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Synthesis and biological evaluation of thiophene based oxadiazole
derivatives as promising anticancer agents against liver cancer
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Abstract: Background: Liver cancer is a leading cause of cancer-related mortality worldwide. Clinical use of the first-
line drug sorafenib is limited due to drug resistance and severe adverse effects. Objectives: The current study aimed to
synthesize a series of N-arylated thiophene-based 1,3,4-oxadiazole derivatives containing a carbamothioate moiety (7a-
7d) as potential anticancer agents with improved efficacy and safety profiles. Methods: Derivatives were synthesized via
coupling of thiophene-based 1,3,4-oxadiazole (compound 1) with various electrophiles, yielding 62-86%. The structures
of all derivatives were established based on FT-IR, '"H NMR, *C NMR, and EI-MS. The in-vitro anticancer effect of all
derivatives was assessed using the MTT assay against the HepG2 cancer cell line and their hemolytic safety was assessed
on human red blood cells. Results: All derivatives exhibited cytotoxicity with minimal hemolytic effects. Derivative 7b
(2,6-dimethyl) exhibited excellent activity by reducing cell viability of 33.96 +£2.47% at 100 pg/mL and minimal hemolysis
(1.20 £ 0.01%) with a high selectivity index (SI) of 28.3, similar to sorafenib (34.32 + 1.91%, SI = 27.45). Derivatives 7a
(phenyl) and 7d (ethyl) showed moderate activity and 7c (fluoro) was the least potent. Conclusion: Thiophene-based
oxadiazole-coupled carbamothioate derivatives, particularly 7b, demonstrate enhanced anticancer efficacy and safety
compared to sorafenib, representing promising candidates for targeted liver cancer therapy.
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INTRODUCTION

Cancer remains a significant global health concern due to
its association with different diseases that impact various
organs throughout the body (Hawash et al., 2024).
Currently it ranks as the world’s second most prevalent
cause of death (Feng et al., 2024; Sonal et al., 2024; Sung
et al., 2021). This process typically starts whenever a cell
grows and replicates abnormally, exceeding normal limits
(Mughees et al., 2022). By 2030, cancer is expected to
affect approximately twenty-six million new individuals
annually, resulting in nearly seventeen million deaths each
year (Tayanloo-Beik et al., 2024). Liver cancer is regarded
to be one of the most prevalent forms of cancer in the
gastrointestinal tract (Suresh et al, 2020). At present,
sorafenib is the sole FDA-approved drug for liver cancer
treatment, providing only a limited extension of patient
survival by a few months (Liang, 2024). However, standard
clinical treatments, such as immunotherapy, hormone
therapy, radiotherapy, chemotherapy and surgery, often
result in significant adverse effects. Furthermore, liver
cancer cells exhibit an innate resistance to conventional
chemotherapy and radiotherapy (Zhou et al., 2024). To
meet the urgent need for discovering and developing
effective chemotherapeutic agents and to overcome the
challenges of existing anticancer drugs, including toxicity
and the development of drug resistance, researchers are
actively working on the discovery of effective heterocyclic
motifs (Bin Muhsinah et al., 2024).

Several studies explored the applications of distinct
nitrogen- and sulfur-containing heterocycles, especially
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thiophene and 1,3,4-oxadiazole, in drug discovery due to
their broad pharmacological potential (Sharma et al., 2024;
Thakur et al., 2025). Compounds with a thiophene core
demonstrate strong anti-cancer properties by influencing
various critical pathways involved in cancer (Almatari et
al., 2024). Whereas the 1,3,4-oxadiazole moiety was
initially recognized as a key structural component in many
therapeutically promising anti-cancer drugs due to its
ability to improve metabolic stability and target interaction
(Samanta et al., 2025). Carboxamides serve as valuable
pharmacophores in numerous pharmacologically active
compounds (Al-Najdawi et al., 2025; Javed et al., 2023;
Naseer et al., 2022). A number of carboxamide-containing
heterocyclic compounds have been found to be useful
medications for the treatment of cancer (Mara et al., 2025).
Considering the anticancer properties of thiophene, 1,3,4-
oxadiazole and carboxamide moieties, we designed and
synthesized  hybrid compounds incorporating a
carbamothioate fragment with two significant bioactive
heterocyclic moieties, thiophene and 1,3,4-oxadiazole,
aiming to inhibit tumor progression and enhance anticancer
efficacy against liver carcinoma (HepG2). Moreover, our
molecular design incorporates a hydrophobic aryl ring
flanking the carboxamide moiety, thereby enhancing
solubility, bioavailability and drug-like properties. In our
previous work, we successfully synthesized hybrid
compounds incorporating both  oxadiazole and
carbamothioate pharmacophores to inhibit the progression
of epilepsy (Rasool et al., 2023). Continuing from our prior
research on heterocyclic compounds, we have now formed
a five-membered heterocycle, specifically a 5-(5-
chlorothiophen-2-yl)-1,3,4-oxadiazole-2-thiol nucleus, to
further explore its potential as a therapeutic agent by
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cyclizing the -COOH group of 5-chlorothiophene-2-
carboxylic acid.

