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ARTICLE INFO ABSTRACT

Article history: A small focused library of eighteen new 1,2,3-tolez tethered acetophenones has been
Received 29 November 2015 efficiently preparedvia click chemistry approach and evaluated for theitifangal and
Received in revised form 19 February 2016 antioxidant activity. The antifungal activity wawvatduated against five human pathogenic
Accepted 7 March 2016 fungal strainsCandida albicans, Fusarium oxysporum, Aspergillus flavus, Aspergillus niger,
Available online and Cryptococcus neoformans. Among the synthesized compoungs, 9i, and9p found to be

more potent antifungal agents that the referen@ndstrd. These 1,2,3-triazole based
derivatives were also evaluated for antioxidanivigt and compoun®h was found to be the
Keywords: most potent antioxidant as compared to the standard. Furthermore, molecular docking
1,2,3-Triazole study of the newly synthesized compounds was peddrand results showed good binding
mode in the active site of fung&. albicans enzyme P450 cytochrome lanosterolo14
demethylase. Moreover, the synthesized compounds aleo analyzed for ADME properties
and showed potential as good oral drug candidates.

Antifungal
Antioxidant
Molecular docking
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1. Introduction

In recent years, the incidence of systemic fungidtion has increased significantly due to anease in the numbers of patients
undergoing organ transplants, anticancer chemgiligratients, and patients with AIDS. The commordgdiazole antifungal agents
fluconazole, itraconazole, miconazole, and vorieota display broad spectrum antifungal activity. [Agoles have broad spectrum
activities against most yeasts and filamentousifand are the drug of choice for antifungal cherecdbpy [2]. These antifungal drugs
inhibit CYP51 in the process of biosynthesis ofostgrol through a mechanism in which the heterécyutrogen atom -4 of
triazole) binds to the heme iron atom [3]. Howevecreasing use of these antifungal drugs hasdetthé increase in resistance to
these drugs [4].

Recently, click chemistry has emerged as a fast mowlerful approach for the synthesis of novel coumuts with biological
importance. The copper-catalyzed 1,3-dipolar aaitgne cycloaddition (CUAAC) reaction [5] is theepmier example of “click
chemistry” as it is virtually quantitative and easyperform. The formed triazole is essentiallyrirte reactive conditions such as
oxidation, reduction, and hydrolysis. CUAAC is partarly useful for the synthesis of a variety oblecules ranging from enzyme
inhibitors to molecular materials [6]. 1,2,3-Tri¢edased compounds are reported to possess aavige of biological activities such
as antifungal [7], antitubercular [8], antiallergantibacterial, anti-HIV activity [9]¢-glycosidase inhibition [10], antimicrobial [11],
anticoccidiostats [12], anticonvulsant [13], antianel [14], antiviral [15] anéntimycobacterial activity [16]. Triazole has beaesed
to improve the pharmacokinetic properties of destheugs [17].

Acetophenones exhibit a wide range of biologicaivites like antagonist activity (Fig. JA) [18], anesthetics, pain control [19],
and they are used as oral hypoglycemic agents(f20] 1, B) for the treatment of non insulin dependent diabenellitus. Some of
the marketed drugs containing acetophenone moretyused for the treatment of schizophrenia [20y.(Ai C). Drugs containing
acetophenone moiety also exhibit antidiabetic, eglaantipsychotic [20] (Fig. ID), psychoactive (Fig. E), anti-inflammatory [21],
and antimicrobial [22] (Fig. 1F) activity. Benzylidene acetophenone or chalcong. (E, G) shows antibacterial, antifungal, anti-
inflammatory [21a], antitumor [20, 21b], and otlaetivities.

" Corresponding author.
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Fig. 1. Some bioactive compounds having acetophenone core

Considering the importance of 1,2,3-triazole anet@gahenone moieties as a single molecular scaféold,in continuation of our
recent reports on 1,2,3-triazole derivatives agwgrcular and antifungal agents and other bigadtieterocyclic compounds [23], we
planned to synthesize some new synthetic 1,2,3etieatethered acetophenone derivatives to evathateantifungal and antioxidant
activity. Computational characterizations inclugedocking study for antifungal activity and ADMEegiiction of synthesized 1,2,3-
triazole-acetophenone conjugagasr.

