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Abstract:

In this paperN-functionalized derivatives of methyl anthranildte3) were prepared by
reacting it with various acid chlorides to give dmiderivativeq1-3) which were further
converted to benzohydrazide derivati(ds6) by reacting them with hydrazine. ThelSe
functionalized derivatives of 2-aminobenzohydrazid¢é-6) were reacted with 4-
triflouromethyl benzaldehyde to give schiff baseridsives (7-9). All the synthesized
compounds(1-9) were characterized by Mass spectrometry as welNER and FTIR
spectroscopic techniques. Single Crystal X-rayralffion analysis technique (XRD) was
utilized to analyze crystalline compoudd AChE and BChE enzymes inhibition potential
was checked for the synthesized compounds. Putdtivding approaches of screened
compounds were explored by molecular docking studignthesized compounds were also
checked for antioxidant activity. Enzyme inhibitianalysis showed that compouriand9
exhibited good AChE inhibition showing 68% and 6@&centage inhibition, respectively,
while very good BChE inhibition activities were stroby compound® (70%) andb (76%).
Enzyme inhibition results were also supported byemdar docking studies with lowest
binding energy values of -9.79 Kcal nfdior BChE and -9.55 Kcal molfor AChE for
compound9. Hydrazide derivativeg4-6) showed very significant results for antioxidant

activity with percentage scavenging greater the.90

Keywords: Benzohydrazide, heterocyclic, enzyme hitiein, crystal description,
sulfonamide, DPPH
Graphical Abstract:

1. Introduction

The development of new biologically important melles is decisive to cater with diseases

and for improved health conditions. The incorpamatof pharmacophoric moiety on food-



grade molecule could be a promising approach to vgéiable molecules. Methyl 2-
aminobenzoate (methyl anthranilate) is used aavatiring agent with fruity grape smell and
chemically consist of two important functional gpsu(amino and ester). In this research
work, these functional groups were derivatizeddgbamides, sulfonamides, benzohydrazides
and schiff bases. Benzohydrazides are the aromieticatives of hydrazine and benzoic acid
derivatives. Now a day, benzohydazide derivativ@gehbecome very important due to their
various pharmacological actions. They are foundatd as analgesics [1] and anti-
inflammatory agents [2]. Benzohydrazides derivativlave also shown promising
antimicrobial activities [3] along with their impance as anti-cancerous drugs [4].
Significant anti-tubercular [5] and anti HIV actieés [6] are being possessed by
benzohydrazide derivatives. They have also beendfdo possess significant AChE and
BChE inhibition activities [7-8] where flouro sulisted derivative of benzohydrazides have
shown considerable AChE inhibition activities [9}1Because of possessing a large range of
biological activities, benzohydrazide moiety can [®nsidered as an important

pharmacophore.

Sulfonamides have also attracted the attentiorhefresearchers because of their diverse
pharmaceutical importance due to possessing antiecaus [11], HIV protease inhibition
[12], antibacterial [13] and anti-Alzheimer propest[14]. Schiff base derivatives possessing
versatile therapeutic activities such as anti-HRd anti-cancerous activity [15], antitumor
activities [16] and antifungal activities [17] aabso getting eminence. Amides have their own
biological significance due to showing various imtpat biological activities such ds-
acylethanolamine acid amidase (NAAA) inhibitors J[18nticancer [19] and antimicrobial

agents [20].

Enormous biological importance of schiff bases, d&sj sulfonamides and benzohydrazide
derivatives has urged us to design this researck wosynthesize schiff base derivatives of
2-aminobenzohydrazide with functionalization of amigroup with substituents of various
types including sulfonamide along with amides, othbaromatic as well as heterocyclic
nature and further investigated these compoundshfar prospective of enzyme inhibition

against BChE as well as AChE enzymes and antiokatatential.

