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ABSTRACT

In recent days, spread of fungal, viral and micadbinfections and their resistance to antibiotiosmpel us to
develope new, powerful and effective pharmacedufiess cinnamic acid esters of salicylanides ardlssgized and
evaluated for their antimicrobial activity in vitrd\ll the compounds are characterized by spectnpisctechniques
such as FTIR, HNMR, C3® NMR and Mass. Molecular docking of these compousdsarried out in silico.
Molecular docking of these compounds is carriedwaith enzymé-Ketoacyl-acyl carrier protein synthase Il from
Escherichia coli (ecKAS 11l pdb id: 1HNJ) as a rptar responsible for growth of bacteria. The residhowed that
all Cinnamic acid esters of salicylanides are gauhibitors of s-Ketoacyl-acyl carrier protein synthase lIl.
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INTRODUCTION

Due to the frequent utilization of antibiotics, mdorganism’s develope resistance against theséiatits and
cause health hazards to human beings and thestdieles. Therefore there is a need to develope aredveffective
antibiotics with very less side-effects.

Salicylanides and their derivatives are the impurtdass of compounds which show broad spectrutriabgical

activities [1-21], Salicylanides and their derivas are substantial building blocks in medicinad @harmaceutical
chemistry [22]. The expunging property of SalicytEnderivates makes it significant constituent ls&maceutical
chemistry. The wide range of biological propertidsSalicylanides make them crucial synthetic molectargets
for many researchers. In previous paper, we havetiomed different salicylanides and also investgatheir

antibacterial activity in vitro [23].

In the present study, Cinnnamic acid esters ot$alnides are synthesized using coupling agent R@Cscreened
for their antimicrobial activity in vitro. Esterifation is carried out by converting hydroxyl grafisalicylanide into
ester group to investigate the effect of functiogiaup transformation on antimicrobial activity. éde compounds
are exposed to four bacterial strains including gneim positive, two gram negative bacteria andfungal strains.

Molecular docking is a tool to know the bindingardction of protein molecule with target molecteom binding

score (includes E value, E force and hydrogen berexan predict the activity of the target moleclirepresent
study for molecular docking, we have taken the em@yrom Escherichia coPp -Ketoacyl-acyl carrier protein
synthase 1l [24] (ecKAS Il pdb id: 1HNJ) as a eptor responsible for growth of bacteria and ountlsgsized

derivatives as ligands.
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MATERIALSAND METHODS

All the reagents and solvents are purchased fragm&iAldrich and they are used as received. Meltiompts are
determined using open capillaries method and tperted values are uncorrected. Infrared spectraem@rded on
FT-IR spectrometer Shimdzhu 8400S FT-IR in the eaofj4,000-400cm-1. The NMR spectra are recorded on
500MHz instrument at ambient temperature using etated dimethylsulfoxide (DMS@6) solutions of the
samples. The chemical shifésare given in ppm, with respect to tetramethylglas an internal standard. The
structures of compounds are drawn with the helpheim. draw 8.0. The mass spectra are recordé€dl@d Triple
Quadruple LC/MS modelFor Molecular docking, we used bioinformatics toditological databases like Drug
Bank, PDB (Protein Data Bank) and software’s likexHBiova discovery studio 4.5visualizer.Chem. diawsed
for effective drawings of 2D-3D structures of corapds and it helps the chemists to draw molecuéss;tions and
schematic diagrams, calculate chemical properteweniently. The 2D-3D structures of cinnamic aeglers of
Salicylanides are constructed on chem. draw 8.0 These chem. draw files are converted into pratdeita bank
files using Biova discovery studio 4.5visualizereWbtained crystal structure pfKetoacyl-acyl carrier protein
synthase Il (pdb id: 1hnj) for antibacterial adivfrom the Protein Data Bank. All these structuege utilized for
molecular docking process using software Hex 6.0.

Procedure: Synthesis of cinnamic acid ester derivatives of Salicylanides

A solution of Cinnamic acid (5 mmol), DCC (5.5 mmobBalicylanide (5 mmol) and DMAP (5 mmol) in
dichloromethane (50 mL) is refluxed for 4 hourseT)N-dicyclodexylurea is filtered off and the filtrate washed
with water(3650 mL), 5% acetic acid solution (36B0) again with water (3650 mL) and then dried ozehydrous
sodium sulphate. The solvent is evaporated undfercesl pressure to give the ester, which is chrognapihed over
a column of silica gel using petroleum ether dik#tiier (95:5, vol/vol) as eluent.

