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Abstract A series of 28 novel naproxen derivatives (4a-f, 5a-f, 6a-d, 7a-f, and 8a-f) have been

designed, synthesized, and characterized. The synthesized derivatives were assessed as dual inhibi-

tors for 15-lipoxygenase (LOX) and a-glucosidase enzymes and checked for cytotoxicity and

ADME studies. The inhibitory potential of naproxen derivatives for 15- LOX was checked through

two different methods, the UV absorbance method and the Chemiluminescence method. The bio-

logical activities result revealed that through the UV absorbance method, compound 4f (IC50 21.

31 ± 0.32 mM) was found potent among the series followed by compounds 4e (IC50 36.53 ± 0.5

1 mM) and 4d (IC50 49.62 ± 0.12 mM) against standard drug baicalein (IC50 22.46 ± 1.32 mM)

and quercetin (IC50 2.34 ± 0.35 mM), while through chemiluminescence method tested compounds
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showed significant 15-LOX inhibition at the range of IC50 1.13 ± 0.62 mM �123.47 ± 0.37 mM.

Among these compounds, 4e (IC50 1.13 ± 0.62 mM), 5b (IC50 1.19 ± 0.43 mM), 8c (IC50 1.23 ±

0.35 mM) were found most potent inhibitors against quercetin (IC50 4.86 ± 0.14 mM), and baicalein

(IC50 2.24 ± 0.13 mM). The chemiluminescence method was found more sensitive than the UV

method to identify 15-LOX inhibitors. Interestingly all synthesized compounds showed significant

a-glucosidase inhibitory activity (IC50 1.0 ± 1.13 mM � 367.2 ± 1.23 mM) even better than the stan-

dard drug acarbose (IC50 375.82 ± 1.76 mM), while compound 6c (IC50 1.0 ± 1.13 mM) and 7c

(IC50 1.1 ± 1.17 mM) were found most potent compounds among the series even many folds better

than the standard drug. The cell viability results showed that all compounds were less toxic, main-

tained cellular viability at the range of 99.8 ± 1.3% to 63.7 ± 1.5%. ADME and molecular dock-

ing studies supported drug-likeness and binding interactions of compounds with the targeted

enzymes.

� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Non-steroids anti-inflammatory drugs (NSAIDs) are a class of

drugs commonly used to treat inflammatory disorders, includ-
ing pain associated with arthritis [1,2]. They inhibit the
cyclooxygenase enzymes (COXs) responsible for prostaglandin
synthesis, which causes inflammation [3]. Naproxen (2-(6-

methoxynaphthalen-2-yl) propanoic acid) is a propionic
derivative, one of the most significant non-steroid anti-
inflammatory drugs (NSAIDs) that have anti-inflammatory,

analgesic, and anti-pyretic properties, commonly used in the
treatment of joint diseases, such as rheumatoid arthritis,
osteoarthritis and gout and also reduces back pain and fever

[4]. In addition to anti-inflammatory and analgesic activity
[5,6] literature study revealed about other biological activities
like anticancer, antimicrobial, antibacterial, anti-Alzheimer,

antifungal, antinociceptive, antioxidant, anti-urease, and a-
glucosidase inhibitory activities [7–13]. Most of these biologi-
cal activities are associated with COX-dependent mechanisms;
Lead candidates derived from
however, literature study revealed that NSAIDs interact with
membrane phospholipids in a COX-independent route that
could involve in their biological activity. The structures of

some NSAIDs derivatives with specific biological activities
are given in Fig. 1.

Lipoxygenases (LOX EC 1.13.11.12) are a group of non-

heme iron-containing enzymes that catalyze incorporation of
molecular oxygen in polyunsaturated fatty acids having a cis-
1,4-pentadiene structure like arachidonic acid and linoleic acid

to related unsaturated hydroperoxides [14]. These enzymes are
broadly distributed in plants, animals as well as in microorgan-
isms [15]. Literature survey has shown that mainly soybean 15-
LOX isoform has been used for different biochemical pro-

cesses because of its similarity with mammalian LOXs that cat-
alyzes arachidonic acid, linoleic acid, and other unsaturated
fatty acids in the same way [16,17]. Lipoxygenase inhibitors

are used as drugs to treat various disorders such as inflamma-
tion, cancer, and bronchial asthma [18,19].

Various methods including UV, Chemiluminescence, fluo-

rescence and colorimetric method have been described for
commercially available NSAIDs.

http://creativecommons.org/licenses/by/4.0/
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identifying LOX inhibitors [20]. The detection of the diene pro-
duct generated via lipid peroxidation, 5(S)-hydroperoxy-6-
trans-8,11,14-cis-eicosatetraenoic acid (HPETE) by the oxida-

tion of linoleic acid as substrate at 234 nm, occurs in the UV
absorbance method [21,22]. Chemiluminescence approach
using luminol, a direct measurement of lipid hydroperoxide

generated via LOX reaction, has also been reported, and
improved with the addition of cytochrome C to the luminol
mediated process. The reaction involves the formation of

hydroperoxide from unsaturated fatty acids, which interacts
with cytochrome c to produce oxygen radicals, which then oxi-
dize luminol to its excited state, resulting in photon emissions
recorded by the machine [23,24]. This method is a more sensi-

tive and alternative way for detecting LOX activity. The fluo-
rescent approach has also been used to study human 5-LOX
inhibition [25,26]. The colorimetric method, which involves

measuring the oxidation of the substrate and measuring the
creation of colored compounds, produced unstable and fluctu-
ating absorbance results. Lu et al. (2013) established a colori-

metric approach in which lipid hydroperoxides produced from
LOX oxidized ferrous ions to ferric ions, which then bonded
thiocyanate ions to form a red ferric thiocyanate complex [27].

Diabetes mellitus type-II (DM-II) is a metabolic disorder
and which is a chronic health problem all over the world. It
is caused by a high level of blood glucose called hyperglycemia.
Chronic hyperglycemia is associated with leading long-term

complications of diabetes, obesity, metastatic cancer, and car-
diovascular diseases [28]. Diabetes is a self-regulating risk fac-
tor of retinopathy, neuropathy, and nephropathy [29–31].

International Diabetic Federation (IDF), estimated that in
2019 approximately a 463 million adults (20–79 years) were liv-
ing with diabetes; by 2045, this will rise to 700 million [32].

a-Glucosidase (EC. 3.2.1.20) is an exotype glycosidase
enzyme that hydrolyze starch, and disaccharides into glucose.
It is the key enzyme that is responsible for glucose absorption

in the intestine [33], and is one of the validated therapeutic tar-
gets for drug design against hyperglycemia-related complica-
tions [34]. The various studies reported the relevance of a-
glucosidase inhibition and regulation of glucose levels in

DM-II by a-glucosidase inhibitors [35–37]. Several drugs like
acarbose, miglitol, and voglibose are clinically used as a-
glucosidase inhibitory anti-diabetic drugs in the last several

decades, but these drugs also have some adverse effects such
as constipation, abdominal pain, diarrhea, dizziness, vomiting,
Table 1 Structures of naproxen derivatives.

Comp. X R

4a —2F –

4b —3F –

4c —4F –

4d —2,3-diCl –

4e —2,4-diCl –

4f —3,4-diCl –

5a —2F –

5b —3F –

5c —4F –

5d —2,3-diCl –

5e —2,4-diCl –

5f —3,4-diCl –

6a —4F —CH2CH3

6b —3,4-diCl —CH2CH3
pneumatosis [38–40]. Therefore, there is a need of developing
safer a-glucosidase inhibitors as anti-diabetic agents (Table 1).

Heterocycles are biologically essential scaffolds [41,42].

They have a crucial role in the various biochemical and phar-
macological processes. Most of the naturally occurring com-
pounds essential for living cells, such as essential amino

acids, vitamins, coenzymes, sugars, etc., are all heterocyclic
in nature [43]. These compounds played an essential role in
medicinal chemistry, resulting in various therapeutic agents,

with enhanced stability, reactivity, solubility, absorption, and
bioavailability [44]. Among heterocyclic compounds, azoles
moiety containing nitrogen, oxygen, and sulfur atoms received
huge attention due to their broad spectrum of biological

potential and vast therapeutic index [45–48]. Our research
group has identified several heterocyclic compounds for their
pharmacological potential [49–52]. Recently, we have reported

some NSAIDs drugs including naproxen as 15-LOX inhibitors
and ibuprofen derivatives as a-glucosidase inhibitors [53,54]
Fig. 2]. However, further work is required to identify some

promising lead molecules for future investigation.
In the present study, we report the synthesis of naproxen

derivatives which were screened against two different enzymes

i.e., 15-LOX and a-glucosidase to evaluate the enzyme inhibi-
tory potential of these synthesized compounds. These deriva-
tives were also screened for cell viability (cytotoxicity) and in
silico studies were carried out in order to find binding interac-

tions of naproxen derivatives with the said enzymes. To the
best of our knowledge, this is the first report of the synthesized
naproxen derivatives as 15-LOX and a-glucosidase inhibitors.

2. Experimental

2.1. Material and methods

All the reagents and chemicals were purchased from Sigma

Aldrich which were used without additional purification.
Naproxen was purchased from Alfa aesar. NMR (1H NMR
& 13C NMR) spectra in deuterated solvent (DMSO d6) were

obtained on an Avance Bruker spectrometer at 400 MHz
and 100 MHz. The coupling constants were expressed in hertz
(Hz) and the chemical shift was reported in parts per million
(ppm) with tetramethylsilane as an internal reference. Singlet

(s), broad singlet (br s), doublet (d), doublet of doublet (dd),
Comp. X R

6c —4F —CH2CH2CH3

6d —3,4-diCl —CH2CH2CH3

7a —2F –

7b —3F –

7c —4F –

7d —2,3-diCl –

7e —2,4-diCl –

7f —3,4-diCl –

8a —2F –

8b —3F –

8c —4F –

8d —2,3-diCl –

8e —2,4-diCl –

8f —3,4-diCl –



Fig. 2 The rationale of the study.
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triplet (t), triplet of doublet (td), quartet (q), and multiplet (m)
were reported as splitting patterns (m). A Finnegan MAT-

311A mass spectrometer was used to record HRMS (EI) spec-
tra. The melting points were obtained in an open capillary
using the Stuart melting point device (SMP10). Thin layer
chromatography with TLC plates precoated with silica gel 60

F254 was used to confirm all produced compounds.

2.2. General procedure for the synthesis of methyl 2-(6-
methoxynaphthalen-2-yl) propanoate (2)

Naproxen methyl ester was synthesized by treating naproxen
(0.01 mol) and dry methanol (20 mL) in the presence of few

drops of conc. H2SO4, the reaction mixture, was refluxed for
7 hrs and monitored through TLC. After completion of reac-
tion the excess solvent was evaporated and extracted through

DCM and water (1:1.6) mixture to obtained solid product,
which was dried and recrystallized from ethanol.

White solid; Rf = 0.71 (n-hexane: ethyl acetate 4:1); Yield
82%; m.p. 91-93�C. 1H NMR (400 MHz, DMSO d6) d 7.64 (dd,
J = 8.5, 2.1 Hz, 1H, Ar-H), 7.56 (dd, J = 8.8, 2.2 Hz, 1H, Ar-
H), 7.47 (s, 1H, Ar-H), 7.39 (dd, J = 8.2, 2.0 Hz, 1H, Ar-H),
7.13 (d, J = 2.3 Hz, 1H, Ar-H), 6.92 (dd, J = 8.9, 2.5 Hz, 1H,

Ar-H), 3.83 (s, 3H, OCH3), 3.78 (q, J = 7.2 Hz, 1H, CHCH3),

3.62 (s, 3H, COCH3), 1.49 (d, J = 7.2 Hz, 3H, CHCH3).
13C

NMR (100 MHz, DMSO d6) d 174.4, 157.7, 137.4, 133.2,
129.2, 128.6, 127.3, 126.6, 125.3, 118.7, 105.6, 55.6, 51.9,

43.6, 18.5.