2. Materials and Methods



All the chemicals including methyl anthranilate,dngzine hydrate, 4-bromobezenesulfonyl
chloride, benzoyl chloride, thiophene-2-carbonylodde and aldehyde were bought from
Sigma-Aldrich (USA) and Merck (Germany) and werdiagd as received. Electrothermal
melting point apparatus was utilized for measunmgjting points and these melting points
are uncorrected. FTIR spectra were recorded onoardgi spectrophotometer using KBr
discs. NMR spectra were taken using JEOL- 300 MHELDA2_NMR Spectrometer’f,
300 MHz and™C, 75 MHz) utilizing DMSO-¢ as solvent. Mass spectra were taken by
Tandem Mass Spectrometric analysis (LTQ XL Lineaw Trap Mass Spectrophotometer,

Thermo Scientific, USA), using Electrospray (ESipization probe.
2.1. Synthesis of N-functionalized derivatives of methyl anthranilate (1-3)

Weighed quantity of methyl anthranilate (1.29 mD,QLmmol) was taken and its solution
was prepared in pyridine (10 mL). Solutions of aditbrides (15mmol) in distilled methanol
were added drop wise to the methyl anthranilatetsol followed by stirring of reaction

mixture. pH of the solution was kept up to 7 by stantly adding sodium carbonate. The
products precipitated out from the reaction mixtwlich were washed with cold, distilled
methanol. Obtained products were recrystallizechgisnethanol to get pure products in

decent yield. (Scheme 1)
2.2. Synthesis of hydrazides of N-functionalized derivatives of methyl anthranilate (4-6)

Weighed amount dfl-functionalized derivatives of methyl anthranil§le3) were dissolved

in acetonitrile. Excess hydrazine was added tor#aetion mixture and was subjected to
refluxing for two hours. Excess solvents were reetbunder vacuum. Ethyl acetate /water
extraction was performed to remove excess hydra#itieyl acetate was vaporized under
reduced pressure to get crude products. Recrysttdin of the products was done using
ethanol to get pure products. (Scheme 1)

2.3. Yynthesis of Schiff bases of hydrazides of N-functionalized derivatives of methyl
anthranilate (6-9)

Stoichiometric amounts of synthesized hydrazi@e6) and 4-triflouromethyl benzaldehyde
were dissolved in methanol (10 mL). The reactiorxtomre was refluxed for two hours.

Solvents were vaporized under vacuum. Washing andystallization of the product was



done using cold ethanol and methanol, respectitelget products in decent yield (about
90%). (Scheme 1)
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2.4. Characterization
The physico-chemical data for the synthesized camgs is given below
Methyl 2-{[(4-bromophenyl)sulfonyllamino}benzoaft)

M.F: C14H1:BrNO,S; Yield: 64%; m.p. 110+1°CH-NMR (300 MHz, DMSOsdg): 6 = 10.43
(1H, br, s, NH-S@), 7.18-7.84 (8H, m, Aromatic CH), 3.81 (3H, s, £H. *C NMR (75
MHz, DMSO-g): 0 = 167.7 (C=0), 138.5, 138.3, 134.7, 132.9 (2),.43129.3 (2), 127.8,
124.9, 121.3, 119.6 (2 benzene rings), 53.05@HFTIR (cm?): 3188 (NH, stretch), 1686
(ester C=0, stretch), 1342 (S=0O, stretch), 126t @ stretch). MS (ESI): m/z (%), (369
(25), [M]), 311 (10), 220 (27), 214 (28).



Methyl 2-benzamidobenzoa)

M.F: CisH13NOg; Yield: 75%; m.p. 104+1°C*H-NMR (300 MHz, DMSOsdg): 0 = 11.17
(1H, br, s, NHCO), 7.35-8.38 (9H, m, Aromatic CK)47 (3H, s, CkD). *C NMR (75
MHz, DMSO-dg): 6 = 167.6 (COO), 165.9 (CONH), 142.6, 138.4, 132)7 {31.5 (2), 129.3,
126.8 (2), 124.7, 121.6, 120.5 (benzene rings)p F&H0). FTIR (cm?): 3263 (NH,
stretch), 3023 (C-H Stretch), 1691 (ester C=0O,tdt)e 1667 (C=0, stretch), 1267 (C-O,
stretch). MS (ESI): m/z (%), (254 (30), [M] 224(12), 196 (24), 178 (27).

