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Abstract
A series of new solid esters was synthesized by using greener chemistry strategy involving simple reaction of an alcohol with sulfonamide ligand. Characterization study of these methyl (I), ethyl (II) iso-propyl (III) and n-butyl (IV) ester of 4-((4-chlorophenylsulfonamido)methyl)cyclohexane carboxylic acid was done by using FTIR, Mass and X-ray crystallography. The compounds were optimized with Gaussian software according to basis set B3LYP/ 6-31G (d) and their different parameters related to structure were calculated. Furthermore, all compounds of the series were screened for their in-vitro biological applications involving anti-bacterial (Chromohalobactor salixgens, Halomonas halofila, Escherichia coli, Staphylococcus aureus, Bacillus subtilis, and Shiegella sonnei), anti-fungal (Aspergillus niger), anti-oxidant (DPPH scavenging activity) and enzyme inhibition (acetylcholine esterase and butyrylcholine esterase) study. Sulfonamide based esters were also docked against selected enzymes (AChE and BChE) using MOE software for their mode of binding. Results obtained from these biological evaluation showed that such compounds have potential against targeted activity. 
Keywords: Sulfonamide derived esters; DFT; Docking studies; Enzyme inhibition.

1.
Introduction

Infectious diseases due to bacteria or fungi are the most leading causes of morbidity all over the world.1615

 Due to presence of amide and sulfonamide functional group entities in carboxylate esters of sulfonamide derivatives, they are found to show anti-fungal activity against Aspergillus niger and Candida albicans.14

 As anti-microbial agents, ester of N-substituted sulfonamide are found to give anti-bacterial activity against four bacterial strains i.e. P. aeruginosa, B. subtilis, E. coli and S. aureus.13

 Moreover, for the treatment of obesity and to control Type 2 diabetes, esters derived from arylsulfonamide served to give such applications.12

 esters of various compounds are found to show promising biological applications. Variety of carboxylate esters derived from sulfonamides are found to serve in the field of health by giving meritorious biological applications. Ester derived from para-tollylbenzene sulfonamide of benzoic acid has been found to show inhibition activity for enzyme lipoxygenase. Carboxylate ester derived from biphenyl sulfonamide is found to show inhibitory behavior toward carbonic anhydrase enzymes as well as its isozyme including isozyme I, II, XIV, XII and XIV.11

 Folic acid, an important chemical for synthesis of bacterial nucleic acids, is inhibited by sulfonamides which ultimately lead to death of bacterial cell. Green chemistry synthesis is the current requirement as it has no hazardous by-product. Carboxylate ester formation simply by reacting alcohol with carboxylic acid is such an example. Besides their applications in artificial flavoring of food and in perfume making,10

 Sulfa drugs having sulfonamide functionality, revolutionized the medicinal field due to their extensive biological activities.
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 Sulfonamides, form the foundation for the first drugs mainly employed as preventive and chemotherapeutic agents against different ailments.


 ADDIN EN.CITE 5

 Consequently, there is an urgent need in this area for new and improved antimicrobial agents having a broad spectrum activity against the resistant strains. Researchers throughout the world are engaged in synthesizing and designing new drugs having widespread activity to overcome this issue.
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 The development of resistance (antibacterial) in microbes against the presently antibiotics is growing in now a day. HYPERLINK \l "_ENREF_1" \o "Pfaller, 2010 #23" 
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In current research work new methyl, ethyl, iso-propyl and n-butyl esters derived from 4-((4-chlorophenylsulfonamido)methyl)cyclohexane carboxylic acid were  aimed to be synthesized. In-vitro biological study i.e. enzyme inhibition, anti-oxidant study, anti-bacterial and anti-fungal screening were also part of this research work.

2.
Experimental
2.1.
Chemical and Instruments

Chemicals like  dimethyl sulfoxide, methanol, ethanol, iso-propanol and n-butanol were purchased from Alfa Aesar and Merck chemical industries to achieve our research goals. These were of analytical grade. Infrared spectral study of compounds was done in mid IR region (4000-400cm -1) by KBr disc method using Perkin-Elmer System 100. Mass spectral study was done by ESI-MS technique.
2.2.
Synthesis of Carboxylate Esters of Sulfonamide 

20 mL alcohol (methanol for I, ethanol for II, iso-propanol for III and n-butanol for IV) was taken and then added 1 mL conc. H2SO4 as catalyst in it. 0.5 gram sulfonamide ligand was added in 20 mL alcohol till clear solution obtained. Then added this alcoholic solution to alcohol-sulfuric acid mixture and refluxed it for about 4-6 hours. Reaction mixture was made to concentrate at room temperature by slow evaporation process and ester as solid product was obtained.17
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Scheme: Synthesis of Carboxylate Esters of Sulfonamide
2.3.
Crystallography of III
The compound III was re-crystallized to support the synthesis of series of compounds being presented in this manuscript. Microscope was used for screening of suitable crystal for data collection. The selected single crystal was fixed over a glass fiber tip fascinated in a wax supported by a hollow copper rod with magnetic base. This holder was mounted on Agilent SuperNova (Dual source) Agilent Technologies Diffractometer, equipped with graphite-monochromatic Cu/Mo Kα radiation for data collection. The data collection was accomplished using CrysAlisPro software20