2.3. General procedure for the synthesis of 2-(6-
methoxynaphthalen-2-yl)propane hydrazide (3)

A mixture of methyl 2-(6-methoxynaphthalen-2-yl) propano-
ate (0.01 mol) (2) and hydrazine hydrate (0.02 mol) was
refluxed in ethanol (25 mL) for about 16 hrs. After completion
of reaction the solid product was collected through filtrations,
washed with water, dried, and recrystallized from ethanol. The

reaction progress was monitored through TLC.
Brown solid; Rf = 0.18 (n-hexane: ethyl acetate 4:1); Yield

76%; m.p 138-140�C. 1H NMR (400 MHz, DMSO d6) d 9.08 (s,
1H, NH), 7.69 (dd, J = 8.5, 2.1 Hz, 1H, Ar-H), 7.61 (dd,

J = 8.0, 2.1 Hz, 1H, Ar-H), 7.49 (s, 1H, Ar-H), 7.39 (dd,
J = 8.0, 2.2 Hz, 1H, Ar-H), 7.13 (d, J = 2.1 Hz, 1H, Ar-
H), 6.92 (dd, J = 8.9, 2.5 Hz, 1H, Ar-H), 4.22(s, 2H, NH2),

3.82 (s, 3H, OCH3), 3.69 (q, J = 7.2 Hz, 1H, CHCH3), 1.45

(d, J = 7.4 Hz, 3H, CHCH3).
13C NMR (100 MHz, DMSO d6)

d 176.4, 157.7, 139.8, 133.2, 129.1, 128.3, 127.2, 126.6, 125.2,
118.7, 105.6, 55.5, 44.9, 18.1.

2.4. General method for the synthesis of thiosemicarbazide

derivatives 4(a-f)

An equimolar sum of 2-(6-methoxynaphthalen-2-yl) propane-
hydrazide (3) (0.01 mol) and aryl isothiocyanate (a-f) was
refluxed separately for 6–7 hrs in ethanol (25–30 mL) at 80�C.
The progress of reaction was monitored through TLC. After

completion of reaction, the reaction mixture was cooled at
room temperature, the solvent was evaporated and solid left
behind was washed and filtered to get the pure compound.

2.4.1. 4-(2-Fluorophenyl)-1-(2-(6-methoxynaphthalen-2-yl)
propanoyl)thiosemicarbazide (4a)

Brown solid; Rf = 0.43 (n-hexane: ethyl acetate 4:1); Yield

72%; m.p. 151-153�C. 1H NMR (400 MHz, DMSO d6) d
10.20 (br s, 1H, NH), 9.76 (br s., 1H, NH), 9.32 (br s, 1H,
NH), 7.80–7.74 (m, 3H, Ar-H), 7.66 (d, J = 8.0 Hz, 1H, Ar-

H), 7.52 (d, J = 8.0 Hz, 1H, Ar-H), 7.44 (d, J = 8.4 Hz,
1H, Ar-H), 7.35 (d, J = 2.4 Hz, 1H, Ar-H), 7.24–7.17 (m,
1H, Ar-H), 7.16 (s, 1H, Ar-H), 7.14 (dd, J = 8.8, 2.4 Hz,

1H, Ar-H), 4.03 (q, J = 6.8 Hz, 1H, CHCH3), 3.85 (s, 3H,
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OCH3), 1.48 (d, J = 7.2 Hz, 3H, CH3).
13C NMR (100 MHz,

DMSO d6) d 181.8, 173.6, 157.7, 155.8 (d, JFC = 245.4 Hz, C),
139.9, 133.2, 129.1, 128.4 (d, JFC = 14.5 Hz, C), 128.1, 127.3,

126.6, 125.3, 124.8 (d, JFC = 3.2 Hz, CH), 123.8 (d, JFC = 7.3-
Hz, CH), 122.5 (d, JFC = 5.7 Hz, CH), 118.7, 115.5 (d,
JFC = 21.4 Hz, CH), 105.6, 55.6, 45.1, 18.1. HRMS (EI) calcd

for C21H20FN3O2S [M+]: 397.1260 found 397.1247.

2.4.2. 4-(3-Fluorophenyl)-1-(2-(6-methoxynaphthalen-2-yl)

propanoyl)thiosemicarbazide (4b)

Brown solid; Rf = 0.41 (n-hexane: ethyl acetate 4:1); Yield
76%; m.p. 149-151�C.1H NMR (400 MHz, DMSO d6) d
10.17 (br s, 1H, NH), 9.56 (br s, 1H, NH), 8.92 (br s, 1H,

NH), 7.79–7.76 (m, 1H, Ar-H), 7.73 (d, J = 2.4 Hz, 1H, Ar-
H), 7.65–7.56 (m, 2H, Ar-H), 7.49 (d, J = 8.4 Hz, 1H, Ar-
H), 7.33 (d, J = 7.6 Hz, 1H, Ar-H), 7.28 (d, J = 2.4 Hz,

1H, Ar-H), 7.24–7.17 (m, 2H, Ar-H), 7.07 (dd, J = 9.0,

2.5 Hz, 1H, Ar-H), 4.05 (q, J = 6.8 Hz, 1H, CHCH3), 3.86

(s, 3H, OCH3), 1.48 (d, J = 7.0 Hz, 3H, CH3).
13C NMR

(100MHz, DMSO d6) d 180.7, 173.5, 162.1 (d, JFC= 246.5 Hz,
C), 157.7, 139.8, 139.6 (d, JFC = 16.4 Hz, (C), 133.2 (C), 130.3
(d, JFC = 10.1 Hz, CH), 129.1, 128.4, 127.3, 126.6, 125.3,

119.2, 118.7, 113.4 (d, JFC = 24.2 Hz, CH), 111.0 (d,
JFC = 22.3 Hz, CH), 105.6, 55.6, 45.1, 18.1. HRMS (EI) calcd
for C21H20FN3O2S [M+]: 397.1260 found 397.1247.

2.4.3. 4-(4-Fluorophenyl)-1-(2-(6-methoxynaphthalen-2-yl)
propanoyl)thiosemicarbazide (4c)

Brown solid; Rf = 0.43 (n-hexane: ethyl acetate 4:1); Yield

84%; m.p. 151-153�C.1H NMR (400 MHz, DMSO d6) d
10.01 (br s, 1H, NH), 9.47 (br s, 1H, NH), 8.96 (br s, 1H,
NH), 7.76–7. 64 (m, 2H, Ar-H), 7.57–7.49 (m, 2H, Ar-H),

7.42 (d, J = 7.5 Hz, 1H, Ar-H), 7.35 (d, J = 7.5 Hz, 1H,
Ar-H), 7.28 (d, J = 2.3 Hz, 1H, Ar-H), 7.14 (dd, J = 8.4,
2.4 Hz, 1H, Ar-H), 7.04 (s, 1H, Ar-H), 6.99 (dd, J = 8.0,

2.5 Hz, 1H, Ar-H), 4.15 (q, J = 6.4 Hz, 1H, CHCH3), 3.86
(s, 3H, OCH3), 1.49 (d, J = 7.2 Hz, 3H, CH3).

13C NMR

(100 MHz, DMSO d6) d 180.0, 173.8, 161.1, 157.9 (d,
JCF = 246.3 Hz, C), 139.8, 135.8 (d, JCF = 2.8 Hz, C),
133.2, 129.1, 128.4, 127.3, 126.6, 126.2 (d, JCF = 9.0 Hz,
2CH), 125.3, 118.7, 116.7 (d, JCF = 22.5 Hz, 2CH), 105.6,

55.6, 45.1, 18.1. HRMS (EI) calcd for C21H20FN3O2S [M+]:
397.1260 found 397.1247.

2.4.4. 4-(2,3-Dichlorophenyl)-1-(2-(6-methoxynaphthalen-2-
yl)propanoyl) thiosemicarbazide (4d)

Brown solid; Rf = 0.45 (n-hexane: ethyl acetate 4:1); Yield
74%; m.p. 98-100�C. 1H NMR (400 MHz, DMSO d6) d 10.26

(br s, 1H, NH), 9.85 (br s, 1H, NH), 9.45 (br s, 1H, NH),
7.84–7.65 (m, 3H, Ar-H), 7.42 (d, J = 7.6 Hz, 1H, Ar-H),
7.35 (d, J = 8.4 Hz, 1H, Ar-H), 7.28 (d, J = 2.3 Hz, 1H,

Ar-H), 7.17–7.12 (m, 3H, Ar-H), 4.15 (q, J = 6.6 Hz, 1H,

CHCH3), 3.86 (s, 3H, OCH3), 1.49 (d, J = 7.0 Hz, 3H,

CH3).
13C NMR (100 MHz, DMSO d6) d 181.9, 172.9, 157.7,

139.8, 135.4, 133.2, 132.9, 129.1, 128.5, 127.9, 127.3, 126.6,
125.3, 124.5, 123.3, 119.2, 118.7, 105.6, 55.6, 45.1, 18.1.

(CH3). HRMS (EI) calcd for C21H19Cl2 N3O2S [M+]:
447.0575 found 447.0561.
2.4.5. 4-(2,4-Dichlorophenyl)-1-(2-(6-methoxynaphthalen-2-

yl)propanoyl) thiosemicarbazide (4e)

Light brown solid, Rf = 0.44 (n-hexane: ethyl acetate 4:1);
Yield 70%; m.p. 100-102�C. 1H NMR (400 MHz, DMSO d6)
d 10.71 (br s, 1H, NH), 9.95 (br s, 1H, NH), 8.99 (br s, 1H,

NH), 7.83 (d, J = 2.4 Hz, 1H, Ar-H), 7.76–7.59 (m, 3H, Ar-
H), 7.49 (d, J = 7.6 Hz, 1H, Ar-H), 7.40 (s, 1H, Ar-H), 7.30
(dd, J = 8.4, 1.7 Hz, 1H, Ar-H), 7.18 (s, 1H, Ar-H), 7.10

(dd, J = 6.8, 2.4 Hz, 1H, Ar-H), 4.12 (q, J = 7.0 Hz, 1H,

CHCH3), 3.82 (s, 3H, OCH3), 1.47 (d, J = 5.9 Hz, 3H,

CH3).
13C NMR (100 MHz, DMSO d6) d 182.0, 173.7, 157.7,

139.8, 134.5, 133.2, 129.3, 129.1, 128.7, 128.3, 128.1, 127.7,
127.2, 126.7, 126.5, 125.2, 118.7, 105.6, 55.5, 45.1, 18.1.
(CH3). HRMS (EI) calcd for C21H19Cl2 N3O2S [M+]:

447.0575 found 447.0561.

2.4.6. 4-(3,4-Dichlorophenyl)-1-(2-(6-methoxynaphthalen-2-

yl)propanoyl) thiosemicarbazide (4f)

Brown solid; Rf = 0.46 (n-hexane: ethyl acetate 4:1); Yield
83%; m.p. 98-100�C. 1H NMR (400 MHz, DMSO d6) d 10.75
(br s, 1H, NH), 9.98 (br s, 1H, NH), 9.33 (br s, 1H, NH),

7.86 (d, J = 1.9 Hz, 1H, Ar-H), 7.79–7.64 (m, 2H, Ar-H),
7.43 (d, J = 8.6 Hz, 1H, Ar-H), 7.36 (d, J = 7.5 Hz, 1H,
Ar-H), 7.28–7.03 (m, 4H, Ar-H), 4.02 (q, J = 6.0 Hz, 1H,

CHCH3), 3.85(s, 3H, OCH3), 1.49 (d, J = 6.8 Hz, 3H,
CH3).

13C NMR (100 MHz, DMSO d6) d 180.9, 173.7, 157.7,

140.1, 139.8, 133.2, 131.8, 129.1, 128.9, 128.4, 127.3, 126.6,
125.3, 124.8, 124.1, 119.1, 118.4, 105.6, 55.6, 45.1, 18.1. HRMS
(EI) calcd for C21H19Cl2 N3O2S [M+]: 447.0575 found

447.0561.