Methyl 2-(thiophene-2-carboxamido)benzogde

M.F: CiaH1:NOsS; Yield: 78%; m.p. 131+1°C*H-NMR (300 MHz, DMSOek): 6 = 11.37
(1H, br, s, NHCO), 7.32-8.21 (7H, m, Aromatic CB)81 (3H, s, ChD). *C NMR (75
MHz, DMSO-dg): 6 = 166.9 (COO), 160.8 (CONH), 143.2, 140.1, 133.24.7, 131.6 (2),
129.8, 124.9, 121.2, 117.1 (aromatic rings), 5&H;0). FTIR (cm?Y): 3262 (NH, stretch),
3087 (C-H Stretch), 1686 (ester C=0, stretch), 1@5%0, stretch), 1250 (C-O, stretch). MS
(ESI): m/z (%), 260 (20, [M), 230(12), 202 (24), 178(26)

4-BromoN-(2-(hydrazinecarbonyl)phenyl)benzene sulfonanftje

M.F: Ci3H1,BrNzOsS; Yield: 62%; m.p. 165+1°C*H-NMR (300 MHz, DMSO€): 6 =
11.62 (1H, br, NH-NH), 10.21 (1H, br, s, NH-S£p, 7.10-7.75 (8H, m, Aromatic CH), 4.84
(2H, br, NH, amine).**C NMR (75 MHz, DMSO€k): 6 = 163.7 (NHCO), 147.2, 144.7,
138.3, 135.6 (2), 132.7, 130.5 (2), 128.9, 1252.1, 119.2 (benzene rings). FTIR (¢)n
3559 (NH anti-sym. stretch), 3385 (NHym. stretch), 3331 (CON-H, Stretch), 3273 {80
H, stretch), 1630 (C=0, stretch), 1336 (S=0O, stetMS (ESI): m/z (%), (370 (100), [M),
354 (16), 310 (15), 221 (21), 200 (10), 171 (10).

N-(2-(hydrazinecarbonyl)phenyl)benzamice

M.F: C14H13N3Os; Yield: 71%; m.p. 192+1°C*H-NMR (300 MHz, DMSOsk): 6 = 12.57
(1H, s, NH-CO), 10.21 (1H, br, NH-N# 7.17-8.68 (8H, m, Aromatic CH), 4.70 (2H, br,
NH,, amine).*C NMR (75 MHz, DMSO#): 6 = 167.9 (CONHNH), 164.6 (NHCO), 139.7,
134.9, 132.5 (2), 129.4 (2), 128.1, 127.4 (2), 323.20.6, 119.5 (benzene rings). FTIR
(cm™): 3316 (NH stretch), 3204 (CON-H, Stretch), 3054 (C-H, stigtc1646 (C=0,
stretch). MS (ESI): m/z (%), 254 (40, [M] 240 (35), 236 (11), 196(10).



N-(2-(hydrazinecarbonyl)phenyl)thiophene-2-carbo>aeb)

M.F: CroH1iN3O,5S; Yield: 80%; m.p. 217+1°CH-NMR (300 MHz, DMSOdg): 6 = 12.57
(1H, br, s, NH-CO), 10.22 (1H, br, NH-NH 7.14-8.54 (7H, m, Aromatic CH), 4.70 (2H, br,
NH,, amine).**C NMR (75 MHz, DMSOds): 6 = 167.9 (CONHNH), 159.5 (NHCO), 140.2,
139.3, 132.8, 132.6, 128.7 (2), 128.1, 123.3, 12019.2 (aromatic rings). FTIR (CM:
3375 (NH anti-sym. stretch), 3314 (NHsym. stretch), 3213 (CON-H, Stretch), 3083 (C-H,
stretch), 1630 (C=0, stretch). MS (ESI): m/z (%26 (40), [M]), 246 (60), 229 (10), 202
(20), 176 (40), 137 (10).

(E)-4-bromoN-(2-(2-(4-(trifluoromethyl)benzylidene)hydrazineeirbonyl)phenyl)benzene-
sulfonamidg7)

M.F: Cp1H1sBrFaNsOsS; Yield: 91%; m.p. 195+1°C*H-NMR (300 MHz, DMSOek): 6 =
12.03 (1H, br, s, NH-N), 10.59 (1H, br, s, NH-$(8.42 (1H, s, N=CH), 7.26 — 7.97 (12H,
m, Aromatic CH).*C NMR (75 MHz, DMSO#de): 6 = 164.6 (NHCO), 147.4 (CH=N), 138.4,
137.2, 133.0, 132.8 (3), 129.3 (3), 128.3 (2), 12126.2 (3), 125.1, 122.7 (2) (benzene
rings), 124.2 (C. FTIR (cm™®): 3326 (HN, stretch), 3089 (C-H, stretch), 1644=CC
stretch), 1598 (N=CH, Stretch), 1322 (S=0, stretchlS (ESI): m/z (%), (524 (20), [M],
496 (70), 353 (55), 336 (05), 310 (20), 272 (1@ap (05), 182(10).