1. (E)-2-(2-chlorophenylcarbamoyl) phenyl cinnaengda)

Yield: 67% m.p.-92-9%C, IR Cm-1:1739.85 (CO ester), 1680 (CO amide),08@¢-H stretch)!HNMR: 7.95-7.0
(m, 13H), 7.64(d, 1H), 6.74 (d, 1H), 8.9 (bs , NH), *°C NMR: 164.9, 163.2, 148.1, 134.8, 132.6, 130.9.02,
128.5, 127.8,127.7,126.5, 124.8,123.4 121.9, 1ME2100 C, Anal. Calcd. For £H:cCINO5; 69.94; H, 4.27; ClI,
9.38; N, 3.71; O, 12.70 Found 69.27; H, 5.07; Q09N, 3.51; O, 12.41.

2. (E)-2-(3-methoxyphenylcarbamoyl) phenyl cinata{5b)

Yield: 69% m.p.-145-14CIR Cm-1: 1751.42 (CO ester), 1637.62(CO amide}63&1L(N-H stretchiH NMR: 8.0-
7.0 (m, 13 H) , 7.6(d, 1H), 6.7 (d, 1H), 3.7 (s,)3B.3 (bs, 1H, NH}’C NMR: 165.29, 163.5, 160.2, 148.2, 147.7,
139.0, 133.7, 132.2, 131.2, 130.0, 129.7, 129.8,9,12.28.5, 126.6, 123.3, 116.0, 112.0, 110.6,d1105.5, 55.2.
Anal. Calcd. For gH10NO, C, 73.98; H, 5.13; N, 3.75; O, 17.14 Found C, 731, 5.21; N, 3.34; O, 17.21

3. (E)-2-(phenyl carbamoyl) phenyl cinnamate (5c¢)

Yield: 64% m.p.-148-151C IR Cm-1: 1720.56 (CO ester), 1654.98(CO amid8B8389(N-H  stretchjC NMR:
165.3, 163.6, 148.2, 147.7, 137.8, 133.7, 132.1,113.30.3, 129.1, 129.0, 129.0, 128.5, 126.6,6,2423.3, 120.0,
116.0'H NMR: 7.56-7.1 (m, 14H), 7.9(d, 1H), 6.69(d, 18)3 (bs , 1H, NH) Anal. Calcd. For{,;NO; C, 76.95;
H, 4.99; N, 4.08; O, 13.98.Found C, 76.38; H, 41874.11; O, 13.50.

4  (E)-2-(3-chlorophenylcarbamoyl) phenyl cinnaengbd)

Yield: 60% m.p.-188-1ATIR Cm-1: 1718.63 (CO ester), 1654.98(CO amideR13B (N-H stretch) '"H NMR:
7.96-7.08 (m, 13H) , 7.64(d, 1H), 6.69 (d, 1H), &3 , 1H, NH)"*C NMR: 165.3, 163.6, 148.4, 148.0, 138.9,
134.7, 133.6, 132.4, 130.0, 128.9, 128.8, 128.8,4,226.2, 126.6, 124.6, 122.7, 120.06, 119.3,8.¥nal. Calcd.
For G,H1sCINO; C, 69.94; H, 4.27; CI, 9.38; N, 3.71; O, 12.70rfd\C, 70.35; H, 3.73; CI, 9.50; N, 3.52; O, 12.65

5 (E)-2-(4-bromophenylcarbamoyl) phenyl cinnanm(ae)

Yield: 66% m.p.-176-17% IR Cm-1: 1720.56 (CO ester), 1649.19(CO amid8p936 (N-H stretchjH NMR:
7.96-7.1 (m, 13H), 7.7(d, 1H), 6.68 (d, 1H), 8.B4 ( 1H, NH)**C NMR: 165.3, 165.0, 148.4, 147.7, 136.8, 132.8,
132.4, 132.4,129.1, 129.0, 128.9, 128.7, 126.6,212123.3, 122.7, 119.4, 115.8. 6 Anal. Calcd.EgHBrNO;

C, 62.57; H, 3.82; Br, 18.92; N, 3.32; O, 11.37 rd€, 62.97; H, 3.53; Br, 17.98; N, 3.12; O, 11.86.