2.5. General procedure for the synthesis of 1, 2, 4-triazole-3-thiol
derivatives 5(a-f)

First, 5% NaOH solution was prepared through stirring, then
took 30 mL of stirred NaOH solution and added thiosemicar-
bazides (4a-f) (0.0011 mol) portion wise. The reaction mixture

was allowed to reflux for 3 to 4 hrs, monitored through TLC.
After cooling the reaction mixture was filtered and the filtrate
was acidified with 6 N HCl to pH 2–3. The precipitated solid

was filtered, washed thoroughly with water and recrystallized
with ethanol.

2.5.1. 4-(2-Fluorophenyl)-5-(1-(6-methoxynaphthalen-2-yl)
ethyl)-4H-1,2,4-triazole-3-thiol (5a)

Off white solid; Rf = 0.56 (n-hexane: ethyl acetate 4:1); Yield
74%; m.p 115-117�C. 1H NMR (400 MHz, DMSO d6) d 13.89

(s, 1H, SH), 7.76–7.69 (m, 2H, Ar-H), 7.54–7.44 (m, 2H, Ar-
H), 7.40 (d, J = 8.0 Hz, 1H, Ar-H), 7.39 (d, J = 7.6 Hz,
1H, Ar-H), 7.36 (d, J = 1.5 Hz, 1H, Ar-H), 7.15 (d,
J = 7.0 Hz, 1H, Ar-H), 7.13 (d, J = 2.6 Hz, 1H, Ar-H),

6.97 (dd, J = 7.5, 1.5 Hz, 1H, Ar-H), 4.13 (q, J = 7.0 Hz,

1H, CHCH3), 3.85 (s, 3H, OCH3), 1.59 (d, J = 7.4 Hz, 3H,

CH3).
13C NMR (100 MHz, DMSO d6) d 168.9, 161.6 (d,

JFC = 245.0 Hz, CF), 157.5, 152.3, 141.0, 133.2, 130.6 (d,
JFC = 7.3 Hz, CH), 129.8 (d, JFC = 5.3 Hz, CH), 129.1,

128.6, 127.4, 126.8, 125.7, 125.0 (d, J = 3.2 Hz, CH), 121.5
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(d, JFC = 19.7 Hz, C), 118.7, 117.2 (d, JFC = 21.4 Hz, CH),
105.6, 55.6, 37.6, 17.7. HRMS (EI) calcd for C21H18FN3OS
[M+]: 379.1155 found 379.1139.

2.5.2. 4-(3-Fluorophenyl)-5-(1-(6-methoxynaphthalen-2-yl)
ethyl)-4H-1,2,4-triazole-3-thiol (5b)

Off white solid; Rf = 0.53 (n-hexane: ethyl acetate 4:1); Yield

78%; m.p. 120-123�C. 1H NMR (400 MHz, DMSO d6) d 13.93
(s, 1H, SH), 7.78–7.58 (m, 4H, Ar-H), 7.42 (d, J = 8.0 Hz, 1H,
Ar-H), 7.39 (d, J = 7.6 Hz, 1H, Ar-H), 7.36 (s, 1H, Ar-H),

7.15 (d, J = 7.0 Hz, 1H, Ar-H), 7.10 (s, 1H, Ar-H), 6.97
(dd, J = 7. 5, 1.5 Hz, 1H, Ar-H), 4.13 (q, J = 7.0 Hz, 1H,

CHCH3), 3.79 (s, 3H, OCH3), 1.59 (d, J = 7.6 Hz, 3H,
CH3).

13C NMR (100 MHz, DMSO d6) d 168.6, 162.1 (d,
JFC = 246.7 Hz, C), 157.6, 151.6, 141.0, 136.4 (d, JFC = 13.7-

Hz, C), 133.2, 130.5 (d, JFC = 10.1 Hz, CH), 129.1, 128.6,
127.4, 126.8, 126.0 (d, JFC = 3.8 Hz, CH), 125.7, 118.7,
116.6 (d, JFC = 24.0 Hz, CH), 116.3 (d, JFC = 22.3 Hz,

CH), 105.6, 55.6, 37.6, 17.7. HRMS (EI) calcd for C21H18FN3-
OS [M+]: 379.1155 found 379.1139.

2.5.3. 4-(4-Fluorophenyl)-5-(1-(6-methoxynaphthalen-2-yl)

ethyl)-4H-1,2,4-triazole-3-thiol (5c)

White solid; Rf = 0.57 (n-hexane: ethyl acetate 4:1); Yield
81%; m.p 117-119�C. 1H NMR (400 MHz, DMSO d6) d
13.90 (s, 1H, SH), 7.72–7.61 (m, 2H, Ar-H), 7.53–7.36 (m,

4H, Ar-H), 7.24 (d, J = 2.4 Hz, 1H, Ar-H), 7.19 (s, 1H, Ar-
H), 7.10 (dd, J = 8.9, 2.5 Hz, 1H, Ar-H), 6.98 (dd, J = 8.5,

1.8 Hz, 1H, Ar-H), 4.06 (q, J = 7.0 Hz, 1H, CHCH3), 3.85
(s, 3H, OCH3), 1.57 (d, J = 7.0 Hz, 3H, CH3).

13C NMR
(100 MHz, DMSO d6) d 168.7, 161.8 (d, JFC = 246.3 Hz,

C), 156.9, 151.6, 141.0, 134.0 (d, JFC = 3.1 Hz, C), 133.2,
129.7 (d, JFC = 8.4 Hz, 2CH), 129.1, 128.6, 127.4, 126.8,
125.7, 118.7, 117.0 (d, JFC = 22.5 Hz, 2CH), 105.6, 55.6,

37.6, 17.7. HRMS (EI) calcd for C21H18FN3OS [M+]:
379.1155 found 379.1139.

2.5.4. 4-(2,3-Dichlorophenyl)-5-(1-(6-methoxynaphthalen-2-
yl)ethyl)-4H-1,2,4-triazole-3-thiol (5d)

Off white solid; Rf = 0.61 (n-hexane: ethyl acetate 4:1); Yield
74%; m.p. 187-189�C. 1H NMR (400 MHz, DMSO d6) d 13.93

(s, 1H, SH), 7.74–7.71 (m, 1H, Ar-H), 7.58 (t, J = 8.0 Hz, 1H,
Ar-H), 7.54 (d, J = 8.8 Hz, 1H, Ar-H), 7.38 (d, J = 8.4 Hz,
1H, Ar-H), 7.22 (d, J = 2.0 Hz, 1H, Ar-H), 7.09 (dd,
J = 8.8, 2.4 Hz, 1H, Ar-H), 7.01 (s, 1H, Ar-H), 6.95 (dd,

J= 8.4, 1.6 Hz, 1H, Ar-H), 3.95 (q, J= 6.9 Hz, 1H, CHCH3),
3.84 (s, 3H, OCH3), 1.60 (d, J = 6.8 Hz, 3H, CH3).

13C NMR

(100 MHz, DMSO d6) d 168.8, 157.6, 152.3, 141.0, 134.6,
133.9, 133.4, 132.6, 131.3, 130.4, 129.7, 129.1, 128.6, 127.4,
126.8, 125.7, 118.7, 105.6, 55.6, 37.6, 17.7. HRMS (EI) calcd

for C21H17Cl2 N3OS [M+]: 429.0469 found 429.0456.

2.5.5. 4-(2,4-Dichlorophenyl)-5-(1-(6-methoxynaphthalen-2-

yl)ethyl)-4H-1,2,4-triazole-3-thiol (5e)

Brown solid; Rf = 0.64 (n-hexane: ethyl acetate 4:1); Yield
76%; m.p. 186-188�C. 1H NMR (400 MHz, DMSO d6) d
13.90 (s, 1H, SH), 7.78–7.56 (m, 3H, Ar-H), 7.35 (d,

J = 8.4 Hz, 1H, Ar-H), 7.26 (d, J = 8.4 Hz, 1H, Ar-H),
7.19 (s, 1H, Ar-H), 7.10 (dd, J = 7.6, 2.0 Hz, 1H, Ar-H),
7.05 (d, J = 1.5 Hz, 1H, Ar-H), 6.97 (dd, J = 8.0, 1.5 Hz,
1H, Ar-H), 3.90 (q, J = 6.9 Hz, 1H, CHCH3), 3.85 (s, 3H,
OCH3), 1.59 (d, J = 7.2 Hz, 3H, CH3).

13C NMR

(100 MHz, DMSO d6) d 169.2, 157.5, 152.3, 141.0, 138.8,
133.2, 133.1, 129.1, 129.1, 128.6, 127.4, 127.1, 126.8, 125.7,
123.9, 123.6, 118.7, 105.6, 55.6, 37.6, 17.7. HRMS (EI) calcd

for C21H17Cl2 N3OS [M+]: 429.0469 found 429.0456.

2.5.6. 4-(3,4-Dichlorophenyl)-5-(1-(6-methoxynaphthalen-2-

yl)ethyl)-4H-1,2,4-triazole-3-thiol (5f)

Brown solid; Rf = 0.63 (n-hexane: ethyl acetate 4:1); Yield
82%; m.p. 187-190�C. 1H NMR (400 MHz, DMSO d6) d
13.97 (s, 1H, SH), 7.84 (d, J = 2.4 Hz, 1H, Ar-H), 7.73 (d,

J = 8.4 Hz, 1H, Ar-H), 7.63 (d, J = 8.8 Hz, 1H, Ar-H),
7.46 (d, J = 8.7 Hz, 1H, Ar-H), 7.32 (d, J = 9.7 Hz, 1H,
Ar-H), 7.24 (d, J = 2.3 Hz, 1H, Ar-H), 7.21 (s, 1H, Ar-H),

7.11 (dd, J = 8.9, 2.5 Hz, 1H, Ar-H), 7.01 (dd, J = 8.4,

1.7 Hz, 1H, Ar-H), 4.11 (q, J = 6.8 Hz, 1H, CHCH3), 3.85

(s, 3H, OCH3), 1.58 (d, J = 7.1 Hz, 3H, CH3).
13C NMR

(100 MHz, DMSO d6) d 168.9, 157.7, 151.6, 141.0, 136.6,
133.2, 132.8, 130.6, 129.1, 128.6, 127.4, 126.8, 126.6, 125.7,
124.3, 122.8, 118.7, 105.6, 55.6, 37.6, 17.7. HRMS (EI) calcd

for C21H17Cl2 N3OS [M+]: 429.0469 found 429.0456.

2.6. General method for the synthesis of alkylthio-1,2,4-triazoles
derivatives 6(a-d)

A mixture of 5-(2-(2,6-dichlorophenylamino)benzyl)-4-(Aryl)-
4H-1,2,4-triazole-3-thiol (0.002 mol) and K2CO3

(0.0015 mol) in DMF (15–20 mL) was refluxed for about
30 min then added ethyl/propyl bromide (0.0021 mol) drop-
wise to reaction mixture and refluxed for 2–3 hrs at 80�C. After

completion of reaction (monitored through TLC), the reaction
mixture was cooled and poured into ice cold water, precipitates
were filtered out, washed, dried and recrystalized with ethanol.

2.6.1. 3-(Ethylthio)-4-(4-fluorophenyl)-5-(1-(6-
methoxynaphthalen-2-yl)ethyl)-4H-1,2,4-triazole (6a)

White solid; Rf = 0.65 (n-hexane: ethyl acetate 4:1); Yield

75%; m.p 144-146�C. 1H NMR (400 MHz, DMSO d6) d
7.71–7.56 (m, 4H, Ar-H), 7.37–7.30 (m, 2H, Ar-H), 7.24 (d,
J = 2.4 Hz, 1H, Ar-H), 7.19 (s, 1H, Ar-H), 7.11 (dd,
J = 8.2, 2.4 Hz, 1H, Ar-H), 6.98 (dd, J = 8.4, 1.7 Hz, 1H,

Ar-H), 4.06 (q, J = 6.97 Hz, 1H, CHCH3), 3.85 (s, 3H,

OCH3), 2.99 (q, J = 6.3 Hz, 2H, CH2CH3), 1.56 (d,

J = 5.2 Hz, 3H, CHCH3), 1.30 (t, J = 6.4 Hz, 3H, CH2CH3).
13C NMR (100 MHz, DMSO d6) d 163.7, 161.8 (d,
JFC = 246.3 Hz, CF), 157.7, 153.5, 141.0, 134.0 (d, JFC = 3.2-
Hz, C), 133.2, 129.8 (d, JFC = 8.4 Hz, 2CH), 129.1, 128.6,

127.4, 126.8, 125.7, 118.7, 117.1 (d, JFC = 22.5 Hz, 2CH),
105.6, 55.9, 37.6, 27.2, 17.7, 14.5. HRMS (EI) calcd for
C23H22F N3OS [M+]: 407.1468 found 407.1454.

