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Abstract: A series of triazole conjugated novel 2,5-didry3,4-oxadiazole derivativeta-qg are
efficiently synthesized starting from methyl salatg. All the synthesized compounds were
characterized based on th&it NMR, *C NMR, Mass and IR data. All the compounds have
been investigated for antibacterial activity agaf@sphylococcus aureugscherichia coliand
Bacillus subtilisand antifungal activity againgtspergillus nigeandSaccharomyces cerevisiae
It is interesting to note that all compourgis-q were found to be effective, potent and active
against microbial growth when compared with staddantibacterial agents. Our findings
suggest that compoun@sl-f, 8l and8o are the major ones shown anti-fungal activity aghalh
the synthesized compounds. From our results, fousd that all the compound&a-q have
exhibited no appreciable potency towards clearing free radicals in solution. Molecular
docking studies of the synthesized compounds wetfiqilin-binding proteins (PDB ID: 3HUN
and 3ITA) are in good agreement with their inhdnitiactivity. The compoundp and 8q were
found to be effective against microbial growth iram-positive bacteria, whereas in gram-
negative bacteria compoud shown good synergy with biological assays and darkiudies
These novel series of compounds have shown prognigeatures in inhibiting the
microorganisms by interacting with enzymes involwegeptidoglycan synthesis and bacterial
cell wall biosynthesis.

Keywords: 1,3,4-Oxadiazole, 1,2,3-triazole, antitbaal activity, anti-fungal activity.
1. Introduction:

Microbial infection is one of the major areas ofncern in healthcare and community
environments as it remains a global threat. ThaddnNations adhoc Interagency Coordination
Group (IACG) on Antimicrobial Resistance has relyeméported an estimate of 10 million
deaths each year by 2050 due to drug-resistanbhiardiseases. It could force up to 24 million
people into extreme poverty by 2030 [1]. Effectargimicrobial drugs are prerequisites for both
preventive and curative measures, protecting patieom potentially fatal diseases and ensuring
that complex procedures, such as surgery and chenagty, can be provided at low risk [2]. A
particular concern was severe infections causedGbgm-positive bacteriégStaphylococcus



aureus|[3], Bacillus subtilis[4] and Gram negative bacterizscherichia coli[5]. The mode of
action of p-lactam antibiotics found to have similar in theiugar—amino acid backbone
structures and involved in peptidoglycan formationdue course of time, it has become eminent
that B-lactam antibiotics became ineffective. Thus, raisemicrobial antibiotic resistance is
necessary to avoid or to treat the current infestid,3, 4- Oxadiazoles, a novel class of fon-
lactam antibiotics might fight against bacteriaiway different t@-lactam penicillins.

Nitrogen and oxygen-containing heterocyclic ringmpmunds have gained significant
importance globally not only due to their prevakens natural products but also due to their
pharmacological, photochemical optoelectronic prigge and industrial value [6-12]. 1,3,4-
Oxadiazoles and its derivatives became interestvey the past few years and found wide
applications in pharmaceuticals, dyes, photographaterials, agrochemicals and corrosion
inhibition [13-14]. Most importantly, the isomerarrangement of heteroatoms and other five-
membered rings like triazoles, pyrazoles, andagoles were potent in reporting antibacterial
activity [15]. The oxadiazoles are privileged so#ds found in diverse areas such as medicinal,
pesticidal, polymer and material science [16]. Antber of compounds containing an oxadiazole
moiety possess broad-spectrum bioactivities lik#bantic [17-19], anticancer [20-22], and anti-
hypertensive [23-25]. Significant efficacy of 1,3)4adiazoles have also been demonstrated for
past few years in various pharmacological propertreeluding anti-microbial [26-30], anti-
inflammatory, analgesic [31-32], anti-HIV [33-35@nti-mycobacterial [36], inhibitors of
Cathepsin K [37], inhibitors of tyrosinage [38-4@pti-convulsant [41-43], and muscle-relaxant
[44]. On the other side, raltegravir, an antiretralvdrug for the treatment of HIV infection, has
been launched into the marketid-1) [17,25,45-46]. In addition to their latent potehtin
medicinal chemistry, the oxadiazoles also find eapion in the field of material science where
butyl-PBD or b-PBD is used in the liquid scintibatneutrino detector [47]. Hence diverse
ranges of oxadiazoles applications have attradtedstientific community to develop novel
oxadiazoles, which have an enormous impact on pheltirug discovery processes.
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Fig -1: Oxadiazole containing biologically active drugs



On the other hand, 1,2,3-triazole’s is a versati@ety which is continuously attracting the
attention of medicinal chemists due to its synthigtasibility and numerous biological activities
(Fig-2) when combined with other heterocyclic moietie3-52].
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Fig -2: 1,2,3-Triazole based biologically active agents

As part of on-going research in our lab, encourapgdthe above finding towards the
development of novel antimicrobial and anti-funggents with improved therapeutic efficacy
and stimulated by the biological significance obzole containing 1,3,4-oxadiazoles [53],
herein, we have described the design and syntbésiseries of 1,2,3-triazole conjugated with
2,5-diaryl substituted 1,3,4-oxadiazoles. All thgntbesized compounds were thoroughly
characterized based on their Proton NMB NMR, Mass and IR spectral data. All the
synthesize®a-q compounds are investigated for their antimicrqlaati-fungal and anti-oxidant

activities.

2. Results and Discussion:
2.1. Chemistry

The synthetic approach followed in achieving thesigieed target oxadiazole8a-q is
summarized inScheme 1 The synthesis was initiated with the propargglation methyl
salicylate 1 using propargyl bromide in the presence of potmsscarbonate base and dry
dimethyl formamide solvent to afford compouadh 85% yield. The spectral data of alky2eés

in agreement with the reported data [54]. The sekesynthesis of required triazolda-d was
efficiently achieved by using copper (I) catalyZ€dAAC] Huisgene 1,3-dipolar cyclo addition
of alkyne2 with azides3a-d in good yields. The formation of triazofe& was confirmed by its
spectral data where tfiel NMR spectrum ofta showed characteristic triazole proton absorption
at 8 8.02 as a singlet, O-GHabsorption appeared as a singleb &.40, ester -OCHsignal
appeared at 3.89 as a singlet, it is further cordd by its Mass spectral data which has given
(M+1) peak atm/z 344. The obtained triazalesd are then treated with hydrazine hydrate using
1,4-dioxane as a solvent to afford the benzohydeszba-d in quantitative yields. The
disappearance of -OGHinglet peak fornd 3.89 in the'H NMR and appearance of two new
signals ab 4.53 (a singlet for two protons) aa®.21 (a singlet for one proton) due to -Nahd



-NH respectively confirmed the structure of compbla Further, Mass spectral data is in
agreement with its molecular formula. The condeasataction between benzohydraziéasd
and different substituted benzaldehydi&sg was afforded the Schiff's base produdis-qg,
which without any further purification were subgdtto intramolecular cyclization under
PhI(OAc), in ethanol solvent conditions to yield the finatget 1,2,3-triazole conjugated 2,5-
diaryl substituted 1,3,4-oxadiazol@a-qgin good yields.
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Scheme - 1: Synthesis of Triazole Conjugated Novel 2,5-Diaryl Substituted 1,3,5-Oxadiazoles 8a-q

All the synthesized final compoun8s-8gwere analyzed by their respective spectral ddta. T
IR spectrum of compoundda exhibited its characteristi€=N absorption band at 1595 ¢m
The single triazole proton of compou8id appeared as a singlet&8.36 in its'H NMR, and a
singlet corresponding to twegDCH, protons appeared &t5.49. Further, th&C NMR spectrum
of compound8a given the absorption ofOCH, carbon até 63.3. Mass spectral data of



compoundBa has given thd+1 peak at m/z 481 (M.F: £H14CI3NsO,) which is in agreement
with its calculated mass.

