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INTRODUCTION

Cancer, being the second leading cause of death globally,
presents a significant challenge to public health. According to
the World Health Organization (WHO), in 2022 alone, there
were approximately 20 million new cancer cases and 9.7 million
deaths attributed to the cancer [1,2]. The statistics underscore
the urgent need for effective anticancer therapies. Despite notable
advancements in treatment, the development of novel anticancer
drugs remains a pressing endeavor for researchers worldwide
[3-5].

A promising avenue in this quest lies in the exploration of
heterocyclic compounds, particularly 1,3,4-oxadiazoles. These
five-membered rings, containing two nitrogen atoms and one
oxygen atom, have garnered significant attention due to their
diverse pharmacological properties [6,7]. The incorporation
of the 1,3,4-oxadiazole moiety into drug molecules has been
shown to enhance metabolic stability, water solubility and reduce
lipophilicity, thereby potentially improving pharmacokinetic
profiles [8-10]. Moreover, the 1,3,4-oxadiazole ring serves as
a crucial pharmacophore element, facilitating interactions with
biological targets. Its structural versatility allows it to act as a
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Two series of 1,3,4-oxadiazole scaffolds (10a-j & 12a-j) were synthesized and comprehensively characterized using IR, NMR and mass |
spectra. Subsequently, the synthesized compounds underwent screening for anticancer activity against HepG2 and MCF-7 cell lines. All |
the 20 compounds exhibited substantial anticancer activity with compounds 10b and 10e demonstrating particularly significant activity
surpassing that of the standard 5-fluorouracil. Significantly, compound 10b displayed superior efficacy compared to compound 10e, |
prompting its selection for further in vivo assessment against diethylnitrosamine-induced hepatocellular carcinoma. In in vivo evaluation, |
compound 10b significantly reduced levels of AST, ALT, ALP and bilirubin in comparison to the positive control group. It also exhibited |
significant hepatoprotective effects, albeit marginally less potent than standard 5-fluorouracil. These findings underscore the considerable |
potential of compound 10b as an anticancer agent within the series, suggesting its candidacy for further development and clinical exploration |
|
|

Keywords: 1,3,4-Oxadiazoles, Cell lines, Diethylnitrosamine, Cancer, Hepatocellular carcinoma.

flat aromatic linker, helping in the proper orientation of the
molecule and enhancing its binding affinity [11,12]. This mole-
cular architecture has been exploited in various therapeutic areas,
including antibacterial, antimalarial, anti-inflammatory, anti-
depressive, antiviral and anticancer activities [ 13]. The rational
design and synthesis of novel 1,3,4-oxadiazole derivatives offer
a promising approach for the development of potent anticancer
agents, as evidenced by existing literature [14,15].

EXPERIMENTAL

Design and in silico screening: To design possible 1,3,4-
oxadiazoles in present investigation, a thorough literature review
and database searches were carried out. Compounds with estab-
lished anticancer activities were prioritized as conveniently
accessible for the experimental validation. To achieve a thorough
assessment, the selection method also took into account for
the variety of 1,3,4-oxadiazoles. In the present study, twenty
1,3,4-oxadiazole derivatives (10a-j & 12a-j) were synthesized.
These derivatives were derived from two distinct intermediates
viz. methylpiperazin-1-yl (7) and chloroquinoxalin-2-yl (11).
From each intermediate, ten derivatives were synthesized, as
illustrated in the accompanying schemes.
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Previous work involved first docking studies to predict
the binding modes with the BCL-2 protein, thereby evaluating
the synthetic possibility of the titled compounds in the pre-
liminary in silico screening [ 16]. The pharmacokinetic profiles
(ADMET) of the compounds were also determined using the
pkCSM server in the previous work [ 16]. These steps informed
the selection of promising compounds for further experimental
validation and synthesis, thereby streamlining the drug disco-
very process for cancer treatment.

Synthesis

Synthesis of 2-chloro-3-(4-methylpiperazin-1-yl)quino-
xaline (3): The synthesis of compound 3 involved the stirring
of the reaction mixture containing 2,3-dichloroquinoxaline (1)
(0.50 mmol), N-modified piperazine (2) (0.50 mmol) and K,CO;
(0.50 mmol) in DMF at room temperature [17]. The resulting
solution was poured into water, partitioned with ethyl acetate,
washed with brine, dried and concentrated (Scheme-I). The
crude product was purified using silica gel column chromato-
graphy.Colour: yellow solid; m.p.: 155-157 °C; m.f.: C,3H;sCINy;
Relative molecular mass: 262.74; FTIR (KBTI, Vi, cm™): 1332
(C-N str. of the amide linkage), 754 (C-Cl str:); '"H NMR (500
MHz, DMSO-d;) & ppm: 7.96 (q, 2H, Ar-H), 7.92 (q, 2H, Ar-H),
7.72 (q, 2H, Ar-H), 7.68 (d, 2H, Ar-H), 3.63 (t, 2H, CHs>), 3.61
(t,2H, CH,), 2.38 (s, 1H, CH3). *C NMR (500 MHz, DMSO-ds)

d ppm: 46.5,48.0,48.2,57.6,57.9, 126.4, 128.6, 129.4, 130.0,
135.8, 136.5, 141.2, 170.6. MS m/z: 264 (M+1).

Synthesis of 4-(5-sulfanyl-1,3,4-oxadiazol-2-yl)phenol
(6): Compound 6 was synthesized by stirring acid hydrazide (4)
and CS; in DMF for 15 min followed by heating at 70 °C [18].
TLC monitoring was employed to check the reaction progress.
After cooling, the mixture was poured into ice-cold water, yielding
a solid product, which was collected, washed and recrystallized
to obtain the pure compound (Scheme-II). Colour: pale yellow
solid; m.p.: 122-124 °C; m.f.: CsHeN>O-S; Relative molecular
mass: 194.21; FTIR (KBr, Vua, cm™): 3340 (-OH br.), 2580
(S-H str:), 1475 (C=C str. aromatic ring); 'H NMR (500 MHz,
DMSO-ds) & ppm: 13.28 (s, 1H, SH), 9.67 (s, 1H, OH), 7.88 (s,
2H, Ar-H), 7.85 (s, 2H, Ar-H), 6.91 (s, 2H, Ar-H), 6.85 (s, 2H,
Ar-H). "C NMR (500 MHz, DMSO-ds) 6 ppm: 116.8, 116.7,
116.4, 115.7, 118.8, 158.6, 166.2. MS m/z: 195 (M+1).

