Available online at www.der phar machemica.com

Scholars Research Library quﬁ‘ma %_'I

Scholars Research . Qm ?
Der Phar ma Chemica, 2014, 6(5):243-250 * K

http://derpharmachemica.com/archive.html
(http://derp ) I ==

| SSN 0975-413X
CODEN (USA): PCHHAX

o>

*x 2D\

Synthesis, spectral analysis, antimicrobial evaluation and molecular docking
studies of some novel 3,5-dichloro-2,6-diarylpiperidin-4-ones
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ABSTRACT

A new series of compounds namely, 3,5-Dichlorodbaéylpiperidin-4-ones(1-17) has been synthesized and
characterized using various spectral analysis ARNMR*CNMR&Mass). In addition, the title compounds were
screened for their antimicrobial activities against spectrum of clinically isolated microbial organis.
Compoundswith fluoro, chloro, methoxy or methytfioms at the para position of the phenyl ringsaltted to C-2
and C-6 carbons of the piperidone moiety along wifie chlorosubstituents at C-3 and C-5positionsthaf
piperidone ring exerted potent biological activitieagainst antimicrobial strains at a minimum inldoy
concentration. The molecular docking studies haidemed the scope of developing a new class of amthial
agents.
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INTRODUCTION

Small heterocyclic compounds act as highly funalmed scaffolds and were known pharmacophoresmifraber
of biologically active and useful molecules. Bigaetheterocyclic ring systems having 2,6-diarylgridine-4-one
nucleus with different substituents at 3- and SHpmss of the ring have aroused great interest wutheir wide
variety of biological properties such as antivirahtitumour [1,2] central nervous system [3] loaaksthetic [4]
anticancer [5] antimicrobial activity [6] and thederivative piperidine are also biologically impont and act as
neurokinin receptor antagonists [7] analgesic amtteypertensive agents[8]. Due to an increaseninrtumber of
immunocompromised hosts, [9] over the past decatthesjncidence of systemic microbial infections Heeen
increasing dramatically. The increasing incidentéacterial resistance to a large number of antévéad agents
such as glycopeptides (vancomycin, inhibition celblls synthesis), sulfonamide drugs (inhibitors of
tetrahydrofolate synthesis), b-lactam antibiotipencillins and cephalosporins), nitroimidazolesl ajuinolones
(DNA inhibitors), tetracyclins, chloramphenicol amdacrolides (erythromycin, inhibiting protein syesis) is
becoming a major concern [10]. For the past sewarats, vancomycin has been considered the lasbfidefense
agent against Gram-positive infections and no @éiiive drugs for treating diseases that have beaesistant to
vancomycin [11]. Patients undergoing organ tramgpla anticancer chemotherapy or long treatment with
antimicrobial agents and patients with AIDS are umm suppressed and very susceptible to life thneade
systemic fungal infections like Candidiasis, Cryquocosis and Aspergillosis. Antifungal azoles, dloazole and
itraconazole which are strong inhibitors of lanostedl4a-demethylase (cytochrome P45014DM) and yudtive
have been widely used in antifungal chemotherappoRs are available on the developments of resistdo
currently available antifungal azoles in Candida ap well as clinical failures in the treatmentfurigal infections
[12-15]. Furthermore, most of the present antiflrtdyags are not effective against invasive Asp&gis and the
only drug of choice in such patients is the injpl#aamphotericin B. These observations places mephasis on the
need of as well as search for alternative new amiek mffective antimicrobial agents with a broadcspam.
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Widespread interest in the chemistry of piperidopgsans and thiopyrans in a large number of nhpraducts has
attracted due to their biological activities [1l65tructure—activity relationship (SAR) studies from
piperidoneheterocycles indicated that nature argltipa of substituents were considerably importéadtors to
effect the biological actions.So far, only a feyags [17-20] are available with chloro substitatiat position 3 of
the piperidone ring system.Baliethal have reviewed the importance of piperidin-4-oassntermediates in the
synthesis of several physiologically active compisur{21]. In corollary of the interesting biologicand
pharmaceutical properties and synthetic utilityeréh is substantial interest in piperidones; thibsswcture
containing compounds are widely present in numesdksloids and synthetically derived molecules imidyical
importance [22].In the course of broad programmddwueloping biologically active molecules, our @sé group
previously reported the synthesis of 2,6-diarylpigie-4-one derivatives and evaluated their biodagimportance
[23-25]and recently reported the synthesis of 2xahR,6-diarylpiperidin-4-ones [26] by adopting thierature
precedent [19]. In continuation of our researchtio synthesis and the biological screening of chkarbstituted
2,6-diarylpiperidin-4-ones, herein we have synthedia new series of compounds with two chlorinemato
substituted in the piperidin-4-one ring system nigm@,5-dichloro-2,6-diarylpiperidin-4-ones. In @idto extend
our knowledge in structure-activity relationshifl, the newly synthesized compounds are testedHeir tin vitro
antibacterial and antifungal activities and thduefce of some structural variations by varying shestituents at
the phenyl ring in the synthesized compounds tosvain@ir biological activities is evaluated. Alscefim silico
antimicrobial activities for all the newly synthesd compounds were evaluated using molecular dgaiimdies.