MATERIALS AND METHODS

General

The chemicals utilized in the present research were of
synthetic grade and obtained from Merck and Sigma-
Aldrich. Melting points of all derivatives were measured
using a Stuart-digital melting point apparatus (SMP 20,
UK). Fourier Transform Infrared (FT-IR) Spectroscopy
(4000-400 cm™') was performed using a Shimadzu FT-IR-
8400 spectrophotometer (Shimadzu, Japan). A Bruker
Avance spectrometer (Bruker, Germany) was used to
record proton nuclear magnetic resonance ('"H NMR) and
carbon-13 nuclear magnetic resonance ('3C NMR) spectra
at400 and 101 MHz, respectively, using DMSO-ds in tubes
of 5 mm diameter. In relation to the internal standard
tetramethylsilane (TMS), chemical shift measurements
were expressed in the ppm scale and coupling constant
values in Hz. Reaction progress and purity of synthesized
derivatives ~ were  monitored  using  thin-layer
chromatography (TLC) on silica-coated plates (Merk,
Germany) using various proportions of n-hexane-ethyl
acetate as a solvent system.

Synthesis of methyl 5-chlorothiophene-2-carboxylate (2)
In a 500 mL round-bottom (RB) flask pre-dried in an oven,
5-chlorothiophene 2-carboxylic acid (1; 0.03 mol, 6.0 g) in
30-50 mL of methanol along with a catalytic amount of
concentrated Sulphuric acid (2-5 mL) was refluxed at 200
°C for 6-8 hours. The reaction progress was observed using
thin-layer chromatography (TLC). Upon completion, the
reaction mixture was neutralized with 10% Na,CO;
solution. Then, the reaction mixture was shifted to a 1000
mL separating funnel with chloroform (CHCI3) in it. The
contents were vigorously shaken for 35-40 minutes,
allowing the formation of two distinct layers. After this, the
chloroform layer was evaporated to isolate the desired
compound (2), which appeared as a brownish oily liquid
(Gul et al., 2017).

Synthesis of 5-chlorothiophene-2-carbohydrazide (3)

A solution of methyl 5-chlorothiophene-2-carboxylate (2;
0.02 mol, 5.0 mL) in 15 mL methanol was combined with
hydrazine monohydrate (0.04 mol, 10 mL) in a 250 mL
round-bottom (RB) flask. The reaction mixture was
continuously stirred at RT for 1-2 hours at 200 rpm. The
reaction progress was observed wusing thin-layer
chromatography (TLC). Upon completion, the resulting
precipitate (3) was quenched with cold distilled water, then
collected by filtration, washed and dried. Re-crystallization
was carried out using methanol (CH3OH). The desired
compound is isolated as a white amorphous solid
(Alderawy et al., 2020).

