Journal of Pharmaceutical Research International

33(44A): 472-484, 2021; Article no.JPRI.74020

ISSN: 2456-9119

(Past name: British Journal of Pharmaceutical Research, Past ISSN: 2231-2919,
NLM ID: 101631759)

Design, Synthesis, Molecular Docking and
Biological Evaluation of Novel 2-[(2-{[5-(Pyridin-4-
yl)-1, 3, 4-Oxadiazol-2-yl]Sulfanyl}Ethyl)Sulfanyl]-1,3-
Benzoxazole

Anees Fathima?!, H. M. Vagdevi?, N. D. Jayanna3, R. Mohammed Shafeeullat
and Subbaraju*

1Department of Chemistry, Sahyadri Science College, Shimoga-577203, India.

2Sahyadri Science College, Shimoga-577203, India.

3Department of Chemistry, KLE’s SSMS Arts, Science & Commerce College, Atani-591304, India.
4Department of Microbiology, Sahyadri Science College, Shimoga577203, India.

Authors’ contributions

This work was carried out in collaboration among all authors. All authors read and approved the final
manuscript.

Article Information

DOI: 10.9734/JPRI/2021/v33i44A32640

Editor(s):

(1) Dr. Thomas F. George, University of Missouri- St. Louis, USA.

Reviewers:

(1) Saade Abdalkareem Jasim, Al-Maarif University College, Irag.

(2) G. M. Malik, Navyug Science College, India.

Complete Peer review History: https://www.sdiarticle4.com/review-history/74020

Received 04 July 2021
Accepted 14 September 2021
Published 20 September 2021

Original Research Article

ABSTRACT

In the present communication, a simple and facile method was adopted to synthesize a series of
novel 2-[(2-{[5-(pyridin-4-yl)-1,3,4-oxadiazol-2-yl]sulfanyl}ethyl)sulfanyl]-1,3-benzoxazole by fusing
5-(pyridin-4-yl)-1,3,4-oxadiazole-2-thiol with substituted 2-[(2-bromoethyl)sulfanyl]-1,3-benzoxazole
and 2-[(2-chloroethyl)sulfanyl]-1,3-benzoxazole to obtain heterocyclic ring systems of 1,3,4
oxadiazole linked benzoxazole moiety. The synthesized compounds were characterized by the aid
of LCMS, IR, 'H NMR, 8CNMR, and C, H, N analysis technique. All the newly synthesized
compounds were assessed for antimicrobial, antioxidant and antitubercular activities against
standard strains. Microbiological results showed that the compounds showcased a wide range of
activities and further the results of antimicrobial, antioxidant and molecular docking studies
revealed that the compounds 6c¢, 6d and 6e are more potent and displays excellent docking scores
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with various amino acids interaction like alkyl-alkyl, pi-alkyl and hydrogen bonding of antitubercular
receptor H37R with benzoxazole moieties and displayed encouraging antitubercular results to 6c,
6d and 6e molecules. The structural activity relationship studies illuminated the obtained results.

Keywords: Benzoxazole; oxadiazole; antibacterial; antioxidant; molecular docking; antitubercular.

1. INTRODUCTION

Drug design is increasingly based on modern
computational chemical techniques and also
uses sophisticated knowledge of disease
mechanisms and receptor properties [1]. The
chemistry of heterocyclic compounds is justifiable
both from the hypothetical as well as practical
importance. Their study is of top priority interest.
Numerous compounds inclusive of alkaloids,
essential amino acids, vitamins, heamoglobin,
hormones, wide variety of synthetic drugs and
dyes contain heterocyclic ring frameworks. There
are huge numbers of manufactured heterocyclic
compounds like pyrrole, pyrrolidine, furan,
thiophene, piperidine, pyridine and thiazole,
having vital application and many are significant
intermediates in synthesis of medicines. In the
core structure, heterocycles consisting of oxygen

and nitrogen atoms exhibits number of
pharmacologically and biologically active
compounds [2]. Amidst all the heterocyclic

compounds, benzoxazole is one of the significant
heterocycles showing exceptional
pharmacological activities. Its aromaticity makes
it relatively stable, although as a heterocycle it
has reactive sites, which allows for
functionalization [3]. Benzoxazole conjoined to
1,3,4 oxadiazole have been found to be of great
interest also has a broad spectrum of biological
activities. Literature survey showed that 1,3,4
oxadiazole has been a frontier in pharmaceutical
research for synthesis of new derivatives playing
a vital role in biological activities as drugs. As per
the literature survey benzoxazole shows
remarkable pharmacological activities like
antimicrobial, antioxidant, antifungal, cytotoxic,
antitubercular, Pancreatic ~ Lipase  Inhibitory,
analgesic and anti-inflammatory[4-8]. Even 1,3,4
oxadiazole also shows appreciable activities as
antibacterial, antifungal, nematicidal, anti-HIV,
antitubercular[9-13]. Hence the combined moiety
of benzoxazole and oxadiazole seem to display
impeccable biological activity.

