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Abstract

A class of nitrogen-based heterocycles, pyrazaheistieir derivatives, are cardinal agents in tleddfof
pharmacology. Here, we have condudtedlico studies on newly designed pyrazole based drugaul@e, thereby
revealing their activities and interaction behasiarhen docked again§ aureus DNA gyrase upon comparison
with a standard drug ciprofloxacin and previouglparted few compounds. The drug likeliness of thi@mounds
was analyzed using QikProp module Mbestro 11.5 (Schrddinger) through ADME (Absorption, Distriboi,
Metabolism and Excretion) analysis. Among the mtedi compounds, we have synthesized four pyrazole
derivatives; namely 5-(3, 5-dimethyl-1H-pyrazol4}-y,3-benzoic acid, 5-(3, 5-dimethyl-1H-pyrazoi)-1,3-
benzenedicarboxylic acid, 4-(4-methyl-1H-pyrazotghl benzoic acid and 1-(4-carboxyphenyl)-1H-pyraz4-
carboxylic acid. All the four compounds are chaedged by ‘H and *C NMR, IR, UV, and mass
spectrophotometry. We have successfully testegdinge compounds for anti-microbial activities inwofytesting
with standard bacterial as well as fungal strafsti-bacterial activity testing was performed agditwo Gram-
positive bacteriaStaphylococcus aureus, Bacillus subtilis and three Gram-negative bactertgscherichia cali,
Pseudomonas aeruginosa, Salmonella enterica. Anti-fungal activity was carried out against al@own fungal
strain Candida albicans. The observed antimicrobial activities are in wadreement with the docking results. The
DFT study was also carried out to compare the comdiional stability of the optimized structures atatked-pose

of the four molecules.



1. Introduction

Biologically active heterocycles, namely oxadiasolgiazoles, thiadiazoles or pyrazoles, have lvgdely
used for therapeutics [1-3]. The azole groups inoua heterocycles have compelling hydrophobicitd a
pharmacokinetic properties that impart transmendbdiffusion ability to the drug to reach the tarffgt Pyrazoles
are indispensable members of the azole class hawiagadjacent nitrogen and three carbon atoms wiftve-
membered ring. The pyrazole scaffold can be betteerstood in schemel as shown below. The N-1 atdime
structure is “pyrrole-like” because of its unshastelctrons are conjugated with the aromatic systéite, the N-2
atom is “pyridine-like” as the paired electrons a compromised with resonance, similar to pyedsystems.

Due to such differences in the N-atoms, pyrazolegeactive against both acids and bases [4].
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Scheme 1:Pyrazole skeleton

Pyrazole, though bearing high biological activityrarely found in nature because of the difficitiged
by living organisms to form N-N bond [5]. Synthesisthe first pyrazole derived compound was regbite1883
which was later followed by its usage in therapzufR]. A few primitive examples of naturally ocdag pyrazoles
were: one as an isomer of histidine, isolated ftbenjuice of watermelon from Citrulus vulgaris f}d the other as
3-Nonyl-1H-pyrazole, extracted from Houttuynia cata which is a common plant in tropical Asia [4].

Pyrazoles and its derivatives are an importansadisieterocyclic compounds which have immenseescop
in various biological activities and catalysis dwoetheir ability to coordinate metal ions [6] armith complexes
with metals like Pt, Pd, Cu, Zn, Au, Co, Ni, Fe, &ad Au [7]. Scientists across the globe have reftstone
unturned in devising the different biological applions of these compounds including anti-inflamongt
antibacterial, analgesic, anti-cancer, anti-tunarti-glaucoma, cardio-vascular, anti-chagasic,-pytétic, anti-
spasmodic, anti-neoplastic, anti-diabetic, antdanxt, anti-viral, anti-leishmanial, anti-parasiicd anti-allergic [2-
19]. Certain classes of condensed pyrazoles suplreslo pyrazoles, pyrazolo indoles, pyrazolozaies, pyrazolo
isoindoles, pyrazolo pyrazolones have exhibitedfqumod biological activities such as kinase inhiksto

topoisomerase | & Il inhibitors, antitumorigenicgrbicides, pesticides and anti-bacterial agent,311,2]. Some



pyrazole-based drugs have been successfully taggidst cyclin kinase and are into clinical trimlsthe treatment

of human cancers [20]. The target for pyrazole mscancer drug ranges from human telomerase reverse
transcriptase [16], tyrosine kinase, cyclin depemdénase, Aurora A. kinase, Activen receptor likimase 5,
Mitogen activated protein kinase to fibroblast gtievactor, Apoptosis inducing factor, and tumorwgtio factor

[21]. Some of the commercially popular pyrazole duhgirugs are Celecoxib (gastrointestinally safe NIBA
analgesic and COX-2 inhibitor), Tepoxalin (a NSAI® treat osteoarthritis), Deracoxib (to treat oatéwritis in
dogs) [3], Antipyrine, Phenylbutazone, Tepoxaliiigdé&nafil (to treat erectile dysfunction), Dipyrof@nalgesic and
antipyretic) and Rimonabant (for obesity treatment)

