Accepted Manuscript T

Journal of

MOLECULAR
STRUCTURE

Sulfonamide hybrid schiff bases of anthranilic acid: Synthesis, characterization and
their biological potential

Muhammad Nadeem Arshad, Ataf Ali Altaf, Abdullah M. Asiri, Syed Salman Shafgat, E /&f
Syed Rizwan Shafqgat

PIl: S0022-2860(19)30187-5

Naghmana Kausar, Shahzad Muratza, Muhammad Asam Raza, Hummera Rafique,

DOI: https://doi.org/10.1016/j.molstruc.2019.02.056
Reference: MOLSTR 26213

To appear in:  Journal of Molecular Structure

Received Date: 15 November 2018
Revised Date: 13 February 2019
Accepted Date: 14 February 2019

Please cite this article as: N. Kausar, S. Muratza, M.A. Raza, H. Rafique, M.N. Arshad, A.A. Altaf,
A.M. Asiri, S.S. Shafqat, S.R. Shafqat, Sulfonamide hybrid schiff bases of anthranilic acid: Synthesis,
characterization and their biological potential, Journal of Molecular Structure (2019), doi: https://
doi.org/10.1016/j.molstruc.2019.02.056.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.molstruc.2019.02.056
https://doi.org/10.1016/j.molstruc.2019.02.056
https://doi.org/10.1016/j.molstruc.2019.02.056

Sulfonamide Hybrid Schiff Bases of Anthranilic acid Synthesis,
Characterization and their Biological Potential

Naghmana Kausal, Shahzad Muratz& , Muhammad Asam Razi Hummera Rafiqué,

Muhammad Nadeem Arshid, Ataf Ali Altaf 2 Abdullah M. Asiri® €, Syed Salman Shafot
Syed Rizwan Shafqét

@Department of Chemistry, University of Gujrat, 507Guijrat, Pakistan.

P Chemistry Department, Faculty of Science, King Aladiz University, P. O. Box 80203,
Jeddah 21589, Saudi Arabia.

Center of Excellence for Advanced Materials Rese@@EAMR), King Abdulaziz University,
P. O. Box 80203, Jeddah 21589, Saudi Arabia

dDepartment of Chemistry, University of Managemerd Zechnology, Sialkot, Pakistan.
®University Malaysia Sarwak (Unimas), Malaysia.

Corresponding Author:

Dr. Shahzad Murtaza

Associate Professor, Department of Chemistry,
Faculty of Science, University of Gujrat, Gujragkistan
Email: shahzad.murtaza@uog.edu.pk



Abstract:

In the present work, the novel Schiff bases (03-80)4-chloroN-[2-(hydrazinocarbonyl)
phenyllbenzenesulfonamide (02) were synthesizedéeagting it with various aldehydes. 4-
chloroN-[2-(hydrazinocarbonyl) phenyllbenzenesulfonami@g)(was synthesized by reacting
methyl 2-{[(4-chlorophenyl)sulfonyl]amino}benzoatédl) with hydrazine. All synthesized
compounds (01-20) were characterized by using FNRR and Mass spectrometry and by
single crystal X-ray diffraction (XRD) analysis tetques. The synthesized compounds were
screened for their enzyme inhibition potential agaiAChE and BChE enzymes. Molecular
docking studies were carried out to demonstratatmat binding modes. Antioxidant potential of
the synthesized compounds was also determined. nigziyhibition assay revealed that
compounds 02 and 12 showed maximum inhibition agja®&kChE enzyme with percentage
inhibition of 91% and 83% respectively, while corapds 12 and 07 showed highest inhibition
against BChE with percentage inhibition of 92% &1%6 respectively. Molecular docking
studies supported the results of enzyme inhibiigsay with binding energy values of -8.49 Kcal
mol™ against AChE and -8.39 Kcal niohgainst BChE for compound 12. Antioxidant studies
also showed good results with percentage scaverdid§$% for both compounds 02 and 19

investigated by DPPH scavenging method.

Keywords: sulfonamide, mental disorders, dockingd&ts, hydrazine, methyl anthranilate,
DPPH
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1. Introduction

The revolutions in the field of research have esgddanany secret areas that have the potential to
resolve many known problems of the advanced wdflahy achievements have been gained in
medical sciences, such as cure of many fetal déssed$ie importance of developing new drugs,
synthesizing new materials having active pharmacmplis a better strategy. Sulfonamide and

Schiff base are the two well-known moieties presemictive drugs (Fig. 1) [1].
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Fig. 1. Biologically active drugs having Sulfonamidnd Schiff base moieties.

This research work leads to the synthesis of comg®uhaving sulfonamide and Schiff base
moieties. Sulfonamides are widely used as antirhiato[2, 3], anticancer [4, 5], anti-

inflammatory [6] and antiviral agents as well as/Hirotease inhibitors [7]. Some sulfonamide
derivatives are also well recognized as an antibodite [8]. Sulfonamides have also shown very

good cytotoxic effects against breast cancer délls Sulfonamides were the first effective



chemotherapeutic agents which were used competientigeck and treat the bacterial infection
in human beings [10-13]. Clinically sulfonamides ased to treat several urinary tract infections
and gastrointestinal infections [14]. Some sulfoitEEmderivatives were screened for their
antioxidant activity, which showed good results ][15ulfonamide being very good

phamacophore have also shown very good inhibitgainst AChE and BChE enzymes [16-18].

Schiff bases also form a group of very importanpounds having applications in biological,
industrial, pharmaceutical and many other fieldssoience. Schiff bases have antibacterial,
antifungal [19-21]and anti-tumor activity [22]Schiff base derivatives of different compounds
which can act as anticancer and anti HIV agentse hattracted the attention of modern

researchers [23]. These are also used for thartezaitof mental disorders and leprosy [24].

By keeping in mind the immense biological significa of sulfonamides and Schiff bases,
sulfonamide hybrid Schiff bases (3-20) were syn#ses and further investigated their
antioxidant and enzyme inhibition potential agaiA&shE and BChE enzymes. Likewise, to
develop structure activity relationship (SAR) ftrese synthesized compounds, the effects of

various substituents on the enzyme inhibition @gtiwere studied.
2. Materials and Methods

Analytical grade Hydrazine hydrate, 4-chlorobenzeitfenyl chloride, methyl anthranilate and
aldehydes were obtained from Aldrich (USA). NM® (and**C) were noted using JEOL- 500
MHz DELTA2_NMR Spectrometer using DMSQ-ds solvent. The selected single crystal was
analyzed by Agilent Technologies Diffractometer ldgt SuperNova-Dual source). For data
collection, it is equipped with micro-focus Cu/MoaKradiation. The data collection was
accomplished using CrysAlisPro software at 296 HEEXS-97 methods was used for structure
solution and refinement [25]. PLATON and ORTEP [26]built with WinGX were used for

figures generation.