Synthesis of 4-(5-{[3-(4-methylpiperazin-1-yl)quinoxa-
lin-2-yl]sulfanyl}-1,3,4-oxadiazol-2-yl)phenol (7): Compound
7 was synthesized by stirring compound 3 (0.21 mmol) and
compound 6 (0.42 mmol), with triethylamine (Et;N, 0.42 mmol)
in DMF at 60 °C overnight. The solution was then poured into
water, partitioned with EtOAc, washed with brine, dried and
concentrated. The residue was purified using silica gel column
chromatography (Scheme-III). Yellow solid; m.p.: 166-168 °C;
m.f.: C;;HxNsO,S; Relative molecular mass: 420.49; FTIR
CH,
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(KB, Vimas, cm™): 3348 (-OH br), 2920 (N-CH; str.), 1578 (C=N
str. of the oxadiazole linkage); '"H NMR (500 MHz, DMSO-ds)
S ppm: 9.02 (s, 1H, OH), 7.96 (d, 2H, Ar-H), 7.92 (d, 2H, Ar-H),
7.84 (d, 2H, Ar-H), 7.82 (d, 2H, Ar-H), 7.72 (t, 2H, Ar-H), 7.67
(t,2H, Ar-H), 6.94 (d, 2H, Ar-H), 6.87 (d, 2H, Ar-H), 3.57 (d,
2H, CH,), 3.48 (d, 2H, CH»), 2.62 (d, 2H, CH,), 2.54 (d, 2H,
CH.),2.34 (s, 1H, CH;); "C NMR (500 MHz, DMSO-ds) 6 ppm:
167.2,162.4,157.8, 152.6, 148.8, 138.6, 138.9, 129.6, 128.2,
128.0, 127.4, 127.2, 117.4, 115.6, 56.2, 48.3, 44.6. MS m/z:
195 (M+1).

Synthesis of 2-chloro-N-phenylacetamide derivatives
(9a-j): Compounds 9a-j were synthesized by adding chloro-
acetyl chloride dropwise to a solution of substituted anilines
(8a-j) (3.21 g, 30 mmol) in chloroform. The reaction mixture
was microwaved at 80 °C for 5 min. After separation of the
organic layer, excess solvent was removed by slow evaporation
and the residue was filtered and dried to obtain the desired
compounds [19] (Scheme-1V).

NH,
= Under microwave \
| irradiation 80 °C)
% CHOI +
CICCOCH,

R 8a-j R

R= R=

8a: p-Chloroaniline 8f: 2,4-Dimethylaniline
8b: 2,6-Dimethylaniline 8g: p-Anisidine

8c: p-Chloro-o-nitroaniline 8h: 2,4-Dinitroaniline
8d: o-Chloro-p-nitroaniline 8i: p-Fluoroaniline

8e: 0-Chloroaniline 8j: m-Chloroaniline

Scheme-IV: Synthesis of 2-chloro-N-phenylacetamide derivatives (9a-j)

Synthesis of 1-(4-(5-((3-(4-methylpiperazin-1-yl)quino-
xalin-2-yl)thio)furan-2-yl)phenoxy)-3-phenylpropan-2-one
derivatives (10a-j): The synthesis of titled compounds (10a-j)
was accomplished by stirring the reaction mixture consisting
of compound 7 (0.12 mmol), compounds (9a-j) (0.24 mmol)
and K,CO; (0.36 mmol) in DMF at 50 °C. The resulting mixture
was then concentrated, washed and dried (Scheme-V). Subse-
quently, the residue was subjected to purification using silica
gel column chromatography.

N-(4-Chlorophenyl)-2-(4-(5-((3-(4-methylpiperazin-1-yl)-
quinoxalin-2-yl)thio)-1,3,4-oxadiazol-2-yl)phenoxy)-
acetamide (10a): Pale yellow solid; m.p.: 126-128 °C; m.f.
C,oH,6CIN;O5S; Relative molecular mass: 164.99; FTIR (KBr,
Vinaxs € '): 1748 (C=0 str. of the amide linkage), 1275 (C-N
str. of amide linkage), 769 (C-CI str.); '"H NMR (500 MHz,
DMSO-ds) 6 ppm: 10.56 (s, IH, NH), 8.11 (d, 2H, Ar-H), 7.95
(q, 2H, Ar-H), 7.70 (q, 2H, Ar-H), 7.68 (d, 2H, Ar-H), 7.37 (d,
2H, Ar-H), 7.07 (d, 2H, Ar-H), 4.68 (s, 1H, CH,), 3.63 (t, 2H,
CH,),2.49 (t,2H, CH,), 2.36 (s, 1H, CH;). *C NMR (500 MHz,
DMSO-ds) & ppm: 40.3, 40.4, 43.9, 49.0, 57.8, 60.5, 115.1,
115.6, 116.0, 121.5, 122.0, 122.1, 126.0, 126.1, 128.3, 130.0,
132.0, 132.2, 134.6, 135.4, 140.5, 155.6, 157.7, 159.6, 162.0.
MS m/z: 589 (M+1).

N-(2,6-Dimethylphenyl)-2-(4-(5-((3-(4-methylpiperazin-
1-yl)quinoxalin-2-yl)thio)-1,3,4-oxadiazol-2-yl)phenoxy)-
acetamide (10b): Yellow solid; m.p.: 96-98 °C; m.f.: C5;H;,N;O;S;