Inspired by the biological profile of benzoxazoles
and oxadiazoles and their increasing importance
in pharmaceutical and biological fields, in
continuation of our research on biologically active
heterocycles considering the scope to introduce
1,3,4-oxadiazole moiety into the benzoxazole, it

is thought worthwhile to undertake the synthesis
of title compounds. In view to obtain certain new
chemical entities with both active
pharmacophores in a single molecular frame
work for the intensified biological activities.

The present work sheds light on the cost
effective synthetic route for the preparation of
series of novel 2-[(2-{[5-(pyridin-4-yl)-1,3,4-
oxadiazol-2-ylJsulfanyl}ethyl)sulfanyl]-1,3-
benzoxazole derivatives. The synthesized
conjoined moiety of benzoxazole and oxadiazole
derivatives has been subjected to both dry and
wet studies, which displayed significant activities
against all the strains. Out of which 6c, 6d and 6e
showed considerable biological screening
scores.

2. METHODOLOGY
2.1 Materials and Methods

By taking the sample in a glass capillary being
sealed at one end, melting points were
determined in an electrically heated apparatus,
which are uncorrected. Spectra like 'H NMR and
13C NMR were recorded on Bruker at 400MHz at
Manipal Institute of Technology (MIT), Manipal,
Karnataka, India, with tetramethylsilane(TMS)
being an internal standard, the chemical shifts
are shown in § values (ppm). Elemental analysis
(C, H and N) was determined by Perkin-Elmer
2400 Series Il analyzer. By LC-MS spectroscopy,
molecular weights of unknown compounds were
characterized at Centralized Instrumentation
Facility, Mysore University, Karnataka, India. By
using a Shimadzu Fourier Transform Infrared
(FT-IR Nicolet-5700) spectrometer, the FT-IR
spectra of the compounds were determined. By
thin layer chromatography (TLC), where silica gel
coated on aluminium sheets (silica gel 60 F254),
the completion of the reaction was monitored.
Commercial grade solvents and reagents were
used. The yield, melting point, molecular formula
and molecular weight of the compounds are
recorded in Tablel.

2.1.1Preparation of substituted benzoxazole-
2-thiol [2]

Upon stirring KOH and methanol for nearly 10
minutes, followed by the addition of carbon
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disulphide (1.1eq) at room temperature, different
substituted amino phenols were added to the
prior mentioned reaction mixture. The reacting
substrate was refluxed for 6-8 hour on water
bath. The reaction is monitored for the
completion with the aid of TLC, on confirming the
completion of reaction the entire mass is
transferred to the crushed ice followed with the
acidification by using acetic acid. The obtained
solid product was separated from the mother
liquor through the filtration and washed several
times with water and finally recrystallized from
ethyl acetate to obtain a pure product [7].White
colour solid, yield (90%), M.P. 209-210°C, H
NMR (DMSO) ppm: §7.058-7.391 (m, 3H, Ar-H),
6 2.365(s, 3H, CHas), 13.792(s, 1H, SH).

2.1.2Synthesis of substituted 2-[(2-
bromoethyl)sulfanyl]-1,3-benzoxazole[3]

The mixture of compound 2(0.1mmol), activated
K2COs (2eq) in acetonitrile was taken in a round
bottom flask and stirred for 15 minutes. The
reaction mixture was treated with 1, 2
dibromoethane/1,2 dichloroethane drop by drop
with constant stirring for about 10 min at room
temperature. This reaction mixture was heated
under reflux for 5 hours and allowed to cool to
room temperature and poured in to crushed ice.
The obtained solid was filtered, washed with
water, dried and recrystallized using ethanol
(K2CO3 to be activated beforehand for 2-3
hours)[12-14].