19

 Figures were drawn using PLATON and ORTEP-3.20

 All non–hydrogen atoms were refined anisotropically by full–matrix least squares methods.19

 and refined by full–matrix least–squares methods on F2 using SHELXL–97 in-built with WinGX.18

 at 296 K under the Mo Kα radiation. The structure solution was performed using SHELXS–97
2.4.
Biological Studies
Antibacterial Activity 
Antibacterial activity was determined according to disc diffusion method against four bacterial strains Chromohalobacter salexigens, Chromohalobacter israelensis, Halomonas halofila and Halomonas salina.21

 Bacterial medium were prepared and autoclaved for 20 min at 121°C and 15 PSI. 30 mL of the sterilized medium was poured in the petri plates and seeded with respective bacterial strains. 20 µL of sample (5mg/mL) was applied on disks with the help of micropipette. Streptomycin and ampicillin were used as reference drugs while solvents were used as negative. After incubation of 24 hr at 37°C, the zone of inhibition was measured. 

Antifungal activity

Antifungal activity was determined against two different fungal strains: Aspergillus flavus and Aspergillus niger by using the method of Samina et al., (2009) with minor modification.21

 Sterilized medium of 30 mL was poured aseptically in autoclaved petri plates and seeded with the respective fungal strain. After the solidification of the medium disks were placed on it and 20 µL of sample (5mg/mL) was applied on each disc. The plates were incubated at 25°C and the zone of inhibition was measured with Vernier caliper after 48 hours.

Antioxidant Activity
Antioxidant activity of synthesized compounds was checked according to the method of Shahwar et al., (2012) using 2, 2’-dihenyl-1-picrylhydrazyl (DPPH) radical.22

 DPPH solution was prepared as 0.0025 g/mL in methanol and 100 µL of sample (5 mg/mL) was mixed with 2 mL DPPH solution. Test tubes were kept in dark for half an hour and measured the absorbance at 517 nm using methanol as blank and gallic acid as reference standard. The scavenging of free radical was calculated using following formula;
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Enzyme Inhibition Studies

The AChE and BChE inhibition activity were performed according to the method of Ellman  et al., 196123

 with slight modifications. 100 μL test compound (5 mg/mL) was mixed with 100 μL enzyme (AChE and BChE) and incubate at 37°C for 10 minutes. After incubation 0.5 mL buffer (50 mM), 50 μL DTNB followed by addition of 50 μL substrate acetylthiocholine iodide and butyrylthiocholine iodide for AChE  and BChE respectively. After 30 minutes of incubation at 37°C, the absorbance was measured at 410 nm using UV/VIS spectrophotometer. All experiments were carried out with their respective controls in triplicate. 
The %age inhibition was calculated by the following formula;
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Where A is the optical density of blank and B is the optical density of sample.
2.5.
DFT studies

Quantum chemical calculations were performed with Gaussian 09. The results are visualized with Gauss View 5.0. The geometries of the compounds are optimized without any symmetry constraints using the hybrid functional B3LYP method 6-31G(d,p) basis set24,25
  The basis set chosen contains polarization functions on all atoms. The B3LYP method of DFT is quite reliable for the prediction of geometric and electronic properties of neutral and charged species ranging from simple molecular to polymer structures.
2.6.
Docking Studies

Docking experiments were performed via Molecular Operating Environment (MOE). Crystal structures of AChE and BChE with PDB codes 1EVE and 1P0I respectively were selected for these studies. All the water molecules were removed from the protein structure, then hydrogen atoms were added and energy optimization was carried out using default force field. The three-dimensional (3D) structures of compounds were modeled through the builder program implemented in MOE. The geometrical parameters for 3D structures of the compounds were optimized, and partial charges were calculated before docking. The 3D protonation of the downloaded enzymes were done and energy minimization of the retrieved protein molecule was carried out using default parameters of MOE energy minimization algorithm [gradient: 0.05, Force Field: MMFF94X]. The resulting model was subjected to systematic conformational search at default parameters with RMS gradient of 0.01 kcal/mol using Site Finder. For 1EVE, the active site of the prepared enzyme was defined as the residues within 10Å of the reference ligand (donepezil). However, for 1P0I (BChE), the enzyme was searched for its active site and dummy atoms were created using alpha spheres as centroids. A key tryptophan residue in AChE, Trp84 (TcAChE numbering), is conserved in BChE (Trp82). The backbone and residues were kept fixed and the energy minimization was performed. The lowest energy minimized pose was used for further analysis. Ligand-interaction module of MOE was used to calculate the 2D ligand-enzyme interactions. The view of the docking results and analysis of their surface with graphical representations were done using MOE and discovery studio visualizer.29

 
3.
Results and Discussion
The reaction was carried out in acid catalyzed media by simply reacting alcohol with sulfonamide ligand. The reaction gives water as by-product, hence the strategy is a type of green synthesis which is advantageous and environment friendly having no hazardous or harmful effects on environment. The structure and activity of the starting material (acid) has been already published by our group.30

