Accepted Manuscript e B

MOLECULAR
STRUCTURE

In silico, In Vitro and docking applications for some novel complexes derived from
new quinoline derivatives

Ibrahim A.l. Ali, Sahar S.A. El-Sakka, Mohamed H.A. Soliman, Omayma E.A.
Mohamed

PII: S0022-2860(19)30777-X
DOI: https://doi.org/10.1016/j.molstruc.2019.06.053
Reference: MOLSTR 26695

To appear in:  Journal of Molecular Structure

Received Date: 4 February 2019
Revised Date: 10 June 2019
Accepted Date: 13 June 2019

Please cite this article as: I.A.l. Ali, S.S.A. EI-Sakka, M.H.A. Soliman, O.E.A. Mohamed, In silico, In Vitro
and docking applications for some novel complexes derived from new quinoline derivatives, Journal of
Molecular Structure (2019), doi: https://doi.org/10.1016/j.molstruc.2019.06.053.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.molstruc.2019.06.053
https://doi.org/10.1016/j.molstruc.2019.06.053

In Silico, In Vitro and Docking applications for some Novel
Complexes Derived from new Quinoline Derivatives

Ibrahim A. I. Ali*, Sahar S. A EI-Sakka Mohamed H. A. Solim&rand Omayma E. A. Moham&d
! Suez Canal University, Faculty of Science, ChemiBepartment, Ismailia, Egypt

2 Suez University, Faculty of Science, Chemistry &épent, Suez, Egypt

% Chemistry Administrations, Suez, Egypt

*Corresponding author

Email address: saharelsakka@hotmail.com; sahatka@suezuniv.edu.eg

Abstract

The new quinoline derivatives: 2-oxo-1,2-dihydratpline-4-carbohydrazide (1), 2-(allyloxy)
quinoline-4-carbohydrizde (2), 1-allyl-2-oxo-1,Zgidroquinoline-4-carbohydrazid (3) and 2-(allyl-
thio)quinoline-4-carbohydrazide (4) and their Cy(Ni(ll) and Co(ll) complexes were synthesized
and characterized by using elemental analysis (CEYMFTIR, UV/Vis,"H NMR, **C NMR spectra,
DTA, TGA, magnetic susceptibility and the conduyivof 0.001 M in DMSO. The obtained results
revealed the formation of the Cu(ll) complexeshia square planar form, meanwhile Ni(ll) and Co(ll)
complexes as octahedral structure. The FTIR spettthe synthesized ligands and their complexes
were giving the characteristic stretching vibratlmands. The weight loss which appeared in the TG
analysis indicates that there are different typesvater molecules in the formed complexes. The
theoretical calculations which are carried out gsiifferent computer programs permit proposing an
optimized geometry for the formed complexes. Théemdar modeling for the free ligands and their
complexes were evaluated and discussed. The eoéttpg HOMO and LUMO was calculated and
discussed. The most stable structure of the syimtebsompounds was suggested and its energy was
evaluated. The most benefit properties, which mayery important role in drug synthesis with
reference to the surface properties of the compaumdre evaluated and discussed. The application of
the DFT on the target compounds, gave dipole vataand 1.73 D. This result turns out well with the
requirement properties of the new drug. Docking $yathesized compounds with HepG2-code:
5EQG protein; e.g. liver carcinoma cell, gave anpeing inhibitionin Slico level. The antimicrobial
activity of the target compounds wilh Coli, B. Subtils andAsp. Niger, in Vitro level, gave promising
result. The interaction of the compounds with theraorganisms was tested Slico level. E. Coli

was used as an example for the target microorgafiBmprotein used for docking process was 5C9T.
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1. Introduction

The synthesis of quinoline and its derivatives hatteacted considerable attention of organic and
medicinal chemists for many years [1]. The struadteore of quinoline is frequently associated with
medicinal applications [2-5]. The intensive effaidsfind effective therapeutic agents with antivira

and antitumor activities have directed many regeagcto synthesize a series of quinoline derivative

or their analogues.

The prevalence of the quinoline ring system in st vange of medical and industrial setting scan is
ascribed mainly to its versatility and broad patrfor functionalization. In fact, this versatititvhich
earned it the designation of “privileged scaffold”"medicinal chemistry, a term coined by Evans in
1988 which refers to simple structural subunitsspré in diverse therapeutic compounds with
distinctive receptor affinities [6]. Consequentllje synthesis of variously substituted quinolinas h
been a recurring endeavor for nearly a centuryahdlf [7]. A multitude of synthetic methods has
been established over this timeframe, which cootrihe quinoline ring from diverse starting

materials and result in products with nearly liegs combinations of functionality.

Quinoline and its analogs represent privileged tesein the field of synthetic and medicinal
chemistry because of its diverse chemical and phewmfogical properties. The broad spectrum of
biological and biochemical activities has been Hert facilitated by the synthetic versatility of

quinoline, which allows the generation of a langenber of structurally diverse derivatives [8].

Compounds containing the quinoline ring system wienend to be the oldest chemicals for the
treatment of various diseases [8]. The extremelyg desistant tuberculosis is a worldwide public
health problem in recent years. The wide spreadisfdisease is primarily due to the development of
resistance to the existing drugs that has concewssgrchers throughout the world. There is anntirge
requirement of improvement in new drug moleculeshwiewer targets and with an alternative

mechanism of action [9,10].

