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the increase in viscosity of the DNA-compound adduct formed.
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Abstract

Two azomethines:H)-2-(((2-hydroxyethyl)imino)methyl)-6-methoxyphen@) and €)-3-(((2-

hydroxyethyl)imino)methyl)benzene-1,2-did®)(were synthesized and characterized in solid

state by FT-IR spectroscopy and single crystal Xawystallography, whereas in solution state

by NMR (*H, *C) and GC-MS. The titled compounds exist in a awitbnic form with a strong

intramolecular N-H- --O hydrogen bond between thé altd the phenolate'@s observed both

in solution states as well as in solid state. Bhthcompounds are stabilized in 3D network due

to C-H--O, N-H:-O and O-H-O types of hydrogen bondings. The optimized mokecul

geometries were calculated by DFT (density funetiadheory) with B3LYP functional with 6-

31G(d,p) basis set was usesing GAUSSIAN 09 program package. The simulatemhgseries

showed excellent correlation with experimentallyrid structures. The synthesized compounds

were investigated for DNA binding interactions w@gidV-visible spectroscopy and viscometery

giving the intercalative mode of interaction witls-®NA (Salmon sperm DNA). In order to

explore the binding modes of compounds with DNAckiog simulations were further

performed, that also support the aforementionedlteesThe compounds were also screened for

their in vitro antimicrobial activities and the results showedt ttheir antibacterial activity is

even higher than that of the standard drug, Cexivhile their antifungal activity is lower than

the standard drug, Terbinafine. The interactiontref titled compounds with cetyl trimethy

lammonium bromide (CTAB) was investigated by condoetric method to know the critical



micelle concentration (CMC) of CTAB in the absenaed presence of compounds. The
conductivity measurements revealed higher CMC vatu¢he presence of compounds (For
compoundl CMC = 0.003M while for compoun@ CMC = 0.0031M), proposing a stable
compound-CTAB system.

Keywords: Azomethine; Structural elucidation; Molecular doakistudy; DNA binding study;
Antimicrobial evaluation; DPPH activity

1. Introduction

The chemistry of azomethine (Schiff bases) is \gyerous in providing ligands. The numerous
amino and aldo/keto precursors available for cosdeon reactions leading to azomethine
compounds are almost unlimited. The systematic ystoid the interaction of two starting
precursors helps in defining the donor sites, lmgdnode and number of coordinating ligands
[1]. Azomethine based ligands play an importatd o the field of inorganic chemistry, as they
readily form very stable complexes with many tréasi as well as main group metal ions in
various oxidation states [2-4]. They also haverthpplications in the field of organic synthesis,
dyes and pigments, polymer stabilizers, as catbstl bio-medicine [5]. Of known aldehydes,
ortho-vanillin is a naturally occurring and bio-medigalictive compound that has been widely
used as a starting precursor for different azomethiwith either mono-donor or multidentate
sites. Such ligands are considered as convenietthetyc blocks to coordinate multi-nuclear
metals such as trinuclear &[] or trinuclear Dy' [7] with fascinating single molecule
magnetic properties [8, 9]. Multidentate Schiff &asre familiar to produce stable complexes,
due to coordination through various donor atomq.[I® coordination chemistry due to their
chelating property have been considered as convesyathetic blocks [11].

The computational chemistry is nowadays a veryalalki field in understanding, interpretation
and simulation of experimental results If¢ and**C NMR spectra [12-14] and also very useful
for simulation of X-ray geometrical parameters [16]. The binding interactions of the reported
compounds are also supported by molecular dockindies. Moreover, quantum chemical
calculations are obtained for the synthesized camgs. DFT/B3LYP as function and basis set
as 6-31G (d,p) was used in gas phase to optithegaéometry of molecule.

Taking into account the importance of azomethimnedifferent biological fields, herein we have
reported the synthesis and spectroscopic invesiigatf two azomethines derived from 2,3-

dihyroxybenzaldehydelf ando-vanillin (2). Compoundl has also been reported by the group



of Tan, where it crystallized in orthorhombic celstystem with space group Pgal2owever, in
our case it crystallized in monoclinic crystal gystwith space group C2/c [17]. Importantly, we
investigated the interaction of both compouhdnd 2 with SS-DNA, CTAB as well as their
antioxidant and antimicrobial activities has systéinally been studied.

2. Materials and Methods

2.1. Synthesis

Ethanolamineo-vanillin and 2,3-dihydroxybezaldehyde were puredagrom Aldrich (USA)
and were used as received. Sodium salt of SS-DNv& wietained from Arcos and used as such.
Solvents used were purchased from Merck (Germang)daied before use according to the
literature procedure [18].

2.2. Physical measurements

Gallenkamp (U.K.) melting point apparatus was usefind the melting point of the synthesized
compounds. FT-IR spectrum (4000-400 9nwas recorded on a Bruker Tensor Il FT-IR
SpectrophotometerH and **C NMR spectra were recorded on a Bruker 300 MHz NMR
spectrometer (Switzerland), using DMSO as solvéntH{ = 2.5 ppm and®C = 39.5 ppm].
Single crystal X-ray analysis was performed on akBr Kappa APEX-II CCD diffractometer
using graphite-monochromated MeKadiation § = 0.71073 nm). The crystal structure was
solved by direct methods followed by final refinathen F with full-matrix least-squares using
SHELXL-97 [19]. The GC-MS spectra were recordedaomgas chromatograph (GC-6890N)
coupled with mass spectrometer having MSD (massctet¢ detector, model MS-5973). The
GC-MS was set to scan in the range of 50-@&0with electron impact ionization mode. DNA
interaction study was performed by using UV-160intldzu spectrophotometer. Elemental
analysis was done using a CE-440 Elemental Anal{&zester Analytical, Inc).

2.3. Synthesis

(E)-2-((2-hydroxyethylimino)methyl)-6-methoxyphenol(1)

The compound. was synthesized by the reaction of equimolar amotiethanolamine and-
vanillin (2-hydroxy-3-methoxybenzaldehyde) in dryetmanol using two neck flask equipped
with a magnetic stirrer and a condenser (Schem@&HB.reaction mixture was reflux for 2-3 h
and was then cooled to room temperature. The mrantixture volume was concentrated to one
third of its original under reduced pressure angt ker crystallization at room temperature. The

light yellow crystals suitable for single crystaRE analysis were obtained after few days.



