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Abstract

In this study our purpose is that, synthesis andragterization of compounds
containing the aldehyde and thiosemicarbazone gr@amu comparison of the theoretical
results with the experimental results. The streguof all synthesized compounds were
elucidated by IR'H NMR, *C NMR, elemental analyses techniques. The structdire
compound4) (CoHgN4O,S) was also elucidated by X-ray diffraction anady$n addition, the
theoretical IR spectruntH NMR and**C NMR chemical shift values, frontier molecular
orbital values (FMO) of these molecules were aradyby using Becke-3- Lee-Yang-Parr
(B3LYP) method with LanL2DZ basis set. Finally, mollar docking studies were performed
on synthesized compounds using the 4DKI beta-laglamtein structure to determine the
potential binding mode of inhibitors.
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1. Introduction

Although recently, there were significant increasesthe number of compounds
having various biological activities their use w@en rather limited because of the emergence
of drug resistance to these compounds and theiousarside effects. For these reasons,
chemists have been made a great effort to the a@vent of compounds with biological
activity that will be used in pharmaceutical chenyis Due to having wide-spectrum
biological activity of thiosemicarbazone derivasvihat synthesis studies made, interest on
these compounds has been considerably increadbd pharmaceutical sector at the present
time. Supraventricular or ventricular (cardiac gthmia) disorders in which the
thiosemicarbazone derivative of 3-amino-2-pyridoaeboxaldehyde (triapin) [1] that is used
as among the rhythm regulators in the treatmekhdsvn to be a new third generation anti-
arrhythmic (rhythm regulators) [2].

Thiosemicarbazones and semicarbazones due to malhmolecule widely used in
the treatment of antiviral, anticancer and antipiéah disease. More recently, it has been
found that they are highly effective antiparasit@mpounds against trypanasoma cruzi
parasites that cause especially Malaria and Cagesgks. Generally, thiosemicarbazones
show this effect by causing the inhibition of cyseproteases in this type of parasites and
derivatives [3-6]. In higher electroshock applioas aryl semicarbazones are known to cause
antiepileptic effects on the central nervous syqtémh?].

In other study menthone derivatives of thiosemiaadme and semicarbazones were
determined to have anti-HIV activity in an interegtway [13].

In another study of the thiosemicarbazones it waterchined that salicyaldehyde
thiosemicarbazones act as a pharmacophore (plajategy role against certain amino acid
protein) by forming dicyclic chelates with bindingetal ions [14]. A study made on hydroxy
derivatives of thiosemicarbazone and semicarbazdoe®r toxic effects and higher
anticancer effects of the hydroxy semicarbazoneewdmown attention and this type of
compounds have been shown to act as a ribonuater@tlictase (RR) inhibitors [15, 16].

The biological activity of thiosemicarbazonesdse to the aldehyde and ketone
functional groups in their structure [17]. It is phasized with current research in recent years
that complex structures of thiosemicarbazone devies have antibacterial, antifungal,
antiviral and antitumoral [18, 19]. Also the coppssmplex of thiosemicarbazones was

determined to have quite high antimicrobial acyivdspecially to a group Streptococcus

3



which cause tonsillitis [20]. It is indicated irugies that acetylacetone thiosemicarbazone and
their metal complexes are effective against Staphylococcus aureusStaphylococcus
epidermidisfrom G(+) bacteria anftscherichia colandPseudomonaaeruginosafrom G(-)
bacteria [19]. Furthermore, such molecules are rtedoto be effective against to human
cancer cells in the literature [21].

Nowadays, beta-lactam antibiotics are the most contyrused antibiotic derivatives.
The most important source of resistance againsbeta-lactam antibiotic derivatives of
Enterobacteriaceaefamily is beta-lactamase enzymes secreted by theeta Beta-
lactamase enzymes are synthesized by mostly grgatine bacteria, they are believed to be
derived from penicillin binding protein due to hagisimilar sequence analyzes and they
cause resistance to antibiotics with beta-lactamgy. riAt the present time there are many
identified beta-lactamase enzymes [22]. Beta-lactamtibiotics show their effects by
inhibiting the transpeptidase and carboxypeptidagg@sh are responsible for peptidoglycan
synthesis and stopping the cell wall [23]. All b&atam antibiotics show their effects by
binding to target protein which is called penicitbinding protein (PBP), responsible for the
peptidoglycan synthesis in bacterial cell walls lmacterial cytoplasmic membranes. Since
peptidoglycan cannot be synthesized, cell wallcstme is broken in bacteria whom penicillin
binding proteins are inhibited by beta-lactam aatibs. This situation caused to the loss of
osmotic resistance of bacteria and death [24].Hytapoccus aureus is the most important
pathogen which synthesizes beta-lactamase in gomitiy@ bacteria. Staphylococcus aureus
enzymes are under the control of plasmid and tleey pass through the sensitive cells by
means of bacteriophages. In case of gram-negatietetia beta-lactamases are located in the
periplasmic space between the outer membrane aaglagmic membrane. In gram-negative
bacteria, beta-lactamase enzymes are synthesizit the chromosome or plasmid control
[25].