It is evident from the literature that quinolineskd hydrazone scaffolds are known to exhibit
excellent anti-TB properties [11,12]. This broa@cpum of biological and biochemical activities has
been further aided by the synthetic flexibilityapfinoline hydrazones, which allows the generatibn o
a large number of structurally diverse derivatiaesl their metal complexes [13]. Further, various
types of hydrazones have attracted continued isitdre the medicinal field due to their broad-

spectrum biological activities [14]. Among the lighsystems, quinoline hydrazone derivatives are

highly important because, these ligands develope=itd their diverse chelating ability, structural
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flexibility and pharmacological activities like aimoral, antifungal, antibacterial, antitubercuggs

antimalarial, and antiviral [10].

Recently, it is reported that quinoline hydrazomesl their Zn(Il) complexes showed significant

activity against the Mycobacterium tuberculosigistrat low micro-molar levels [15-17].

Recent years have witnessed an unprecedented gsogme biological applications of metal
coordination compounds of biologically active liganbecause of their key role in clinical therapy.
Transition metals are particularly suitable forstpurpose because they can adopt a wide variety of
coordination numbers, geometries and oxidatiorestat comparison with other main group elements.
One of the characteristics of metals is their podéno undergo redox processes, as determined by
their redox potentials. Transition metal ionsparticular, are usually able to switch between sdve
oxidation states. Due to the redox activity of netand, therefore, a possible disturbance of the
sensitive cellular redox homeostasis, a tight ratiph of the metal and redox balance is crucial for
health [18].

On the other hand, over production of activatedgexy species, generated by normal metabolic
process, is considered to be the main contributaxtdative damages to biomolecules such as DNA,
lipids and proteins, thus accelerating cancer, @gininflammation, cardiovascular and
neurodegenerative diseases. The potential valaataixidants has already prompted investigators to
search for the cooperative effects of metal congdexand natural compounds for improving

antioxidant activity [18].

Depending on their structure, on the one hand,thadsource of the oxidative stress, on the other,
metal complexes might act as antioxidants or pidemnds. The current review provides insight into the
interaction between the reactive oxygen speciesttamdransition metals and their complexes. It will

focus on a novel approach to design synthetic sidamt metal-based compounds and to study their
activities in the oxidation processes. This worklenines some important features for the reseanch o
metal complexes of biologically active ligands asupports future evaluation of some of these

compounds as possible therapeutic agents [18].

Efthimiadou et.al., have prepared and characterized nine metal coepleof the quinolone
antibacterial agent N-propyl-norfloxacin with YQMn*, Fe*, C&*, Ni**, Zr*, MoO,”, Cd™* and
UO,**. The antimicrobial activity of the complexes hab tested on three different microorganisms
[19]. The interaction of the complexes with calfatius (CT) DNA has also been studied.

According to the history of the important applicas of the quinoline derivatives and their metal
complexes, this work introduce some new quinoliregivétives and their Gii Ni** and C&"

complexes. The new view of the synthesized compsuindhe level ofin Vitro andin Slico was
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attained to a deep prospective view which facésgadetermining which one could be used as drug and
which could be toxic.

2. Materials and Methods
2.1.Materials

All chemicals used in this study were of analytigedde. The primitive chemicals (Koch-Light and
Sigma-Aldrich) were used as received. The metatateisalts (Cu(ll), Ni(ll), Co(ll)) were purchased

from the Sigma-Aldrich and used without extra tneett.
2.2 Apparatus

Thin layer chromatography (TLC) was carried outgilica gel type 60-f4 aluminum sheets (E.
Merck, layer thickness= 0.2 mm) using the followiaglvent systems, ;Spetroleum ether/ethyl
acetate (5:1); Spetroleum ether/ethyl acetate (2:1); getroleum ether/ethyl acetate (1:1).

The obtained spots were detected by UV lamp. Mglfinints were determined on 300 melting
point apparatus and the values are used withotd ertrection. The infrared spectra were obtained i
the 4000-400 ci region by using Bruker Alpha instrument with KBsek.'H and**C NMR spectra
were recorded on Bruker spectrometer operatin@@edd 75.0 MHz uses CD@Is solvent and TMS
as internal standard. Elemental analysis was chaug by element arvario instrument. The electronic
absorption spectra were obtained on UV-1601PC Stimapectrophotometer in 1 cm quartz cell.
TGA and DTA were recorded on Shimadzu 60 thermalyaer under a dynamic flow of nitrogen (30
mL/min) and heating rate 10 °C/min with open platm sample holder. Electrical conductivity
measurements were carried out at room temperatufeeshly prepared 1 mM DMSO solution using
WTW conductivity.

2.3. Antimicrobial Activity

The antimicrobial activities of the synthesized pounds have been screened using different strains

of bacteria Bacillis subtilis andEscherichia coli) and pathogenic fungAgpergillus fumigatus).

The disc diffusion method technique was adopted datibacterial activity [20] while the well

technique was used for antifungal activity [21].

