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Abstract

In this present work, the newly synthesized complourk)-N'-(5-bromo-2-
hydroxybenzylidene)isonicotinohydrazid®) (has been synthesized and characterized by IR,
'H &*C NMR, ESI-MS and single crystal X-ray diffractiamalysis using experimental and
theoretical methods. The molecular geometry, vibnal frequencies, frontier molecular
orbital (HOMO-LUMO) energies and thermodynamic pedjpes of the title molecule were
explored using Density Functional Theory (DFT) a#&tion via B3LYP method with 6-
31++G (d,p) basis set. Moreover, Hirshfeld and Molar electrostatic potential (MEP)
surfaces analyses were investigated. In additi@ntitie compound was evaluated for their
vitro antidiabetic activity againsi-glucosidase and-amylase enzymes. Finally, Molecular
docking studies were performed between the tigand and 1CLV/2ZEO enzymes. Docking
calculations showed that tf2e2ZEQO complex is more stable thardCLV complex, since it
has the best inhibitory impact whose their totagérgy score equal to -108.68 Kcal/mol.
Docking results reveal that the main interactioncés are H-bond and van der Waals

interactions.

Keywords: Isoniazid; X-ray analysis; DFT; Hirshfeld surfaceabysis; a-glucosidase;o-

amylase; Molecular docking.
1. Introduction

Diabetes mellitus is a serious metabolic disordenadern era and severe interminable health
complications are associated with it, and typedbdies is widely spread kind of this disorder
[1]. Hence, one of the therapeutic approacheseatitig diabetes is to reduce postprandial
hyperglycemia by inhibiting major carbohydrate rolgieing enzymes. Two enzymes have
been implicated in processes leading to the dewsdop of diabetic symptoms, namety
glucosidase, which is also implicated in intestiisease and-amylase, which hydrolyzes
bonds of larger-linked polysaccharides. These enzymes are theddyphydrate hydrolyzing
enzymes, located in the brush-border surface memlwbhuman intestinal cells, which plays
an important role in the carbohydrate digestion3R,Thus, discovery and development of
new a-glucosidase and-amylase inhibitors have attracted great attentiorecent years [4,
5].

The N-acylhydrazone scaffold (-CO-NH-N=CH-) is repented by the fusion between imine
and amide subunits, which provides pharmacopharteraction points including both
hydrogen-bond donor and acceptors sites and aableapf interacting with a large range of
active sites [6, 7]. Generally, tiNvacylhydrazones are prepared by condensation ohket
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or aldehydes with hydrazides [8-10]. Changes ofstligunits bonded to both acyl and imine
functions resulted in severdll-acylhydrazone derivatives that are capable to rabelu
different molecular targets, providing a surprigyngide range of pharmacological activities
such as antiviral, analgesic, antimicrobial, anfiammatory, anti-cancer, antioxidant,
vasodilator, trypanocidal, antiplatelet, antipratalz cathecolase and antinociceptive agents
[11-23].

Given the importance of therapeutic propertieNeaicylhydrazone derivatives, the study of
the molecular structure, electronic and thermodyogmoperties are essential to know the
effect of different substituents on molecular stuwes in order to find the relationship of these
groups with their biological activities. In thisrdext, DFT calculations have become a very
important and widely used tool to develop a closktionship between theoretical and
experimental data by giving clues related to mdecgeometry structure and to electronic
and thermodynamic properties. Consequently, thedeniques have become very reliable in
the prediction of many molecular properties witbajrprecision [24-30].

In this study, we report the synthesE)-\'-(5-bromo-2-hydroxybenzylidene) isonicotino-
hydrazide to be evaluated as a new anti-diabegatag he newly synthesized compound was
characterized by IR'H- and *C-NMR, ESI-MS and theH)-configuration of azomethine
(N=CH) group was confirmed by single-crystal X-rdifraction analysis. In addition, the
molecular geometry, HOMO-LUMO energies, molecullaceostatic potential (MEP) and
thermodynamic properties of the title molecule wexplored using DFT/B3LYP method
with 6-31++G (d,p) basis set. Tl vitro antidiabetic activity of the target compound was
evaluated against two enzymesglucosidase and-amylase. Finally, Molecular docking
studies were performed between the title ligand B@dV/2ZEO enzymes.

2. Experimental
2.1.General methods

Chemical reagents were purchased from Fluka, SeymdaAldrich chemicals. Reactions were
checked with TLC using aluminum sheets with sigegh 60 F254 from Merck. Melting points
were measured using a Buchi B-545 digital capillarglting point apparatus and used
without correction. The FT-IR spectrum was recordgith Perkin-Elmer VERTEX 70 FT-IR

spectrometer covering field 400-4.000 tnNMR spectroscopies were recorded in dry



deuterated DMSO on a Bruker AC spectrometer atNB@ for ‘H NMR and 50 MHz for
13C NMR; § is expressed in ppm related to TMS (0 ppm) asrnatestandard. Splitting
patterns are designated as follow: s (singletdaullet), t (triplet), m (multiplet). Coupling
constants J values) are listed in Hertz (Hz). Mass spectraewaitained using an APl 3200
LC/MS/MS system equipped with an ESI source andgs#maples were diluted in methanol.