 The reaction was monitored with TLC and after completion of reaction structure elucidation was done with FTIR, Mass spectrophotometry, NMR. The exact crystal structure of III was confirmed with XRD analysis.
3.1.
Methyl 4-((4-chlorophenylsulfonamido)methyl)cyclohexanecarboxylate (I)
White amorphous solid; yield: 76%; mp: 96 oC; molecular formula: C15H20ClNO4S; molecular mass: 345.84 g mol-1; IR (KBr, cm-1) vmax : (NH) 3270, (CH) 2922, (SO2) 1320-1158, (C=O) 1699-1432; 1H NMR (DMSO , 300 MHz): 7.65-7.80 (dd, 4H, aromatic), 3.56 (s, 3H, -CH3 ), 2.59 (t,  2H, -CH2 ), 0.79-2.24 (m, 10H, cyclohexyl ); 13C NMR (DMSO , 75 MHz): 175.8 (C - 2 ), 140.0 (C - 4′), 137.5 (C - 1′), 129.8 (C - 3' and C - 5′), 128.8 (C - 2′ and C - 6′), 51.7 (C - 1 ), 48.8 (C - 3), 42.6 (C - 1′′), 37.1 (C - 4′′), 29.4 (C - 2′′ and C - 6′′ ), 28.5 (C - 3′′ and C - 5′′); EIMS (m=z) : 344.25 [M - 1]. 

3.2.
Ethyl 4-((4-chlorophenylsulfonamido)methyl)cyclohexanecarboxylate (II)
Lustrous white amorphous; yield: 47%; m.p: 122 oC, mol. formula: C16H22ClNO4S; molecular mass: 359.87 g mol-1; IR (KBr), cm-1:  (NH) 3298, (CH) 2934, (SO2) 1321-1159, (C=O) 1727. 1H NMR (CDCl3): 7.5-7.8 (dd, 4H, aromatic), 4.8 (t, 3H, -CH3), 4.1 (q,  2H, -CH2), 1.0-2.2 (m, 10H, cyclo-H); 13C NMR (CDCl3): 175.7 (C - 3), 139.1 (C - 4′), 138.5 (C - 1′), 129.4 (C - 3' and C - 5′), 128.5 (C - 2′ and C - 6′), 60.3 (C - 1 ), 49.1 (C - 3), 43.1 (C - 1′′), 37.2 (C - 4′′), 29.5 (C - 2′′ and C - 6′′ ), 28.2 (C - 3′′ and C - 5′′), 14.2 (C - 2); ESI-MS m/z (%): 358.25 [M-1].
3.3.
iso-Propyl 4-((4-chlorophenylsulfonamido)methyl)cyclohexanecarboxylate (III)
Lustrous white crystalline; yield: 84%; m.p: 112 oC, mol. formula: C17H24ClNO4S; molecular mass: 373.89 g mol-1; IR (KBr), cm-1:  (NH)3263, (CH) 2924, (SO2) 1320-1158, (C=O) 1730-1432, ESI-MS m/z (%): 372.25 [M-1].
3.4.
Butyl 4-((4-chlorophenylsulfonamido)methyl)cyclohexanecarboxylate (IV)
Off white amorphous solid; yield: 59%; mp: 108 oC; molecular formula: C18H26ClNO4S; molecular mass: 387.92 g mol-1; IR (KBr, cm-1) vmax: ((NH) 3267, (CH) 2931, (SO2) 1323-1159, (C=O) 1725-1431; 1H NMR (DMSO, 300 MHz): 7.65-7.80 (dd, 4H, aromatic), 4.00 (t, 2H, H-4 ), 2.58 (t,  2H, H-6 ), 1.54-2.21 (m, 10H, cyclohexyl ), 0.87 (t,  3H, H-1 ), 1.20 (m,  2H, H-2 ), 1.47 (m,  2H, H-3 ); 13C NMR (DMSO , 75 MHz): 175.4 (C - 5 ), 140.0 (C - 4′), 137.5 (C - 1′), 129.8 (C - 3' and C - 5′), 128.8 (C - 2′ and C - 6′), 63.8 (C - 4 ), 48.9 (C - 5), 42.8 (C - 1′′), 37.1 (C - 3), 30.6 (C - 4′′), 29.4 (C - 2′′ and C - 6′′ ), 28.5 (C - 3′′ and C - 5′′), 19.0 (C - 2), 14.0 (C - 1); ESI-MS m/z (%): 386.33 [M - 1]. 

3.5.
Crystallography of III
Molecule (III) is ornamented with the methyl, methylene, methine and aromatic hydrogen atoms along with the N-H atom. All the aromatic C-H hydrogen atoms were positioned geometrically and treated as riding atoms where C–H = 0.93 Å and Uiso(H) = 1.2 Ueq(C) for carbon atoms. The C-H bond distance are 0.96Å, 0.97Å and 0.98Å for methyl, methylene and methine groups. Uiso(H) was set to 1.5 times the Ueq(C) for methyl carbon atoms while it was set to 1.2Ueq(C) for methylene and methine carbon atoms. The N-H = 0.68(7)-0.94(4) Å, hydrogen atoms were located with difference fourier map and refined with Uiso (H) = 1.2 Ueq(N). The assigned CCDC number is 1861455. We have observed two independent molecules[(C1-C17) and (C18-C34)] per asymmetric unit cell Figure 1. The crystallographic parameters are given in Table 1 while the selected bond lengths and bond angles are provided in Table 3 and 4 respectively. The cyclohexane ring adopted the chair conformation in each independent molecule and the root mean square (r.m.s) deviations for the fitted atoms of this ring are 0.2342(4) Å and 0.2298(4) Å in molecule I and molecule 2 respectively. The puckering parameters were determined for the cyclohexane rings in each independent molecule and the parameters in black and white are Q = 0.5738, θ = 0.69 and φ = 22.3039 for the ring II (C8-C13) while Q = 0.5628, θ = 1.55 and φ = 40.732 for the ring IV (C25-C30). The geometry around the S atom is distorted tetrahedral which is typical behavior of sulfonamide functional group.
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Figure 1: ORTEP diagram of III with thermal ellipsoids were drawn at 50% probability 

level
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Figure 2: A unit cell view for III showing the intermolecular hydrogen bonding and 


formation of long chains along b-axes.