Among all the biological activities, anti-inflamnoay and anti-microbial activities are the most
investigated behaviors of the pyrazole ring strretf22]. Quinolone-based drugs like ciprofloxacivhich have
always been broad spectrum antibiotics, are nowepto resistance against the disease-causing mgfob whom
pyrazoles are a good alternative which act upon Diy#ase. Tanitame et.al had also successfully sgithd
pyrazole-based drugs targeting DNA gyrase [23-B6continuation with our earlier work on triazoletbstituted
drugs [27-28], we have now focused on new pyrabalged systems. Designing of new organic drugséwaesated
the extensive applications of pyrazole-based comgsutherefore, we have performed initial compateil
analysis post in silico designing of some pyrazmsed molecules. Use of computational method allosv$o
validate and evaluate all aspects of drug discosaéethis time. Researchers with proficiency in cotagional drug
designing have a benefit of proposing new candidatekly and at a cheaper value than others. Wherstructure
of the target is predictable, then molecular dogksthe best tool for the evaluation of possibigfiered candidates
[29]. The theoretical observed results should asaag compared with a commercially available drikg, tommon
antibiotic drug ciprofloxacin, to obtain a broacgspum of comparative behavior.

Herein, we have designed 47 new pyrazole derigatand performed their docking studies along wih 1
reported analogs, keeping in mind the basic ddsirBdatures of a good pharmacophore: aromatic cingent,
hydrophobic-hydrophilic substituents, H-bond acoeptand donors and optimum molecular weight. Ak th
electronic interactions and drug likeliness behavibave also been compared with commercially abkila
ciprofloxacin drug which is effective against baikinfections including S. enterica, S. aureus] &. coli [24].
The predicted activities have been validated byedrpental antimicrobial studies after synthesizfogr parent

structures. The detailed structural predictionsckidw studies, and validation of the theoreticatisedicted



behaviors have been described in the present \Wd¥K. calculations of the synthesized compounds lads@ been

carried out to elaborately understand the diffeeananolecular conformations, post docking.

2. Experimental Section

2.1 Molecular docking studies

Antibiotic resistant gram positive bacteria suchSasureus, S. pnemoniae, enterococci are causative
agents of nosocomial infections and hospital aeglinfections worldwide [30]. The commercially dasie drugs
againstS. aureus are Cephalothin, Amikacin, Gentamicin, Cefpiron@loramphenicol, Tetracycline, etc. [22],
which are on the verge of impotency due to theeasing drug resistance by the bacterium. Therefoeehave
concentrated our docking studies done on crystattstre of DNA gyrase df. aureus.

The docking studies of the molecules were carriedusingGlide5.0 module of Schrodinger 11.5 software
[31]. The ligands were docked against protein $tmec2XCT taken from PDB database with a resolu8@5 A.
The synthesized compound was further derivatizeduiystituting groups on the benzene ring and thrazoje.
These derivatives were also docked at the saménsitee protein and the results were compared watimpounds
synthesized by Allisoret. al [32] as well as with the standard drug ciproflaradOut of the computationally
designed compounds derived from 4 basic skelefgrls (N-2, R-1 and R-16), we have successfully sysited the

four aforementioned compounds.
2.2DFT studies

Quantum mechanical calculations were performedfdar synthesized compounds using DFT method,
with the help of Gaussian 09 software, at Beckbied-parameter hybrid functional and correlationcfional of
Lee, Yang And Pan (B3LYP), with 6-311+G (d,p) bass in gas phase [33-35]. The default optimizatiod SCF
procedures were followed in the program executidhthe geometrical parameters and optimized stmgd were
determined for the four parent pyrazole compour8638]. Then, the pose obtained for these compoaifids
docking, were used for “Single point calculationsing DFT. A comparative analysis of the geomettritzda of
parent compounds in their global minima state (oleth by geometry optimization) with the energieghadir post
docking poses (bioactive minima) was also done thdl results pertaining to DFT studies were visgalithrough

Gauss view 5.0 software [39].

2.3 Materials preparation and characterizations



All the starting materials and solvents: 5-aminplahalic acid (Sigma Aldrich), 4-hydrazinobenzo@da
(Sigma Aldrich), Sodium nitrite (CDH), Sodium suiggh (TCI), Phosphorus oxychloride (Sigma Aldrich),
Potassium permanganate (CDH), Potassium carboGaiel)( Ethyl acetate (Avra), Potassium hydroxide @y
Conc. HCI (CDH), 2,4-Pentanedione (TCI), Dimethytfiamide (Avra), ethanol (Avra) and isopropanol (&vr
were used as purchased without any further putifica The IR spectra were obtained with KBr pellets a
Shimadzu FT-IR spectrometer. The mass spectra eadlected with XEVO G2-XS QTOF mass spectrometir.
and **C NMR were recorded at room temperature (298 K)Bomker Avance-lIl spectrometer operating at 400
MHz. All the compounds are also characterized by -WiBible spectra measured from UV-Visible

Spectrophotometer, Perkin Elmer (Fig. S8 in Suppgiinformation).
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Synthesis of compound N-1: The compound N-1 was synthesized and characteliyegarlier reported method