Relative molecular mass: 169.91; FTIR (KB, Vi, cm™): 1640
(C=0 str. of the amide linkage), 1279 (C-N stz of amide linkage),
2927 (N-H str. ); 'HNMR (500 MHz, DMSO-d;) & ppm: 10.19
(s, IH,NH), 8.11 (d, 2H, Ar-H), 7.81 (q, 2H, Ar-H), 7.65 (q, 2H,
Ar-H), 7.11 (d, 3H, Ar-H), 7.09 (d, 2H, Ar-H), 4.05 (s, 1H,
CH»), 3.50 (t, 2H, CH,), 2.36 (t, 2H, CH,), 2.19 (s, 1H, CH3),
2.13 (s,2H, CH;). *C NMR (500 MHz, DMSO-d;) § ppm: 18.1,
18.4,46.0,48.9,60.2,62.3,125.5,125.7, 126.9, 127.3, 127.9,
128.3, 128.7, 131.3, 131.3, 132.2, 132.3, 133.4, 135.2, 138 .4,
139.6, 140.5, 141.2, 145.0, 151.4, 162.4. MS m/z: 582 (M+1).
N-(4-Chloro-3-nitrophenyl)-2-(4-(5-((3-(4-methyl-
piperazin-1-yl)quinoxalin-2-yl)thio)-1,3,4-oxadiazol-2-yl)-
phenoxy)acetamide (10c): Yellow solid; m.p.: 102-104 °C;
m.f.: C,HysCINgOsS; Relative molecular mass: 173.81; FTIR
(KBTI, Viay, cm™): 1676 (C=0 str: of the amide linkage), 1278
(C-N str. of amide linkage), 2925 (N-H str.), 1556 (N-O str. of
nitro group), 767 (C-Cl str.); 'H NMR (500 MHz, DMSO-ds)
dppm: 10.81 (s, 1H,NH), 8.14 (s, 1H, Ar-H), 8.11 (d, 1H, Ar-
H), 7.80 (q, 2H, Ar-H), 7.78 (q, 1H, Ar-H), 7.67 (q, 2H, Ar-
H), 7.64 (d, 2H, Ar-H), 4.66 (s, 1H, CH,), 3.79 (t, 2H, CH.,),
2.50 (t, 2H, CH,), 2.36 (s, 1H, CH3). *C NMR (500 MHz,
DMSO-d;) 6: 40.3, 40.4, 41.9, 43.9, 49.0, 57.8, 60.5, 62.1,
115.1,115.6,118.2, 118.6, 119.2, 119.7, 126.0, 128.3, 130.0,
130.9, 131.0, 132.2, 133.5, 133.5, 139.8, 140.5, 150.7, 152.2,
155.6. MS, m/z: 634 (M+1).
N-(3-Chloro-4-nitrophenyl)-2-(4-(5-((3-(4-methyl-
piperazin-1-yl)quinoxalin-2-yl)thio)-1,3,4-oxadiazol-2-yl)-
phenoxy)acetamide (10d): Yellow solid; m.p.: 169-171 °C;
m.f.: CooHysCINgOsS; Relative molecular mass: 173.81; FTIR
(KBTI, Viar, cm™): 1697 (C=0 str: of the amide linkage), 1333
(C-N str. of amide linkage), 2924 (N-H str.), 1504 (N-O str. of
nitro group), 752 (C-Cl str.); '"H NMR (500 MHz, DMSO-ds)
dppm: 11.10 (s, 1H,NH), 8.26 (d, IH, Ar-H), 8.14 (s, IH, Ar-H),
8.08 (d, 2H, Ar-H), 7.93 (q, 2H, Ar-H), 7.95 (q, 1H, Ar-H), 7.93
(d, 2H, Ar-H), 7.08 (d, 2H, Ar-H), 4.68 (s, 1H, CH,), 3.65 (t,
2H, CH,), 2.52 (t, 2H, CH,), 2.50 (s, 1H, CH3). *C NMR (500
MHz, DMSO-d;) 6 ppm: 39.9, 40.4, 40.4, 57.8, 60.5, 114.0,
115.1,115.6, 115.9, 123.4, 123.4, 125.5, 127.0, 128.3, 130.1,
140.1, 140.5, 145.0, 145.0, 155.6, 163.4, 163.4. MS, m/z: 634
(M+1).
N-(2-Chlorophenyl)-2-(4-(5-((3-(4-methylpiperazin-1-
yl)quinoxalin-2-yl)thio)-1,3,4-oxadiazol-2-yl)phenoxy)-
acetamide (10e): Brown solid; m.f.: CooHyCIN;O;S; m.p.: 195-
197 °C; Relative molecular mass: 164.99; FTIR (KBr, Vuax,
cm™): 1695 (C=0 str. of the amide linkage), 1331 (C-N str. of
amide linkage), 2923 (N-H str.), 754 (C-Cl str.); '"H NMR (500
MHz, DMSO-ds) 6 ppm: 10.76 (s, 1H, NH), 8.10 (d, IH, Ar-H),
8.09 (s, 2H, Ar-H), 7.82 (q, 2H, Ar-H), 7.67 (q, 1H, Ar-H), 7.57
(d, 1H, Ar-H), 7.41 (t, 1H, Ar-H), 7.39 (t, 1H, Ar-H), 7.32 (d,
2H, Ar-H), 4.77 (s, 1H, CHy), 3.53 (t, 2H, CH,), 2.50 (s, 2H,
CH,). *C NMR (100 MHz, DMSO-d;) & ppm: 39.4, 39.6,40.1,
40.2,42.8, 43.4, 49.0, 60.3, 62.2, 126.6, 127.3, 127.6, 128.3,
128.7,130.0, 130.2, 131.3, 132.2, 133.8, 134.6, 138.4, 139.5,
141.2, 151.4, 162.8, 165.6. MS, m/z: 589 (M+1).
N-(2,4-Dimethylphenyl)-2-(4-(5-((3-(4-methylpiperazin-
1-yl)quinoxalin-2-yl)thio)-1,3,4-oxadiazol-2-yl)phenoxy)-
acetamide (10f): Yellow solid; m.p.: 97-99 °C; m.f.: C5;H31N;OsS;



Vol. 36, No. 6 (2024) Synthesis, Characterization and Pharmacological Screening of 1,3,4-Oxadiazoles 1439

/CH

@I T )
A 1A f? -0 -

A M
& " lj
NN 0 P N)\(S 0>/®’O p e
O o L0y
10a 10b H3C
X .
N s 0 o Q0 Nj
|/KN( 1‘)\>/®/ \/( C1 N)\(S 0>/®/0 0
U N > i' DI W WA G N
o i N
10¢ 0//N 10d 1
L ilj
N )\(S 0, o o N )\(S 0, o ")
> O SO LYo
10¢ of - 10f HyC
CH, 1L 3
) )

H, 10g CH, 10h \\O

OO -
Y RO MY RO
10i 10j .
Scheme-V: Synthesis of 1-(4-(5-((3-(4-methylpiperazin-1-yl)quino-xalin-2-yl)thio)furan-2-yl)phenoxy)-3-phenylpropan-2-one derivatives (10a-j)



1440 Sonawane et al.

Asian J. Chem.

Relative molecular mass: 169.91; FTIR (KBTI, Vi, cmx™)): 1667
(C=0 str. of the amide linkage), 1232 (C-N str. of amide linkage),
2924 (N-H str.); "HNMR (500 MHz, DMSO-ds) 6 ppm: 10.52
(s, 1H,NH), 8.01 (d, 2H, Ar-H), 7.81 (q, 2H, Ar-H), 7.68 (q, 2H,
Ar-H),7.24 (d, 1H, Ar-H), 7.06 (d, 2H, Ar-H), 7.02 (t, 1H, Ar-H),
7.02 (d, 1H, Ar-H), 4.76 (s, 1H, CH), 3.52 (t, 2H, CH,), 2.26
(t,2H, CH,), 2.24 (d, 1H, CH3). *C NMR (500 MHz, DMSO-
ds) dppm: 18.1,20.9,43.5,46.0,48.9,60.2,62.3, 125.5, 125.7,
126.9, 127.3,127.9, 128.3, 128.7, 131.3, 131.3, 132.2, 132.3,
133.4,135.2,135.8, 138.4, 139.6, 140.5, 141.2, 145.0, 151 .4,
162.4. MS, m/z: 582 (M+1).
N-(4-Methoxyphenyl)-2-(4-(5-((3-(4-methylpiperazin-1-
yl)quinoxalin-2-yl)thio)-1,3,4-oxadiazol-2-yl)phenoxy)-
acetamide (10g): Dark brown solid; m.f.: C30H»0N,04S; m.p.:
76-78 °C; Relative molecular mass: 166.47; FTIR (KBr, Vi,
cm™): 1672 (C=0 str. of the amide linkage), 1343 (C-N str. of
amide linkage), 2924 (N-H str.); "H NMR (500 MHz, DMSO-
ds) 6 ppm: 10.24 (s, 1H, NH), 8.09 (d, 2H, Ar-H), 7.95 (q, 2H,
Ar-H), 7.58 (q, 2H, Ar-H), 7.47 (d, 2H, Ar-H), 7.09 (d, 2H,
Ar-H), 6.86 (d, 2H, Ar-H), 4.62 (s, 1H, CH,), 3.81 (s, 1H, CH3),
3.63 (t,2H, CH,), 2.36 (t,2H, CH,). *C NMR (500 MHz, DMSO-
ds) 5ppm:42.8,43.4,49.0,60.3,62.2, 126.6, 127.3, 127.6, 128.0,
128.0, 128.7, 130.0, 130.2, 131.3, 132.2, 133.8, 134.6, 138.4,
139.5, 141.2, 151.4, 162.8, 165.6. MS, m/z: 584 (M+1).
N-(2,4-Dinitrophenyl)-2-(4-(5-((3-(4-methylpiperazin-1-
yDquinoxalin-2-yl)thio)-1,3,4-oxadiazol-2-yl)phenoxy)-
acetamide (10h): Dark yellow solid; m.p.: 144-146 °C; m.f.:
C2H,sNyO4S; Relative molecular mass: 177.62; FTIR (KBr,
Vinaxs €z 1596 (C=0 str. of the amide linkage), 1233 (C-N
str. of amide linkage), 2928 (N-H st.), 1542 (N-O str. of nitro
group); 'H NMR (500 MHz, DMSO-d) 8 ppm: 10.02 (s, 1H,
NH), 8.80 (s, 1H, Ar-H), 8.39 (d, 1H, Ar-H), 8.18 (d, 1H, Ar-H),
8.16 (d, 2H, Ar-H), 7.82 (q, 2H, Ar-H), 7.72 (q, 2H, Ar-H),
7.11 (d, 2H, Ar-H), 4.66 (s, 1H, CH,), 3.74 (t, 2H, CH,), 2.36
(t,2H, CH,), 2.27 (s, 1H, CH;). *C NMR (500 MHz, DMSO-ds)
dppm: 40.5,41.9,48.7,57.8,60.5,114.0, 115.6, 115.9, 123.4,
123.4,123.8, 126.0, 126.1, 130.1, 140.1, 140.5, 145.0, 145.0,
150.8, 151.8, 152.2, 155.6, 163.4. MS, m/z: 644 (M+1).
N-(4-Fluorophenyl)-2-(4-(5-((3-(4-methylpiperazin-1-yl)-
quinoxalin-2-yl)thio)-1,3,4-oxadiazol-2-yl)phenoxy)-
acetamide (10i): Dark brown solid; m.f.: C2o0H,cFN;O5S; m.p.:
89-91 °C; Relative molecular mass: 159.94; FTIR (KBr1, Vi,
cm™): 1594 (C=0 str. of the amide linkage), 1236 (C-N str. of