6 (E)-2-(4-chlorophenylcarbamoyl) phenyl cinndengbf)

Yield: 62% m.p.-180-18C IR Cm-1: 1720.56 (CO ester), 1636.55(CO amid@p1353(N-H stretchH NMR:
7.92-7.2 (m, 13H) , 7.64(d, 1H), 6.65 (d, 1H), B2 , 1H, NH)"*C NMR: 165.3, 163.6, 148.4, 147.7, 136.3, 132.3,
133.6, 130.2, 129.5,129.1, 128.7, 128.5, 126.6,312R21.1, 115.8. Anal. Calcd. ForpH;sCINO; C, 69.94; H,
4.27; Cl,9.38; N, 3.71; O, 12.70, Found C, 691234.12; Cl, 9.28; N, 3.42; O, 12.62.
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7 (E)-2-(p-tolylcarbamoyl) phenyl cinnamate(5g)

Yield: 59% m.p.-140-14€ IR Cm-1: 1718.63 (CO ester), 1654.98(CO amid8R935(N-H stretch)'H NMR:
7.96-7.1 (m, 13H) , 7.64 (d, 1H), 6.6 (d, 1H), &% , 1H, NH), 2.19 (s, 3HJC NMR: 168.4, 165.3, 164.9, 148.1,
147.7, 135.3, 134.2, 132.0, 132.0, 129.7, 129.8,912128.8, 128.5, 128.1, 126.5, 126.1, 123.2,3,2P19.7, 116.4,
21.2. Anal. Calcd. For GH;sNO; C, 77.29; H, 5.36; N, 3.92; O, 13.43. Found C996H, 5.12; N, 3.32; O, 13.21.

8 (E)-2-(naphthalen-1-ylcarbamoyl) phenyl cinrzden(5h)

Yield: 67% m.p.-186-18%&, IR Cm-1: 1739.85 (CO ester), 1631.83 (CO ami@@i7.52(N-H stretchjC NMR:
165.3, 164.3, 148.3, 147.9, 134.4, 134.2, 134.2,313128.9, 128.8, 128.6, 128.4, 126.9, 126.%.5,2126.3,
127.05, 126.0, 125.8, 125.6, 123.3, 121.6, 12019,0, 116.0 'H NMR: 8.1- 7.0 (m, 16H), 7.7(d, 1H), 6.6 (d, 1H),
8.7 (bs, 1H, NH) Anal. Calcd. For,@&1;0NO; C,79.37; H, 4.87; N, 3.56; O, 12.20. Found C878H, 4.54; N,
3.45; 0,12.32.

9 (E)-2-(o-tolylcarbamoyl) phenyl cinnamate (5i)

Yield: 55% m.p.-144-14€, IR Cm-1: 1730.21 (CO ester), 1641.48(CO ami@8)5.74(N-H stretchfH NMR:
7.94-6.85 (m, 13H), 3.77 (s, 3H), 7.7(d, 1H), 616 1H), 8.2(bs , 1H, NHY¥C NMR: 165.3, 163.5, 156.5, 148.1,
133.7, 132.0, 131.1, 130.9, 130.1, 129.5, 128.8,8,2.28.5, 128.5, 126.5, 123.2, 121.8, 116.1,914nal. Calcd.
For GsHigNO; C, 77.29; H, 5.36; N, 3.92; O, 13.43. Found 781205.14; N, 4.12; O, 13.25

10 (E)-2-(4-methoxyphenylcarbamoyl) phenyl cinatn{5))

Yield: 58% m.p.-225-22C IR Cm-1: 1751.30 (CO ester), 1637.62(CO amida@}6361(N-H stretch)H NMR: 8.0-
7.0 (m, 13 H) , 7.6(d, 1H), 6.7 (d, 1H), 3.7 (s,)3B.3 (bs, 1H, NH}’C NMR: 165.29, 163.5, 160.2, 148.2, 147.7,
139.0, 133.7, 132.2, 131.2, 130.0, 129.7, 129.8,91.2128.5, 126.6, 123.3, 116.0, 112.0, 110.6,Q1105.5, 55.2
Anal. Calcd. For gH0NO, C, 73.98; H, 5.13; N, 3.75; O, 17.14. Found C9@2H, 5.54; N, 3.65; O, 17.10.

11 (E)-2-(4-nitrophenylcarbamoyl) phenyl cinnamék)

Yield: 50% m.p.-charred 266, IR Cm-1: 1724.42(CO ester), 1626.05(CO amidg2,7332(N-H stretch)}H NMR:
8.05- 7.2 (m, 13 H), 7.7(d, 1H), 6.5 (d, 1K NMR: 169.9, 169.5, 151.9, 150.2, 147.6, 13831, 132.7, 130.6,
129.4,129.3, 127.9, 124.4, 124.2, 121.4. Analc@dFor G,H1gN,OsC, 68.04; H, 4.15; N, 7.21; O, 20.60.Found C,
67.53; H, 3.85; N, 7.43; O, 20.51.