(E) -N- (2-(2- (4-(trifluoromethyl)benzylidene)hydrazirsgbonyl)phenyl)benzamid®)

M.F: CyH16FsNsOy; Yield: 91%; m.p. 229+1°C*H-NMR (300 MHz, DMSOds): 6 = 12.12
(1H, br, s, NH-CO), 11.78 (1H, br, s, NH-N), 8.58(1s, N=CH), 7.38-8.59 (13H, m,
Aromatic CH).*C NMR (75 MHz, DMSOdg): § = 165.2 (=N-NHCO), 164.9 (NHCO),
147.6 (CH=N), 138.7, 134.9, 134.2, 133.5, 132.7,.63130.2 (6), 129.7, 128.1 (2), 122.1,
121.6, 120.9 (benzene rings), 122.8 {CFTIR (cmY): 3192 (HN, stretch), 3067 (C-H,
stretch), 1657 (C=0, stretch), 1604 (N=CH, Strettd$ (ESI): m/z (%), 410 (10, [M], 239
(25), 221 (11), 187 (100), 159 (15).

(E)-N-(2-(2-(4-(trifluoromethyl)benzylidene)hydrazinebanyl)phenyl)thiophene-2-carbox-
amide(9)

M.F: CooH14FsN305S; Yield: 82%; m.p. 248+1°CH-NMR (300 MHz, DMSOdg): 6 = 11.97
(1H, br, s, NH-CO), 11.91 (1H, br, s, NH-N), 8.51H(s, N=CH), 7.21 — 8.45 (11H, m,
Aromatic CH).*C NMR (75 MHz, DMSOdg): § = 165.6 (=N-NHCO), 163.2 (NHCO),
146.7 (CH=N), 141.3, 138.9, 138.1, 133.8, 132.2.13130.9, 129.2 (2), 128.4, 127.3, 125.7



(2), 124.1, 122.9, 122.5 (aromatic rings), 126.4&3JCFTIR (cm™): 3323 (HN, stretch),
3056 (C-H, stretch), 1640 (C=0, stretch), 1587 (NsxGtretch). MS (ESI): m/z (%), (416
(15), [M]), 388 (11), 332(12), 245 (06), 227 (10), 187 (1aG\ (15).

2.5. Crystallography

The selected sample of prismatic crystal was fixesing glue, over the glass tip. This
assemblage was attached on the Agilent SuperNowval (Bource) Agilent Technologies
Diffractometer, furnished with microfocus Cu/MoaKadiation for the collection of data.
CrysAlisPro, software was utilized for the collectiof data [21] maintaining temperature of
the system at 296 K taking Mookradiation as source of light radiation. Direct hoat was
employed to solve structures utilizing SHELXS-92][2nd refinement of the results was
performed by employing full-matrix least—squaresthrads on F2 utilizing SHELXL-97
[22]. Full-matrix least squares methods were @dior the refinement of all non—hydrogen
atoms anisotropically [22]. PLATON [23] and ORTE®ftevare packages were used for the
generation of figures [24].

There are three different types of hydrogen atowsslable in the molecules i.e. aromatic,
methyl and amino hydrogen atoms. All types of hg#mo atoms were positioned
geometrically with thelC-H = 0.93 A for hydrogen atoms of aromatic ridg-H =0.96A for
carbon atom of methyl group amtN-H = 0.86A. The Uiso(H) for nitrogen and aromatic
atoms (X = C & N) was set to 1.2 Ueq(X). For thetimyk carbon atom, the Uiso(H) was
fixed to 1.5 Ueq(C). The crystal data was submitiedCambridge Crystallographic Data
Centre, as CCDC No. 1976272, which can be obtdnmeedof charges.

2.6. Biological Evaluation
2.6.1. Enzyme Inhibition Essay

Enzyme inhibition studies were performed by follogiwell-known Ryan and Elman
technique [25] with little adjustment. Enzyme sauos (AChE/BChE) were mixed with
solutions of the synthesized compounds (1-9) foldvby the addition of substrate solution
i.e., acetylthiocholine iodide for AChE and butyhybcholine chloride for BChE together
with DTNB solution and phosphate buffer of pH=8 antked properly. The mixture was
incubated for 30 minutes at 37 °C. Substrate hydielwas estimated by spectrophotometer
by recording absorbance&t400 nm for AChE and=412 nm for BChE. Enzyme inhibition
rate was measured by the following equation.