[40].
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Synthesis of compound N-2: 5-aminoisophthalic acid (1g, 5.52 mmol) was suspdnd ~6 mL water along with
the addition of 1.5 mL conc. HCI. The resultant mie was cooled at ®6 with constant stirring for next 15 min.
Then, 20 mL aqueous solution of sodium nitrite (KBN0.36 g, 5.25 mmol) was added dropwise with cdlettlo
internal temperature 0°6 and stirred continuously for 1 h. In a separatakier, sodium sulphite (BBO;, 1.75g,
13.9 mmol) was mixed with ~7 mL water and 2.8 mih@dHCI. Then, the resulting sulphite mixture wasled to
the reaction mixture and the solution was stir@drext 1 h at 0-%. After this, the reaction mixture was stirred at
60°C for 3-5 h. The internal temperature was brougiwrdto room temperature, followed by filtration andshing
the product 4-5 times with distilled water. The tvad product was air dried to obtain white coloreuy8razinyl-1,
3-benzene dicarboxylic acid with a yield of 95%.r Foe next step, 5-hydrazinyl-1, 3-benzene dicayboxacid
(0.546 g, 3 mmol) and 2,4-pentanedione (0.34 mion3ol) were dissolved in isopropanol (20 mL) andwefd for
3-5 h. The reaction mixture was filtered by usimgwum pump and it was air-dried to obtain paleoyeitolored 5-
(3, 5-dimethyl-1H-pyrazol-1-yl) 1,3-benzenedicarplox acid (N-2) compound with ~80% vyield. The lighn
structure was confirmed by using IR spectroscopgssnspectrometryH NMR and**C NMR (DMSO-d) (see

Supporting Information Fig. S1, S2, S3 and S4, eetyely).

Scheme 4
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Synthesis of compound R-16 & R-1: 4-hydrazinybenzoic acid (1.065g, 14 mmol) and pyopldehyde (0.33 mL,
14 mmol) were refluxed in 35 mL ethanol for 4h &°C, and then the mixture was poured into 50 gwager
mixture [41-43]. The yellow colored precipitate waslected with a yield of 0.94g (88%). In a separdaeaker, the
Vilsmeier-Haack reagent was prepared by adding&? @L (45 mmol) POGIto 0.94 mL DMF at 0 °C in round-
bottom flask in ice-cold condition (0-5°C) under nstant stirring. Appropriate amount of 4-(2-
propylidenehydrazinyl) benzoic acid, 0.6g (15 mndifsolved in 4 mL DMF were added to the Vilsmditerack
reagent and stirred for further an hour. Then réaetion mixture was kept on an oil bath at 708C4h. After the
reaction, the mixture was poured into 20g of crdsite under constant manual stirring. After neigedion with
K>CO; solution, ethyl acetate (30 mL) was added andotiganic phase was separated from the aqueous phiase
extraction with 60 mL AcOEt. The combined organalusions were washed with water and brine, driet a
concentrated. Yellow colour solid 4-(4-methyl-1Hrp3ole-1-yl) benzoic acid (R-16) was collected withderate
yield. For the synthesis of 4-(4-methyl-1H-pyraztkyl) benzoic acid (R-1), we took 4-(4-methyl-1ktrpzole-1-
yl) benzoic acid (R-16) 0.1g in pyridine (0.78 mdnd added a hot solution of potassium permangdfaeg) in
H,O (5.2 mL) at 115 °C along with constant stirrilng 2h. After an additional 5h heating, the depasiteanganese
dioxide was filtered out and the product was washiti 0.3% aqueous KOH. The filtrate was collectatt
concentrated. After acidification with conc. HClrging down the pH to 1, the precipitatedl-(4-casghenyl)-
1H-pyrazole-4-carboxylic acid (R-1) was filteredasted with water, followed by acetone and driedit&olored
solid was collected and the yield was found to 1848g. The decomposition temperature of the prodast 250°C,
and was soluble in DMSO. The ligand was confirmgdFbspectroscopy, mass spectrometry #hdMR (DMSO-

d°) (see Supporting Information Fig. S5, S6 and $fe UV-Vis spectra of all the four synthesized figa (N-1, N-



2, R-1 & R-16) have also been collected and plotigainst absorbance vs wavelength (see Supportfogration

Fig. S8).

2.4 Anti-microbial activity

Two methods have been adopted for the determinafi@mti-microbial activity of the synthesized lig#s. In
anti-bacterial studies, the “Standard serial diotiwas adopted for determination of ligand poteaggainst test
bacterial strains [27,44]. The gram-positive stsairereS aureus (MTCC 3160),B. subtilis (MTCC 441), and gram
negative strain werk. coli (MTCC 16521)P. aeruginosa (MTCC 424)andS. enterica (MTCC 3858). The potency
of ligand against bacteria was compared to the Mi{Die of the standard drug Ciprofloxacin. In thisthod, the
stock solution of 50pg/mL concentration was dilutedjet a concentration of 25-1.56 pg/mL in différtest tubes
containing 1 mL of double strength nutrient brofthen, these test tubes individually inoculated wWiff0 mL
suspension of test microorganism in sterile saliftee test tubes were incubated undisturbed at 3% “Cfor
duration of 24 hours. Dimethyl sulfoxide (DMSO) wapt as solvent control.

Secondly, the anti-fungal activity of the synthesiznolecule was evaluated against the most comomayaf
strains C. albicans by the method of “Standard serial dilution” [28,4Bor C. albicans, freshly prepared fungal
medium was taken into account to evaluate thefangial activity using the agar well diffusion methdn this
method, a plate of fungus was obtained from puwiais and was allowed to grow at 37 °C for 24 bolbnies from
the plate were transferred into normal saline (@B%binder sterile environment and the density of gshgpension
was adjusted to £@fu/mL (in accordance to 0.5 Mc Farland standaFftijs suspension was used as inoculum. For
performing the assay 100 pL of the inoculum wasbbed on agar plates consisting of 20 mL agar, toeae
confluent fungal growth. The agar plates were daied punched with sterile cork borer of 10 mm ditento create
wells for loading 100 pL of test sample with cortcation of 8.0 mg/mL in 20% Dimethyl sulfoxide asheent.
The plates were incubated at 37 °C 1 for 24 Hovatd by evaluation of zone of growth inhibitiontkvizone
reader (Hi Antibiotic zone scale). Clomitrazole waken as positive control for the fungus. The expent was

repeated for three times to minimize error. Dimégufoxide was taken as solvent control.