In the light of this important data which have beehieved with the literature survey
considering that the thiosemicarbazones are bicédigi active compounds, synthesis of the
thiosemicarbazone derivatives expected to showipesictivity was carried out (Scheme 1).
All of the synthesized compounds are original dmrtstructures were clarified by elemental
analysis and spectroscopic methods (FT-IR, NMRXides this, the other aim is that; in
order to support the experimental studies of theth®sized compound to examine
theoretically IR, NMR, UV spectra, potential enemjgtribution of the vibration frequency
(PED) and the frontier molecular orbital (FMO). Atilchally, the structures of4) and(5)

compounds were compared with the ligands of wetivkm antibacterial targets. Trial docking
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studies with this enzyme suggested that the crgstatture 4DKI of beta-Lactamase fr@n

aureusas most appropriate target of {4¢ and(5) compounds.
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2. Experimental

2.1. Materials and methods

The reactions were carried out under a nitrogemogphere using standard Schlenk
techniques. Th&H NMR and**C NMR spectra of the compounds were recorded in DMS
using an Agilent NMR VNMRS spectrometer at 400 MEad 100 MHz, respectively.
Chemical shift values are given in pp#) (ith tetramethylsilane (TMS) as internal standard
The IR spectra were measured in ATR using a Br@kaics Alpha FT-IR. The mass spectra
were measured with a Thermo TSQ Quantum AccessU@akIS/MS spectrometer equipped
with ethyl alcohol and chloroform as solvents. Ebental analyses were performed on a
LECO 932 CHNS (Leco-932, St. Joseph, MI, USA) imstent and the results were within
0.4% of the theoretical values. Melting points wereorded on a Thermo Scientific IA9000
series apparatus and were uncorrected. All of temacals were obtained from Sigma
Aldrich Chemicals. Theoretical calculations of tlsisidy were done by using Gaussian 09
[26] and Gaussview 5.0 [27] package programs. la situdy Density Functional Theory
(DFT)[28] method is chosen because theoreticalutaions of test results which we have
done for the analyzed molecules gave the closdse\ta the experimental results. B3LYP
hybrid functional which is one of the most commouoged exchange-correlation functionals
that contain Becke’s three-parameter exchange im¢R29-31] and Lee, Yang and Parr’s
correlation functionals [32] was used in DFT ca#tidn. The LanL2DZ [33-35] base
set, which gave the closest value to our experiaigesults as well and is widely used for
large molecules, was selectd@dad [36] software was used for PED analysis @& th
vibration frequency. Molecular docking studies wpegformed by using Autodock Vina [37]

and Discover studio Visualizer 4.5 [38] programs.

2.2. General procedure for the synthesis of 4,2.8-bis((4-formyl-2,6-

dimethoxyphenoxy)methyl)but-2-ene-1,4-diyl)bis(opyis(3,5-dimethoxybenzaldehyde) (4)
In a two-necked flask, 4-hydroxybenzaldehy8g (0.02 mol) and KOH (0.02 mol)

were dissolved in absolute ethanol (100 mL) andstblation was stirred for 30 minutes at

room temperature. 1,4-dibromo-2,3-bis(bromomethyhbene 2) (0.005 mol) was dissolved
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in absolute ethanol (50 mL) and added drop by dodpis solution at room temperature with
the assistance of a dropping funnel. The mixturs than refluxed and stirred for 8-10 h. The
progress of the reaction was monitored by TLC apregriate time intervals. After
completion of the reaction, the solution was fétand the solid matter was obtained. It was
washed with deionized water, ethanol and diethiyeetrespectively. The solid matter was
recrystallized from DMF-EtOH, 1:2). The synthesizzmmpound was dried with,©s in a
vacuum oven. The physical properties and spectatd df the obtained product are listed
below.