MATERIALSAND METHODS

TLC was performed to assess the reactions anduttity pf the products. All the reported melting pisi were taken
in open capillaries and were uncorrected. IR spestre recorded in KBr (pellet forms) on a Nicoetatar—330

FT-IR spectrophotometer and noteworthy absorptianes (crit) alone are listedtH and™*C NMR spectra were
recorded at 500MHz and 125MHz respectively on BrukdX 500 NMR spectrometer using CD@b solvent. The
ESI +ve MS spectra were recorded on a Bruker Dal$dnC-MS spectrometer.

Microbiology

All the clinically isolated bacterial strains namebtaphylococcus aureusacillus subtilis Salmonella typhji
Escherichia coli Vibreocholerag Klebsiella pneumonand fungal strains namelyAspergillusniger,
Aspergillusflavus Mucor, Canidaalbicans, Rhizopus,Canidaolained from Faculty of Medicine, Annamalai
University, Annamalainagar-608 002, Tamil Nadu,i&ndrhe minimum inhibitory concentration (MIC) img/mL
was determined by the serial dilution method [THe respective test compound4L7) were dissolved in DMSO
to obtain 1 mg/mL stock solution. Seeded broth ttbntaining microbial spores) was prepared imieot broth
(NB) from 24-h-old bacterial cultures on nutriega (HiMedia, Mumbai) at 37 + 1°C, while fungal ses from 1-
to 7-day-old Sabouraud agar (HiMedia, Mumbai) startures were suspended in Sabouraud dextrosk (36iB).
Ciprofloxacin was used as the standard drug fotepat studies and Fluconazole as the standard fmufungal
studies.

Computational M ethods

Docking calculations were carried out using DocEagrerivww.dockingserver.com)[28]. Gasteiger partial
charges were added to the ligand atoms. Non-pgt#nolgen atoms were merged and rotatable bonds defired.
Docking calculations were carried out on corresfrmygrotein model. Essential hydrogen atoms, Koliraited
atom type charges, and solvation parameters wetedadith the aid of AutoDock tools [29]. Affinityg(id) maps,
0.375 A spacing were generated using the Autogdnam [30]. AutoDock parameter set- and distaregeddent
dielectric functions were used in the calculatiof the van der Waals and the electrostatic terms,
respectively.Docking simulations were performechgsihe Lamarckian genetic algorithm (LGA) and theisS&
Wets local search method [31].

RESULTSAND DISCUSSION

Chemistry

General procedurefor the synthesis of 3,5-dichloro-2,6-diarylpiperidin-4-ones (11-17)

A mixture of ammonium acetate (1 mmol), the respectubstituted benzaldehyde(2 mmol) and 1,3-dicioetone
(2 mmol) were dissolved in ethanol(80 mL) and tbkition was heated on a hot plate with gentle smgruntil the
colour of the mixture changed to orange. The m&twas cooled and poured into diethyl ether (100 @uhd
concentrated hydrochloric acid (14 mL) was adddwk precipitated hydrochloride salt of the produaswollected
by filtration and recrystallized from the ethandther mixture. The hydrochloride salt was then dispé in acetone
and aqueous ammonia was added drop wise untilaa stdution was obtained. The clear solution wasrgad into
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cold water and the solid precipitation was colldc@nd recrystallized from ethanol.The syntheticteois
outlinedirschemel.
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Scheme 1: Synthetic route for the target compounds (11-17)

The yields and melting points of the newly syntheditarget compounds were tabulated and givenhteTa

