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Abstract

A novel series of benzildihydrazone derived Sclbtise compounds having electron-
accepting and donor-donating appendices were syimdte A combined experimental and
theoretical analysis was conducted to elucidatéhallcharacteristic and structural features of
the synthesized molecules. The experimental cteraations were performed by using FT-
IR, *H/*C NMR, mass spectroscopic techniques, and X-rdgadifon methods. The thermal

stabilities of the molecules were evaluated by rttadrgravimetric analysis (TGA) and all

them were found to be stable above 300 To support the experimental, structural, and
spectroscopic data of the dyes, the quantum chémpaameters were obtained within the
density functional theory (DFT) calculations. Ind#&thn, some properties based on the
HOMO and LUMO energies and the temperature depemd@&i some thermodynamic

guantities (i.e. entropy, heat capacity, and epthalvere also studied. According to the
antimicrobial activity evaluation results, compoutifi has been found to be potentially
effective in suppressing microbial growth of baitewith variable potency. The DNA

cleavage activity of the compounds was analyzedjddyelectrophoresis assay. The results

showed that the compounds have DNA cleaving agtivit

Keywords: Benzil dihydrazone, X-ray, TGA, DFT/TD-DFT, Antiorobial activity, DNA

binding.



1. Introduction

In 1864, Hugo Schiff described the preparation dbchiff base by a condensation reaction
between an aldehyde and an amine [1]. Schiffdadee to the presence of the imine group,
are employed in the elucidation of the mechanisrrasfsformation of racemization reaction
in biological systems [2-5]. Different biologicattavities including antitumor, antibacterial,
antifungal, herbicidal, etc., are studied as altesfuthe presence of the azomethine linkage
(>C=N-) in living systems [6]. Again, Schiff basertatives are valuable therapeutic drugs
due to their potent antibacterial, antifungal, andiviral properties [7-9]. Furthermore, Schiff
bases and their analogues are frequently used delmompounds for understanding the
structure-activity relationship between biomolesud@d drug molecules [10-13]. Sriramal
[14] reported that, antiviral prodrugs modified ischiff bases, are highly effective against
mouse hepatitis viruses (MHV) at very low concetndres (ECso of 1.6uM). Mahmoud and
co-researchers reported that, Cu (Il) Schiff basmpiex, prepared by condensing 2,6-
diaminopyridine witho-benzoyl benzoic acid, had an effect on human breascer cell,
according tan vitro cytotoxicity studies they carried out [15].

Hydrazones and their metal analogues usually haemdical activity and can display
enzymatic reactions in cells [16-18]. Edward andvookers have successfully reported that,
the replacement of an aromatic moiety by diffeignoups in some antibiotics may lead to the
improvement of their antibiotic activity [19,20]eBide their biological importance, due to the
presence of the toxicologically vital moiety (N-Cxr@ydrazones can act as potential donors
for varieties of metal ions. These hydrazine bdggohds contain an amide bond and have the
ability to undergo a keto-enol tautomerism. Thhsytcan coordinate to central metal ions via

nitrogen and/or oxygen [21Additionally, their capability to coordinate mayp#nd on the



pH of the medium, the nature of the substituents, the metal they are coordinating with
[22].

Understanding the effects of substituent on th@@mies of compounds has been a vital goal
in chemistry. Libin Zang and Shimei Jiang [23] hare®wn how substituens have played
significant roles in the sensing and selectivity S¢hiff bases, appended with different
substituents, towards some completing anions. RigcénYahayaetal. [24] investigated and
successfully reported the effects of changing swiesits on the solubility and the absorption
properties of some Schiff bases they had prepared.

Antimicrobial susceptibility testing can be used fwovel drug candidate discovery, and
epidemiology. Antibiotics used to treat bacteriafections are in danger of losing their
efficacy because of the increase in microbial tasie [25]. The multi-drug resistant bacteria
have become a global concern to public health. éfbes, there has been a growing concern
in developing new antimicrobial agents to combatrobial resistance. Schiff base complexes
have been used as drugs and have valuable antibh{26], antifungal [27], and antitumor
[28] activities. In recent times, DNA has beeremdively studied as the target molecule in
the development of potential antiviral and antigzn drugs [29-31]. Non-covalent
interactions between prepared candidate moleculdsDNA are crucial for drug design
studies [32,33]. Schiff base compounds based omzybahhydrazone have become well-
known ligands in the design and synthesis of com@sun coordination and supramolecular
chemistry, due to the simplicity in their synthemnsl their coordination versatility [34,35].

In recent times, and among various applicationsADMs been intensively studied as the
target molecule in the development of potentialvanal and anti-cancer drugs [36,37]. Non-
covalent interactions between prepared candidateauies and DNA are crucial for drug

design studies [38,39].