2.2. Biology
2.2.1. Antibacterial activity

The synthesized final compoun8a-q were evaluated for antibacterial activity vitro. To
assess the antimicrobial properties of synthesmmupounds, two strains of Gram-positive
bacteria Bacillus subtilisMTCC 441, Staphylococcus aureugITCC 96) and one strain of
Gram-negative bacteri&g$cherichia coliMTCC 443 were chosen based on their capability of
raising resistance to develop drugs [5B] specific concentration of compound where the
bacterial growth inhibition has started is termed aa minimal concentration of compound
required for bacterial inhibition. Based on thedstwof tested antibacterial activities against
different strains [56-57], it is noted that all cpounds8a-q were found to be very effective,
potent and active against microbial growth when gared with standard antibacterial agents
(Table -1) & (Fig -3). These series of compounds have shown promigiayfes in inhibiting
the microorganism by interaction with enzymes imed in peptidoglycan synthesis and
bacterial cell wall biosynthesis. The compougs& 8g have shown good inhibition in gram
positive bacteria wherea® not able to inhibit the gram-negative bacteria.mpound 8d
inhibited best against the gram negative bactérmaight be having better mode of binding than
the8p. In overall all the compounds shown good antinbabactivity except few compounds in
gram negative bacteriaf( 8h, 8o, and 8p. The strain ofE. coli might have bestowed with
alternative pathway and not shown good inhibitiotivaty.

Table-1:
Antibacterial activity: Minimum inhibitory concentration (MIC) of the symbkized compounds
(ng/ml) against gram-positive and gram-negative badtstrains

Gram positive bacteria Gram negative bacteria
Compound No. S.aureus B.subtilis E. coli
MTCC 96 MTCC 441 MTCC 443

8a 9.9 5 9

8b 8.8 6 10

8c 8.9 5.6 8.5

8d 8.4 5.5 4.8

8e 8.7 5.6 9.8




8f 8.7 54 >50
89 9.8 6 10
8h 8.4 5.8 >50
8i 9 5.7 9.7
8] 8.9 5 8.2
8k 8.6 54 10
8l 8.5 5 25
8m 8.6 5.9 9.8
8n 9.7 5.8 10
80 8.9 54 >50
8p 8.8 5.7 >50
8q 7.9 55 9
Ampicillin 10 10 4

Anti-bacterial activity ofTriazole Conjugated Novel 2,5-Diaryl Substituted,4;Oxadiazoles in
micro dilution method:

30 4 W S. aureus MTCC 96
25 H B.subtilis MTCC 441
W E. coli MTCC 443
20 -
E1s -
2
9]
= 10
5 .
0 4
PP F R T RE DD FE D PR
<
List of compounds ?50

Fig -3. Graphical representation of antibacterial actiuitypar diagram.



2.2.2. Anti-fungal activity

The anti-fungal activities of the synthesiz@d-q compounds were tested against filamentous
fungi Aspergillus nigerMTCC 404 andSaccharomyces cerevisidd¢TCC 1344 yeast cultures

[58]. Our findings suggested théd, 8e, 8f, 8g, 8&nd8o are the compounds showed potent anti-
fungal activity among all other synthesized trigzalonjugated 1,3,4-oxadiazole compounds

(Table -2).

Table — 2: Zone of fungal growth inhibition (mm) ater incubating for 2 days at 37°C.

Aspergillusniger MTCC 404 Saccharomyces cerevisiae MTCC 1344
Compound
no. Compound concentration 1M)
8a 2 (10) 3(20) 3(30) 2 (10) 2 (20) 3.2 (30)
8b 2(10.8) 23.(21.7) 2.5 (32.6) 2(10.8) 2.5(21.7) 2.6 (32.6)
8c 2(10.2) 2(20.4) 2.3(30.6) 3(10.2) 3(20.4) 3.5(30.6)
8d 5.2 (10.7) 6 (21.5) 6 (32.3) 3(10.7) 3.3(21.5) 4(32.3)
8e 5.2 (11.6) 6 (23.2) 6.2 (34.8) 4(11.6) 5(23.2) 5.3 (34.8)
8f 7.2 (12.6) 8(25.2) 8.2 (37.8) 3(12.6) 3(25.2) 5(37.8)
8g 6 (12.6) 7(25.2) 7 (37.8) 5(12.6) 5.4 (25.2) 6 (37.8)
8h 2(11.7) 2.4 (23.4) 2.7 (35.2) 1(11.7) 1.5(23.4) 2(35.2)
8i 3(10.9) 3.3(21.9) 3.5(32.8) 3.3(10.9) 3.6 (21.9) 4(32.8)
8j 3(10.7) 3.2 (21.5) 3.3(32.3) 4(10.7) 4.2 (21.5) 4.6 (32.3)
8k 4(11.60 4(23.2) 4.2 (34.8) 2(11.6) 2.2 (23.2) 2.4 (34.8)
8l 4.6 (12.1) 5 (24.3) 5.3 (36.5) 5(12.1) 6 (24.3) 6.2 (36.5)
8m 3(12) 3.2 (24.1) 3.5(36.2) 2.4(12) 2.8(24.1) 3.5(36.2)
8n 3.7 (11.6) 4(23.2) 4 (34.8) 4(11.6) 4.6 (23.2) 5 (34.8)
80 6 (10) 7.2 (20) 7.6 (30) 3.5 (10) 4.5 (20) 5.5 (30)
8p 4(10.2) 4.2 (20.5) 4.2 (30.8) 2 (10.2) 2.2 (20.5) 3 (30.8)
8q 3(10.1) 3.5(20.2) 3.7 (30.3) 3(10.1) 4(20.2) 5(30.3)
Miconazole 8(12) 10 (24) 12 (36) 8(12) 9 (24) 12 (36)

Anti-fungal activity of Triazole Conjugated Novel 2,5-Diaryl Substituted3,4;Oxadiazoles
againstAspergillus NigerMTCC 404 and Saccharomyces cerevisiddTCC 1344 by cross

streak plate method.




2.2.3. Anti-oxidant activity

DPPH radical scavenging assay revealed thaBaali Oxadiazole derivatives exhibited minor

potency towards clearing the free radicals in sotuTable-3) (Fig- 4).

Table — 3:% Antioxidant activity of Triazole Conjugated Now&b-Diaryl Substituted 1,3,4-

Oxadiazole compound at various concentrations

Compound No. Compound concentration aM)
10 50 100 200
Ascorbic acid 44.1 44.5 45.8 79.3
8a 2.1 4.3 20.9 30.3
8b -20.6 -6.9 -1.8 7.5
8c -89.3 -70.5 -46.5 8.4
8d -3.7 15 23.2 39.4
8e -1.2 14.1 26.4 37
8f -38.5 -17.1 -13.2 -0.5
89 -18 0.2 0.8 23.4
8h -83.1 -38.1 -36.5 41.9
8i -38 -10.1 -1.2 15
8 -40.3 -18.5 -13.9 -0.2
8k -62.5 -29.3 -26 1
8l -13 -10.8 3.9 6.1
8m -0.2 -0.9 3.6 15.6
8n 1.1 3.9 5.8 14.9
80 -86.3 -15.6 -1.1 20.1
8p -53.7 25.5 -21.7 -3.9
8q -17.8 -4.8 16.5 20.3
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Fig-4. Graphical bar diagram representation of percetibddant activity of 8a-8q synthesized
compounds

2.2.4 In silico Molecular Docking Studies:

Synthesized ligands were screemnggilico for potent antimicrobial agents using Molegro Wat
Docker (MVD). It is well known that th@-lactam antibiotics often target more than one (PBP
Penicillin binding protein during bacterial inhiioih due to several closely related PBP’s. As the
B-lactam antibiotics found to be similar in theirgan-amino acid backbone structures, the
following cell wall biosynthesis mechanism treateede antibiotics as own and forms the
peptidoglycan layers. In a deal with this succdssfpect the present study focused on synthesis
of nonf-lactam derivatives called oxadiazoles, which wolikely target multiple PBP’s in
various strains combating drug resistance. Theciplies from electronic properties, geometry
suggest that the electrostatic interaction playsivatal role in attraction between compound
aromatic chain and amino acid residues [59]. Initad to this, it is well known that the
arrangement of heteroatoms and five-membered hkgdriazoles and pyrazoles were potent in
antibacterial activity with nitrogen and oxygenma®in their aromatic rings. We have selected
two co-crystal structure of two different PBPs (PIDB 3HUN; PBP4) and (3ITA; PBP6) from
S. aureus Gram positive) ande. coli (Gram negative)respectively. Both the structures were
determined with ampicillin in their active site wihigh resolution of 2 A [60] fron$. aureus
where as ai. coli structure with the 1.85 A [61]. The oxadiazoleidatives were subjected to
in silico docking against 3HUN and 3ITA to predict their @piand mode of binding. Best dock