3. Results and discussion

3.1 Docking studies



A series of compounds were designed (Table S1,0stipg information) and analyzed using latest v@arsi
of Glide 5.0 module of Schrodinger 11.5 software. We have desigour classes of compounds (N-1, N-2, R-1 &
R-16) and have taken one class of reported compogAdseries) for the computational study. The desib
molecules belonging to the S-series are also @ateré of the N-series. In N-1, a carboxylic acidup is present at
para-position in phenyl ring with respect to thegzple ring and two methyl substituents are preae® and 5-
positions in pyrazole ring. In N-2, there are twarboxylic acid groups at 3- and 5- positions on llbazene ring
with respect to the pyrazole ring and two methydstituents on the pyrazole ring similar to N-1.clse of R-1,
there is one carboxylic group is present at pasitipa similar to N-1 and a carboxylic group at th@osition on
the pyrazole ring. In R-16, the structure is quitmilar to R-1 where the carboxylic acid group be pyrazole is
replaced by a lipophilic methyl group. All compogndere docked against DNA gyraseSofwreus adopted from
PDB file 2XCT. Here, 3.35A structure complex sagisfour interest since it gives the complete te¢réarstructure
for DNA gyrase (AB,) of S aureus consisting of four active sites and 692 amino seiith a bound antibacterial
drug molecule ciprofloxacin (Fig. S9 in Supportimjormation). The DNA strands present in the criysteucture
of DNA gyrase make it more versed in letting usitalerstand the intercalation of drug moiety in dletive site of
the protein and its interactions with componentdDdfA structure. Docking studies were performed ba four
parent compounds (N-1, N-2, R-1, R-16) and certhrivatives of these compounds were designed uy she
increased ligand-protein interactions along withy asther existing electronic interactions (see Sutipg
information Fig. S10). The various substitutionshgfirophobic and hydrophilic groups in the aromaitigjs can
play a major role for the biological activity.

The compounds, N-1, N-2, R-1 and R-16 when evatliate the basis of various interaction parameters
through docking, show comparable results with ta@dard drug ciprofloxacin (Table 1). The major abage of
these molecules is the low molecular weight aloiity ¥he retention of desirable properties like esige hydrogen
bonding (value is 1.2 in case of R-1 which is digantly high compared to ciprofloxacin). Thereais H-bonding
interaction of O-atom of one of the carboxylic agidups of all the four ligands with the polar uaged amino
acid residue of Ser 1084 of the B-chain. The comgsucontaining carboxylic groups (as enlisted imbl&aS1)
show similar hydrogen bonding interactions with D&mponent. In case of R-1, there is additionalrbgdn-
bonding due to an extra carboxylic group substitute the pyrazole ring, with Arg 458 residue of Brxehain. The

pyrazole rings of the ligands shawn stacking interactions with the nitrogenous basethe DNA (DA H:13
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fragment of DNA), denoted by the green arrow lisesshown in Fig. 1. Here, Nfion is present in protein pocket
(a part of G-chain) which is mandatorily formindtshridges with carbonyl and carboxyl oxygens ofl Rand
carboxyl oxygens of N-1, N-2 and R-16. The metalrdnation bond length is nearly 2.06 A in caseNef, R-1
and R-16 whereas it is 1.97 A in case of N-2 (Rg. This metal-coordination bond length is highéduced in
present compounds when compared to the standagd(2:82 A and 2.19 A in case of ciprofloxacin),si®wn in
Fig. 3.

In order to improvise these interactions, the pgtazstructure was modified by changing the funalon
groups at various positions either in phenyl rimgrothe pyrazole ring. The derivatization of thempounds was
done computationally, followed by their dockingtlae same binding sites and evaluated their int@racicores in
contrast to the standard drug ciprofloxacin. Theults are compiled in Table S1 (see Supportingrin&ion). If we
try to get an insight of the various interactiomres obtained, we can observe that the compountseoh-series
have a comparatively poor M.\W (Molecular weightprecthan the rest which depend on the size of tigaiihe
interaction diagrams were analyzed for the compsunith highest H-bonding scores, like compounds, iR,
R22, S5, S6 and S7. Compounds exhibiting highestdntions at the docking site of DNA gyrase aloritl their
respective scores are specified in Table 2. Alldbm@pounds have two interactions in common thabateeen the
O-atom of the substituted carboxylic group and Ser 1084 residue along with the salt bridging with*.
Compounds S7 and S6 show extensive H-bonding af liydroxyl oxygen with Gly 458 and Asp 437 residag
well as oxygen of the substituted carboxyl grouthvider 1084. R8 shows a similar H-bonding intecactis R-1. In
case of R22, S5 and S7 another contributor to #Hhehting interaction is the solvent exposure ofghiestituted F-
atom. Compounds A8-A15 (excluding A13) though hgwed interaction scores in various parametersrdbaltant
score become low in the overall Glide score duddavy penalty scores which is discussed later. fligkest
interactions were observed in case of S7 whereasdimpound Al14 showed the lowest favorable interast