Synthesis of 5-(5-chlorothiophen-2-yl)-1,3,4-oxadiazole-
2-thiol (4)

In a round-bottom (RB) flask, pre-dried in an oven, a
solution of 5-chlorothiophene-2-carbohydrazide (3; 0.028
mol, 5 g) in 40 mL absolute methanol was reacted with
KOH (0.027 mol, 1.57 g) at reflux for 1 hour. Carbon
disulfide (0.027 mol, 1.70 mL) was subsequently added
and the mixture was refluxed at 250 °C for 12 to 14 hours.
Using thin-layer chromatography (TLC), the reaction’s
progress and completion were continuously monitored.
Upon completion of the reaction, the mixture was diluted
using chilled water and diluted HCI was used to reduce the
pH below 5-6. The resulting precipitates were separated
upon filtration and then subsequently washed with water.
Precipitates underwent recrystallization using ethanol.
Compound (4) was isolated as a white powder (Khan et al.,
2020).

Synthesis of N-substituted Aryl & Alkyl 2-
bromopropanamides (6a-6d)

In a round-bottom (RB) flask, pre-dried in an oven, aryl &
alkyl amines (5a-5d: 0.012 mol) were solubilized in 10.0
mL of 5% Na,COs solution (pH: 8-9). The previously
described reaction mixture was gradually supplemented
with 2-bromopropanoyl bromide (0.012 mol). Precipitates
were formed by slowly shaking the mixture in the RB flask
for 10-15 minutes. Using thin-layer chromatography
(TLC), the reaction’s progress and completion were
continuously monitored. After the reaction was complete,
the flask was filled with cold water. The precipitates of
electrophiles (6a-6d) were collected by filtration, then
dried or recrystallized from methanol (Irfan ef al., 2024).

Synthesis of N-arylated 5-(5-chlorothiophen-2-yl)-1,3,4-
oxadiazole-2-yl-2 sulfanyl carbamide derivatives (7a-7d)
A series of derivatives (7a-7d) was prepared with a
favorable yield via reacting compound (4) (0.0004573 mol,
0.1 g) with an equimolar quantity of N-substituted aryl &
alkyl 2-bromopropanamides (6a-6d) in 6 mL N,N-
dimethylformamide (DMF) and LiH (0.002 mol, 0.05 g)
through stirring at room temperature (RT) for 3-5 hours.
Using thin-layer chromatography (TLC), the progress and
completion of the reaction were continuously monitored.
Upon completion of the reaction, n-hexane was added,
causing precipitation of the desired derivatives (7a-7d).
Following recrystallization in methanol or column
separation using a combination of ethyl acetate or
petroleum ether (2:8), these precipitates were purified
(Rasool et al., 2023).

Biological screening

In-vitro cytotoxicity assay

The synthesized thiophene-oxadiazoles (7a-7d) were
evaluated in-vitro for their anti-hepatocellular activity
against the HepG?2 liver cancer cell line using the standard
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay (Mahmood et al., 2022; Akhter et
al.,2023). The details of cell line source and authentication
is provided in supplementary data. The hepatic cancer cells
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were cultivated in Dulbecco Modified Eagle Medium
(DMEM) added with 10% fetal bovine serum (FBS), 100
units/mL penicillin and 1% streptomycin and incubated at
37 °C in a humidified environment containing 95% air and
5% CO,. The HepG2 cancer cell line was subjected to treat
with the derivatives 7a-7d (100 ug/100 mL) dissolved in
dimethyl sulfoxide (DMSO), whereas the cells treated with
dimethyl sulfoxide (DMSO) served as a negative control.
Cancerous cells were cultivated in 96-well plates and
incubated overnight, then subjected to different
concentrations of derivatives (7a-7d) 48 h later. After 48 h
of incubation, 10 pL of MTT reagent (5 mg/mL) was added
to each well and the plates were subsequently incubated for
4 h at 37 °C. After that, 150 uL of control dimethyl
sulfoxide (DMSO) was used to dissolve the formazan
crystals. A microplate reader was used to measure
absorbance at 490 nm in order to determine the percentage
of cell viability.