Yield: 84%;M.P. 77-78 °C;Mol. Wt.: 195.21 g/molAnal. Calc. For GoHi3NOs; (Found): C,
61.53 (60.92); H, 6.71 (6.74); N, 7.18 (7.16X-IR (v, cm®): 1635 (C=N), 1398 and 1540
(ArC=C), 3398 (free OH), 1217-1346 (Phen. C-O 8it.); '"H NMR (5 ppm): 3.77 (t, H1),
3.49 (t, H2), 4.82 (s, 1H, OH), 8.47 (s, 1H, HB)C13.82 (s, 1H, H5, OH), 3.65 (s, 3H, OQH
6.75 (d, 1H, H73J [*H, *H] = 7.8 Hz), 6.77 (t, 1H, H&J ['*H, *H] = 7.8 Hz), 7.01 (d, 1H, HF)
[*H, H] = 7.8 Hz);*C NMR (5 ppm): 60.6 (C1), 61.0 (C2), 167.1 (C3), 123.7 (Q4)8.8 (C5),
153.4 (C6), 118.5 (C7), 117.6 (C8), 115.0 (C9)1E10).UV-ViS: Amax 409nm.
(E)-3-((2-hydroxyethylimino)methyl)benzene-1,2dio(2)

Compound? was synthesized in similar way as compodntilowever, reaction was carried out
between equimolar concentration of ethanolamineZaBdlihydroxybenzaldehyde (Scheme 1).
Yield: 78%;M.P. 112-113 °CMol. Wt.: 181.19 g/molAnal. Calc.For GH1iNOs (Found): C,
59.66 (58.98); H, 6.12 (6.08); N, 7.73 (7.7BY-IR (v, cni%): 1647 (C=N), 1354 and 1503 (Ar
C=C), 3289 (free OH), 1244-1386 (Phen. C-O Str.)ytbl NMR (5 ppm): 3.65 (t, H1), 3.48 (t,
H2), 4.89 (s, 1H, OH), 8.93 (s, 1H, H3, CH), 13(631H, H5, OH), 8.43 (s, 1H, H6, OH), 6.60
(d, 1H, H7 2J[*H, *H] = 7.5 Hz), 6.79 (t, 1H, H83J ['H, *H] = 7.8 Hz), 6.84 (d, 1H, H9>]
[*H, *H]= 7.5 Hz);™*C NMR (8 ppm): 59.4 (C1), 60.9 (C2), 167.1 (C3), 122.3 (Q416.9 (C5),
154.5 (C6), 117.3 (C7), 117.7 (C8), 122.3 (AYY-Vis: Amax 356nm and 266 nm.
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Scheme 1Synthetic procedure for designing of compodrahd?2
2.2.1. DNA interaction studies
DNA solution was prepared by dissolving SS-DNA (88) in deionized water (pH= 7.0) and

_OH CH OH, Reflux

the solution was stirred for overnight. The predaselution was stored at 4°C. The ratio of
nucleotide to protein (N/P) about 1.9 was obtained from the UV-absorbance at 2602&60d
nm (Aosd/A20 = 1.9) which indicates that DNA is free from piiot¢20]. The concentration of



DNA was calculated to be 1.97 x40 via UV-Vis spectroscopy by applying Beer-Lambert
law (ess.ona= 6600 M*emt at 260 nm) [21] .

The 0.57mM solution of each compound was prepanetOPo ethanol. During the UV visible
absorption measurements (1cm path length of cievetied), the concentration of SS-DNA was
varied while keeping the concentration of the coummb fixed. In order to eliminate the
absorbance band of DNA, same quantity of DNA wateddo both the compound and reference
solutions [22]. Prior to each measurement comp&®dNA solution was incubated for 25
min at room temperature.

2.2.2. Viscosity measurements

The most reliable and easiest method in definirgy ctbmpound-DNA binding mode is the
viscosity measurement due to its sensitivity towattie change in DNA length as a result of
interactions with compound [23]. Herein we perfodmthe viscosity measurements using
Ubbelohde viscometer at ambient temperature (25@&)1The flow rate was recorded by means

of digital stopwatch, where each sample was medsurtriplicate. Data ofr{/ng)**

was plotted
against [Compound]/[DNA] ratio. The andn, values represent the DNA viscosity in presence
and absence of compound, respectively [24, 25].

2.2.3. Molecular docking

For the purpose of docking simulations moleculancttires of compoundkand2 were drawn

on MOE-2017 Window employing MOE 2017 tool, enteretd MOE database and optimized to
minimum energy values employing PM3 semi-emipiroa¢thod. 3-D structure of double
stranded DNA (PDB. ID: 1D66), was extracted frone tRCSB protein Data Bank [26],
imported to MOE window, optimized and protonatedftather simulation. In order to perform
docking analysis, PDB coordinates of 1D66 were mjzed to minimum energy employing
molecular dynamic AMBER force field and semi-emgatiPM3 approaches. These coordinates
had minimum energy and stable conformation obtaittedugh MOPAC 7.0. All water
molecules were removed from X-Ray crystal structofeDNA. The optimized structures of
compoundsl and2 were used for methodical conformational searcheédudt limits with RMS
gradient of 0.041kJ mdivia Site Finder to find out minimum free energy si¢ONA. Finally

the scoring function was used to perform dockingligts. To get the best accuracy in the binding

docking poses, 30 docking runs were carried ouefmh compound. The interaction energy of



both compound4 and2 were calculated at every step of the simulatioheW® other parameters
were set as default [27].