2.2.Synthesis

General procedure for the synthesis of (E)-N'-(6#o-2-hydroxybenzylidene)isonicotino-
hydrazide(2)

The title compound was prepared according to tleipusly published protocol [31-33].
(Scheme 1).To a solution of Isoniazid (137 mg, 1 ahhmand 5-bromo-2-
hydroxybenzaldehyde (201 mg, 1 mmol) in 10 m| bfebl was added two drops acetic acid.
Then, the reaction mixture was poured in cold wadad the precipitate formed was filtered
out and recrystallized from ethanol to afford tmeduct @) as yellow crystals. Yield (75%);
m.p. 252-254 °C; IR(cm™)) : 3173 (NH), 3138 (OH), 1675 (C=0), 1613 (C=N}i NMR
(200 MHz, DMSO6) & : 12.37 (s, 1H, -CONH-), 11.15 (s, 1H, OH), 8.81J = 6.1 Hz, 1H,
H2 & H6 pyridyl), 8.66 (s, 1H, N=CH), 7.86 (d, J6=1 Hz, 1H, H3 & H5 pyridyl), 7.83 (d, J
= 2.5 Hz, 1H, H6-Ar), 7.44 (dd, J = 8.8, 2.6 Hz,,1#4-Ar), 6.92 (d, J = 8.7 Hz, 1H, H3-
Ar).*C NMR (50 MHz, DMSO€g) & : 160.96, 155.94, 149.84, 145.87, 139.36, 133.36,
129.64, 121.00, 120.75, 118.17, 110.03; ESI-MS: #1820.3[M+H], m/z = 342.3 [M+Nal].

1) HO.
EtOH N
NH2 + \ N/ \
AcOH | H
N = Br

Isoniazid 2

Scheme 1Synthesis of the title compoud

2.3. X-ray analysis

X-ray single crystal data were collected by usingpgiite monochromatic MaKradiation &

= 0.71075 A) radiation on a Bruker APEX-II D8 Verduarea diffractometer. Bruker SAINT
was harnessed for data reduction and cell refinemeth SHELXT [34, 35] was utilized for
structure solving. Full-matrix least-square techmeigvas utilized for final refinement with the



aid of anisotropic thermal data for non-hydrogesn# on F. The details of the X-ray crystal

data and the structure solution as well as theeafent are given in Table 1.

2.4.Computational details
2.4.1.DFT

All geometry optimizations and frequency calculatiof the desired produg2twere carried
out using the Gaussian 09 software [36] and vizaabns of modeling were performed with
GaussView5 software [37]. The GaussView5 programesigned for the 3-D design of the
molecule and to visually identify the propertiestb&é molecule. Density functional theory
with the Becke three parameters hybrid functioi#T{-B3LYP/6-31++G (d,p)) [38, 39].
calculations were performed for all atoms of tlke ttompound in the gas phase and DMSO,
separately. Vibrational frequencies were calculaeaédhe same level to ensure that each
stationary point was a true minimum. The optimiredlecular structure is used to perform
harmonic vibrational frequencies, NMR shifts and -W¥ data, HOMO and LUMO
distributions and MEP analysis of the studied conmab

2.4.2. Molecular docking studies

Analysis for the docking simulation two programs swased: iIGEMDOCK [40] and
Discovery Studio Visualizer [41]. The first softweagives the total energy value on the basic
of the proteins-ligand interactions. Molecular dogkparameters selected for IGEMDOCK
program were as follows: population size 800, gati@ms 80 and number of solutions 10.
The second software determines the representatitire dest docked poses of ligand inside
protein and their different interactions (VDW, H#ub..). The protein structure od-
glucosidase GSJ enzyme (pdb: 2ZEO) [42] araimylase (pdb: 1CLV) [43] were download
from the Research Collaboratory for Structural Biormatics (RSCB) Protein Data Bank

(http://www.pdb.org/pdb/home/home.do).
2.5. Antidiabetic activity

The a-glucosidase andi-amylase inhibition assays were carried out acogrdio the

previously published methods [23, 44].

3. Result and discussion
3.1. X-ray structure description and optimized geometry

The details of the X-ray crystal data and the stm&csolution as well as the refinement of the

title compound are given in Table 1. Supplement@daya are deposited at CCDC under



deposition number 1836618. The title compound afiggd in the monoclinic system, space
groupP2,/c. The molecular structure @fsees (5-bromo-2-hydroxy benzylidene) linked with
isonicotine through hydrazine, Fig. 1. The benaie-C9 and carbonyl-C8 atoms have the
trans configuration about N1-N2 bond characterizedh the value of torsional angle C7-N1-
N2-C8 to be 176.3(2)°. The twist of (C1-C6) ringpabC3-C7 (N1-C7-C3-C4 = -5.2(3) ° and
that of N3-containing pyridine ring about C8-C9 Hosms the torsion angle of 24.0(3)° had
resulted 11.16(11)° dihedral angle between theseat@matic residues. The hydroxyl oxygen
atom O1 and bromine Brl areout of least squareeptdr{C1-C6) benzene ring and have the
deviation of 0.035 A and -0.034 A respectively.

The molecular packing of the title molecule feasurmtermolecular hydrazinyl-N—H---N
(pyridyl) hydrogen bond which give rise to C(8) shavhereas the intramolecular hydroxyl-
O—H---N (hydrazine) forms S(6) graph-set motif (Bd, Table 2). Further, the stability to
the layers is provided by aromatic cycle stackieguMeen inversion related (C1-C6) benzene
and N3-containing pyridin rings [inter-centroid tdisce = 3.6712(13) A at (-x, -y,-z)]. The
intermolecular benzene-C—Hr(benzene) contacts between the layers, Table lrasadted