Pale yellowcolor solid, yield (88%), M.P. 123c°-
125°C, *H-NMR (DMSO-ds) ppm: & 7.046 -7.372
(m, 3H, Ar-H), & 3.817-3.883 (t, 2H, S-CH>),
04.214-4.168 (t,2H, -CHz), & 2.447 (s, 3H, CHz3)
IR (KBr) cm-1: 2923.24 (CHs), 621.45 (C-Br),
1214.55 (N=C), 728.80(C-S), 1573.96(Ar).

2.1.3 Synthesis of 5-(pyridin-4-yl)-1,3,4-
oxadiazole-2-thiol [5]

To the solution of potassium hydroxide (2eq) in
methanol (20ml) was added carbon disulphide
(1.1eq) drop wise with constant stirring for
about10-15 minutes followed by the addition of
isoniazide (0.1mmol). The mixture was refluxed
till completion of the reaction take place, which
was monitored by TLC. After the completion of
the reaction, the reaction mixture was poured
into ice-cold water. It was filtered to remove
suspended impurities and acidified with 10%
acetic acid and the solid thus precipitated was
filtered, washed twice with cold water and
recrystallized with ethanol to give the compound

as yellow crystals [12]. *HNMR (DMSO—ds): &
7.784-7.769 (m, 2H, Ar-H), 5 8.783-8.768 (m, 2H,
Ar-H), 15.0(s, 1H, SH).

2.1.4 General procedure for the synthesis of
2-[(2-{[5-(pyridin-4-yl)-1,3,4-oxadiazol-2-
yllsulfanyl}ethyl)sulfanyl]-1,3-
benzoxazole 6(a-e)

A mixture of 2-[(2-bromoethyl)sulfanyl]-1,3-
benzoxazole(3)(0.01moles) and 5-(pyridin-4-yl)-
1,3,4-oxadiazole-2-thiol(5)(0.01moles) in 40ml
dry THF was stirred in presence of triethylamine
for 6 hour at room temperature. After the
completion of reaction, THF was removed and
ice cold water (30 ml) was added to the residue
with stirring. The solid precipitated was filtered,
washed with water followed by hexane,
recrystallized with ethanol to give compounds
6(a-e)[6].

2.1.5 2-[(2-{[5-(pyridin-4-yl)-1,3,4-0xadiazol-2-
yl]sulfanyl}ethyl)sulfanyl]-1,3-
benzoxazole 6a

IR (KBr, cm?): 1217.46 (N=C), 733.89 (C-S),
1596.82 (Ar), 3110.10 (pyridine); 'H NMR
(DMSO-ds, & ppm): 7.336-8.376 (m, 8H, Ar-H),
4.215-4.395 (t, 2H, S-CH2), 4.640-4.786(t, 2H, S-
CHy); BBC-NMR(DMSO-ds,dppm): 168.70,
151.66, 150.56, 142.97, 138.13, 134.11, 129.36,
126.57, 125.81, 124.65, 119.23, 118.87, 117.05,
111.90, 39.37, 35.31; MS: (M+1) =357.12.

2.1.6 4-nitro-2-[(2-{[5-(pyridin-4-yl)-1,3,4-
oxadiazol-2-yl]sulfanyl}ethyl)sulfanyl]-
1,3-benzoxazole 6b

IR(KBr, cm-1): 1495.59 (NO2), 1217.35 (N=C),
721.59 (C-S), 1595.72 (Ar), 3089.39 (pyridine);
IH NMR (DMSO-d6, & ppm): 8.65-7.52(m, 8H,
Ar-H), 3.33(t, 2H,S-CH2), 3.33(t, 2H, S-CH2);
13C-NMR(DMSO ds, 5 ppm):
165.0,164.5,150.9,149.9,143.7,140.4,135.2,124.
8,120.5, 121.4, 116.8, 36.5MS: m/z = 401.
42.