2.6.2. 4-(3,4-Dichlorophenyl)-3-(ethylthio)-5-(1-(6-
methoxynaphthalen-2-yl)ethyl)-4H-1,2,4-triazole (6b)

Brown solid; Rf = 0.66 (n-hexane: ethyl acetate 4:1); Yield

72%; m.p156-158�C. 1H NMR (400 MHz, DMSO d6) d 7.83
(d, J = 9.0 Hz, 1H, Ar-H), 7.72 (s, 1H, Ar-H), 7.62 (d,
J = 8.0 Hz, 1H, Ar-H), 7.46 (d, J = 8.7 Hz, 1H, Ar-H),

7.32 (d, J = 9.7 Hz, 1H, Ar-H), 7.24 (d, J = 2.3 Hz, 1H,
Ar-H), 7.21 (s, 1H, Ar-H), 7.11 (dd, J = 8.9, 2.5 Hz, 1H,
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Ar-H), 7.00 (dd, J = 8.4, 1.6 Hz, 1H, Ar-H), 4.10 (q,

J = 6.8 Hz, 1H, CHCH3), 3.85 (s, 3H, OCH3), 2.99 (q,

J = 6.8 Hz, 2H, CH2CH3), 1.58 (d, J = 6.8 Hz, 3H, CH3),

1.31 (t, J = 6.2 Hz, 3H, CH2CH3).
13C NMR (100 MHz,

DMSO d6) d 162.1, 157.7, 153.6, 141.0, 136.7, 133.2, 133.0,
130.6, 129.1, 128.6, 127.4, 126.8, 126.5, 125.7, 124.7, 122.9,

118.7, 105.6, 55.6, 37.6, 27.2, 17.7, 14.5. HRMS (EI) calcd
for C23H21Cl2N3OS [M+]: 457.0782 found 457.0769.

2.6.3. 4-(4-Fluorophenyl)-3-(1-(6-methoxynaphthalen-2-yl)
ethyl)-5-(propylthio)-4H-1,2,4-triazole (6c)

White solid; Rf = 0.67 (n-hexane: ethyl acetate 4:1); Yield
76%; m.p. 139-141�C.1H NMR (400 MHz, DMSO d6) d
7.76–7.65 (m, 2H, Ar-H), 7.51–7.46 (m, 2H, Ar-H), 7.40 (d,
J = 8.4 Hz, 1H, Ar-H), 7.37 (d, J = 8.0 Hz, 1H, Ar-H)
7.24 (d, J = 2.44 Hz, 1H, Ar-H) 7.17 (d, J = 2.44 Hz, 1H,

Ar-H) 7.12 (dd, J = 8.4, 1.7 Hz, 1H, Ar-H), 6.97 (dd,

J = 7.8, 2.4 Hz, 1H, Ar-H), 4.03 (q, J = 6.9 Hz, 1H, CHCH3)

3.84 (s, 3H, OCH3), 3.08 (t, J = 6.4 Hz, 2H, CH2CH2CH3),

1.57 (d, J = 7.2 Hz, 3H, CHCH3), 1.43–1.36 (m, 2H, CH2

CH2CH3), 0.99 (t, J = 7.2 Hz, 3H, CH2CH3).
13C NMR

(100 MHz, DMSO d6) d 163.3, 161.8 (d, JFC = 246.3 Hz,
CF), 157.7, 153.6, 141.0, 134.0 (d, JFC = 3.2 Hz, C), 133.2,
129.8 (d, JFC = 8.4 Hz, 2CH), 129.1, 128.6, 127.4, 126.8,

125.7, 118.7, 117.1 (d, J = 22.5 Hz. 2CH), 105.64, 55.6,
37.6, 34.9, 24.5, 17.7, 12.5. HRMS (EI) calcd for C24H24F
N3OS [M+]: 421.1624 found 421.1611.

2.6.4. 4-(3,4-Dichlorophenyl)-3-(1-(6-methoxynaphthalen-2-
yl)ethyl)-5-(propylthio)-4H-1, 2, 4-triazole (6d)

Whitish solid; Rf = 0.66 (n-hexane: ethyl acetate 4:1); Yield
71%; m.p. 150-152�C. 1H NMR (400 MHz, DMSO d6) d 7.76

(d, J = 2.0 Hz, 1H, Ar-H), 7.74 (d, J = 7.4 Hz, 1H, Ar-H),
7.68 (d, J = 8.2 Hz, 1H, Ar-H), 7.46–7.32 (m, 2H, Ar-H),
7.24 (d, J = 2.3 Hz, 1H, Ar-H), 7.21–7.18 (m, 1H, Ar-H),

7.15 (d, 1H, Ar-H), 7.05 (dd, J = 8.0, 2.4 Hz, 1H, Ar-H),

4.11 (q, J = 6.8 Hz, 1H, CHCH3), 3.85 (s, 3H, OCH3), 3.09

(t, J = 7.0 Hz, 2H, CH2CH2CH3), 1.61 (d, J = 6.7 Hz, 3H,

CHCH3), 1.41–1.34 (m, 2H, CH2CH2CH3), 0.98 (t,

J = 7.2 Hz, 3H, CH2CH3).
13C NMR (100 MHz, DMSO d6)

d 161.6 157.7, 153.6, 141.0, 136.7, 133.2, 133.0, 130.6, 129.1,
128.6, 127.4, 126.8, 126.5, 125.7, 124.7, 122.9, 118.7, 105.6,
55.9, 37.6, 34.9, 24.5, 17.7, 12.5. HRMS (EI) calcd for C24H23-

Cl2N3OS [M+]: 471.0939 found 471.0927.

2.7. General method for the synthesis of 1, 3, 4-oxadiazole
derivatives 7(a-f)

Oxadiazole derivatives 7(a-f) were synthesized by the cycliza-
tion of thiosemicarbazides (0.001 mol) using mercuric acetate
(0.0013 mol) in 10–15 mL ethanol as a solvent. The reaction

mixture was refluxed for 2-3hrs with continuous stirring at
80�C. The progress of reaction was monitored through TLC.
After completion of reaction, the solvent was evaporated and

the product was recrystallized from ethanol and analyzed.
2.7.1. N-(2-Fluorophenyl)-5-(1-(6-methoxynaphthalen-2-yl)

ethyl)-1,3,4-oxadiazol-2-amine (7a)

Brown solid; Rf = 0.55 (n-hexane: ethyl acetate 4:1); Yield
58%; m.p. 152-154�C. 1H NMR (400 MHz, DMSO d6) d
10.16 (br s, 1H, NH), 8.04 (t, J = 7.8 Hz, 1H, Ar-H), 7.83–

7.76 (m, 3H, Ar-H), 7.41 (dd, J = 8.4, 1.6 Hz, 1H, Ar-H),
7.31 (d, J = 2.0 Hz, 1H, Ar-H), 7.20–7.16 (m, 3H, Ar-H),

7.15–7.03 (m, 1H, Ar-H), 4.51 (q, J = 7.09 Hz, 1H, CHCH3),
3.81 (s, 3H, OCH3), 1.70 (d, J = 7.0 Hz, 3H, CH3).

13C NMR
(100MHz, DMSO d6) d 159.8, 157.7, 155.1 (d, JFC = 245.4 Hz,

C), 149.9, 139.9, 133.2, 129.1, 128.8, 128.6, 128.4 (d,
JFC = 14.5 Hz, C), 126.23, 126.0, 124.8 (d, JFC = 3.4 Hz,
CH), 123.8 (d, JFC = 7.3 Hz, CH), 121.7 (d, JFC = 5.7 Hz,
CH), 118.7, 115.6 (d, JFC = 21.4 Hz), 105.6, 55.6, 37.6, 16.1.

HRMS (EI) calcd for C21H18FN3O2 [M+]: 363.1383 found
363.1370.

2.7.2. N-(3-Fluorophenyl)-5-(1-(6-methoxynaphthalen-2-yl)
ethyl)-1,3,4-oxadiazol-2-amine (7b)

Brown solid; Rf = 0.57(n-hexane: ethyl acetate 4:1); Yield
61%; m.p. 154-157�C. 1H NMR (400 MHz, DMSO d6) d
10.16 (br s, 1H, NH), 7.91–7.66 (m, 4H, Ar-H), 7.41–7.13

(m, 6H, Ar-H), 4.53 (q, J = 6.05 Hz, 1H, CHCH3), 3.81 (s,

3H, OCH3), 1.68 (d, J = 5.9 Hz, 3H, CH3).
13C NMR

(100MHz, DMSO d6) d 159.1, 157.6, 155.7 (d, JFC = 246.5 Hz,
C), 149.9, 140. 3 (d, JFC = 16.6 Hz, C), 139.9, 133.2, 130.3 (d,

JFC = 10.1 Hz, CH), 129.1, 128.8, 128.6, 126.2, 126.0, 119.2
(d, JFC = 3.4 Hz, CH), 118.7, 111.6 (d, JFC = 24.2 Hz,
CH), 111.01 (d, JFC = 22.3 Hz, CH), 105.6, 55.9, 37.6, 16.2.

HRMS (EI) calcd for C21H18FN3O2 [M+]: 363.1383 found
363.1370.

2.7.3. N-(4-Fluorophenyl)-5-(1-(6-methoxynaphthalen-2-yl)

ethyl)-1,3,4-oxadiazol-2-amine (7c)

Brown solid; Rf = 0.59 (n-hexane: ethyl acetate 4:1); Yield
70%; m.p. 156-158�C. 1H NMR (400 MHz, DMSO d6) d
10.16 (br s, 1H, NH), 7.78–7.59 (m, 4H, Ar-H), 7.44 (d,
J = 7.6, 1H, Ar-H), 7.32 (d, J = 7.4 Hz, 1H, Ar-H), 7.26–

7.08 (m, 4H, Ar-H), 4.51 (q, J = 7.2 Hz, 1H, CHCH3), 3.80

(s, 3H, OCH3), 1.71 (d, J = 6.4 Hz, 3H, CH3).
13C NMR

(100MHz, DMSO d6) d 159.1, 157.7, 155.5 (d, JFC = 246.5 Hz,
CF), 149.9, 139.9, 136.9 (d, JFC = 2.7 Hz, C), 133.2, 129.1,

128.8, 128.6, 126.2, 126.0, 123.4 (d, JFC = 8.8 Hz, 2CH),
118.7, 117.3 (d, JFC = 22.5 Hz, 2CH), 105.6, 55.6, 37.6,
16.16. HRMS (EI) calcd for C21H18FN3O2 [M+]: 363.1383

found 363.1370.

2.7.4. N-(2,3-Dichlorophenyl)-5-(1-(6-methoxynaphthalen-2-

yl)ethyl)-1,3,4-oxadiazol-2-amine (7d)

Brown solid; Rf = 0.63 (n-hexane: ethyl acetate 4:1); Yield
76%; m.p. 127-130�C. 1H NMR (400 MHz, DMSO d6) d
10.05 (br s, 1H, NH), 8.01 (d, J = 7.7 Hz, 1H, Ar-H), 7.84–

7.73 (m, 3H, Ar-H), 7.41 (dd, J = 8.4, 1.5 Hz, 1H, Ar-H),
7.37–7.26 (m, 3H, Ar-H) 7.17 (dd, J = 8.8, 2.4 Hz, 1H, Ar-

H) 4.51 (q, J = 7.2 Hz, 1H, CHCH3), 3.81 (s, 3H, OCH3),
1.70 (d, J = 7.2 Hz, 3H, CH3).