12 (E)-2-(3-nitrophenylcarbamoyl) phenyl cinnaméil)

Yield: 54% m.p.-charred 280, IR Cm-1: 1705.13(CO ester), 1672.34 (CO ami®@829.25(N-H stretch)H
NMR: 8.6- 7.3 (m, 13 H), 7.64 (d, 1H), 6.8 (d, 1HR.7 (bs, 1H, NH)'C NMR:165.15,148.4,
148.38,147.18,140.64,134.16, 132.5, 131.43,136471129.7, 129.4, 126.5,126.14,123.85, 118.6,11hal.
Calcd. For G,H:¢N,O5 C, 68.04; H, 4.15; N, 7.21; O, 20.60. Found C168H, 4.22; N, 7.22; O, 21.11

13 (E)-2-(cyclohexylcarbamoyl) phenyl cinnamatel5

Yield: 72% m.p.-70-7%C, IR Cm-1: 1724.42 (CO ester), 1633.76(CO ami@809.96(N-H stretch)!H NMR:
7.91- 7.16 (m, 9 H), 7.64(d, 1H), 6.64 (d, TH(s,1H, NH), 1.9-1.1 (m, 10H), 2.18(d, 18} NMR: 165.3,
164.7, 156.8, 147.8, 147.6, 133.8, 131.5, 129.9,112128.4, 127.7, 126.4, 116.3, 48.4, 33.9, 30R, 24.9, 24.6.
Anal. Calcd. For gH,3NO3 C, 75.62; H, 6.63; N, 4.01; O, 13.74. Found C825H, 6.32; N, 4.21; O, 12.95.

RESULTSAND DISCUSSION

Cinnnamic acid esters of Salicylanides are preparedesterification of Salicylanides with cinnandcid using
dicyclohexyl carbodiimide (DCC) as a couling ageantl dimethyl amino pyridine as a base refluxeddar hours

[25] in anhydrous dichloromethane (schemel).
—IR
N AN

O C
R H
N X _~COOH o
H . DCC, DMAR o
OH

reflux inDCM 4hrs. /

Scheme 1: Synthesis of cinnamic acid esters of Salicylanides.
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I'n vitro Antimicrobial Evaluation:

Antimicrobial properties of thirteen Cinnamic aadters of salicylanide derivatives are assayedhaghacterial
strain. This testing is carried out using disc whifobn method. Various bacterial strainStaphylococcus aureus
(NCIM 2079), Bacillus subtilis NCIM 2250), Escherichia coli(NCIM 2109), Pseudomonas aeruginosBlGIM
2036 and fungal straingCandida albicans(NCIM 3471), Aspergillus niger ICIM 545) are used as test
microorganism to evaluate the antimicrobial testiigewly synthesized compounds.

Pure culture of test bacterial strain is pickedasiioop, and the growth is transferred into a tdrgaining 5 ml nutrient
broth medium, while pure culture of test fungadistiis transferred into a tube containing 5 ml M@YP medium. The
broth culture is incubated at &7 until it achieves or exceeds the turbidity of th® McFarland standard (usually to 6
hours). The turbidity of the actively growing brathlture is adjusted with sterile saline or brathobtain turbidity
optically comparable to that of the 0.5 McFarlatehdard. This resulting suspension contains 2 %CFU/ml of
microbial cells.

Within 15 minutes after adjusting the turbidity the inoculum suspension, a sterile cotton swahipped into the
adjusted suspension. The swab is rotated severad tand pressed firmly on the inside wall of tHetabove the fluid
level. The surface of a nutrient agar plate icutated by streaking the swab over the entirelstagar surface. This
procedure is repeated by streaking several tino¢ating the plate approximately through® @&&ch time to ensure an
even distribution of inoculum. Stock solution [1060Gcrogram per ml] of each newly synthesized conmaisuare
prepared in dimethylsulfoxide (DMSO).

The sterile discs of 6 mm diameter are used in #sisay. The disc diffusion assay is carried outtdiyng
concentration 100 microorganigmer disc The discs immersed with compounds are dispengedtios surface of the
inoculated agar plate. Also, Ciprofloxacin (10 rogram/disk, Amphotericin-B (100 units/disk) [Hi-diia,
Mumbai, disc diameter 6 mm] moistened with DMSO @eeed on agar plate as standard. Each discssqmaown

to ensure complete contact with the agar surfate plates is placed in a refrigerator at %6 &r 30 minutes and then
incubated in incubator at 3Z for 24 hours. After 24 hours of incubation, eptdte is examined. The diameters of the
zones of complete inhibition including the diametethe disc are measured using Vernier callipbickvis held on the
back of the inverted Petri plate. Table lovervi¢hesantibacterial and antifungal properties.