When we carefully examine the interaction paransetérS7, Al4 and standard drug ciprofloxacin, we
observed pi-pi interactions between aromatic riofgthe compounds and with the nitrogenous baseseptén the
DNA residues (DA H:13 DNA fragment) surrounding thelecules (as denoted by gray color, indicated as
unspecified residues). The metal coordination band salt bridge between Kfratom are present in the protein
active site pocket which are mainly observed dudaégpresence of polar carboxylate groups of tmepounds. The

metal bond length is almost comparable in case7cdr@l ciprofloxacin (i.e. 2.08 A in S7 and 2.19n4the drug).
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Compound S7 shows very strong H-bonding interastiwith Ser 1084 and Gly 459 residue of the prot8unch
kind of strong H-bond interactions are even noteobesd in the ciprofloxacin molecule, though it sisosingle such
interaction with one of the DNA fragments DA H:IBhe active site of the protein is flanked with fivarious
amino acids: Arg 458 (B-chain) which is positivelyarged amino acid, Asp 437 and Glu 435, 477 (Brghahich
are negatively charged amino acids, Phe 1123 wikiehhydrophobic amino acid, Gly 1082, 459(B-chaitich
are nonpolar charged amino acids and Ser 1084 wisica polar uncharged amino acid. The compounds
ciprofloxacin and S7 fit into the protein pocket aximize their interactions with the favorable amiacid as
observed in the Fig. 3. The occupancy of ligandrSgrotein pocket can be better understood usigg $iand the
interactions of ligand inside the protein pocket & visualized from Fig. S12, S13 and Table S2 &epporting
Information). The interaction diagram of compounti4Ashows the certain familiar interactions like @mpound,
but it lags in overall score. As, the @ns are exposed to solvent which could have asihtributed in H-bond
formation if present in the inner cavity. Its ori@tion does not suit the residues flanking it, iggvit a high penalty
score of 4 (refer Table S1 in Supporting informa}idf we observe the docking of all compoundshat active site
of the protein, we can easily conclude that Ser41@y 1082 along with the DNA fragments are adtiviaking
part for interactions with the drug molecules.

The compounds which exhibited the highest intepastiwith protein are given in Table 2. Most impotta
parameter for measuring activity is the G-Scorechlsignifies the total glide score that sums upirdiraction
values and deducting the penalties, lipophilickur6 of the hydrophobic grid potential), H-bondimgeractions,
electrostatic interactions (including the electatist rewards), molecular weight (rewards for ligandith low
molecular weights). The G-Score and related intemawalues for all other docked molecules haventmepplied in
Table S1 (Supporting information). Interestinglgwf compounds have been shown higher values of idibgn
interactions compared to standard drug ciproflaxadihe G-score of the drug can be inferred from tigh
electrostatic interactions and the hydrophobic#yell. Here, compound S6 has electrostatic intemaccore of -
4.7 which is more than ciprofloxacin but it lagstire hydrophobicity thus deteriorating its ovei@HScore. Low
molecular weight is another advantage of our mdéscover the standard drug which is obvious byspecified
low M.W Score. Since, the protein exists as a tetrawith four chains, there are four binding sivéshe drug in
each of these chains. All of the parent compourdsgawith their derivatives were docked at thegessand a

peculiar difference was observed in the G-scoreefmh compound, which can draw us towards the asiuei that
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even though the sites seem similar superficiallytbere might be difference in the interactionshaf residues with
these compounds. The above observations can betined by further computational and experimiestizdies

discussed below.
3.2 Penalty Analysis

The Glide 5.0 module offers a feature of highlighting penalty scéor any ligand, at various grounds,
during the process of docking. This analysis ipantant aspect of visualizing the faulty positianiof the
functional groups in ligands with an attempt totifgcand improvise the interactions. A high penaligs charged
for compounds A8 to Al5 (excluding A13) on the basef position of various protein residues and thiir
interactions with the ligand functional groups.ceise of Al4, there is high penalty due to buriatlirged group
on the protein (referring to negatively charged reonécids like Glu 477 and Asp 437) by the ligandageing to
minimum H-bond interactions made to the chargedigr@dlso, there is a hydrophobic group of the lidagainst
donor groups of protein in a protein region whiciimally would give a favorable phobic packagingrec®o such
penalty was charged for compounds belonging to él Rrseries due to the appropriate positioning efuérious
lipophilic and hydrophilic moieties.

3.3 ADME analysis

The well-known ADME analysis i.e., Absorption (Ajistribution (D), metabolism (M) and excretion (E)
of any organic molecule is an important analysisctvistates about the disposition of any pharmacealutompound
inside an organism and therefore, influences trermhcological activity of it [46]. In our work, thistudy was
performed using Qikprop (ligand based ADME analysisodule of Maestro 11.5, which provides ranges for
comparing particular molecule’s properties with ghoof 95% of known drugs. The ADME analysis of all
compounds in the data set was done. The parentaomp N-1, N-2, R-1 and R-1-6 show good drug like
properties and no violations were observed in a@wee to Lipinski’'s rule of five (as shown in Talde Other
important properties of any pharmacologically aetimolecule, playing crucial role as drug candidate,also taken
into consideration like molecular weight, QPlogPRwmhich predicts water and gas partition coefficign@PPCaco
(which predicts permeability of a molecule for tip&t-blood barrier through passive transport), petage human
oral absorption, globularity and the number of Hwh® that would be donated by the solute moleculbdovater
molecules in the aqueous solution (donor HB). Tésults of ADME analysis propound the theoreticalgdiike

behavior of these compounds which are very promisind can be considered beneficial for further datmoy
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analysis of them. The top 20 candidates obtainezt #fe interaction studies of molecules data sst gocking
were also subjected to ADME analysis (Table S3ippsrting information). They also exhibited simikghavior in
comparison to the standard drug Ciprofloxacin, iosome were showing improved donor HB ability webkser
molecular weights which were inferred previouslydther sections as well. Moreover, the percentdgeral
absorption for few molecules was another strikiagutt which was enhanced in our molecules tharsthedard
drug.