13C NMR (100 MHz,
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DMSO d6) d 160.2, 157.7, 149.9, 139.9, 135.8, 133.2, 132.6,
129.1, 128.8, 128.7, 128.6, 126.2, 126.0, 124.6, 123.1, 119.1,
118.7, 105.6, 55.6, 37.6, 16.2. HRMS (EI) calcd for C21H17Cl2-

N3O2 [M
+]: 413.0698 found 413.0684.

2.7.5. N-(2,4-Dichlorophenyl)-5-(1-(6-methoxynaphthalen-2-

yl)ethyl)-1,3,4-oxadiazol-2-amine (7e)

Light brown solid; Rf = 0.61 (n-hexane: ethyl acetate 4:1);
Yield 56%; m.p. 124-126�C. 1H NMR (400 MHz, DMSO d6)
d 10.07 (br s, 1H, NH), 8.01 (d, J = 2.7 Hz, 1H, Ar-H)

7.74–7.65 (m, 2H, Ar-H), 7.41 (d, J = 8.4 Hz, 1H, Ar-
H),7.38 (d, J = 8.0 Hz, 1H, Ar-H), 7.31–7.17 (m, 4H, Ar-

H), 4.50 (q, J = 6.8 Hz, 1H, CHCH3), 3.81 (s, 3H, OCH3),
1.68 (d, J = 7.2 Hz, 3H, CH3).

13C NMR (100 MHz,
DMSO d6) d 160.2, 157.7, 149.9, 139.9, 135.3, 133.2, 129.3,

129.1, 128.8, 128.7, 128.6, 128.5, 126.5, 126.2, 126.0, 125.8,
118.7, 105.6, 55.6, 37.6, 16.2. HRMS (EI) calcd for C21H17Cl2-
N3O2 [M

+]: 413.0698 found 413.0684.

2.7.6. N-(3,4-Dichlorophenyl)-5-(1-(6-methoxynaphthalen-2-
yl)ethyl)-1,3,4-oxadiazol-2-amine (7f)

Light brown solid; Rf = 0.61 (n-hexane: ethyl acetate 4:1);

Yield 67%; m.p. 126-128�C. 1H NMR (400 MHz, DMSO d6)
d 10.03 (br s, 1H, NH), 7.96–7.65 (m, 3H, Ar-H) 7.46 (d,
J = 8.2 Hz, 1H, Ar-H), 7.39 (d, J = 8.8 Hz, 1H, Ar-H)

7.23–7.09 (m, 4H, Ar-H), 4.53 (q, J = 6.8 Hz, 1H, CHCH3)
3.80 (s, 3H, OCH3), 1.68 (d, J = 5.8 Hz, 3H, CH3).

13C
NMR (100 MHz, DMSO d6) d 159.1, 157.7, 149.9, 139.9,

139.7, 133.2, 131.7, 129.2, 128.9, 128.8, 128.6, 126.2, 126.0,
124.8, 122.1, 118.7, 118.4, 105.6, 55.6, 37.6, 16.2. HRMS
(EI) calcd for C21H17Cl2 N3O2 [M+]: 413.0698 found

413.0684.

2.8. General method for the synthesis of 1, 3, 4-Thiadiazoles
derivatives 8(a-f)

A fine powder of the corresponding thiosemicarbazide 4(a-f)

(0.01 mol) was gradually added to concentrated sulphuric acid

(5 mL, 0� C) separately and the reaction mixture was stirred
for 1hr at 40� C. The reaction mixture was poured into crushed
ice, filtered after melting of ice and then made the filtrate alka-
line by ammonia solution to pH of 8. The product precipitate

out and filtered. The filtered product was washed with cold
water, dried and recrystallized with ethanol.

2.8.1. N-(2-Fluorophenyl)-5-(1-(6-methoxynaphthalen-2-yl)
ethyl)-1,3,4-thiadiazol-2-amine (8a)

Brown solid; Rf = 0.54 (n-hexane: ethyl acetate 4:1); Yield
54%; m.p. 176-178�C. 1H NMR (400 MHz, DMSO d6) d 9.72

(s, 1H, NH), 8.01–7.91 (m, 3H, Ar-H), 7.88–7.80 (m, 1H,
Ar-H), 7.64 (dd, J = 8.4, 2.2 Hz, 1H, Ar-H), 7.59 – 7.51 (m,
1H, Ar-H), 7.41 (s, 1H, Ar-H), 7.29 (dd, J = 8.2, 1.8 Hz,

1H, Ar-H), 7.13 (d, J = 2.5 Hz, 1H, Ar-H), 7.00 (dd,

J= 8.9, 2.5 Hz, 1H, Ar-H), 4.16 (q, J= 6.8 Hz, 1H, CHCH3),

3.83 (s, 3H, OCH3), 1.44 (d, J = 6.6 Hz, 3H, CH3).
13C NMR

(100 MHz, DMSO d6) d 162.8, 158.2, 157.7, 155.8 (d,
JFC = 245.4 Hz, CF), 140.0, 133.2, 129.1, 128.6, 128.4 (d,

JFC = 14.7 Hz, C), 127.7, 127.3, 125.9, 125.0 (d, JFC = 3.4 Hz,
CH), 123.8 (d, JFC = 7.2 Hz, CH), 122.7 (d, JFC = 5.9 Hz,
CH), 118.74, 115.7 (d, JFC = 21.2 Hz, CH), 105.6, 55.6,
40.6, 18.5. HRMS (EI) calcd for C21H18FN3OS [M+]:
379.1155 found 379.1141.

2.8.2. N-(3-Fluorophenyl)-5-(1-(6-methoxynaphthalen-2-yl)
ethyl)-1,3,4-thiadiazol-2-amine (8b)

Brown solid; Rf = 0.59 (n-hexane: ethyl acetate 4:1); Yield
62%; m.p. 175-177�C. 1H NMR (400 MHz, DMSO d6) d
10.25 (s, 1H, NH), 7.91–7.76 (m, 4H, Ar-H), 7.60 (dd,
J = 8.0, 1.8 Hz, 1H, Ar-H), 7.51 (dd, J = 9.0, 3.1 Hz, 1H,
Ar-H), 7.41 (d, J = 2.3 Hz, 1H, Ar-H), 7.29 (dd, J = 8.1,

1.9 Hz, 1H, Ar-H), 7.13 (d, J = 2.6 Hz, 1H, Ar-H), 7.03
(dd, J = 8.8, 2.4 Hz, 1H, Ar-H), 4.16 (q, J = 6.8 Hz, 1H,

CHCH3), 3.83 (s, 3H, OCH3), 1.44 (d, J = 6.6 Hz, 3H,
CH3).

13C NMR (100 MHz, DMSO d6) d 161.7, 159.9, 158.6
(d, JFC = 246.7 Hz, CF), 156.9, 140.0, 139.7 (d, JFC = 14.4 Hz,

C), 133.2, 130.5 (d, JFC = 10.1 Hz, CH), 129.1, 128.6, 127.7,
127.3, 125.9, 119.8 (d, J = 3.6 Hz, CH), 118.7, 112.7 (d,
JCF = 24.2 Hz, CH), 111.01 (d, JFC = 22.3 Hz, CH), 105.6,

55.6, 40.6, 18.5. HRMS (EI) calcd for C21H18FN3OS [M+]:
379.1155 found 379.1141.

2.8.3. N-(4-Fluorophenyl)-5-(1-(6-methoxynaphthalen-2-yl)

ethyl)-1,3,4-thiadiazol-2-amine (8c)

Light brown solid; Rf = 0.57 (n-hexane: ethyl acetate 4:1);
Yield 69%; m.p. 176-178�C. 1H NMR (400 MHz, DMSO d6)
d 10.25 (s, 1H, NH), 7.88–7.83 (m, 2H, Ar-H), 7.72–7.69 (m,

2H, Ar-H), 7.75 (dd, J = 8.2, 1.3 Hz, 1H, Ar-H), 7.53 (dd,
J = 8.9, 2.0 Hz, 1H, Ar-H), 7.40 (dd, J = 3.6, 1.2 Hz, 1H,
Ar-H), 7.29 (dd, J = 8.2, 1.8 Hz, 1H, Ar-H), 7.11 (d,

J = 4.3 Hz, 1H, Ar-H), 6.88 (dd, J = 8.9, 2.4 Hz, 1H, Ar-

H), 4.16 (q, J = 6.8 Hz, 1H, CHCH3), 3.83 (s, 1H, OCH3),

1.44 (d, J = 6.6 Hz, 1H, CH3).
13C NMR (100 MHz,

DMSO d6) d 161.7, 158.1, 157.9 (d, JFC = 246.3 Hz, C)
157.7, 140.0, 137.7 (d, JFC = 2.8 Hz, C), 133.2, 129.2, 128.6,

127.7, 127.3, 125.9, 123.9 (d, J = 8.8 Hz, 2CH), 118.7, 117.4
(d, JFC = 22.5 Hz, 2CH), 105.6, 55.6, 40.6, 18.5. HRMS
(EI) calcd for C21H18FN3OS [M+]: 379.1155 found 379.1141.

2.8.4. N-(2,3-Dichlorophenyl)-5-(1-(6-methoxynaphthalen-2-
yl)ethyl)-1,3,4-thiadiazol-2-amine (8d)

Whitish solid; Rf = 0.62 (n-hexane: ethyl acetate 4:1); Yield

56%; m.p. 182-184�C. 1H NMR (400 MHz, DMSO d6) d 9.83
(s, 1H, NH), 7.93 (dd, J = 7.9, 1.1 Hz, 1H, Ar-H), 7.85 (dd,
J = 8.4, 2.2 Hz, 1H, Ar-H), 7.74 (t, J = 7.9 Hz, 1H, Ar-H),
7.60 (dd, J = 8.8, 1.8 Hz, 1H, Ar-H), 7.45 (dd, J = 7.9,

1.2 Hz, 1H, Ar-H), 7.36 (d, J = 1.7 Hz, 1H, Ar-H), 7.26
(dd, J = 8.2, 1.8 Hz, 1H, Ar-H), 7.13 (d, J = 2.6 Hz, 1H,
Ar-H), 7.02 (dd, J = 8.4, 2.5 Hz, 1H, Ar-H), 4.16 (q,

J = 6.8 Hz, 1H, CHCH3), 3.83 (s, 3H, OCH3), 1.44 (d,
J = 6.6 Hz, 3H, CH3).

13C NMR (100 MHz, DMSO d6) d
162.7, 158.2, 157.7, 140.0, 135.7, 133.2, 133.1), 129.2, 128.8,
128.6, 127.7, 127.3, 125.9, 125.4, 123.1, 119.4, 118.7, 105.6,
55.6, 40.6, 18.5. HRMS (EI) calcd for C21H17Cl2N3OS [M+]:

429.0469 found 429.0453.

2.8.5. N-(2,4-Dichlorophenyl)-5-(1-(6-methoxynaphthalen-2-

yl)ethyl)-1,3,4-thiadiazol-2-amine (8e)

Whitish solid; Rf = 0.60 (n-hexane: ethyl acetate 4:1); Yield
59%; m.p. 184-186�C. 1H NMR (400 MHz, DMSO d6) d 9.96
(s, 1H, NH), 7.79 (d, J = 2.0 Hz, 1H, Ar-H), 7.75 – 7.69
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(m, 2H, Ar-H), 7.56 (dd, J = 8.8, 2.4 Hz, 1H, Ar-H), 7.44 (dd,
J = 8.4, 2.0 Hz, 1H, Ar-H), 7.30 (d, J = 2.0 Hz, 1H, Ar-H),
7.16 (dd, J = 8.0, 1.9 Hz, 1H, Ar-H), 7.06 (d, J = 1.9 Hz, 1H,

Ar-H), 6.97 (dd, J = 8.9, 2.3 Hz, 1H, Ar-H), 4.16 (q,

J = 7.3 Hz, 1H, CHCH3), 3.83 (s, 3H, OCH3), 1.44 (d,

J = 7.2 Hz, 3H, CH3).
13C NMR (100 MHz, DMSO d6) d

162.5, 158.0, 157.7, 140.0, 135.3, 133.2, 130.3, 129.2, 128.7,
128.6, 128.6, 127.7, 127.3, 126.6, 126.5, 125.9, 118.7, 105.6,

55.6, 40.6, 18.5. HRMS (EI) calcd for C21H17Cl2N3OS [M+]:
429.0469 found 429.0453.