Table 1: Crystal data and structure refinement for III
	CCDC number
	1861455

	Empirical formula
	C17H24ClNO4S

	Formula weight
	373.88

	Temperature/K
	296(2)

	Crystal system
	monoclinic

	Space group
	P21

	a/Å
	16.9426(13)

	b/Å
	5.8454(3)

	c/Å
	20.5910(18)

	α/°
	90

	β/°
	112.829(9)

	γ/°
	90

	Volume/Å3
	1879.5(3)

	Z
	4

	ρcalcmg/mm3
	1.321

	μ/mm‑1
	0.334

	F(000)
	792.0

	Crystal size/mm3
	0.37 × 0.31 × 0.24

	2Θ range for data collection
	5.824 to 58.278°

	Index ranges
	-23 ≤ h ≤ 13, -7 ≤ k ≤ 7, -27 ≤ l ≤ 27

	Reflections collected
	11000

	Independent reflections
	7495[R(int) = 0.0379]

	Data/restraints/parameters
	7495/1/442

	Goodness-of-fit on F2
	1.026

	Final R indexes [I>=2σ (I)]
	R1 = 0.0729, wR2 = 0.1776

	Final R indexes [all data]
	R1 = 0.0986, wR2 = 0.2039

	Largest diff. peak/hole / e Å-3
	1.11/-0.31

	Flack Parameters
	0.02(12)


Table 2: Hydrogen Bonds for III.
	D
	H
	A
	d(D-H)/Å
	d(H-A)/Å
	d(D-A)/Å
	D-H-A/°

	N1
	H1N
	O11
	1.01(6)
	2.02(6)
	2.992(6)
	161(5)

	N2
	H2N
	O52
	0.87(6)
	2.12(6)
	2.977(6)
	169(6)

	11-X,-1/2+Y,-Z;21-X,1/2+Y,1-Z


Table 3: Bond Lengths for III.
	Atom
	Atom
	Length/Å
	Atom
	Atom
	Length/Å

	S1
	O1
	1.435(4)
	C10
	C9
	1.532(8)

	S1
	O2
	1.430(4)
	C10
	C11
	1.542(9)

	S1
	N1
	1.612(5)
	C18
	C19
	1.388(7)

	S1
	C1
	1.767(6)
	C18
	C23
	1.383(8)

	S2
	O6
	1.427(4)
	O4
	C14
	1.193(8)

	S2
	O5
	1.436(4)
	C13
	C12
	1.514(8)

	S2
	N2
	1.615(5)
	C26
	C27
	1.527(7)

	S2
	C18
	1.761(6)
	C4
	C5
	1.374(9)

	Cl1
	C4
	1.741(7)
	C4
	C3
	1.373(9)

	Cl2
	C21
	1.751(7)
	C30
	C29
	1.514(8)

	N2
	C24
	1.477(7)
	C22
	C21
	1.367(9)

	C8
	C7
	1.521(8)
	C22
	C23
	1.370(9)

	C8
	C13
	1.537(8)
	C31
	C28
	1.527(8)

	C8
	C9
	1.520(8)
	C5
	C6
	1.378(9)

	O7
	C31
	1.331(8)
	C3
	C2
	1.375(9)

	O7
	C32
	1.459(7)
	C28
	C27
	1.522(8)

	N1
	C7
	1.489(7)
	C28
	C29
	1.527(9)

	O3
	C15
	1.456(7)
	C15
	C16
	1.490(12)

	O3
	C14
	1.330(7)
	C15
	C17
	1.500(11)

	C1
	C6
	1.390(7)
	C11
	C12
	1.524(9)

	C1
	C2
	1.387(7)
	C11
	C14
	1.514(8)

	O8
	C31
	1.186(8)
	C19
	C20
	1.371(10)

	C25
	C24
	1.527(7)
	C20
	C21
	1.383(10)

	C25
	C26
	1.527(8)
	C32
	C33
	1.500(12)

	C25
	C30
	1.513(8)
	C32
	C34
	1.477(11)


 Table 4: Bond Angles for III.
	Atom
	Atom
	Atom
	Angle/˚
	Atom
	Atom
	Atom
	Angle/˚

	O1
	S1
	N1
	105.5(2)
	C3
	C4
	C5
	121.5(6)

	O1
	S1
	C1
	107.6(2)
	C25
	C30
	C29
	111.9(5)

	O2
	S1
	O1
	120.0(3)
	C21
	C22
	C23
	119.7(7)

	O2
	S1
	N1
	108.5(3)
	O7
	C31
	C28
	110.7(5)

	O2
	S1
	C1
	107.6(3)
	O8
	C31
	O7
	125.0(6)

	N1
	S1
	C1
	106.9(3)
	O8
	C31
	C28
	124.3(6)