In our previous studies, we synthesized, charaadriand evaluated the molecular structures
of benzilmonohydrazone derived Schiff bases beatliffgrent electro-donating and electro-
accepting substituents [40,41].

Considering all the literature facts mentioneda e therefore realized that the synthesis of
novel Schiff bases, especially those appendedbvatizildihydrazones, is of great importance
for drug development studies and cannot over-empdsTherefore, in the present study, we
have prepared a new series of benzildihydrazoneedeSchiff bases also having different
electron-accepting and electron-donating groups amdnducted spectroscopic
characterization. In our contribution, we focus attention on the differences between the
mono- and the dihydrazones in terms of biologiaad @ther important properties. The
thermal properties of the prepared dihydrazone cum@s were determined. The
experimental results obtained in this study weréhfr explained by theoretical calculations.
Finally, in the investigation of the biological jrerties of the compounds, we focused on the
interaction of the compounds with plasmid-DNA aheit antimicrobial properties against

some bacteria and fungi.

2. Experimental

2.1.Materials and instrumentations

The chemicals used in the syntheses of all the oamgs were obtained from Aldrich
Chemical Company (USA) and were used without furgmerification. All reactions were
magnetically stirred and monitored by thin layerachatography (TLC), using Merck silica
gel (60 F254) plates (0.25 mm) and visualized urdléraviolet light (UV). FT-IR (ATR)

spectra were recorded on Perkin-Elmer SpectrunFIBIR spectrophotometer. NMR spectra



were recorded on a Bruker Avance 300 Ultra-ShieldDMSOds. Chemical shifts are
expressed i units (ppm). Thermal analysis of the prepared caumps was performed using
Hitachi 7300 thermal analysis system at a heatig of 20 °C mift under a nitrogen flow
(100 mL min?). Mass spectra was performed using a Waters L&mr XE (TOF MS)
(Gazi University Laboratories, Department of Pharabagical Sciences) mass spectrometer.
X-ray single crystal structure was determined ogaRu R-axis Rapid-S IP area detector

diffractometer in the Department of Chemistry, Ait&tUniversity, Erzurum, Turkey.

2.2. Synthesis and characterization of the comps(adh

The benzildihydrazone was prepared based on litergtrocedures [29,30,40,44)d usecs

the starting material. The Schiff base compouddsh were synthesized by mixing
benzildihydrazone (0.001 mol) and correspondingladesa-h (0.002 mol) in 20 mL dry
methanol. Two drops of hydrochloric acid were adtethe mixture. The mixture was then
refluxed for 5 h to form the product&-h (Scheme 1). The products obtained were then
cooled and the solvent was removed by slow evaporafll the compoundda-h were
recrystallized using ethyl acetate. The characton data for all the compounds can be seen

in Figs. S1-S32 in the Supplementary Information.

Schemelishere

(1E,2E)-1,2-bis(((E)-benzylidene)hydrazono)-1,2hdipylethandla)

Yield: 70%, m.p. 110 °C. FT-IR (ATRymax, cM'): 2979, 2937 (aromatic and aliphatic C-H

stretch); 1610 (C=N stretchiiH NMR (300 MHz):8 8.57 (s, 2H); 7.80 (m, 4H); 7.62-7.30 (m,



16H). **C NMR (75 MHz)5: 164.8; 159.8; 134.2; 130.9; 130.7; 128.7; 128%57.7. HRMS
(m/z) (M-H)" calculated for GgH23N4: 415.1923; found: 415.1923.
(1E,2E)-1,2-bis(((E)-4-nitrobenzylidene)hydrazodgd-diphenylethanglb)

Yield: 73%, m.p. 180 °C. FT-IR (ATRymax,cm'): 3078, 2979 (aromatic and aliphatic C-H
stretch); 1615 (C=N stretch); 1317 (N-O asymmaettietch).'H NMR (300 MHz):5 8.72 (s,
1H); 8.38 (d,J: 7.8 Hz, 2H); 7.82 (m, 4H); 7.53 (m, 3HJC NMR (75 MHz): 164.8; 15.0;
149.2; 139.8; 133.4; 132.0; 129.6; 127.8; 124.5.MIR(m/z) (M-H) calculated for
CagH21NgO4: 505.1624; found: 505.1621.
4,4'-((1E,1'E)-(((1E,2E)-1,2-diphenylethane-1,2hdigne)bis(hydrazine-2,1-
diylidene))bis(methanylylidene))dibenzoic atid)