All the X-H (X = C, N and O) hydrogen atoms werespioned geometrically and treated as
riding atoms with C—H = 0.93 A and Uiso(H) = 1.2d¢&) for aromatic carbon atoms. The
methyl hydrogens were positioned geometrically Withny-H = 0.96 A and Uiso(H) = 1.5
Ueq(C). The N-H and O-H hydrogen with N-H = 0.83 ¢30.92 (3) A, O-H = 0.76 A were



refined using riding model with Uiso (H) = 1.2 Udfj(and Uiso (H) = 1.5 Ueq(O). The Crystal

data was placed at the Cambridge Crystallographia @entre. The deposition number which is
assigned to it is 1866050. This is known as CCh@ver for molecule (09). This Crystal data
can be obtained without any charges on applicabddCDC 12 Union Road, Cambridge CB21
EZ, UK. (Fax: (+44) 1223 336-033; e-mail: data_resj@ccdc.cam.ac.uk).

2.1. Synthesis of methyl 2-{[ (4-chlorophenyl)sulfonyl] amino} benzoate (01)

Weighed amount of methyl anthranilate was dissoliregbyridine (10 mL). Solution of 4-

chlorobenzenesulphonyl chloride in pyridine waseatlthto the solution of methyl anthranilate.
Reaction mixture was allowed to stir at room terapge. The pH of this mixture was retained
up to 7 by continuous addition of sodium bicarbenato the reaction mixture. The progress of
the reaction was monitored through thin layer ctatmgraphy. The reaction mixture was filtered
to remove excess salts. White crystals of the pbdyppeared in the filtrate which were

collected and washed with cold methanol. (Scheme 1)
2.2. Synthesis of 4-chloro-N-[ 2-(hydrazinocar bonyl)phenyl] benzene sulfonamide (02)

Weighed amount of methyl 2-{[(4-chlorophenyl)sulfdjfamino}benzoate (01) was dissolved in
acetonitrile followed by addition of excess hydreziand refluxed the mixture for two hours.
After the completion of the reaction, acetonitm@s removed under vacuum. Extra hydrazine
was removed by performing ethyl acetate /wateragetion. Ethyl acetate layer was evaporated
under vacuum to get the pure product as white sdhe product was recrystallized in ethanol to

get colorless crystals of the product. (Scheme 1)

2.3. General procedure for the synthesis of Schiff bases of 4-chloro-N-[ 2-(hydrazinocarbonyl)
phenyl] benzenesulfonamide (03-20)

Stoichiometric amounts of different aldehydes andchibroN-[2-(hydrazinocarbonyl)
phenyllbenzenesulfonamide (02) were dissolved irthamol (15 mL). The mixtures were
allowed to reflux for 2 hours. The progress of teactions was monitored using thin layer
chromatography. Upon completion of reactions, sulvewere evaporated under reduced
pressure. The products were washed with cold etrarbrecrystallized by methanol to obtain
the products in good yield (above 90%). (Scheme 1)
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Scheme 1Synthesis of methyl 2-{[(4-chlorophenyl)sulfonyti@o}benzoate (01) and 4-chloro-
N-[2-(hydrazinocarbonyl)phenyl]lbenzenesulfonamid®) (@nd their Schiff base derivatives (03-
20).

2.4. Characterization
The spectral data for all the synthesized compoisitepresented here
Methyl 2-{[(4-chlorophenyl)sulfonyllamino}benzoaf@l)

Yield: 81.3%; M.F: GsH1.CINO,S; M.P: 97+1°C; FTIR (KBr pellet, cif): 1255.22 (C-O,
stretch), 1346.19 (S=0, stretch), 1676.95 (este® Cstretch), 3133.49 (NH, stretch). PNMR
(300MHz, DMSO-d: 6 = 3.67 (3H, s, CkD), 7.07-7.72 (8H, m, Aromatic CH), 10.15 (1H, s,
NH-SOy). *C NMR (DMSO-@): 51.1(CHO), 110.1 - 147.9(benzene ring), 168.5(C=0). MS
(ESI), 70 eV: m/z (%), 324 (100, [M), 310 (10), 266 (25), 175 (25).

4-ChloroN-[2-(hydrazinocarbonyl)phenyl] benzene sulfonan{ie2)

Yield: 70.4%; M.F: GaH1.CIN3O3S; M.P: 157+1°C; FTIR (KBr pellet, crf): 1337.86 (S=0O,
stretch), 1630.37 (C=0, stretch), 3272.20 {S®, stretch), 3334.70 (CON-H, Stretch), 3390.13
(NH2 sym. stretch), 3556.32 (NHanti-sym. stretch). PNMR (300 MHz, DMSQOg: & = 4.77
(2H, NH,, amine), 7.12-7.76 (8H, m, Aromatic CH), 10.10 (I NH-SQ), 11.60 (1H, NH-
NH.). *C NMR (DMSO-d): 116.4 - 145.5, (benzene rings), 164.9 (NHCO). (&Sl), 70 eV:
m/z (%), 324(100, [M]), 310 (10), 266 (20), 175 (20).



4-ChloroN-[2-({(2E)-2-[(4-chlorophenyl)methylidene]hydrazino}carbo)ptenyl]benzene
sulfonamide (03)

Yield: 85%; M.F: GoH1sClL.N3OsS; M.P: 201-202°C; FTIR (KBr pellet, ¢i): 1336.95 (S=0,
stretch), 1599.56 (N=CH, Stretch), 1651.94 (C=@gtsh), 3319.65 (NH, stretch). PNMR (300
M Hz, DMSO- @: 6=7.35 -7.79 (12H, m, Aromatic CH), 8.15 (1H, s, N9C10.16 (1H, s, NH-
SOy), 11.44 (1H, s, NH-N)}*C NMR (DMSO-@): 116.8 - 146.7, (benzene ring), 142.5 (CH=N),
162.9 (NHCO). MS (ESI), 70 eV: m/z (%), 446 (10@][*), 418 (05), 309 (10), 182 (05).

N-[2-({(2E)-2-[(4-bromophenyl)methylidene]hydrazino}carbompfienyl]-4-chlorobenzene
sulfonamide (04)

Yield: 87.1%; M.F: GgHisCIBrNsOsS; M.P: 208-209°C; FTIR (KBr pellet, ¢m: 1333.15
(S=0, stretch), 1590.20 (N=CH, Stretch), 1646.58@Cstretch), 3335.65 (NH, stretch). PNMR
(300 MHz, DMSO-¢: 6 = 7.24-7.81 (12H, m, Aromatic CH), 8.25 (1H, s,@H), 10.37 (1H, s,
NH-SO,), 11.40 (1H, s, NH-N)}*C NMR (DMSO-@): 121.7 - 141.8 (benzene ring), 142.6
(CH=N), 163.7 (NHCO). MS (ESI), 70 eV : m/z (%),1402 (100), [M]), 464 (10), 311 (10),
268 (05).