Mean zone of the inhibition in mm + standard ddgiatbeyond well diameter (6 mm) produced on a
range of environmental and clinically pathogenicmmorganisms using (30 mg/L) concentration of
the tested samples. The test was done using thusidifi agar technique, well diameter: 6.0 mm (30
pL was tested). Ampicillin and Fluconazole wereduae positive control while methanol was used as
negative control. This test was performed in that&eof Mycology and Biotechnology—Suez Canal

University
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2.4.Synthesis of the Target Complexes

The target complexes were prepared according tdoft@ving procedure. The targeted compounds
(ligands) (1.0 mmol) were dissolved in 20 mL etHafibe metal nitrate (0.5 mmol) was dissolved in
10 mL ethanol, which was added dropwise with stgyrio the ligand solution. The obtained mixture
was refluxed with stirring for 5 h. The formed pptate was filtered, washed with hot ethanol and

dried under vacuum over anhydrous GacCl

2.5.Synthesis of the Target Quinoline derivatives
General Methods
Hydrazine hydrate was added to a solution of esteeshanol or methanol. The reaction mixture was
refluxed at 85°C for 6 hr. After cooling to room temperature thegipitated hydrazides were filtered
off, washed with water and ethanol followed by ystallization from agueous ethanol or methanol to
yield the quinolone derivativeS¢heme L
2.5.1. 2-oxo-1,2-dihydroguinoline-4-carbohydrazide (1)

Faintly beige powder (1.59 g, 88.3%), mp > 30 R = 0.90 ($), ‘*H NMR (300.0 MHz, CDGJ) & =
9.96 (2H, br, 2NH), 7.75 (1H, d= 9.0 Hz, ArH), 7.54 (1H, t)= 9.0 Hz, ArH), 7.36 (1H, dJ= 6.0,
ArH), 7.19 (1H, tJ= 9.0 Hz, ArH), 6.48 (1H, s, ArH), 4.55, 3.45 (2bt, NH,). *C NMR (75.0 MHz,
CDCly) 3= 165.5 (CO), 161.6 (Ar-CO), 145.5, 139.6, 13136.4, 122.4, 120.5, 116.8, 116.1 (Ar-C).
Anal. Calcd. for GHgN3sO, (203.20): C, 59.11; H, 4.46; N, 20.68. Found: €38; H, 4.18; N, 20.45.

2.5.2.2-(allyloxy)aquinoline-4-carohydrazide (2)

White powder (1.2 g, 75.0%), m.p 188, R = 0.67 ($). '"H NMR (300.0 MHz, CDG)) &= 9.88 (1H,
br, NH), 8.05 (1H, dJ= 9.0 Hz, ArH), 7.80 (1H, dJ= 9.0 Hz, ArH), 7.72-7.67 (1H, m, ArH), 7.48-
7.43 (1H, m, ArH), 6.97 (1H, s, ArH), 6.25-6.12 (14, CH=), 5.52, 5.34 (2H, 2d= 18.0, 12.0 Hz,
=CH,), 5.06 (2H, d, ChD), 4.66 (2H, br, NB. *C NMR (75.0 MHz, CDGJ) 3= 165.8 (CO), 161.5
(Ar-CO), 146.8, 144.6 (Ar-C), 133.3 (CH=), 130.2715, 125.9, 124.9, 122.1 (Ar-C), 117.8 (=:H
111.7 (Ar-C), 67.7 (OCH. Anal. Calcd. for GH13Ns0, (243.27): C, 64.4; H, 5.39; N, 17.27. Found:
C, 64.02; H, 5.69; N, 17.46.

2.5.3. 1-allyl-2-oxo-1,2-dihydroquinoline-4-carbohydrazid (3)

Yellow crystals (0.65 g, 54.2%), m.p 267-2%9, R = 0.50 (). *H NMR (300.0 MHz, CDG)) 6=
9.90 (1H, s, NH), 7.82 (1H, d= 9.0 Hz, ArH), 7.63 (1H, t}= 9.0 Hz, ArH), 7.50 (1H, dJ= 9.0 Hz,
ArH), 7.28 (1H, tJ= 9.0 Hz, ArH), 6.61 (1H, s, ArH), 6.00-5.88 (1H, @H=), 5.16, 5.00 (2H, 2d=
12.0, 18.0 Hz, =Ch), 4.93 (2H, d,J= 6.0 Hz, CHN), 4.63 (2H, s, Nh). °C NMR (75.0 MHz,
CDCl) &= 165.4 (CO), 160.6 (Ar-CO), 144.8, 139.5 (Ar-C3218 (CH=), 131.6, 127.2, 122.6, 119.6,
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117.9 (Ar-C), 117.0 (=Ch), 116.0 (Ar-C), 44.1 (NCB. Anal. Calcd. for GHiN;O, (243.27): C,
64.4; H, 5.39; N. 17.27. Found: C, 64.27; H, 518517.41

2.5.4. 2-(allylthio)guinoline-4-carbohydrazide (4)