score depicts the interactions of protein-ligandnptexes, thus, revealing the synthesized



compounds’ ability to bind to spectrum of PBP4 &BP6. The compoundp and8q with high
moldock score showed maximum number of pi-bondractéons at specific amino acid residues
present in the binding pocket. Pi-alkyl, pi-signpapi interactions along with other hydrogen
interactions prevalent in protein crystal structureontribute to the microbial growth
susceptibility. All the 17 ligands synthesized halown good docking scores with strong
binding affinities towards PBPJ &ble -4). The active site of PBP4 (PDB id: 3HUN) & 3ITA
identified from the earlier studies as well confen with the Protein ligand server:
"https://projects.biotec.tu-dresden.de/plip-welpfptidex”. The crystal structure of 3HUN is
bound with ampicillin as inhibitor by having hydeag bonding with Ser 75, Serl16 Ser 386
hydrophobic interaction with Phe 241 and water dgeglwith Lys 78, Ser 116 and Ser 262 [60].
Our docking also showed binding 8p and 8q molecules in the same active site vicinity with
Ser 75 (2.75 A) and Tyr 291 (2.57 A); Ser 75 (283and Ser 116 (1.98 A) respectively via
hydrogen bondingHig-5). Similarly, 3ITA docking results confirmed tharse with higher
docking scores foBp and 8g. The co-crystal ampicillin also made few hydrogemnding
interactions with active site residues consistihnger 40 (2.92 A), Thr 210 (3.68 A) and Thr 212
(2.92 A) [61]. Our docking results with synthesizemmpounds had shown similar interactions
which were found in co-crystal structures. The comms had shown hydrogen bonding Ser 40
(2.95 A) Arg 244 (2.46 A) ir8, where as ir8qg, Thr 212 (1.91 A) and Arg 194 (2.5 A) as well
both inhibitors were stabilized by hydrophobic gnpi interactiongFig-6). The superposition
of 3HUN and 3ITA co-crystal structures with the Ked 8p-8q structures confirmed the
orientation and mode of bindin@rig-7) all of them were well aligned within the activeesi
vicinity. Thedocking was executed with PBP6 (3ITA) protein ageawhereas inhibition assay
was carried out in livinge. coli. In spite of good docking score, the compound Bpldyed
turbid growth when treated with a concentratiorn>6D pg/ml in vitro revealing th&E. coli
might be bestowed with a complementing system oalérnative pathway to overcome the
inhibition by 8p compound. On the other hand doglsoore of compoun@d in the same series
was in accord witlin vitro inhibition values. Docking scores and biologicsgays oBp and 8q
had shown synergy in gram positive bacteria.



Table - 4: In silico Molecular Docking of synthesized compounds agaPBP4 (PDB ID:
3HUN) and PBP6 (PDB ID: 3ITA).

Mol Dock Mol Dock Rerank

. Rerank score
Ligand Score (3HUN) Score Score
(3HUN) (3ITA) (3ITA)
8a -158.68 -101.37 -155.31 -109.27
8b -155.23 -106.50 -151.87 -116.13
8c -157.46 -111.63 -152.62 -115.67
8d -149.78 -106.67 -149.76 -108.12
8e -150.34 -85.071 -148.13 -103.93
8f -154.27 -105.51 -154.78 -99.95
89 -146.57 -90.25 -141.03 -102.11
8h -146.62 -106.72 -146.15 -18.42
8i -157.83 -107.13 -157.07 -108.47
8 -164.57 -112.85 -141.03 -94.48
8k -151.14 -101.03 -151.94 -99.95
8l -148.20 -104.89 -147.69 -80.97
8m -147.28 -90.73 -148.52 -119.01
8n -151.04 -98.16 -143.56 -89.35
80 -145.58 -82.91 -159.84 -118.59
8p -162.38 -115.12 -163.56 -124.70
8q -165.92 -113.62 -165.83 -111.42

3. Conclusion:

In this study, we have designed and synthesizestiassof triazole conjugated novel 2, 5-diaryl
substituted 1,3,4-oxadizole derivativ8a-q. These Oxadiazoles are valuable five-membered
aromatic heterocycles bestowed with a wide rangbiabgical inhibiting activities including
antibacterial, anti-fungal and antiparasitidl the compounds$3a-q were investigated for their
antimicrobial, anti-fungal and antioxidant actiegi It is noted that all compoun8s-q were
found to be effective, potent and active againstrotuial growth when compared with standard
antibacterial agents. All the compounds were foumccompletely inhibiting the microbial
growth by binding efficiently to proteins of bagtd cell wall biosynthesis. Our findings
suggested that among all other synthesized triazmgugated 1,3,4-oxadiazole compouidgs
and8q are the best compounds showing anti-fungal as agelntimicrobial activity. Based on
the DPPH radical scavenging assay it was obsehagcatlderivatives 8a-q) displayed a minor
potency towards clearing the free radicals in sotutThe best dock scored compounds from our
current in silico study were further confirmed with the minimal noiral growth. The
compounds8p and8q were effective against gram positive bacteriad é88d had shown
promising features against gram negative bacteria.



4. Experimental:
4.1. Chemistry
General Remarks:

All solvents, chemicals, reagents were purchasetlRngrade from the commercial vendors
Merck, Sigma-Aldrich and Avra chemicals and usedwsh in the reactions. NMR spectra was
recorded on Bruker Avance-ll 400 MHz instrument, SN used as an internal reference
standard and CD@HP-DMSO used as solvents.Aluminum sheets coated 6@&254 silica gel
(Merck, 0.2 mm) are used for TLC. Uncorrected melgpoints are obtained from melting point
instrument and reported in degrees centigrade.Glaénshifts (d) are reported in parts per
million. J (Coupling constant) values are reported in Hz (Hef®roton spin multiplicities are
denoted as s (singlet), d (doublet), t (tripletfggartet), m (multiplet), dd (doublet of doublets)
ddd (doublet of doublet of doublets). IR and Mgsscéra were obtained from Schimadzu FTIR-
8400S and GCMS-QP-1000EX respectively.

4.1.1. Synthesis of methyl 2-(prop-2-ynyloxy) benate (2):

The compoun@ was prepared by the propargylation of compoltl.0 eq) using the propargyl
bromide (1.5 eq) and KOs (1.5 eq) in dry dimethyl formamide solvent undetragen
atmosphere at rt for 3 hrs, after completing theetien, it was extracted using dichloromethane
and ice cold water (3 x 50 mL), the combined orgdeyer was dried with anhydrous 0y,
concentratedh vacuoand purified by silica gel column using 25% EtOAhexane as an eluent
to afford compoun@ as light yellow solid in 85% yield. Spectral dafasolated compoundis

in agreement with the reported data[54]. Yield:85PbNMR (400 MHz, CDCY): & 7.81 (ddj =

7.7, 1.8 Hz, 1H) 7.51-7.44 (m, 1H), 7.14 {&, 8.4, Hz, 1H), 7.04 (td,= 7.6, 0.9 Hz, 1H), 4.79 (d,=

2.4 Hz, 2H), 3.89 (s, 3H), 2.52 (,= 2.4 Hz, 1H);®*C NMR (100 MHz,CDCJ): § 166.0, 156.0, 133.0,
130.0, 121.0 120.0, 114.0, 79.0 78.5 56.0, 51.%.: K&,,H1,03, ESI-MS; m/z: 191 (M+1).

4.1.2. General procedure for the synthesis of arortia azides (3a-d):

The aromatic azideSa-d were prepared by addition of 5N HCI solution tomaxture of
respective amine in Gi&l, at 0°C followed by drop wise addition of NaNGolution to above
mixture and stirred at 8C for 30 minutes. To this was added Nai 0°C and continued the
stirring for 2 hrs at rt, then it was allowed tarst for separation of organic and aqueous layers.
The organic layer was washed using NaH@@lowed by brine and the solvent was evaporated
in vacuoto obtain the required aryl azid8a-d. The azides3a-d are used in next step without
any additional purification.