4-ChloroN-[2-({(2E)-2-[(4-N, N-dimethylaminophenyl)methylidene]hydrazino}carbonyl
phenyl] benzenesulfonamide (05)

Yield: 86%; M.F: G:H,iCIN4OsS; M.P: 147 °C; FTIR (KBr pellet, crf): 1338.44 (S=0,
stretch), 1594.03 (N=CH, Stretch), 1631.74 (C=@etsh), 3202.25 (NH, stretch). PNMR ( 300
MHz, DMSO-d :6= 2.85 (6H, s, 2Ck CHs-N), 6.78-7.83 (12H, m, Aromatic CH), 8.35 (1H, s,
N=CH), 10.78 (1H, s, NH-S£, 11.83 (1H, s, NH-N)}*C NMR (DMSO-@): 40.3 CHsN),
114.5 - 151.7 (benzene ring), 143.6 (CH=N), 16B3IACO). MS (ESI), 70 eV : m/z (%), 447
(100), [MT]"), 428 (10), 309 (10), 266 (05).

4-ChloroN-(2-{[(2E)-2-(phenylmethylidene)hydrazino]carbonyl}phenyljlzenesulfonamide(6)

Yield: 81%; M.F: GoH16CIN3OsS; M.P: 145-146°C; FTIR (KBr pellet, ¢i: 1337.75 (S=0,
stretch), 1601.89 (N=CH, Stretch), 1646.95 (C=@gtsh), 3362.50 (NH, stretch). PNMR (300
MHz, DMSO-d: 6 = 7.19-7.86 (13H, m, Aromatic CH), 8.08 (1H, s,@®H), 10.14 (1H, s, NH-



SOy, 11.43 (1H, s, NH-N)*C NMR (DMSO-@): 115.7 - 144.9 (benzene ring), 140.9 (CH=N),
163.2 (NHCO). MS (ESI), 70 eV : m/z (%), 412.25@LAM]"), 384.42 (10), 370.08 (10), 309
(10), 266(12).

4-ChloroN-[2-({(2 E)-2-[(4-nitrophenyl)methylidene]hydrazino}carborghenyllbenzene

sulfonamide (07)

Yield: 88%; M.F: GgH1sCIN4OsS; M.P: 250-251°C; FTIR (KBr pellet, ¢i): 1334.93 (S=0,
stretch), 1595.43(N=CH, Stretch), 1656.36 (C=0Cgtslr), 3313.90 (NH, stretch). PNMR (300
MHz, DMSO- &: 6 = 7.23-8.27 (12H, m, Aromatic CH), 8.51 (1H, s,@H), 10.49 (1H, s, NH-
SOy, 11.57 (1H, s, NH-N¥*C NMR (DMSO-d: 163.1 (NHCO), 115.8 - 150.7 (benzene ring),
141.9(CH=N), 163.2 (NHCO). MS (ESI), 70 eV : m/z)(%57.7 (15), [M]), 430.8 (60), 309
(12), 266 (05).

4-ChloroN-[2-({(2E)-2-[(2,4-dihydroxyphenyl)methylidene]hydrazino}tamyl)phenyl]

benzenesulfonamide (08)

Yield: 76.7%; M.F: GgH16CIN3OsS; M.P: 264-265°C; FTIR (KBr pellet, ¢i): 1323.98 (S=0,
stretch), 1605.32 (N=CH, Stretch), 1652.85 (C=@&teh), 3286.95 (NH, stretch), 3460.41 (OH,
stretch). PNMR(300 MHz, DMSO-+tb= 6.19-7.84 (11H, m, Aromatic CH), 8.67 (1H,s, N=CH
), 10.87 (1H, s, NH-S§), 11.16 (2H, s, 20H), 12.14 (1H, s, NH-NJC NMR (DMSO-d):
116.1 - 162.2 (benzene rings), 142.0 ( CH=N), 168IHCO). MS (ESI), 70 eV: m/z (%),
444.67 (15, [M]), 416.86 (10), 309 (13), 266 (05).

4-ChloroN-[2-({(2E)-2-[(4-methoxyphenyl)methylidene]hydrazino}carbtyphenyl]benzene

sulfonamide (09)

Yield: 70%; M.F: GiH1sCIN3O,S; M.P: 142°C; FTIR (KBr pellet, cm): 1337.05 (S=0,
stretch), 1599.07 (N=CH, Stretch), 1641.85 (C=@etsh), 3197.69 (NH, stretch). PNMR(300
MHz, DMSO- &: 6= 3.82 (3H, s, OCk}, 6.97-7.70 (12H, m, Aromatic CH), 8.30 (1H, s,
N=CH), 10.80 (1H, s, NH-S£, 11.73 (1H, s, NH-N)*C NMR (DMSO-d): 55.9 (CHO),
116.3 - 163.0 (benzene rings), 144.7 (CH=N), 1§BIHICO). MS (ESI), 70 eV : m/z (%), 442
(100), [M]"), 310 (10), 265 (05).



4-ChloroN-[2-({(2E)-2-[(4-isopropylphenyl)methylidene]hydrazino}carbd)phenyl]lbenzene
sulfonamide (10)

Yield: 71.3%; M.F: G3H2,CIN3OsS; M.P: 173-174°C; FTIR (KBr pellet, c'ﬁ'): 1340.25 (S=0,
stretch), 1595.64 (N=CH, Stretch), 1631.90 (C=@gtsh), 3213.31 (NH, stretch). PNMR (300
MHz, DMSO- d: & = 1.29 ( 6H, d, 2CKHCH), 3.12 (1H, sep, CH-G){ 7.22-7.86 (12H, m,
Aromatic CH), 8.29 (1H, s, N=CH), 10.23 (1H, s, Ng®,), 11.38 (1H, s, NH-N)*C NMR
(DMSO-&): 23.4 (2CHC), 36.3 (CH-CH), 116.7 - 150.9 (benzene rings), 141.0 (CH=N),.363
(NHCO). MS (ESI), 70 eV: m/z (%), 454.8 (100), [M], 426.94 (20), 311 (10), 266 (05).

4-chloroN-[2-({(2E)-2-[(2,4-dimethylphenyl)methylidene]hydrazino}caryl)phenyllbenzene

sulfonamide(11)

Yield: 80.4%; M.F: GoH20CIN3OsS; M.P: 216-217 °C; FTIR (KBr pellet, c'r]r): 1337.63 (S=0,
stretch), 1593.45 (N=CH, Stretch), 1625.73 (C=@gtsh), 3179.77 (HN, stretch). PNMR (300
MHz, DMSO- &: 6 = 2.35 ( 6H, s, 2C§J, 6.99-7.75 (11H, m, Aromatic CH), 8.31 (1H, s,
N=CH), 10.11 (1H, s, NH-S£), 11.49 (1H, s, NH-N)**C NMR (DMSO-@): 18.2-24.6 (2CH),
115.9 - 145.5 (benzene rings), 142.6 (CH=N), 1§BIHICO). MS (ESI), 70 eV : m/z (%), 441
(100), [MT]"), 413 (10), 224 (12), 309 (15), 266 (10).