Beige powder (1 g, 83.3%), m.p 156-1%8 R = 0.64, (S). ‘H NMR (300.0 MHz, CDGJ) &= 8.50
(1H, d , NH>OH), 8.09 (1H, dJ= 6.0 Hz, Ar-H), 7.93 (1H, dJ= 9.0 Hz, ArH ), 7.75 (1H, t)= 6.0
Hz, ArH), 7.54 (1H, tJ= 6 Hz, ArH), 7.35 (1H, s, ArH), 6.10-5.95 (1H, @H=), 5.45, 5.15 (2H, 2d,
J= 15.0, 9.0 Hz , =Cb}, 4.30 (2H, br, Nk), 4.02 (2H, dJ= 6.0 Hz, SCH). *C NMR (75.0 MHz,
CDCly) 8= 165.7 (CO), 158.4 (CS), 148.3 , 141.3 (Ar-C), .P3¢CH=), 130.7, 128.3, 126.4, 126.0,
122.9, 14.1 (Ar-C), 118.5 (=G} 32.3 (SCH). Anal. Calcd. for GH1N;0S (259.33): C, 60.21; H,
5.05; N; 16.20. Found: C, 60.32; H, 5.17; N, 16.43.
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3. Results and Discussion

The obtained complexes which were formed from #ection of the target ligand4-@) with the
M(ll) ions (M= Cu, Ni and Co) were purified and chaterized by using different tools, which were

depicted as follows:
3.1.Elemental Analysis and Physical Properties:

The elemental analysis of the complexes which vienmed from the ligand. and M(Il) ions was
listed inTable 1L The postulated formula could be represented ibewe [Co(CoHoN3O,),(H20),]
(NOg)z, [N|(C10H9N302)2(H20)2](N03)2 and [CU(QngNgog)z](NOQ,)z.(HQO)Q. CO(“) Complexes are

formed as cream non-hygroscopic crystals, Ni(llicasblue crystals and Cu(ll) as green crystals.

The interaction of the ligan@ (CisH13N3O,) with the Co(ll), Ni(ll) and Cu(ll) ions gave the
corresponding complexes which could be formulatest $Co(G3H13N305)2(H20),](NO3),,
[Ni(C13H13N30,)2(H20):](NO3), and [Cu(GsH13N30,)2](NOs),.(H20)4, respectively. The obtained
elemental analysis (N and M%) goes well with thetplated formulaTable 1). All the complexes
were crystalline and non-hygroscopic. Co(ll) compieas brown fine crystals, Ni(ll) complex gave

green crystal and Cu(ll) complex has green crystals

The complexes which derived from the ligehdnd the target metals ions gave elemental anagsis
shown in Table 1 The obtained results revealed the following plastd formula:
[Co(CisH13N302)2(H20)](NO3)z,  [Ni(C1aH13N302)o(H20)2](NO3).  and  [Cu(GsH1aN302)2](NO3)o.
(H2O),. All the complexes have fine crystal structure aod-hygroscopic behavior. Co(ll) complex

has orange color, Ni(ll) complex was ice blue meaiterCu(ll) was turquoise.

The interaction of the ligand (C;3H:3N3;OS) with the Co(ll) ions gave brown, non-hygroscopi
crystals with the molecular formula: [Co@8;13N30S)(H20),](NO3)..(H20),. Ni(ll) ions gave brown
crystals with the formula:[Ni(GH13N3OS),(H20),](NO3),.(H,0),. The brown crystals also formed
with Cu(ll) ions with the formula:[Cu(GH13NsOS)](NOs), (Table 1).

3.2. Conductivity of the Complexes:

The conductivity of the formed complexes was meadun DMSO (0.001 M). All the formed
complexes gave conductivity in the range 140-1@® (ohm'.cnf.mol®), which indicates the
electrolytic behavior of the complexes [22], whiobuld be formulated generally as [A](M@form
(Table D[23-25]. Generally, the conductivity of the formeaimplexes has the following order:

Ligand 4 > Ligand 3= Ligand 2 > Ligand 1

Cu(ll) complexes gave the lowest conductivity, melite Co(ll) and Ni(ll) complexes were close to

each other. The obtained result is manifesteddridhiowing points:
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1. Cu(ll) complex has a structure different from tteer complexes,

2. Co(ll) and Ni(ll) complexes could have a similausture.

3.3.FTIR Spectra:

The FTIR spectra of the target ligands and themmlexes were listed ifable 2 and shown in

Figures 1-4as representative examples

Ligand 2 gave a broad and strong band centered at wavenudbdrcrit which could be attributed
to the stretching vibrational motion for O-H growjith some inter and/or intra hydrogen bond [22].
The obtained result strongly indicated the presasfceome tautomerism from the type ketenol
form. The band which appeared at 3277'cas strong band could be due ug. moiety. The
stretching vibrational bands which appeared at 1840 1604 crhas medium and strong bands,
respectively could be attributed to the stretchiiiation of the C=0 and C=N bonds, respectively
[26]. Strong and broad band clearly appeared foca@hplexes, which ranged at 3632-2700"¢cm
3665-2765 crit and 3651-2804cthfor Cu(ll), Ni(ll) and Co(ll) complexes, respectlyge could be
assigned as stretching vibration of the water madéesc which could be present in the formed
complexes as water of coordination and water o$tatljzation. The broadness could be due to: (1)
the presence of strong inter and/ or intra hydrdgmmd, (2) the presence of partial overlappinthef
wave number of; andv; of the water molecules [27]. The stretching vilmatband of C=0 were
shifted in all formed complexes. This indicates tigation behavior of this group in complex
formation {Table 2). The vibration bands of the nitrate group appgatthe wave number range
1381-1396 crl as strong band, which strongly revealed the idginianature of this group in the
formed complexes [28]. The stretching vibration dari the M-O bond appeared at 586-657'cm
range for all complexes, while M-N appeared at 528-cni* as weak band [29]. The stretching
vibration value is different from metal to anothehere it depends on the electronegativity, el@otro

structure and the mass of the metal ions [28].