Hemolytic assay

The hemolytic activity of synthesized derivatives (7a-7d)
was measured according to the previously reported
procedure with small modifications (Gul et al., 2017). To
isolate red blood cells (RBCs), a fresh blood (3-5 mL)
sample was obtained from a healthy donor in an EDTA tube
and centrifuged at 1000 rpm (or 1000xg) of the centrifugal
force for 5-10 minutes. The tubes were centrifuged, the
supernatant discarded and the red blood cell (RBC) pellets
cleaned with chilled sterile phosphate-buffered saline
(PBS, pH 7.4) three times. After 30 to 60 minutes, 20 uL of
the test sample solution (10 mg/mL) made in dimethyl
sulfoxide (DMSO) was added to RBC suspension and the
mixture was incubated at 37 °C. After that the tubes were
placed on ice and recentrifuged for five minutes at 100xg
or 13,000 rpm. The supernatant of each tube was shifted
into a fresh tube, vortexed with cold PBS and the
absorbance was measured at 576 nm. In every experiment,
2,2-azino-bis  (3-ethylbenzothiazoline-6-sulfonic  acid)
ABTS was employed as the positive control and dimethyl
sulfoxide (DMSO) as the negative control. The percentage
of hemolysis was computed by the following formula:

9% Age Hemolysis = (Absorbance of Sample — Absorbance of Negative Control) «
0 Age Hemotysis = (Absorbance of Positive Control)

100

Statistical analysis

All calculations were carried out in triplicate and statistical
analysis was conducted using Microsoft Excel 2013.
Results are expressed as: Mean + S.D (n=3).

RESULTS

The aim of this study was to synthesize derivatives derived
from 5-(5-chlorothiophen-2-yl)-1,3,4-oxadiazole-2-yl-2-
sulfanyl carbamide and to evaluate their in-vitro anticancer
activity against the liver cancer HepG2 cell line and
hemolytic activity using human red blood cells (RBCs) in
order to determine the safety and selectivity of these
derivatives. A series of four derivatives was synthesized as
shown in Fig. 1.

Zainib Razzaq et al.

Chemistry

In summary, 5-chlorothiophene-2-carboxylic acid (1) was
subjected to esterification with absolute methanol using
conc. H,SOq as a catalyst at 200 °C for 6-8 hours to obtain
the corresponding ester (with 90% yield) (2). The ester was
gradually stirred with hydrazine monohydrate in methanol
(CH30H) at 200 rpm for 1-2 hours, resulting in the
formation of the respective hydrazide (3) in 80% yield. The
hydrazide (3) was then converted into the corresponding
oxadiazole (with 75% yield) (4) by progressively heating it
with CS, in absolute methanol in basic media for 12-14
hours at 250 °C. Various N-substituted aryl & alkyl 2-
bromopropanamides (6a-6d) were synthesized via reacting
different aryl & alkyl amines (5a-5d) with 2-
bromopropanoyl bromide in Na,CO; solution (pH: 8-9),
serving as electrophiles. These electrophiles (6a-6d) were
coupled with compound (4) by substituting the acidic
proton of the thiol group at room temperature in N,N-
dimethylformamide (DMF) using lithium hydride (LiH) as
a catalyst to attain the desired derivatives (7a-7d) in 62-
86% yield. The general synthetic route and molecular
structures of these derivatives (7a-7d) are shown in Fig. 1.

In-vitro anticancer activity

The in-vitro anticancer activity of all the synthesized
thiophene-oxadiazole derivatives (7a-7d) was assessed
against liver cancer cell line HepG2 at a fixed
concentration of 100 pg/mL using the standard MTT
protocol to measure cell viability relative to reference
standard drug Sorafenib (10 pM), as depicted in Table 1.
All derivatives exhibited different cytotoxic effects. In
comparison to other derivatives, the thiophene oxadiazole
hybrid 7b with a 2,6-dimethyl substituent exhibited the
strongest and most significant cytotoxicity, reducing the
viability of HepG2 to 33.96 & 2.47% and being statistically
more potent (p < 0.01) than Sorafenib. Derivative 7d (4-
ethyl) demonstrated promising inhibition with a cell
viability of 37.21 + 1.71%, equivalent to Sorafenib.
Comparatively, 7a (phenyl) demonstrated moderate
inhibition (52.64 £ 0.25%), whereas 7c (4-fluoro) was
found to be the least active (63.98 = 1.67%) and its effect
was not statistically significant compared to sorafenib.
These results indicate that the presence of electron-
donating groups (dimethyl and ethyl) is preferable toward
anticancer activity, whereas electron-withdrawing fluorine
inhibits cytotoxic potential.