2.1.7 5-nitro-2-[(2-{[5-(pyridin-4-yI)-1,3,4-
oxadiazol-2-yl]sulfanyl}ethyl)sulfanyl]-
1,3-benzoxazole 6¢

IR (KBr, cm™): 1552.30 (NO2), 1217.32 (N=C),
743.69 (C-S), 1595.72(Ar), 3088.63 (pyridine);*H
NMR (DMSO-ds, & ppm): 8.65-7.52(m, 8H, Ar-H),
3.33(t, 2H,S-CH2), 3.33(t, 2H,S-CH2); 13C
NMR(DMSO ds, & ppm): 165.0, 164.5, 150.9,
149.9, 143.7, 140.4, 135.2, 124.8, 120.5, 121.4,
116.8, 36.5; MS: m/z = 401.42.
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2.1.8 5-methyl-2-[(2-{[5-(pyridin-4-yI)-1,3,4-
oxadiazol-2-yl]sulfanyl}ethyl)sulfanyl]-
1,3-benzoxazole 6d

IR (KBr, cm?): 2919.28 (CHs), 1218.95 (N=C),
738.21 (C-S), 1596.72 (Ar); *H NMR (DMSO-d,
& ppm): 8.399-7.350 (m, 7H, Ar-H), 4.578-4.428
(t, 2H, S-CHy), 4.373-4.238 (t, 2H, S-CH2), 2.548-
2.246(s,3H, CHa); 13C NMR (DMSO-ds, & ppm):
159.60, 153.89, 142.02, 132.93, 129.62, 126.82,
125.27, 121.81, 119.18, 116.49, 106.12, 39.3,
16.8; MS: (M+1) = 371.14.

2.1.9 5-chloro-2-[(2-{[5-(pyridin-4-yI)-1,3,4-
oxadiazol-2-yl]sulfanyl}ethyl)sulfanyl]-
1,3-benzoxazole 6e

IR (KBr, cm-1): 622.71 (Cl), 1217.95 (N=C),
733.51 (C-S), 1597.08(Ar),3051.04(pyridine); H
NMR (DMSO-ds, & ppm): 8.65-7.20 (m, 8H, Ar-
H), 3.33 (t, 2H, S-CH>), 3.33 (t, 2H, S-CHy); 3C
NMR (DMSO-ds, & ppm): 165.0, 164.5, 149.9,
148.1, 143.7, 142.9, 128.7, 122.8, 121.4, 117.7,
112.1 ; MS: m/z = 390.86.

2.2 Biological Activities
2.2.1 Antibacterial activity

The newly synthesized compounds 6(a-e) were
examined for their antibacterial potency against
Gram-positive bacteria, particularly
Staphylococcus aureus, Bacillus subtillus and
Gram-negative  bacteria is Pseudomonas
aeruginosa and Klebsiella Pneumonia by agar
well diffusion technique[15]. On sterile Muller-
Hinton agar plates, the 24 hours old Muller-
Hinton broth cultures of test bacteria were
swiped utilizing sterile cotton swab preceded by
punching wells of 8mm with the assistance of
sterile plug borer. To respectively labelled wells,
the standard drug (Chloramphenicol
30mcg/disc), mixes of 6(a-e) compounds
(200ug/mL in 10% DMSO), and controls (10%
DMSO) were added. For about 30 minutes, the
plates were assented to stand and in upstanding
position they were incubated at 37°C for 24 hour
for recording the zone of inhibition. The
antibacterial activity was evaluated by measuring
the zone of inhibition against the test organisms
and compared with that of the used standard
reference. The observed inhibition zones are
presented in Table 2. As a result of this, the
primary screening against the bacterial strains
showed good zone of inhibition as shown in Fig
2. It was noticed that the presence of electron
donating and electron withdrawing groups

attached to the benzoxazole ring displayed
strong effect on the antibacterial activity for
example the presence of nitro, methyl and chloro
substituent respectively in the structure, which
was responsible for the enhanced activity of the
compounds of (6¢, 6d and 6e) showed the potent
antibacterial activity among all the tested
compounds of this series.

2.2.2 Minimum inhibitory concentration (MIC)

All  the compounds were screened for
antibacterial activity by using cup plate method.
The Minimum inhibitory concentration (MIC) of
the most active synthesized compounds 6(a-e)
were evaluated in-vitro using the serial dilution
technique. The results of minimum inhibitory
concentration are depicted in Table 3. The MIC
study of the synthesized compounds against
bacterial strains at different concentrations i.e.,
100, 50, 25 and 12.5 ug/mL was evaluated. The
MIC zones of inhibition for antibacterial activity of
the compounds 6(a-e) are reported in Fig.3
which was evident for the inhibition of bacterial
strains. The 6¢, 6d and 6e compounds showed
potential MIC values against bacterial strains
respectively [16].