	O6
	S2
	O5
	119.6(3)
	C8
	C9
	C10
	112.5(5)

	O6
	S2
	N2
	108.0(3)
	C4
	C5
	C6
	120.0(6)

	O6
	S2
	C18
	108.0(3)
	C4
	C3
	C2
	119.1(6)

	O5
	S2
	N2
	105.9(2)
	C27
	C28
	C31
	108.5(5)

	O5
	S2
	C18
	107.7(3)
	C27
	C28
	C29
	111.2(5)

	N2
	S2
	C18
	107.1(3)
	C29
	C28
	C31
	111.3(5)

	C24
	N2
	S2
	118.0(3)
	C28
	C27
	C26
	110.5(5)

	C7
	C8
	C13
	113.2(4)
	C5
	C6
	C1
	118.9(5)

	C9
	C8
	C7
	113.0(5)
	C30
	C29
	C28
	112.0(5)

	C9
	C8
	C13
	109.1(5)
	O3
	C15
	C16
	107.9(7)

	C31
	O7
	C32
	116.6(5)
	O3
	C15
	C17
	107.4(6)

	C7
	N1
	S1
	118.1(4)
	C16
	C15
	C17
	113.0(8)

	C14
	O3
	C15
	118.1(6)
	C12
	C11
	C10
	110.4(5)

	C6
	C1
	S1
	118.1(4)
	C14
	C11
	C10
	108.4(5)

	C2
	C1
	S1
	121.3(4)
	C14
	C11
	C12
	111.9(5)

	C2
	C1
	C6
	120.5(5)
	C20
	C19
	C18
	120.4(6)

	C26
	C25
	C24
	113.5(5)
	C19
	C20
	C21
	118.3(6)

	C30
	C25
	C24
	113.6(5)
	C13
	C12
	C11
	111.9(5)

	C30
	C25
	C26
	109.9(4)
	O3
	C14
	C11
	111.7(5)

	C9
	C10
	C11
	110.5(5)
	O4
	C14
	O3
	123.1(6)

	N2
	C24
	C25
	111.3(4)
	O4
	C14
	C11
	125.1(6)

	N1
	C7
	C8
	111.8(4)
	C22
	C21
	Cl2
	118.8(6)

	C19
	C18
	S2
	120.6(5)
	C22
	C21
	C20
	121.9(6)

	C23
	C18
	S2
	119.3(4)
	C20
	C21
	Cl2
	119.3(5)

	C23
	C18
	C19
	120.1(6)
	C22
	C23
	C18
	119.5(6)

	C12
	C13
	C8
	111.9(5)
	C3
	C2
	C1
	120.0(6)

	C27
	C26
	C25
	112.2(5)
	O7
	C32
	C33
	108.2(6)

	C5
	C4
	Cl1
	119.3(5)
	O7
	C32
	C34
	107.5(6)

	C3
	C4
	Cl1
	119.2(5)
	C34
	C32
	C33
	112.5(9)


3.6.
Antimicrobial studies
Bacteria are necessary for life function but pathogenic bacterial species are major cause of various infections in human bodies. For the treatment infections, different antibiotics are being sold in the market and among one of them is sulfa drug. Our group is also synthesizing different sulfonamide compounds and evaluating their antibacterial potential using in-vitro model. Here we aimed to check the anti-bacterial potential of I, II, III and IV against six bacterial strains i.e. C. salixgens, H. halofila, S. aureus, B. subtilis, S. sonnei, E.coli. Results obtained showed that except C. salixgens, all bacterium were inhibited by synthesized compounds. Aspergillus niger (A.niger) is the fungus that causes aspergillosis; a lung disease, for the person having extremely weak immune system.36

 For the treatment of these diseases, synthesis of anti-fungal agents is obvious. In current research work compounds I, II, III and IV are screened for their anti-fungal potential against A.niger. It was found from results that II and III are more active against fungal strain as shown in Table 5.35

 It is also common causes of fungal ear infection known as otomycosis in tropical areas.
Table 5: Antimicrobial potential of synthesized esters

	Sample
	Zone of inhibition (mm)
	

	
	Bacterial strains
	Fungal strain

	
	C. salixgens
	H. halofila
	E.coli
	S. aureus
	B. subtilis
	S. sonnei
	A. niger

	I
	NIL
	12.4±1.1
	11.1±0.5
	10.0±0.7
	NIL
	25.4±0.7
	NIL

	II
	NIL
	7.3±0.7
	15.4±0.4
	12.1±0.9
	17.5±1.1
	30.1±1.1
	4.5±0.1

	III
	NIL
	13.7±0.9
	11.3±0.8
	12.4±1.3
	15.1±0.8
	12.5±0.6
	6.5±0.3

	IV
	NIL
	14.1±1.2
	NIL
	8.5±0.8
	NIL
	15.3±1.0
	NIL

	Ampicillin
	NIL
	15.6±0.7
	33.5±1.1
	39.2±1.0
	41.3±1.3
	31.5±1.1
	-

	Fungone
	-
	-
	-
	-
	-
	-
	30.2±0.8


Chromohalobactor salixgens (C. salixgens), Halomonas halofila (H. halofila), Escherichia coli (E. coli), Staphylococcus aureus (S. aureus), Bacillus subtilis (B. subtilis), Shiegella sonnei (S. sonnei). 
3.7.
Antioxidant Potential
Reactive oxygen species (ROS) are free radicals involving hydrogen peroxide, hydroxyl ion, superoxide, hydrogen peroxide and hydroxyl free radical (.OH, OH-,.O2-,.O2-2, H2O2). Diseases caused by the overproduction of ROS in body involve chronic inflammation and autoimmune diseases, infectious diseases, cancer, sensory impairment, neurological disorders, fibrotic and cardiovascular diseases.37