Hemolytic potential

The hemolytic potential of all thiophene-oxadiazole
derivatives (7a-7d) was measured by using human
erythrocytes (of a healthy donor) and the results are
tabulated in Table 1. All test derivatives exhibited a low to
moderate toxicity to red blood cells (RBCs) in comparison
to positive control ABTS (95.5%). The most
hemocompatible derivative was 7b (2,6-dimethyl) with
1.20 + 0.01% hemolysis, followed by Sorafenib (1.25 +
0.02%) and 7a (4.21 + 0.01%). Derivative 7d presented
moderate toxicity (4.35 = 0.21%), whereas 7c (4-fluoro)
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showed the highest toxicity among all derivatives (7.37 +
0.38%), perhaps indicating a less safe profile. The negative
control DMSO (0.1%) and buffer control phosphate-
buffered saline (PBS) (0.45 £+ 0.15%) verified the assay
performance.

Selectivity index

To determine the therapeutic safety of thiophene
oxadiazole hybrids (7a-7d), the selectivity index (SI) was
calculated by the ratio of cell viability to hemolysis, as
shown in Table 1. The selectivity index (SI) value of
derivative 7b was the best (28.30), even better than that of
Sorafenib (27.45), indicating the excellent balance between
cytotoxicity and hemocompatibility. Compound 7a
displayed a relatively high selectivity index (12.50),
compared with 7c¢ (8.68) and 7d (8.55). These results
confirm that dimethyl substitution improves anticancer
activity and safety, so 7b is regarded as the most promising
lead structure among all synthesized derivatives.

Does response analysis

All prepared derivatives (7a-7d) were further screened
individually in dose-response assays (3.1-200 pg/mL) to
analyze their concentration-dependent cytotoxic effect on
HepG2 cells as shown in Fig. 2. The graphs demonstrated
that even at reduced concentrations (25 pg/mL), the
derivative 7b (2,6-dimethyl) exhibited positive results, as it
reduced the cell viability below 50, indicating its high
potency. For the derivative 7d (4-ethyl), slightly higher
concentrations were needed to make a significant reduction
in viability compared to 7b. Derivatives 7a (phenyl) and 7¢
(4-fluoro) are the weakest regarding their dose responses,
with observable cytotoxicity at higher doses only (100
pg/mL or more). These results validate that the anticancer
effect is enhanced with electron donating (dimethyl and
ethyl) at lower doses but reduced at higher doses with
electron withdrawing (fluoro). Both fixed-dose screening
and detailed dose-response analysis identify derivative 7b
as the most promising lead candidate overall.

DISCUSSION

The morphology and structures of all produced derivatives
(7a-7d) were thoroughly corroborated through detailed
spectroscopic analysis. The spectroscopic data confirm the
structures of the synthesized derivatives as presented in
Table 2. The structural analysis of one representative
derivative is presented here for the readers’ understanding.
Derivative 7b was obtained as a white amorphous powder
with a melting point of 141-143°C. Elemental analysis
(CHN) data  verified its molecular formula,
Ci5H12CIN30,S,, while its molecular weight was validated
through the peak of the molecular ion at m/z 367.00 [M+H]
*. Additionally, structural identification was further
confirmed by the proton count and the carbon resonances
identified in the 'H NMR and *C NMR spectrums,
respectively. The FT-IR spectrum (KBr, cm™), indicated
the presence of key functional groups (N-H, Ar. C-H, C=0,