the three-dimensional architecture in the crysta. o

The optimized geometry of compoufds illustrated in Fig. 2. A summary of selectechtio
lengths [A] and angles [°] compared to the experitakdata on the crystal structure are given
in Table 3. The molecular structure of the titlengmund composed of two rings. These rings
are pyridine and 5-bromo-2-hydroxybenzyl which emenected through an acylhydrazone (-
CO-NH-N = CH-) group. In the following discussiothe molecular structure and atomic
numbering scheme adopted for the present studytakas from the optimized structure (Fig.
2 and Table 3). The C-C bond lengths in the pyadimg are reported [45] at the range
1.390-1.402 A and in the present study, The C-Gddengths (XRD/DFT) are found at the
range 1.377-1.503 A/1.392-1504A. The C-N bond lengtfound at 1.344 A for C22-N6 and
1.333 A for C24-N6 by XRD, these values are venser to the calculated values 1.338 A
and 1.335 A, respectively. In this molecule, thi&ewated G-C bond length of the benzyl
ring varies from 1.382-1.418 A, which is slightlyegter than that of experimental values
(1.373-1.403 A). In carbohydrazide group, the bemgjth of C18-03, C18-N5, N4-N5, C16-
N4 and C18-C19 are calculated 1.212, 1.358, 1.28%86 and 1.504 A. The experimental
bond lengths of above are observed about 1.205,01.8.375, 1.275 and 1.503 A.The
calculated N-H bond length in carbohydrazide group is-M88 = 1.015 A by DFT method,
which is 0.206 A deviate from the experimental a{0.809 A).The calculated—-&1 bond



length of the 5-bromo-2-hydroxybenzyl and pyridiirey varies from 1.083-1.086 A which is
slightlygreater than that of experimental value930 A).In the pyridine moiety of the title
compound, the bond angles (XRD/DFT) C19-C20-C22)-C29-C26and C26-C24-N6 are
118.7°/118.7°, 118.1°/118.0° and 124.1°/123.6°peesvely. For benzyl ring, the bond
angles lie between 118.9-120.7° experimentallyseéhbond angles were predicted at the
range 119.1-121.0° with DFT-B3LYP/6-31++G (d,p)ofr the results we can say that, the
DFT/B3LYP functional/method estimated the bond tbsgand bond angles in good

agreement with experimental results.

3.2.FT-IR study

The experimental infrared spectrum of the title poomd was recorded in a solid state using
reflectance (ATR) mode (Fig. 3). The OH and NH tstieng vibrations are generally
observed around 3500-3300tid6]. This absorption is strongly influenced by tthemical
environment, in particular when OH or NH groups areolved in the intramolecular or
intermolecular hydrogen bond [46]. Gonzalez-Batoal. [47] reported the NH stretching
mode {¢ny) of the isonicotinoylhydrazone of 2-hydroxy-3-mexybenzaldehyde at 3157 tcm

! On the other hand, the intermolecular bond H léad®any cases to a broadening of the
band, as shown by the IR spectrum in the case oabBdrption of the title molecule, which
has been attributed to the low IR band at 3173'cm

Benkovi et al.[48] reported the stretching of the OH groupspimed in the intramolecular
hydrogen bond with the nitrogen atom of the groupNCof hydrazones with hydroxyl
groupin position 2 of phenyl ring at 3142 ¢min the present study, the IR band appears at
3138 cm* has been assigned to stretching modes of OH imdolm the intramolecular
hydrogen bond. In general, the OH in-plane defoimnavibration for phenols lies in the
region 1440-1260 cth[49], Arunagiriet al.[50] reported the in-plane deformation vibrations
of two OH at 1242 and 1220 &min this work, the observed in-plane deformatidsrations

of OH appear at 1285 ¢h The in-plane and out-of-plane deformation vilmasi of NH
modes are observed at 1210 and 875, craspectively [51]. In our present study, the tsand
observed at 1210 and 888 ¢iis assigned as these modes.

The C-H stretching vibrations of aromatic ringsegiise to bands in the region 3200-3000
cm® in aromatic compounds [52]. For the title molecludeseries of infrared absorptions
between 3115 and 2819 ¢rwere assigned as CH stretching modes of the pyaitty benzyl
rings. The C-H in-plane deformation vibrations aleserved in the region 1300-1000tm

and are usually of medium to weak intensity [524liGet al. [53] reported the in-plane CH



deformations of the pyridyl and phenyl moietiegtie range of 1200-1000 &mand the out

of plane CH deformations and the skeletal torsiointhe aromatic rings between 1000 and
700 cm. In the present work, the bands due to C-H inglaending vibration interact
somewhat with C—C stretching vibrations, are obsgras a number of bands in the region
1330 and 1067 ciin IR. The out-of-plane CH deformations are obedrbetween 600 and
900 cm'[52]. Generally, the CH out-of-plane deformatiorivthe highest wavenumbers are
weaker than those absorbing at lower wavenumbeouincase, the observed wavenumbers
with weak intensity at 956, 931, 869 and 7047care identified as CH out-of-plane

deformation vibration.

The C=0 stretching vibrations generally appearwaae number region between 1800-1600
cm?, they are one of the most representative in arariefl spectrum [52]. In our study, the
strongest band in the infrared spectrum, at 1675, cim attributed to C=O stretching
vibrations. This mode was assigned at 1655'dmy Sheejaet al. [51] for quinoline-2-
carbaldehyde benzoyl hydrazine and at 1656* cby de Freitaset al. [46] for 8-
hydroxyquinoline-2-carboxaldehyde isonicotinoylhgdone. Thdn-plane and out-of-plane
deformation vibrations of C=0 are expected in thgions 625 + 70 and 540 + 80 ¢m
respectively [51]. Here, these modes are observéd%and 611 cthrespectively.