%age Inhibition = ( ) x 100

Where X = Value of Absorption for enzyme includilegt sample

Y = Value of Absorption for enzyme daVvof test sample
Every test was performed thrice and mean was bl Donepzil was taken as reference.
2.6.2. Antioxidant analysis

DPPH method [26] was used for determining thecaidant potential of the compounds (1-
9). Ethanolic solution of DPPH was mixed with tlodusion of the test compounds followed
by the incubation of the mixture at 8C for 20 minutes. Extent of change in colour was
determined by spectrophotometry by recording theodiance ak=517 nm. For positive
control ascorbic acid was used. The equation opersd compute free radical scavenging

(%age) for each of test compound is given below

] Ad — As
%age Scavenging = (T) x 100
Where
Ad = Absorbance of the DPPH solution, As = Absorbance of the sample solution

2.7. Molecular Docking

For exploration of binding approaches of synthesizempounds with the enzymes, BChE
and AChE, molecular docking examination was exetuléhe proteins were taken from
Protein Data Bank. For the sketching of the mokecwdtructures and 3D optimization,
ACD/ChemSketch and Chem 3D Pro 12.0, soft ware qugak were utilized. The structures
were saved as SYBYL mol2 document form. The so#wased to carry out docking
procedure was AutoDock Tool v1.5.6. In this dockipgocedure, hundred diverse
conformations were obtained and was chosen supgmoangst all the conformations in the

wake of imagining each posture by utilizing Discgv8tudio Visualizer v4.0.23 [27].
3. Results and Discussion

3.1. Chemistry



N-functionalized derivatives of methyl anthranilatere synthesized according to Scheme 1
as reported in literature [28]. Methyl anthranilates two active sites i.e., an amino group and
an ester linkage on which transformations can beedd-irstly its amino group was
functionalized by carrying out its reaction withffdrent acid chlorides using pyridine to
obtain compoundg$1-3). Then the ester linkage of theBkefunctionalized derivatives was
converted to their hydrazide derivati@s6) by reacting them with hydrazine hydrate. These
synthesized benzohydrazide derivatiés5) were further transformed to their schiff base
analogues by reacting them with 4-triflouromethylb@dehyde to synthesize compoufids

9). 'H-NMR, *C NMR, FTIR and X-ray-Crystallographic techniquesrezemployed to carry

out characterization of the synthesized compounds.

3.1.1. FT-IR spectral analysis

Different functional groups present in all the $edized compounds were determined by
FTIR spectral analysis. Shifting of the signal 6EQ) group of ester linkage in compounds
(1-3) from & = 1691 cni — 1686 cnit to lower values ofb = 1646 crit — 1630 crit in
compoundg4-6) and also the appearance of signals for, [dth = 3559 crit — 3314 cnit
confirmed the formation of hydrazide linkage. Semy formation of imine linkage in
compoundg7-9) was authenticated with the appearance of=atl604 cni —1588 cnit (N=
CH).

3.1.2. 'H-NMR spectral analysis

'H-NMR spectral data also confirmed the structures ofttal synthesized compounds.
Signals of three protons of -OGlgroup of ester linkage in compounds3) ato = 3.47 ppm

— 3.81 ppm disappeared accompanying with the appearof peaks at = 4.70 ppm — 4.84
ppm relating to =Nkl group in compound@&-6) [28]. Singlet peaks were also observed for
one proton of NH-NHin the range 06 = 10.21 ppm — 11.62 ppm in these compou@ds).
Appearance of characteristic singlets betw&en8.42 ppm — 8.51 ppm relating to the imine
linkage (N=CH) also gave confirmation of the corsi@n of compound$4-6) to their schiff
base derivatives. Signals appeared in the rang@el6fppm — 8.68 ppm were due to aromatic
protons.'H-NMR spectral data supported the structures othal synthesized compounds

strongly.

3.1.3. *3C NMR spectral analysis



13C NMR spectral data also confirmed the structufeth® synthesized compounds. Signals
appearing at 0 = 52.6 ppm — 54.1 ppm for —OGldarbon of ester linkage in compounds
(1-3) has disappeared in compourfdst) due to conversion of ester linkage into hydrazmde
these compounds. The signal for -HC=N- carbon atbbenzylidene group was appeared at
6 =146.7 ppm — 147.6 ppm in compourids9).