C=N, C=C, CHsrocking, C-O-C, C-C, C-S-C bending, C-
Cl, C-H bending) with absorption bands at v 3285, 2975,
1635, 1575, 1536, 1375, 1029, 1005, 969, 657, 537 and
504. In the 'HNMR spectrum of derivative 7b, the
carboxamide fragment was confirmed by a highly
deshielded singlet of N-H in the aromatic region at 6 11.03
ppm. The thiophene ring system attached to the nitrogen
atom of the 1,3,4-oxadiazole core was confirmed by two
doublets at 6 7.58 ppm and 7.31 ppm (Ar-H-3, H-4) with a
coupling constant of 4.0 Hz. A dimethyl-substituted phenyl
ring linked with the nitrogen atom of the carboxamide
fragment was identified by a doublet of two protons (Ar-
H-3', H-5') at 7.19 ppm with a coupling constant of 8.3 Hz
and a doublet of doublets for one proton (Ar-H-4') at 7.03
ppm with a coupling constant of 4.5 Hz. In the aliphatic
region, a characteristic multiplet for six protons (2CHj3) at
6 2.16-2.07 was indicative of two methyl substituents at the
phenyl amide ring. The *CNMR spectrum of derivative 7b
displayed signals for ten distinct carbon atoms, accounting
for a total of fourteen carbon atoms in the molecule. The
carboxamide fragment was verified by downfield
resonance of the C=0O group at & 160.84 ppm. The
thiophene ring system was identified by two quaternary
carbon signals at & 133.70 ppm and 128.80 ppm (C2, C5)
and two methine carbon signals at & 126.22 ppm and
128.99 ppm (C3, C4). Similarly, a quaternary carbon signal
at & 157.29 ppm (C7) verified the presence of the (1,3,4-
oxadiazole-2yl) sulfanyl moiety. The dimethyl-substituted
phenyl ring was characterized via three quaternary carbon
resonances at & 136.56 (C1') and 129.97 ppm (C2’, C6"),
along with one symmetrical aromatic methine doublet at &
129.64 (C3’, C5") and an aromatic methine signal at o
126.22 (C4'). A resonance at & 17.46 ppm confirmed the
presence of dimethyl substituents at the phenyl amide ring.
The chemical shift values in the 'H NMR (A) and 3*C NMR
(B) spectrums of derivative 7b are presented in Fig. 3.
Based on spectral data, the molecular structure was
identified as S-(5-chlorothiophen-2-yl)-1,3,4-oxadiazol-2-
yl (2,6-dimethylphenyl)-carbamothioate (7b). The same
spectroscopic strategy was employed for structural
characterization of the remaining derivatives (7a-7d) in the
series.

Biological activity

The synthesized thiophene-oxadiazole derivatives (7a-7d)
were evaluated to determine their anticancer activity
against HepG?2 liver cancer cells and hemolytic activity to
evaluate biocompatibility. The results showed distinct
structure-activity relationships that depended on the type of
substituents on the phenyl ring that was connected to the
carboxamide moiety’s nitrogen. Among all tested
derivatives, derivative 7b (2,6-dimethyl) exhibited
excellent activity, with cell viability of 33.96 + 2.47% at
100 pg/mL. Derivative 7b demonstrated significantly
lower hemolysis (1.20 + 0.01%) than sorafenib (1.25 +
0.21%) and its efficacy was nearly identical to that of the
reference drug sorafenib (34.32 + 1.91%).
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Table 1: Evaluation of anticancer activity against the HepG2 cell line (cell viability % + SD at 100 pg/mL for test
compounds and 10 uM for sorafenib as a reference drug), hemolytic activity (% + SD) on human RBCs [ABTS (+ve
control), DMSO (+ve control), PBS (buffer control)] and Selectivity Index (viability/hemolysis) of synthesized thiophene-
based oxadiazole derivatives (7a-7d).

Compound Substituents Cell viability Hemolytic potential ~ Selectivity index Significance
R) (%) (%) (ShH Vs Sorafenib

7a Phenyl 52.64 +0.25 4.21+0.01 12.50 *

7b 2,6-Dimethyl 33.96 +2.47 1.20+£0.01 28.3 *E

7c 4-Fluoro 63.98 £1.67 7.37+0.38 8.68 NS (Non-

Significant)

7d 4-Ethyl 3721+ 1.71 435+0.21 8.55 *

Sorafenib (10 3432+ 1091 1.25+£0.21 27.45 Reference

HM)

ABTS +ve Control - 95.5+0.0 - -

DMSO -ve Control 1000 0.1 - -

PBS Buffer Control - 0.45+0.15 - -

The mean + SD (n=3) is used to express the values. All calculations were performed in triplicate by using Microsoft Excel 2013. One-
way ANOVA with T-test was used to determine statistical significance when compared to PBS control (*p < 0.05, **p < 0.01, **p <
0.001). A greater Selectivity Index (SI) denotes a safer and more selective anticancer activity. SI was calculated as the ratio of % Cell
Viability to % Hemolysis.