The stretching vibrationsc-y reported at 1604 and 1603 thy Gali et al. [53] for
aroylhydrazones and the moderate bands at 136413®d cm are assigned as the C-N
stretching. For the title molecule, the C=N stretghmode is observed at 1619 ¢trand the
medium band observed at 1379tin the IR spectrum is assigned as C-N stretchingem
The N—N stretching has been reported at 1156 iy de Freitagt al.[46], at 1118 crif by
Sheejat al. [51] and at 1112 cth by Arunagiriet al. [50]. For our title compouna_n
vibrations observed at medium intensity band 1082 n IR spectrum.The aromatic C=C-C
stretching vibrations of phenyl and pyridyl arewenuch important and occur in the region
1200-1650 cnt [46]. In this case, the infrared bands at 1411414376, and 1554 cirare
assigned as C=C stretching mode in pyridyl and phémgs (Fig. S1).

3.3.'H- and **C-NMR studies

The'H NMR spectra of the title molecule displayed a waublets ab 6.92 and 7.83 ppm,
anddoublet of doublett 6 7.44 ppm due to 5-bromo-2-hydroxybenzyl protortee Themical
shifts of the pyridyl protons appeared as two detsoatd 7.86 and 8.81 ppm. The chemical
shifts of the azomethine (N=CH) proton appearediaglet ato 8.66 ppm. The chemical
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shifts of the hydroxy (-OH) and amide (NHCO) prat@ppear as a singlet at 11.15 and 12.37
ppm, respectively (Fig. S2). THE NMR spectra of the title compound showed the dbaim
shifts of C=0 and C-OH are at 160.96 and 155.94,pespectively. The signals at 145.87
ppm are clearly assigned for azomethine group otedrshifts C=N. The signals at 121.00,
139.36 and 149.84 ppm are assigned for pyridyl @b while that the aromatic carbon
chemical shifts of the compound occurred in thegeanf 110.03-133.36 ppm (Fig. S3).

3.4.ESI-MS study

The ESI-MS spectra show molecular ion peaks with values 320.3 and 322.3 correspond
to the molecular weight [M+H] The m/z value 342.2 and 344.2 correspond to dlgted
molecular ion peak [M+N3a] These values are in good agreement with the pempo
composition for the title molecule (Fig. S4).

3.5. Hirshfeld surfaces Analysis

The Hirshfeld surfaces calculated for the crystalcture of2 in accord with the established
procedures [54] provide an additional insight om timnfluence of weak intermolecular
interactions on its molecular packing. In addittorbroad and bright-red spots near amino-H
atom H2N and pyridine-N atom N3 recognizing doaaod acceptor of potential N-H...N
hydrogen bond respectively on the Hirshfeld sudacepped overpgnin - 0.151 to +
1.197 arbitrary unit range (Fig. S5), the preserafediminutive and faint-red spots on the
surface characterize the weak intermolecular iotemas in the crystal. In the crystal packing
of (2) the effect of short interatomic Br...O/O...Br and C/HH..C contacts (Table S1) are
viewed as the diminutive-red spots whereas theepsof weak intermolecular C-H...O and
short interatomic C-C contacts with the faint-reots (Fig. S5). The donors and acceptors of
intermolecular interactions are also viewed ashilne and red regions on Hirshfeld surfaces
mapped over electrostatic potential in -0.113 to ¥83 a.u ranges around the respective
atoms corresponding to positive and negative piatenfFFig. S6). The donors and acceptors
of intermolecular C-Hz and its reciprocal i.ex...H-C contact for2, influential on the
packing are also illustrated through black-edtlines joining blue-bump and light red-
concave regions around them on the shape-index edadpshfeld surfaces in Fig. 4a. The

presence of-n stacking interactions is illustrated through rexdteld lines in Fig. 4b.

The overall two dimensional fingerprint plot f&r Fig. 5a, and those delineated into H...H,
O...H/H...O, N...H/H...N, C...C, C...H/H...C, Br...H/H...Bmd Br...O/O...Br contacts [55]
is illustrated in Fig. 5b-e, respectively. The quitative summary of percentage contribution

9



from different interatomic contacts to the hirskfeurfaces o2 are summarized in Table S2.
The pair of jaws-like peaks at de + di ~ 2.2 Aiimgkrprint plot delineated into H...H contacts
(Fig. 5b) indicate the presence of such short attenic contact (Table S1) between
methylene-H7and pyridyl-H11 atoms. The pair of l@ngl thin spikes at de + di ~ 2.7 A'in
the fingerprint plot delineated into N...H/H...NMrgacts in Fig. 5d had resulted are due to the
formation of significant intermolecular N-H...N hydyen bond. The effect of weak
intermolecular C-H...O contact in the crystal struetwf 2 is also evident as the pair of
spikes having tips at de + di ~ 2.5 A in the fingent delineated into O...H/H...O contacts,
Fig. 5c, through such short interatomic contatab(e S1). The presence of intermolecular
of n-rt stacking in the crystals @&fis justified from the arrow-like distribution @ints with
the greater density around de = di ~ 1.8 Amfingerprint delineated into C...C contacts
(Fig. 4e). The fingerprint plot delineated inta.B/H...C contacts (Fig. 5f) characterize short
interatomic C...H/H...C contact and intermolecular Cstcontact with the pairs of tips at de
+di ~ 2.7 A and ~ 2.8 A respectively. The bromsubstituent at phenol ring forms short
interatomic contacts with pyridyl hydrogen-H13 aratbonyl oxygen-O2 showing forceps-
like and needle shaped tips at de + di ~2.%Ad at de + di ~3.1 A with the asymmetric
distribution of points in the respective delirezhfingerprint plots (Fig. 5g, 5h). The small
contributions from other interatomic contacts te tlirshfeld surfaces summarized in Table
S2 have negligible effects on the crystal packing.