Table 1:Physical data for the newly synthesized compounds 11-17

Compound X Yield (%) Mp (°C)

11 H 81 92-96

12 CHs 70 124-128
13 OCHs 69 146-150
14 Cl 63 82-86

15 F 72 148-150
16 Br 60 150-152
17 NO, 71 165-168

The structure of the target compounds were elueitlay IR spectral analysis. Further, the structasaignments of
the synthesized compounds were made by using ridsand *C NMR spectral analysis.The IR spectrum of
compound 3,5-dichloro-2,6-diphenylpiperidin-4-orid)éhowed a strong absorption band at 3510" evhich is
assigned as N-H stretching frequency. AromaticCtidtshing vibrations are observed in the range 3333336
cm® and aliphatic C-H stretching vibrations are obednin the range of 3035-2854 ¢niThe absorption band
appeared at 1744 chis due to C=0 stretching frequency.Mass spectriicompoundlL1shows Molecular ion peak
at m/z = 320 which is consistent with the proposedecular structure of the compound.

In theH NMR spectrum of compouritll, the H2and H6 protons are appeared at 4.04-4.06aumu the H3 and H5
protons are appeared at 4.73-4.75 ppmrespectiVhlyaromatic protons are appeared at 7.32-7.52gmuhthe NH
proton is appeared at 2.19 ppm.In'tleNMR spectrum of compourtl, the C2 and C6 carbons of the piperidone
ring are observed at 68.3 ppm. The carbon sigsainages at 68.1 ppm is corresponds to the C3 anch®@®n of
the piperidone ring. Thépso carbons of the phenyl ring appeared at 138.6ppththa aromatic protons are
observed in the range of 127.7-129.0 ppm. The estlgroup carbon of the piperidone ringappearetiogt 3 ppm.
The spectral data for all the compountis-17) were given below.
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3,5-Dichloro-2,6-diphenylpiperidin-4-one (11): MS (m/z) M~ = 320.2; IR (KBr) (crif): 3510 (N-H stretching),
3383-3336 (aromatic C-H), 3035-2854 (aliphatic G-Hj44 ( C=0);H NMR (ppm) : 4.72 (d, 1H, HJ=10), 4.75
(d, 1H, H, J=10), 4.04 (d, 1H, HJ=10), 4.06 (d, 1H, £0=10), 2.19 (s, 1H, H),7.32-7.52 (m, 10H, Kbn); °C NMR
(ppm): 68.1 (C-3 and C-5), 68.3 (C-2 and C-6), I2129.0 (aromatic)L38.6 {pso), 192.3 (C=0).

3,5-dichloro-2,6-bis(p-methylphenyl)piperidin-4-one(12): IR (KBr) (cm?): 3480 (N-H stretching), 3344-3323
(aromatic C-H), 3027-2949 (aliphatic C-H), 1743%@); '"H NMR (ppm): 4.14 (d, 1H, HJ=10), 4.17 (d, 1H, &
J=10), 4.06 (d, 1H, HJ=10), 4.08 (d, 1H, §J=10), 2.25 (s, 3H), 2.19 (s, 1H; § 7.17-7.31 (m, 8H, kbn); *°C
NMR (ppm): 18.54 (CH), 68.06(C-3 and C-5), 68.35(C-2 and C-6), 127294 (aromatic)138.9 and 135.8((s0),
192.4 (C=0).

3,5-dichloro-2,6-bis(p-methoxyphenyl)piperidin-4-one(13): IR (KBr) (cm?): 3402 (N-H stretching), 3347-3325
(aromatic C-H), 3035-2837 (aliphatic C-H), 1743%@); '"H NMR (ppm): 4.66 (d, 1H, K J=10), 4.68 (d, 1H, &
J=10), 3.96 (d, 1H, HJ=10), 3.98 (d, 1H, £J=10), 3.83 (s, 3H, OCH| 2.18 (s, 1H, k), 7.40-7.42and 6.92-6.94
(m, 8H, Hyon); *C NMR (ppm): 55.25 (OCH), 67.7(C-3 and C-5), 68.5(C-2 and C-6), 113.8 -Q3@romatic)
159.5 and 160.0i{s0), 192.4 (C=0).