2.2.4. Scavenging effect on 2,2-diphenyl -1-picrydrazyl (DPPH)

The antioxidant study is commonly considered asptiesible practice used for the treatment of
various bio-medical related infections [28]. Thaiaxidant study of the titled compounds was
performed using a 0.089 mM stock solution of DPReppred in methanol. Ascorbic acid was
used as a standard. To the 2.6 mL solution of DRPBmML of the compounds solutions with
concentration ranging from 0.0524 to 1.5 mg/mLevadded. After 30 min of incubation, the
successive reduction in absorption band of DPP5EiLAtnm was examined. Finally, to find the
percentage inhibition, the real decrease in abmorptas calculated against that of the control,
ascorbic acid [29-31]. Each experiment was perfarmeriplicates to get the precise results.
2.2.5. Computational procedure

The Gaussian 09 program [32] was used to accomplisthe DFT calculations, by applying
B3LYP/6-31G level of theory. Moreover, Gauss view Jrogram package was used to
construct the input files (Initial input geometryasvconstructed from single crystal XRD of
compoundl and2 ) and to plot/ visualize the theoretical resu8,[34]. Additionally, different
molecular properties such as highest occupied mtaeorbital (HOMO) and lowest unoccupied
molecular orbital (LUMO), various thermodynamicsoperties, chemical reactivity/stability
descriptions, electronegativity, dipole moment bts also been reported.

2.2.6. Complex—CTAB interaction study by conductontey

The CMC value of CTAB and the effect of compoundABTinteractions on the CMC value
were examined by means of conductometric measutsnpEtformed by conductivity meter
inolabcond 720 (WTW) calibrated with 3 M KCI soloni. The effect on electrical conductivity
of compound-CTAB was monitored by keeping the cowmmgb concentration constant while
changing that of the CTAB.

2.2.7.1n vitro antibacterial activity

The titled compounds were tested for their antdy@a activity against five different bacterial
strains including three Gram-positiv€. Staphylococci (Coagulase-negative staphylococci),
MRSA (Methicillin-resistant Saphylococcus aureus) and S. aureus (Staphyl ococcus aureus) and
two Gram-negativeE. Coli (Escherichia coli) and K. pneumoniae (Klebsiella pneumoniae)

using agar well-diffusion method [35]. DMSO and Riefie (1 mg/mL) were used as a negative



and positive controls, respectively. Three sepapatei plates of every bacterial strain were
arranged which were incubated aerobically for 2 B7 °C. The average diameter of the zones
of inhibition (mm) was calculated as a functiortlodir activity.

2.2.8.In vitro antifungal activity

The antifungal activity of synthesized compoundsravscreened by using agar tube dilution
method against various fungal strains includidgniger, A. fumigatus, A. flavus andM. species
[36]. The screw caped test tubes which contain wam dextrose agar (SDA) medium (5 mL)
were autoclaved at 120 °C for 20 min. The tubesva#iowed to cool slowly at 50 °C and 67 pL
of non-solidified SDA was loaded. Then compound® (dg/mL in DMSO) from the stock
solution were added to make final concentratioriaup.2 mg/mL. The tubes were then allowed
to solidify in slanting position (in Laminar flowoed) at room temperature. Each tube was
inoculated with 5 mm diameter piece of inoculurmirseven days old fungal culture. The media
accompanied with DMSO and Turbinafine (200 mg/mlgrevused as negative and positive
controls, respectively. After 7 days incubatior2at’C the linear growth was measured (mm).

3. Results and discussion

The desired compounds were obtained in good yiahdk both were crystallized in methanol.
The bulk purity of both compounds was examined mental analysis where the results
demonstrated good agreement with those of calculasdues. The synthesized compounds
exhibited sharp melting point showing their purithe compounds were characterized in solid
state by FT-IR spectroscopy and single crystal Kdidffraction analysis whereas in solution by
NMR (*H and **C) spectroscopy and GC-MS. The structural formuléh whe tautomeric
equilibrium for compoundd and?2 are shown in Scheme S1 of the supplementary d&@a. T
Keto-enol tautomerism can proceeth enol-imine as well aketo-enamine. In order to verify the
proposed tautomers, computational study of both poamds1 and 2 was performed. In
principle, compound. can directly undergéeto-enamine tautomerization to yield (i), while
compound?2 can only undergéeto-enol tautomerization to yield 2 (i) as shown in Sche®ie
The binding energies of all the analogues of comged and2 were also computed and found
that all the analogues are comparatively less estédan the corresponding starting compounds
[37].

3.1. Mass spectrometry



The MS spectra of compoundsand 2 are shown in Figures S1 and S2 while their mass
fragmentation pathways are shown in Schemes S2 3®dof the supplementary data,
respectively. In the mass spectra of both the camg® the parent peaks (molecular ion peak)
appeared at m/z = 195 and 181, respectively. Tdgnfents with m/z value 178 and 164 are due
to the loss of hydroxyl group from compouhdnd?2, respectively. Furthermore, the molecular
ion peaks go through two other key fragmentatioth pgays with m/z= 164 and 150 in
compoundl while m/z = 150 and 136 in compouBdThe fragment of m/z = 164 of compound
1 and m/z = 150 of compourtlexperiences cleavage to give ion peak at m/z =ai#P 109,
respectively, by the elimination of,83N group. This fragment of both the compound yields
same fragment m/z = 92 by elimination of methoxZ k) and (OH) groups from compound
and 2, respectively. This fragment of m/z = 92 of botie tcompounds undergoes two
fragmentation patterns resulting in m/z = 77 and m65. The former ion peak can be attributed
to the phenyl radical ion, while the latter by ahiation of CH group via another rout can gives
ion peak at m/z = 51.

3.2. Spectroscopic analysis

3.2.1. FT-IR spectroscopy

The detailed FT-IR data for the both the compousrdsgiven in the experimental section. Both
the compounds exhibited strong bands in the regfoB500-3200 ci attributed to the inter-
and intramolecular hydrogen bonded hydroxyl growpsch is further supported by the single
crystal data. A strong band attributable to azoimetigroup (C=N) was observed at 1635 tm
and 1647 crt, while the stretching vibration of phenolic C-Onbaappeared at 1205-1357 and
1244-1386 cnit in compoundl and2, respectively [38]. Furthermore, for both compdsitthe
stretching vibrations of aliphatic and aromatic Gzkdup were observed 2914, 3040 trand
2940, 3001 cnt, respectively.