The pairwise interaction energies between the nutdgscwithin the crystal are calculated by
summing up four energy components comprising estdtic (), polarization (Bo),
dispersion (&s) and exchange - repulsionff [56]. These energies were obtained by using
the wave function calculated at HF/STO-3G leveltlye The quantitative summary of the
strength and nature of intermolecular interactionthe crystals of is illustrated in Table 4.

It is observed from the interaction energies daled between the reference molecule and
the inversion related molecule at —x, -y, -z th@aximum energy from dispersive components
had resulted greatest total energy of interactiothe formation of n-n stacking. From
interaction energies calculated between the referenolecule and the molecule at -1/2+x,-
1/2-y, 1/2+z, the electrostatic energy componeigsificant due to intermolecular N-H...N
hydrogen bond whereas dispersive components arendohdue to short interatomic contacts
related with the same molecules. The intermoleddi&t... O interaction between phenyl-C12
and hydroxyl-O1 is stronger compared to intermdecC-H...n contacts. The other short

10



interatomic contacts involving bromine Brl as sumipeal in Table 4 have small interaction
energies due to greater contribution from repulsm@ponents.

The magnitudes of intermolecular energies are sgmted graphically in the energy
frameworks for both the analogues down-c axis ig. F6. Here the supramolecular
architecture of crystals is viewed through therajdirs joining centroids of molecular pairs
by using red, green and blue colour codes for tmponents g, Eqisp and Eo respectively.
The radius of the cylinder is proportional to thagnitude of interaction energy which is
adjusted to same scale factor 5 kJ Talithin 4 x 4 x 4 unit cells. From the energy
frameworks illustrated in the supramolecular asgoms viewed down-c axis in Fig. 6 for the
crystal structure 02, it is clearly seen that the electrostatic angelisive energy components

are dominant between different groups of atoms.
3.6.Molecular electrostatic potential (MEP)

Electrostatic potential is a very important propdrecause it provides us much information
on the chemical reactivity of the studied compowesgpecial to describe intermolecular
interactions. Based on a color code to detect @sulay regions and molecular properties of
the electrostatic potential. The blue color indésapositive values, red for negative values and
green indicate the neutral zone. The blue coloicatds the strongest attraction and the red
indicates the strongest repulsion. It is very usdtu the qualitative interpretation of
electrophilic and nucleophilic reactions and hy@nodond interactions. The total electron
density surface mapped with electrostatic potentilcompound?2 constructed using
B3LYP/6-311++G(d,p) level is shown in Fig. 7. Thegions of negative potentials (excess in
electrons) are associated with the hydrogen at@psocgl that which is linked the nitrogen
atoms whereas the regions of positive potentiasid@nt in electrons) are associated with
the oxygen and the bromine atoms. Indeed the efgutic and nucleophilic sites confirm
well the existence of N-HN and C-H'O hydrogen bonds interactions between the entifies

our compound and explain their important role ia skabilization of the crystal.
3.7.Frontier molecular orbital analysis

The electronic properties and the chemical reagtivehaviors of the chosen molecule have

been performed via TD-DFT approach [57, 58]. Thghdst Occupied Molecular Orbital

(HOMO) and the Lowest Unoccupied Molecular Orb{idUMO), called frontier molecular

orbitals (FMOs), are the most important orbitaimolecules. These two orbitals specify the

manner in which the molecule interacts with specldse energy of the HOMO is linked to

the ionization potential, while LUMO energy is ledkto the electron affinity. The 3D plots of
11



the FMOs of the compoun@ are displayed in Fig. 8. The DFT calculated redtgti
descriptors: energy band gap, ionization potentdéctron affinity, chemical hardness,
chemical softness, electronegativity, chemical pidé electrophilicity index and the
maximum charge transfer index are determined iHerabResults reveal the energy level of
the HOMO orbital is equal to -6.395 eV and the ggdevel of the LUMO orbital is equal to
-2.575 eV, which gives an energy gap about -3.820Tdis gap energy describes well the
molecular chemical reactivity [59, 60]. All the pameters given in the table 7 are related to
the energies of HOMO and LUMO orbitals by the faling relations: the ionization potential

| = —Eqomo, the electron affinity A= —Eymo and the electronic chemical potentiat
1/2(1+A). These parameters are equal to -3.8209%.8nd -4.485 eV, respectively. The
chemical hardnesg)) can be estimated asJmo—Enomo= (I-A) and found about 1.910 eV.
Additionally, our molecule has a chemical softnégés= 1/27) equal to 0.262 eV. The
Electronegativity { = (1+A)/2) is computed based on the HOMO and LUM@ergies and
found to be 4.485 eV. Also, the compouddhas an electrophilicity indeso = u%2n about
10.534 eV. Finally, the maximum charge transfeein@Nma.= —/n) has been calculated
and found to be 2.349.

3.8. Thermodynamic properties

The thermodynamic functions such as enthalpy ch@étdyjeentropies (S) and heat capacity at
a constant pressure (Cp) were determined for tbHe tompound using B3LYP/6-
311++G(d,p) at different temperatures 100-1000K asdbserved in Fig. 9 and Tablelt6
can be shown that these thermodynamic functiongease with temperature as predicted that
the molecular vibrational intensities change wiikerof temperature. The correlation
equations between heat capacities, entropies, Ipgitbhanges and temperatures were fitted
by quadratic formulas, and the corresponding fittiactors (R2) for these thermodynamic
properties are 0.99961, 0.99997 and 0.99951, raégpkc The corresponding fitting

eqguations are as follow:
Cp = 19.69087+0.96165T -4.27323 x“1T° (R°= 0.99961)
S = 275.35652+ 1.05962T -2.63098 x*IIF (R*= 0.99997)
H =-12.72168 +0.1309T + 2.45152 x4[1¥ (R*= 0.9995]}