3,5-dichloro-2,6-his(chlorophenyl)piperidin-4-one(14): IR (KBr) (cm?): 3531 (N-H stretching), 3134-3052
(aromatic C-H), 2923-2850 (aliphatic C-H), 1742(@="H NMR (ppm): 4.64 (d, 1H, k1J=10), 4.66 (d, 1H, &
J=10), 4.01 (d, 1H, HJ=10), 4.03 (d, 1H, §J=10), 2.19 (s, 1H, P, 7.42-7.46and 7.37-7.39 (m, 8H.k); *°C
NMR (ppm):67.5(C-3 and C-5), 67.9(C-2 and C-6), #2B29.4 (aromatic)35.0 and 136.91s0), 191.5(C=0).

3,5-dichloro-2,6-bis(p-fluorophenyl)piperidin-4-one (15): IR (KBr) (cmi'): 3512 (N-H stretching), 3380-3330
(aromatic C-H), 3041-2854 (aliphatic C-H), 1739%@); '"H NMR (ppm): 4.66 (d, 1H, K J=10), 4.68 (d, 1H, &
J=10), 4.02 (d, 1H, HJ=10), 4.04 (d, 1H, §J=10), 2.19 (s, 1H, P}, 7.47-7.51 and 7.08-7.14(m, 8H.4; *°C
NMR (ppm): 67.4(C-3 and C-5), 68.1(C-2 and C-6)5.41129.6 (aromaticl62.0 and 163.9[s0), 191.7 (C=0).

3,5-dichloro-2,6-bis(p-bromophenyl)piperidin-4-one(16): IR (KBr) (cm®):3402 (N-H stretching), 3383-3336
(aromatic C-H), 3035-2854 (aliphatic C-H), 1744%@); '"H NMR (ppm): 4.65 (d, 1H, K J=10), 4.67 (d, 1H, &
J=10), 4.00 (d, 1H, HJ=10), 4.02 (d, 1H, HJ=10), 2.19 (s, 1H, Y, 7.40-7.44and 7.34-7.37(m, 8Hk); °C
NMR (ppm): 67.3(C-3 and C-5), 68.2(C-2 and C-6)7.62129.4 (aromatic]138.9 and 135.8[s0), 191.6 (C=0).

3,5-dichloro-2,6-bis(p-nitrophenyl)piperidin-4-one(17): IR (KBr) (cm?): 3480 (N-H stretching), 3344-3261
(aromatic C-H), 3027-2949 (aliphatic C-H), 1744%Q@); '"H NMR (ppm): 4.64 (d, 1H, K J=10), 4.66 (d, 1H, &
J=10), 4.02 (d, 1H, HJ=10), 4.04 (d, 1H, £J=10), 2.20 (s, 1H, Y, 7.45-7.49and 7.37-7.41 (M, 8Hqkh;"°C
NMR (ppm): 67.7(C-3 and C-5), 68.3(C-2 and C-6)3.81-129.0 (aromatic159.5 and 163.9¢s0), 191.4 (C=0).

Antibacterial activity

In this study, the newly prepared compourddsl7 were tested for their antibacterial activity agaiddferent
bacterial strains. The bacterial species invegthater&taphylococcus aureuBacillus subtilis Salmonella typhiji
Escherichia coliVibreocholeragKlebsilla pneumoni&he antibacterial potency of the synthesized comgswas
compared with Ciprofloxacin, a standard drug, usihgir minimum inhibitory concentration (MIC) by r&d
dilution method; the values are summarizedTable 2. Close surveys of the MIC values indicate thatthd
compounds exhibited a varied range (12.5+20@L) of antibacterial activity against all the e bacterial strains.
From the zone of inhibition of the compounds tedi@dantibacterial activity,l1 and 14 againstS. aureus 14
againstB. Subtilis,15 againstS. typhiandE. coli exhibit better activity. Similarly, compounds, 15 and17 against
V. Choleraand compountb againstK. pneumoniaxhibit better activitywhile rest of the compoundkow
moderate to poor activity. But, the compouridsagainstS. aureus17 againstB. Subtilid3 and 14 againstE.
coliand compound4l and 13 againsK. pneumonihave negligible activity. However, the antibactesativity of
compoundl13, 15 and 17 againstS. typhare found to be good when compared to other comgmuBimilarly,
compound$4, 15and 17 againstV. Cholerae,are found to be good when compared to other congsounhe
compoundl4againstS. aureusB. Subtili@ndV. Choleraand compound5 againstS. typhi,E. coli,V. Choleraand
K. pneumoniaxhibit significant inhibition of MIC at 12.;g/mL.Likewise, the compoundslagainstS. aureus
13againstS. typhand17againsE. typhiandV. Choleraexert significant activity at a minimum concentoatiof 12.5
ug/mL. Among the tested compoundd414{l7), compound llagainst E. coliand compountbagainst K.
pneumonidid not show any inhibition even at a maximum caondion of 200ug/mL.
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Table 2:1n vitro antibacterial activitiesof 11-17 againgt clinically isolated bacterial strains