Yield: 68%, m.p. 345 °C. FT-IR (ATR)max., cm'): 3050,2970 (aromatic and aliphatic C-H
stretch); 3250 — 2400 (carboxylic acid O-H stretd®87 (C=0 stretch); 1612 (C=N stretch).
'H NMR (300 MHz):8 13.14 (s, 2H); 8.64 (s, 2H); 7.92 (,7.2 Hz, 4H); 7.78 (m, 4H); 7.68
(d, J: 8.2 Hz, 4H); 7.49 (m, 6H):3C NMR (75 MHz)&: 167.1; 164.5; 159.9; 137.8; 133.7;
133.3; 131.8; 130.1; 129.5; 128.7; 127.7. HRMS Jn(k2-H)* calculated for GoH23N4O4:
503.1719; found: 505.1621.
(1E,2E)-1,2-bis(((E)-4-chlorobenzylidene)hydrazeh@-diphenylethaneld)

Yield: 76%, m.p. 170 °C. FT-IR (ATRymax,cm'): 3059, 2979 (aromatic and aliphatic C-H
stretch); 1609 (C=N stretchdd NMR (300 MHz):8 8.58 (s, 2H); 7.77 (m, 4H); 7.59 (4,
8.2 Hz, 4H); 7.48 (m, 10H}C NMR (75 MHz)3: 164.6; 159.7; 136.4; 133.8; 132.9; 131.7;
120.2; 129.5; 129.4; 127.7. HRMS (m/z) (M*Hjalculated for ggH,oCIoN,: 483.1103 ;
found: 483.1113.

(1E,2E)-1,2-bis(((E)-4-methylbenzylidene)hydrazeh@}diphenylethanel€)

Yield: 74%, m.p. 125 °C. FT-IR (ATRymax,cm’): 3061, 2933 (aromatic and aliphatic C-H

stretch); 1601 (C=N stretch}H NMR (300 MHz):8 8.52 (s, 2H); 7.77 (m, 4H); 7.47 (m,



10H); 7.20 (d,J: 8.0 Hz, 4H); 2.29 (s, 6H).*C NMR (75 MHz)&: 164.2; 160.6; 141.9;
134.1; 131.4; 131.4; 129.8; 129.4; 128.7; 127.652HRMS (m/z) (M-H]J calculated for
CsoH26N4: 443.2236; found: 443.2223.
4,4'-((1E,1'E)-(((1E,2E)-1,2-diphenylethane-1,2hdigne)bis(hydrazine-2,1-
diylidene))bis(methanylylidene))dipher{af)

Yield: 65%, m.p. 236-238 °C. FT-IR (ATRyax,cm'): 3300-3000 (O-H stretch); 3062, 2970
(aromatic and aliphatic C-H stretch); 1602 (C=Netsth).'H NMR (300 MHz):§ 10.07 (s,
1H); 8.47 (s, 1H); 7.75 (m, 2H); 7.45 (m, 8H); 740J: 8.6 Hz, 2H); 6.76 (dJ): 8.6 Hz, 2H).
3C NMR (75 MHz)3s: 169.9; 161.0; 160.8; 134.4; 131.1; 130.7; 1292%.5; 125.2; 116.1.
HRMS (m/z) (M-HY calculated for GgH.aN4O,: 447.1821; found: 447.1808.
(1E,2E)-1,2-bis(((E)-4-methoxybenzylidene)hydrazdn®-diphenylethanglg)

Yield: 74%, m.p. 125 °C. FT-IR (ATRymax,cm'): 3061, 2933 (aromatic and aliphatic C-H
stretch); 1601 (C=N stretch); 1250 (Ar-O-G} NMR (300 MHz):& 8.52 (s, 1H); 7,77 (m,
12H); 7.53 (d,J: 8.8 Hz, 2H); 7,46 (m, 12H); 6.95 (@,8.7 Hz, 2H); 3.76 (s, 3H}°C NMR
(75 MHz) 8: 165.8; 162.2; 160.5; 134.8; 131.7; 129.3; 12125.7; 114.4; 55.3. HRMS (m/z)
(M-H)" calculated for GoH27N4O2: 475.2123; found: 475.2124.
4,4'-((1E,1'E)-(((1E,2E)-1,2-diphenylethane-1,2hdigne)bis(hydrazine-2,1-
diylidene))bis(methanylylidene))bis(N,N-dimethylae) (1h)

Yield: 78%, m.p. 210 °C. FT-IR (ATRymax.cm’): 3060, 2918 (aromatic and aliphatic C-H
stretch); 1602 (C=N stretch); 1342 — 1296 (C-RH NMR (300 MHz):§ 8.41 (s, 1H); 7.39
(m, 2H); 7.80-7.35 (m, 5H); 6.66 (d; 8.0 Hz, 2H); 2.96 (s, 6HYC NMR (75 MHz)8:
163.4; 161.1; 152.7; 130.7; 130.3; 129.2; 127.4;.42111.9; 95.6; 40.0. HRMS (m/z) (M-

H)* calculated for gHzaNe: 501.2767; found: 501.2776.