4-chloroN-[2-({(2 E)-2-[(2-hydroxyphenyl)methylidene]hydrazino}carbdyphenyl]benzene
sulfonamide (12)

Yield: 70.25%; M.F: GoH16CIN3O4S; M.P: 223-224 °C; FTIR (KBr pellet, c_r]l): 1335.82
(S=0, stretch), 1609.25 (N=CH, Stretch), 1639.28QC stretch), 3271.79 (HN, stretch),
3341.66 (OH, stretch). PNMR (300 MHz, DMSGs: d = 6.92-7.71 (12H, m, Aromatic CH),
8.58 (1H, s, N=CH), 10.75 (1H, s, NH-§011.10 (1H, s, 10H), 12.10 (1H, s, NH-’RC NMR
(DMSO-&): 116.4 - 162.2 (benzene rings), 141.8 (CH=N),.aGRHCO). MS (ESI), 70 eV :
m/z (%), 428.88 (100), [M), 401 (10), 211 (15), 309 (20), 267 (100).

4-chloroN-(2-{[(2 E)-2-{[2-(trifluoromethyl)phenyl]methylidene}hydramb]carbonyl}phenyl)
benzenesulfonamide (13)

Yield: 78.4%; M.F: GiH1sCIFsN3O3S; M.P: 224 °C; FTIR (KBr pellet, ci): 1335.52 (S=0,
stretch), 1628.95 (C=0, stretch), 1597.50 (N=CHet8h), 3198.39 (HN, stretch). PNMR (300



MHz, DMSO- d: § = 6.98 - 7.78 (12H, m, Aromatic CH), 8.39 (IHNsCH), 10.19 (1H, s,
NH-SO,), 11.46 (1H, s, NH-N)®*C NMR (DMSO- d): 119.7 — 142.7 (benzene rings), 114.5
(1CRy), 142.2 (CH=N), 161.9 (NHCO). MS (ESI), 70 eV :zn{#), 480.88 (100), [M), 453
(10), 264 (20), 309 (15), 266 (10).

4-chloroN-(2-{[(2 E)-2-{[4-(trifluoromethyl)phenyl]methylidene}hydramb]carbonyl}phenyl)
benzenesulfonamide (14)

Yield: 77.3%; M.F: GiH1sCIFsN303S; M.P: 193 °C; FTIR (KBr pellet, cH): 1323.56 (S=O,
stretch), 1603.45 (N=CH, Stretch), 1659.60 (C=@etsh), 3325.42 (HN, stretch). PNMR (300
MHz, DMSO- d&: & = 6.87 - 7.79 (12H, m, Aromatic CH), 8.26 (1HNs;CH), 10.18 (1H, s,
NH-SO,), 11.47 (1H, s, NH-N)**C NMR (DMSO-@): 112.6 - 146.5 (benzene rings), 120.7
(CFs), 140.8 (CH=N), 162.5 (NHCO). MS (ESI), 70 eV :mf{#), 480.25 (100), [M), 456.08
(15), 412.17 (10), 324.17 (15).

4-chloroN-[2-({(2 E)-2-[(3-fluorophenyl)methylidene]hydrazino}carboigyhenyl]benzene
sulfonamide (15)

Yield: 81.4%; M.F: GoH1sCIFN3OsS; M.P: 196 °C; FTIR (KBr pellet, crf): 1333.42 (S=0,
stretch), 1597.50 (N=CH, Stretch), 1640.80 (C=@gtsh), 3334.96 (HN, stretch). PNMR (300
MHz, DMSO- &: 6 = 6.80-7.94 (12H, m, Aromatic CH), 8.22 (1H, s,@), 10.35 (1H, s, NH-
SOy, 11.44 (1H, s, NH-N)*C NMR (DMSO-@): 113.6 - 160.5 (benzene rings), 141.2 (CH=N),
164.1 (NHCO). MS (ESI), 70 eV : m/z (%), 430.01(Lq™] ).

4-chloroN-[2-({(2 E)-2-[(4-fluorophenyl)methylidene]hydrazino}carboigyhenyl]benzene
sulfonamide (16)

Yield: 80.4%; M.F: GoH1sCIFN;OsS; M.P: 187 °C; FTIR (KBr pellet, crf): 1334.25 (S=0,
stretch), 1602.25 (N=CH, Stretch), 1654.36 (C=@gtsh), 3323.28 (HN, stretch). PNMR (300
MHz, DMSO-a: 6 = 6.89 - 7.80 (12H, m, Aromatic CH), 8.13 (1H,Ns;CH), 10.11 (1H, s,
NH-SO), 11.45 (1H, s, NH-N)**C NMR (DMSO-@): 117.1 - 163.6 (benzene rings), 144.1
(CH=N), 162.8 (NHCO). MS (ESI), 70 eV : m/z (%),3432(100), [MT").

4-[(E){[(2-{[(4-chlorophenyl)sulfonyllamino}phenyl)carnyl]hydrazono}methyl]benzoic acid
17)



Yield: 80.4%; M.F: GiH16CIN3OsS; M.P: 267 °C; FTIR (KBr pellet, cr): 1343.56 (S=O,
stretch), 1612.69 (N=CH, Stretch), 1654.23 (C=@etsh), 1680.65 (carboxyl C=0, stretch),
3100.28 (carboxyl OH, stretch), 3269.36 (HN, stiet€NMR (300 MHz, DMSO-¢ 6 = 6.89 -
8.14 (12H, m, Aromatic CH), 8.34 (1H, s, N=CH), 2®@.(1H, s, NH-S@, 11.05 (1H, s,
COOH), 11.71 (1H, s, NH-NY:*C NMR ( DMSO- @): 115.6 - 147.2 (benzene rings), 142.7
(CH=N), 165.1 (NHCO), 173.2 (COOH). MS (ESI), 70 eXh/z (%), 456.89 (100), [M]), 429
(15), 240 (10).

(2-[()E)-{[(2-{[(4-chIorophenyl)suIfonyl]amino}phenyl)cardmyl]hydrazono}methyl]benzoic acid
18

Yield: 80.4%; M.F: GiH1CIN3OsS; M.P: 234 °C; FTIR (KBr pellet, c): 1340.23 (S=0,
stretch), 1601.50 (N=CH, Stretch), 1634.84 (C=@etsh), 1712.18 (carboxyl C=0, stretch),
3182.88 (carboxyl OH, stretch), 3301.75 (HN, stigteNMR (300 MHz, DMSO+ 6 = 6.99-
7.79 (12H, m, Aromatic CH), 8.15 (1H, s, N=CH), 09.(1H, s, NH-S@, 11.12 (1H, s,
COOH), 11.69 (1H, s, NH-N)**C NMR (DMSO-@): 119.3 - 143.8 (benzene rings), 147.5
(CH=N), 163.1 (NHCO), 169.4 ( COOH). MS (ESI), M em/z (%), 456.89 (100), [M), 429
(10), 240 (15).