4.1.3. General procedure for the synthesis of 1,2{Bazoles (4a-d):



To a mixture of methyl salicylate derivati?g(1.0 eq), compoungda-d (1.2 eq) in dry dimethyl
formamide (30mL) was added to a solution of CuSB,0 (0.01 eq) and sodium ascorbate
(0.01 eq) and the mixture was stirred for overnightt. After completion of the reaction as
indicated by TLC, the reaction contents were exédérom ice cold water and ethyl acetate (3 x
50 mL). The organic layer was washed and driedgusiine and dry N&8O, respectively. The
solvent was removeith vacuoand the crude produced was purified by passingigirailica gel
column (eluent: 30% EtOAc in hexane) to get therddgure producta-d with 90-95% yield.

4.1.3.1. Methyl 2-((1-(4-chlorophenyl)-H-1,2,3-triazol-5-yl)methoxy)benzoate (4a):

Yield: 81%; White solid; M.p. 77 — 79H NMR (400 MHz, CDC}): & 8.02 (s, 1H), 7.85 (dd, = 17.8,
1.6, 1H), 7.72 — 7.69 (m, 2H), 7.53 — 7.47 (m, 3HZ2 — 7.15 (dJ = 8.1 Hz, 1H), 7.06 — 7.02
(m, 1H), 5.40 (s, 2H), 3.89 (s, 3HC NMR (100 MHz, CDGJ): 5158.2, 145.5, 133.7, 131.8,
129.9, 121.7, 121.1, 121.0, 114.1, 63.51, 51.9(nkexat): 3077, 2956, 2923, 2852, 1643, 1501,
1464, 1247, 1190, 1046, 932 ¢mAnal. Calcd. For GH14CINsOs: C, 59.40; H, 4.10; N, 12.22;
Found: C, 59.38; H, 4.09; N, 12.19. ESI-MS: m/z4 3¥+1).

4.1.3.2. Methyl 2-((1-(3-chlorophenyl)-H-1,2,3-triazol-5-yl)methoxy)benzoate (4b):

Yield: 80%; White solid; M.p 73 — 75H NMR (400 MHz, CDCJ):8 8.22 (s, 1H), 7.88 — 7.79
(m, 2H), 7.70 — 7.62 (m, 1H), 7.55 — 7.39 (m, 3H}6 (d,J = 8.2 Hz, 1H), 7.09 — 6.95 (m, 1H),
5.41 (s, 2H), 3.91 (s, 3H}*C NMR (100 MHz, CDGJ): § 166.2, 157.7, 135.6, 133.7, 131.8,
130.8, 128.9, 121.2, 120.9, 120.6, 118.5, 114.14,6®.0. IR (neat): 3394, 3117, 3027, 2923,
2852, 1727, 1596, 1530, 1493, 1449, 1293, 12556,11648, 962 cfmAnal. Calcd. For
Ci17H14CIN3O3:C, 59.40; H, 4.10; N, 12.22; Found: C, 59.41; H064 N, 12.17. ESI-MS: m/z:
344 (M+1).

4.1.3.3. Methyl 2-((1-(4-methoxyphenyl)-Hi-1,2,3-triazol-5-yl)methoxy)benzoate (4c):

Yield: 87%; White solid; M.p 77 — 79H NMR (400 MHz, CDGJ):8 8.12 (s, 1H), 7.83 (ddi=
7.7,1.8 Hz, 1H), 7.72 — 7.58 (m, 2H), 7.54 — 7(&] 1H), 7.18 (dJ = 8.1 Hz, 1H), 7.08 — 6.96
(m, 3H), 5.40 (s, 2H), 3.89 (s, 3H), 3.87 (s, 3f).NMR (100 MHz, CDG):5 166.3, 159.8,
157.84, 133.7, 131.7, 130.5, 122.2, 121.2, 1220,6] 114.7, 114.1, 63.5, 55.6, 52.0. IR (neat):
3136, 2924, 2853, 1723, 1599, 1517, 1490, 14513,1BP60, 1160, 1034 chAnal. Calcd. For
CigH17N304:C, 63.71; H, 5.05; N, 12.38; Found: C, 63.68; OS5 N, 12.35. ESI-MS: m/z: 340
(M+1).

4.1.3.4. Methyl 2-((1-phenyl-H-1,2,3-triazol-5-yl)methoxy)benzoate (4d):

Yield: 82%; White solid; M.p 71-734 NMR (400 MHz, CDGJ), 5 8.21 (s, 1H), 7.84 (dd} =
7.7,1.8 Hz, 1H), 7.80 — 7.70 (m, 2H), 7.58 — 742 4H), 7.18 (dJ = 7.9 Hz, 1H), 7.03 (tt)=
7.8, 3.9 Hz, 1H), 5.42 (s, 2H), 3.90 (s, 3HJC NMR (100 MHz, CDGJ): § 166.3, 157.8, 137.0,
133.7, 131.8, 129.7, 128.8, 121.1, 120.6, 114.15,8®.0. IR (neat): 3420, 3088, 2922, 2852,
1726, 1642, 1597, 1494, 1432, 1286, 1253, 1168,3,1@®8 crit. Anal. Calcd. For
Ci7H15N305:C, 66.01; H, 4.89; N, 13.58; Found: C, 65.98; H844 N, 13.54. ESI-MS: m/z: 310
(M+1).



4.1.4. General procedure for the synthesis of bezptirazides (5a-d):

To a solution of compounda-d (1.0 eq) in 1,4-dioxane solvent was added hydeahiydrate
(1.2 eqg) and it was refluxed for 24 h. After contigle of reaction as indicated by TLC, the
solvent 1,4 dioxane was removed under reduced yneessd the crude reaction mixture was
extracted by using ethyl acetate and water. Thearocglayer was dried over PBO, and
concentratedh vacuo The crude product was purified using silica gglmn to get compounds
5a-d with 85-90% vyield.

2-((1-(4-Chlorophenyl)-1H-1,2,3-triazol-5-yl)methoy)benzohydrazides (5a):

Yield: 90%; White solid; M.p. 87 — 89H NMR (400 MHz,d®-DMSO0): § 9.21 (s, 1H), 8.93 (s,
1H), 7.94 — 7.90 (m, 2H), 7.65 (ddd; 22.2, 10.4, 4.7 Hz, 3H), 7.54 — 7.46 (m, 2H),7/(8,J =

8.1 Hz, 1H), 5.40 (s, 2H), 4.53 (s, 2HC NMR (100 MHz,d®-DMSO): § 155.3, 143.8, 135.2,
133.0, 131.8, 130.1, 129.9, 123.1, 122.7, 121.8,012113.5, 61.8. IR (neat): 3394, 3097, 2956,
2923, 2852, 1783, 1711, 1643, 1501, 1464, 1247,61®®4 cnt. Anal. Calcd. For
C16H14CINsO2:C, 55.90; H, 4.10; N, 20.37; Found: C, 55.86; H,14 N, 20.40. ESI-MS: m/z:
344 (M+1).

2-((1-(3-Chlorophenyl)-1H-1,2,3-triazol-4-yl)methoy)benzohydrazides (5b):

Yield: 88%; White solid; M.p. 88 — 96H NMR (400 MHz,d®>-DMS0): § 10.34 (s, 1H), 9.08 (s,
1H), 8.05 (s, 1H), 7.93 (d,= 7.8 Hz, 2H), 7.70 — 7.56 (m, 4H), 7.48 — 7.42 {id) 7.14 (dd,
=12.9, 5.5 Hz, 1H), 5.46 (s, 2H), 3.33 (s, 1HL NMR(100 MHz,d®*-DMSO): 5 160.5, 155.6,
154.8, 142.9, 137.4, 134.2, 132.8, 131.2, 128.3,9,221.6, 121.4, 118.8, 113.3, 61.5.IR (neat):
3337, 3102, 2957, 2923, 1656, 1595, 1529, 1483]1,14323, 1145, 1019, 992 ¢mAnal.
Calcd. For GgH14CINsO2:C, 55.90; H, 4.10; N, 20.37; Found: C, 55.92; )74 N, 20.31. ESI-
MS: m/z: 344 (M+1).