2. Experimental
2.1. Chemistry
Synthesis of compounds-c and3a-c are given in the Supporting information.

General procedure for the synthesis of 2-(prop-2-yhoxy)phenylethanonedé-c): K,CO; (18 mmol) was added to a stirred
solution of hydroxyacetophenone (15 mmol)NiN-dimethylformamide (DMF) (8 mL). The reaction mix¢uwas stirred at room
temperature for 30 min, which results in the cqgroggling oxyanion. To this, propargyl bromide (15 ofinwas added and stirred for
2 h at room temperature. The progress of the @aastias monitored by TLC using ethyl acetate:hexasme solvent system. The
reaction mixture was quenched by crushed ice.dfpfoduct was soliddbp and4c), it was filtered and crystallized using ag. ettlan
When the product4@) was liquid, it was extracted in ethyl acetate (80 x 3). The combined organic layers were drieérov
anhydrous MgS@ The solvent was removed under a reduced preasdréhe product was used in further steps withatifipation.

General experimental procedure for the synthessib$tituted 2-(1-benzylH-1,2,3-triazol-4-yl)methoxyphenylethanoria{r): A
mixture of 2-(prop-2-yn-1-yloxy)phenylethanonda-c (2 mmol), substituted benzyl azida-f (2 mmol) and copper diacetate
(Cu(OACc)) (20 mole%) int-BuOH-H,O (3:1, 8 mL) was stirred at room temperature @2 h. The progress of the reaction was
monitored by TLC using ethyl acetate:hexane adwesbsystem. The reaction mixture was quenchel wartished ice and extracted
with ethyl acetate (2x25 mL). The organic extrastere washed with brine solution (2x15 mL) and dréeer anhydrous sodium
sulphate. The solvent was evaporated under reduesgure to afford the corresponding crude compo@adr). The obtained crude
compounds were recrystallized using ethanol.

2.2. Biological activity

Antifungal activity: The antifungal activity was awated against five human pathogenic fungal frainch aandida albicans
(NCIM 3471),Fusarium oxysporum (NCIM 1332),Aspergillus flavus (NCIM 539), Aspergillus niger (NCIM 1196), andCryptococcus
neoformans (NCIM 576), which are often encountered clinicalor each compound, antifungal activity was coragawith standard
drugs miconazole and fluconazole. Miconazole andoihazole were purchased from TCI chemicals at @8#iy. Minimum
inhibitory concentration (MIC) values were deteredrusing the standard agar method [24].

Antioxidant activity: Antioxidant activity of the ymthesized compounds has been assessedtro by the 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical scavenging assay [2bld the results were compared with standard stotlatioxidant BHT
(Butylated Hydroxy Toluene). The hydrogen atom lec&on donation ability of the compounds was meagdrom the bleaching of
the purple colored methanol solution of DPPH. 1 ofilvarious concentrations of the test compound4@525, 50 and 100g/mL) in
methanol was added to 4 mL of 0.004% (w/v) methaobition of DPPH. After a 30 min incubation periadroom temperature, the
absorbance was measured against blank at 517 rerpdrhent inhibition (I %) of free radical prodwactifrom DPPH was calculated
by the following equation.

% of scavenging = [(A control - A sample)/A blank]00
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Where ‘A control’ is the absorbance of the contesction (containing all reagents except the testpound) and ‘A sample’ is the
absorbance of the test compound. Tests were cauigd triplicate.

2.3. Computational study

Molecular docking: Glide (Grid-Based Ligand Dockiwgh Energetics) program integrated in the Schigdr molecular modeling
software [26]was used to study the binding mode of the titlepamnds into the active site of sterobddemethylase (CYP51).

ADME properties:The success of a drug is determined not only bydgeféicacy but also by an acceptable ADME (absorpti
distribution, metabolism and excretion) profile.this study, molecular volume (MV), molecular weigMW), logarithm of partition
coefficient (miLogP), number of hydrogen bond acceptors (n-ON), nundbdrydrogen bonds donors (n-OHNH), topologicalapol
surface area (TPSA), and number of rotatable bgndROTB) were calculated using Lipinski's rule afd [27a] and the
Molinspiration online property calculation toolk7b]. Absorption (% ABS) was calculated by: %AB389-(0.345xTPSA) [27c].

3. Resultsand discussion
3.1. Chemistry

We have described the syntheses of a series of Ipdwdisubstituted 1,2,3-triazole based acetopherdmrevatives9a-r as a
potential antifungal and antioxidant agents fromnoeercially available starting materials (Scheme 1).