2.3. X-ray crystallography

For the crystal structure analysis, suitable gyalitsingle crystals were selected. When it was
necessary, the crystals were cut to obtain theoppiate size. Crystals, mounted on a Rigaku
R-AXIS RAPID-S diffractometer (with MoK radiationA\=0.71069 A) was used for the data
collection. Data collections were carried out aimotemperature [273 (2) K]. Integration of
the intensities, correction for Lorentz and polatian effects, and cell refinement were
performed using CrystalClear (Rigaku/MSC Inc.,208&ffware [42]. The atomic coordinates
were located using direct methods employed by SHE[X3]. The successive refinements,
once the atoms were placed in their postulatediposj were made using SHELXL [43] All
non-hydrogen atoms were then refined anisotropicdlhe hydrogen atoms were placed in
idealized positions in a riding model, after looation a Fourier difference map. An isotropic
refinement was used for all hydrogen atoms and éeatpre factors of 1.2 or 1.5 times that of
the parent atoms were assigned. The experimental slech as the crystal data, structure

refinement details, etc. can be seefable 1.

Tablelishere

2.4. Computational procedures

The calculations were performed in the frameworklefsity functional theory (DFT) in the

Gaussian 09 program package [45]. The geometrigctsites on the ground state were

obtained using B3LYP/6-31+g(d,p) methods. The camdiion of the convergence to minima

on the potential energy surface was made from ittr@tonal analysis for each molecule. The



electronic spectra of the compounds were also dédairom TD-DFT calculations at the
same level, in DMSO and chloroform, in which theegral equation formalism of the

polarizable continium model (PCM) [42,43] was enygld to evaluate the solvent effects.

2.5. Antimicrobial Activity

The antimicrobial potency of the synthesized conmgsuwas done by agar well diffusion
technique against fungi and gram negative andipediacteria. Compounds, 1b, 1c, 1d,

le, 1f, 1g and 1h were tested for their inhibitory activities agdif@&andida albicans ATCC
10231, Candida tropicalis NRRL Y-12968, CandidaskivATCC 6258 fungi and Bacillus
subtilis ATCC 6633, Bacillus cereus NRRLB-3711, @Bidococcus aureus ATCC 25923,
Enterococcus faecalis ATCC 29212, Enterococus WBEC 9790, Escherichia coli ATCC
35218, Escherichia coli ATCC 25922, Pseudomonasigaemsa ATCC 27853, Proteus
vulgaris RSKK 96029, Salmonella typhimurium ATCQ028, Klebsiella pneumaniae ATCC
13883 bacteria. The microorganisms were acquirech fthe collections of Gazi University
Molecular Biology Culture Collection, Turkey. Amgim (10 pg), chloramphenicol (30 pg)
(antibacterial), and ketoconazole (p@) (antifungal) were used for comparison as pasitiv
control. The agar plate surface was inoculated grgagling a volume of the tested strain
inoculum with microbial suspension adjusted to Bl&-arland scale, over the agar surface.
Then, a hole with a diameter of 6 to 8 mm was pedclaseptically with a sterile tip, and a
volume (100 pL) of the compound at 4000 uM wasorhiiced into the well. After that, the
agar plates were incubated at°g7for bacteria and 3%C for fungi. The antimicrobial agent
diffused in the agar medium and inhibited the gtowt the microbial strain tested. The
diameter of the zone of growth inhibition was meadlby antibiogram zone measuring scale.

Each bacterial strain was sub-cultured overnighBat°C in LB agar. The bacteria were

10



processed using different concentrations of the pmpamds. Compound-free control tubes

were included in each run. All test were replidatethree time.

2.6. DNA binding Studies

The stock solutions of the compounds were disoive®@MSO. Then, the aliquots of the
compounds, ranging from 2000 to 250 uM, were intedbavith plazmid DNA in dark at 37
°C for 24 h. The compounds\DNA mixtures were loadetb the agarose gel. The agarose gel
electrophoresis run under TAE buffer (0.05 M Trasé, 0.05 M glacial acetic acid and 1 mM
EDTA, pH=8.0) for 3 h at 70 V. After that, the gehs stained with ethidium bromide,
visualized under UV light using a transilluminat@ioDoc Analyzer, Biometra) and the
image was photographed with a video camera. Eatiwi@s conducted for triplicate and the

mean values were taken.