3.2.2.'H and **C NMR spectroscopy

The detailed NMR data for the both the compounds given in experimental section. The
formation of the synthesized compouridend2 was confirmed by the appearance of a sharp
singlet of azomethine proton (N=CH) at 8.47 ppm 8r88 ppm, respectively. For compouhd
one of the hydroxyl proton attached to C-1 appea®@ singlet at 4.82 ppm while the other
hydroxyl OH attached to the C-5 of the benzene @pgeared at 13.82 ppm. For compo@nd
OH protons attached to C-1 and C-5 appeared ardusfdl and 8.65 ppm, respectively. The



downfield shift of —OH proton attached to aromaiig (C-5) is due to intramolecular N-H---O
hydrogen bonding which is also observed in soligtestfrom single crystal analysis. The
formation of the compoundsand2 was further confirmed b¥’C NMR giving the peak at 167.1
and 154.5 ppm of the azomethine carbon (C-6). €hegaming peaks are found at the positions
as calculated by incremental methods as given m elperimental section [39]. The
experimental and simulatéti and**C NMR chemical shift (DMSO) values of compourts
and?2 are reported in Table S1. A good agreement is fanrttie experimental and simulated
chemical shift values.
3.2.3. Single crystal X-ray diffraction study
The crystallographic data and structure refinempatameters are summarized in Table 1 while
the various bond lengths and bond angles are giv8rables 2 and 3, respectively. Figures 1
and 2 describe the perspective view of compouhdsd?2, respectively. A monoclinic crystal
system with space group of C2/c was observed ferhibth the compounds. Also both the
compounds form zwitter ion with the hydrogen of ttearby hydroxyl group and as a result the
H of the OH group is transferred from oxygen t@agen making a 6-membered stable ring. The
stability of the 6-membered ring is due to the sgrantramolecular N—H-O hydrogen bond as
shown in their structures [17]. The bond lengthd angles are within normal ranges [40] (Allen
et al., 1987). The N1=C8 [1.289(2) A] and N1-C8§I7(2)A] bond distances are comparable to
these found in similar Schiff base compounds asrtegd earlier [17, 41, 42]. In the crystal
structures, O3-H3:--O1 (Table 4) intermoleculardyein bonds formed between the hydroxy
and oxygen of phenolate link the molecules intedin3ension wave type supramolecular chain
structure as shown in Figures S3 and S4 of thelsopgmtary data, respectively. The intra- and
inter-molecular H-bondings present in both compauace shown in Figures S5 and S6 of the
supplementary data.

Tables 1-4

Figures 1-2
3.3. Absorption spectral features of DNA-compound inding
UV-Vis absorption spectroscopy is an effective mdtHor studying the DNA-compound
interaction and examining the binding mode of coumub with DNA. In this method the
absorption spectra of free compound and that ofpoamd-DNA are compared to monitor the

changes in the absorbance as well as in the pa#lnghin case of intercalation mode of



binding, the compound intercalate into the DNA bpais where tha orbital of the base pairs
of DNA interacts with ther* orbital of the intercalated aromatic chromophotieerefore,
reducing thet—n* transition energy and causes bathochromic shdtitionally hypochromism
is observed because of the patrtially filled eletéran = orbital of intercalated compound that
reduces the probabilities of transition and accomwpay in the hypochromism. Therefore,
hypochromism when coupled with bathochromism theraalation mode of binding between
compound-DNA occurs [43].
The compounds reported in the manuscript are songdinic molecules for which DNA is the
easy target as mentioned in the literature. Morethese compounds are structurally analogue to
compounds binding to DNAia various mode of interaction [44]. Figures 3 andefnonstrate
the absorption spectra of the investigated comp®umdhe absence (a) and presence (b-m) of
SS-DNA. For free compouritithere exists one strong peak at about 409 nm vignileompound
2, two peaks were observed at 356 nm and 266 nmh WWd@remental addition of DNA, the
absorption bands exhibit hypochromism and smahdxdiromism (red shift) of about 4 nm. All
these observations give a clue that the synthescedpounds bind with DNAvia an
intercalative binding mode [45]. Furthermore, tha@eat of compound-DNA interaction was
evaluated in term of binding constant (K) that wiagermine using the intercept-to-slope ratio of
AJ(A-A,) vs.1/[DNA] plots. The observed values of binding camstfor the investigated
compounds are 1.7 x 4M™ and 1.36 x 1DM™, respectively. The spontaneity of the DNA-
compound adduct formation process was evaluated fine negative value of Gibbs free energy
(AG) using the equation [46]:
AG = -RTInK
Here R = 8.314 JmdK™ and T = 298 K. The values &G calculated for the screened
compounds are -24.13 kJ rif@ind -23.58 kJ mdt

Figures 3-4
3.4. Viscosity measurements
Viscosity or hydrodynamic measurements responsthéochange in length of DNA during
interactions with compounds, therefore, it is cdastd as most simplest and more reliable
method to describe the interaction mode of DNA-coumal [47]. During the intercalative mode
of binding, DNA lengthens due to the accumulatidncompound between the base pairs

resulting in the increase in viscosity. HoweveDNA undergoes groove mode of binding with



compound, kink or bend in the DNA helix is produdkdt results in the decrease of DNA length
and hence the viscosity either decreases or renmaffected [48]. Figure 5 describes the effect
of increasing concentration ratio of compound-DNgon the relative viscosity of the DNA. It
can be clearly evidenced from the figure that dyutime compound-DNA adduct formation the
viscosity of the DNA increased showing intercalatmode of binding. The viscosity results
completely support the UV-Vis absorption findingsadissed in section 3.3.

Figure 5
3.5. Structural analysis DNA binding by molecular @cking
Molecular docking is a simulation technique useeipress the “best-fit” binding orientation of
a compound under study with a specific macromotedike DNA. It further describes the
anticipated structure of intermolecular complexteysformed by the interaction of two or more
molecules [27]. DNA can bind to a compouwvid different possible mutual conformations and
are commonly referred as its binding modes [49priher to support our experimental results of
compound-DNA binding docking simulations were peried.
Pose view analysis of best and stable conformatismsompound4 and2 (Figure 6a and 6c)
and showed that both compounds interacted vidlntercalation binding mode between stacked
base pairs of double helical DNA. An acute lookgrof2D ligplot (Figure 6b and 6d) depicted
that compoun® developed four hydrogen bonds i.e., one betweetor of hydroxyl group
and N-atom of adenine (DA-A6), second and thirdrbgen bond between H atom of -OH on
compound?2 with N-atom of another adenine (DA-A5), fourth hngden bond between H-atom
of hydroxyl group and O-atom of guanine (DG-A3). gmund 1 intercalated via three
hydrogen bonds; one hydrogen bond is formed betwieatom of hydroxyl group on compound
1 and O- atom of guanine (DG-A3), second bond wa®ldeed between H-atom of hydroxyl
group and O-atom of guanine DG (A4), third hydrogend was constructed between O-atom of
hydroxyl on compound and H-atom of guanine DG (A3).Greater number afrbgen bonds in
compound contributed to its greater binding strength wib66 (Table 5).
Several electronic and steric descriptors for camplol and 2 were calculated (Table 6)
respectively. Bomo and Eumo that describes electron donating and acceptingacter of a
compound also determine the energetic dependencybinfling a compound with
macromolecules. A compound will be considered a&tein-donating if the jpvo value

increase whereas it will be considered as elecmepting its Eumo value decreases [31].