RS SR O\* O\* :
1(ac) 2 (a0 3(ac) 4 (a-0) Rl\@fk
a, Rl=H, b, Rl=Me,c, Ri=Cl O/Y\

9, N:N’N)Q

S(af 6(af af) af) _J

8a, RZ=H, R®*= NO,, 8b, R?=NO,, R®=H

8,RP=H,R¥=Cl, 8d,R?=Cl, R=H

8, RP=H,R°=Br, &, R’=H, R=H
Scheme 1. Reagents and conditions: (a)8% pyridine, r.t., 4-5 h; (b) AlG) 140-150 °C, 5-6 h; (c) Propargy!l bromideQQ;, DMF,
r.t., 2.5 h; (d) NaBl methanol, 0 °C to r.t., 2 h; (e) RBEH,CI,, 0 °C, 0.5 h; (f) NaB| acetone:kD (3:1), r.t., 24 h; (g) Cu(OAg}20
mol%), t-BuOH/H,0O (3:1), r.t., 19-27 h.

These compound8a-r were formed by the fusion of benzyl azides andtémminal alkyne group of acetophenomnes the click
chemistry approach. The phenolic este?a-¢) were synthesized by the acylation of correspanddhenol {a-c) using acetic
anhydride and pyridine at room temperature. Thainbtl phenolic esters on Fries rearrangement iprience of Lewis acid AlCI
at 140-150 °C selectively producesiydroxy acetophenone8g-c) in good yields. The treatment ofhydroxy acetophenone8a-c)
with propargyl bromide in the presence ofO; as a base iN,N-dimethylformamide (DMF) at room temperature affmid
corresponding 2-(prop-2-yn-1-yloxy)phenylethano#fe ¢) in 90%-92% vyield (Scheme 1). The benzyl azige$ were prepared from
the corresponding benzaldehyd#s NaBH, reduction, bromination, and nucleophilic subsiitntreaction of sodium azide according
to the reported procedure [28] (Scheme 1). Findl|g;dipolar cycloaddition reaction of benzyl azd@e-f and terminal alkyne group
of acetophenonegl§-c), using a catalytic amount of copper diacetateG2u), in t-BuOH-H,O (3:1) mixture at room temperature for
19 to 27 h afforded the corresponding regioselectiy-disubstituted-1,2,3-triazole incorporatedt@gieenone derivativeSa-r in
quantitative isolated yield (86%-90%) (Scheme 1).

The structures of compoun@a-r were confirmed byH NMR, **C NMR, and HRMS analysis. Yields, reaction timed ahysical
data of the individual compounds are given in thp@rting information.

3.2. Invitro antifungal activity

The minimum inhibitory potentials of newly synthaesil 2-((1-benzyl-#-1,2,3-triazol-4-yl)ymethoxy)phenylethanone derivas
9a-r, were evaluateéh vitro against five different fungal strain€. albicans, F. oxysporum, A. flavus, A. niger and C. neoformans
strains and results were compared with standargsdmiconazole and fluconazole. The MIC valuegdfmL were estimated and the
results are summarized in Table 1.

Some of the synthesized triazole incorporated pbetioone derivativeSa-r showed good antifungal activity as compared to the
standard drug. Compoun@s, 9d, 9j, 9n, 90, 9p, and9q have been found to be good inhibitors®falbicans with MIC values 25
png/mL. These triazole derivatives were found to eigotent to the standard drug miconazole. Comp®@oddd, 9i, 90, 9p, and9r
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with MIC value 25pg/mL shows equivalent potency for fungal str&inoxysporum as compared to the standard drug miconazole.
Compounds9c, 9i, and9r show equivalent potency for fungal strain flavus compared to the miconazole. In addition to this,
compound®i and9p show equivalent potency for fungal stréimiger andC. neoformans, respectively, compared to the miconazole.

Tablel.
In vitro antifungal and antioxidant evaluation of 1,2,2nle based acetophenon@s-().

(9ar) o g3
Antifungal Activity MIC (ug/mL) Antioxidant activity 1Go
Entry R R R CA FO AF AN CN (ng/mL)
9a H H NO, 100 150 100 50 100 27.2
9% H NO, H 100 50 125 100 100 37.40
9c H H Cl 25 25 25 50 100 44.12
od H Cl H 25 25 * 50 100 46.15
% H H Br 75 100 100 * 150 44.29
of H H H 100 100 100 150 * 55.63
99 Me H NG, 100 100 100 * 150 16.35
oh Me NO, H 100 50 100 100 100 14.14
9i Me H Cl 50 25 25 25 50 26.26
9 Me Cl H 25 50 50 100 150 24.29
9k Me H Br 87.5 100 150 100 150 47.11
9l Me H H 50 100 100 50 50 38.21
9m Cl H NO, 50 50 50 100 50 17.06
9 Cl NO, H 25 50 50 100 50 15.20
9 Cl H Cl 25 25 50 100 50 16.39
9 Cl Cl H 25 25 175 150 25 16.23
9q Cl H Br 25 50 50 100 150 15.99
or Cl H H 50 25 25 50 100 15.29
MA - - - 25 25 125 25 25 -
FA - - - 6.25 6.25 6.25 125 6.25 -
BHT 16.47