Cﬂ g 7/@ e

amide linkage), 2927 (N-H str:), 1025 (C-F str.); '"H NMR (500
MHz, DMSO-ds) 6 ppm: 10.67 (s, 1H, NH), 8.09 (d, 2H, Ar-H),
7.96 (q, 2H, Ar-H), 7.72 (q, 2H, Ar-H), 7.64 (q, 2H, Ar-H),
7.20 (t, 2H, Ar-H), 7.17 (d, 2H, Ar-H), 4.70 (s, 1H, CH>»), 3.66
(t,2H, CH,), 2.73 (t, 2H, CH,). *C NMR (500 MHz, DMSO-d;)
dppm: 40.4,43.9,49.0,57.8,60.5,115.1,115.6,115.7, 115.9,
116.0, 121.5, 121.6, 126.0, 126.1, 128.3, 130.0, 132.0, 132.2,
134.6, 135.4, 140.5, 145.0, 155.6, 157.7, 159.6, 161.5, 162.0.
MS, m/z: 572 (M+1).

N-(3-Chlorophenyl)-2-(4-(5-((3-(4-methylpiperazin-1-yl)-
quinoxalin-2-yl)thio)-1,3,4-oxadiazol-2-yl)phenoxy)-
acetamide (10j): Dark brown solid; m.f.: CooH»cCIN;O;S; m.p.:
91-93 °C; Relative molecular mass: 164.99; FTIR (KBr, Vuay,
cm™): 1681 (C=0 str. of the amide linkage), 1232 (C-N str. of
amide linkage), 2925 (N-H str.), 766 (C-Cl str.); '"H NMR (500
MHz, DMSO-ds) 6 ppm: 10.00 (s, 1H, NH), 8.09 (d, 2H, Ar-H),
7.84 (q, 2H, Ar-H), 7.84 (q, 1H, Ar-H), 7.54 (d, 2H, Ar-H), 7.49
(t, IH, Ar-H), 7.34 (t, 1H, Ar-H), 7.27 (d, 1H, Ar-H), 7.21 (d,
2H, Ar-H), 4.78 (s, 1H, CH,), 3.66 (t, 2H, CH,), 2.73 (t, 2H,
CH,). "C NMR (500 MHz, DMSO-ds) & ppm: 40.3,40.4,41.9,
43.9,49.0,57.8,62.1,115.1,115.6,118.2,118.6,119.2, 119.7,
123.4,125.8, 126.0, 126.1, 128.3, 130.0, 130.9, 131.0, 131.7,
139.8, 140.5, 150.7, 155.6, 165.5. MS m/z: 589 (M+1).

Synthesis of 4-{5-[(3-chloroquinoxalin-2-yl)sulfanyl]-
1,3,4-oxadiazol-2-yl}phenol (11): The synthesis of compound
11 was performed by stirring 2,3-dichloroquinoxaline (1) (0.50
mmol), compound 6 (0.42 mmol) and Et;N (0.50 mmol) in
DMF (6 mL) at 60 °C (Scheme-VI) [17]. The resulting mixture
was concen-trated under vacuum and subsequently purified
using silica gel column chromatography. Colour: yellow solid;
m.p.: 156-158 °C; m.f.: CicHoN+O,SCl; Relative molecular
mass: 356.78; FTIR (KBr, nmax, cm™): 3356 (-OH br), 758
(C-Cl str); '"H NMR (500 MHz, DMSO-ds) & ppm: 9.62 (s,
1H, OH), 7.94 (d, 2H, Ar-H), 7.88 (d, 2H, Ar-H), 7.82 (d, 2H,
Ar-H), 7.78 (d, 2H, Ar-H), 7.63 (t, 2H, Ar-H), 7.58 (d, 2H, Ar-
H), 7.52 (t, 2H, Ar-H), 7.48 (d, 2H, Ar-H); *C NMR (500
MHz, DMSO-ds) 6 ppm: 167.6, 161.2, 155.6, 152.6, 143.7,
142.5, 140.6, 134.1, 133.6, 128.9, 128.2, 128.4, 116.4, 114.0.
MS m/z: 357 (M+1).

Synthesis of 1-(4-(5-((3-chloroquinoxalin-2-yl)thio)-
furan-2-yl)phenoxy)-3-phenylpropan-2-one derivatives
(12a-j): The synthesis of titled compounds 12a-j were achieved
by stirring of compounds (9a-j) (0.24 mmol), compound 11