 In order to treat the mentioned health disorders, use of antioxidants is imperative. The antioxidant potential of all synthesized esters has been evaluated using standard protocols and results are tabulated in Table 6. All compounds exhibited moderate to good activity except I (24.1±0.4), furthermore maximum radical scavenging activity was depicted by III comparable to standard.
3.8.
Acetylcholine/butyrylcholine Esterase Study
Acetylcholine esterase (AChE) is mainly involved in the transmission of neurotransmitter (acetylcholine) in brain. AChE hydrolyzes the acetylcholine into choline and acetate group. Over activity of AChE causes deficiency of acetylcholine hence leads to Alzheimer’s disease (AD). In order to treat Alzheimer’s disease, AChE activity must be inhibited. Butyrylcholine esterase also belongs to same class of enzyme and actively involved in Alzheimer’s disease.38

 Our research members are working on synthesis of different compounds and evaluating their enzyme inhibition potential. This work is continuity of our previous research, in which we aimed to check the inhibitory potential of I, II, III and IV against both enzymes (AChE and BChE). As shown in Table 6, all the synthesized compounds gave moderate to good enzyme inhibition activity. The order of enzyme inhibition against AChE; III>IV>I>II while I>IV>III>II against BChE.
Table 6: Enzyme inhibition and antioxidant potential of synthesized esters

	Sample
	Enzyme Inhibition (%)
	Antiradical Scavenging (%)

	
	AChE
	BChE
	

	I
	47.3±0.5
	55.4±0.7
	24.1±0.4

	II
	41.7±0.9
	32.2±0.4
	61.4±1.2

	III
	60.4±1.4
	47.7±1.1
	77.9±1.3

	IV
	58.1±1.1
	54.5±0.9
	63.3±0.9

	Gallic acid
	-
	-
	91.1±0.9


Table 7: Docking results of synthesized esters
	Sr No
	Docking Score
	Binding Affinity ( Kcal/mol)

	
	AChE
	BChE
	AChE
	BChE

	
	1EVE
	1POI
	4BDS
	1EVE
	1POI
	4BDS

	I
	-10.2116
	-9.8558
	-11.6188
	-6.9708
	-5.2680
	-5.4057

	II
	-10.9667
	-10.5598
	-11.2390
	-6.5568
	-5.4028
	-4.7353

	III
	-12.6362
	-10.8013
	-12.4252
	-6.5128
	-5.0774
	-4.7111

	IV
	-11.7883
	-10.4357
	-12.1566
	-7.3311
	-5.6446
	-5.5252
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Figure 3: Interactions of synthesized esters with AChE (1EVE)
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Figure 4: Best docking-poses of the synthesized compounds in the binding site of 1EVE 
All four synthesized esters were docked with AChE (1EVE) and BChE (1POI and 4BDS) by downloading their respective PDB files from internet source using MOE software. The solvent molecules were eliminated and structures of enzyme and compounds were minimized before docking. The interaction of molecules with different amino acids residue at active site were shown in figure 3. Esters showed different types of interactions with residues such as hydrogen bonding, van-der Waals, pi-pi interaction, among them some are weak while others bind the inhibitor to the active site rigidly. In AChE, inhibitors (esters) showed interactions with Phe288, Trp84, Tyr121, Ser122, Trp279, Phe290, Arg289, Phe331, Tyr334, His440, Asp72, Ser31, Tyr130, Gly123 and Gly118. Maximum interaction was depicted by III with docking score and binding affinity -12.6362, -6.5128 respectively while others have close results (Table 7). I interact with Trp84 at anionic site, His440 at catalytic triad and Phe288 located at acyl pocket.  Phen290, Trp84, Tyr334 and Phe288 are the amino acid residues exhibited different interaction with II. In case of III, the amino acid residues at peripheral anionic site (PAS) Tyr70, Asp72, Tyr334, Tyr130 are interacted with inhibitor while Trp84 and Tyr130 located at anionic site also stabilized the molecule. The IV ester also interact with Trp84, Tyr121, Tyr 334 and His440 locate at anionic, PAS and catalytic triad of the AChE (IEVE) as shown in figure 4.

The synthesized inhibitors were also docked with BChE using PDB files; 1POI and 4BDS. It was depicted from results that III exhibited highest binding score -10.8013 and -12.4252 against 1POI and 4BDS respectively. The order (1POI) of remaining with respect to binding score was II>IV>I while in 4BDS it was IV>I>II as shown in table 7. The inhibitors showed the interactions with Trp82, Thr120, Ser198, Gly116, Try332, His438, Gly117, Trp231, Val288, Glu197, Leu286 and Pro285 in case of 1POI while in 4BDS Trp82, Thr120, His438, Gly117, Tyr440, Tyr332 are Ala328 major residues which bind to the inhibitors (Figure 5-8). I showed hydrogen binding with Gly117 and Trp231 while hydrophobic interaction with His438 and Trp82. The II depicted pi-pi interaction with Trp82 at anioic site while hydrogen bonding with Val288 located at acyl pocket of 1POI. Similarly Val288 and Trp82 are the major interactions of the III with enzyme. It was observed that different residues such as Trp82, Glu197, His438, Gly117 etc. interact with hydrogen bonding with the inhibitor (IV). On the active site of 4BDS, all four esters mainly interact with Trp82, Thr120, Tyr440 and I, II and III are further stabilized by interaction with Ala328.
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Figure 5: Interactions of synthesized esters with BChE (1POI)
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Figure 6: Best docking-poses of the synthesized compounds in the binding site of 1POI

[image: image30.jpg].........