Steric parameters for docked conformation i.e. tifg@m coefficient (log P) and Molar
refractivity (Mgr) were also calculated and they exhibited inversgetation with binding
constant K (Table 6). SlogP is illustrative of steric intefiaos and hydrophobicity of the
molecule while M gives extent of polarizability of a small molecuBoth of these descriptors
exhibited converse correlation with binding stréngK,) of the compound and2. Hydrophobic
surface area (¥ is considered as another important steric desergalculated which revealed
greater value of Y,sfor compound, therefore greater overlapping of compouhdith electron
rich DNA resulted in its higher Kwith 1D66.
Figure 6

Tables 5-6
3.6. DPPH scavenging activity
The stable DPPH free radical scavenging model basa lvidely applied to efficiently determine
the antioxidant activities. The potential antioxitlaactivity of compoundsl and 2 were
evaluated by DPPH radical-scavenging assay, whdpétBH free radicals were applied in the
rapid analysis of the antioxidants, and while sogiugy these radicals, the antioxidants donate
hydrogen and a stable 1, 1-diphenyl-2-picrylhydriaz{(DPPH-H) molecule is formed. The
DPPH radical generally gives a strong absorptiordst 517 nm due to extensive delocalization
of free electron [50]. However, this band disappedue to non-availability of free electron by
abstracting hydrogen radical from the interactiognpound [51]. The variation produced is a
key factor that defines the antioxidant potentifltested compound. Both compounds were
tested for their potential antioxidant activitieg the interaction of fixed concentration of DPPH
solution with varying concentrations of compouhdand 2 The percentage inhibition was
calculated by using the Eq.
% Inhibition of DPPH = A— As / Ax 100
Where A and As in equation are the absorbance of DPPHembsence and presence of the test
compound, respectively.
The inhibition of DPPH by the tested compounds ontrast to ascorbic acid (standard
antioxidant) has been shown in Figure 7. The pletwken percentage inhibition and
concentration clearly shows that with increase he toncentration of tested compounds,
percentage inhibition increases, where maximunbitiobn of DPPH free radical was observed

at a concentration of about 52 pg/mL. The test ammgs have scavenging activity of 36 % to



52 % forl and 38% to 54% foR within the investigated range due to the donatibi from
OH group and a stable DPPH-H molecule was formadcdmpoundl the most probable
chances of H atom abstraction is from the OH grattached to C-1 as the H of the other OH
attached to C-5 of aromatic ring is involved inosty intramolecular H-bonding with N atom
resulting in the formation of stable 6-membered.riwhile in compoun@ there are total 3 OH
groups in which one is involved in intramoleculabbinding with N atom (the one attached to
C-5 of aromatic ring) while the other two (one altad to C-1 and other attached to C-6 of
aromatic ring) may influence the anti-oxidant aityiv Also the anti-oxidant activity of
compound is slightly higher than that of compoufd

Figure 7
3.7. Computational structure analysis by DFT studis
The geometries of synthesized compounds were gminby B3LYP method of DFT with
default convergence criteria and without any camsts. DFT considers electronic structure of a
molecule for theoretical investigations through wamfum mechanical approach. The various
parameters like maximum charge distribution, HOMOMO energy gap and energies, dipole
moment, ionization potential, electronegativitygaton affinity, global hardness and UV-visible
analysis were calculated from the optimized geoyneEor understanding the electronic
structures of our compounds and its possibilitiésimteraction with different biological
macromolecules like DNA these theoretical resutterpretation are helpful. BSLYP Global
hybrid [52] method was selected for the calculatmmposes in order to get accurate non-
bonding interactions that are responsible fortatystructure stability. From the calculations of
optimized structure it can be concluded that botingounds have planar geometry which favors
intercalation mode. The calculated bond angleslangths (Table 7) correlated well with the
experimental data obtained by single crystal X-iffraction analysis. However, slight
deviations observed can be explained on the ludsishe fact that DFT calculations used
isolated molecules in gaseous phase while theesgrgbktal X-ray analysis was performed on the
solid phase of the compounds [53].

Table 7
3.7.1. Frontier molecular orbital (FMO) analysis
Pictorial representation of the charge distribudicon the optimized molecule geometry and

HOMO-LUMO orbitals are shown in Figure S7 of thepglementary data, while different



computational parameters of the optimized moleare given in Table 9. The optimized
structures of both compounds and 2 have shown planner geometry; so, probably both
compounds interact with DNA base pauis intercalative mode of interaction. Furthermore,
oxygen atom of hydroxyl group (OH) has high electdensity, so it has the probability to form
a hydrogen bond with DNA base pairs. While the bgén atom of OH group is electron
deficient, so it has the tendency to form a hydnogend by accepting an electron pair from
DNA base pairs.
Parameters like molecule softness/hardness, chemsigetivity and stability can be evaluated
with the HOMOs and LUMOs which are also known amfier molecular orbitals (FMOSs) [54].
lonization potential and electron affinity has aedt dependence on the energies of FMOs as
these are the electron donating and acceptingatstof a molecule. Importantly the difference in
energy between HOMO and LUMO depicts the energy ayjap hence can affect the chemical
reactivity of the compound. Lower the energy gapween HOMO and LUMO, more the
compound will be reactive or in other words lessbl [52, 55, 56]. Difference in energy of
HOMO and LUMO decides the softness/hardness otdingpound. When the energy difference
is higher it shows more hardness in the respectivepound and vice versa. For both
compounds, the calculated HOMO and LUMO energyrgngap, ionization potential, electron
affinity (A), electronic chemical potential), electronegativityy), molecular softness (S) and
hardnessr|), and electrophilicity indexa) are given in the Table. §he calculated energy gap,
and smaller value of hardness, while higher valugigole moment depicted the reactive nature
of both compounds [57]. In addition, electronic @ipgion spectra for compoundsand2 in gas
phase were calculated using the Time-Dependenteikistent Field (TD- SCF) method by
using the optimized structure in ethanol as solwvéth the same level of theory. The simulated
UV-visible absorption maximalifay Vvalues, theoretical electronic excitation eneygand
oscillator strengths are depicted in Table S2. As be clear from Table S2, the simulated
absorption maxima values for the compouddsnd2 are found to be 302.71 and 306.53 nm,
respectively. The oscillator strengthhas no dimension and tells about the strengthnof a
electronic transition. The maximum absorption a2.3Q (compound) and 306.53 (compound
2) nm, respectively is assigned to the transitiomfiHOMO to LUMO molecular orbital.