3.1.4. Mass spectroscopic analysis

Electrospray lonization technique (ESI) was emptbfgr the establishment of the structures
of the synthesized compounds. Characteristic peakssponding to [M-H] ions in -ve mode
appeared in mass spectrum of all compounds. In oang5, cyclization leading to the

formation of quinazolinone nucleus gave peak at+i236 [29].

3.1.5. Crystal Description

The title compound 2-(4-bromo-benzenesulfonylamimenzoic acid methyl este(l)
belongs to the sulfonamide branch of organic chiemi$he molecule contains sulfonamide
and ester functional group in it as shown in Figa)l The crystal data is being presented in
Table 1. The compound adoptéeshape where the dihedral angle between the twoatio
rings (C1-C6) & (C7-C12) is 83.84(5)°. In the cahtsulfonamide functional group, the
geometry around the sulphur group is disorderadhetiral geometry where the angles are
ranging from 105.47(2)° to 119.42(2)A around it. eThmethyl acetate group
(O3/C13/04/C14) is twisted by 1.77(3)° with refezento parent aromatic ring (C7-C12).
The molecules afford inter and intramolecular hgem bonding in their unit cell. A strong
intramolecular interaction like N1—H1N...O3 produag smembered ring motif with the
root mean square deviation value of about 0.112Ths six membered ring motif is leaning
at dihedral angle of 77.39(2)° and 6.47(2) witherefice to the aromatic rings (C1-C6) &
(C7-C12) respectively. A non-classical hydrogendng interaction where C3 is acting as
donor atom via H3 atom to the O1 oxygen atom biptahg the symmetry operation x+1, y,
z is depicted in Fig. 2(b). The hydrogen bond imtéons are presented in Table 2. This
hydrogen bond association joins the molecules adeagis to make long chain as presented
in Fig. 2 and supramolecular nature of compounc Hbnd angles and bond lengths are

shown in Table 3.



Fig. 1. a) Compoundl ORTEP diagram, thermal ellipsoids sketched at 50% priibakevel.
b) Hydrogen bonding associations of both inter iatréi-molecular type in a unit cell in
compound 1.

N1 O3 N 1L 03 _G
O1 H3 o1 H3 O1

Fig. 2. Long chain formation along a-axis via C3:HQ1 interaction
Table 1

Crystal data and structure refinement for compalind

Crystal data and structure refinement for compoundl

CCDC number 1976272
Formula weight 370.22
Empirical formula G4H12BrNO4S

Crystal system monoclinic




Temperature/K 296(2)

Space group R&
c/A 12.2255(12)
b/A 15.6090(13)
alA 8.0748(5)
v/° 90
pl° 91.191(7)
al° 90
Z 4
w/mm* 2.817
Volume/A’ 1540.6(2)
pearg/cnT 1.596
Crystal size/mm 0.43 x 0.28 x 0.15
F(000) 744.0
20 range for data collection/° 5.682 to 58.462
Radiation Mokx (A = 0.7107)
Index ranges -11<h<10, -165k <
21,-15<1<15
Reflections collected 8864

: 3662 [Rn = 0.0339,
Independent reflections Reigm: = 0.0446]

Goodness-of-fit on ¥ 1.044
Data/restraints/parameters 3662/0/191
. . R; =0.1105, wR=
Final R indexes [all data] 0.1835
- - _ R; =0.0659, wRR =
Final R indexes [I>=2 (I)] 0.1554
Largest diff. peak/hole / eA 0.92/-1.01

Table 2

Hydrogen bond associations in structure of compdund

D H A dD-HYA dH-A/A d(D-A)/A D-H-A/°

C3 H3 ot 0.93 2.36 3.278(5) 171.0
N1 HIN O3 0.86 2.02 2.611(5) 124.9
114X,+Y,+Z
Table 3

Selected Bond Angles and Bond lengths for Compdund

Bond Angles Bond Lengths
Atom Atom Atom Angle/® Atom Atom  Length/A

C6 Cl Sl 120.5(3) Cl S1  1.763(4)




c2 C1 s1 118.5(3) C4 C5  1.364(7)