2.8.6. N-(3,4-Dichlorophenyl)-5-(1-(6-methoxynaphthalen-2-
yl)ethyl)-1,3,4-thiadiazol-2-amine (8f)

Whitish Peach solid; Rf = 0.63 (n-hexane: ethyl acetate 4:1);
Yield 64%; m.p. 182-184�C. 1H NMR (400 MHz, DMSO d6)

d 10.25 (s, 1H, NH), 7.86–7.70 (m, 3H, Ar-H), 7.56 (dd,
J = 8.0, 1.8 Hz, 1H, Ar-H), 7.45 (dd, J = 8.9, 1.7 Hz, 1H,
Ar-H), 7.28 (d, J = 2.3 Hz, 1H, Ar-H), 7.20 (dd, J = 8.3,

1.9 Hz, 1H, Ar-H), 7.10 (d, J = 1.9 Hz, 1H, Ar-H), 7.02
(dd, J = 8.9, 2.5 Hz, 1H, Ar-H), 4.16 (q, J = 6.8 Hz, 1H,

CHCH3), 3.83 (s, 3H, OCH3), 1.44 (d, J = 6.6 Hz, 3H,

CH3).
13C NMR (100 MHz, DMSO d6) d 161.7, 158.2, 157.7,

140.6, 140.0, 133.2, 131.7, 129.1, 128.8, 128.6, 127.7, 127.3,
125.9, 124.8, 123.7, 118.7, 118.6, 105.6, 55.6, 40.6, 18.5. HRMS

(EI) calcd for C21H17Cl2N3OS [M+]: 429.0469 found 429.0453.

2.9. 15-LOX inhibition assay

2.9.1. UV absorbance method

The LOX assay was performed with minor changes as pub-

lished earlier [50,55]. In a 96-well UV plate, a total of
200 mL of assay volume contained 100 mM phosphate buffer,
160 mL of pH 8.0, 10 mL of test compound, and 10 mL (210
units, following optimization of enzyme concentration) of

15-LOX. The components were mixed, and pre-incubated at
25�C for 5 min before being measured at 234 nm using a BioTek
HTX plate reader. The reaction was then started by adding

20 mL of linoleic acid substrate solution to each well. After
10 min of incubation, the change in absorbance was measured.
In all assays, all reactions were performed in triplicates, and

data is shown as mean with standard error of mean. The stan-
dard was quercetin / baicalein. The following formula was
used to obtain the % inhibition.

Inhibition %ð Þ ¼ Abs ofcontrol� Abs of test comp=Abs of controlð Þ
� 100

The IC50 of the active compounds was calculated by deter-
mining their inhibition after suitable dilutions and data was

computed using Ez-Fit Enzyme Kinetics software, Perrella Sci-
entific Inc. Amherst, USA.

2.9.2. Chemiluminescence method

For the identification of inhibitors, a previously published
chemiluminescence approach [56] was refined and employed.
A total volume of 100 mL reaction mixture contained 60 mL
borate buffer (200 mM, pH 9.0), 10 mL test substance or sol-
vent, and 10 mL soybean LOX enzyme solution. This mixture
was incubated in the dark for 5 min at 25 �C. The chemilumi-
nescence was measured using a Bio Tek HTX 96 well plate
reader in luminescence mode after adding 10 mL solution of
luminol (3 nM) containing cytochrome c (1 nM) per well.

The reaction was started by adding 10 mL of substrate solution
as mentioned in UV absorbance method. Chemiluminescence
was measured for 100 to 300 s. All reactions were performed

in triplicates with both positive and negative controls. The per-
cent inhibition and IC50 values were computed as mentioned
above.

2.10. a-Glucosidase inhibition assay

For the synthesized derivatives, the a-glucosidase assay was

carried out using Baker’s yeast a–glucosidase (EC.3.2.1.20)
and p-nitrophenyl-a-D-glucopyranoside [57]. The samples
(5 mg/mL) were prepared by dissolving the synthesized com-
pounds in DMSO. Test sample (10 mL) were prepared in

100 mL of phosphate buffer (100 mM) at pH 6.8 in 96-well
microplate and incubated with 50 mL of Baker’s yeast a-
glucosidase for 5 min before 50 mL of p-nitrophenyl-a-D-

glucopyranoside (5 mM) was added. After incubating for
5 min, the absorbance was measured spectrophotometrically
at 405 nm. Blank in which substrate was changed with

50 mL of buffer were analyzed to accurately determine the
background absorbance. Positive control sample (acarbose)
was prepared containing 10 mL DMSO instead of test samples.

2.11. Cellular viability assay

From the healthy volunteer donor, 3 mL of fresh blood was
taken. After that, the blood was diluted with phosphate buffer

saline at a ratio of 1:1. In a 15 mL Falcon tube, an equivalent
volume of lymphocyte separation medium (density 1.077 g/
mL, at 20�C, Cat. No. L0560 Lymphosep, Biowest, USA)

was added and poured onto the medium’s surface. A swing
rotor was used to centrifuge the contents at 1200 g for
20 min at 20�C. At the medium’s interface, a ring of mononu-

clear cells MNCs was collected. The cells were collected and
washed twice in 10 mL PBS 20�C at 300 � g. The final pellet
was then re-suspended in 0.5 mL PBS. RBCs and platelets
were removed, and MNCs were washed in PBS to retain their

entire volume and the requisite concentration of 20,000 per
10 mL was maintained in their total volume The number of
MNCs produced a dose-dependent response that was linear

in the tested range of 10–80 mL per well. With few adjustments,
a previously published MTT assay technique was used [58]. In
a 96-well plate, a known volume of PBS (50 mM, pH 7.4) was

added to each well, followed by the addition of 10 mL test
chemicals and 20 mL MNCs. At 37�C, the contents were incu-
bated for 2 hrs. After the time period had passed, 10 mL of

0.25 mg/mL MTT solution was added to each well. In a 37�C
incubator, plates were incubated overnight for 18–20 hrs. Fol-
lowing the incubation period, 100 mL of DMSO was added to
form a total volume of 200 mL. After 2 hrs, the absorbance was

measured at 540 nm using a Synergy Bio Tek HTX plate
reader. The triple assay contained both positive and negative
controls. The following equation was used to calculate cell

viability.

Abs: of sample � Abs: of blankð Þ � 100 ¼ cell viability %ð Þ
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2.12. Molecular docking protocol

Molecular docking is a significant tool in drug discovery for
acquiring the best possible pose in which a ligand binds to tar-
geted receptor. In current studies, the best poses of docking

were availed by utilizing commercial software Molecular Oper-
ating Environment (MOE, version 2015.10) [59–61]. Protein
with PDB id: 3pzw (in case of 15-LOX) and PDB id:3Aj7.1.
A (in case a-glucosidase; homology model was prepared by

our group previously) [62] was taken from RCSB Protein Data
Bank. Desired features of proteins were generated first. Force-
field MMFF94x loaded. Hetatoms and water molecules were

removed. Polar Hydrogens and charges were incorporated.
Then the database of ligands was created. Build dummies on
amino acids of active pocket. Then docked the ligands with

receptor/protein and total 10 poses were set for docking.

2.12.1. Visualization

The output files (results) were open in the MOE window and

those poses were selected having minimum binding energy.
The pose was best whose RMSD value was � 2. Then visualize
the interactions of ligand and protein.

3. Results and discussion

3.1. Chemistry

2-(6-Methoxynaphthalen-2-yl)propanehydrazide 3 was synthe-

sized by the esterification of Naproxen 1 followed by the treat-
Scheme 1 Synthesis of
ment of hydrazine hydrate in the presence of absolute ethanol.
Furthermore, hydrazides 3 on treatment with various substi-
tuted aryl isothiocyanates gave thiosemicarbazides 4a-f.

Thiosemicarbazides were separately treated with 5% NaOH
solution in the presence of ethanol to obtain 5-substituted-phe
nyl-4H-1,2,4-triazole-3-thiol 5a-f, which was further treated

with alkyl halides to get 5-substituted-phenyl-3-substituted S-
4H-1,2,4-triazole 6a-d. The thiosemicarbazides 4a-f on further
treatment with mercuric acetate in the presence of ethanol

yielded 2-arylamino-5-substituted-1,3,4-oxadiazoles 7a-f and
that by stirring with cold sulphuric acid produced 2-aryla
mino-5-substituted-1,3,4-thiadiazoles 8a-f. The synthesized
compounds were evaluated based on their physical constants

and spectral data like 1H NMR, 13C NMR data, which sup-
port the synthesis of all naproxen derivatives, are given in
the experimental section. In general, in 1H NMR spectra, the

characteristics signals due to the NH (CONH, NHCSNH) pro-
tons appeared in the range of 10.75–8.92 ppm, confirms

thiosemicarbazide 4a-f synthesis, while in 13C NMR spectra,
the characteristics peaks of C = S and C = O appeared in
the range of 182.0–180.0 ppm and 173.8–172.9 ppm respec-

tively, strongly suggest compound 4a-f synthesis. Further by
the appearance of signals at 13.97–13.89 ppm strongly repre-
sent the SH group, and the disappearance of three NH peaks

confirms the synthesis of compounds 5a-f, while aromatic pro-
tons appeared in its relevant range. 13C NMR also confirms
the synthesis of compounds 5a-f by the appearance of C-SH
peak at 174.6–173.7 ppm. The disappearance of SH peak

and the appearance of aliphatic protons attached with S group
in the range of 3.09–0.98 ppm in 1H NMR spectra and in 13C
naproxen derivatives.
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NMR in the range of 37.6–12.5 ppm confirms compounds 6a-d
synthesis. As far as aromatic protons are concerned, they
appear in their pertinent ranges. Synthesis of compounds 7a-

f and 8a-f were also confirmed by 1H NMR and 13C NMR
data. The appearance of NH proton in the range of 10.16–
10.03 ppm and 10.25–9.72 ppm confirms the synthesis of com-

pounds 7a-f and 8a-f respectively, while in 13CNMR spectra,
characteristic peak of C-NH of oxadiazole and thiadiazole ring
appeared in the range of 160.2–159.1 ppm and 162.8–

161.7 ppm, which confirmed the synthesis of oxadiazoles and
thiadiazoles respectively. Further confirmation of all synthe-
Table 2 15-LOX, a-glucosidase inhibition and cell viability profile

Compounds IC50 (mM) ± SEM

15-LOX

UV method Chemiluminescence met

4a NA NA

4b NA NA

4c 151.62 ± 0.32 22.31 ± 0.54

4d 49.62 ± 0.12 91.12 ± 0.48

4e 36.53 ± 0.51 1.13 ± 0.62

4f 21.31 ± 0.32 2.51 ± 0.71

5a 85.24 ± 0.35 2.61 ± 0.35

5b 67.41 ± 0.41 1.19 ± 0.43

5c 65.21 ± 0.26 2.13 ± 0.29

5d 64.36 ± 0.34 11.32 ± 0.35

5e 145.23 ± 0.42 12.44 ± 0.27

5f > 250 12.84 ± 0.31

6a > 250 104.25 ± 0.67

6b 73.45 ± 0.42 2.37 ± 0.35

6c > 250 3.54 ± 0.56

6d 98.32 ± 0.51 98.43 ± 0.36

7a NA 1.72 ± 0.54

7b NA 31.67 ± 0.49

7c 213.41 ± 0.32 3.75 ± 0.65

7d NA 42.85 ± 0.58

7e NA 13.12 ± 0.41

7f NA 42.66 ± 0.39

8a NA 51.59 ± 0.28

8b 211.23 ± 0.29 NA

8c 65.21 ± 0.26 1.23 ± 0.35

8d NA 3.45 ± 0.57

8e NA 99.26 ± 0.45

8f 192.41 ± 0.34 123.47 ± 0.37

Quercetin 2.34 ± 0.35 4.86 ± 0.14

Baicalein 22.46 ± 1.32 2.24 ± 0.13

Cyclophosphamide – –

Cisplatin – –

Curcumin – –

Acarbose – –

Data is mean ± sem, n = 3, NA = Not Active.
sized compounds was done by mass spectroscopic data. The
synthetic scheme is illustrated in Scheme 1.