This compound was obtained as white crystals, yseitb g (81%), mp 178-179 °C
(from DMF-EtOH, 1:2; IR (ATR, crif): 3062 (Ar-CH), 2976, 2939 (Aliph. CH), 2839-2737
(CHO), 1684 (C=0), 1583, 1495 (CH=CH), 1117 (-Q{zH322, 1264, 1223 (=C—O-CH
NMR (400 MHz, DMSO-d6¢ ppm): 3.73 (s, 24H, O-G} 4.69 (s, 8H, O-Ch), Ar-H [7.17
(s, 8H)], 9.85 (s, 4H, CHOYC NMR (100 MHz, DMSO-¢ & ppm): 56.39 (O—ChJ, 68.61
(O-CH,), Ar-C [106.87 (CH), 132.27 (C), 141.63 (C), 153.&)], 137.48 (-C=C-), 192.33
(C=0). MS: m/z 826.97 (M+Na, 100). Anal. Calcd. foy,H44046. C, 62.68; H, 5.51. Found:
C, 62.59; H, 5.59.

2.4. General procedure for the synthesis of (2ERE2'-((((2,3-bis((4-((E)-(2-
carbamothioylhydrazono)methyl)-2,6-dimethoxyphengmethyl)but-2-ene-1,4-diyl)bis
(oxy))bis(3,5-dimethoxy-4,1-phenylene))bis(methafliglene))bis(hydrazine
carbothioamide) (5)

Compound %) was synthesized according to a method given iditdr@ature [39]In a
round-bottomed flask, compound)((0.0025 mol) and thiosemicarbazide (0.015 mol)ewer
heated to 140 °C without solvent in an oil bath atiadted for 1 h. After the completion of the
reaction, DMF (20 mL) was added to the reactiont&minand dissolved. Water was then
added to the solution and a solid precipitated. $blaition was filtered and the solid was
obtained. The solid was washed with warm water absblute ethanol to remove excess
thiosemicarbazide and impurities. The solid wasystallized from DMF/ethanol (1:1). The
synthesized compound was dried witfORPin a vacuum oven. The physical properties and
spectral data of the obtained product are listéovioe

This compound was obtained as gray solid, yiel® 2.976%), mp 230 °C (decomp.)
(from DMF-EtOH, 1:1); IR (ATR, cnl): 3259-3156 (Nb), 3162 (—NH-), 3042 (Ar-CH),
2944 (Aliph. CH), 1577 (CH=CH), 1518 (C=N), 132327B, 1233 (=C-0-C), 1123 (-
OCHa); *H NMR (400 MHz, DMSO-g, § ppm): 3.71 (s, 24H, O—-GJj 4.58 (s, 8H, O—C}),
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Ar-H [7.04 (s, 8H)], 7.93 (s, 4H, CH=N), 8.07 (344NH,), 8.19 (s, 4H, Nh), 11.40 (s, 4H,
—NH); *C NMR (100 MHz, DMSO-g¢ & ppm): 56.45 (O—C}k), 68.82 (O—CH), Ar-C
[104.85 (CH), 130.20 (C), 138.07 (C), 153.82 (AB7.53 (-C=C-), 142.69 (CH=N), 178.17
(C=S).

MS: m/z 1098.19 (M 100). Anal. Calcd. for &HseN12012S4: C, 50.35; H, 5.14; N, 15.32
Found: C, 50.44; H, 5.28: N, 15.25.

3. Crystal structure determination

X-ray diffraction data of crystal was collectedtiwa Bruker AXS APEX CCD [40]
diffractometer by using Mo& beam. Structure solving of the crystal was obthibg using
direct methods with the SHELXT-2014 [41] program.sblving process, refinement process
was carried out with SHELXL-2014 [42] program whigkes full matrix the least squares
method to determine the positions of atoms othan thydrogen. Isotropic refinement was
performed in order to become more sensitive pasitdb atoms in the first stage of the
treatment and for the determination of missing &oAs a result of refinement process, the
absence of missing atoms other than hydrogen wssredd and an anisotropic refinement
was performed. Hydrogen atoms were determinedeahéxt stage of refinement. Hydrogen
atom positions were obtained geometrically accgrdmthe overlap method. When placing
hydrogen atoms geometrically an aromatic C-H bemgjth was fixed at 0.93 A, methylene (-
CH,) bond length at 0.97 A and methyl (-@Hbond length at 0.96 A. After the process of
structure solving and refinement, ORTEP-3 [43] pang was used for molecular drawings,
WinGX [44] and MERCURY [45] programs were used ttoe calculations.