 [image: image31.jpg]


 




I





II

[image: image32.jpg]


      [image: image33.jpg]


 




III





IV

Figure 7: Interactions of synthesized esters with BChE (4BDS)
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Figure 8: Best docking-poses of the synthesized compounds in the binding site of 4BDS
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Figure 9: Optimized structures of synthesized compounds
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Figure 10: HOMO-LUMO energy diagram of synthesized esters 

3.9.
Computational Studies

DFT study of the targeted compounds was carried out using Gaussian software while optimized structures were visualized in Gauss view 5. The structures of the all compounds were optimized using basis set B3LYP and bond lengths and bond angels of III were compared with experimental data (XRD results). It was depicted from results that there is close resemblance between experimental and theoretical results. HOMO and LUMO were also drawn and energy gap between these was calculated and it was found that I, II and IV have very small difference in 
the energy gap ranged from 0.4274 to 0.4278 while III has 0.4625 as shown in Table 8 and figure 10.  Others parameter such as chemical potential, chemical hardness, electronegativity, hartree energy, ionization potential, electron affinity, dipole moment, nuclear repulsion energy, Gibbs free energy were also calculated and presented in table 8. It was clear from results that there are slight variation among the values of calculated parameters which suggested the presence of same functionality and having similar physical and chemical properties of the molecules. 

	Table 8: Global chemical reactivity indices of synthesized esters

	Esters
	I
	II
	III
	IV

	µ  (chemical potential)
	-0.1402
	-0.1405
	-0.1540
	-0.1398

	ŋ  (chemical hardness)
	0.2138
	0.2139
	0.2312
	0.2137

	X (electronegativity)
	0.1402
	0.1405
	0.1540
	0.1398

	HOMO
	-0.3540
	-0.3544
	-0.3852
	-0.3535

	LUMO
	0.0736
	0.0734
	0.0772
	0.0739

	(LUMO-HOMO)
	0.4276
	0.4278
	0.4625
	0.4274

	Energy (hartree)
	-1816.3955
	-1777.5706
	-1858.7156
	-1894.0337

	Ω
	-0.1402
	0.1405
	0.154
	-0.0193

	IP (ionization potential)
	0.3540
	0.3544
	0.3852
	0.3535

	EA (electron affinity)
	-0.0736
	-0.0734
	-0.0772
	-0.0739

	Dipole moment
	5.8484
	5.8946
	2.9289
	6.2044

	Nuclear Repulsion energy
	2111.4097
	1983.1852
	2359.5095
	2341.0539

	Gibbs Free Energy
	-1816.1263
	-1777.3305
	-1858.3458
	-1893.7086

	Enthalpy
	-1816.0521
	-1777.2589
	-1858.2654
	-1893.6267


Conclusion
In current research work, a series of methyl (I), ethyl (II) propyl (III) and butyl (IV) esters of 4-((4-chlorophenylsulfonamido)methyl)cyclohexane carboxylic acid has been synthesized. Characterization of these compounds was done by FT-IR and Mass spectrometric and NMR techniques while III was confirmed with X-ray crystallography. All compounds were screened for their biological applications involving anti-bacterial, anti-fungal, enzyme inhibition and anti-oxidant studies. Results showed that synthesized molecules have biological potential against tested activities. HOMO and LUMO was drawn after optimizing the structures with Gaussian and computational analysis was done to check binding mode of III compound. 
Conflict of Interest 

All authors declared that they have no conflict of interest.

Acknowledgment

The help of Higher Education Commission is acknowledged for funding this study under the Project No. 20-2549/NRPU/R&D/HEC/12. 

References
1. M. Pfaller, D. Diekema, D. Gibbs, V. Newell, D. Ellis, V. Tullio, A. Rodloff, W. Fu and T. Ling, Journal of clinical microbiology 2010, 48, 1366-1377.

2. H.-S. Lee and Y. Kim, J. Microbiol. Biotechnol 2016, 26, 610-617.

3. N. Robbins, P. Uppuluri, J. Nett, R. Rajendran, G. Ramage, J. L. Lopez-Ribot, D. Andes and L. E. Cowen, PLoS pathogens 2011, 7, e1002257.

4. D. Wagner, A. Sander, H. Bertz, J. Finke and W. Kern, Infection 2005, 33, 397-400.

5. R. Sribalan, V. Padmini, A. Lavanya and K. Ponnuvel, Saudi Pharmaceutical Journal 2016, 24, 658-668.

6. J. N. Soni and S. S. Soman, European journal of medicinal chemistry 2014, 75, 77-81.

7. O. A. Phillips, E. E. Udo, M. E. Abdel-Hamid and R. Varghese, European journal of medicinal chemistry 2009, 44, 3217-3227.