2.7. DNA Binding with the compounds

The binding experiment of each of the compourids {b, 1c, 1d, 1e, 1f, 1g and1h) with
DNA was carried out by agarose gel electrophorestse plasmid-DNA and different
concentrations of the compounds was incubated4drairs. Agarose gel electrophoresis was
carried out at 70 V for 3 h in TAE buffer. DNA banevere visualized by using Biometra

Transilluminator.
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2.8. Restriction enzyme digestion

BanmH1 andHindlll are restriction endonuclease that recognizeuseges 5-G/GATCC-3’,
5-A/AGCTT and hydrolyze hosphodiester bond betwadjacent guanine and adenine sites
respectively. The plasmid DNA used in this studytams a single restriction site for both
enzymes and these enzymes convert the supercatetdIFand singly nicked circular Form 1
to linear form 11l DNA. Therefore conformational ahges can be observed by treating DNA-
compound mixture with the restriction enzymes. Eatithe compound-DNA mixtures was
first incubated for 24 h at 37°C and then subjettednzyme digestion. The mixtures were

left at 37°C for another 1 h and loaded onto tHe e gel was then photographed.

3. Results and discussion

3.1. X-ray diffraction analysis

The suitable crystals of the derivatives, 1e, and 1h were obtatained by using ethanol or
methanol or a mixture of ethanol/methanol solutwan slow evaporation process. After the
process, suitable crystals that formed analysethusingle crystal X-rays diffraction analysis.
The single-crystal structures formed are showhigs. 1 and2. Selected metrical parameters
from the X-ray diffraction are listed ihable S1 (Supplementary Infor mation). The average
bond lengths and bond angle parameters of thesgisgms (phenyl), C=N-N=C and —N-gH

units were noted to be in the normal ranges.

Figs.1and 2arehere
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The crystallographic datal éble S2, Supplementary Information) demonstrate that, two
dihydrazon Schiff basedd,1e) crystallized in triclinic system with space groRgl and the
other (h) crystalized in monoclinic system with space groupgP21/c
Dibenzilidene hydrazine units were found to be lyeplianar. The N-N lfydrazing distances
are in a typical single bond range [1.407(3)-1.8304]. The C=N double bond units
in hydrazinehave been determined to be around 1.264(3)-1.2863 The torsion
angles involving the C=N-N=C units have valuesha tange of 137.3-180.0°. These torsion
angles in all the crystals and optimized gas plgsemetry were found to be in close
agreement with the expected value due testhaybridization of the N atoms. The C-Cl bond
lengths are 1.728(3) and 1.729(3)A. All the restdtslized herein are similar to those found
in our previous studies [29,30,40,41]. The confdrams have been defined by steric effects
which forced a rotation of thH,N'-Dibenzylidene-hydrazine units relative to C7-GBgke
bond axis, and these bonds vary between 1.49868B(3)A. One of thé\,N'-dibenzilidene-
hydrazine groups of each molecule was more plahamther units were significantly twisted
around their molecular axis. For these turn aroumits, the dihedral angles formed by LSQ-
planes of C16/C21 and C9/C14 phenyl rings have be¢ermined to be 28.11(2)° (fad),
23.24(4)° (forle), and 61.48( 2)° (foth).

The CI1---ClI1 intermolecular interactions were considered as ghmary reason for the
layered structure of the dichloridgd) crystal. The distance{ClessCl) = 3.383(4) A (3) was
found to be sufficiently less than the sum of ttidWradii (3.52 A). Then-n stacking
interactions between the delocalize@lectrons of the phenyl rings have been foundeo b
relatively weak. The distance between the ringdroals were obtained in the range of 3.9—
4.3A. The crystal packings are also controlled by otassical weak C-G+Cgand C-H--Cg

(pi-ring) interactionsTable S3, Supplementary Information).

13



3.2.Computational analysis

3.2.1. Optimized structures

The optimized geometries of all the studied molesula-1h) are illustrated irFig. 3. The
selected optimized structural parameters are giveable 1 and compared with the
experimental data dfd, 1e, and1lh. The calculated parameters are in good agreem#niw
ray results forld, 1e and1h. The correlation coefficient @Robtained from the comparison of
X-ray and computed bond lengths are found %s R98 forld, R*=0.96 forle and R=0.97

for 1h. Comparison of the parameters of the other maoésgwbithout X-ray data, withd, 1e
and 1h showed that they have similar geometry with le and 1h. The Ph-C=N-N=C-Ph
moieties have been found to be in the anti-formasdnificant conjugation was noticed as a
result of the planarity of the C16, C15, N4, N3, @8d C9 atoms in one moiety, and the C6,
C7, N1, N2, C22, and C23 atoms, in the other mpetyseen from the dihedral angl€sigle

S1, Supplementary Information). In addition, twoPh-C=N-N=C-Ph moieties are almost
perpendicular to each other with the dihedral alNBeC8-C7-N1 changes in the range 94.5-

96.7.