4. Results and discussion

Compound 2) was synthesized according to a method given iditdrature [39]. In the
first part of the study, 4,4'-((2,3-bis((4-formylé2dimethoxyphenoxy)methyl)but-2-ene-1,4-
diyl)bis(oxy))bis(3,5-dimethoxybenzaldehydd) was obtained in good yield (81%) from the
reaction of 4-hydroxy-3,5-dimethoxy benzaldehyd¢3) with 1,4-dibromo-2,3-
bis(bromomethyl)but-2-en@) in the presence of KOH and absolute alcohol (Sch&mén
the second part of the study, thiosemicarbazonesadiete (5) having the role of target
compound was synthesized in high yield (76%) byoadensation reaction of (4,4'-((2,3-
bis((4-formyl-2,6-dimethoxyphenoxy)methyl)but-2-ebhd-diyl)bis(oxy))bis(3,5-dimethoxy
benzaldehyde(y) with thiosemicarbazide (Scheme 1).



4.1. X-ray structure analysis of crystal (4)

The structure of compourd) (C42H44016) Was supported by X-ray diffraction analysis.
The structural parameters of the crystal and thaildeof data collection and refinement
process are given in Table 1. Molecule’s ORTEP rdiagdrawing with experimental 40%
probability ellipsoids and input molecule used iauSsian 09 program are given Fig. 1.a The
optimized structures of the molecul@y and(5) that obtained from theoretical calculations

are shown in Fig. 1.b-c.
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Fig. 1.
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Table 1. Data collection and refinement values of compo(#)d

Chemicalformula

Formula weigt
Temperatur

Wavelengtr

Crystal systei

Space grou
Diffractometer/measureme
Unit cell parameters

TR OTY®

Volume
Z
Calculated densi

u
F(000)

crystal size(mm)

Theta range for data collection
Index range

Measured reflectiol
Independen

Observed reflectiol [1>2 o(1)]
Absorption correctio
Weighting scheme

Rint
Refinement methc

CuH14046

804.77 (a.k.k

293 K

MoK, 0,7107: A

Monoclinic

12/a

Bruker AXS APEX CCD k-scar

14.740(12)/

16.500(14)A

16.591(14)/

90°

102.369(6)

90«

3940.5(6A°

4

1.357 grer?

0.105 mn™

169¢

0.44x 0.22x 0.1

2.9¢°- 28.35'

-19<h<18, -22<k<21, -22<|<22
4784¢

491(

3352

Integration (>-RED32
W=1/[c}(F2)+(0.0692P}+4.0624P] P=K2+2F2)/3

0.053¢
Full-matrix leas-squares ¢ F?
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Goodnes-offit on indicator(S 1.04¢

R, wR 0.0566 0.134¢
Extinction coefficien 0.004(8
(AG)max (ASmin) (€/ &) 0.67,-0.22

The compound (4) has non-planar dimethoxybenzgttelings (A(C1-C6) ring and
B(C14-C19) ring). Dihedral angle between A and s is 79.1%(9). In similar molecule
this angle was observed as 76.48) in the literature [46]. The molecular struetwf (4) is
shown in Fig. 1.a The asymmetric unit contains hatfiolecule and the complete molecule is
generated by a crystallographic 2-fold axis wittediion at 1/2-x,y,-z. The molecule exists in
a Z configuration with respect to the two carborl€212 bonds [1.329 (3) A]. This bond
length was found to be shorter than C-C bond lewgtthe molecule. In the literature this
length was observed as 1.332(6) A [47], 1.335(5¥A] and 1.318(6) A) [48]. Likewise,
while bond lengths of C11-C10, C12-C13, C10-O4 @i®-O5 were observed as 1.506(3),
1.505(3), 1.445(2) and 1.445(2) A, respectively.the literature these bond lengths were
given as 1.504(3), 1.502(3), 1.434(3) and 1.45A(B)9].

The experimental and the calculated bond lengthbeomd angles of the cryst@) are

shown in Table 2.