Table 2: Spectral data for derivatives (7a-7d)

M.P. FT-IR (cm)/'H &'*C-NMR (400 MHz & 101 MHz DMSO-ds)/ EI-
%Yield (°C)  MS (m/2)
3139 (N-H), 2930 (Ar. C-H), 1650 (C=0), 1494 (C=N), 1414 (Ar.
C=C), 1252 (C-0O-C), 689 (C-S-C bending), 630 (C-Cl1)/ 10.75 (s, 1H,
Off-white N-H), 7.59 (d, /= 7.8 Hz, 2H, Ar-H-2', H-6"), 7.50 (d, J=4.0 Hz, 1H,
Ta crystalline 70 132-  Ar-H-3), 7.36 (t, J= 8.0 Hz, 2H, Ar-H-3’, H-5"), 7.31 (d, J = 4.0 Hz,
134 1H, Ar-H-4), 7.02 (t, J = 7.3 Hz, 1H, Ar-H-4')/ 159.93, 153.50,
138.84, 132.09, 129.58, 128.96, 128.47, 124.36, 122.52,
117.59/338.97 [M+1]*
3285 (N-H), 2975 (Ar. C-H), 1635 (C=0), 1575 (C=N), 1536 (Ar.
C=C), 1375 (CHs rocking), 1029 (C-O-C), 1005 (C-C bending), 696
(C-S-C bending), 657 (C-Cl), 537,504 (C-H bending)/ 11.03 (s, 1H,
7h White 26 141- N-H), 7.58 (d, J= 4.0 Hz, 1H, Ar-H-3), 7.31 (d, /= 4.0 Hz, 1H, Ar-
amorphous 143 H-4), 7.19 (d, J = 8.3 Hz, 2H, Ar-H-3', H-5"), 7.03 (dd, J = 4.5 Hz,
1H, Ar-H-4"), 2.16-2.07 (m, 6H, 2CHs)/ 160.84, 157.29, 136.56,
133.70, 129.97, 129.64, 128.99, 128.80, 126.22, 17.46/367.00
[M+1]*
3397 (N-H), 3095 (Ar. C-H), 1628 (C=0), 1572 (C=N), 1533 (Ar.
C=C), 1214 (C-F), 1024 (C-O-C), 694 (C-S-C bending), 655 (C-Cl)/
White 10.79 (s, 1H, N-H), 7.63 — 7.57 (m, 2H, Ar-H-2', H-6"), 7.50 (d, J =
Tc crystalline 73 239- 4.0 Hz, 1H, Ar-H-3), 7.30 (d, J = 4.0 Hz, 1H, Ar-H-4), 7.21 (d, J =
241 8.9 Hz, 2H, Ar-H-3’, H-5")/ 159.93, 159.06, 156.69, 153.52, 135.31,
132.12, 128.96, 128.51, 124.31, 119.25, 119.17, 116.31,
116.08/356.96 [M+1]*
3236 (N-H), 2959 (Ar. C-H), 1625 (C=0), 1575 (C=N), 1512 (Ar.
C=0C), 1424, 1319 (CH,, CHs bending), 1025 (C-O-C), 698 (C-S-C
Off-white 190- bending), 618 (C-Cl), 527 (C-H bending)/ 10.46 (s, 1H, N-H), 7.52 —
7d amorphous 62 192 7.46 (m, 3H, Ar-H-3, H-2', H-6), 7.30 (d, J = 4.0 Hz, 1H, Ar-H-4),
7.19 (d, J=8.6 Hz, 2H, Ar-H-3', H-5'), 2.56 (q, J= 7.6 Hz, 2H, CH,),
1.16 (t,J=7.6 Hz, 3H, CH3)/ 160.04, 153.38, 137.95, 136.55, 132.00,
128.93, 128.78, 128.36, 124.42, 117.70, 27.96, 16.23/367.00 [M+1]*

Compounds  Appearance
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Fig. 3: Chemical Shift values of derivative 7b in (A) 'H-NMR and (B) *C-NMR.