60 °C

OH

Scheme-VI: Synthesis of 4-{5-[(3-chloroquinoxalin-2-yl)sulfanyl]-1,3,4-oxadiazol-2-yl}phenol (11)
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(0.12 mmol) and K-COs (0.36 mmol) in DMF (1.5 mL) at 50 °C.
The resulting solution was transferred to water, partitioned with
ethyl acetate, washed with brine, dried over Na,SO,4 and concen-
trated under vacuum. The residue obtained was then purified
using silica gel column chromatography (Scheme-VII).
N-(4-Chlorophenyl)-2-(4-(5-((3-chloroquinoxalin-2-
ylthio)-1,3,4-oxadiazol-2-yl)phenoxy)acetamide (12a): Pale
yellow solid; m.p.: 139-141 °C; m.f.: CsHisCLNsO;S; Relative
molecular mass: 133.74; FTIR (KBT, Vinax, cm™): 1544 (C-N
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DMSO-ds) & ppm: 10.46 (s, 1H, NH), 8.11 (d, 2H, Ar-H), 7.96
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MHz, DMSO-ds) & ppm: 43.9, 121.3, 127.8, 128.3, 129.2,
132.2, 137.9, 140.5, 145.1, 165.2. MS, m/z: 525 (M+1).
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Scheme-VII: Synthesis of 1-(4-(5-((3-chloroquinoxalin-2-yl)thio)-furan-2-yl)phenoxy)-3-phenylpropan-2-one derivatives (12a-j)
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Pale yellow solid; m.p.: 136-138 °C; m.f.: Cy;sHy0CINsOsS;
Relative molecular mass: 138.66; FTIR (KBTI, Vi, cx!): 1177
(C-N st of the oxadiazole ring), 1524 (C-N st of the amide
group), 1638 (C=C str. of the aromatic ring)), 658 (C-Cl str.);
'H NMR (500 MHz, DMSO-d;) & ppm: 9.62 (s, 1H, NH), 8.11
(d, 2H, Ar-H), 7.96 (q, 2H, Ar-H), 7.76 (q, 2H, Ar-H), 7.11 (d,
3H, Ar-H), 7.06 (s, 2H, Ar-H), 4.66 (s, 1H, CH,), 2.13 (s, 2H,
CHs). *C NMR (500 MHz, DMSO-ds) & ppm: 18.0,43.5,115.5,
123.4,125.5, 126.0, 127.0, 128.3, 131.3, 132.2, 132.3, 133 .4,
135.2, 140.5, 145.1, 162.7, 165.2. MS, m/z: 518 (M+1).
N-(4-Chloro-3-nitrophenyl)-2-(4-(5-((3-chloroquino-
xalin-2-yl)thio)-1,3,4-oxadiazol-2-yl)phenoxy)acetamide
(12¢): Dark yellow solid; m.p.: 137-139 °C; m.f.: Co4H1.CLNgOsS;
Relative molecular mass: 142.56; FTIR (KB, Vi, cm™):1680
(C=0 str. of the amide linkage), 1651 (C=C st~ of bonds in the
aromatic rings), 1332 (C-N str: of amide linkage); '"H NMR (500
MHz, DMSO-ds) & ppm: 10.74 (s, IH, NH), 8.49 (d, 1H, Ar-H),
8.11(d, 1H, Ar-H), 8.08 (d, 2H, Ar-H), 7.82 (q, 2H, Ar-H), 7.80
(q, 1H, Ar-H), 7.63 (q, 2H, Ar-H), 7.08 (d, 2H, Ar-H), 4.38 (s,
1H, CH,). "CNMR (500 MHz, DMSO-ds) 8 ppm: 43.5, 115.5,
123.4,126.0, 126.4, 127.1, 127.3, 128.0, 128.3, 130.0, 132.2,
134.6, 140.5, 145.0, 165.6. MS m/z: 570 (M+1).
N-(3-Chloro-4-nitrophenyl)-2-(4-(5-((3-chloroquino-
xalin-2-yl)thio)-1,3,4-oxadiazol-2-yl)phenoxy)acetamide
(12d): Yellow solid; m.p.: 111-113 °C; m.f.: Co4H14CLLN¢OsS;
Relative molecular mass: 142.56; FTIR (KB, Vi, cm™): 1676
(C=0) str. of the amide linkage), 1329 (C-N str. of amide linkage),
1508 (N-O str: of nitro group), 759 (C-Cl str.); 'H NMR (500
MHz, DMSO-ds) & ppm: 10.19 (s, IH, NH), 8.22 (d, 1H, Ar-H),
8.10(d, 1H, Ar-H), 8.08 (d, 2H, Ar-H), 7.97 (q, 2H, Ar-H), 7.94
(q, 1H, Ar-H), 7.93 (q, 2H, Ar-H), 7.09 (d, 2H, Ar-H), 4.51 (s,
1H, CH,). "CNMR (500 MHz, DMSO-ds) 8 ppm: 59.9, 114.0,
115.5,115.9,123.4, 123.6, 124.4, 125.1, 125.4, 128.3, 132.2,
136.3, 140.5, 140.9, 144.1, 145.0, 151.8, 155.6, 166.3. MS m/z:
570 (M+1).
N-(2-Chlorophenyl)-2-(4-(5-((3-chloroquinoxalin-2-yl)-
thio)-1,3,4-oxadiazol-2-yl)phenoxy)acetamide (12e): White
solid; m.p.: 79-81 °C; m.f.: C,4H;sCLNsOsS; Relative molecular
mass: 133.74; FTIR (KBr, Vma, cm™):3257 (N-H str), 758
(C-Cl str.), 1667 (C=O0 str. of the amide); '"H NMR (500 MHz,
DMSO-ds) & ppm: 9.88 (s, 1H, NH), 8.10 (d, 1H, Ar-H), 8.08
(d, 2H, Ar-H), 7.97 (q, 2H, Ar-H), 7.94 (q, 2H, Ar-H), 7.74 (d,
1H, Ar-H), 7.51 (t, 1H, Ar-H), 7.37 (t, 1H, Ar-H), 7.36 (d, 2H,
Ar-H), 4.39 (s, 1H, CH,). *C NMR (500 MHz, DMSO-ds)
O ppm: 43.5, 115.5, 1234, 126.0, 126.4, 127.1, 127.3, 128.0,
128.3, 130.0, 132.2, 134.6, 140.5, 145.0, 165.6. MS m/z: 525
(M+1).
2-(4-(5-((3-Chloroquinoxalin-2-yl)thio)-1,3,4-oxadiazol-
2-yl)phenoxy)-N-(2,4-dimethylphenyl)acetamide (12f):
White solid; m.p.: 138-140 °C; m.f.: C,sH2CINsO;S; Relative
molecular mass: 138.66; FTIR (KBTI, Vi, cm™): 1658 (C=0),
3009 (C-H str), 1257 (C-O str), 1095 (C-N str.), 758 (C-Cl
str); 'HNMR (500 MHz, DMSO-ds) 8 ppm: 9.59 (s, 1H, NH),
8.14 (d, 2H, Ar-H), 7.97 (q, 2H, Ar-H), 7.94 (q, 2H, Ar-H), 7.24
(d, 1H, Ar-H), 7.03 (d, 2H, Ar-H), 6.98 (d, 1H, Ar-H), 4.28 (s,
1H, CH,), 2.25 (s, 1H, CH3), 2.15 (s, 1H, CH3). ®C NMR (500
MHz, DMSO-d;) 6 ppm: 18.0,20.9,43.5,115.5, 123.4, 125.5,

126.0, 127.0, 128.3, 131.3, 132.2, 132.3, 133.4, 135.2, 140.5,
145.1, 162.7, 165.2. MS m/z: 518 (M+1).