2.2.3 Antioxidant Activity (DPPH Assay)

Radical scavenging effect on DPPH free radical
and also the radical scavenging capacity of
compounds and the Ascorbic acid (standard)
were tested. In methanol, various concentrations
(25, 50, 100, 200, and 400ug/mL) of compounds
and standard were prepared. 2ml of DPPH
solution  (0.002% in methanol) was mixed
individually with 2mL of various concentrations of
compounds and standard in clean and labelled
test tubes which were further taken for the study.
The tubes were incubated at room temperature
for 30 min in dark and wusing UV-visible
spectrophotometer, the optical density was
detected at 517nm[17]. The absorbance of the
DPPH control was recorded.

The scavenging activity was determined utilizing
the formula:

Scavenging activity (%) = A-B/Ax100

Where A is the absorbance of DPPH and B is the
absorbance of DPPH in standard combination.

The DPPH radical scavenging activity data is
depicted in Table 4 and Fig 4. DPPH solution in
methanol showed strong absorbance at 517 nm.
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Table 1. Physical data of compounds 6(a-e)

Compound Molecular formula Molecular M.P.(°C) % Yield Found (Calculated)%
weight C H N
6a C16H12N402S2 356.42 226 83 53.92 (53.96)  3.39 (3.41) 15.72 (15.80)
6b C16H1:N504S2 401.42 230 76 47.87 (47.91)  2.76 (2.82) 17.45 (17.49)
6c C16H1:N504S2 401.42 222 78 47.87 (47.92)  2.76 (2.80) 17.45 (17.50)
6d C17H14N402S2 370.44 218 81 55.12 (55.21)  3.81(3.84) 15.12 (15.19)
6e C16H11CIN4O2S2 390.86 224 75 49.17 (49.23)  2.84(2.88) 14.33 (14.36)
Scheme - 1
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6a = H, 6b = 4-NO3, 6¢ = 5-NO,, 6d = CH3, 6e=ClI
Fig. 1. Synthesis of substituted 2-[(2-{[5-(pyridin-4-yl)-1, 3, 4-oxadiazol-2 yl]sulfanyl}ethyl)sulfanyl]-1,3-benzoxazole derivatives
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Table 2. Antibacterial activity of compounds 6(a-€)

Compound  Klebsiella Pseudomonas Bacillus Staphylococcus
pneumoniae aeruginosa subtilis aureus
6a 11+0.97 12+0.81 11+0.47 12+1.63
6b 13+0.81 12+1.63 11+0.97 11+0.81
6c 15+1.63 14+0.81 13+1.63 14+0.97
6d 17+0.47 16+0.47 14+0.81 16+0.47
6e 2040.81 18+2.16 17+1.63 21+2.16
Standard 25+0.47 21+0.97 22+0.81 26+1.63

STD=30mcg/disc, Compound=250 /g/mL, Mean+ SEM, n =6

Antibacterial Activity

= Klebsiella pneumoniae
» Pseudomonas aeruginosa
= Bacillus subtilis

= Staphylococcus aureus
6d 6e Std

Compounds

Zone of Inhibition in mm

Fig. 2. Antibacterial activity of compounds 6(a-e)

Viinimum Inhibitory Concentration

zone of inhibition

Fig. 3. Minimum inhibitory concentration compounds 6(a-e)

Table 3. Minimum inhibitory concentration of compounds 6(a-€)

Organisms Concentration Compound
in ug/ml 6a 6b 6¢C 6d 6e

Klebsiellapneumoniae 100 12+0.81 14+0.94 15+0.47 16+1.63 17+0.47
50 10+0.94 11+1.63 13+0.94 13+0.47 16+0.81
25 10£0.47 10+0.81 12+0.47 12+0.97 14+0.97
12.5 10+0.81 10+0.94 10+1.63 10+0.47 10+0.47
Std 18+0.47 18+1.24 18+0.47 18+1.63 18+1.63

Bacillus subtilis 100 15+0.94 13+1.63 16+£1.63 14+0.97 12+0.81
50 13+1.24 11+1.24 15+0.47 13+2.16 11+1.63
25 14+1.63 10+0.81 13+0.81 13+1.63 10+0.81
12.5 12+1.24 10+0.94 104+0.97 11+0.97 10+0.81
Std 21+0.94 18+0.47 18+0.81 17+1.63 14+1.63

Mean+ SEM, n =6
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Table 4. Antioxidant activity of concentration of compounds 6(a-e)