Table 2 Experimental and theoretical parameters belongirgpmpound4)

Bond length(A) Exp. Cal.(DFT)
05-C14 1.370(2) 1.383
05-C13 1.445(2) 1.498
04-C10 1.445(2) 1.498
04-c8 1.365(2) 1.382
06-C15 1.364(3) 1.386
06-C16 1.427(3) 1.458
08-C21 1.359(3) 1.395
08-C22 1.425(3) 1.459
03-C6 1.362(2) 1.394
03-C7 1.426(3) 1.459
01-C1 1.367(3) 1.392
01-C9 1.421(3) 1.458
07-C19 1.176(3) 1.253
02-C4 1.195(3) 1.252
Cl1-C12 1.329(3) 1.361
C11-C10 1.506(3) 1511
C12-Ci3 1.505(3) 1513
C14-C21 1.394(3) 1.420
C14-C15 1.406(3) 1.426
C8-C6 1.397(3) 1.422
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C8-C1 1.398(3) 1.420
C6-C5 1.384(3) 1.402
Cil-C2 1.385(3) 1.407
C15-C17 1.387(3) 1.402
C18-C20 1.382(3) 1.409
C18-C19 1.479(3) 1.476
Bond Angles()

C14-05-C13 115.5(1) 120.4
C10-04-C8 116.5(1) 119.1
C15-06-C16 117.4(2) 118.4
C21-08-C22 117.9(2) 118.5
C6-03-C7 117.5(2) 118.4
C1-01-C9 117.5(2) 118.4
C12-C11-C10 123 123.6
C11-C12-C13 123.3(2) 123.1
05-C14-C21 118.2(2) 117.8
05-C14-C15 121.6(2) 122.9
0O1-C1-C2 125.0(2) 124.4
C5-C3-C2 121.5(2) 120.8
C2-C3-C4 120.3(2) 119
C1-C2-C3 118.9(2) 119.7

Intermolecular C-H...O and intramolecular C-H...O hygken bonds were observed in
the crystal. The molecules are bonded to each etitbrthese interactions. It was observed
that intermolecular C-H...O hydrogen bonds of cry¢tgl formed theR3(30) closed ring
according to the symmetry center. C20 atoms inbthved formed for the crystal acts as a
hydrogen bond donors to O2 atom which is at 1-x;2gosition by means of H20 atom (Fig.
2). C10-H10...03 intramolecular hydrogen bond waseoled to form the S(6) closed ring.
The data related to the hydrogen bonds are giv@ialote 3.

Symmetry operation operators that allow the chystaepeat itself in the 3-dimensional
space are shown in Fig. 3 (yellow circle = invensipurple line = sliding plane, green line =
2-axis rotation, brown line = 2-screw axis of syntryp@rocessor).
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Fig. 2.

Table 3.Hydrogen bond geometry for compouia) C,sH,sN;0Ssingle crystal (A, °©)

D-H---A D-H H-A DA D-H---A
C20- H20- 02 0.86 (3) 2.28(3) 3.11(2) 162(3)
C10- H10- 03 0.82(2) 1.93(2) 2.65(3) 602)

Symmetry codes: i = 1-x,1-y,-z

Fig. 3.
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4.2. IR studies

Molecule(4) containing 24 atoms has C1 symmetry point grouwp 300 fundamental
vibration frequency while the moleculéb) has C1 symmetry point group and 384
fundamental vibration frequency. In this study, @lculations of the vibration frequency,
supported by potential energy distribution (PED)algsis, were done by using
DFT(B3LYP/LanL2DZ) basis set. Experimental and oidted spectra are shown in Fig. 4-5.
To match the calculation results with the experitaeresults for each frequency value is
multiplied by the scale value 0.961 [50].

Analyzing the IR spectral data of these compouhdsntost significant spectral data
for compound4) is CHO (fermidublet) absorption band of an aldehydhich is observed at
between the ranges of 2839-2737cnin the literature experimentally this band was
observed as 2724-2894 ¢1j51], 2796-2894 [47] and 2875-2756 ¢nrespectively [52]. This
vibration was calculated theoretically in the raraje2856—2850 ci with 100-98% PED
contribution which consist of pure C-H modes. Acliogly, because the molecule is
symmetrical C=0 absorption bands that bearing apoitant and specific bands in such
compounds was observed experimentally at 1684 cim the literature this band was
observed at 1672 [51], 1671-1656 [52] and 1698 p#i]. Theoretically it was calculated at
between the range of 1603-1600 twith 67-58% PED contribution which consist of pure
C=0 modes. -CH absorption band for the aromatig imthe compound was observed at
3062 cnt, C-O-C bands at 1322, 1264 and 1223'cihhas been found that observation of
these values supported the proposed structure.eThidsation modes were calculated
between the range of 3114-3094 and 1298-1294 cm
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When IR spectral data of compourffl) analyzed, it was determined that C=0
absorption band of the aldehyde functional grougdus the synthesis of these compounds
was completely disappeared and instead of thiso#mal of azomethine group (C=N) was
appeared at frequency of 1577 ‘tnirhis calculated value is given as 16017cin the
literature [53]. This vibration was calculated atween the range of 1605-1592 twith 14-
11% PED contribution that consist of pure C=N modes