2-(4-(5-((3-Chloroquinoxalin-2-yl)thio)-1,3,4-oxadia-
zol-2-yl)phenoxy)-N-(4-methoxyphenyl)acetamide (12g):
Black solid; m.p.: 122-124 °C; m.f.: C,sHsCINsO4S; Relative
molecular mass: 135.22; FTIR (KBr, Vi, cm™): 1660 (C=0
str. of the amide linkage), 1336 (C-N st of amide linkage),
774 (C-Cl str:); '"HNMR (500 MHz, DMSO-ds) & ppm: 10.16
(s, IH, NH), 8.08 (d, 2H, Ar-H), 7.94 (q, 2H, Ar-H), 7.50 (q, 2H,
Ar-H), 7.49 (d, 2H, Ar-H), 7.12 (d, 2H, Ar-H), 6.89 (d, 2H,
Ar-H), 4.36 (s, 1H, CH,), 3.86 (s, 1H, CH;). *C NMR (500 MHz,
DMSO-dg) 6 ppm: 43.7,59.9,114.0, 115.5,115.9, 123.4, 123.6,
126.0, 126.0, 128.3, 132.2, 136.3, 140.5, 140.9, 144.1, 145.0,
151.8, 155.6, 166.3. MS m/z: 520 (M+1).

2-(4-(5-((3-Chloroquinoxalin-2-yl)thio)-1,3,4-oxadiazol-
2-yl)phenoxy)-N-(2,4-dinitrophenyl)acetamide (12h): Yellow
solid; m.p.: 174-176 °C; m.f.: C,sH14CIN;0O5S; Relative mole-
cular mass: 146.37; FTIR (KBT, Vina, cm™): 1670 (C=O str. of
the amide linkage), 1255 (C-N str. of amide linkage), 1548
(N-O str. of nitro group), 760 (C-Cl st1:); 'H NMR (500 MHz,
DMSO-d;) 6 ppm: 10.02 (s, 1H, NH), 8.80 (s, 1H, Ar-H), 8.38
(d, 1H, Ar-H), 8.12 (d, 1H, Ar-H), 8.08 (d, 2H, Ar-H), 7.97 (q,
2H, Ar-H), 7.94 (q, 2H, Ar-H), 7.11 (d, 2H, Ar-H), 3.35 (s, 1H,
CH,). "CNMR (500 MHz, DMSO-ds) § ppm: 43.5,115.5, 123 .4,
126.0, 126.4, 127.1, 127.3, 128.0, 128.3, 130.0, 132.2, 134.6,
140.5, 145.0, 165.6. MS m/z: 580 (M+1).

2-(4-(5-((3-Chloroquinoxalin-2-yl)thio)-1,3,4-oxadiazol-
2-yl)phenoxy)-N-(4-fluorophenyl)acetamide (12i): Dark
brown solid; m.p.: 127-129 °C; m.f.: C,4H;sCIFN;sO;S; Relative
molecular mass: 128.69; FTIR (KBr, Vi, cm™): 1670 (C=0
str. of the amide linkage), 1335 (C-N st of amide linkage),
828 (C-Cl str.), 1218 (C-F str.); '"H NMR (500 MHz, DMSO-
ds) 6 ppm: 10.37 (s, 1H, NH), 8.09 (d, 2H, Ar-H), 7.96 (q, 2H,
Ar-H),7.63 (q,2H, Ar-H), 7.60 (q, 2H, Ar-H), 7.18 (t, 2H, Ar-H),
7.15 (d, 2H, Ar-H), 4.25 (s, 1H, CH,). *C NMR (500 MHz,
DMSO-ds) dppm: 43.9, 115.8,115.9, 121.6, 121.6, 128.3, 132.2,
135.3, 135.3, 140.5, 145.0, 157.8, 159.7, 165.0. MS m/z: 508
(M+1).

N-(3-Chlorophenyl)-2-(4-(5-((3-chloroquinoxalin-2-yl)-
thio)-1,3,4-oxadiazol-2-yl)phenoxy)acetamide (12j): Yellow
solid; m.p.: 83-85 °C; m.f.: C,4H;5CLNsO;S; Relative molecular
mass: 133.74; FTIR (KB, Vi, cm™): 1687 (C=0 str: of the
amide linkage), 1338 (C-N st#r. of amide linkage), 772 (C-Cl
str); 'HNMR (500 MHz, DMSO-ds) & ppm: 10.52 (s, 1H, NH),
8.12(d, 2H, Ar-H), 7.96 (q, 2H, Ar-H), 7.79 (q, 2H, Ar-H), 7.47
(q, 2H, Ar-H), 7.16 (t, 2H, Ar-H), 7.12 (d, 2H, Ar-H), 4.27 (s,
1H, CH,). *C NMR (500 MHz, DMSO-ds) 8 ppm: 43.5, 115.5,
123.4,125.5, 126.0, 127.0, 128.3, 131.3, 132.2, 132.3, 133 .4,
135.2, 140.5, 145.1, 162.7, 165.2. MS m/z: 525 (M+1).

In vitro study: The cytotoxicity of synthesized derivatives
(10a-j and 12a-j) was assessed in vitro using the MTT assay
against HepG2 and MCF-7 cancer cell lines using 5-fluoro-
uracil as standard [19].

In vivo study

Experimental animals: Adult male albino Wistar rats
(200-250 g) were grouped into six rats per group. They were
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housed individually in polypropylene cages with paddy husk
bedding and provided ad libitum access to water and standard
laboratory feed before dietary manipulation [20,21]. Experi-
mental procedures were ethically reviewed and approved by
the Institutional Animal Ethics Committee (Reg. No. 1566/
Po/Re/S/11/CPCSEA).

Preparation of test solutions: Compound 10b demon-
strated the superior binding affinity and cytotoxic activity
compared to other synthesized compounds. Therefore, it was
selected for in vivo study. A solution of compound 10b was
prepared using DMSO as solvent for oral administration to the
experimental animals. DMSO was selected for its ability to
effectively solubilize organic compounds and its low toxicity
[22]. Prior to administration, compound 10b was carefully
weighed and added to DMSO to achieve the desired concen-
tration. This ensured uniform dispersion and accurate dosing
in the study, contributing to reliable results.

Dose selection: The dose selection for compound 10b
followed a systematic approach; starting with a conservative
dose of 2000 mg/kg body weight p.o. subsequent doses were
chosen using a dose escalation strategy, with a lower dose of
200 mg/kg, representing 1/10™ of the initial dose, for further
investigation. This allowed for the evaluation of both efficacy
and safety while minimizing risks. Animals were closely moni-
tored for signs of toxicity and physiological changes through-
out the study to ensure reliability and ethical conduct.

Experimental protocol: The experimental protocol invol-
ved acclimatizing adult albino male Wistar rats, individually
housed with unrestricted access to feed and water [23]. They
were randomly assigned to different groups (Table-1): a positive
control group received with diethylnitrosamine (G1), a standard
group with 5-fluorouracil (G2) and a test group with compound
10b (G3). Rats were administered a single intraperitoneal dose
of diethylnitrosamine at a concentration of 200 mg/kg body
weight. This was followed by weekly subcutaneous injections
of carbon tetrachloride (CCly) at a dose of 200 mg/kg body
weight once a week for the period of 3 weeks. Combining
CClL,; and N-nitrosodiethylamine (DEN) in experimental models
has been shown to produce the synergistic effects in inducing
hepatocellular carcinoma. The use of CCl, in combination with
DEN in rats offers a well-characterized, reproducible and clini-
cally relevant model for studying hepatocellular carcinogenesis.
These treatments were employed to induce hepatocellular
carcinoma in the experimental animals. Then for next 4 weeks,
5-fluorouracil as standard and compound 10b as test were
administered orally to G2 & G3, respectively.