3.4 DFT studies

The optimized geometries, total energies and dipmdenents of the parent molecules were obtained from
the DFT calculations. The observed optimized gedesebf the four parent compounds have been depint&able
4. The optimized structures are found without amgadinary frequency and hence, all are characteiizeéteir
minimum energy states on the potential energy sarf&he single point calculations were performedniyyorting
the docked pose structures. Since there were e@ttins done in the imported pose, hence, theculge depicted
are in ionized state with the removal of polar loglns as observed in their docked pose. A simiaro$
calculations were also carried out after convertivgimported poses into unionized states by amditif their polar
hydrogens but there were very tiny differenceshim ¢nergies as well as in the torsional anglesh¥e tabulated
all the results obtained from the optimized struesuand the post docked structures to observehiteges in their
conformations and energies (Table 5). The valuastioreed in column ‘a’ correspond to the optimizédisture of
the molecules whereas the values in column ‘b’aspond to the values pertaining to the single pcahtulation
studies performed with post docking molecules. fdmsional angles mentioned in both the columnsesmond to
the similar angles, though the nomenclature mayghdor single point calculations of the post datkeolecules
due to the ionized structures after removal of pbiarogen.

On comparison of the data obtained after geomaitymization and single point energy calculations fo
the same molecule, it is observed that, there armio conformational changes observed in the nutgdeapon
docking. These changes can be explained by thetlhgpis that the structure obtained on geometryropétion is
the ‘global minima’ whereas the one obtained afiecking is the best suited pose resulted from thand
interaction with the surrounding entities of prateiocket, which can be referred as the ‘bioactivemma’ [47]. On
the comparison of the two molecules N1 and N2 rtbpiimized structures are found to be completelgriapping

with each other but the molecules are posing diffdy in the protein pocket (Fig. 7a). This canaleibuted to the
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mandatory interaction of the residue Gly 459 wi@OOH group of substituted phenyl ring in case ofidfich can
be better understood from Fig 7b. Such conformatisariation results to a significant change in thesional
angles of the molecule, in order to remain in thoénity of the interacting residues as mentionedhia Table 5. A
correlation between total energies of the moleanle their respective interaction scores can békstad as well.
The lower energies were obtained in case of N2,8822108 e.V) and R1(-22,712.083 e.V), which aretha
agreement with their G-scores obtained after dackiine lowest energy in the compound N2 is obsedeedto the
presence of two —COOH groups playing a pivotal liolehe better interaction behavior. Moreover, ¢hés a

constant trend of increase in dipole moment aftekohg in the each molecule.
3.5 Anti-microbial studies of synthesized compounds

To verify the veracity of our computational resufisur parent compounds were successfully syntkdsiz
namely: N-1 [5-(3,5-dimethyl-1H-pyrazol-1-yl)1,3-benzoic acidN-2 [5-(3,5-dimethyl-1H-pyrazol-1-yl)1,3-
benzenedicarboxylic acidR-1[1-(4-carboxyphenyl)-1H-pyrazole-4-carboxylic acidhd R-16 [4-(4-methyl-1H-
pyrazole-1-yl)benzoic acid] as depicted in Table 6.

The anti-bacterial properties were concluded bymir@mum inhibitory concentration (MIC) value ofeth
synthesized molecule against different bacterigdirs$ (as shown in Table 6). The anti-bacteriatirigsof the
synthesized compounds revealed that the compourds active against almost all strains of commonesic (as
Table 6). Compound N-2 is showing higher activigaimstB. subtilis andP. aeruginosa with a MIC value of 12.5
which is better than earlier reported compound Nhbugh it was not tested for anti-bacterial atieg before.
Compound R-1 was found to be active agathsnterica and moderately active against all other bactatiains.
The MIC values for our standard drug ciprofloxaeigainstE. coli, B. subtilis, S aureus, P. aeruginosa and S.
enterica are 0.08, 0.06, 0.6, 0.15 and 0.06 pg/mL, respegtiv

The anti-fungal activity was also measured for best performing candidate N-2 (in the anti-bacteria
testing) along with compound N-1. Although the campd N-2 showed promising anti-bacterial activttye anti-
fungal activity was better in case of N-1. The ulfbn diameter was found to be 3 mm for compourit] Whereas
it was 10 mm for compound N-1 as shown in Fig. 8née, compound N-2 can be a better anti-bactearadidate

but N1 is better anti-fungal drug.