Table 8
3.8. CTAB-complex interaction study



Surfactant can be possibly used as a drug carbermuse of its potential behavior of
establishing soluble environment even for very pospluble drugs, and hence increases the
bioavailability together with reducing the hostédéect of the drugs [58]. Each surfactant form
micelles at different concentrations called its CM&ue, which changes by the interaction of
surfactant with drugs. Now when a drug is admenedl with a surfactant, the CMC value either
increases representing good bioavailability of dupgn dilution or it decreases/remains constant
representing low bioavailability of drug.

Herein, we studied the CTAB-compounds interactigsconductometric method. In order to
emphasize the CTAB-compound study through theiciipeconductance, 1 mM solutions of
compoundl and 2 were prepared in methanol and interacted with iagrgoncentration of
CTAB i.e. ranging from 0 to 7 mM. Initially the sgéc conductance of compound solutions
increases with increase in CTAB concentratioratfiioint called as inflection point was observed
and hereafter CTAB monomers tend to form micellé e conductance is mainly due to free
Br ions (Figure 8) [59]. Generally free ions (CTA&d Bi) formed in the solution are
responsible for the sharp increase in conductamdlee pre-micellar concentration region while
comparative decrease in the increase rate of cteeticesin post-micellar region is because of the
micelle formation from the available free ions. Hawer, on interaction of compound molecules,
the repulsion between the positive charges of Nmatd CTAB" monomers decreases by
reducing its charge density hence increases the Call(@.

For compoundl while interacting with CTAB system CMC value isufal to be 0.003M
whereas the value is 0.0031M when compoA@ridteracts with CTAB (Figure 8). CMC value
for compounds-CTAB system is comparatively higheant the reported free CTAB value
(0.0009 M) [60]. This increase in CMC value indesstrong interaction of compounds with the
surfactant (CTAB) that might results in higher hia#ability of the compounds in biological
system.

Gibbs free energy of micellizatiodGm) was calculated using the equation:

AGmM = 2.303(18) RTI0gXcme

B=1wa (B=degree of the counter ion binding)

a = S/Si(a = degree of dissociation or ionization, calculabedore and after CMC from the

ratio of plots)



S; and $ are slopes of conductivity—concentration plots befand after CMC. It is taken in
mole fractions called as Xcmc which in aqueoustgmiucan be calculated as:
eme = €MC/55.55

For compoundL and2 AGm value is found to be -36 kJ rifadnd -34 kJ mét, respectively,
where its negative value indicates spontaneousb#iaation of the compounds in surfactant
micelles system.

Figure 8
3.9.1n vitro antibacterial activity
The agar well diffusion method was used to carriytha in vitro antibacterial activity against
five different bacterial strain€. Staphylococci, MRSA, S Aureus, E. Coli andK. Pneumoniae.
The zone inhibition (mm) of both the compounds weeasured against their activity (Table 10).
Both compounds showed good anti-bacterial actiaitgl is comparable to that of standard. The
anti-bacterial activity was higher against G+$ dureus) bacteria than against G -ve bacteria.
The antibacterial activity and inhibition zone amnduthe tested compounds can be caused by
their bactericide effects or their bacteriostatfeas [25].

Table 10
3.10.In vitro antifungal activity
The agar well diffusion protocol was used to caoyt the antifungal activity against four
different strains of fungi and is summarized in [Eab0. Terbinafine and DMSO were used as
positive and negative controls, respectively. Tbhaezof inhibition for both compounds was
measured as a function of their activity. Perceamtagibition value was evaluated by following
formula:

Growth diameter in test compound (mm)
Percent inhibition of fungal growth = . . * 100
Growth diameter in control (mm)

Compoundl has shown maximum inhibition of 79% againét species fungal strain while
compound?2 has shown maximum inhibition of 69% against niger. Overall both the
compounds have shown good inhibition against allt#ésted fungal strains.

Table 10
Conclusions
The titled Schiff bases derived from 2,3-dihyroxybaldehyde 1) and o-vanillin (2) were

synthesized and characterized by various analyteethniques. Crystallographic data of the



investigated compounds show that both the compogngsallized in the monoclinic crystal
system with space group C2/c and exhibited stravigamolecular N-H-O hydrogen bond
resulting in the formation of stable 6-memberedyrifihe geometric parameters obtained from
DFT studies and spectroscopic properties obtainech fexperimental data showed excellent
correlation with each others. The interaction &f tiled compounds with DNA was investigated
by UV-visible spectroscopy and viscometry showimg tintercalative mode of interaction.
Moreover, the interaction of the compounds with ®&T& characterized by higher CMC and
negative AG values which indicates good bioavailability argbrstaneous solubilization of
compounds. The antibacterial and antifungal evednabf compounds exhibit relatively good
results as compared to standard drugs, cefiximaeabthafine, respectively.
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Table 1: Crystal data and structure refinementrpatars for compountl and2