Fig. 3ishere

3.2.2. Absorption spectra @&-1h

The absorption spectra were obtained in DM8®& #6.45 Debye) and chloroform € 4.81

Debye) both experimentally and theoretically. Thesaption spectra of compounds-h

were recorded over therange of 300-700 nm using a variety of solventd woncentration

14



range of 10-10% M (Table 1). Using calculations, the absorption spectra vedse obtained
by employing the TD-DFT methods with 6-31+G(d,p)sisaset. The experimental and
theoretical results are shownTiable 1. According to the experimental spectra resulishal
molecules have strong absorption band in the r&82e397 nm in DMSO, and 309-380 nm
in chloroform, and are attributed ton* transitions. The comparison of the absorption
maxima fmay Of 1b, 1c and1d, with that ofla indicated that, the largest bathochromic shift
(19 nm) has been observed fidr which is appended with a strong electron withdrawing (-
NO,) group, and there was no significant changeséaandl1d, which were appended with -
COOH and —Cl, at the para position on the phemgs; respectively. Similarly, the electron-
donating groups at the para position of the phangk affected the absorption spectra. There
was a shift in the range 7-19 nm, relativelép for receptordg, 1f, andle, having electron-
donating groups —C41-OH, -OCH, respectively. The biggest shift (75 nm) was esalifor

1h which the strongest electron-donating group, —N{}g;ldmong the derivatives that have
electron-donating substituents. Similar behavioesenobserved for the absorption spectra
recorded in chloroform. On the other hand, the o$feof the solvents on the absorption
spectra for each molecule could also be appreciaseshown inFig. 1 and Table 1. The
smallest bathochromic shifts occurred in the alismmspectra ofic and1g while the largest
bathochromic shifts were seen for the other motecdlue to the increasing dielectric constant
from chloroform to DMSO. The calculated maximum ekngth values are in agreement
with the experimental values, whereas the solvéfects and substituent effects were not
observed in the calculation results. The biggesiatien of experimental values was obtained
as 84 nm folb in chloroform, and the smallest as 10 nmXein DMSO. It could be noted
that, the reason for these discrepancies betweeaxiperimental and the theoretical results is
that, the geometries were obtained in the gas phhsecas the experimental parameters refer

to the crystalline form of the molecules.
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Tablelishere

3.2.3. HOMO-LUMO gaps and global reactivitieslaf1h

The highest occupied molecular orbital and the Eiwmoccupied molecular orbital energies
(i.e. Biomo and Eumo) and the energy gapE) between the HOMO and the LUMO can be
used to determine the molecular properties of tb&aules, such as stability and reactivity.
While the instability and the ability of the elemtr donating are characterized with high
Enomo value, the ability of the electron accepting i¢ated to the lower Ewo value.
However, smallAE value refers to a molecule having more polarealbigh chemical
reactivity, and low kinetic stability [48].

The diagram of the HOMO and LUMO of the studied ecoles are shown in Fig.S33 and the
Enomo and Euwo values obtained from the optimized geometries ABdvalues of the
molecules are presented Trable S4 (Supplementary Information). The ionization energy
(), electron affinity (A), electronic chemical pmottial @), global hardnessn), global
electrophilicity index §), softness (s), and the expressions used to detrthem from
Enomoand Euwo are also given imable S4. Derivativelh has higher capability of donating
electrons than the rest because it is having theest Eomo and the lowest electrophilicity
index ). Similarly, 1b has lower Eyvo, the highesty values, and its electron accepting
ability is higher. The largest energy gap has bestimated to be 3.96 eV faa, indicating
that1la should be a harder molecule with good stabilitys also having the highest chemical

hardness#=1.98 eV) among the studied molecules.
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3.2.4. Thermodynamic properties

The thermodynamic functions were obtained from teeational analysis with 6-31+g(d,p)
basis set in gas phase. The temperature variabbtise heat capacity at constant pressure
(Cp), entropy (S), and enthalpy (H), with respectie rero-temperature (T=0 K) fad, 1e
and 1h, are demonstrated ifig. 4. As illustrated inFig. 4, the G, S, and the\H increase
from 200 K to 1000 K, which is caused by the riermlecular vibrations with increasing

temperature.

Fig.4ishere

3.2.5. Thermal Analysis

The TGA curve for the prepared Schiff bases isdegdiinFig. 5. As shown in TGA curve,
the decomposition process starts at about 300 °@€ paoceeds rapidly with increasing
temperature until about 330 °C4dble S5). The order of thermal stability of samples )¢
(2h) > (1e) ~ (1d) ~ (1a) > (1b) ~ (1c) ~ (1f). No direct connection has been observed
between the thermal stability and the effect(s)sstuent(s). Molecules1f) and (@h) can
exhibit intermolecular hydrogen bonding betweendbmpounds and the substituent groups.
The relatively high melting points otf() and (Lh) may be related to the strong intermolecular

H-bonding in the crystal structures of the molesule

Fig.5ishere
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3.2.6. Antimicrobial activity