The IR spectrum of the third ligand was listedTable 2 The band which appeared at 3438"cas
shoulder and broad could be due to the presenteedete~enol tautomerism with some inter and/
or intra hydrogen bond interaction. The strong bahith appeared at 3347 and 3270"arould be
assigned as the stretching vibration band duegdNth and NH. Thevc-c appeared at 1634 and 1581
cm' as strong bands. The band which centered at 3d81 8425 crit and 3439 ci for Cu(ll),
Ni(ll) and Co(ll) complexes, respectively could dee to the stretching vibration of the water
molecules which could be present in the formed dergs. Thevyy of the ligand completely
disappeared in Cu (Il) complexes or gave red shiftkecreasing in wavenumber) in Ni (I) and Co
(I complexes enhanced the ligation postulationtted nitrogen of the hydrazine moiety in the

complexation process. Correspondingly, the vamatibthe stretching vibration of the C=0, indicates
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the entrance of this group in the complexation @ssc The stretching vibration band, which centered
at 1388, 1387 and 1379 ¢nas strong band for the Cu(ll), Ni(ll) and Co(lhraplexes, respectively,

enhanced the ionic behavior of the nitrate grouge WM-O and M-N were listed ifiable 2 as weak
bands.

The IR spectrum of the ligandgave the characteristic bands for the functiorugso The broad and
medium band which centered at 3438%coould be due to the keteenol tautomerism. Meanwhile,
the NH and NH appeared at 3270 and 3202ciheve-o andveoy appeared at 1653 and 1517%m

respectively. The IR spectra of the complexe€(, 1-Ni and1-Co) strongly enhanced the ligation
properties of the C=0 and Nligroups [22,27,28].

The IR spectra of the ligantland their complexe<{Cu, 4-Ni and4-Co) revealed the close similarity
with the ligand2 and their complexe2{Cu, 2-Ni and2-Co) (Table 2).

1004
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Figure 1: FTIR sprum of the ligan@.
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Figure 2: FTIR spectrum of compourgiCo.
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Figure 3: FTIR spectrum of compour&iNi.
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Figure 4: FTIR spectrum of compourgiCu.

3.4.Uv-Vis Spectra:

The Uv-Vis absorption spectra which were produceel i the electronic transitions from the highest
occupied molecular orbital (HOMO) to the lowest aoapied molecular orbital (LUMO) [30], were
carried out in ethanolic solution as listedlable 3 and showed ifrigures 5-8.

Generally, the obtained spectra exhibit ligandsdbadue tat — n* and n— z* transitions, which in
consequently undergo some red and blue shifts anplexation. The bathochromic (red) and
hypthochromic (blue) effect strongly revealed thlwnfation of the target complexes. The d-d
transition need extra elucidation due to the vemalsvalue of the molecular absorptivity) (of this
type of transition [31,32].

3.5.Magnetic measurements

Magnetic susceptibilities of metal complexes weneestigated by the Gouy method which involves

weighing a sample of the complex in the presenceadrsence of a magnetic field and observing the

difference in weight. The measurements were cardetl using Sherwood Scientific's Magnetic

Susceptibility Balance [22]. The mass magnetic espisaility (X,) was calculated by
X,=LC(R-R,)/mx 10

WhereL = sample length in centimeters

m = sample mass in grams
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C = balance calibration constant (printed on theklmd¢he instrument)
R = reading from the digital display when the san{plehe sample tube) is in the balance.
R.,= reading from the display when the empty samgbe ig in the balance

The number of unpaired electrons was evaluated agnetic susceptibility, where paramagnetic
metal complexes arise inherent magnetic moment tr@rspins of unpaired electrons. The effective

magnetic moment value of metal complgy;, was given by the sum of spin moments:

where spin momentS = 1/2 nandn is the number of unpaired electrons [33,34].

Also, the effective magnetic moment was calculdtedh the molar susceptibility by the following

equation:
Mett = 2.83/ Xy T

whereXy, is the molar susceptibility which equal mass spb#ity multiplied by mole weight and

is the absolute temperature [35-37].

The magnetic moment measurements of metal compieregiven infable 3. The Cu (II) complexes
(2-Cu, 3-Cu, 1-Cu and4-Cu) have magnetic moment value lying in the rangthefplanar structure.
Ni(ll) and Co(ll) complexes have magnetic momeniugain the range of the octahedral structure
(Table 3).