Minimum inhibitory concentration (MIC) ing/mL

Compound
S.aureus B.subtilis S.typhi E.coli V.cholera&. pneumonia
11 125 25 25 - 25 100
12 25 50 50 50 50 25
13 100 50 12.5 200 25 100
14 125 12.5 25 100 125 25
15 50 25 12.5 12.5 12.5 12.5
16 50 25 25 25 25 -
17 25 100 125 50 125 50
Ciprofloxacin 12.5 125 125 25 125 25

‘—' no inhibition even at a higher concentration2f0.g/mL

Antifungal activity

In the case of antifungal activity, compout®l againstA. nigerandcompountb againstA. flavugxhibit excellent
activity. However, they show moderate activity agairest of the tested organisms. Besides, compbucthibits
significant activity againgt. flavus, C. albicarend Rhizopusompound12 exhibits significant activity against
niger, C. albicanandRhizopuscompoundl3 exhibits significant activity again&t nigerand compound6 exhibits
significant activity againgt. flavusvith a growth inhibition value of 12uf/mL.The compound$l againstA. niger,
12 againsA. flavus, 13againstMucor, 13and 17 againsC. albicans,14againstRhizopuand 1lagainstCandida
6show only a negligible activity with the inhibitiaczoncentration value of 106g/mL.Among the compound4.1-
17) against the tested fungal strains, the compd2radjainstCandida 6¢compoundl3againstRhizopus;ompound
15 againstMucor and compountifagainstCandida @lid not show any inhibition even at a maximum caoicion
of 200 ug/mL.The remaining compounds showed their growttibiition against the various tested fungal strans
the range of 25-5@ymLand which can be assigned as less to modectitétya The antifungal potency of the
synthesized compounds was compared with Fluconazlstandard drug, using their minimum inhibitory
concentration (MIC) by serial dilution method. Tlesults are summarized Trable 3.

Table 3:1n vitro antifungal activities of 11-17 against clinically isolated fungal strains

Minimum inhibitory concentration (MIC) ing/mL

Compound - - -
A.niger A.flavus Mucor C. albicans Rhizopus Cdad

11 100 25 50 25 25 100
12 25 100 50 25 25 -
13 12.5 50 100 100 - 50
14 50 25 50 25 100 25
15 25 25 - 25 50 25
16 25 12.5 25 25 25 50
17 50 25 50 100 50 -

Fluconazole 125 25 125 125 25 25

‘—' no inhibition even at a higher concentration2f0.g/mL

Molecular docking studies

Molecular docking study is a well-established tegba to determine the interaction of two molecwdes find the
best orientation of ligand would form a complexhwitverall minimum energy.From tlevitro antibacterial results,
the molecular docking was carried out for the sgatbed compoundlwith 7AHL protein is bounded well as
compared to other proteinsshowed good binding gnésgard the target protein ranging from -7.08t09%
kcal/mol. The docking results revealed that compidishshowed minimum binding energy of -7.08kcal/mol,ath
is due to dipole-dipole and hydrogen bond intecactvith amino acids of targeted protein. It wasested that the
most active compound of the series, i.e., compaoldwlas predicted to be most actiire silico too. The other
compounds likd4and16 having significant antibacterial activity are afsond to have good docking scores.

The acting force of this binding mode is mainly eegs on hydrogen bonding, electrostatic forces;deanwWaals
forces and hydrophobic interaction due to non-pmardue interaction and water structure effeeratton. Docked
ligand moleculel4 with the secondary structure of the structuralpha-hemolysiaf Staphylcoccus aureimssolid
and ribbon model is depicted Figure 1. The surface cavity with target moleculé at the active pocket of the
protein structure is depicted Figure 2.The 2D plot of hydrogen bond forming amino acidthvarget ligand and

247
www.scholarsresearchlibrary.com



M. Gopalakrishnan et al Der Pharma Chemica, 2014, 6 (5):243-250

the HB plot of interacted residues in protein and molacinteractions 0S. aureuwith compouncl4is depicted in
Figure 3& 4 respectively.