All the Schiff base compounds-h were used to evaluate their antibacterial actigggpinst
bacteria and yeast species. Evaluation of antibateetivity of the compounds was recorded
and is shown i able 2. The results show that, only compoutfdis potentially effective in
suppressing microbial growth of bacteria with vialegapotency. Compounif also showed
activity towardsBacillus subtilisATCC 6633 (G+),Staphylococcus aureuBTCC 25923
(G+), Enterococcus faecaliB8TCC 29212 (G+). In additigrall the compoundslid not show

any antifungal activity against the tested yeastirst

Table2ishere

3.2.7. DNA-compound binding

The results show conformational changes due to oamgs-DNA interactions as well as
compounds binding sites and sequence prefereneeDINA cleavage was determined by the
relaxation of supercoiled circular Form | of pladmDNA into the linear Form lll. If
supercoiled circular plasmid DNA is subjected tarage gel electrophoresis, the fastest
migration will be observed for supercoiled Form NA. If one strand is cleaved, the
supercoils will relax to produce a slower movingoircular Form 1l DNA. If both strands
are cleaved, a linear Form 1ll DNA is generatedalhmigrates in between Form | and Form
1 [49].

When plasmid DNA was interacted with decreasingceotrations of the compound mixture
(compounds 1a, 1b, 1c, 1d, 1e, 1f, 1g and1h), two DNA bands corresponding to Forms Il

and Il were observed in the treated plasniity(6). In the electrophoregram, the untreated

18



plasmid DNA, used as control, has the major supleatd-orm | and minor singly nicked
relaxed circular Form Il bands. However, fidr, 1c, 1le, andlf, they showed Form Il bands of

linear DNA. These results show that the compoutetsve the DNA in both strands.

Fig.6ishere

3.2.8. Restriction enzyme digestion

To gain further insight into the changes in DNA fionation, the compounds-DNA
incubation, as shown above, was followedBanH1 or Hindlll digestion.Fig. 7 shows the
electrophoretograms applying to the interactiorplaEmid DNA with one concentrations of

each of the compounds.

Fig.7ishere

4. Conclusions

In conclusion, novel series of benzildihydrazonsdoaSchiff base$a-h have been prepared
in good yields and successfully characterized byguBT-IR, *H/**C NMR and HRMS. The
structures of three of the prepared Schiff badds 1e and 1h) have been verified by using
single crystal X-ray diffraction methods. Againgetexperimental results of the molecules
were explained using DFT calculations. For applidgbas optic dyes, TGA analyses were
done for each dye. The compounds have been foube stable and remained undecomposed
at 300°C. This means that the compounds can be applieabtetic dyes. Compourid has

been noted to be potentially effective in suppregsmnicrobial growth of bacteria with
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variable potency towardBacillus subtiliSATCC 6633,Staphylococcus aureusTCC 25923,
Enterococcus faecaliaTCC 29212. AlsoIf has also been found to be a good potential for
therapeutic uses against some Gram positive patode appears that, a compound with
good antimicrobial activity against Gram-positivacteria does not have any activity against
Gram—negative bacteria. This may mean that, theitycis related to the differences in cell
wall structure of the bacteria. In the case of pound-DNA interaction, all the compounds
caused DNA fragmentation.

Finally, we believe that, the compounds will haweemtial application as chemsensors for
any cation or can be precursor ligands for somealsietThe investigation of their
chemosensor properties and affinity towards som&lme currently ongoing and results

found scientifically viable will be published soone
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CAPTIONS

Scheme Captions;

Scheme 1. The synthetic pathway of synthesis of benzildilagdne derivatives.

Figure Captions;

Fig. 1. (a) Crystal structure of the compoufd with atom labeling scheme. Thermal
ellipsoids are drawn at the 40% probability leyk). Unit cell with the layered structure of
the molecule in the crystal.

Fig. 2. Crystal structure of the compounds (a) and 1h (b) with atom labeling scheme.
Thermal ellipsoids are drawn at the 40% probabidtsel.

Fig. 3. The optimized geometry of all studied moleculles1h).

Fig. 4. Temperature dependence of thermodynamic quan(ifieS andH) for 1d, 1eand1h.
Fig. 5. TGA-DTA thermograms ota-1h samples.

Fig. 6. Electrophotograms applying to the interaction ¢dsmid DNA with decreasing
concentrations ofa, 1b, 1c,1d, 1e, 1f, 1g and1h. Lane P applied untreated plasmid DNA to
serve as a control. Lines 1-5 applied to plasmid ADMteracted with decreasing
concentrations of compounds (4000 uM, 2000 uM, 1000 500 pM).