4-chloroN-[2-({(2 E)-2-[(4-hydroxy-3-methoxyphenyl)methylidene]hydnaa}carbonyl)phenyl]
benzenesulfonamide (19)

Yield: 80.4%; M.F: GiH1sCIN3OsS; M.P: 229 °C; FTIR (KBr pellet, cif): 1339.60 (S=0,
stretch), 1586.37 (N=CH, Stretch), 1630.21 (C=@&tsh), 3181.95 (HN, stretch), 3455.80 (OH,
stretch). PNMR (300 MHz, DMSO-sdé = 3.78 (3H, s, OC}), 6.61-7.89 (11H, m, Aromatic
CH), 8.31 (1H, s, N=CH), 10.63 (1H, s, NH-§011.09 (1H, s, OH), 11.98 (1H, s, NH-NjC
NMR (DMSO-g;): 56.3 (OCH), 116.7 - 151.5 (benzene rings), 144.6 (CH=N),.2@BIHCO).
MS (ESI), 70 eV : m/z (%), 459 (15), [M], 431 (05), 242 (10), 311 (15).

4-ChloroN-[2-({(2E)-2-[(2E)-3-phenylprop-2-en-1-ylidene]hydrazino}carbonylgtyl]benzene
sulfonamide (20)

Yield: 70.4%; M.F: GH1gCIN3OsS; M.P: 199 °C; FTIR (KBr pellet, ci): 1340.09 (S=0,
stretch), 1599.02 (N=CH, Stretch), 1643.03 (C=@etsh), 3240.15 (HN, stretch). PNMR (300
MHz, DMSO-d: 6 = 7.28-7.69 (13H, m, Aromatic CH), 7.89 (1H, s,@\4), 10.71 (1H, s, NH-



SOy, 11.94 (1H, s, NH-N)Y*C NMR (DMSO-@): 116.7 - 141.6 (benzene rings), 135.8 (CH=N),
137.9 (CH=CH), 165.18 (NEIO). MS (ESI), 70 eV : m/z (%), 438.8 (15), [N)] 411 (20), 309
(10), 266 (15).

2.5. Biological activity
2.5.1. Enzyme Inhibition Essay

Ryan and Elman method [27] was used to evaluatgnemznhibition with little modification.
50 pL of the enzyme (AChE/BChE) was taken and mixedhv@® uL of each sample (50V)
(01-20). The mixture of each sample was allowedstand for 10 minutes. Then 50 of
substrate i.e. butyrylthiocholine chloride (0.2mk)y BChE and acetylthiocholine iodide(0.71
mM) for AChE was added to each sample along withub®.5 mM) of DTNB [5,5-dithio-
bis(2-nitrobenzoic acid)] and 5Q0Q. of phosphate buffer at pH 8 and shaked well. Thisture
was then incubated at 37 °C for 30 minutes. 5-Fhiaitrobenzoate anion was formed due to the
hydrolysis of the substrate which gave the yell@moation of the mixture. Spectrophotometric
method was used to monitor the yellow colorationdpiced due to the hydrolysis of the
substrate by measuring absorbance at 412 nm anamO@r BChE and AChE, respectively.

Following formula was used to calculate percen&ggyme inhibition for all the samples.

%age Inhibition = ( ) x 100

Where A =Absorption value of enzyme having test poonds
B = Absorption value of the enzyme wiithany test compounds

Every experiment was performed three times andageevalue was utilized. Donepzil was used

as reference drug.
2.5.2. Antioxidant assay

DPPH scavenging methodology [28] was utilized ited fthe antioxidant potential of the
synthesized compounds (01-20). 2 mL of 0.2mM ethasolution of DPPH was taken and 100

uL of 50 uM solution of the samples was added inttmcubation of the mixture was done at 37



°C for 20 minutes. Then Spectrophotometric method wsed to find the disappearance of
DPPH coloration by taking absorbanceiat 516 nm. 1mM ascorbic acid was utilized as
positive control. Following equation was used tizalate the free radical scavenging (Y%age) for

all the samples

A° — AT
AO

%age Scavenging = ( ) X 100

Where
AT = Absorbance of the sample solution, °=AAbsorbance of the DPPH solution,
2.6. Molecular Docking studies

Molecular docking studies were carried out to chenkyme and ligand interactions. Crystal
structure of enzymes AChE and BChE was acquireth f(RCSB) protein data bank. ACD
Chem sketch software was utilized to sketch theemdér structures of the ligands and 3D Pro
12.0 software was utilized to obtain 3D optimizataf the ligands and SYBYL mol2 file format
was used to save the optimized structures. Prafedscking was performed using Auto Dock
Tool v 1.5.6., 100 different configurations weréaated. One of the best conformations of the
compound was selected after visualizing all thf@mmnmations using Discovery Studio Visualizer
4.0.

3. Results and Discussion
3.1. Chemistry

Sulfonamide based Schiff bases of anthranilic astde synthesized according to Scheme 1.

Their structures were characterized by FFRNMR, *C NMR and X-ray-Crystallography.

3.1.1. FT-IR studies

Functional groups identification of all the synttzesl compounds was done using FTIR spectra.
The presence of imine linkage was confirmed with peaks in the range df= 1586.37 cni-
1612.69 crit (N=CH) and 1625.73 cth 1656.36 crit (C=0). CH aromatic stretching vibrations
lies in the region 3100-3040 and other CH pealtkérregion 2940-2800 ¢



3.1.2. *H NMR Sudies

'H NMR spectra of synthesized compounds confirmed theircstres. Compound (01) was
converted to compound (02), peak of O 3.67ppm disappeared and new peaks appeaded at
= 4.77ppm, corresponding to NHSimilarly when compound (02) was further convérte its
Schiff base derivatives (03-20), peaks appearedhénrange ofé = 7.89ppm to 8.58ppm
corresponding to their N=CH bond. Peaks correspmndlo aromatic protons were appeared
between 6.19ppm - 8.27ppm, depending upon thedfsabstituents attached to aromatic ring.
Electron donating effects of dimethyl amino, hydroand methoxyl groups increased the
electron density at ortho and para positions treised the shifting of the peak of the
corresponding H to field up (6.19ppm - 6.92ppm)compounds (05, 08, 12, 09 and 19) as
compared to 7.19ppm values protons of non-substitutng (compound 06). In contrast,
electron withdrawing group (N@roup) caused the shifting of chemical shifts doeldf(higher
ppm values up to 8.27ppm in compound 07. In comgsulti/ and 18, signal of carboxyl
hydrogen appear at 11.05ppm — 11.12ppm, becaubexgdrproton is highly de-shielded. In
compounds 09 and 19, peaks appear in the range=08.78ppm - 3.82ppm corresponding to
protons of methoxyl groups. All the spectral daia Proton NMR are in good agreement with

the structures of the synthesized compounds.