Compound Scavenging activity of different concentration (ug/mL)in %

400 pg/mL 200pg/mL 100pg/mL 50pg/mL 25pug/mL
6a 88.82+0.57 82.09+0.65 81.91+0.14 79.25+0.81 76.41+0.75
6b 89.55+1.05 88.14+0.37 87.18+0.85 85.28+0.58 85.28+0.17
6c 97.51+0.69 94.68+0.58 93.97+0.81 81.02+0.54 75.11+0.39
6d 96.09+0.38 95.92+0.57 90.95+0.70 86.17+0.70 70.74+0.52
6e 97.16+0.58 88.47+0.23 85.46+0.65 83.15+0.36 81.73+0.50
Ascorbic acid 98.89 +1.0 95.82+0.43 94.29+0.55 88.46+0.62 84.75+0.21

Meanz SEM, n = 6.

Antioxidant activity

6a 6b 6¢c 6
Compounds

¥

® 400 pg/ml
= 200pg/ml
® 100pg/ml
= 50ug/ml
= 25ug/ml

o
>
>
=
>
=
o
©
=2
£
=)
c
]
>
[}
o
(2]
<
L
e
(¢l
@

Fig. 4. Antioxidant Activity of Concentration compounds 6(a-e)

within 5A from the ligand. All the molecules
docked at the active binding sites of the receptor,
the 3D structure of each ligand with the receptor
binding interactions were visualized to
optimization quality by discovery studio 3.2. The
in silico molecular docking scores give useful
information concerning the capability of the newly
synthesized compounds to bind the active sites
of the receptor. Thus the obtained docking
values guided us for performing wet analysis of
antitubercular activity.

If DPPH abstracts a hydrogen radical from an
external source, the absorption decreases
stoichiometrically depending on the number of
electrons or hydrogen atoms. The newly
synthesized compounds displayed potent activity
but lower when compared to standard. The
compounds 6¢ and 6d showed potent
scavenging activity almost close to the standard
(ascorbic acid) and compound 6e showed better
inhibition activity against free radical and rest of
the synthesized compounds showed moderate
activity. ) o
2.3 Antitubercular Activity

2.2.4 Molecular docking studies

The antimycobacterial activities of compounds
6(a-e) were assessed against M. tuberculosis
ATTC 2729415[20] using the micro plate Alamar
Blue assay (MABA) [21]. This method is
nontoxic, uses a thermally-stable reagent and
shows good correlation with proportional and
BACTEC radiometric methods [22, 23]. Sterile
deionized water (200ul) was added to all outer-
perimeter wells of sterile 96 well plates (falcon,
3072: Becton Dickinson, Lincoln Park NJ) to
minimize evaporation of the medium in the test
wells during incubation. The 96 plates received
100 pl of the Middle brook 7H9 broth and a serial
dilution of the compounds were made directly on
plate [24]. The final drug concentrations tested

The molecular docking studies were eventually
carried out by following the reported procedure
[18, 19]. The In-silco molecular docking has been
carried out on the antitubercular receptor PDB
code: H37R, the crystal structure of the receptor
has been obtained from the Protein Data Bank
(PDB:  http://www.rcsb.org/pdb). The water
molecules and heteroatoms were removed
before screening. The receptor structure was
prepared prior to use in docking study, utilizing
protein preparation module of HEX modelling
package 8.0. During the protein preparation, all
hetero and water molecules were removed from
the crystal structure except water molecules
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were 100-0.2 pg/ml. Plates were covered and
sealed with parafilm and incubated at 37° C for
five days. After this time, 25 ul of a freshly
prepared 1:1 mixture of Alamar Blue (Accumed
International, Westlake Ohio) reagent and 10%
tween 80 was added to the plate and incubated
for 24 hour.

The MIC (Minimal Inhibition Concentration) was
defined as the lowest drug concentration, which
prevented a colour change from blue to pink.
Standard Strain used: Mycobacteria tuberculosis
(Vaccine strain, H37 RV strain): ATCC No-
27294. Standard values for the Anti-Tubercular
test which was performed. Pyrazinamide-
3.125ug/mL, Ciprofloxacin-3.125ug/mL,
Streptomycin- 6.25ug/mL.