2.5-. 'L\

2.0 \' ——Ligand 1
—1-Co
1-Ni
1.5
] | —1Cu

Absorbance

v T v T v T v
200 250 300 350 400
Wavelength (nm)

Figure 5: Uv-Vis spectra of the ligantland its complexes.
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Figure 6: Uv-Vis spectra of the ligan2land its complexes.
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Figure 7: Uv-Vis spectra of ligan® and its complexes.
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Figure 8: Uv-Vis spectra of ligand and its complexes.

3.6. Thermal analysis

The target complexes were subjected to TG-DTA amlyy ambient temperature up to S@under
nitrogen atmosphere. The decomposition temperaturges, the percentage of mass losses and the
thermal effects accompanying the decomposition gg®are given iffable 4-7 Representative
thermal curves TG/DTG-DTA of the complexes undensideration are given ifigures 9-11as

representative examples and the remaining figupegisented in a supplementary file.

The thermal decomposition behavior of the complederived from ligandl was listed inTable 4.
The obtained metal % goes well with the postulai@aplexes formula and the residual product was
found as MO structure. The thermal decompositiothefl-Ni was proceeding through three steps;
meanwhile1-Cu and 1-Co were carried out through four steps. The watecrgbtallization was
liberated at DTA temperature= 82 for 1-Cu as endothermic behavior with weight loss revealexl
moles of water. Water of coordination was liberatgth the same exothermic behavior fioNi and
1-Co complexes. The weight loss in TG analysis indgatdberation 2HO. The thermal
decomposition of the ligand proceeds through twepstfor all target complexes. The first

decomposition step has the following treheCo > 1-Ni > 1-Cuwith exothermic behaviofT@ble 4).

The TGA/DTG and DTA thermogram of the complexeswber from ligand2 are listed inTable 5.
The 2-Cu complex was thermally decomposed through diffesteps, where the first step starts at 40
°C and finished at 108C accompanied with DTA peak as endothermic oné&’ 4€7 The weight loss

accompanied with step, according to the TG diagr&®82, which go well with the calculated value

(14)



which obtained from the liberation of 4 molecula®ni water, which classified as water of
crystallization. The ligand decomposition was pdesck through exothermic peaks start at 2Z3
Also, liberation of the nitrate group carried outhwexothermic peaks. The residue % goes well with
the calculated value of the CuO %. Th&li complex liberates the two molecules from coordidat
water at temperature range finished at 385 The ligand decomposition start decomposed at DTA
peak= 150°C. The residue % goes well with the calculated eadis NiO moiety2-Co complex
resemble the thermal decomposition behavior of 2ZHéi complex, where the coordinated water
liberated with weight loss % enhanced the liberatid two molecules of water. The residue %
indicates the presence of the CoO moiety [38,38pnthe obtained data, the results could be

summarized as follows:

« 2-Cugave thermal decomposition behavior different ftbie2-Ni and2-Co, meanwhile2-Ni
= 2-Co.
« The thermal stability of the coordinated watelefli > 2-Ca

e The residual product for all complexes was MO (@& Ni and Co).

The TGA/DTG and DTA thermogram of the complexeswael from ligand3 are listed inTable 6.
Generally, the thermal decomposition of the targetplexes goes well with the same thermal
process. The liberation of the water of crystatimawas carried out at DTA peak temperature= 120
°C for the3-Cu complex with endothermic behavior. The thermabiity of the ligand in the target
complex has the following tren8:Co> 3-Ni > 3-Cu The thermal stability of the nitrate group in the
complexes has the following tren@8:Cu> 3-Co> 3-Ni The residual % was going well with the

postulated product formula MO g@ble 6).

The thermal decomposition behavior of the compledexsved from ligandt was listed inTable 7.
The obtained data revealed the distinguishableepties of this ligand more than the other. Each
complex nearly has the special thermal decompaositend.4-Co complex gave the largest numbers
of decomposition steps meanwhdleCu the lowest. The liberation of the water of crylstation need
energy has the following trend:Ni = 4-Co. The TG analysis indicates the liberation of,@Hor 4-

Ni and 4HO for 4-Co complex. The thermal decomposition of the coor@idawater has the
following stability trend:4-Ni> 4-Co. The residual % o#i-Cu strongly indicates the complicated
thermal decomposition process of this complex; mésle 4-Ni and 4-Co go well with the MO
formula. The principle difference of ligand 4 witle other ligand, is the presence of Sulphur dtom

its structure, which could play a different roletiermal reactionsT@ble 7) [40,41].

According to the elemental analysis, conductivily/Vis spectra, FTIR, magnetic susceptibility and

thermal analysis (DTA/TGA), could formulate obtaim@®mplexes as shown in Schemes 2-5.

(15)
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Figure 9: The thermogram of the DTA/TG analysis of the Camg-Co.
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Figure 10 The thermogram of the DTA/TG analysis of the Ctar@-Ni.
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Table 1: The physico-chemical properties of the target ldgaand their complexes

Yy

Elemental analysis Conductivi

Compound Formula M.wt. | Color | m.p N% M% Q (uS)?
C. F. C. F.