Another important data that proved the formatiothadsemicarbazone derivativés
is that observation of -Nf-Hsymmetric and asymmetric absorption bands at estlee range
of 3259-3156 cim and —NH absorption band at 3162 ‘tnmObserved symmetric and
asymmetric vibration frequencies of -hlgroup are given at 3330-3450 and 3150-3276 cm
[54], and the -NH vibration frequency is given @63 cni' in the literature [55]. These
vibration modes have been calculated as in theerad®p2-3600 cih with 97% PED
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contribution that consist of pure -NHnodes and as between the range of 3476-3475 cm

with 88% PED contribution that consist of pure -Niddes, respectively.
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Fig. 5.

4.3. NMR studies

GIAO (Gauge-Independent Atomic Orbital) [56, 57]thwed was used to determine
the NMR chemical shifts of molecu({d) and(5) andTMS (tetramethylsilane) was used as a
reference calculatetH NMR and**C NMR chemical shift values selected dimethyl sitfe
(DMSO) for TMS are 32.1 and 184.2 ppm for DFT/B3LK&2LDZ, respectively.
Experimental and calculated NMR spectra are shavthe Supplementary Material, Fig. S1,
S2.

The structure of the compour{d) was confirmed with the assistance *6f NMR
spectroscopy. When analyzed it NMR spectra of this compound, aldehyde group ($HO
proton was observed at 9.85 ppm as a singletst@irresponding to 4 protons. This chemical
shift value is specific for the aldehyde protonkisivalue is given as 10.05-10.18 and 10.83-
9.86 ppm in the literature. Calculated chemicdt sfalue of this peak was obtained as 10.03
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ppm. Proton signals which belong to the -Q@Hd -OCH of this compound are recorded as
a singlet at 4.69 ppm corresponds to 8 protons an8.73 ppm corresponds 24 protons,
respectively. In the literature, proton signal &fCGH, was observed as 4.23-4.53 [51] and
4.98-4.73 [52] ppm and proton signal of -OgMas observed as 3.70 [51] and 3.83 ppm [52].
Theoretically these two peaks were calculated bertvibe range of 5.82-5.20 and 2.44-3.75
ppm. In compound®C NMR spectrum, while -OCHcarbon peak signal was recorded at
68.61 ppm as expected from®spybridized carbon atoms, -OGHarbon bonded to the
aromatic ring was appeared at 56.53 ppm. In tlezaliire, these two shift values were
observed at 56-65 [46] and 55.55 ppm [52], respelsti Theoretically, these peaks are
calculated at 73.10-71.95 and at 55.06-54.94 ppmth® other hand, §jybridized C=C and
C=0 carbon signals were recorded as expected at483@pm and at 192.33 ppm,
respectively. These two values are calculated e rdmge of 138.87-136.77 and 199.36-
199.49 ppm.

The structure of the compoun®) which is a thiosemicarbazone derivative was
confirmed by*H NMR spectrum. ItH NMR spectrum of this compound it was observed tha
aldehyde proton of4) (CHO) occurring at about 9.85 ppm are replacechkyproton peak of
azomethine group (CH=N) which is appeared at 7.p&.pThis value was calculated
theoretically as between the range of 9.86-9.85.gpmthe other hand, while —NH proton
gains relatively acidic nature in this compound &nglas appeared at about 11.40 ppm as a
singlet, the protons bonded to nitrogen atom {Nifere observed at 8.07 and 8.19 ppm as a
singlet in spectral data although at first theynsde be equivalent protons. In the@
exchangeable spectra of compouby disappeared the singlet belonging to -NH proton i
the 11.40 ppm and NHprotons appeared at 8.07 and 8.19 ppm supporteduggested
structures. Observed CH=N and Nbroup protons are given in the literature at 1a06
8.57-7.56 ppm, respectively [58]. The peaks of -&ldl NH protons were calculated in the
range of 7.72-7.59 and 4.70-4.62 ppm.

Chemical shifts of -NH and NHpeaks were obtained as almost half of the
experimental results in the theoretical calculaidn this case, it is drown a conclusion that
there is a possible intermolecular hydrogen bonid.NN in the molecule and free calculation
were done theoretically assuming that there isyavdgen bond.