3. RESULTS AND DISCUSSION

In the present research ultimately 5 new 2-[(2-
{[5-(pyridin-4-yl)-1,3,4-oxadiazol-2-
yl]sulfanyl}ethyl)sulfanyl]-1,3-benzoxazole
derivatives 6(a-e) were synthesized. For their
synthesis, initially compound 2 was obtained by
refluxing the appropriate amount of the
substituted amino phenol in the presence of
cyclising agent CS:2 and suitable amount of KOH
in methanol were added. It was characterized by
1H-NMR, which exhibited a multiplet at [ 7.058-

7.391 were due to 3 aromatic protons, a singlet
at [ 13.792 for SH proton (D20 exchangeable).
For the synthesized compound 3, the compound
2 was made to react with 1,2 di-bromoethane by
refluxing the reaction mixture for about 4 hours.
In IH- NMR, the presence of -S—CH: at [] 4.174
and -CH: at 3.883 confirmed the formation of
compound 3 (scheme-1). Afterwards as
mentioned in the scheme-2, isoanizide was
converted to 5-(pyridin-4-yl)-1,3,4-oxadiazole-2-
thiol by reacting with CS2 and KOH retaining the
same conditions of compound 2. The formation
of oxadiazolethiol was confirmed by a multiplet at
[1 7.769-7.784 and 8.768-8.783 were due to four
aromatic protons and a singlet at J15.0 for SH
proton. Finally in the last step the clubbing of the
compound 3 and 5 through condensation
reaction yields 6(a-e) derivatives in 70-80%.
Then the newly synthesized 2-[(2-{[5-(pyridin-4-
yl)-1,3,4-oxadiazol-2-yl]sulfanyl}ethyl)sulfanyl]-

1,3-benzoxazole derivatives were evidenced by
spectral data. In the IR spectra of compounds 6a,
absorption bands corresponding to the -C=N and
-C-S at 1217.46 and 733.89 cm respectively.
The absorption band signal for pyridine group
appeared at 3110.10 cm-1, *H NMR spectrum of
compound 6a showed two resonance signals at
0 4.64 and at & 4.21 as double triplets for two
protons corresponding to S-CH: protons. The
aromatic protons of phenyl ring appeared

Table 5. Binding energies and types of binding intraction of compound 6(a—e) with receptor

4FDO
Compounds H-bond Pi-Lone pair  Docking Pi-alkyl Alkyl- Alkyl
Code interaction score interaction interaction
6a ALA20 GLY17 -238.00 ALA126 THR14
PRO21 ARG18 LYS418 GLY15
SER22 ALA24 ALA417 TRP16
VAL23 LYS418
6b PHE379 HIS132 -244.39 LYS418 VAL121
PHE142 THR7 LEU98 ALA126
LEU98 THR8 TYR415 LYS418
THR9 PHE379
PHE142 GLN336 PHE142 PRO21
6¢c ILE131 PHE337 GLY15 SER22
GLN336 ILE386 -259.71 TRP16 VAL23
HIS132 TYRA415 ALA24
6d GLN336 LA417 MET34 THR14
PHE337 TYRA415 -251.40 ILE35 GLY15
ILE386 LYS37 VAL36 TRP16
TYR415 GLY17
6e ALA417 LYS418 HIS160 ARG28
TYR415 THR416 -291.59 LEU161 THR29
LYS418 LYS418 THR162 PRO30
TYR415 GLN336 PRO163 ASP31
(STD) -159.50
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Fig. 9. 6e- 2D and 3D bonding interactions of receptor 4FDO with compound 6e
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Fig. 10. Standard drug photograph of Anti tubercular activity

Table 6. Antitubercular activity of compounds 6(a-e)

Sl. Compound 100 50 25 125 6.25 3.12 1.6 0.8
No. pg/mL  pg/mL pg/mL  pg/mL  pg/mL pg/mL pg/mL pg/mL
01 6a S R R R R R R R

02 6b S R R R R R R R

03 6¢ S S R R R R R R

04 6d S S S R R R R R

05 6e S S S R R R R R

*Note: S-Sensitive, R- Resistant
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Fig. 11. Antitubercular activity assay plate of compounds 6(a-e)

between & 8.37-7.33 as multiplet, integrating for
eight protons. Mass spectrum showed a peak at
m/z 357.12 (M+1), confirming the structure of
compound 6a. To summarise the IR, *HNMR
13CNMR, Mass spectra and elemental analysis
results are in favor with the propounded
structures, further the compounds were screened

for their antibacterial, antioxidant, molecular
docking scores against antimycobacterial
receptor (PDB ID: 4FDO) are guided for