1 C10H9N3O; 203.20| Beige >300/| 20.68| 20.90| - - -

1-Cu [Cu(CioHgN30,)2](NO3),.(H20). 629.98| Green 283 | 17.79 17.66| 10.09| 9.98| 140

1-Ni [Ni(C10H9N3O2)2(H20)2](NO3). 625.13| Iceblue | 298 | 17.93 17.87|9.39 | 9.50 155

1-Co [Co(CioHsN30,)2(H20),](NO3). 625.37| Cream 290 | 17.9217.70| 9.42 | 9.36| 160

2 Ci3H1aN30, 243.27| White 166 | 17.27, 17.30] - - -

2-Cu [Cu(Ci3H13N302)2](NO3),.(H20)s 746.14| Green 110 | 15.02 15.21| 8.52 | 8.37| 166

2-Ni [Ni(C13H13N302)2(H20)2](NO3). 705.26| Green 170 | 15.89 15.95|8.32 | 8.64| 170

2-Co [Co(Ci3H13N30,)2(H20),](NO3), 705.50| Brown 135 | 15.88 15.63| 8.35 | 8.22| 173

3 C13H13N30; 243.27| Yellow 267 | 17.27/17.13| - - -

3-Cu [Cu(CisH13N30,)2](NO3),.(H20)2 710.11| Turquoise| 292 | 15.78 15.92| 8.95 | 8.72| 151

3-Ni [Ni(C13H13N302)2(H20)2](NO3). 705.26| Ice blue | 270 | 15.89 15.71|8.32 | 8.11] 177

3-Co [Co(CisH13N302)2(H20),](NO3). 705.50| Orange | 218 | 15.88 15.79| 8.35 | 8.40| 169

4 Ci13H13N30S 259.33| Beige 156 | 16.20 16.29| - - -

4-Cu [Cu(C13H1aN3z0S)](NO3), 706.22| Brown 160 | 15.87} 15.61|9.00 | 8.79 160

4-Ni [Ni(C13H13N30SK(H20)5](NO3),.(H,0), | 773.42| Brown 106 | 14.49 14.58| 7.59 | 7.56| 169

4-Co [Co(Ci3H1aN30S)(H,0),](NO3)2.(H20)s | 809.69| Brown 140 | 13.84{13.61| 7.28 | 7.33 179

M.wt.= molecular weight ~ m.p= melting point ~ C= cdated F= found 210° M in DMSO, ohnt.cnf.mol*
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Table 2: The most effective IR spectra of the target ligaaad their complexes

W

Comp. | vou VN-H Vc=0 Vno, VMo VM-N
1 3438 br, m 3270 s 1653 s - - -
3202 sh 1517 s
1-Cu 364-3354 br, s 3153 m 1653 s || 1381 s 657 514
1582 sh
1-Ni 3638-2649 br, s 1672 s, bl 1381 s 528 w 476 w
1622 s, br
1562 s
1-Co 3645-2675 br, s 1672 br, § 1381 s 528 w 468 w
1622 br, s
1562 s
2 3454 s, br 3277 s 1640 m | - - -
1604 s
2-Cu 3632-2700 s, br 1659 s 1381 p 657 v 514
2-Ni 3665- 2765 s, br 1656 sh g 1394 s 630w 520 w
1582 sh, s
2-Co 3651-2804 s, br 1692 sh || 1396 s 586 w 520 w
1656 s
1581 s
3 3438 sh.br 3347 s 1634 s - - -
3270s 1581 s
3-Cu 3431 s, br - 1646 s 1388 s 553 w 540 w
1601 s
3-Ni 3425 s, br 324 w 1646 s 1387 s 560 w 500 w
3258 w 1600 s
3-Co 3439 s, br 3233w 1648 s 1379 s 547 w 483 w
1600 s
4 3438 br,s 3296 s 1627 s - - -
1588 s
4-Cu 3625-3179 br, s 1633 sh || 1387 s 608 w 553 w
1607 s
1536 m
4-Ni 3651-3088 br, s 1640 sh f| 1381 s 598 w 489 w
1595 sh, m
1543 sh, m
4-Co 3632-3036 br, m 1633 sh | 1381 s 602 w 489 w
1585 sh, m
1543 sh, m

(19)
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Table 3: The magnetic and electronic spectra of the ligamiktheir complexes

Comp.

n—TLC andn—T1C
transition

Hybrid n
orbitals

Postulated
Structure

Meff

(B.M)

1 335, 277, 250, 229 - - - -
1-Cu 334, 279, 228 1.96 Planal dspg 1
1-Ni 332, 275, 229 2.98 | Octahed|al sp’d® 2
1-Co 332, 275, 227 4.87| Octahedralsp’d? 3

| —— —— | ———| S ———| E——|(
2 327, 315, 273 - - - -
2-Cu 341, 277, 227 1.80 Planaj dsp 1
2-Ni 327, 315, 273, 239 3.30] Octahedralsp’d® 2
2-Co 327, 314, 275, 240, 224 520  Octahelirasp’d” 3

| | | A | ——| E—— | E—|
3 336, 277, 250 - - - -
3-Cu 343, 231, 208 1.91 Planaj dsp 1
3-Ni 334, 276, 230, 210 3.51] Octahedralsp’d® 2
3-Co 334, 280, 230, 207 4.92] Octaheqralsp’d® 3

|| — —— | ——| R ——— || E————|
4 347, 334, 263, 214 - - - -
4-Cu 350 1.82 Planar| dsp 1
A-Ni 342, 261, 214 3.25] Octahed|al sp’d® 2
4-Co 342,261, 214 5.08|] Octahedralsp’d” 3
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Table 4: The thermal analysis data for the synthesized tidaand its complexes

Comp. | Temp. DTA peak | Peak Mass loss % Process Expected Residue%

range (°C) | temp. °C) | Type Found T Caled, products Found
(Calcd.)