Table1:1n vitro antibacterial activity and their cinnamic acid ester s of Salicylaindes towar dsbacteria and fungi.

Sr. No | Code Amines B.subtilis | S.aureus | P.aeruginosa | E.coli | C.albicans | A. niger
1 5a 2-chloroaniline - - - - - -
2 5b 3-methoxy aniling - - - - -

3 5c aniline - - - -

4 5d 3- chloroaniline - - -

5 5e 4-bromoaniline - - - - -

6 5f 4- chloroaniline - 11.58 - - -

7 50 p-Toludine - - - - - -
8 5h Naphthyl amine - 12.82 - - - -
9 5i o-Toludine - - - - - -
10 5j p-anisidine - - - - - -
11 5k 4-nitroaniline - 16.92 - - - -
12 5l 3-nitroaniline - - - - - -
13 5m Cyclohexyl aming - - - - - -
14 Ciprofloxacin(std.) 19.7 18.5 18.19 21.32 NA NA]
15 AmphotericinB(std.) NA NA NA NA 11.12 11.92

In case of cinnamic acid esters of Salicylanidesnmounds 5f, 5h and 5k show good antibacteriavidgtonly
against S.aureus. In all above ester derivativespypound5k shows significant antibacterial activity against
S.aureus. As we compare antimicrobial activity afilanides with their cinnamic acid ester derives, from all
the above observations it is clear that all Sainides show better antibacterial activity thanrtlo@namic acid
ester derivatives.
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Graph 1: Biological activities of Cinnamic acid esters of salicylanide
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Molecular docking

Following parameters are used for the moleculakithgcprocess.
 Correlation type — Shape + Electrostatics

FFT Mode — 3D

» Post Processing—MM Energies

* Grid Dimension — 0.6

* Receptor range — 180

» Ligand Range — 180

» Twist range — 360

» Distance Range — 40

Using all these parameters cinnamic acid esterSatitylanides are docked against wiiiKetoacyl-acyl carrier
protein synthase 11l (ecKAS IIl).

The three dimensional structure of ecKAS Il enzyimened complex with cinnamic acid esters of Sadinijdes
with good binding site. This method helps us tagthow these ester molecules fit into the activesfi-Ketoacyl-
acyl carrier protein synthase Ill. From this studg found the binding affinity of protein with tatgenolecule
(ligand). We carried out 10 docking operations dach ligand and selected top score for bindingiigffiof each
ligand-enzyme complex.
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Fig 1: Structure of receptor pB-K etoacyl-acyl carrier Fig2: compound 5awith active site of 1hnj
protein synthaselll (pdbid: 1hnj)

Table 2: Binding energies of cinnnamic acid ester s of Salicylanides

Sr. No | Compound code | E-Value | H Bond
1 5a -144.88 1
2 5b -55.94 1
3 5c -107.21 1
4 5d -67.38 1
5 5e -56.97 1
6 5f -56.27 1
7 5g -101.81 1
8 5h -119.51 1
9 5i -60.75 1
10 5] -78.86 1
11 5k -55.65 1
12 5| -124.76 1
13 5m -135.12 1

Here, we have noted that there is a variation énrésults obtained from the experimental and thmatedata. From
the above table, the results indicate that cinnaawid ester derivatives of Salicylanides show matiebinding
energy with strong hydrogen bonding. Parent Salitgdes show significant binding energy than alleotkster
derivatives that is parent Salicylanides form mstable complex with ecKAS Il enzyme with minimumeggy.
Among all the Salicylanides and its cinnamic adteederivatives compoundéa exhibit good binding affinity with
eckKAS lIl.

CONCLUSION

We have synthesized thirteen cinnamic acid estevatves successfully. All the synthesized compisirare
characterized and also checked for the antibatimich antifungal activity of these ester derivasive vitro. In all
Salicylanide esters of cinnamic acid; only compabfd5h and5k showed antibacterial activity. Further Molecular
docking of all these esters is carried out uging§etoacyl-acyl carrier protein synthase Ill fromchsrichia coli
(ecKAS Il pdb id: 1HNJ) as a receptor responsiblegrowth of bacteria in silico. Among all the estlerivatives
compoundba exhibit good binding interactions wifltKetoacyl-acyl carrier protein synthase Ill. Compds5f, 5h
and5k can be utilised as an antimicrobial agent agairair8us in future.
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