C3 C4 C5 122.2(5) C4 Brl  1.895(5)
C3 C4 Brl 119.4(4) C5 C6  1.381(7)
C5 C4 Brl 118.4(4) C7 C12 1.390(6)
C12 C7 N1 121.6(4) C7 N1  1.411(5
c8 C7 N1 118.8(3) C1303  1.207(5)
03 C13 04 122.0(4) C13 04  1.318(5)
03 C13 C8 124.6(4) Cl4 O4  1.445(5)
04 C13 C8 113.4(3) NI S1  1.620(3)
C7 N1 S1 127.23) 01 S1  1.422(3)
C13 04 Cl4  115.6(3) 02 S1  1.428(3)

O1L S1 02 119.42(18)
01 S1 N1 109.95(19)
02 S1 N1 104.52(18)
01 S1 cC1 107.2(2)

02 S1 C1 109.42(18)
NI S1 cC1 105.47(17)

3.2. Antioxidant activity

DPPH free radical scavenging method was used @ the antioxidant potential of the
synthesized compounds. Literature has discoveratl tthe compounds having reducing
properties converted DPPH to 1, 1-diphenyl-2-pitydrazine [30]. DPPH having deep
violet color absorbed light &= 517 nm due to the delocalization of free elea&r{81]. The
compounds owning antioxidant potential do pair bp single electron of DPPH, cause
reduction in the absorption at thg.x of DPPH. Ascorbic acid as an antioxidant was chose
as referenceN-functionalized derivatives of methyl anthranildte3) exhibited moderate
antioxidant activity whereas, hydrazide derivatigddN-functionalized methyl anthranilate
(4-6) showed very good antioxidant activity. Higher aritlant activity could be due to the
presence of —Nkgroup. The relatively easier availability of thgdnogen atoms of NH
could make them as an efficient reducing agent &, Schiff base derivativeg§-9) have
shown reduction in antioxidant activity. Howevergpper selection of the substituent on the
schiff bases can lead to their improved antioxidaotiential. The results are described as

%age scavenging activity and are displayed in Tdble

Table 4

Scavenging potential (%) of compouridd at lug/ul concentration



Percentage

Compounds Absorbance A
scavenging

1 1.14 43.87

2 1.27 37.46

3 1.33 34.51

4 0.083 93.91

5 0.080 95.06

6 0.081 92.01

4 1.46 28.11

8 1.43 29.59

9 1.47 27.62

+ve Control
(Ascorbic acid) 0.08 96.06
DPPH 2.031

3.3. Enzyme inhibition studies

Screening of the compoun(s-9)in vitro was done against acetyl cholinesterasebaryryl
cholinesterase enzymes for their inhibition byizitilg spectrophotometric technique taking
Donepzil as positive control. Results are descriimeterms of %age inhibition of enzyme
activities as presented in Table 5. Results cleiadycated that the compoun@s 3 and 9
showed good inhibition potential against AChE whasr®, 4 and5 against BChE. It is
significant that the methyl 2-benzamidobenzogtg was established to be the two fold
inhibitor of AChE as well as BChE which directeatht could be utilized as dual inhibitor
for both the enzymes and for treatment of over esgion of both the enzymes. However,
compound methyl 2-(thiophene-2-carboxamido)benza@e was also found to have
considerable activity against both BChE and AChgyare. In general, hydrazide derivatives
of N-functionalized methyl anthranilaté4-6) showed good inhibition against BChE as
compared to AChE. The conversion of the hydrazelévdtives(4-6) into schiff base$7-9)
had overall reduced the inhibition potential aghibsth the enzymes. In case BF
derivatization of methyl anthranilate with thiopgercarbonyl group caused the overall
increase in the inhibition activity against botle #nzymes as depicted by inhibition activities
of compound3, 6 and 9. These results of enzyme inhibition were furtheinforced by
molecular docking studies. By following the resuwfsour recent study, we planned to carry
on the synthesis of newN-functionalized derivatives of 2-aminobenzohydrazid
accompanying with little modifications on compouhy altering substituents to synthesize
a series of compounds which could act as an effectass of BChE and AChE inhibitors.



Table 5
AChE and BChE inhibition (%) of compountid at concentration of 50M.

