C;
1H NMR (DMSO-d6, 400 MHz) δ 1.13 (d, 3H, J = 6.4 Hz),
3.16−3.26 (m, 3H), 3.86−3.92 (m, 2H), 5.68 (d, 1H, J = 1.2
Hz), 6.94 (dd, 1H, J = 8.0, 7.2 Hz), 7.12 (dd, 1H, J = 7.2, 8.0
Hz), 7.39−7.42 (m, 2H), 7.62 (d, 2H, J = 8.4 Hz), 7.74 (d,
2H, J = 8.8 Hz), 11.92 (br.s, 1H); 13C NMR (DMSO-d6, 100
MHz) δ 22.44, 40.86, 65.10, 101.73, 111.96, 120.00, 121.00,
123.66, 123.81, 127.31, 130.15, 130.52, 132.75, 135.53, 136.50,
149.09, 152.54; HRMS (EI) calcd for C19H17N4OSCl (M+):
384.0812. Found: 384.0821.
Biology. Cytotoxicity. The MCF-7 and MCF-10A breast

cancer cell lines, as well as the HepG2 and THLE2 liver cancer
cell lines, were obtained from the National Cancer Institute in
Cairo and cultured in RPMI-1640 medium L-glutamine. The
cells were cultured in a medium containing 10% fetal bovine
serum (FBS) and 1% penicillin-streptomycin. The samples
were grown in a CO2 gas atmosphere at 37 °C. Cells were
seeded at a density of 5 × 104 per well on day two and
incubated with the compounds at concentrations of 0.01, 0.1,
1, 10, and 100 μM. Cell viability was measured using the MTT
solution.42 The absorbance was evaluated utilizing an ELISA
microplate reader, the viability percentage relative to control
was determined, and IC50 values were recorded.
Apoptosis Investigation. MCF-7 and HepG2 cells were

incubated overnight in 6-well culture plates (3−5 × 105 cells/
well) and then treated with the IC50 values for 48 h with
compound 13b. After that, the cells were incubated in a 100
μL solution of Annexin binding buffer 25 mM CaCl2, 1.4 M
NaCl, and 0.1 M Hepes/NaOH, pH 7.4 in the dark for 30 min
with Annexin V-FITC solution (1:100) and propidium iodide
(PI) at a concentration equivalent to 10 g/mL” The labeled
cells were then extracted using the Cytoflex FACS machine.
CytExpert software was used to analyze the data.43,44

Enzymatic Targeting. To assess the inhibitory potency of
compound 13b against target inhibition of PARP-1 and EGFR,
we used PARP-1 (Bioscience, Cat No. 80580, CA, USA) and
EGFR (ADP-GloTM kinase assay, Cat No. V9261, Promega,
USA). The following equation was used to calculate the
percentage of autophosphorylation inhibition by drugs:
Percentage inhibition =

Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ100 Control)Control

Treated
45,46

Molecular Docking. Both Chimera-UCSF and AutoDock
Vina were used on Linux-based platforms for molecular
modeling research. Binding sites within proteins were
identified by measuring the dimensions of grid boxes
surrounding the cocrystallized ligands; this process was carried
out utilizing Maestro to create and optimize the structures of
both proteins and compounds. Protein structures were used for
docking the tested chemicals PARP-1 (PDB = 5DS3) and
EGFR (PDB = 1XKK) using AutoDock Vina software.47 The
protein and ligand structures were optimized and energetically
favored using Vina. Molecular docking results were interpreted
by binding activities in terms of binding energy and ligand−
receptor interactions. Chimera was then utilized to make the
visualization.
In Vivo. Ethics Statement. The experimental protocol was

permitted by the Research Ethics Committee (Approval
number REC135/2022), Chemistry Department, Faculty of
Science, Suez Canal University.
Animal, Tumor Inoculation Experiment Design. A total of

40 male Swiss albino mice (weighing between 21 and 28 g)
were randomly separated into four groups: normal control,

SEC control, SEC + 13b, and SEC + Erlotinib. After 10 days of
tumor cell inoculation, tumor masses appeared where SEC
cells (1 × 106 tumor cells/mouse) had been put subcuta-
neously into the right thigh of the hind limb. On day seven
post-tumor inoculation, the 13b and Erlotinib 5 mg/kg BW,
IP” were administered in seven doses.48 Finally, the size of the
solid tumor masses was evaluated. The experiment was
concluded by sacrificing several groups of animals and
collecting blood samples for the hematological parameters
Hb, RBC, and WBC levels, serum for the assessment of liver
enzyme levels ALT, AST, and total protein, and histopatho-
logical examinations.
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