antitubercular activity.
3.1 Antibacterial and MIC

Table 2 and 3 summarizes the results of the
antibacterial and Minimum Inhibitory

Concentration (MIC) assays of five synthesized
compounds respectively. Compared to the lead
compound 6a, general improvement of
antibacterial activity was observed. When the
aromatic of 6a was substituted with 4-nitro amino
phenol (6b), 5-nitro aminophenol (6¢), 4-methyl
amino phenol (6d), 4-chloro amino phenol (6e),
the antibacterial activities were escalated by 8-32
folds. It appeared that substitutions in
benzoxazoles provided good antibacterial
activity. It was concluded that the activity was
significantly effected by the presence of electron
withdrawing groups (NO2,Cl) improved the
antibacterial activity against P. aeruginosa, K.
pneumonia, Bacillus subtilis S. typhi and Bacillus
subtilis.
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Further, to quantify the lowest concentration
which prevents the growth of the organism was
determined by the Minimum Inhibitory
Concentration (MIC) value by cup plate method.
The compound 6c¢c exhibited considerable
antibacterial activity against Bacillus subtilis
(gram +ve) but at the same concentration the
compound showed lower inhibition potency
against Klebsiella pneumonia (gram -ve)
similarly compound 6d with methyl substitution
on aryl group showed good inhibition in case of
Klebsiella pneumonia and decreased potency
against Bacillus subtilis. The compound 6e with
chloro substitution on phenyl ring showed better
activity against Klebsiella pneumonia and
Bacillus subtilis respectively. The compounds 6a
and 6b displayed moderate potency with average
inhibition efficacy against the tested pathogens.
The declining trend in the inhibition potency was
observed in the synthesized compounds 6a and
6b with substitution —H and —NO: at 4-position.
Overall, from the MIC of synthesized
compounds, it was noted that the inhibition
efficiency of the tested compounds against the
two bacteria Klebsiella pneumonia (gram -ve)
and Bacillus subtilis (gram +ve) is not the same.
The compound which showed maximum
inhibition against P. aeruginosa showed the least
inhibition potency and vice versa.

3.2 Antioxidant

DPPH (1,1diphenylpicrylhydrazyl) radical
scavenging efficacy of synthesized compounds
6(a-e) was evaluated by using Ascorbic acid as
standard and the results have been shown in
Figd. It was observed that among the
synthesized compounds most of the compounds
showed considerable scavenging activity.
Compound 6e with -Cl substitution displayed
strongest radical scavenging potency followed by
the compounds 6¢c and 6d which showed
significant activity. Compounds 6a and 6b with -H
and -NO: substitution on phenyl ring showed
moderate activity.

3.3 Molecular Docking Studies

The molecular docking of the synthesized
compounds 6(a-e) was carried out with possible
biological targets for the antitubercular receptor
(PDB ID: 4FDO). The binding energies of the
synthesized compounds 6(a-e) with the receptors
were calculated using computational docking
studies with HEX 8.0 engine. These docking
energy values and possible different types of
binding interaction were listed in Table 5. The

antitubercular docking results showed that there
are possible interactions between 6c¢, 6d and 6e.
The 6d and 6e showed a stronger interaction
with 4FDO receptor than the other compounds
with lowest binding energy are - 251.40 and -
291.59 kcal mol-1 respectively. The 6¢, 6d and
6e have hydrophobic (Pi-alkyl), alkyl-alkyl and
hydrogen bond interaction with amino acids, in
the protein around the receptor molecule. As
displayed in the Table 5, the best-docked
orientations of 6(a-e) with receptor 4FDO are
shown in Fig 5-9.

3.4 Antitubercular Activity

Synthesized set of derivatives of benzoxazole
were evaluated for their in vitro antimycobacterial
activity against Mycobacterium tuberculosis.
From the results it was evident that the
compounds 6d and 6e exhibited appreciable
activity against M. tuberculosis.

4. CONCLUSION

To be precise it was designed a series of novel

target compounds by conjoining 2
pharmacophoric  motifs  5-(pyridin-4-yl)-1,3,4-
oxadiazole-2-thiol and  substituted  2-[(2-

bromoethyl)sulfanyl]-1,3-benzoxazole for
evaluating various biological activities. The
expected target compounds were prepared,
structurally confirmed by IR, H NMR, 13C NMR
and mass spectral analysis and in-vitro screened
for their biological activities. The data reported
here in indicates that compound 6c¢, 6d and 6e
has emerged as potentially active compounds.
These molecules have shown significant results
as compared to standard drug and considered as
potential molecules for further developments.
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