Compound # Percentage Inhibition Percentage Inhibition
against AChE against BChE
1 24 32
2 68 70
3 54 59
4 30 61
5 39 76
6 52 51
7 34 56
8 18 24
9 60 42
Donepzil 95 92

3.4. Molecular Docking Sudies

Molecular docking studies were executed to discopmbable binding interactions of
inhibitor compounds with amino acids of active sitehe enzymes taken and also to certify
the experimental findings. Furthermore, to establiSAR studies, these expected
interpretations were utilized to discover interact between protein and ligand at molecular
level. Templates taken were human AChE (PDB ID: #4BBnd BChE (PDB ID: 4BDS) X-
ray structures to carry the process of moleculakiohg. The lowest bonding energies of the
compoundg1-9)found after docking investigation are presentedable 6.

Table 6

Lowest binding energies related to selected cordtions against human AChE and BChE

Compound Lowest Binding Energy Lowest Binding Energy

# AG (kJ mol'") h AChE AG (kJ mor'Y) h BChE
1 -9.27 -7.51
2 -7.55 -7.05
3 -7.51 -7.33
4 -9.07 -8.72
5 -7.43 -7.08
6 -7.96 -6.98
7 -10.46 -9.64
8 -9.53 -9.50
9 -9.55 -9.79
Standard -10 (HUW) -6.83 (THA)

The molecular docking studies revealed that a wideety of interactions have been

established by most stable conformations of allihéitors with the amino acid residues of



the active sites of BChE and AChE and most of theeme well accommodated there. The
most active compoun®, when visualized in the active site of human AGsEablished a lot
of significant binding interactions as represented-ig. 3. This inhibitor utilized oxygen
atom of its ester linkage to make H-bonding inteoas with AChE, catalytic triad amino
acid residue Ser-203 with distance 3.03 A. Simjlatompound2 made H-bonding
interaction using ester oxygen and anothelonor hydrogen bond association with electron
deficient hydrogen atom of —OH group attached tonanacid residue Tyr-337 of AChE
(3.18 A). In the same way, carbonyl oxygen of anileage of compoun@ was involved in
H-bonding interactions with —OH group of TYR-12423 A) and SER-125 (2.90 A). Trp-86
establishedrt-sigma binding with aromatic ring of the benzamioikage with distance of
3.68 A). This compound also utilized its aromatigy in forming amider-stacked bonding
with Gly-121 and Gly-122, amino acid residues of&J4.32 A).

In the same way, many important interactions wevealed upon visualization of compound
2 in active site of BChE enzyme. It established ti+bonding interactions, one by utilizing
its NH hydrogen atom with Ser-198 (2.26 A), amimidaesidue from BChE catalytic triad
and second with amino acid residue of oxyanion ,hala-199 through its carbonyl oxygen
atom (2.55 A). Compoun@ also established carbon hydrogen bond with Glu-Hiino
acid residue of BChE with distance of 3.78 A. Téh-&n amino acid residue from choline
binding site established-sigma interactions with methyl group of ester éigk (3.85 A).
Leu-286, amino acid from hydrophobic pocket of BOhkder-n stacked bonding with the
under observed compound with distance of 5.04 Ae ®kpected binding interactions of

compound with BChE can be seen in Fig. 4.



Hydrophobicity
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Fig. 3. Putative binding approaches of compoRinaside AChE enzyme.

TYR337




Fig. 4. Compound interactions with BChE at 3D space; Interactiofissth® compound
displayed in the box are with specific amino acaesidues of the enzyme. Enzyme is

exemplified by 3D ribbon; stick model is the loweskergy conformation of the compound 2.

3.5. Conclusion

Schiff bases, amides and sulfonamides of benzobhigtfravere synthesized in good yield. All
the synthesised molecules were characterised lnrepeopic techniques. Their potential as
antioxidant and as anticholinesterases was also luaed. The benzoyl,

thiophenecarboxamide and sulfonamide benzohydrezsleowed excellent antioxidant
activities. The amide benzohydrazides were emergedthe potential candidate as
anticholinesterases since having good inhibitiotepital against both BChE and AChE. This
study may be further extended with different amigzohydrazide derivatives to find out

potential molecules against Alzheimer disease.
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N-functionalized derivatives of 2-aminobenzohydrazide were synthesized.

The benzohydrazides bearing hydrogen donating groups showed good
Antioxidant activities.

Good enzyme inhibition activity against AChE and BChE were shown by
amide derivatives of benzohydrazides.

Molecular docking evaluation also supported the experimental results for
enzyme inhibition.
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