8. O. A. Phillips, E. E. Udo, A. A. Ali and S. M. Samuel, European journal of medicinal chemistry 2007, 42, 214-225.

9. S.-Y. Kim, H. B. Park, J.-H. Cho, K. H. Yoo and C.-H. Oh, Bioorganic & medicinal chemistry letters 2009, 19, 2558-2561.

10. A. Bendjeddou, T. Abbaz, A. Ayari, M. Benahmed, A. Gouasmia and D. Villemin, Oriental Journal of Chemistry 2016, 32, 799-806.

11. A. Ali, G. K. K. Reddy, H. Cao, S. G. Anjum, M. N. Nalam, C. A. Schiffer and T. M. Rana, Journal of medicinal chemistry 2006, 49, 7342-7356.

12. G. Mustafa, I. U. Khan, M. Ashraf, I. Afzal, S. A. Shahzad and M. Shafiq, Bioorganic & medicinal chemistry 2012, 20, 2535-2539.

13. G. La Regina, A. Coluccia, V. Famiglini, S. Pelliccia, L. Monti, D. Vullo, E. Nuti, V. Alterio, G. De Simone and S. M. Monti, Journal of medicinal chemistry 2015, 58, 8564-8572.

14. G. R. Bebernitz, Google Patents, 2010.

15. Y. Genç, R. Özkanca and Y. Bekdemir, Annals of clinical microbiology and antimicrobials 2008, 7, 17.

16. B. Singh, A. Maheshwari, G. Dak, K. Sharma and G. Talesara, Indian journal of pharmaceutical sciences 2010, 72, 607.

17. M. Danish, A. Bibi, K. Gilani, M. A. Raza, M. Ashfaq, M. N. Arshad, A. M. Asiri and K. Ayub, Journal of Molecular Structure 2019, 1175, 379-388.

18. R. Bikas, P. M. Anarjan, S. W. Ng and E. R. Tiekink, Acta Crystallographica Section E: Structure Reports Online 2012, 68, o193-o193.

19. G. M. Sheldrick, Acta Crystallographica Section A: Foundations of Crystallography 2008, 64, 112-122.

20. L. J. Farrugia, Journal of Applied Crystallography 2012, 45, 849-854.

21. S. Shahid, M. A. Raza and S. Ur-Rehman, African Journal of Biotechnology 2009, 8.

22. D. Shahwar and M. A. Raza, Asian Pacific journal of tropical biomedicine 2012, 2, 547-550.

23. G. L. Ellman, K. D. Courtney, V. Andres Jr and R. M. Featherstone, Biochemical pharmacology 1961, 7, 88-95.

24. A. D. Becke, The Journal of chemical physics 1993, 98, 5648-5652.

25. N. Kumar, V. Pruthi and N. Goel, Journal of Molecular Structure 2015, 1085, 242-248.

26. A. Ilyas, N. Muhammad, M. A. Gilani, K. Ayub, I. F. Vankelecom and A. L. Khan, Journal of Membrane Science 2017, 543, 301-309.

27. S. Sherzaman, M. N. Ahmed, B. A. Khan, T. Mahmood, K. Ayub and M. N. Tahir, Journal of Molecular Structure 2017, 1148, 388-396.

28. R. U. Nisa and K. Ayub, New Journal of Chemistry 2017, 41, 5082-5090.

29. I. Daoud, N. Melkemi, T. Salah and S. Ghalem, Computational biology and chemistry 2018, 74, 304-326.

30. M. Danish, R. A. Butt, M. N. Tahir, M. Ashfaq, S. T. Hafeez, M. N. Ahmed and H. Qureshi, 结构化学 2017, 11.

31. M. N. Arshad, A. M. Asiri, K. A. Alamry, T. Mahmood, M. A. Gilani, K. Ayub and A. S. Birinji, Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 2015, 142, 364-374.

32. M. N. Arshada, T. Mahmoodc②, A. F. Khand, M. Zia-Ur-Rehmane, A. M. Asiria, I. U. K. RIFFAT-Un-Nisac, K. Ayubc and A. M. M. T. Saeeda, 结构化学 (JIEGOU HUAXUE) 2015, 34.

33. M. Arshad, O. Şahin, M. Zia-ur-Rehman, I. Khan, A. Asiri and H. Rafique, Journal of Structural Chemistry 2013, 54, 437-442.

34. M. N. Arshad, O. Şahin, M. Zia-ur-Rehman, M. Shafiq, I. U. Khan, A. M. Asiri, S. B. Khan and K. A. Alamry, Journal of Chemical Crystallography 2013, 43, 671-676.

35. E. Schuster, N. Dunn-Coleman, J. Frisvad and P. Van Dijck, Applied microbiology and biotechnology 2002, 59, 426-435.

36. G. Beaney and A. Broughton, The Journal of Laryngology & Otology 1967, 81, 987-997.

37. K. Brieger, S. Schiavone, F. J. Miller Jr and K.-H. Krause, Swiss medical weekly 2012, 142, w13659.

38. P. T. Francis, A. M. Palmer, M. Snape and G. K. Wilcock, Journal of Neurology, Neurosurgery & Psychiatry 1999, 66, 137-147.



29

_1551531658.unknown

_1613235184.cdx

_1406480525.unknown