Fig. 7. Electrophoretogram applying to incubated mixtuséplasmid DNA and compounds
1a, 1b, 1c,1d, 1e, 1f, 1g and1h followed by digestion witlBanH1 orHindlll. Lane P applied
to the untreated and undigested plasmid DNA. Lafie d? P/H applied to untreated, but
digestion with restriction enzymBanmH1 or Hindlll, respectively. Results shows that all of
the compounds inhibited enzyme digestion indicatboagnpounds binding A/A and G/G
nucleotides on DNA.

Table Captions,

Table 1. The calculated and experimental absorption maxima,)(values and oscillator

strength {), transitions with the absolute CI coefficientwed obtained in the calculations.
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Table 2. Antimicrobial activity of the compound (4000uM) messed as inhibition zones

(mm) (amp= ampicillin, C= chloramphenicol and K2td®nazole).
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Table 1. The calculated and experimental absorption maxima,)(values and oscillator

strength {), transitions with the absolute CI coefficientwed obtained in the calculations.

Amac ™ Absorbance Ama®  f transitions Cl
(hm) (hm)

la DMSO 322 0.056 347 1.2964 H4lL+1 0.57295
H—-L 0.40828

Chloroform 309 0.444 347 1.3024 H-3L+1 0.57661
H—-L 0.40218

1b DMSO 343 0.071 419 0.8765 -HL+1 0.61585
Chloroform 331 0.338 415 0.9011 HL+1 0.61663

lc DMSO 322 0.083 367 1.3445 H-4l+1 0.54285
H—-L 0.38819

Chloroform 317 0.419 368 1.3367 H-31L+1 0.48812
H—-L 0.36699

1d DMSO 327 0.053 354 1.4126 H-4l+1 0.59218
H—-L 0.38095

Chloroform 317 0.514 355 1.4175 H-4l+1 0.59536
H—-L 0.37548

le DMSO 343 0.018 353 1.3942 H-4L 0.39211
H—L+1 0.58451

Chloroform 313 0.364 353 1.3839 H-3L 0.39742
H—L+1 0.58058

1If DMSO 340 0.089 362 1.2957 H-L 0.38292
H—L+1 0.57546

Chloroform 324 0.096 361 1.3276 H-1L 0.35479
H—L+1 0.55157

1g DMSO 329 0.085 368 1.2432 L 0.21615
H—L+1 0.55262

Chloroform 327 0.524 367 1.3148 -HL 0.24791
H—L+1 0.53218

lh DMSO 397 0.073 423 1.1946 H-L 0.28995
H—L+1 0.64184

Chloroform 380 0.288 414 1.2098 H-4L 0.27648
H—L+1 0.64697




Table 2. Antimicrobial activity of the compound (4000uM) messed as inhibition zones

(mm) (amp= ampicillin, C= chloramphenicol and K2td®nazole).

Bacillus subtilis Staphylococcus Enterococcus faecalis
ATCC 6633 aureusATCC 25923 ATCC 29212
Amp 23+1 44 +1 27+0
C 21+0 24+1 200

1f 15+0 13,33+ 0,577 14,67 £ 0,577




Fig. 1. (a) Crystal structure of the compouridl with atom labeling scheme. Thermal
ellipsoids are drawn at the 40% probability le\el. Unit cell with the layered structure of
the molecule in the crystal.

Fig. 2. Crystal structure of the compounde (a) and 1h (b) with atom labeling scheme.
Thermal ellipsoids are drawn at the 40% probabiétsel.



Fig. 3. The optimized geometry of all studied molecules1h).
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Fig. 6. Electrophotograms applying to the interaction lasmid DNA with decreasing concentrations
of 1a, 1b, 1c,1d, 1e, 1f, 1g and1h. Lane P applied untreated plasmid DNA to serva asntrol. Lines
1-5 applied to plasmid DNA interacted with decragstoncentrations of compounds (4000 uM, 2000

1M, 1000 pM, 500 puM).
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Fig. 7. Electrophoretogram applying to incubated mixtuseplasmid DNA and compounds
1a, 1b, 1c,1d, 1€, 1f, 1g and1h followed by digestion witlBamH1 orHindlll. Lane P applied

to the untreated and undigested plasmid DNA. Latie d® P/H applied to untreated, but
digestion with restriction enzym®amH1 or Hindlll, respectively. Results shows that all of
the compounds inhibited enzyme digestion indicatbagnpounds binding A/A and G/G

nucleotides on DNA.
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Benzildihydrazone
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Scheme 1. The synthetic pathway for the benzildihydrazone based Schiff bases 1a-h.



Highlights

A novel series of benzildihydrazone based Schiff bases were synthesized and

characterized.

The obtained experimental results were explained by DFT.

The compounds were found to be stable at temperature beyond 300 °C.

Compound 1f has been noted as potentially effective in suppressing microbial growth
of some bacteria

All the prepared Schiff bases have found to recognize specific sequences and

structures of nucleic acids for development of new therapeutics.