Parameters Compound 1 Compound 2
Formula/molecular weight foH13NO4/195.21 GH11NO4/181.19
Temperature/K 296(2) 296(2)
Crystal system/Space group  Monoclinic/C2/c Monacl@2/c
17.118(3),7.3373(10),

a, b, c/A 24.618(4), 5.0167(7), 31.985(515.989(2)
a B,y /° 90, 101.612(6), 90 90, 116.472(7), 90
VIA3 3869.3(11) 1797.7(5)
z 16 8
peaglent 1.340 1.339
w/mmt 0.099 0.101
F(000) 1664.0 768.0
Crystal dimension/mrh 0.39 x 0.22 x 0.20 0.42 x 0.32 x 0.28
Radiation Mokx (A = 0.71073) Mok (A = 0.71073)
260 range for data collection/° 4.66 to 52 5.316 to 51.972

-29<h<30, -6<k<5,-30<| -14<h<?20,-8<k<09,-19<
Index ranges

<39 | <17
Reflections collected 11702 5028

\ 3802 [Ryt = 0.0493, Bgma = 1760 [Ry = 0.0517, Bgma =

Independent reflections

0.0647] 0.0620]
Data/restraints/parameters 3802/0/257 1760/0/120
Son P 1.039 1.032
Final R indexes [I>=2 ()] R =0.0538, wR= 0.1410 R=0.0494, wR=0.1318
Final R indexes [all data] 1R 0.0899, wRr= 0.1606 R=0.0661, wR=0.1479
Largest diff. peak/hole / e A 0.41/-0.30 0.22/-0.19

CCDC# 1888257 1888256




Table 2: Selected bond lengths (A) for Compouhdsd2

Compound 1
Atom-Atom Length/A Atom-Atom Length/A
01-C1 1.280(3) 04-C11 1.354(3)
02-C2 1.367(3) 05-C12 1.365(3)
02-C7 1.425(3) 05-C17 1.426(3)
03-C10 1.417(3) 06-C20 1.415(3)
N1-C8 1.292(3) N2-C18 1.254(3)
N1-C9 1.463(3) N2-C19 1.468(3)
C1-C6 1.433(3) C11-C16 1.393(3)
C1-C2 1.446(3) C11-C12 1.411(3)
c2-C3 1.364(3) C12-C13 1.375(3)
C3-C4 1.405(4) C13-C14 1.384(4)
C4-C5 1.354(3) C14-C15 1.375(4)
C5-C6 1.423(4) C15-C16 1.405(4)
C6-C8 1.412(3) C16-C18 1.460(3)
C9-C10 1.514(3) C19-C20 1.487(4)
Compound 2

01-C1 1.3001(18) C2-C3 1.368(2)
02-C2 1.367(2) C3-C4 1.406(3)
03-C9 1.401(2) C4-C5 1.352(3)
N1-C7 1.289(2) C5-C6 1.422(2)
N1-C8 1.457(2) C6-C7 1.416(2)
C1-C2 1.427(2) C8-C9 1.510(3)
C1-C6 1.430(2)




Table 3: Selected bond angles (°) for compounasd?2

Compound 1
Atom-Atom-Atom Angle/’ Atom-Atom-Atom Angle/’
C2-02-C7 117.4(2) C12-05-C17 117.2(2)
C8-N1-C9 125.0(2) C18-N2-C19 119.3(3)
01-C1-Cé6 122.4(2) 04-C11-C16 122.7(2)
01-C1-C2 121.6(2) 04-C11-C12 117.8(2)
C6-C1-C2 116.0(2) C16-C11-C12 119.5(2)
C3-C2-02 125.5(2) 05-C12-C13 125.9(2)
C3-C2-C1 121.1(2) 05-C12-C11 114.6(2)
02-C2-C1 113.4(2) C13-Cl12-C11 119.5(2)
C2-C3-C4 121.6(2) C12-C13-C14 120.8(2)
C5-C4-C3 119.9(2) C15-C14-C13 120.4(2)
C4-C5-C6 120.7(2) C14-C15-C16 119.9(3)
C8-C6-C5 119.1(2) C11-C16-C15 119.8(2)
N1-C8-C6 124.7(2) N2-C18-C16 122.8(3)
N1-C9-C10 112.04(18) N2-C19-C20 113.4(2)
03-C10-C9 112.90(19) 06-C20-C19 111.6(2)
Compound 2
C7-N1-C8 124.40(15) C5- C4-C3 119.56(17)
01-C1-C2 120.62(14) C4- C5-C6 121.15(17)
01-C1-C6 122.79(14) C7- C6-C5 119.25(16)
C2-C1-C6 116.58(14) C7- C6-C1 120.65(15)
02-C2-C3 119.53(15) C5- C6-C1 120.10(16)
02-C2-C1 119.07(14) N1- C7-C6 125.14(16)
C3-C2-C1 121.40(15) N1- C8-C9 111.51(15)



C2-C3-C4 121.20(16) 03- C9-C8 108.42(15)

Table 4: Hydrogen-bond lengths and bond angleg ;°compoundd and?2

D-H--A d(D-H)/A d(H-A)/A d(D-A)/A D-H-A/°
Compound 1
03-H3A..-01 0.82 1.91 2.722(2) 169.8
N1-H1..-01 0.86 1.96 2.630(2) 134.2
N1-H1.--0% 0.86 2.59 3.108(3) 119.9
C8-H8---04 0.93 2.56 3.450(3) 160.7
C9-H9B.--01 0.97 2.65 3.132(3) 110.7
06-H6---03 0.82 2.10 2.875(2) 156.6
N2-H2.--04 0.86 1.96 2.630(3) 133.3
Compound 2
02-H2--- 01 0.82 2.33 2.7543(16) 112.7
02- H2--- 01 0.82 2.02 2.7304(17) 144.0
03- H3A.--- 01 0.82 1.92 2.7336(18) 170.0
N1- H1--- O1 0.86 2.00 2.6658(17) 133.5
C7-H7--- O3 0.93 2.46 3.361(2) 162.0
C8- H8B--- 02 0.97 2.65 3.591(3) 163.0

Symmetry transformations used to generate equitvatems in compound 1: (1) 1/2-X,1/2-Y,-Z; (2) ¥R 1/2+Y +Z
Symmetry transformations used to generate equivams in compound 2: (1) 1/2-X,-1/2-Y,1-Z; (2),-X,1-Z; (3) -X,1-Y,1-Z; (4) +X,-