TABLE-1
EXPERIMENTAL DESIGN FOR in vivo STUDY
Group Name Treatment Nun}ber g
animals
Gl Positive control Diethylnitrosamine 6
G2 Standard 5-Fluorouracil 6
G3 Test 1,3,4-Oxadiazole derivative 6

Physiological parameters assessment: Physiological
parameters, including initial and final body weights, food and
water consumption, were rigorously evaluated across experi-

mental groups. Body weights were recorded before and after
the treatment period, with any deviations subjected to statistical
analysis [24]. Daily assessments of food and water intake aided
in detecting changes in appetite or hydration. These observa-
tions provided valuable insights into the physiological responses
to the experimental interventions.

Oxidative and enzymatic parameters: Oxidative para-
meters, including superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx) and malondialdehyde (MDA),
were assessed in tissue samples collected from experimental
groups. Samples were homogenized and assays were performed
using commercial kits following established protocols [25].
Absorbance or fluorescence signals were measured with spectro-
photometry or fluorescence microplate readers. Statistical anal-
ysis was conducted to identify significant differences between
groups.

Blood collection and biochemical analysis: Blood samples
were collected for analysis of serum liver enzymes (AST, ALT,
ALP), total protein levels (albumin, globulin) and bilirubin
levels. These assessments provide insights into liver function
and health, aiding in understanding the impact of treatments
on liver parameters in the experimental model [26,27].

Statistical analysis: A one-way analysis of variance
(ANOVA) followed by Dunnett’s post hoc test was utilized for
statistical analysis, considering a sample size of 6, with data
presented as Mean + SEM.

RESULTS AND DISCUSSION

Design and preliminary in silico screening: The 1,3,4-
oxadiazole scaffold provides opportunities for structural modi-
fications at various positions (Fig. 1), enabling the synthesis
of a diverse array of derivatives. Substituents can be introduced
to tailor the compounds for specific biological targets or to enhance
pharmacokinetic properties. Design of the 1,3,4-oxadiazole
derivatives were done with established anticancer properties
and pharmacophoric features. To achieve a thorough assess-
ment, the selection method also took into account for the variety
of 1,3,4-oxadiazoles. Modifications is done as replacement of

OR,

N—
N/ 0
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N
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0

N R,

R ;= Chlorine and methyl piperazine
R,= N-phenyl acetamide

S

Fig. 1. Structural modification opportunities in 1,3,4-oxadiazole derivatives

for enhanced anticancer activity



1444 Sonawane et al.

Asian J. Chem.

alkyl aromatic linker (R,) at phenoxy group of 1,3,4-oxadiazole
by N-phenyl acetamide to check affinity towards the protein.
From the designed molecules, 20 molecules were (10a-j &
12a-j) selected followed by in silico analysis.

The synthesis of compounds 10a-j & 12a-j was conducted
according to the procedures outlined in Schemes I-VII, followed
by characterization using IR, NMR and mass spectroscopic
techniques. In the IR spectra, the presence of characteristic peaks
corresponding to C=0 stretching of amide linkage (1680-1630
cm™), C-N stretching of amide linkage (1350-1200 cm™) and
N-H stretching (~2925 cm™) confirmed the synthesis of comp-
ounds 10a-j. Similarly, presence of characteristic peaks corres-
ponding to C=O0 stretching of the amide linkage (1680-1630
cm™), C-N stretching of amide linkage (1350-1200 cm™) and
N-H stretching (~2925 cm™) and C-Cl stretching (850-550 cm™)
confirmed the synthesis of compounds 12a-j. The structures of
the synthesized compounds 10a-j & 12a-j were further confirmed
by '"HNMR, “C NMR and mass spectra analysis. The "H NMR
spectra of the synthesized derivatives revealed the characteristic
peaks indicative of certain structural elements. A singlet peak
at § 10 ppm suggests the presence of an amide -NH group
attached to a nitrogen atom in all derivatives. Aromatic protons
are observed at d 8.11, 7.81, 7.65, 7.11 and 7.09 ppm, with
doublet, quartet and doublet patterns indicating para-, meta-
and ortho-substituted aromatic rings, respectively. This pattern
suggests the presence of multiple aromatic rings in all synthe-
sized derivatives. Methylene (-CH,-) groups were identified at
§4.05 and 3.50 ppm, with singlet and triplet patterns, indicating
their presence in an alkyl chain or connected to a heteroatom
in all derivatives. Singlet peaks at 8 2.19 and 2.13 ppm indicate
the presence of methyl (-CH3) groups in all derivatives. Collec-
tively, these findings confirm the presence of aromatic protons
consistent with specified substituents such as the chlorophenyl
group and the quinoxaline ring in all synthesized derivatives,
providing robust evidence for the proposed molecular struc-
tures. Further, the *C NMR spectra also revealed the consistent
features: distinct methyl (-CHs) groups at 8 18.1 and 18.4 ppm,
methylene (-CH»-) signals at § 46.0 and 48.9 ppm and potential
methylene (-CH,-) or methine (-CH-) groups at 6 60.2 and 62.3
ppm. Aromatic carbon peaks between & 125.5 to 162.4 ppm
indicate diverse substitution patterns, while peaks from & 145.0
to 162.4 ppm suggest carbonyl-containing functional groups.
In the mass spectra, all synthesized compounds displayed M+1
peaks consistent with their respective chemical formulas.

In vitro study: The study evaluated the effects of all the
synthesized derivatives on the viability of HepG2 and MCF-7
cell lines, which are commonly, used models for liver and breast
cancer [28], respectively (Table-2). Among the compounds
tested, 10b and 10e showed the significant activity. Compound
10b displayed ICs values of 4.87 uM against HepG2 cells and
6.90 UM against MCF-7 cells. Similarly, compound 10e exhi-
bited ICs, values of 5.59 uM against HepG2 cells and 7.82 uM
against MCF-7 cells. These results suggest that both compounds
10b & 10e have potential cytotoxic effects on liver and breast
cancer cells, as indicated by their ability to inhibit cell viability
at relatively low concentrations. This implies that compounds
10b and 10e may hold promise as potential anticancer agents.