These equations above will be helpful for deepestadies of the title compound. We note
that all thermodynamic calculations were done ia tfas phase and could not be used in

solution.
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3.9. Anti-diabetic activity

The antidiabetic activity of the title compound Heesen systematically evaluated against two
enzymes at different concentration. Tirglucosidase and-amylase inhibition capacity of
the compound under investigation was fixed. Tabikugtrates the 16, values of the in vitro
antidiabetic profile of the title molecule, compair® acarbose as reference drumg.vitro
study on the inhibition ofi-glucosidase shows that compouh#ias significant activity with
an 1Gso value of 280.45 + 1.55 puM. This value is 2.85 &2J08-fold lower than those of
acarbose (16 = 98.12 uM) and resveratrol @&€= 12.70 uM) [61, 62], well-known as
glucosidase inhibitors, respectively. The resulfstlee a-amylase test reveal that the
compound has a good inhibitory activity with an 4§£value of 135.02 + 1.43 uM, compared
with that of the reference acarboses(€ 2.29 + 0.23uM) (Table 7).

In summarize, building on the results obtained ftbmcomparison performed betwezand
acarbose on front af-glucosidase and-amylase enzymes, the title compound might be used

as potenti- glucosidase inhibitor.

3.10. Molecular docking

The prediction of the ligand-protein conformatiorasw performed using IGEMDOCK
program, in order to confirm the potency of inhiit activities of E)-N'-(5-bromo-2-
hydroxybenzylidene)isonicotinohydrazid®) compound against Alpha-glucosidase GSJ and
a-amylase enzymes. Also to give vision into the na@idm of action of potential antidiabetic
drugs.'ti-glucosidase GSJ" receptor represents an extrenmtymon enzyme, whose role
appears in anti-bacterial defenses and the breakdwwcomplex carbohydrates. Several
diseases are linked to deficiencies of this protewhich can lead to problems during
development and sometimes can lead to death. Toadaeceptord-amylase”is a digestive
enzyme; it is a constituent of saliva and pancteaice. This enzyme is linked to bacteria
that can ferment the glucose that it produces ang@nic acid. In this work, docking analysis
was performed to explore the binding mechanismhefrholecule to thea-glucosidase and
a-amylase enzymes to allow the design of Reased 1CLV/2ZEO inhibitors.

In Table 8, we present the docking energies and dmributions (VDW, H-bond, electronic
interactions and Averconpair). The best docked @onétion of the ligan@ in the binding
sites of 2ZEO and 1CLV proteins and their 2D intéoms are illustrated in Fig. 10,
respectively. Docking calculations predicted goothlt energy score of the title compound

with the selected targe2:2ZEO is more stable tha&1CLV complexes since it has the best
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inhibitory impact whose their total energy scoreado -108.68 Kcal/mol, while it is a little
weak for the2-1CLV complex (E=-94.82 Kcal/mol). Docking resultsveal that the main
interaction forces are H-bond and VDW interactias (shown in Table 8). The two
complexes have very nearby VDW interactions, Bt2ZEO take the strongest VDW
interaction which is equal to -96.447 kcal/mol. é&wkise, this complex presents the strongest
Hydrogen bonding interaction (-12.233 kcal/mol). \§2-1CLV complexe have the highest
AverConPair (25.52 kcal/mol). In addition, the 2Znéinsional representations demonstrate the
interactions existing between our molecule andaiméno acid of the selected proteins. For
2ZEO0-2, the VDW interactions were observed betweznand A:LYS:2, A:ARG:315,
A:GLY:270, A:ASN:273 and A:TRP:317 amino residugfie A:GLU:271 and A:GLY:316
form two H-bonds with oxygen atoms (O2 and O3) dirébmo-2-hydroxybenzyl ring and
acylhydrazone group, respectively. Then the pyeadand 5-bromo-2-hydroxybenzyl ring
form pi-donor hydrogen bonds with A:GLU:272 and AN:314 residues. Concerning 1CLV
protein, our molecule interact with the followingn@mo acids: A:ASN:468, A:GLN:35,
A:TYR:368, A:GLY:369, A:ARG:365, AILEU:432, A:HISB6, A:GLY:36 and A:GLY:9
creating nine Van der Waals interactions. The aaratom C16 of acylhydrazone group
participate with A:GLY:372 in carbon hydrogen botalthe other hand, there are also other
types of contacts existing among the both compldies pi-anion, pi-cation, Amide-pi
stacked.... In order to better understand the badf these complexes, the hydrogen bonding
interactions were also investigated and depictdelgnS7. This latter show that, the 5-bromo-
2-hydroxybenzyl ring participate as an electronateacceptor in the same time for the both
complexes. Whereas, the pyridine ring and acyllgaita (-CO-NH-N=CH-) group are
involved like electron acceptor @+2ZE0 and2-1CLV. The main conclusion can be drawn
from these results is that the title molecule prtesanhibition of enzyme activity, i.e. it

contributes greatly and effectively to the treattrefrdiabetic diseases.
4. Conclusions

In summary, new crystal,Ef-N'-(5-bromo-2-hydroxybenzylidene)isonicotinohydrazi(f)
has been synthesized and characterized by FfHRand*C-NMR, ESI-MS and theE)-
configuration of azomethine (N=CH) group was comBd using single-crystal X-ray
diffraction analysis.Based on the optimized structure analysis, the rétieal results
(DFT/B3LYP) are in agreement with the experimentas. Intra-molecular interaction of the
compound was investigated via Hirshfeld surfacelysma The compound is a good non-

linear optical material candidate and the mosttreacsite of the compound is around the
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nitrogen atoms (electrophilic attack region), based the MEP surface. The in vitro
antidiabetic activity of the title compound was lexaed againsi-glucosidase and-amylase
enzymes, and compared to acarbose building ag ¥@lue demonstrating an important
inhibitory effect on front of the both enzymes esply for a-glucosidase. A molecular
docking studies showed that tl2ea-glucosidase GSJ complex is more stable tBan
amylase complex, since it has the best inhibitorgact whose their total energy score equal
to -108.68 Kcal/mol. Docking results reveal thag thain interaction forces are H-bond and
van der Waals interactions.
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Caption Figures