Y, 1/2+Z



Table 5: Binding constant ¢ Gibbs free energiesAG) and electronic descriptors of

compoundd and2 calculated from molecular docking analysis

Binding Parameter Compound 1 Compound 2
Ko (M) 6.5 x 16 9.92x 10
AG (kJmol%) -10.37 -17.05

Table 6: Electronic descriptors of compountisand 2 calculated from molecular docking

analysis
Comp. Electronic descriptors
# Erowmo ELumo Ep Ecle Evander Etot
(kJ mol?) (kJ mor) (kImo)  (kImol')  (kJ molt) (kJ molt)
1 -37.18 -2.60 37.18 -1166828.69  0.00 -2198895.92
2 -40.02 -2.79 2.36 -1228896.86  0.00 -238328254.88
Steric descriptors
Comp. # H SlogP Mg Vaur
1 -99.630 0.6940 5.4354 194.8
2 -98.547 0.5090 4.9318 195.6




Table 7: Comparison of experimental and simulaezhtetric parameters of compouridand?2

Bond lengths (A)

Bond angles (°)

Parameters Experimental Calculated Parameters Experimental Calculated
Compound 1
o1l-Cc1 1.280(3) 1.283 C2-02-C7 117.4(2) 117.6
02-C2 1.367(3) 1.371 C8-N1-C9 125.0(2) 1254
02-C7 1.425(3) 1.417 01-C1-C6 122.4(2) 122.8
03-C10 1.417(3) 1.434 0O1-Ci1-c2 121.6(2) 121.9
N1-C8 1.292(3) 1.280 C6-C1-C2 116.0(2) 116.4
N1-C9 1.463(3) 1.447 C3-C2-02 125.5(2) 125.1
04-C11 1.354(3) 1.345 C12-05-C17 117.2(2) 117.4
05-C12 1.365(3) 1.342 C18-N2-C19 119.3(3) 1195
0O5-C17 1.426(3) 1.432 04-C11-C16 122.7(2) 122.9
06-C20 1.415(3) 1.390 04-C11-C12 117.8(2) 117.6
N2-C18 1.254(3) 1.269 C16-C11-C12 119.5(2) 119.1
N2-C19 1.468(3) 1.456 05-C12-C13 125.9(2) 125.8
Compound 2

01-C1 1.300(18) 1.302 C7-N1-C8 124.40(15) 124.45
02-C2 1.367(2) 1.348 0O1-Ci-Cc2 120.62(14) 120.55
03-C9 1.401(2) 1.426 01-C1-C6 122.79(14) 122.80
N1-C7 1.289(2) 1.279 C2-C1-C6 116.58(14) 116.51
N1-C8 1.457(2) 1.440 02-C2-C3 119.53(15) 119.55
Ci1-C2 1.427(2) 1.453 02-C2-C1 119.07(14) 118.00
C1-C6 1.430(2) 1.417 C3-C2-C1 121.40(15) 121.44
C2-C3 1.368(2) 1.368 C2-C3-C4 121.20(16) 121.23
C3-C4 1.406(3) 1.413 N1- C7-C6 125.14(16) 125.18
C4-C5 1.352(3) 1.340 N1- C8-C9 111.51(15) 111.55
C5-C6 1.422(2) 1.441 03- C9-C8 108.42(15) 108.44
C6-C7 1.468(3) 1.45 C5- C4-C3 119.56(17) 119.60
C8-C9 1.510(3) 1.50 C4- C5-C6 121.15(17) 121.18




Table 8: Calculated physical parameters of compsairathd2

Physical properties Compound 1 Compound 2
Eromo (eV) -5.71 -5.605
ELumo (eV) -1.306 -0.952

AE = Biomo-ELuvo (€V) 4.404 4.653
I.P (eV) 5.71 5.605

E.A (eV) 1.306 0.952

X (eV) 3.508 3.278

n (eV) 2.202 2.326

S (eVY 0.227 0.215

u (eV) -3.508 -3.278

o (eVv?h) -3.508 -3.278

Dipole moment (Debye) 1.68 5.89

Table 9: Antibacterial activity data for compouridand?2

Pathogen used S aureus E. coli C-negative K. pneumonia MRSA
Comp| staphylococci
Zone of inhibition in mm (Mean + standard deviajion
1 28.52+0.46 16.43+1.03 19.08+1.0 23.85+1.31 14.71+0.54
2 26.72+0.41 19.23+1.0521.08+1.02 20.75+1.01 16.71+0.34

Cefixime 22.23+0.62 18.04+£0.07 15.09+0.82 20.92+1.04 13.4+0.09

Table 10: Antifungal activity data for compountand?2

Pathogens useé A. niger A. fumigates A. flavus M. species
Comp|
Zone of inhibitation in mm (Mean + standard deaa)i
1 62+1.14 46+ 1.18 56+ 0.96 76+ 1.86
2 69 + 0.53 38+0.49 61 +0.76 65 +0.71

Terbinafine 100+ 0 100+ 0 100+ 0 100+ 0




Figure 1: Two independent molecular structuresoofigoundl showing atom labeling schemes.
The red dotted lines show the N-H...O intermolechlrogen bonds which is responsible for

Zwitter ion formation in which the H of hydroxyl gup is shifted towards N atom

Figure 2: Molecular structures of compouhsghowing atom labeling schemes. The red dotted
lines show the N-H...O intermolecular hydrogen bowtigch is responsible for Zwitter ion

formation in which the H of hydroxyl group is sleit towards N atom
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Figure 3: Absorption spectrum of 1mM solution ohgmundl (Amax = 409 nm) in the absence
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Figure 4: Absorption spectrum of 1mM solution ofgq@und2 (Amax = 356 nm and 266 nm) in
the absence (a) and presence of 8 (b), 16 (cd)282 (e), 40 (f), 48 (g), 56 (h) and 64K\
DNA solution. The arrow direction shows the sucnessicreasing conc. of DNA. The inset
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Figure 5: Effect of increasing concentration of gmundsl and2 on the relative viscosity of
SS-DNA at 25 +£ 0.1 °C.

Figure 6. Docked poses of compounds {apnd (b)2 and 2D molecular interactions of
compounds (c) and (b)2 with nitrogenous bases of DNA.
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Figure 7: Antioxidant activity of compoundsand?2
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