Figure 1. Docked ligand molecule 14 with7AHL proteinin Figure 2. The surface cavity with target molecule 14 at the
solid and ribbon model active pocket of the 7AHL protein
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Figure 3. 2D plot of hydrogen bond for ming amino acids of Figure 4. HB plot of the compound 14 showing inter actions
the 7AHL protein with target ligand for compound 14 with different amino acids of the 7AHL protein

Table4:Molecular docking results of the target molecules with alpha-hemolysin from Staphylococcus aureus(PDB | D: 7AHL)

Compound Binding Energ  Docking Energy InhibitionConstant Intermolec. Enerc

(kcal/mol’ (kcal/mol) (uM) (kcal/mol’
11 -6.22 -6.77 27.62 -6.84
12 -6.77 -7.19 12.84 -7.2€
13 -5.99 -6.95 42.05 -7.2¢
14 -7.08 -7.68 6.49 -7.6€
15 -6.54 -7.11 16.13 -7.17
16 -6.71 -6.20 10.60 -6.22
17 -6.97 -6.86 1.98 -8.67

Theinvitro antifungal MIC values are correlated well with bimglenergies obtainethrough molecular docking wit
Dihydrofolate ReductasgPDB ID:1AI9) of Candidaalbicangvww.rcsbh.orgDOI:10.2210/pdblai9/pdb)].Docke
ligand moleculel4 with the secondary protein structure of Crystalatire ofDihydrofolate Reductain solid and
ribbon model is depicted iRigure 5. The minimum fungal inhibition potency agai@talbican:of compoundd4,
15 and 12 showed excellent docking energies. Their bindingrgies are-9.41 -8.31 and -8.30 kcal/mol
respectively. From the corapative analysis, the above compouil4, 15 and12 shows goocin vitro antifungal
activity which is further supported by thin silicoanalysis. The results are summarized able 5.
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Table5:Molecular docking results of the target moleculeswith Dihydrofolate Reductase from Candida albicans (PDB |D: 1A19)

Binding Energ  Docking Energy Inhibition Constant Intermolec. Enerc

Compound "y - 2i/mol, (kcal/imol) (uM) (kcal/mol.
1 759 8.28 271 8.2
12 830 -8.99 112 -8.9¢
13 -7.90 -9.04 161 9.17
14 9.41 -10.09 12.36 -10.0;
15 831 -9.06 1.04 -9.0¢
16 7.48 8.18 3.29 8.3¢
17 7.18 8.29 4.25 8.2¢

From the comparative analysis, the above compol4, 15 and12shows goodn vitro antifungal activity which it
further supported by thein silicoanalysis. The above mentioned compounds utilizé¢ gmino head group t
interact with the crucial amino acid residues sashThr 58 through hydrogen borThe surface cavity withhe
molecule14 at the active pocket of the protein structure ipicted inFigure 6. The 2D plot of hydrogen bond
forming amino acids with target ligal4and theHB plot of interacted residues in prot and molecular interactions
of C. albicanswith compoundl4is depicted irFigure 7& 8 respectively.Therefore, it is pleasing to statd the
docking studies have widened the scope of devejopinew class of antimicrobial age

Figure5. Docked ligand molecule 14 with 1A19 protein in Figure 6. The surface cavity with target molecule 14 at the
solid and ribbon model active pocket of the 1A19 protein
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Figure 7. 2D plot of hydrogen bond for ming amino acids of Figure 8. HB plot of the compound 14 showing interactions
the 1AI19 proteinwith target ligand for compound 14 with different amino acids of the 1A19 protein
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CONCLUSION

A novel series of 3,5-Dichloro-2,6-diarylpiperidiienes {1-17) were synthesized in good vyields and their
structures were characterized using various spemigdysis viz., IR'H NMR, **CNMR & Mass. The antimicrobial
activity results indicated that some of the testethpounds showed the most promising antibactenileantifungal
activities. These observations may promote a furdieeelopment of our research in this field. Furttievelopment

of this group of compounds may lead to compoundé Wetter pharmacological profile than standardydrand
serve as templates for the construction of bettegsito combat bacterial and fungal infection. Aftudying the
docking poses and binding modes of the docked cang®) the necessity of hydrogen bond formation for
enhancing the activity of this class of compourais lse highly advocated.
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