2-((1-(4-Methoxyphenyl)-1H-1,2,3-triazol-5-yl)methay)benzohydrazides (5c¢):

Yield: 87%; White solid; M.p. 85 — 8#H NMR (400 MHz,d®-DMS0): § 10.35 (s, 1H), 8.90 (s,
1H), 7.94 (ddJ = 7.7, 1.7 Hz, 1H), 7.83 - 7.76 (m, 2H), 7.61537(m, 1H), 7.46 (dJ = 8.2 Hz,
1H), 7.20 — 7.10 (m, 3H), 5.43 (s, 2H), 3.84 (s),3H90 (s, 2H)*C NMR (100 MHz,d®-
DMSO): 5 160.4, 159.4, 155.7, 154.7, 142.5, 132.9, 13128,8, 123.7, 121.9, 121.4, 114.9,
113.3, 61.9, 55.5. IR (neat): 3399, 3329, 2957422852, 1642, 1599, 1517, 1482, 1253, 1036,
835 cm'. Anal. Calcd. For GH17Ns05:C, 60.17; H, 5.05; N, 20.64; Found: C, 60.20; 915N,
20.60. ESI-MS: m/z: 340 (M+1).

2-((1-Phenyl-1H-1,2,3-triazol-5-yl)methoxy)benzohydzides (5d):

Yield: 89%; White solid; M.p. 83 — 8%3H NMR (400 MHz,d®-DMSO0): § 9.21 (s, 1H), 8.93 (s,
1H), 7.94 — 7.90 (m, 2H), 7.69 — 7.61 (m, 3H), 7-5%.46 (m, 2H), 7.37 (dl = 8.1 Hz, 1H),
7.07 (t,J = 7.4 Hz, 1H), 5.40 (s, 2H), 4.53 (s, 2HC NMR (100 MHz,d®>-DMSO0): 5 155.4,
143.7, 136.4, 131.8, 130.1, 129.9, 128.8, 123.2,6,221.0, 120.1, 113.5, 61.9. IR (neat): 3396,
3332, 3075, 2956, 2924, 2853, 1837, 1709, 16429,1%983, 1224, 1047, 994 €mAnal.
Calcd. ForGeH1sNs02:C, 62.13; H, 4.89; N, 22.64; Found: C, 62.10; 904 N, 22.61. ESI-MS:
m/z: 310 (M+1).



4.1.5. General procedure for the synthesis of Schig base (7a-q):

To a solution of benzohydrazida-d (1.0 eq) in ethanol was added aldehyde 6 (1.0)itanes
refluxed for 3- 4 hours. Once the reaction is catgad as denoted by TLC, the ethanol was
distilled under vacuum and the obtained compounsl washed with hexane which yielded the
desired pure products in about 90% vyield.

4.1.6. General procedure for the synthesis of triate conjugated novel 2,5-diaryl
substituted 1,3,4, oxadiazoles (8a-q):

To a solution of Schiff's base compouidd1.0 eq) in ethanol was added Phl(CA(E mol%)
and it was stirred for 2 to 4 hours at rt. Whea tbaction was completed, as denoted by TLC,
ethanol solvent was removed vauco The obtained compound was subjected to silica gel
column using 15% of EtOAc in hexane eluent to affttre final compound as a white solid with
80-90% vyield.

2-(2-((1-(4-Chlorophenyl)-H-1,2,3-triazol-5-yl)methoxy)phenyl)-5-(3,4-dichlorphenyl) -
1,3,4-oxadiazole (8a):

Yield: 84%; White solid; M.p. 184 — 1881 NMR (400 MHz, CDCJ): 5 8.36 (s, 1H), 8.08 (dd,
J=7.8, 1.7 Hz, 1H), 8.01 (d,= 8.5 Hz, 1H), 7.70 — 7.66 (m, 2H), 7.65 — 7.53 2H), 7.52 —
7.49 (m, 2H), 7.38 (dd] = 8.5, 2.1 Hz, 1H) 7.29 (s, 1H), 7.18 (ids 7.7, 0.9 Hz, 1H), 5.49 (s,
2H).2*C NMR (100 MHz, CDGCJ): § 162.3, 160.8, 156.0, 145.3, 138.1, 135.3, 13433.5]
131.9, 131.1, 130.6, 130.0, 127.7, 121.6, 121.3,51163.3. IR (neat): 2929, 2856, 1595, 1501,
1464, 1263, 1097, 1038, 828 ¢rAnal. Calcd. For @H14ClsNsO2:C, 55.39; H, 2.83; N, 14.04;
Found: C, 55.41; H, 2.80; N, 14.00. ESI-MS: m/z:4881).
2-(2-(2-(1-(3-Chlorophenyl)-H-1,2,3-triazol-5-yl)ethyl)phenyl)-5-(4-methoxyphen))-1,3,4-
oxadiazole (8b):

Yield: 86%; White solid; M.p. 167 — 168H NMR (400 MHz, CDCJ): & 8.32 (s, 1H), 8.06 —
8.00 (m, 3H), 7.64 — 7.62 (m, 2H), 7.56 — 7.51 W), 7.47 — 7.45 (m, 2H), 7.27 (s, 1H), 7.17
(t, J = 8.2 Hz, 1H), 6.99 — 6.94 (m, 2H), 5.47 (s, 2BIR5 (s, 3H)*C NMR (100 MHz, CDGJ):

0 162.7,162.3, 156.3, 145.3, 134.5, 133.0, 13(@29,9, 128.6, 121.7, 121.6, 121.1, 114.5, 113.5,
63.4, 55.4. IR (neat): 3063, 1612, 1500, 1464, 12397, 1032, 843 ch Anal. Calcd. For
C24H18CINsO3: C, 62.68; H, 3.95; N, 15.23; Found: C, 62.70;3t80; N, 15.20. ESI-MS: m/z:
460 (M+1).
2-(2-(2-(1-(3-Chlorophenyl)-H-1,2,3-triazol-5-yl)ethyl)phenyl)-5-(3,4,5-trimethaxyphenyl)-
1,3,4-oxadiazole (8c):

Yield: 89%; White solid; M.p. 170 — 1734 NMR (400 MHz, CDC}): § 8.31 (s, 1H), 8.06 (dd,
J=1.5Hz, 1H), 7.64 —7.56 (m, 5H), 7.47 — 7.45 BH), 7.24 (s, 1H), 7.18 (§= 8.0 Hz, 1H),
6.86 — 6.84 (m, 1H), 5.47 (s, 2H), 3.96 (s, 3HY13(s, 3H)."*C NMR (100 MHz, CDGJ):8
162.8, 156.3, 151.9, 149.4, 145.3, 135.3, 134.8,113130.4, 129.9, 121.7, 121.6, 121.1, 120.2,
116.5, 113.7, 113.4, 111.0, 109.4, 63.3, 56.2, .59 (neat): 2945, 1606, 1503, 1462, 1270,



1141, 1028, 832cih Anal. Calcd. For @H»0CINsO4:C, 61.29; H, 4.11; N, 14.30; Found: C,
61.30; H, 4.09; N, 14.27. ESI-MS: m/z: 490 (M+1).
2-(4-Chlorophenyl)-5-(2-(2-(1-(4-chlorophenyl)-H-1,2,3-triazol-5-yl)ethyl)phenyl)-1,3,4-
oxadiazole (8d):

Yield: 88%; White solid; M.p. 173-17%4 NMR (400 MHz, CDCJ): § 8.34 (s, 1H), (ddJ = 8.6,