3.2. Biological evaluation

All the synthesized naproxen derivatives were screened for bio-
logical evaluation to find their inhibitory potential against 15-

LOX and a-glucosidase enzymes. Our research group has iden-
tified some NSAIDs in our previous studies, including
naproxen as 15-LOX inhibitors and ibuprofen derivatives as

a-glucosidase inhibitors, with promising results [53,54]. These
of naproxen derivatives.

Cell viability (%) at 0.25 mM

a-Glucosidase

hod

55.5 ± 1.12 87.2 ± 1.4

161.1 ± 1.25 81.6 ± 1.6

289.3 ± 1.13 80.5 ± 1.5

121.6 ± 1.21 91.6 ± 1.6

47.5 ± 1.17 99.8 ± 1.3

67.3 ± 1.21 85.3 ± 1.5

NA 96.2 ± 1.5

186.5 ± 1.21 92.6 ± 1.8

148.4 ± 1.17 95.3 ± 1.3

211.6 ± 1.21 95.8 ± 1.4

191.3 ± 1.12 96.4 ± 1.8

185.5 ± 1.11 94.3 ± 1.5

125.2 ± 1.17 89.7 ± 1.9

340.14 ± 1.21 97.4 ± 1.7

1.01 ± 1.13 87.6 ± 1.3

151.4 ± 1.21 95.4 ± 1.4

121.3 ± 1.13 78.6 ± 1.6

75.1 ± 1.12 73.6 ± 1.7

1.1 ± 1.17 98.5 ± 1.8

48.2 ± 1.21 63.7 ± 1.5

2.1 ± 1.12 95.4 ± 1.3

96.9 ± 1.11 65.4 ± 1.8

359.3 ± 1.31 89.6 ± 1.7

NA 89.3 ± 1.5

24.3 ± 1.25 67.4 ± 1.2

NA 81.2 ± 1.9

367.2 ± 1.23 70.3 ± 1.6

49.9 ± 1.47 68.6 ± 1.3

– 91.63 ± 1.4

– Not tested

– 56.5 ± 1.8

– 51.7 ± 1.9

– 73.9 ± 1.7

375.82 ± 1.76 –
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findings encouraged us to explore naproxen derivatives biolog-
ically against these two enzymes. All the synthesized naproxen
derivatives showed variant degrees of inhibitory potential

against these two enzymes. Most of the compounds showed
promising results in comparison to the previous study.

3.2.1. In vitro 15-LOX studies

The in vitro 15-LOX inhibitory studies of synthesized
naproxen derivatives were determined by two different meth-
ods, i.e., UV absorbance method and chemiluminescence

method. The results are depicted in Table 2. The inhibitory
activity results obtained through the UV absorbance method
showed that all the synthesized derivatives showed moderate

to poor inhibition in comparison with quercetin (IC50 2.34 ±
0.35 mM) and baicalein (IC50 22.46 ± 1.32 mM) used as stan-
dard inhibitors except compounds 4a, 4b, 7a, 7b, 7d-f, and 8a,

which were found inactive. Comparison of their bioactivity is
as below:

Thiosemicarbazides 4a-f were found as the most active (po-
tent) inhibitors (IC50 values of 21.31 ± 0.32 to 151.62 ± 0.3

2 mM) among the synthesized derivatives. In this series, com-
pound 4f (IC50 21.31 ± 0.32 mM) having dichloro group at
3,4 position was found the most potent compound among

the series followed by compounds 4e (IC50 36.53 ± 0.51 mM)
having dichloro group at 2,4 position and 4d (IC50 49.62 ± 0.
12 mM) having dichloro group at 2,3 position. It means that in

thiosemicarbazides, the dichloro substituted N-phenyl group
enhanced the activity compared to the fluoro substituted N-
phenyl group, which lowered the inhibition, while 4a and 4b
Table 3 ADME properties of Naproxen derivatives.

Comp. MlogP S + logP S + logD

4a 3.982 3.881 3.879

4b 3.982 3.874 3.873

4c 3.982 3.837 3.836

4d 4.574 4.716 4.713

4e 4.574 4.745 4.742

4f 4.574 4.772 4.77

5a 4.306 5.112 3.63

5b 4.306 5.023 3.587

5c 4.306 4.874 3.55

5d 4.897 5.989 4.434

5e 4.897 6.047 4.401

5f 4.897 5.951 4.149

6a 4.735 5.293 5.293

6b 5.316 6.317 6.317

6c 4.945 5.648 5.648

6d 5.52 6.653 6.653

7a 4.598 4.507 4.507

7b 4.598 4.525 4.525

7c 4.598 4.48 4.48

7d 4.922 5.312 5.312

7e 4.922 5.32 5.32

7f 4.922 5.377 5.377

8a 4.168 5.094 5.094

8b 4.168 5.111 5.111

8c 4.168 5.056 5.056

8d 4.491 5.886 5.886

8e 4.491 5.88 5.88

8f 4.491 5.934 5.934
were found to be inactive. 5-Substituted-phenyl-4H-1,2,4-tria
zole-3-thiols 5a-f exhibited good to moderate (IC50 64.36 ± 0.
34 mM to 145.23 ± 0.42 mM) inhibitory profiles, while S-

alkylated 1,2,4-triazoles 6a-d showed moderate inhibition in
which compound 6b emerged with IC50 73.45 ± 0.42 mMwhile
all other compounds appeared with IC50>250 mM. 2-

Arylamino-5-substituted 1,3,4-oxadiazoles 7a-f were found
inactive except compound 7c (IC50 213.41 ± 0.32 mM), which
showed poor inhibition. 2-Arylamino-5-substituted-1,3,4-thia

diazoles 8a-f exhibited moderate to poor inhibition (IC50

65.21 ± 0.26 to 211.23 ± 0.29 mM) while compounds 8a,
8c, and 8d were found inactive altogether.

Chemiluminescence method results suggest that this

method is sensitive, fast, and better than the UV absorbance
method. The general screening was done at 0.25 mM concen-
tration. Quercetin (IC50 4.86 ± 0.14 mM) and baicalein (IC50

2.24 ± 0.13 mM) were used as standard inhibitors. The most
potent inhibitors among the whole series were 5-substituted-
phenyl-4H-1,2,4-triazole-3-thiols 5a-f (IC50 1.86 ± 0.43 to

12.84 ± 0.31 mM). In this series, the most active compounds
were those having fluoro substituent at 2, 3, and 4 positions,
respectively, i.e., 5a (IC50 2.61 ± 0.35 mM), 5b (IC50 1.19 ± 0

.43 mM), and 5c (IC50 2.13 ± 0.29 mM), followed by triazoles
dichloro groups at 2,3/ 2,4 and 3,4 position, i.e., 5d (IC50 11.
32 ± 0.35 mM), 5e (IC5012.44 ± 0.27 mM, and 5f (IC50 12.8
4 ± 0.31 mM). S-Alkylated 1,2,4-triazoles 6a-d were found

least active in comparison to triazoles, except compound 6b

(IC50 2.37 ± 0.35 mM), and 6c (IC50 3.54 ± 0.56 mM) that
showed potent inhibition. 2-Arylamino-5-substituted 1,3,4-
MWt M_NO T_PSA HBDH

397.474 5 62.39 3

397.474 5 62.39 3

397.474 5 62.39 3

448.373 5 62.39 3

448.373 5 62.39 3

448.373 5 62.39 3

379.458 4 39.94 0

379.458 4 39.94 0

379.458 4 39.94 0

430.358 4 39.94 0

430.358 4 39.94 0

430.358 4 39.94 0

407.513 4 39.94 0

458.412 4 39.94 0

421.54 4 39.94 0

472.439 4 39.94 0

363.394 5 60.18 1

363.394 5 60.18 1

363.394 5 60.18 1

414.293 5 60.18 1

414.293 5 60.18 1

414.293 5 60.18 1

379.458 4 47.04 1

379.458 4 47.04 1

379.458 4 47.04 1

430.358 4 47.04 1

430.358 4 47.04 1

430.358 4 47.04 1



Fig. 3 MTT assay standard curve of volume of MNCs vs

absorbance.

Table 4 Binding energies and different types of binding interaction

Comp. Binding

Energy

(kJ/mol)

Hydrophobic Interactions H

In

4e –33.2956 Phe108 (p- p stacked), Leu120 (p-alkyl), Leu246
(p-alkyl), Trp286 (p-alkyl), Arg533 (alkyl),

His515 (alkyl), Trp772 (alkyl), Arg767 (alkyl),

Glu244 (Attractive Charge)

—

4f �30.0616 Val126 (alkyl), Val520 (alkyl), Leu246 (p-alkyl),
Trp130 (p-alkyl), Phe108 (p-alkyl)

A

do

5b �30.2236 Arg182 (alkyl), Val520 (p-alkyl) Ty

Ly

A

6b –32.298 His515 (alkyl), Arg533, Val762, (alkyl), Pro530

(p-alkyl), Lys526, Trp772, Phe143 (p-alkyl)
—

6c �31.0764 Thr529 (Amide- p stacked),Arg767 (alkyl),

Trp772 (alkyl), Pro530 (alkyl), His515

(p-alkyl)

A

7a �27.4104 Thr529 (Amide- p stacked),Arg767 (alkyl),

Pro530 (alkyl), Lys526

(p-alkyl)

A

(C

bo

7c �28.0408 Val520 (alkyl), Tyr525 (alkyl), Lys526 (alkyl),

Val762 (p-alkyl)
A

bo

(C

bo

8c �31.4348 Tyr532 (Amide- p stacked),Thr529 (Amide- p
stacked)

,Val520 (alkyl), Val126 (alkyl), Trp772 (p-alkyl)
, Pro530 (p-alkyl), Arg533 (p-alkyl)

A

Va

(C

bo

8d �30.6068 Thr529 (Amide- p stacked),Glu165 (Halogen-

bond), Trp772 (alkyl), Arg767 (alkyl), Pro530

(alkyl), Val520 (p-alkyl), Leu169
(p-alkyl)

—
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oxadiazoles 7a-f were found second most active series among
naproxen derivatives in which the most potent compounds
were 7a (IC50 1.72 ± 0.54 mM) and 7c (IC50 3.75 ± 0.65 m
M), while all the remaining compounds of this series also
showed excellent activity in the range of 13.12 ± 0.41 mM �
42.85 ± 0.58 mM. Then the third most active series was

thiosemicarbazides 4a-f, in which compounds appeared in
potent to moderate inhibition in the range of IC50 1.13 ± 0.
62–91.12 ± 0.48 mM while two compounds 4a, 4b were found

inactive. 2-Arylamino-5-substituted-1,3,4-thiadiazoles 8a-f

showed potent to poor inhibition, that appeared with inhibi-
tory concentration value of IC50 at the range of IC50 1.23 ± 0
.35 mM � 123.47 ± 0.37 mM, respectively, while compound 8b

was found inactive.