* - No activity was observed up to 2@@/mL, CA, Candida albicans; FO, Fusarium oxysporum; AF, Aspergillus flavus; AN, Aspergillus niger; CN,
Cryptococcus neoformans, MA, Miconazole; FA, Fluconazole; BHT, Butylated Hydroxy Toluene; NT, Not tested.

3.3. Antioxidant activity

All the triazole derivative®a-r shows good to moderate antioxidant activity as manmad to the standard drug BHT (Table 1).
According to the DPPH assay, compour®ds Sh, 9n, 90, 9p, 9q, and9r exhibited promising radical scavenging activitiggen
compared with synthetic antioxidant BHT (G 16.47 pg/mL), with 16 values of 16.35, 14.14, 15.20, 16.39, 16.23, 1594
15.29 pg/mL, respectively. Of the triazole derivati9a-f, which all have a planar acetophenone moiety éir tstructure, none had
antioxidant acitivities comparable to standard dBHT. In contrast, the triazole derivativeg-I, having methyl substituents on the
acetophenone moiety, display moderate to excedletivxidant activity. In particular, the compourfigsand9h with 1Cs, values 16.35
and 14.14 pg/mL, respectively, display good agtidbmpared to standard. The compoudsr, with chloro- substitution on
acetophenone, show excellent antioxidant activdtppgared to BHT.

3.4. Computational study

Molecular docking studies provide knowledge onctital and functional aspects of proteins and litgaalong with information
about the binding affinities, binding modes, angetyof interactions guiding the protein-ligand coexaltion, which provides an
immense opportunity for researchers for generating analyzing the potential of existing lead molesuand their analogues.
Therefore with the aim of rationalizing the promigin vitro results obtained for the most active title compisu@c-e, 9i, 9j-r) and to
investigate the molecular basis of their interatjomolecular docking study was carried out withgal sterol 14-demethylase
(CYP51) as the target receptor. There are sevepalrts [23c,d,e] on triazoles acting as antifurggrdsvia inhibition of CYP51,
which motivated us to select this target to evaube binding affinity of the title compounds. $iet4a-demethylase (CYP51$ an
ancestral activity of theytochrome P458uperfamily required for ergosterol biosynthesiguimgi. It is a heme thiolate enzyme which
converts lanosterol into 4,4'-dimethyl-cholestad@#-triene-35-ol. Inhibition of CYP51 leads to depletion of esgerol coupled with
an accumulation of 14-methyl sterols which resiitanpaired cell growth in fungi. The essentialeraf the CYP51 enzyme in fungi
makes it an important target for antifungal drugige. Visual inspection of the lowest energy dockedformations of all 1,2,3-
triazole derivatives revealed that they could sydlinto the active site of CYP51, adopting a wesimilar orientation and co-

Page 5 of 8


fs
Rectangle

fs
Note
fx2

Edited by Foxit Reader
Copyright(C) by Foxit Software Company,2005-2007
For Evaluation Only.



ordinates very close to that of the native ligaluddnazole in the crystal structure. The resultgognplexes were stabilized by
formation of several steric and electrostatic imt&ions. The binding affinities of these compoundse evaluated according to many
parameters, including: docking score (Glide scotbg binding energies (kcal/mol), hydrogen bondingr stacking, and the
noncovalent molecular interaction (steric and etestatic) by Glide (Grid-Based Ligand Docking wiEnergetics) program integrated
in the Schrodinger molecular modeling software [Z@je binding energies for all the studied compauwere found to be negative,
ranging from -44.836 kcal/mol to -30.489 kcal/mahile their docking scores ranged from -7.32 t&06with a significant correlation
between the binding affinity and the obtained bjidal activity, wherein the active compounds haighér scores, while those with
relatively low activity are also predicted to haviwer score.