3.1.3. ®C NMR studies

13C NMR spectra also supported the molecular strastof the series. Peak of carbonyl carbon
(C=0) of ester group at 168.5ppm in compound (@) lreen shifted towards lower ppm values
at 164.9ppm in compound (02) due to the formatibamide linkage, which is in accordance
with the literature values. In compounds (03-2@glpfor imine carbon (N=C-H) appeared in the
range of 135.8ppm — 147.5ppm. Variation of the peak aromatic carbons in the range of
114.5ppm - 169.5ppm depending upon the nature lmdtguents is also in accordance with the

structures of the synthesized compounds as deddnlibe spectral data in experimental section.

3.1.4. Mass spectroscopic studies

The molecular masses of the synthesized compourets wstablished by Electron Spray
lonization (ESI) technique. The mass spectrumIahal compounds showed characteristic peaks

corresponding to [M-H] ions in negative mode and+Hj] peaks in positive mode. The



compounds (2-20) contain chlorine atom which isficored by its [M+2] isotopic peak (33%).
While in compound 03, that [M+2] peak was enhangpdo 66% due to the presence of two
chlorine atoms. All the spectral data for MS (E&i¢ in good accordance with the structures of

the synthesized compounds.

3.1.5. XRD studies

The molecules in the unit cell of the target comub(09) arranged themselves to generate the
monoclinic crystal system with one molecule in agrametric unit cell and a methanol molecule
as solvent as shown in Fig. 2 (a). The crystallpigi@ parameters are given in Table 1 while
selected bond lengths and bond angles are proud&dbles 2 and 3. The geometry around the
central S atom of sulfonamide group adopted theodesd tetrahedral geometry [29-32]. There
are the three aromatic rings in the molecule. Téretral aromatic ring (C1-C6) is oriented at
dihedral angle of 54.227 (7)° and 46.482 (8)° wébpect to the 4-chlorophenyl (C7-C12) and 4-
methoxyphenyl (C15-C20) aromatic rings. The dontmegen atom N1 at the position (X, y, z)
connects with the acceptor atom O3 via intra-mdichydrogen bonding interaction and
produced six membered ring motifs as shown in Ei(h) [33]. The root mean square deviation
for this ring (C1/C6/C13/N1/H1N/O3) is 0.1129(3)here the most deviations were observed
from the C13 = 0.11861 A and O3 = 0.1611A atomss Tihg is twisted with the dihedral angle
of 9.411(3)° with its fused ring (C1-C6) and ithedral angle with the 4-methoxyphenyl (C15-
C20) aromatic ring is 50.001 (3)°. The N2-H2N...@&eraction along-with O5-H10...03 type
intermolecular hydrogen bonding connects the mdéscalong a-axis to generate the infinite
long chains as shown in Fig. 3 (a). Another nomssilzl interaction, in which C11 acts as
hydrogen atom donor and O2 acts as acceptor atibowiog the symmetry operation -x, y+1/2,
-z+3/2, connects the chains and give rise to faonabf two-dimensional network alonap-
plane as shown in Fig. 3 (b) and Table 4.
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Fig. 2. a)ORTEP diagram of compound 09, thermal ellipsoids wesanatr at 50% probability
level. b) A unit cell view showing the intra- ander-molecular hydrogen bonding interactions
in compound 09.

v
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Fig. 3. a)Formation of long chains along the diajai b-axes for compound 09. b) A view
showing the long chain generation along a-axi€énpound 09.

Table 1

Crystal data and structure refinement for compadéd



Crystal data and structure refinement for compound09

CCDC number 1866050
Empirical formula G2H22CIN3OsS
Formula weight 475.93
Temperature/K 296(2)
Crystal system monoclinic
Space group R&
a/lA 6.6203(5)
b/A 15.8815(15)
c/A 22.143(2)
al® 90
pre 97.386(8)
v/° 90
Volume/A? 2308.8(4)
z 4
Peaic Mg/mn? 1.369
wmm* 0.294
F(000) 992.0
Crystal size/mm 0.48 x 0.42 x 0.33
26 range for data collection 6.128 to 58.134°
Index ranges -8h<8,-21<k<11, -29<1<29
Reflections collected 12501
Independent reflections 5462[R(int) = 0.0446]
Data/restraints/parameters 5462/0/299
Goodness-of-fit on ¥ 1.018

Final R indexes [I>=2 ()]  Ri=0.0597, wR= 0.1336
Final R indexes [all data] 1R 0.1243, wR=0.1701
Largest diff. peak/hole / e A 0.21/-0.34

Table 2

Bond Lengths for compound 09.

Atom Atom Length/A Atom Atom Length/A

Cl C2 1.379(4) C1303 1.243(3)
Cl C6 1.405(4) Cl14C15 1.439(4)
Cl N1  1434(4) C14N3  1.276(4)
C2 C3 1.377(4) C15C16 1.398(4)




C3 C4 1.369(5) C15C20 1.389(4)

C4 C5 1.373(4) C16Cl7 1.370(4)

C5 C6 1.395(4) C17C18 1.387(4)

C6 C13 1.479(4) C18C19 1.374(4)

C7 C8 1.384(4) Cl1804  1.363(4)

C7 C12 1.376(4) C19C20 1.374(4)

C7 S1 1759(3) C2104  1.416(4)

C8 C9 1.374(5) C2205 1.379(5)

C9 C10 1.363(5) N1 S1  1.640(3)

C10 C11 1.378(5) N2 N3  1.387(3)

C10 CI1  1.7353) O1 S1  1.420(2)

Cll Cl2 1.376(5) ©O2 S1  1.429(2)

C13 N2  1.341(4)

Table 3
Bond Angles for compound 09.

Atom Atom Atom Angle/’ Atom Atom Atom Angle/’
C2 Cl C6 120.1(3) 03 C13N2 122.0(3)
C2 Cl N1 118.5(3) N3 C14C15 123.9(3)
C6 C1 N1 121.4(2) C16C15 Cl4 123.7(3)
c3 Cc2 c1 120.4(3) C20C15 C14 119.2(3)
C4 C3 C2 120.5(3) C20C15 C16 117.0(3)
C3 C4 C5 119.7(3) C17Cl1l6 C15 120.9(3)
C4 C5 C6 121.4(3) C16C17 C18 120.6(3)
Cl Cé6 Ci13 121.1(2) C19 C18 C17 119.7(3)
C5 C6 C1 117.9(3) 04 cC18C17 115.7(3)
C5 C6 C13  121.0(3) 04 C18C19 124.6(3)
c8 C7 Ss1 120.1(2) C18C19 C20 119.3(3)
C12 C7 Cs8 120.4(3) C19C20 C15 122.5(3)
Cl2 C7 S1 119.4(2) Cil N1 31 119.82(19)
c9 cC8 C7 119.7(3) C13N2 N3 119.4(2)
Ci0 C9 C8 119.4(3) C14 N3 N2 115.0(2)
C9 C10 C11 121.6(3) C18 04 C21 117.9(3)
C9 Ci10 Ci1 119.2(3) N1 S1 C7 104.99(14)
Cl1 C10 CIh 119.1(3) O1 Ss1 C7 109.40(15)
Cl2 C11 C10 119.0(3) Ol S1 N1 105.09(14)
C7 C12 C11 119.8(3) 01 S1 02 120.28(14)
N2 C13 C6 115.8(2) 02 S1 C7 108.23(14)