3.2.2. In vitro a-glucosidase studies

Naproxen derivatives were also evaluated for their in vitro a-
glucosidase inhibitory potential. The results are summarized
in Table 2. The results showed that these compounds exhibited
significant a-glucosidase inhibitory activity (IC50 1.0 ± 1.13 m
s of naproxen derivatives within the active pocket of 15-LOX.

ydrogen Bond

teractions

Other Interactions

———— Asn128, Asn534, Val511, Thr529, Tyr525,

Val126, Asn169, Gly247 (Van der waals)

sp768 (H-bond

nor)

Lys526 (p-cation), Thr529 (p-sulphur), Phe144,
Leu521, Asn146, Tyr525, Arg767, Pro530,

Arg533, Gly247, Arg242, Glu244, Asn128,

His515, Trp772 (Van der waals)

r184 (C–H bond),

s526 (C–H bond,

sp243 (C–H bond

His515 (p-cation), Leu169, Phe143, Asn128,

Phe144, Leu521, Asn146, Thr529, Trp772,

Arg767, Tyr525, Glu244, Pro241 (Van der

waals)

——— Asp768 (p-anion), Asn835, Thr529, Tyr532,

Asp243, Cys127, Val520, Asn128, Tyr525,

Arg767 (Van der waals)

sp768 (C–H bond) Tyr532, Tyr525, Glu244, Val520, Tyr184,

Arg141, Arg182, Asp243, Ser129, Lys526,

Leu246 (Van der waals)

sp768

onventional H-

nd)

Arg533 (p-anion), Asn534, Leu246, Trp772,

His515, Cys127, Val520, Phe143, Arg141,

Arg182, Asn128, Asp243, Tyr525, Val762 (Van

der waals)

rg533 (C–H

nd), Val126

onventional H-

nd)

Arg182 (p-anion), His515, Trp772, Thr529,

Asn769, Asn835, Cys127, Phe143, Arg141,

Ser129, Asp243 (Van der waals)

la145 (C–H bond),

l126

onventional H-

nd)

Lys526 (p-cation), Leu521, Asn146, Tyr525,

His515, Leu246, Asn769 (Van der waals)

—— Arg182, Asp243 (p-cation), Arg141 (p-anion),
Leu246, Tyr525, His515, Tyr184, Asn128,

Phe143, Glu244, Val762, Asn835, Asn769 (Van

der waals)



4e 4f

5b 6b

6c 7a

7c 8c

8d

Fig. 4 3-D docking interactions of naproxen derivatives (4e, 4f,

5b, 6b, 6e, 7a, 7c, 8c, 8d) within the active pocket of 15-LOX.
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M � 367.2 ± 1.23 mM) in comparison to the standard drug
acarbose (IC50 375.82 ± 1.76 mM) except compounds 5a, 8b,
and 8d, which were found inactive. Compounds 6c (IC50 1.0

± 1.13 mM), 7c (IC50 1.1 ± 1.17 mM) and 7e (IC50 2.1 ± 1.
12 mM) were the most potent ones among the series, followed
by compounds 8c (IC50 24.3 ± 1.25 mM), 4e (IC50 47.5 ± 1.

17 mM), and 4a (IC50 55.5 ± 1.12 mM), which were many folds
better than the standard drug acarbose.

The structure activity relationship (SAR) has been estab-

lished. The SAR was mainly based upon bringing about differ-
ences in azoles moiety and substituent pattern at phenyl ring.
Thiosemicarbazides 4a-f exhibited good inhibitory potential,
in which the most active compounds were 4a (IC50 55.5 ± 1.

12 mM), having fluoro substituent at 2-position at phenyl ring,
while compound 4e (IC50 47.5 ± 1.17 mM), and 4f (IC50 67.
3 ± 1.21 mM) having dichloro groups at 2,4 and 3,4-

position, respectively. All other compounds of the same series
appeared in the range of 121.6 ± 1.21–289.3 ± 1.13 mM. 5-
Substituted-phenyl-4H-1,2,4-triazole-3-thiols 5a-f and S-

alkylated 1,2,4-triazoles 6a-d showed potent to poor (IC50 1.
01 ± 1.13 mM to 340.14 ± 1.21 mM) inhibitory activity as
compared to thiosemicarbazides 4a-f. Compound 6c (IC50 1.

01 ± 1.13 mM) was the potent inhibitor among this series.
The most significant series among the synthesized compounds
was 2-Arylamino-5-substituted-1,3,4-oxadiazoles 7a-f, in
which most of the compounds showed significant inhibitory

potential (IC50 1.1 ± 1.17 mM to 121.3 ± 1.13 mM). Com-
pound 7c (IC50 1.1 ± 1.17 mM), and 7e (IC50 2.1 ± 1.12 m
M), both appeared as potent inhibitors having fluoro sub-

stituent at 4 and dichloro at 2,4 position, respectively. 2-Aryla
mino-5-substituted-1,3,4-thiadiazoles 8a-f also showed good to
moderate IC50 24.3 ± 1.25 mM to 367.2 ± 1.23 mM, inhibitory

activity except compounds 8b and 8e that were inactive. The
most potent compound among this series was compound 8c

(IC50 24.3 ± 1.25 mM), having fluoro substituent at 4 position.

These results suggests that those compounds with oxadiazole
moiety were more potent than thiosemicarbazides, which were
more active than triazole and thiadiazole containing
compounds.

3.2.3. Cellular viability assay

The cytotoxicity of all synthesized naproxen derivatives was
evaluated against mononuclear cells (MNCs) isolated from

fresh blood. The percent viability of compounds was deter-
mined at 0.25 mM concentration as mentioned in the experi-
mental section, and data is given in Table 2. Compounds 4a-

f exhibited 99.8 to 80.5% cellular viability, compounds 5a-f

showed 96.4 to 92.6% viability, and compounds 6a-d showed
97.4 to 87.6% viability against MNCs. Likewise, compounds

8a-f maintained cellular viability in the range of 89.6 to
67.4%. However, in compounds 7a-f, two compounds 7d

and 7f exhibited 63.7 % and 65.4 % cellular viability, respec-

tively, while all the remaining compounds showed cell viability
in the range of 98.5 to 73.6%. This technique is good agree-
ment with the previous studies [63–74]. These values are even
lesser than the standard cytotoxic drugs cyclophosphamide,

cisplatin, and curcumin (Table 2). It also indicates that the
most active compounds against the soybean 15-LOX enzyme,
that is, 5a (96.2%), 5b (92.6%), 5c (95.3%), and against a-
glucosidase enzyme that is 7c (98.5%) and 7e (95.4%) were
the least toxic. The data altogether suggests that azole deriva-
tives of naproxen especially triazoles and oxadiazole inhibited
15-LOX and a-glucosidase enzymes in differentially in in vitro

enzyme inhibition studies, and the active compounds, in gen-
eral, were the least toxic towards MNCs.



Table 5 Binding energies and binding interactions of naproxen derivatives within the active pocket of a-glucosidase.

Comp. Binding

Energy

(kJ/mol)

Hydrophobic Interactions Hydrogen Bond

Interactions

Other Interactions

4e �29.88 Arg315, Tyr158 (p-alkyl)
Pro312 (alkyl-alkyl)

Asp215, Ser240,

Phe303, Asp352

Phe314, Leu313, Val216, Phe178, Ser157, Ser241 (Van der waals)

6c �31.48 Ser241 (alkyl), Phe108 (p-
alkyl)

Glu411,

Asp307, Lys156,

Ser240

Ser240, Tyr158 (p-anion), Phe314, Phe159, Phe178, Phe303, Pro312,
Thr310, Thr316 (Van der waals)

7c �27.08 Arg315 (alkyl), Asp215,

Lys156 (p-alkyl)
Arg442 Val216 (p-cation), Leu169, Phe143, Asn128, Phe144, Leu521, Asn146,

Thr529, Trp772, Arg767, Tyr525, Glu244, Pro241 (Van der waals)

8c �28.92 Tyr158 (alkyl-alkyl),

Asp352, Arg442, Leu314

(p-alkyl)

Glu277, Phe303 Val216, Pro312, Leu313, Phe178, Gln182, His112, Tyr72 (Van der

waals)
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3.2.4. ADME studies

In the search for lead molecules, the Med Chem Designer soft-
ware version 3.0 was utilized to determine pharmacological
ADME (absorption, distribution, metabolism, and excretion)

investigations of the compounds (Table 3). These ADME
properties are predicted by Lipinski’s rule of five. This rule
states that good drug absorption or permeation happens when

at least three of the following factors are met: H-bond donors
should be < 5; H-bond acceptors should be < 10; molecular
weight should be < 500 Da; and log P should be < 5 [75]. Fur-
4e

7c

Fig. 5 3-D docking interactions of naproxen derivatives (
thermore, the drug’s polar surface area, rotatable bonds, and
oral bioavailability are all linked. Orally accessible drugs have

a polar surface area of < 140 Å2 and rotatable bonds of < 10;
the sum of hydrogen bond donor and acceptor
(M_NO + HBDH) should be � 12 [76]. LogP is used to deter-

mine lipophilicity. Its value of < 5.0 indicates that it will have
an excellent partition coefficient. The octanol–water distribu-
tion coefficient, M logP, has a value of < 5 indicating that

these molecules are drug-like. Drug bioavailability is predicted
by larger logD and logP values, as well as a smaller number of
6c

8c

4e, 6c, 7c, 8c) within the active pocket of a-glucosidase.
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hydrogen bonds [77]. The data show that all of these com-
pounds obey Lipinski and Veber’s drug-likeness property tests
[75,76].

Various volumes of MNCs were taken in wells and assay
performed as mentioned in the text. A linear response was
exhibited from 20 to 80 mL volume of cells. A volume of

20 mL MNCs was selected per assay. Assay was performed
in triplicate. However, only representative graph is given in
Fig. 3.

3.3. Molecular docking studies

3.3.1. 15-Lipoxygenase docking results

The most potent derivative from each respective series was
selected for the molecular docking studies. It was observed that
the results were found in accordance with the in vitro enzyme

inhibition studies. The binding energies of the selected com-
pounds are given in Table 4. All the derivatives showed better
interactions within the active pocket and were found more

potent compared to the standards. i.e., Baicalein �21.6772,
Quercetin-25.01 kJ/mol.

Among the most potent derivatives, compound 4e was

found as the most potent derivative of 15-LOX with the bind-
ing score of –33.296 kJ/mol. These compounds formed bond-
ing and non-bonding interactions including strong hydrogen
bond interaction, alkyl interaction, p-alkyl interactions and

Van der waals interactions. The 3D interactions are shown
in the following Fig. 4.

3.3.2. a-Glucosidase docking results

The most potent derivative from each respective series was
selected for the molecular docking studies. It was observed that
the results were found in accordance with the in vitro enzyme

inhibition studies. The binding energies of the selected com-
pounds are given in Table 5.

Among the derivatives, compound 6c was found as the

most potent derivative of a-glucosidase with the binding score
of �31.48 kJ/mol. These compounds formed bonding and
non-bonding interactions including strong hydrogen bond

interaction, alkyl interaction, p-alkyl interactions and Van
der Waals interactions. The 3D interactions are shown in the
following Fig. 5.

4. Conclusions

In conclusion, a new class of naproxen derivatives were conve-

niently synthesized and characterized. All these synthesized
derivatives were further investigated for their dual enzyme
inhibitory potential against the 15-LOX and a-glucosidase
enzymes. Naproxen has been reported as an active 15-LOX

inhibitor in our previous studies, and its derivatives, particu-
larly compounds 4e, 5a-c, and 8c, were found to be more
potent as 15-LOX inhibitors in the current study. LOX results

demonstrate that majority of the compounds produced potent
LOX inhibitors using the highly sensitive screening chemilumi-
nescence method rather than the UV approach. In the case of

a-glucosidase inhibitory activity, all compounds exhibited inhi-
bitory values lower than the reference drug acarbose, indicat-
ing that compounds 6c, 7a, 7c, and 7e, showed considerable
inhibitory activity against a-glucosidase. SAR studies illus-

trated that in the case of 15-LOX, triazoles having flouro sub-
stituents at 2, 3, and 4 positions of the phenyl ring, and in the
instance of a-glucosidase, oxadiazole with a flouro substituent
at position 4 and a dichloro substituent at position 2,4 of the

phenyl ring enhanced the inhibitory profile of these com-
pounds. The most potent compounds retained the viability
of blood MNCs, and in silico analysis affirmed the drug-

ligand interactions. These findings collectively suggest that
the active compounds with the lowest toxicity are potential
’lead’ molecules for further studies in the development of

LOX and a-glucosidase inhibitory molecules.
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