5.1 Hz, 3H), 7.67 (d) = 8.8 Hz, 2H), 7.60 — 7.44 (m, 5H), 7.28 (s, 1H}8 (t,J = 7.5, Hz, 1H),
5.49 (s, 2H).X*C NMR(100 MHz, CDCJ): & 162.0, 156.7, 133.4, 131.6, 130.4, 130.0, 129.5,
128.8, 128.2, 127.3, 121.7, 121.2, 113.5, 63.2nkat): 2928, 2860, 1597, 1499, 1268, 1093,
1015, 825 cril. Anal. Calcd. For gH;sCloNsO,:C, 59.50; H, 3.26; N, 15.08; Found: C, 59.46;
H, 3.20; N, 15.10. ESI-MS: m/z: 464.
2-(2-((1-(4-Chlorophenyl)-1H-1,2,3-triazol-5-yl)mehoxy)phenyl)-5-phenyl-1,3,4-oxa-diazole
8e):

g(ie?d: 84%; White solid; M.p. 161 — 163H NMR (400 MHz, CDGCJ): & 8.34 (s, 1H), 8.10 —
8.05 (m, 3H), 7.66 — 7.63 (m, 2H), 7.53 — 7.49 @H),7.29 (s, 1H), 7.18 (1] = 7.5 Hz, 1H),
5.48 (s, 2H)*C NMR (100 MHz, CDGJ): 5 156.4, 135.4, 134.5, 133.2, 131.6, 130.4, 129.9,
129.1, 128.8, 126.9, 124.0, 121.7, 121.6, 121.3,611113.5, 63.4. IR (neat): 2928, 2859, 1600,
1498, 1267, 1129, 1030, 831 ¢mAnal. Calcd. For &H16CINsO,:C, 64.26; H, 3.75; N, 16.29;
Found: C, 64.22; H, 3.71; N, 16.30. ESI-MS: m/z20481+1).
2-(2-((1-(4-Chlorophenyl)-H-1,2,3-triazol-5-yl)methoxy) phenyl)-5-p-tolyl-1,3,4oxa-diazole
(8f):

Yield: 86%; White solid; M.p. 168 — 178 NMR (400 MHz, CDCJ): 5 8.34 (s, 1H), 8.06 (dd,
J=7.8, 1.6 Hz, 1H), 7.97 (d,= 8.2 Hz, 2H), 7.65 — 7.62 (m, 2H), 7.56 (ddd; 11.8, 7.2, 2.6
Hz, 2H), 7.48 — 7.44 (m, 2H), 7.26 — 7.24 (m, 2H)8 (t,J = 7.6, Hz, 1H), 5.49 (s, 2H), 2.41 (s,
3H). *CNMR(100 MHz, CDC)): & 156.5, 145.3, 142.1, 134.6, 133.1, 130.4, 12929.8
126.8, 121.7, 121.6, 113.4, 63.3, 22.0. IR (ne&R7, 1628, 1504, 1464, 1269, 1101, 1028, 840
cm™. Anal. Calcd. For @H1sCINsO.:C, 63.96; H, 4.20; N, 16.22; Found: C, 64.00; H84 N,
16.19. ESI-MS: m/z: 396 (M+1).
2-Phenyl-5-(2-((1-phenyl-1H-1,2,3-triazol-5-yl)metbxy)phenyl)-1,3,4-oxadiazole (89):

Yield: 90%; White solid; M.p. 158 — 166H NMR (400 MHz, CDC}): § 8.32 (s, 1H), 8.08 (dd,
J=8.1, 1.3 Hz, 3H), 7.76 — 7.66 (m, 2H), 7.61 547(m, 1H), 7.53 — 7.41 (m, 6H), 7.28 {0+

7.6 Hz, 1H), 7.18 (t) = 7.6 Hz, 1H), 5.50 (s, 2H}°C NMR (100 MHz, CDGJ): 5 164.3, 163.2,
156.4, 144.9, 136.9, 133.2, 131.6, 130.5, 129.9,112128.8, 126.8, 124.0, 121.6, 121.1, 120.5,
113.6, 113.5, 63.4. IR (neat): 3149, 2921, 1599214265, 1023, 755 ¢fn Anal. Calcd. For
C23H17/Ns02:C, 69.86; H, 4.33; N, 17.71; Found: C, 69.85; EB14 N, 17.69. ESI-MS: m/z: 396
(M+1).

2-(4-Methoxyphenyl)-5-(2-(2-(1-phenyl-H-1,2,3-triazol-5-yl)ethyl)phenyl)-1,3,4-oxa-

diazole (8h):

Yield: 87%; White solid; M.p. 163 — 1654 NMR (400 MHz, CDGJ): 5 8.29 (s, 1H), 8.07 (dd,
J=8.5Hz, 1H) 7.70 — 7.67 (m, 2H), 7.61 — 7.57 @), 7.51 — 7.43 (m, 4H), 7.22 (s, 1H), 7.16
(t, J= 8.1 Hz, 1H), 6.94 — 6.92 (m, 2H), 5.58 (s, 2BIB2 (s, 3H)*C NMR (100 MHz, CDGJ):

0 162.6, 156.6, 144.8, 137.2, 133.0, 130.4, 12238,8, 128.6, 121.6, 121.1, 120.5, 116.6, 114.5,



113.5, 63.4, 55.4. IR (neat): 2927, 2859, 1608914465, 1258, 1036, 807 ¢mAnal. Calcd.
For G4H19NsO5:C, 67.76; H, 4.50; N, 16.46; Found: C, 67.74; 484 N, 16.43. ESI-MS:
m/z:426 (M+1).
2-(2-(2-(1-Phenyl-H-1,2,3-triazol-5-yl)ethyl)phenyl)-5-(3,4,5-trimethaxyphenyl)-1,3,4-
oxadiazole (8i):

Yield: 89%; White solid; M.p. 167 — 1684 NMR (400 MHz, CDC}): § 8.27 (s, 1H), 8.07 (dd,
J=1.5Hz, 1H), 7.68 — 7.65 (m, 3H), 7.56 — 7.55 id), 7.54 — 7.42(m, 3H), 7.27 (s, 1H), 7.19
(t, J = 7.6 Hz, 1H), 6.82 — 6.80 (m, 1H), 5.48 (s, 28196 (s, 3H), 3.87 (s, 3HY*C NMR (100
MHz, CDCk): 6164.3, 162.9, 156.3, 151.8, 149.3, 144.8, 136.8.113130.4, 129.7, 128.8,
121.6, 121.1, 120.4, 120.2, 116.5, 113.6, 113.4,011109.3, 63.3, 56.1, 55.9. IR (neat): 3010,
2947, 1602, 1543, 1501, 1463, 1267, 1140, 1030, cr88 Anal. Calcd. For @H2iNs04:C,
65.93; H, 4.65; N, 15.38; Found: C, 65.90; H, 418§315.37. ESI-MS: m/z: 456 (M+1).
2-(3,4-Dichlorophenyl)-5-(2-((1-phenyl-H-1,2,3-triazol-5-yl)methoxy)phenyl)-1,3,4-oxa-
diazole (8)):

Yield: 88%; White solid; M.p. 181 — 1834 NMR (400 MHz, CDC}): § 8.32 (s, 1H), 8.09 (dd,
J=7.8, 1.7 Hz, 1H), 7.99 (d,= 8.5 Hz, 1H), 7.73 - 7.69 (m, 2H), 7.58 — 7.47 %id), 7.36 (dd,
J=8.5, 2.0 Hz. 1H), 7.29 (d,= 8.3 Hz, 1H), 7.17 () = 7.6 Hz, 1H), 5.50 (s, 2H}°*C NMR
(100 MHz, CDC}): 6 163.7, 161.6,156.5, 144.9, 133.7, 133.5, 131.9,11330.6, 129.8, 128.9,
127.6, 121.8, 121.7, 121.4, 120.5, 113.5, 63.2n&at): 3076, 2938, 1598, 1502, 1469, 1295,
1262, 1076, 1042, 820 ¢mAnal. Calcd. For @H:sCloNsO2:C, 59.50; H, 3.26; N, 15.08;
Found: C, 59.47; H, 3.25; N, 15.10. ESI-MS: m/z4 4{B1+1).
2-(2-((1-Phenyl-1H-1,2,3-triazol-5-yl)methoxy)pheny-5-p-tolyl-1,3,4-oxadiazole (8k):

Yield: 85%; White solid; M.p. 169 — 17H NMR (400 MHz, CDC}): & 8.29 (s, 1H), 8.08 (d}

= 6.2 Hz, 1H), 8.01 (dl = 8.5 Hz, 2H), 7.70 (d}= 7.6, Hz, 2H), 7.53 (dd} = 14.5, 7.3 Hz, 4H),
7.42 (d,J = 8.5 Hz, 2H), 7.29 (s, 1H), 7.18 Jt= 7.4 Hz, 1H), 5.49 (s, 2HY*C NMR (100 MHz,
CDCl): 8 156.4, 135.3, 134.5, 132.9, 131.5, 130.4, 1298.9, 126.7, 123.9, 121.7, 121.1,
113.5, 63.3. IR (neat): 2930, 2863, 1599, 1469514690, 1029, 806 cm Anal. Calcd. For
Co3H16CINsO2:C, 64.27; H, 3.75; N, 16.29; Found: C, 64.25; H33 N, 16.30. ESI-MS: m/z:
430 (M+1).