03 C13 C6 122.2(3) 02 S1 N1 107.80(14)

Table 4

Hydrogen bond interactions in compound 09

D H A dD-HYA d(H-AYA dD-AYA  D-H-AP

C11H1102*  0.93 2.46 3.391(4) 176.9
C14H14 05  0.93 2.47 3.286(4) 145.9
N1 H1 O3 0.83(3) 2.06(3) 2.745(3) 141(3)
N2 H2A 05  0.92(3) 1.96(3) 2.874(3) 174(3)
O5H5A03  0.76(4) 2.13(4) 2.853(3) 160(4)

M4+X,1+Y,+Z;%1-X,1-Y,1-Z;31-X,1-Y,2-Z

3.2. Antioxidant activity

Antioxidant potential of the compounds can be deteed by carrying DPPH free radical
scavenging activity. This technique gives antioridaotential information in relatively shorter
times. The compounds possessing the ability toaetlhhe DPPH pledge this radical to form 1,1-
diphenyl-2-picrylhydrazine [34]. Deep violet colof DPPH is due to the presence of an odd
electron in it, which results in strong absorpt@n517 nm [35]. The compounds possessing
antioxidant potential cause the pairing of the etittron of DPPH, which result in decrease in
absorption at the above said wavelength. The seaudt interpreted in terms of %age scavenging
activity as compared to ascorbic acid chosen asdatd and are shown in Table 5. All the
compounds showed moderate antioxidant activitieggx2, 8 and 19 which showed very good
antioxidant activities. These compounds showed guoiyities due to the availability of —NH

and —OH groups in their structures to provide hgdroatoms to show antioxidant potential [36].

Table 5

Percentage scavenging of compounds 01-20 atlogicentration

Compounds Absorbance Percente_lge
scavenging
01 1.60 21

02 0.08 96



03 1.316 35

04 1.59 21
05 0.963 53
06 1.496 28
07 1.477 29
08 0.182 91
09 1.655 19
10 1.587 22
11 1.638 20
12 0.525 74
13 1.704 16
14 1.667 18
15 1.603 21
16 1.343 34
17 1.601 19
18 0.826 59
19 0.08 96
20 1.742 14
+ve Control 0.09
(Ascorbic acid) 95.5
DPPH 2.031

3.3. Enzyme inhibition studies

All the synthesized compounds (01-20) were chedkeditro for their inhibitory potential
against acetylcholinesterase (AChE) and butyryiokesterase (BChE) enzymes using

spectrophotometric method.

The results are interpreted as %age inhibitiolefAChE and BChE using Donepzil as standard
drug and are reported in Table 6. It is clear ftberesults that most of the compounds showed
very good inhibition against both the enzymes A@nE BChE. The most active compound was
compound 12 which showed very good inhibition po&ragainst both the enzymes, due to the
presence of -OH group as substituent. This -OHmgfoums strong H-bond associations with the
active parts of both the enzymes. Compound 02 dliswed very good inhibitions against both
the enzymes due to the presence of hydrazide lenkagt, which leads to formation of strong
association with the active pockets of both theysres through hydrogen bonding. Compound
08 also showed very good inhibition potential agaboth the enzymes, AChE and BChE due to
the presence of two -OH groups as substituentshMeiad to increased H- bond interactions
with the active sites of the enzymes. Compound|4d depicted very good activities due to the



presence of —COOH group at the aromatic ring, wieetlded to strong electrostatic forces of
attraction with the active sites of the enzymean@ounds 07, 15 and 16 showed good inhibition
against BChE enzyme, due to the presence of §#@up and F atom as substituents in the
compound. These groups also cause the formatioH-bbnds with the active sites of the
enzymes. Overall, most of the compounds showed goagme inhibition activities against both
the enzymes AChE and BChE. These outcomes have dmdghtionally proved byin-silico
studies (molecular docking). The results depict thase sulfonamide based Schiff bases can be
further studied to develop new scaffolds to cureh&imer disease.

Table 6
Percentage inhibition of compounds 01-20 againdtA@nd BChE at 50uM concentration

Compounds Percentage Inhibition Percentage Inhibition
against AChE against BChE
01 55 77
02 91 75
03 61 31
04 63 26
05 12 51
06 77 51
07 50 81
08 67 69
09 51 62
10 72 52
11 48 34
12 83 92
13 53 58
14 51 36
15 53 79
16 58 60
17 63 70
18 55 36
19 53 25
20 50 43
Donepzil 95 92

3.4. Molecular Docking Sudies

To establish SAR studies, molecular docking studieall the compounds (01-20) was carried

out to find protein ligand interactions by checkihg binding interactions of the compound with



the active pockets of the enzymes. To carry ouemgdér docking studies, Templates taken were
human BChE (PDB ID: 4BDS) and AChE (PDB ID: 4BDT)ray structures. After molecular
docking studies, the minimum binding energies efcbmpounds (01-20) calculated are given in
Table 7.

Table 7

Binding energies of selected conformations agdinstan AChE and BChE

Compound No h AChE Lowest Binding h BChE Lowest

EnergyAG in kJ morl* Binding Energy
AG in kJ morl'™
01 -9.06 -8.25
02 -8.79 -8.48
03 -11.27 -9.81
04 -10.41 -9.08
05 -9.03 -8.43
06 -9.89 -9.47
07 -8.02 -8.98
08 -7.66 -8.65
09 -9.75 -8.81
10 -10.69 -9.64
11 -8.97 -9.35
12 -8.49 -8.39
13 -5.54 -8.67
14 -8.75 -9.44
15 -0.88 -9.41
16 -8.97 -8.80
17 -4.5 -8.18
18 -8.37 -8.25
19 -9.77 -8.79
20 -9.68 -8.77
Standard -10 (HUW) —-6.83 (THA)

The molecular docking studies revealed that ma#tlstconformations of all the compounds
showed various types of interactions with the amacas of the active pockets of BChE and
AChE and are well accommodated there. For exampealization of the most potent

compound 12 in the active pocket of human AChE emeynanifested many important bonding
interactions as depicted in Fig. 4. Compound laldishes H-bonding interactions with amino
acid residues Ser-203 utilizing —OH group of aramahg, Tyr-337 using sulfonamide oxygen
and aromatic ring and with His-447 through —OH grad aromatic ring. Trp-86 shows various

types of interactions with this compound includitig-stacked interactior-sulfur interactions



with sulfonamide S, as well assigma interactions with aromatic ring. This compd also
shows hydrophobicr-r T-shaped interactions with PHE-338 and hydrophohialkyl
interactions with Trp-439, Tyr-449, Tyr-337 and 8. Moreover, amide-stacked interactions
are being shown by this compound utilizing Gly-E2id Gly-122.