When analyze th€C NMR spectrum of the compound, C=C, -OQtdrbon atoms of
the molecule and aromatic carbon atoms were foorsthdw great similarity with the spectral
data which is given in the molecul#®). However, in the molecul®) the most significant and

different spectral data that belongs to the (CaByup is appeared at about 178.17 ppm. This
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spectral data is quite specific value in the thioisarbazone derivatives, thiourea and
thioamides [59-62]. It is theoretically calculatasl in the range of 186.3-185.80 ppm. On the
other hand, carbon signals of azomethine (C=N) grwere recorded at 142.69 ppm and they
were calculated theoretically between the rang&4af.27-148.87 ppm. Other spectral data
belonging to the carbon skeleton of the moleculapetely confirms our proposed molecular

structure.

4.4. Frontier molecular orbital analysis

After obtaining stable structure and structuralgmeters of the molecu{é) and(5),
HOMO and LUMO energy values were analyzed and #rdriess parameters were obtained
from these energies. How this property is changeld the effect of the different groups were
investigated.

The most important orbitals in a molecule are fimmiolecular orbitals which are
called HOMO and LUMO. The energy difference betwdese two orbitals is a measure of
the chemical stability of the molecule and sinceisita measurement of the electron
conductivity, it is a critical parameter determigirthe molecular electrical transport
properties. Therefore, this energy difference igdly responsible for the chemical and
spectroscopic properties of molecules [63].

The HOMO and LUMO of a molecule are significant fiotermolecular interactions
[64], between the HOMO of the drug with the LUMOthe& receptor and vice versa. Energy
gap between the interacting orbitals determines gstabilization of the intermolecular
interactions. Increasing HOMO energy and decredsitigO energy in the drug and receptor
molecule causes the more stabilizing interacti®$. [

Calculations have been carried out in the gas phasen the HOMO energy values
were calculated as -6.00 for the molec{#gand -5.32 eV for the molecu(®). The LUMO
energy values were calculated as -2.12 eV for tlodecnle (4) and as -1.55 eV for the
molecule(5). The difference between this energy level&{(omo-Lumo) Was calculated as
3.88eV for the molecul¢4), 3.77 eV for the molecul).

Nevertheless, the compound (5) has more stableastien member with lowest
energy gap (3.77 eV) from compound (4), which may dxplained the higher binding
interaction with binding site of Beta-lactam crystucture.

The distributions and energy levels of the HOMO abndMO orbitals and
corresponding density of state (DOS) ¢f) and (5) structures are shown in the

Supplementary Material, Fig. S3.
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Molecular hardness parameters were obtained froite fdifference formula proposed by
Paar and Pearson [66, 67], and they were calculateding the operational definition pf
n = 1/2 (IE-EA)

In this formula, IE shows the first ionization eggrand EA shows the electron
affinity. Hardness value can provide the followigproach by means of the highest occupied
molecular orbital energy (bvo) and the lowest unoccupied molecular orbital eyperg
(ELumo):

N~ 1/2(B.umo- Evomo)

Some studies in the literature, the effect of hasdrparameters on the charge transfer
are examined and in these studies it is indicdtatlgmall value ofy corresponds to a more
powerful charge transfer interaction [68-70]. Cédted hardness values for the molegdle
and(5) are 3.88 and 3.77, respectively. Observing theutated hardness value of molecule
(5) is smaller than the molecul@) shows that charge transfer would be stronger é th

molecule.

4.5.Molecular docking studies

Beta-lactam crystal structure (pdb code: 4DKI) tloe docking studies was provided
via Protein Data Bank (http://www.rcsb.org/pdb).f@e the docking operation the water
molecules were removed from the structure 4DKI,rbgdn atoms and Gasteiger charges
were added. After these processes, docking was toatihee target molecule binding site of
ligand (4) (Fig. 6(a)) and5) (Fig. 6(c)). Autodock Vina was used for dockingdies and
AutoDock Tools was used to create Docking inputstilReceptor ligand interactions are
indicated by the Discover Studio Visualizer 4.5tsafe. The prediction of binding energy
(docking score) and RMSD values are obtained aftelecular docking and computational

results are shown comparatively in Table 4.

Table 4. Affinity and RMSD values different conformations admpound 4) and 6).

Compound (4) Compound (5)
Distance from best mode Distance from best mode

Mode | Affinity RMSD 1.b. Mode | Affinity RMSD 1.b.