2-(2-(2-(1-Phenyl-1H-1,2,3-triazol-5-yl)ethyl)phenf-5-p-tolyl-1,3,4-oxadiazole (8l):

Yield: 86%; White solid; M.p. 180 — 1834 NMR (400 MHz CDC#): & 8.30 (s, 1H), 8.08 (dd),

= 1.2 Hz, 1H), 7.96 — 7.95 (m, 2H), 7.69 — 7.67 @H), 7.56 — 7.43 (m, 5H), 7.27 — 7.24 (m,
2H), 7.17 — 7.15 (m, 1H), 5.49 (s, 2H), 2.39 (s,).38C NMR (100 MHz, CDCJ): §164.8,
163.0, 156.4, 144.9, 142.1, 133.1, 130.5, 129.8,712128.8, 126.8, 121.6, 121.2, 120.5, 113.5,
63.4, 21.6. IR (neat): 2928, 2867, 1602, 1502, 14841, 1124, 1079, 1032, 824 tmAnal.
Calcd. ForGsH19NsO,:C, 70.40; H, 4.68; N, 17.10; Found: C, 70.38; 654 N, 17.09. ESI-
MS:m/z:410 (M+1).
2-(2-Fluorophenyl)-5-(2-((1-phenyl-1H-1,2,3-triazob-yl)methoxy)phenyl)-1,3,4-oxadi-azole
(8m):

Yield: 89%; White solid; M.p. 176 — 1784 NMR (400 MHz, CDCJ):  8.45 (s, 1H), 8.08 (dd,
J=7.8,1.7 Hz, 1H), 7.80 — 7.69 (m, 2H), 7.40 @H), 7.27 (dJ = 5.8 Hz, 1H), 7.24 — 7.12 (m,



2H), 6.57 (ddJ = 3.5, 1.8 Hz, 1H), 5.50 (s, 2HYC NMR (100 MHz, CDCJ): & 162.6, 157.2,
156.4, 145.5, 145.0, 139.6, 137.0, 133.4, 130.5,8.2128.8, 121.7, 121.3, 120.7, 114.0, 113.4,
113.0, 112.2, 63.6. IR (neat): 3142, 2926, 1660511466, 1267, 1240, 1046, 902 tmAnal.
Calcd. For GsH16FNsO2:C, 66.82; H, 3.90; N, 16.94; Found: C, 66.79; B3 N, 16.89. ESI-
MS: m/z: 414 (M+1).
2-(2-((1-(3-Chlorophenyl)-1H-1,2,3-triazol-5-yl)mehoxy)phenyl)-5-phenyl-1,3,4-oxadi-azole
(8n):

Yield: 88%; White solid; M.p. 185 — 18H NMR (400 MHz, CDCJ): & 8. 36 (s, 1H), 8.12 —
8.05 (m, 3H), 7.79 (dd] = 2.5, 1.4 Hz, 1H), 7.60 — 7.43 (m, 7H), 7.27Xé&,5.7 Hz, 1H), 7.22 —
7.14 (m, 1H), 5.50 (s, 2HfC NMR (100 MHz, CDGCJ): & 156.3, 145.2, 135.6, 133.2, 131.7,
130.8, 130.4, 129.1, 128.9, 126.8, 124.0, 121.2,2,2120.8, 118.4, 113.6, 113.5, 63.3. IR
(neat): 2955, 2922, 2853, 1593, 1461, 1264, 12641 780 crif. Anal. Calcd. For
C23H16CINsO2:C, 64.26; H, 3.75; N, 16.29; Found: C, 64.24; 13 N, 16.26. ESI-MS: m/z:
430 (M+1).
2-(2-((1-(3-Chlorophenyl)-1H-1,2,3-triazol-5-yl)methoxy)phenyl)-5-(2,4-dichlorophenyl) -
1,3,4-oxadiazole (80):

Yield: 85%; White solid; M.p. 177 — 1784 NMR (400 MHz, CDC}): § 8.36 (s, 1H), 8.08 (dd,
J=7.8, 1.7 Hz, 1H), 8.01 (d,= 8.5 Hz, 1H), 7.70 — 7.66 (m, 2H), 7.61 — 7.48 4id), 7.38 (dd,

J =85, 2.1 Hz, 1H), 7.28 (d,= 7.8 Hz, 1H), 7.18 (td] = 7.7, 0.9 Hz, 1H), 5.49 (s, 2HyC
NMR (100 MHz, CDC}): 6 163.7, 156.4, 145.0, 138.0, 137.7, 135.6, 1333,5, 131.9, 131.1,
130.8, 130.6, 129.0, 127.7, 121.7, 121.4, 120.8,4,1113.5, 113.2, 63.2. IR (neat): 2956, 2923,
2853, 1582, 1460, 1285, 1253, 1045, 987 crnal. Calcd. For @&H14CloNsO2:C, 59.63; H,
3.05; N, 15.12; Found: C, 59.59; H, 3.03; N, 15B8I-MS:m/z:498(M+1).
2-(3,4-Dimethoxyphenyl)-5-(2-((1-(4-methoxyphenyl}H-1,2,3-triazol-5yl)methoxy)phenyl-
1,3,4-oxadiazole (8p):

Yield: 90%; White solid; M.p. 184 — 1861 NMR (400 MHz, CDC}): & 8.19 (s, 1H), 8.07 (dd,

= 7.8, 1.7 Hz, 1H), 7.65 (d,= 1.9 Hz, 1H), 7.59 — 7.53 (m, 4H), 7.27 Jds 8.0 Hz, 1H), 7.17

(t, J=7.6 Hz, 1H), 7.00 — 6.95 (m, 2H), 6.82 Jd5 8.4 Hz, 1H), 5.47 (s, 2H), 3.96 (s, 3H), 3.88
(s, 3H), 3.87 (s, 3H)**C NMR(100 MHz, CDCJ): 5164.4, 159.8, 156.3, 151.1, 149.3, 144.7,
133.1, 130.5, 122.3, 122.1, 121.6, 120.2, 116.6,8.113.7, 111.0, 109.4, 63.3, 56.1, 55.9, 55.6.
IR (neat): 2955, 2923, 2853, 1605, 1517, 1498, 12330, 1142, 1028, 749 émAnal. Calcd.
For GeH23Ns05:C, 64.32; H, 4.78; N, 14.43; Found: C, 64.29; H,74 N, 14.40. ESI-MS:m/z:
486 (M+1).
2-(2,4-Dichlorophenyl)-5-(2-((1-(4-methoxyphenyl)-#i-1,2,3-triazol-5-yl) methoxy) phe-nyl)-
1,3,4oxadiazole (80q):

Yield: 86%; White solid; M.p. 171 — 1781 NMR (400 MHz, CDCJ): & 8.20 (s, 1H), 8.09(dd)
=7.8, 1.7 Hz, 1H), 7.99 (d,= 8.5 Hz, 1H), 7.62 — 7.51 (m, 4H), 7.35 (dd; 8.5, 2.0 Hz, 1H),
7.29 (d,J=8.4 Hz, 1H), 7.17 () = 7.2 Hz, 1H), 7.05 - 6.97 (m, 2H), 5.48 (s, 2BIB8 (s, 3H).
13C NMR (100 MHz, CDGJ): §162.5, 156.6, 145.1, 132.9, 130.5, 129.8, 129.0,8,2121.3,
120.5, 114.5, 113.4, 63.4. IR (neat): 2955, 298522 1594, 1494, 1461, 1377, 1266, 1044, 817



cm?. Anal. Calcd. For @H;7CLNsO5:C, 58.31; H, 3.47; N, 14.17; Found: C, 58.28; H43 N,
14.15.ESI-MS:m/z:494 (M+1).

4.2. Biological Screening

4.2.1. Antimicrobial activity

Materials and methods:

Strains and media:

Two strains of Gram-positive bacteri8acillus subtilisMTCC 441, Staphylococcus aureus
MTCC 96 and Gram-negative bacteriascherichia coliMTCC 443 were used for screening
the antibacterial activity. Strains were obtainezhf the Department of Microbiology, Osmania
University. Dimethyl sulfoxide (DMSO) was used asmpound dissolving agent, Ampicillin
(Standard drug) as test control, Muller-Hinton Adauria-Bertani Broth, Miller (LB broth) for
culturing microbes.