The binding energy for the reference ligand-fllexoie was found to be -52.92 kal/mol with a docksegre of -7.34. The
more negative value of Glidescore and binding gnémgdicates a good binding affinity of the liganolmards the target enzyme.
Furthermore, a detailed per-residue interactioryaisabetween the enzyme and the triazole derigativas been carried out through
which we can speculate regarding the detailed biqn@atterns in the cavity and the most significaitteracting residues, as well as
the type of thermodynamic interactions governing thinding of these molecules. The intermoleculderaction energy values
obtained from the docking calculation are presemédble S1 in Supporting information.
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Fig. 2. Binding mode of compound, 9i and9q into the active site of sterol &4lemethylase (CYP51).

A perusal of per-residual interactions of the lowersergy docked conformations revealed that thedear\Waals contacts are more
prevalent over the electrostatic contribution ia tiverall binding affinity towards CYP51 (Fig. 2gFS1 in Supporting information).
A very extensive network of van der Waals intei@wdi was observed with Val461, Met460, Leu356, PBeR8t106, and Tyrl03
through the acetophenone constituent of each sktheolecules, while the 1,2,3-trizole nucleus eixdibsignificant van der Waals
interactions with Thr295, Ala291, and Phel10 restdhe substituted aromatic ring attached td\Hieof triazole nucleus was also
engaged in favorable van der Waals contacts witi288, Ala287, Met284, Leul27, and Tyrl16 residir@ag the active site of
CYP51. Furthermore, a favorable electrostatic adton observed with Tyrl03 and Tyr116 residues abntributed to the binding
affinity of these molecules. All the derivativeshéited a notably significant van der Waals as vesllelectrostatic interaction with
heme moiety present in the active site of CYP5treBesing gradually with decreases in the obsermgflingal activity, indicating the
significance of this interaction in the activityn &ddition to this, a very significant hydrogen timg interaction between the carbonyl
oxygen of the inhibitor and the Tyr103 added togstahility of these complexes. However, this intéicn was missing fo®e, 9j, 9k,
9m, and 9o. Furthermore a very prominentr stacking interaction was observed between thetituiesl aromatic ring of these
compounds and Tyr116 residues except%omwhere this interaction was observed with PhelHXMue in the active site. These
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hydrogen-bonding and-r stacking interactions serve as an "anchor", ggidive 3D orientation of the ligand in its activéesand
facilitate the steric and electrostatic interacsion

The success of a drug is determined by good effiead an acceptable ADME (absorption, distributimetabolism and excretion)
profile. In the present study, the drug-likenessietecore (a collective property of physic-chemjmalperties, pharmacokinetics and
pharmacodynamics of a compound represented by @nicahvalue) was computed by MolSoft software [29fcomputational study
of all the synthesized compounds was performegbrfediction of ADME properties and the value obtdie presented in supporting
information, Table S2 in Supporting informationidtobserved that the compounds exhibited a gooB% (% absorption) ranging
from 73 to 89%. Furthermore, none of the synthesizampound®a-r violated Lipinski's rule of five (miLogP < 5). A molecule
likely to be developed as an orally active drugdidate should not show more than one violatiorheffollowing four criteria: miLog
P (octanol-water partition coefficient) 5, molecular weight 500, number of hydrogen bond acceptorf) and number of hydrogen
bond donors< 5 [30]. The larger the value of the drug likenessdel score, the higher the probability that thetipalar molecule will
be active. All the tested compoun@sr followed the criteria for orally active drugs, atiterefore, these compounds may have good
potential for eventual development as oral agents.

4. Conclusion

In conclusion, we have synthesized new triazoletdasetophenone derivatives the click chemistry approach and evaluated for
biological activity. The synthesized compound diggl promising antifungal and antioxidant activigmpared to the standard drugs.
Compound®c, 9i, and9p displayed significant antifungal activity as cormgxhto the standard antifungal drug miconazole. gmmd
9h shows potential antioxidant activity @€= 14.14ug/mL) when compared with standard BHT. In additionthis, molecular
docking study of these synthesized triazole ddrigatdemonstrates that they have a high affinityatals the active site of enzyme
P450 cytochrome lanosterol d-¢lemethylase, which provides a strong platformrfew structure based design efforts. Furthermore,
analysis of the ADME parameters for the synthestzadpounds predicted good drug like propertiespotdntial for development as
oral drug candidates. Thus, we suggest that congs@im(antioxidant activity)9c, 9i, and9p can be further optimized and developed
as lead molecules for antifungal activity. Furtihwark on utilization of triazole incorporated acetepones leading to useful bioactive
compounds is in progress.
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