1 -6.3 0.000 1 -6.4 0.000

2 -6.3 49.217 2 -6.3 1.261

3 -6.2 1.067 3 -6.3 4.017

4 -6.2 1.603 4 -6.2 2.902

5 -6.2 0.625 5 -6.2 3.692

6 -6,1 1.666 6 -6.1 7.677

7 -6.1 49.162 7 -6.1 5.056

19



8 -6.0 49.230 8 -6.1 4.054

9 -6.0 47.242 9 -6.0 4.170

The obtained docking results are stated as cowieeh the RMS value is smaller than
2 A [71]. RMSD value is the root mean square deviafimm the determined structural
conformation of the ligand. In other words, it medhat the deviation from the active site of
the ligand to interact and it is the most importeniteria for the docking results. The binding
energy is the criteria that looked after the RMSilues. The reason of this priority is that the
molecule may also give lower binding energy wittplace other than the active region.
Therefore, first looking at its proximity to thetae site, and then looking at its binding
energy which is made in the active region. Dockiespults for the molecule 4, binding energy
that is corresponded to the lowest RMSD value i8 &al/mol and -6.3 kcal/mol for the

molecule 5.

Donor
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Fig. 6.

It was observed that ligands bonded to the sulesbimiding site of receptors with a
weak non-covalent interaction and they were bondeste specifically with hydrogen
bonding, van der Waalsi-r andn-alkyl interactions. As shown in Fig. 6(b, d) hydem
bonds were formed between SER403, LYS406, ASN4BER462, GLN521 and O atoms for
ligand (4) at 1.96, 2.77/2.82, 2.27, 2.88 and 2.48/2.20/A6in length and for ligand5)
between THR216, ARG241, TYHR165, MET375 and ASP&ith O and N atoms at 2.65,
2.31, 2.61, 2.63 and 3.48 A in length, respectivElyrthermore, as shown in Fig. 6 (b, d)
while LEU603 was attached to the liga(®) with n-sigma interaction, TYR446 with-n
interaction and LYSB430 with-alkyl interaction; TYR196, TYR373 and GLY374 were
attached to the ligan(b) with n-cation and amide-interactions, respectively. According to
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the calculated binding affinity ligan@) and (5) have been identified as inhibitor candidate
molecules for beta-lactam target structure. Conseity) these potential inhibitor compounds
which are found will be hoping for us to designgbwvith high selectivity and have low side

effects in new studies that will be done in thaifat

5. Conclusions

In this study, aldehydes and compounds containmgsémicarbazone group were
synthesized easily with the applicable methodsgh kield. The structures of all synthesized
compounds were clarified by various spectroscopathads.

Among the synthesized compounds (4) and (5), siaogistal versions of compound
(4) was obtained. After the stable structures stndctural parameters of these compounds
were calculated, their IR, NMR spectra, HOMO andM@ energies and hardness parameters
of these energies were found.

The effect of aldehyde and thiosemicarbazone gronpthe (4) and (5) on these
properties was investigated. Obtaining the smdilxdness value ) than moleculg4)
shows that there is a strong charge transfer is itholecule. At the same time, docking
simulation process was applied to obtain possileding patterns and conformation for
ligands(4) and(5). According to the calculated bonding affinitiel,campounds in this study

were determined to be inhibitor candidates forlte&-lactamase target structure.
Supplementary data

CCDC- 1444663 contains the supplementary crystafdgc data for the compound reported
in this paper. This data can be obtained free of argdh at
www.ccdc.cam.ac.uk/conts/retrieving.html [or fromet Cambridge Crystallographic Data
Center (CCDC), 12 Union Road, Cambridge CB2 1EZ; téX: +44(0)1223-336033; e-mail:
deposit@ccdc.cam.ac.uk].
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Figure and Scheme Captions

Scheme 1Synthetic route for the synthesis of the targetgounds

Fig. 1. (a) ORTEP-3 shape of 48144016 (4) crystal (b) Calculated shapd) crystal (c)
Calculated shape ¢%) crystal

Fig. 2. Representation of intermolecular C-H...O interadtion(4) crystal along the a axis.
Fig. 3. Crystal(4) packed with symmetry operation operators

Fig. 4. Comparison Experimental (straight-line) and thaocatt(dashed line) FT-IR spectra
for the molecule

Fig. 5. Comparison Experimental (straight-line) and thacatt(dashed line) FT-IR spectra
for the molecule .

Fig. 6. Docking result representation of (a), () compound; (b), (cY5) compound. H-
bonding, n-r and m-alkyl interactions are shown with green, pink aachnge lines,

respectively.
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Highlights

* Novd adehyde and thiosemicarbazone derivatives were synthesized.
»  The synthesized compounds were characterized by different spectroscopic techniques.
» Thecrystal and molecular structures of compounds (4) and (5) were investigated.

*  Molecular docking study was implemented on the compounds (4) and (5).