Preparation of microbial cultures:

All types of microbial stock cultures received wsteeaked separately onto Muller-Hinton Agar
slants (20 ml/tube) and incubated at@7or 24 hrs under sterile conditions. The growhuras
were inoculated into 10 mL Luria-Bertani Broth, Mi (LB) broth medium (containing
Tryptone 10 g/L, Yeast extract 5 g/L, Sodium chderiLlO g/L, pH 7.5) by transferring a loop full
of culture and incubated for 12 hr at’@7with continuous shaking at 220 rpm.. 1% of grown
culture was re-inoculated into fresh LB broth andubated for 3-4 hours for Log phase culture.
An absorbance of 0.4-0.6 OD was measuredat 600uggpesting that cultures are now ready to
use for testing antibacterial activity.

Antibacterial Activity

To test the antimicrobial efficacy of the compounidsria-Bertani Broth, Miller (LB broth) a
potent microbiological growth medium which was coomty used for antibiotic susceptibility
testing was used. LB broth was prepared and gedilin autoclave under aseptic conditions, 121
°C /15 Lbs pressure for 30 minutes and cooled tonrdaemperature. In the present study,
Minimum Inhibitory Concentration (MIC) of the compd against several bacterial strains was
determined by following the broth dilution methddicrobial strains to be tested were grown at
37°C for 12 h with continuous shaking at 220 rpm [53-&nd arrested at log phase by storing at
4°C. The synthesized compounds to be tested for amtibial activities were dissolved in
DMSO consequently to produce a concentration ofglnth and are treated as a stock solution.
Subsequently different concentration of compounayireg from minimum to maximum was
added to bacterial cultures to determine its MI@e&aAntibacterial activity of the compound



was determined by treating various concentratidreompound with log phase culture gliml)
and incubating for 12 hrs at 7 with continuous shaking at 220 rpm [56]. Ampiailla
standard drug of 1% is used as a positive controhmtibacterial activity and blank was prepared
by adding only fl/ml culture to the broth and it served as a negationtrol. MIC values of
different compounds were noted by comparing thewtroturbidity in tubes. A specific
concentration of compound where the bacterial dnoinhibition has started is termed as a
minimal concentration of compound required for bael inhibition.

4.2.2. Anti-fungal activity

The anti-fungal activities of the synthesized compis were tested against filamentous fungi
Aspergillus nigerMTCC 404 andSaccharomyces cerevisiddTCC 1344 yeast cultures [58].
They were obtained from the Culture Collection Biwh at Department of Microbiology,
Osmania University. The fungal cultures were groam yeast extract agar (YEP) media
containing chloramphenicol (53y/mL) for 2-4 days at 28 °C. After 2 days, the klapores and
lawn of cultures were collected and stored in ameags solution of 40% (v/v) glycerol at -80
°C. Anti-fungal assay can be done by cylinder pldiec method, cross streak plate method, and
broth dilution method. Here in the current studywsed cross steak plate method to identify the
minimum concentration of compound required to iithtbe fungal growth.YEP agar media
(commonly used to assess susceptibility of diveragants) was prepared by mixing the
bactopeptone, sodium chloride and maintained fptal 7 at 25°C. Sterilization of media is
carried out at 12C/15 Ibs pressure for 30 minutes, and cooled tonreemperature and poured
into sterile petriplates. Aqueous cultures of fungfaains were spreaded evenly on plates and
different concentrations of diluted compounds wsreaked on plate. The measurement of clear
zonal area length (mm) on YEP agar plate determihedompound efficacy for fungal growth
inhibition.

4.2.3. Antioxidant activity

DPPH assay is one of the most widely used methote&ting free radical scavenging activity
[62-63]. The UV spectrophotometric assay proposedfén and Chen in 1995 [64], determines
the antioxidant ability of synthesized compoundsises stable light sensitive freshly prepared
0.5 mM DPPH dissolved in methanol as a reagenttisaluStandard and other synthesized
compounds at various concentrations were succéggirepared from 1 mM stock by dissolving
in DMSO. Antioxidant activity of diluted test compads was checked by transferring various
concentrations from 1M to 200 uM.100 pl of DPPHe reagent was transferred constantly to
tube and

1. Sterile distilled water was added to tube to magkeéoul ml. The mixture was shook gently and
permitted to stand in dark at room temperaturéf@minutes. Blank solution was prepared by
adding various concentrations of compound diluants constant amount of reagent solution to
make up to 1000 ml.



2. Ascorbic acid a well known stable antioxidant ohlM stock diluted in DMSO was used as a

positive control for maintenance.

All determinations for each concentration wereiedrin triplicates to avoid mean variations.

4. Absorbance of solutions was measured by using W&é¢tspphotometer at 517 nm. The plotted
by taking concentrations of the compound in x-axid absorbance at 517 nM in y-axis
showed the percent antioxidant activity of samples.

w

The free radical scavenging activity was calculateidg the following equation:

% Antiradical activity= [(Control abs - Sample abs)/ Control abs] x100

The standard curve was linear between 10 andu®D6oncentrations and the resultsTatble —
3 listed compounds at 517 nM were expressed as foxatant activity at various molecular
concentrations.

4.3. Molecular docking

The structures of all the synthesized compounds wenerated using MarvinSketch 5.6.0.2.
(1998-2011, Copyright © ChemAxon Ltd), cleaned i &1d saved in .pdb format for docking
studies. The PDB file of the target protein downdkeé from RCSB PDB (www.rcsb.org), PBP
co-crystal structures (PDB ID: 3HUN & 3ITA). Dockjnvas performed with Molegro Virtual
Docker (MVD 2012.5.5) [65]. While docking first therotein and ligands were prepared by
assigning bonds, bond orders, charges, explicitdgghs, flexible torsions in ligands if they
were missing as per manual instructions. Possilnldilg sites were detected for both PBP’s,
first cavity in 3HUN and third cavity in 3ITA wenesed respectively. The search algorithm is
taken as Mol Dock SE and number of runs are takehOaand max iterations were 1500 with
population size 50 and with an energy threshold@3. Further investigations of the binding
interactions of the most active docked compound® \werformed using Biovia discovery studio
2020 Client and PyMol.
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9. Figures and legends:
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Figure -5: 5a & b represents Docked 2D image of compound 8p & 8t Wenicillin binding
protein 4 (PBP4) (PDB ID3HUN); 5¢ & d represents 3D-stick enlarged view of compo8pd
and 8q with 3HUN (Ribbons). The green dotted lines in the figurpresent the hydrogen
bonding between the ligand and protein. Differprdtein ligands are stabilized by different
interactions and color codes are given in the botéfigure 1a and 1b.
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Figure -6: Docked 2D image of compou@p & 8q (6a & 6b) with Penicillin binding protein 6
(PBP6) (PDB ID:3ITA); 6¢ & d represents 3D-stick enlarged view of compo@pdand 8q
with 3ITA (Ribbons). The green dotted lines in the figurpresent the hydrogen bonding

between the ligand and protein.
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Figure -7: Superposition of docked compounds andco-crystal structure with Pymol: 8a)
Cartoon diagram representing secondary structéleahents oBHUN helices in red, barrels
in yellow and loops in green color, respectivelyhe 8p (magenta) &8q (dark yellow) are
aligned with ampicillin shown in marine colo8b) Surface representation GITA with
electrostatic potential, red, grey and blue showregative, neutral and positive charges,
respectively. In the active si@&p (magenta) &8q (cyan) inhibitors are aligned on ampicillin
(green) in the active site.



Highlights (for review)

Highlights of M anuscript:

» The synthesized novel 2,5-diaryl substituted 1,3,5-oxadiazole derivatives 8a-q exhibited
promising activity for anti-microbial.

» Molecular docking studies of the synthesized compounds are in good agreement with
their activity, compounds like 8d,8p and 8q were found to be effective against bacterial
growth.

» Among al the compounds, 8d-f, 8| and 8o are the major compounds shown significant
antifungal activity.
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