TABLE-2
CYTOTOXIC ACTIVITY OF TESTED COMPOUNDS
(10a-j AND 12a-j) ON CANCER CELL LINES

1G5 (UM) 1G5 (UM)
Compd.  HepG2 MCF-7 | Compd.  HepG2  MCF-7
cell line  cell line cell line  cell line
10a 28.04 34.82 12a 16.78 18.28
10b 4.87 6.90 12b 31.24 39.96
10c 48.3 53.30 12¢ 44.58 45.77
10d 49.53 52.48 12d 13.12 17.79
10e 5.59 7.82 12e 11.67 17.37
10f 15.06 16.32 12f 8.12 8.68
10g 53.55 57.68 12g 46.42 50.51
10h 54.87 56.46 12h 47.67 52.46
10i 20.39 20.70 12i 15.19 17.91
10j 15.9 16.99 12j 43.92 44.25
5-FU 5.17 5.75 FU = Fluorouracil

Structure-activity relationship (SAR): Based on the
findings from both in vitro assays and molecular docking studies,
it is evident that the 1,3,4-oxadiazole ring plays a crucial role
in conferring anticancer activity. Substitutions at the specific
positions within this ring (Fig. 2) further enhance this activity.
Introduction of a thio-ether linked with a quinoxaline moiety
at the 2™ position of the oxadiazole ring, along with additional
substitution with methyl piperazine, significantly improves the
compound’s anticancer potency. Moreover, at the 5" position
of the oxadiazole ring, the presence of a substituted phenyl

Substituted phenyl acetamide phenoxy

Phenyl ring <—-—

— Piperazine ring

e

Quinoxaline “e--- ‘

Fig. 2. Structure of 10b showing substitutions at specific positions
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acetamide phenoxy linker is associated with remarkable anti-
cancer effects. Compounds bearing this substitution pattern,
such as comounds 10b and 10e, demonstrated promising activity
against cancer cells. Compound 10b exhibits superior anticancer
activity, with an ICs, value of 4.87 uM, outperforming the standard
compound with an ICs, value of 5.17 uM. On the other hand,
compound 10e shows significant anticancer efficacy against
the HepG2 cell line, with an ICs, value of 5.59 uM. These
observations underscore the importance of structural modifi-
cations, particularly at the 2" and 5" positions of the oxadiazole
ring, in optimizing the anticancer activity.

In vivo study

Physiological parameters: The physiological parameters,
including initial and final body weights, food consumption
and water consumption (Table-3), were assessed across the
experi-mental groups (G1, G2 and G3) subjected to distinct
treatments (control, standard and test). The initial body weights
were comparable, with G1 starting at 250.00 = 5.00 g, G2 at
248.00 + 4.00 g and G3 at 247.50 = 3.50 g. Following the
treatment period, the final body weights exhibited a slight
decrease, with G1 recording 245.00 + 5.00 g, G2 at 242.00 +
4.00 g and G3 at 240.00 = 3.00 g.

Oxidative and enzymatic parameters: Table-4 illustrates
the levels of oxidative parameters, including superoxide dismu-
tase (SOD), catalase (CAT), glutathione peroxidase (GPx) and
malondialdehyde (MDA), across different experimental groups.
When compared with G1-treated rats, G2-treated rats exhibited
asignificant increase (p < 0.001) in hepatic levels of GSH, SOD
and Catalase, alongside a significant decrease (p < 0.001) in
MDA levels. On the other hand, G2-treated rats demonstrated

a significant increase in hepatic levels of GSH (p < 0.01), SOD
(p<0.01) and catalase (p < 0.01), along with a significant decre-
ase (p <0.01) in MDA levels compared to G1-treated rats. These
results imply that compound 10b (G3) may possess antioxidant
properties.

Hepatoprotective and anticancer activity of compound
10b: The intent of the study was to assess the hepatoprotective
properties of compound 10b in comparison to the usual treat-
ment, 5-fluorouracil and a positive control group exposed to
diethylnitrosamine (Table-5, Fig. 3). In comparison to G1-
treated rats, those treated with G2 demonstrated a significant
decrease (p <0.01) in AST and ALT levels, as well as a notable
decrease (p < 0.001) in ALP and bilirubin levels. Similarly,
G3-treated rats exhibited significant reductions (p < 0.001) in
AST, ALT and ALP levels compared to G1-treated rats, with a
significant decrease (p < 0.01) in bilirubin levels. The adminis-
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Fig. 3. Hepatoprotective and anticancer activity of compound 10b

TABLE-3
ASSESSMENT OF PHYSIOLOGICAL PARAMETERS

Food consumption Water consumption

Group Name Initial weight (g) Final weight (g) () L)
Gl Positive control 250.00 £ 5.00 245.00 £ 5.00 20.00 = 1.00 50.00 + 2.00
G2 Standard 248.00 = 4.00 242.00 = 4.00 19.50 + 1.50 49.00 £+ 2.50
G3 Test 247.50 + 3.50 240.00 + 3.00 19.75 £ 1.25 48.75 £2.25
Results are presented as mean + SEM, (n = 6). ANOVA followed by Dunnett test.
***p < 0.001, **p < 0.01, *p < 0.05 when compared with G1 group.
TABLE-4
THE LEVEL OF OXIDATIVE AND ENZYMATIC PARAMETERS
Group Superoxide dismutase (SOD) Catalase (CAT) Glutathione peroxidase (GPx) Malondialdehyde (MDA)
Gl 10.25 £ 1.32 8.92+1.15 14.57 £2.08 12.43 £ 1.72
G2 2247 £ 2.15%** 15.78 + 1.98**%* 26.84 £ 2.45%%* 6.89 + 0.98***
G3 17.89 + 1.94%** 12.36 + 1.67** 20.19 + 1.86** 9.75 + 1.21**
Results are presented as mean + SEM, (n = 6). ANOVA followed by Dunnett test.
*##%p < 0.001, **p < 0.01, *p < 0.05 when compared with G1 group.
TABLE-5
HEPATOPROTECTIVE AND ANTICANCER ACTIVITY OF COMPOUND 10b
Group Name Treatment AST (IU/L) ALT (IU/L) ALP (IU/L) Bilirubin (mg/dL)
Gl Positive control ~ Diethylnitrosamine 323.28+2.67 243.31+1.5 369.55+0.24 3.94+1.20
G2 Standard S-fluorouracil 81.41+1.64%* 35.15+2.09%* 110.95+0.75%** 1.44+1.80%**
G3 Test Compound 10b 95.29+2 44 #*%* 56.11£1.76%** 117.78+2.98**%* 2.06£1.2%*

Results are presented as mean + SEM, (n = 6). ANOVA followed by Dunnett test.

*##%p < 0.001, **p < 0.01, *p < 0.05 when compared with G1 group.
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tration of G2, representing standard treatment with 5-fluoro-
uracil, resulted in consistent and considerable declines in AST,
ALT, ALP and bilirubin levels compared to the positive control
group (G1). While G3 (compound 10b) also showed significant
hepatoprotective effects, albeit slightly less potent than 5-
fluorouracil (G2), suggesting promising therapeutic potential
in alleviating diethylnitrosamine-induced liver damage.

Conclusion

In conclusion, the successful synthesis of a series of novel
1,3,4-oxadiazoles (10a-j & 12a-j) was achieved through diverse
synthetic routes. The in vitro evaluation of the synthesized
compounds demonstrated considerable cytotoxicity against the
HepG2 and MCF-7 cell lines. Remarkably, compounds 10b
and 10e displayed significant potency with ICs values of 4.87
UM and 6.90 uM against HepG2 cells and 5.59 uM and 7.82
UM against MCF-7 cells, respectively. These findings under-
score the promising anticancer potential of these compounds
against liver and breast cancer cells. In vivo studies further
substantiated the anticancer activity of compound 10b. More-
over, administration of compound 10b demonstrated signifi-
cant hepatoprotective effects, albeit slightly less potent than
the standard treatment with 5-fluorouracil. This suggests a
potential therapeutic role in alleviating diethylnitrosamine-
induced liver damage. Overall, these results contribute valuable
insights into the potential of 1,3,4-oxadiazoles as promising
candidates for the development of novel anticancer agents with
potential hepatoprotective properties.
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