The selectivity index (SI) of 7b was higher (28.3) than that
of sorafenib (27.45), suggesting its superior cytotoxicity
against cancer cells compared to red blood cells. It clearly
indicates that the presence of steric bulk at ortho-positions
(2,6-dimethyl) of the phenyl ring increases both potency
and safety, as seen in previous reports on methyl-
substituted heteroaryl compounds in terms of anticancer
research (Benassi et al., 2020; Salem et al, 2022).
Derivative 7d (4-ethyl) also showed remarkable cytotoxic
activity (37.21 £+ 1.71% viability) with a moderate
hemolysis (4.35 £ 0.21%) and SI (8.55). While being less
selective than 7b, its comparable cytotoxic effect indicates
that the small alkyl groups at the phenyl ring also promote
an anticancer effect, which is in line with recent research
on ethyl-substituted oxadiazole-triazoles (Khedkar ez al.,
2024). Derivative 7a (phenyl) demonstrated moderate
activity with 52.46 £+ 0.25% viability and minimal
hemolysis (4.21 £ 0.01%) with a resultant SI of 12.5. This
suggests that the presence of an unsubstituted bulky phenyl
group causes moderate cytotoxicity but reduces selectivity,
as instead of 2,6-dimethyl substitution (Bajaj et al., 2021;
Romagnoli et al., 2021). Comparatively, the derivative 7c
(4-fluoro) substituent at the para position of the phenyl
ring showed the least activity with 63.98 + 1.67% viability
and higher hemolysis (7.37 £ 0.38%), yielding an SI of
8.68. Previous results suggest that halogenation might
preserve polarity without necessarily increasing
cytotoxicity. The decreased selectivity of the fluoro
substituent revealed the fact that electron-withdrawing
substituents at the para position of the phenyl ring may
disrupt their effectiveness against cancer (Abbas et al.,
2024; Wieczorkiewicz et al., 2024). The general pattern of
activity was 2,6-dimethyl (7b) > 4-ethyl (7d) = sorafenib >
phenyl (7a) > 4-fluoro (7c). Overall, these findings
demonstrate that steric and electronic interactions play a
crucial role in the regulation of the activity of thiophene-
oxadiazole derivatives. Promising candidates for
additional preclinical research are electron donating alkyl
groups, particularly those with dimethyl functionality,
which enhance cytotoxicity and decrease hemolytic
toxicity.

CONCLUSION

Thiophene, 1,3,4-oxadiazole and carboxamide scaffolds
are important frameworks in anticancer drug discovery. In
this study, we synthesized thiophene-based 1,3,4-
oxadiazole derivatives (7a-7d), where the carboxamide
fragment is linked to a phenyl ring with various
substituents and assessed their anticancer effect against
HepG?2 liver cancer cells as well as hemolytic safety. All

derivatives exhibited moderate-to-excellent cytotoxic
effects, similar to that of sorafenib, that varied according to
the phenyl ring substitution, as indicated in Table 1. The
toxicity of these structural hybrids was also low, in the
range of 7.37% to 1.20%, as compared to the 95.5%
toxicity displayed by the reference standard ABTS.
Derivative 7b (2,6-dimethyl) showed excellent anticancer
activity, with reduced cell viability of 33.96 +2.47% at 100
pg/mL, resulting in a high selectivity index (SI = 28.3),
similar to sorafenib. Derivatives 7a (phenyl) and 7d (ethyl)
exhibited moderate activity and 7c¢ (fluoro) demonstrated
the least activity, with a cell viability of 63.98 + 1.67%.
The general pattern of activity was 2,6-dimethyl (7b) > 4-
ethyl (7d) = sorafenib > phenyl (7a) > 4-fluoro (7c¢).
Consequently, these findings suggest that thiophene-
oxadiazole-carbamothioate derivatives, especially 7b, have
the potential to be a promising lead scaffold for the
development of  therapeutic  candidates against
hepatocarcinoma and for overcoming the drawbacks of
current therapies such as sorafenib. These findings support
further structural optimization and detailed preclinical
assessment of these structural hybrids to achieve safe and
more effective therapeutic agents for liver cancer.
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