4. Conclusions
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Pyrazoles are an evolving class of azoles as amtimial agents due to the increasing resistance of
pathogenic microbes to multiple drugs includingroffoxacin. Therefore, an efficient strategy hasrmemployed
to design noble pyrazole based drug moleculeseping in mind the basic pre-requisites of anydyo
pharmacophore: aromaticity, optimum molecular wgiglydrophobic and hydrophilic substituents alonighw--
bond accepting and donating groups. On the basiseo€omputational analysis, a noble bunch of mpiebased
compounds have been propounded that could be gutodierobial agents. Four parent skeletons have heen
synthesized and studied anti-microbial testing mgtavarious gram-positive, gram-negative bactenid a fungal
species. Computational biological activity was welhtched with preliminary experimental results.uStural
optimizations of synthesized compounds have alem lvarried out to validate the conformational ageament of
the docked structures. The synthesis of other dtvies from these four compounds is under procBss.current
research on pyrazole based molecules can be al wdfun the development of newer pyrazole baseaydr

candidates for various laboratories and pharmazautidustries in future.
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Table 1: Important docking parameters and correspondingesdor the four synthesized compounds N-1, N-2, R-
1, R-16 and standard drug ciprofloxacin.

Compounds N4 N-2 R-1 R-16 S.D.
Structure CHj; CHj HOOC HaC 0O O
J /4/_\< J J FWOH
N N N N
H3C N H3C N’ N’ N (\N N ‘
Q Y -
HOOC COOH
COOH SooH COOH
G-Score -7.2 -7.5 -7.61 -7.02 -11.3
Electrostatic -3.0 -2.8 -2.8 -3.2 -4.58
interactions
H-bonding -0.4 -0.3 -1.2 -0.5 -0.55
Lipophilic -34 -3.8 -3.1 -2.8 -4.27
interactions
Low M.W -0.5 -0.5 -0.5 -0.5 -0.4
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Table 2: Compounds with higher interactions at the dockitgyaf DNA gyrase irS. aureus.

S. Compound Name | G- Electrostatic | H- Lipophilic Low
No. Code | Score | interactions | Bonding M.W
interactions
1. S7 -10 -4.4 -1.5 -3.8 -0.3
H
_N N., 7~ CHs
F5;C N
HO
COOH
2. S6 -9.6 -4.7 -1.6 -2.5 -0.5
+~—CH
HoN N\N 3
HO
COOH
3. HN-R Al3 -10.28 | -3.76 -0.9 -4.06 -0.09
H,C.
/A
COOH
Where R= F
4. HsC, R11 -8.65 -2.94 -0.83 -4.39 -0.49
O
O
\
/ .N
N
HoN
HOOC COOH
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CHj

{

0]

Oﬁj
\
_N
N

HOOC COOH

~I

R12

-8.43

-2.95

-0.61

-4.42

HsC_  CHs
Z {
/ /N

N

HOOC i COOH

R18

-8.38

-2.96

-0.51

441

HN— R

H,C

Ph/z_f\\ N

N

COOH

PHJ\©/COOH
Where R=

A6

-8.33

-3.41

0.0

-4.79

-0.13

HsC
\
/ ,N
N
HoN

HOOC COOH

R21

-3.12

-0.97

-3.72
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9. H3C\ R24 -8.22 -3.16 -0.9 -3.91 -0.24
O
o?
\
/ /N
H N
HOOC COOH
10. OHC R15 -8.21 -2.8 -0.84 -4.07 -0.5
\
/ ,N
N
HOOC COOH
11. <CH3 R25 -8.2 -2.86 -0.7 -4.42 -0.2
(@)
(@)
\
/N’N
H
HOOC COOH
12. H3C R23 -8.15 -2.91 -1.17 -3.66 -04
\
/ ,N
N

N
FsC~ :@\
HOOC COOH
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13. <c;|-|3 R6 815 | -2.93 0.76 3.97 0.4
0
0
\
| N
HOOC COOH
14. HaC S11 9.1 4.0 0.0 36 05
H,N Ny
HaC O COOH
0
15. HN-R A3 812 | 3.4 -0.63 -3.98 -0.11
H,C
I
Ph N
COOH
Cl
Where R= CHs
16. HN-R A2 8.1 3.63 1.61 3.73 -0.13
H,C
/A
Ph N
COOH
WhereR=
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Hf\©VCH20H

17, HN-R A4 -8.07 | 3.4 -0.64 -3.87 -0.11
H,C
]\
Ph N
COOH
w’\@CHs
Where R= F
18. H3C\ R26 -8.24 -3.28 -0.91 -3.64 -0.4
0]
0]
\
/N’N
F5C~
COOH
19. H5C R22 -8.12 -3.4 -1.26 -3.15 -0.5
\
/N/N
N
FsC~
COOH
20. (o) (o) S.D* -11.3 -4.58 -0.55 -4.27 -0.4
F
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Table 3: Various parameters obtained from ADME analysishef four synthesized compounds N-1, N-2, R-1 and

R-16.
S. No. | Molecules MW | QPlog | QPPCaco %Human oral| Rule of | Globin | Donor HB
Pw Absorption Five
1. N-1 216.239 7.01 174.032 81.445 0 0.870 1
2. N-2 260.239| 10.616 4.691 50.103 0 0.857 2
3. R-1 233.195] 11.234 3.545 44.549 0 0.876 2
4. R-16 202.212 7.284 156.83B 79.728 0 0.878 1
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Table 4: Comparative conformations after geometry optima@atind after single point energy calculations aftpo

docked structure.

Molecules | Optimized geometry Single point calculadtin-based geometry

N1

N2

R1

R16
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Table 5: Torsional angles and other parameters for four aamgs after DFT study. The values in the columnsatal (b) correspond to the results of the

optimized structure and single point energy catiuta, respectively.