Figure 1. The molecular structure @showing the atomic labeling scheme and displacémen

ellipsoids at 50 % probability level.
Figure 2. The optimized geometry of compouBdising B3LYP/6-311++G(d,p) theory.
Figure 3. The FT-IR experimental spectrum of compoand

Figure 4. Views of Hirshfeld surface about reference molecol 2, (a) mapped with the
shape-index property highlighting C-Hr/z...H-C contacts, (b) mapped over electrostatic
potential highlighting oft-r stacking interactions.

Figure 5. The full two-dimensional fingerprint plot fd and those delineated into H...H,
O...H/H...O, N...H/H...N, C...C, C...H/H...C, Br...H/H...Bnd Br...O/O...Br contacts.

Figure 6. The energy frameworks composed of (a) electraspatiential force, (b) dispersion
force and (c) totalenergy for cluster about a exiee molecule 2. The energy frameworks
were adjusted to the same scale factor of 80 withtaff value of 5 kJ mol-1 within 4 x 4 x

4 unit cells.
Figure 7. Calculated molecular electrostatic potential cantoap of2.

Figure 8. Frontier's molecular orbital HOMOs-LUMOs plots tte title compound with
B3LYP/6-311++G(d,p).

Figure 9. Variation of entropy (S), heat capacity (C) andhatpgy (H) with temperature for
the title molecule.

Figure 10. The best docked poses of the ligéhh the proteins 2ZEO (a) and 1CLV (b) and
their 2D interactions.
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Table 1

Crystal data and structure refinement ({2y.

CCDC Deposition Number 1836620
Crystal data

Chemical formula Ci3H10BrN3O,
M, 320.15

Crystal system, space group
Temperature (K)

a, b, c(A)

()

V (A%

Y4

Radiation type

W (mni)

Crystal size (mm)
Data collection
Diffractometer
Absorption correction

Tmin- Tmax
No. of measured, independent and obserize@dq(1)]
reflections

Rint

(SINO/A) e (A7)
Refinement

RIF% 26(F%)], wR(F?), S
No. of reflections

No. of parameters

No. of restrains

No. H-atom treatments

Apmas, Apmin (€ A_3)

Monoclinic, P2;/n
293

8.5812 (5), 15.9004 (10), 9.3872 (6)

100.472 (2)
1259.50 (13)

4

Mo Ka.

3.27

0.51 x0.28 x 0.18

Bruker APEXIlI CCD
Multi-scan
SADABSruker 2014
0.943, 0.987

29233, 5059, 2488

0.087
0.783

0.052, 0.110, 1.00
5059

180

2

H atoms treated by a mixture of
independent and constrained

refinement
0.44, -0.63




Table 2
Hydrogen-bond geometry (A, °) foR)

D—H--A D—H H--A D--A D—H--A
01—H10---N1 0.829 (17) 1.83 (2) 2.581 (3) 149(4)
N2—H2N: --N3 0.830 (16) 2.225 (17) 3.039 (3) 167 (2)
C5—H5---Cgl 0.93 2.85 3.477 (3) 126

Symmetry cod€i)x+1/2, -y-1/2, z+1/2; (ii) —x+1/2, y+1/2, -z-1/2




Table 3

Optimized bond lengths and bond angles (A, °) patars of compoun(®).

Bond lengths
C1-Brl
02-C8
02-H
C8=02
N1-N2
N1=C7
N1-H10
N2-C8
N2-H2N
N3-C12
N3-C11
C4-C5
C4-C3
C5-H5
C5-C6
C6-H6
C6-C1
Ci1-Cc2
C2-H
C2-C3
C3-C7
C7-H7
C8-C9
C9-C13
C9-C10
C13-H13
C13-C12
C12-H12
Cl11-H11
C11-C10
C10-H10
RMSD
Bond angles
C4-01-H10
N2-N1-C7
N1-N2-C8
N1-N2-H2N
C8-N2-H2N
C12-N3-C11
01-C4-C5
01-C4-C3
C5-C4-C3
C4-C5-H5
C4-C5-C6
C6-C5-H
C5-C6-H
C5-C6-C1
C1-C6-H6
Br1-C1-C6
Br1-C1-C2
C6-C1-C2
C1-C2-H2
C1-C2-C3
C3-C2-H2

Theo. Exp. A(Theor-Exp.)
1.918 1.892 0.026
1.342 1.205 0.109
0.982 0.867 0.116
1.212 1.205 0.008
1.358 1.370 -0.013
1.286 1.275 0.011
1.820 1.830 0.010
1.385 1.357 0.028
1.015 0.830 0.185
1.338 1.335 0.003
1.335 1.332 0.003
1.400 1.387 0.014
1.419 1.402 0.017
1.083 0.930 0.153
1.387 1.378 0.009
1.083 0.930 0.152
1.397 1.380 0.017
1.382 1.374 0.008
1.084 0.930 0.154
1.408 1.391 0.016
1.451 1.460 -0.009
1.096 0.930 0.167
1.504 1.503 0.001
1.396 1.392 0.004
1.397 1.377 0.020
1.083 0.930 0.153
1.392 1.377 0.014
1.086 0.930 0.156
1.086 0.930 0.156
1.394 1.379 0.015
1.084 0.930 0.155
0.090