21

Hydrophobicity
3.00
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1.00

0.00
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Fig. 4. Putative binding approaches of compounthé@e AChE enzyme.

Similarly, the conception of the compound 12 in #ative pocket of BChE enzyme unveiled
many significant interactions. The compound 12 ®t#ibonding interactions with amino acid
residue of catalytic triad of BChE, His-438 usingdrbgen atom of Hydroxyl group and with
Thr-120 by utilizing sulfonamide oxygen atom. Is@ldepictst-alkyl interaction with amino
acids Trp-231 and Phe-398 using Cl atom. The datadynino acid Leu-286 shows hydrophobic
alkyl interactionsIl-t T-shaped interactions are shown by Trp-82 and 3®e-Phenyl ring of
the compound 12 also showed amide-pi stackingaotems with Gly-115 and Gly-116 amino
acid residues of BChE. This compound also maksigma type of interactions with amino acid
Ala-328. Glu-197 amino acid residue of BChE shouecteostatic interactions with electron
deficient nitrogen of hydrazide portion. The assdrbending type of the compound 12 can be

found in Fig. 5.



Fig. 5. Interactions of the compound 12 with BChB[@ space; Interactions with specific amino

acid residues are shown in the box. The 3D ribleprasents the enzyme; stick model is the

lowest energy conforms of the inhibitor 12 alonghvwamino acids of BChE interacting with it.

Moreover, conception of the active compound 08 aepH-bonding interactions with amino
acid residues of anionic sub site of AChE, as hygrgroup of aromatic ring establishes H-
bonding with ‘O’ atom of Trp-86. Similarly, H-bonidteractions are shown by this compound
with amino acid residues Tyr-337 using aromatigramnd Tyr-341 using sulfonamide oxygen.
This derivative shows alkyl type interactions with Met-443, Tyr-449, 1489, Tyr-337, Pro-
446 and Trp-86 of AChE. Trp-86 and Trp-439 residoleAChE showr-sigma interactions with
under observed compound. Tyr-341 establishesulfur interactions with sulfur atom of
sulfonamide portion of the compound. Glu-202 anp-88 residues of AChE show electrostatic
7- cation type interaction with partial positivelyrarged nitrogen of hydrazide portion of the

displayed compound as portrayed in Fig. 6.
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Fig. 6. Interactions of the compound 08 with ACHBR space; Interactions with specific amino
acid residues are shown in the box. The 3D ribleprasents the enzyme; stick model is the

lowest energy conforms of the inhibitor 08 alonghvamino acids of AChE interacting with it.

The visualization of one of the compounds 08 insadive pocket of BChE enzyme revealed
many important bonding linkages. This compound tgse H-bonding interactions with
catalytic amino acid residues His-438, Ser-198,-286 and Gly-116. Amino acid residue Tyr-
332 also developgs-sigma interaction with this compound. This compbuaiso formsn-n
stacked interactions with amino acid residues, 438; Tyr-332 and Trp-82 and Phe-329 using
its aryl ring. The presumed bonding approach &f doimpound is presented in Fig. 7.
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Fig. 7. Interactions of the compound 08 with BChBR space; Interactions with specific amino

acid residues are shown in the box. The 3D ribleprasents the enzyme; stick model is the

lowest energy conforms of the inhibitor 08 alonghvamino acids of BChE interacting with it.

Similarly, docking evaluation of compound 07 agaliA€hE showed many different types of
associations. Gly-126 shows hydrogen bonding witygen of the nitro group. Similarly Trp-86
shows hydrogen bonding with sulfonamide oxygen atdym-337 also shows H-bonding with
aromatic ring of ligand 07. This compound also skavalkyl interactions with Tyr-449 and
Tyr-337. Amino acid residues Trp-439 and Tyr-33hibit hydrophobicr-n stacked bonding
interactions with the under study compound. Addéilty, this showst -t T-shaped interaction
with Trp-86 amino acid residuél-sulfur type of associations is shown by Met-448wigand
07. Amiden-stacked interactions are shown by Gly-120 and I2¥-with aromatic ring of the
compound. Glu-202 and Trp-86 show electrostati@ tgp interactions with partially positive
nitrogen of the hydrazide part of the ligand. Tending mode of compound 07 has been
exposed in Fig. 8.
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Fig. 8. Interactions of the compound 07 with ACHBR space; Interactions with specific amino
acid residues are shown in the box. The 3D ribleprasents the enzyme; stick model is the

lowest energy conforms of the inhibitor 07 alonghvamino acids of AChE interacting with it.

In continuation to our earlier discussion, it isifiol that one of the active compounds, compound
07 showed several significant interactions insidiéva pocket of BChE enzyme. It forms H-
bonding type interactions with amino acid residAsp-70, Tyr-32, Ala-199, Gly-116, Gly-117
and Pro-285x - Alkyl interactions are also shown by compoundvllith amino acid residues
His-438, Ala-328 and Trp-82. Trp-82 residue alsorf®r-sigma interactions with chlorine atom
attached to aromatic ring. Phe-329 and Trp-82 aeiavolved int-n-T-shaped interactions. All

the interactions of compound 07 with active poekdBChE are shown in Fig. 9.
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Fig. 9. Interactions of the compound 07 with BChBR space; Interactions with specific amino

acid residues are shown in the box. The 3D ribleprasents the enzyme; stick model is the

lowest energy conforms of the inhibitor 07 alonghvamino acids of BChE interacting with it.
3.5. Conclusion

In conclusion, efficient synthetic method, chardetion, antioxidant potential and enzyme
inhibition assay against AChE and BChE of anthraréicid based sulfonamides has been
described. Sulfonamide derivative was firstly swsiked starting from methyl anthranilate,
which was further derivatized to give hydrazide dahsSchiff bases. These synthesized
compounds were then evaluated for antioxidant arayrae inhibition potential against AChE

and BChE. The results showed that most of the comg® showed good enzyme inhibition
activity against AChE and BChE. The experimentaldings were further supported by

molecular docking studies. The molecular dockingults are coinciding with the experimental
results. These findings therefore encouraged tthegize new hybrid compounds having Schiff
base and sulfonamide moieties together which camphieized to be used as potent AChE and
BChE inhibitors.
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A series of new sulfonamide hybrid Schiff bases of anthranilic acid were
synthesized.

The sulfonamides bearing hydrogen donating groups showed good
Antioxidant activities.

Enzyme inhibition activity against AChE and BChE showed excellent results
due to the ability of these compounds to form H-bondings in the active
pockets of enzymes.

In-silico molecular docking studies aso supported the experimental results for
enzyme inhibition.