B3LYP/6-311+G**

N1 N2 R1 R16
Parameters Values Parameters Values Parameters esValu Parameters Values
DIHEDRAL @) (b) DIHEDRAL @) (b) DIHEDRAL () (b) DIHEDRAL €) (b)
ANGLES (°) ANGLES (°) ANGLES (°) ANGLES (°)
C22Cl12N11 0.14 -0.81 C18 C10 N9 0.31 0.34 024 C22C14 0.55 2.14 C22C14C12 179.78 177.68
C4 C4 C12 N11
024 C22C14 179.8 179.19 C22C14C13 -179.62 -178.79
C13 N15
C18 C13N15 178.97 179.66 C14 C11 N13 179.09 -178.7 Cl2N11C4 -19.7 -21.64 Cl2N11C4 -12.02 26.60
N11 N9 C5 C5
Cl2N11C4 160.5 156.45 N15 N11 C4 -11.306 27.09
C3 C3
Cl2N11C4 -38.07 -49.27 C10N9 C4 C5 -38.69 -14.1 N15 N11 C4 -18.7 -21.38 0Ol18Ci16C1 -179.70 -177.94
C5 C3 Cc6
N15N11 C4 161.07 160.54 0Ol18Ci16C1 0.14 2.27
C5 C2
C3C4N11 -32.74 -47.44 N13 N9 C4 C3 -33.56 -11.33 018 Ci16C1 0.10 -3.6
N15 Cc2
018 Ci16 C1 -179.67 176.18
C6
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026 C16 C1 0.15 0.22 027 C22 C2 156.34 177.27
Cc2 C3
027C22C2 -26.11 -3.14
C1
026 C16 C1 -179.39 -179.71 026 C23C6  0.82 -6.48
C6 C1
026 C23C6  -178.44 175.91
C5
Energy (in -19719.34 -19700.57 Energy (in -24852.08  -24813.60 Energy (in -22712.08  -22673.03 Energy (in -18649.13  -18630.37
e.V) e.Vv) e.V) e.V)
Dipole 254 5.00 Dipole 4.44 12.39 Dipole 151 1.76 Dipole 2.63 5.17
moment moment moment moment
(in Debye) (in Debye) (in Debye (in Debye
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Table 6: nvitro anti-bacterial activities of four-synthesized camapds with their respective MIC values against

various bacterial strains.

Compounds Structure E. coli B. S. P. S
subtilis | aureus aeruginosa | enterica
(ng/mL)
CH, 25 25 25 25 50
!
N-1 [5-(3,5- HsC™ N7
dimethyl-1H-
pyrazol-1-yl)1,3-
COOH
benzoic acid]
CHj 25 12.5 25 12.5 50
g
N-2 [5-(3,5- HoC N
dimethyl-1H-
pyrazol-l-yl)l,3- HOOC COOH
benzenedicarboxyli¢
acid]
HOOC 25 25 25 25 12.5
;/ \\
R-1[1-(4- N

carboxyphenyl)-1H-
pyrazole-4-

carboxylic acid]

COOH
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R-16[4-(4-methyl-
1H-pyrazole-1-

yl)benzoic acid]

COOH

25

25

25

25
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Fig. 1 The interactions of the protein complex with foargnt molecules (a) N-1 (b) N-2 (c) R-1 and (d)&R-1
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Fig. 2 The interaction diagram of parent compounds, (d) ) N-2 (c) R-1 and (d) R-16 at the binding sife
DNA gyrase inS. aureus. Note the green dotted lines for strong interagtioBlue, green, red and white wires

represent N, C, O and H-atom, respectively.
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Ciprofloxacin

Fig. 3 Clear view for the interactions of ciprofloxacindacompound S7 within the protein pocket. The conmos
are shown by thick wire presentation with oxygeonat in red color, nitrogen atoms in blue color,dfine atom in
green color, Hydrogen atoms in gray and the reftocaframework in black color. The green lines destrmate the

strong interactions of the ligand with protein dess and DNA fragments with which it is flanked to.
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) Charged (negative) _ Polar - Distance — Salt bridge
(L) Charged (postive) ) Unspecffied residue <= H-bond Solvent exposure
Glycine Water — Metal coordinaticn
_ Hydrophobic Hydration site & Pi-Pistacking
L Metal ¥ Hydration site (displaced) —® Pi-cation

Fig. 4: Understanding the various interactions observel thi¢ ciprofloxacin, compounds of highest and lavigs
scores (a) ciprofloxacin, (b) compound S7; (c) comml Al4, respectively. Note the color annotatifamghe

above interaction diagram.
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Fig. 5 Demonstrating the compound S7 fitting inside thetgin pocket of DNA gyrase @& aureus. The surface
shows the protein part which is colored on the $adi residue property (consider Table S2 in suppprt

information for the color coding of the residues).

Fig. 6 Figure shows the interactions of ligand Al4 witbtpin. Asp 437, Glu 477 residues of the proteinstu@vn

in red ball -stick representation and DA -13 DNAdment with N-H group in blue ball-stick represéiota
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Fig. 7.(a) Comparison of molecular conformations of N1 Bf#dstructures before and after docking. Note the
completely overlapped structures prior to dockiiy.Interactions for the stabilization in differezgnformation
after docking.

Fig. 8 Antifungal results of compound N-1 and N-2 agaibsalbicans.
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Highlights:

Series of hiologically active pyrazole derivatives have been designed.

Four pyrazole derivatives have been synthesized and characterized.

Antimicrabial activity was tasted for the synthesized compounds.

A good agreement between experimental activity and computational study was obtained.

Docked poses and optimized conformations were compared by DFT study.