109.8 107.0 2.800
118.8 119.5 -0.700
120.1 115.3 4,761
119.3 120.0 -0.700
120.1 124.0 -3.900
117.3 116.4 0.900
117.7 117.9 -0.200
123.1 122.5 0.600
119.1 119.6 -0.500
118.2 119.6 -1.400
121.0 120.7 0.343
120.8 119.7 1.112
120.1 120.2 -0.127
119.7 119.6 0.136
120.2 120.2 -0.009
119.7 119.8 -0.118
119.8 119.4 0.391
120.5 120.6 -0.100
120.2 119.8 0.439
120.5 120.5 0.000
119.3 119.8 -0.510




C2-C3-C4
C4-C3-C7
C2-C3-C7
N1-C7-C3
N1-C7-H7
C3-C7-H7
02-C8-N2
02-C8-C9
N2-C8-C9
C8-C9-C13
C8-C9-C10
C10-C9-C13
C9-C13-H13
C9-C13-C12
C12-C13-H13
N3-C12-C13
N3-C12-H12
C13-C12-H12
N3-C11-H11
N3-C11-C10
C10-C11-H11
C9-C10-C11
C9-C10-H10
C11-C10-H10
RMSD

119.1
122.1
118.8
121.4
121.4
117.3
123.0
122.7
114.3
118.0
124.1
118.0
119.9
118.7
121.3
123.7
116.1
120.2
116.2
123.6
120.1
118.7
122.0
119.3
0.197

119.0
121.9
119.1
118.7
120.6
120.7
122.2
121.5
116.3
116.9
124.9
118.0
120.6
118.7
120.7
123.9
118.1
118.0
117.9
124.2
117.9
118.7
120.6
120.6

0.100
0.200
-0.301
2.672
0.800
-3.400
0.800
1.200
-1.966
1.020
-0.875
0.000
-0.721
0.074
0.646
-0.232
-1.964
2.196
-1.693
-0.600
2.200
0.000
1.359
-1.321




Table 4

Summary of energies calculated for intermolecuigeractions inZ) (kJ mol?).

Contact R(A) | Eele Epol | Edis | Erep | Etot
N2-H2N...N3
H7...H11 9.89 | -43.1| -15.7 | -22.8 | 37.9| -43.9
H7...C11
Cg(C1-C6)......Cg (C9-C11/N3/C12-C13) | 4.40 | -34.6| -7.2 | -89.0 | 52.1| -77.9
C6...C12
9.31 -5.8 -1.2 | -19.7 | 125 -14.3
C5-H5...Cg (C9-C11/N3/C12-C13)
01...H12 9.78 | -20.3| 6.3 | -18.7| 7.8 | -35.3
Brl...H13
1151 | 4.1 -24 | -11.8| 139 5.1

Brl...02




Table 5

Some global reactivity descriptors the computedhertitle compound?).

Parameters (eV) Values
ELumo -2.57555892
Enowmo -6.39467876
Energy band gafEnomo—ELumol 3.81911984
lonization potentiall(= -Eomo) 6.39467876
Electron affinity & = -E_ymo) 2.57555892
Chemical hardnesg(= (1-A)/2) 1.90955992
Chemical softness((= 1/2n) 0.261840435
Electronegativity x = (1+A)/2) 4.48511884
Chemical potential(= —(1+A)/2) -4.48511884

Electrophilicity indexw= u%2n
Maximum charge transfer indeANax. = /1)

10.53451677
2.348770936




Table 6
Calculated thermodynamic properties 8y \With
DFT/B3LYP/6-311++G(d,p).

T (K) S(J/mol.K)  Cp(J/mol.K) H(kJ/mol)

100 374.97 116.158 7.694
150 429.086 153.337 14.43
200 478.356 191.143 23.038
250 525.133 229.589 33.556
298.15 568.724 266.314 45.498
300 570.376 267.704 45.992
350 614.414 304.244 60.299
400 657.292 338.261 76.374
450 698.954 369.264 94.075
500 739.331 397.15 113.248
550 778.374 422.065 133.741
600 816.07 444.282 155.41
650 852.429 464.115 178.129
700 887.485 481.87 201.787
750 921.285 497.826 226.286
800 953.881 512.222 251.543
850 985.332 525.261 277.486
900 1015.696 537.112 304.05
950 1045.03 547.92 331.179
1000 1073.39 557.803 358.826

C, = 19.69087+0.96165T -4.27323L0" T? (R*= 0.99961)
S = 275.35652+ 1.05962T -2.63094.0* T? (R?= 0.99997)
H =-12.72168 +0.1309T + 2.451%210* T2 (R?= 0.99951)



Table 7
Antidiabetic activity of(2).

IC 50 (M)
Compound

a-glucosidase a-amylase

2 280.45 +1.55 135.02 +1.43
Acarbose 98.12 + 2.08 2.29+0.21




Table 8
Energies of the protein-ligand obtained from molacdockingof (2).

Target protein Total energy VDW H-bond Electronic AverConPair

2ZEQ -108.680 -96.447 -12.233 0 23.360
1CLV -94.820 -91.924 -2.897 0 25.520
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Highlights

* A new isoniazid hydrazone was synthesized and characterized by spectroscopic methods.

* The molecular geometry, HOMO-LUMO energies and thermodynamic properties were
explored using DFT/B3LY P method.

» Hirshfeld and MEP surfaces anal yses were investigated.
* Invitro anti-diabetic activity against a-glucosidase and a-amylase enzymes were tested.

* Molecular docking studies confirmed the inhibitory activity of the title compound.
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