1-Cu 30-105 62 Endo. | 5.50 572 Water of crystallization 2H,0 12.00
105-205 175 Exo. || 52.00 f 51.61 Partial ligand decompositiorf 0.8 L (12.63)
205-378 347 Exo. || 13.00 f 12.90 Partial ligand decompositiorf 0.2 L CuO
378-504 432 Exo. 20.00 |l 4.68 Liberation of NQ NGO,

1-Ni 50-225 225 Exo. 5.00 5.76 Water of coordination 2H,0 11.60
225-239 234 Exo. §32.00 | 32.51 Partial ligand decompositiorf 0.5 L (11.95)
239-447 443 Exo. || 52.40 | 52.35 Ligand decomposition 0.5L+ NG NiO

+Liberation of NQ

1-Co 187-215 207 Exo. - 5.76 Water of coordination 2H,0 11.40
215-266 262 Exo. || 12.83 | 13.00 Partial ligand decompositiorf 0.2 L (11.98)
266-433 397 Exo. | 33.00 f 32.50 Partial ligand decompositiorf 0.5 L CoO
433-449 435 Exo, || 39.6 39.33 Ligand decomposition + 0.3L+ NG

Liberation of NQ

L= Total ligand content
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Table 5: The thermal analysis data for the synthesized tigaand its complexes

Comp. | Temp. DTA peak | Peak Mass loss % || Process Expected Residue%
range temp. CC) | Type products Found
°C) Found | Calcd. (Calcd.)

2-Cu | 40-100 77 Endo. || 9.82 | 9.66 Water of crystallization || 4H,0 11.50
100-252 | 173 Exo. | 32.00 | 32.61 | Patrtial ligand 0.5 Ligand (10.66)
252-473 || 318, Exon | 49.00 | 49.23 | decomposition 0.5 Ligand + NQ@ | CuO

333] Exo. | Ligand decomposition +
340 Exo. | liberation of NQ
424 Exo-

2-Ni 55-135 - - 500 511 Water of coordination 2H,0 10.00
135-158 | 150 Exo. | 53.00 | 53.00 | Partial ligand 0.77 Ligand (10.59)
158-513 | 392 Exon | 33.50 | 33.57 | decomposition 0.23 Ligand + NiO

423! Exo- Ligand decomposition + | NO;
liberation of NQ

2-Co | 50-123 - - 500 511 Water of coordination 2H,0 11.50
123-176 | 166 Exo. | 68.50 | 68.96 | Ligand decomposition Ligand (10.62)
176-459 | 262, Exon | 18.00 | 17.58 | Liberation of NQ NOs CoO

298| Exo.|
404! Exo-

L= Total ligand content
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Table 6: The thermal analysis data for the synthesized tigaand its complexes

Comp. | Temp. DTA peak | Peak Mass loss % || Process Expected | Residue%
range temp. CC) | Type | Found I Calcd. products Found
(°C) (Calcd.)
3-Cu | 40-147 120 Endo.§ 5.00 | 5.07 Water of 2H,0 10.50
147-44 181 Exo. | 68.00 | 68.51 | crystallization L (11.20)
44-497 436 Exo. | 17.00 | 17.46 | Ligand decompositiof NO3 CuO
Liberation of NQ
3-Ni 50-132 - - 5.00 511 Water of coordinatiory 2H,O 11.00
132-151 | 139 Exo. | 69.00 | 68.99 | Ligand decompositiotf L (10.59)
151-529 | 343 Exo. | 18.00 || 17.58 | Liberation of NQ NO; NiO
376 Exo.
477 EXxo.
3-Co | 50-203 128 Endo.} 5.00 |}5.11 Water of coordinatiory 2H,O 10.00
203-239 | 223 Exo. | 69.50 | 68.96 | Ligand decompositiorf L (10.62)
239-423 | 357 Exo | 17.50 | 17.58 | Liberation of NQ NOs CoO

L= Total ligand content
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Table 7: The thermal analysis data for the synthesized tigeand its complexes

Comp. | Temp. DTA peak | Peak Mass loss % Process Expected || Residue%

range (°C) | temp. °C) | Type Found T Caled, products Found
(Calcd.)

4-Cu 40-273 184 Exo. || 28.00 f 27.91 Partial ligand decomposition 0.38L 22.00
273-475 402 Endo. || 30.00 § 30.11 Partial ligand decomposition 041L Cus (13.54)
475-588 505 Exo. 18.00 | 17.56 Liberation of NQ NO; CuO (11.26)

4-Ni 32-112 106 Exo. || 5.00 4.66 Water of crystallization 2H,0 10.00
112-155 142 Exo. || 5.50 4.66 Water of coordination 2H,0 (9.66)
155-380 261 Exo. | 38.00 | 37.55 Partial ligand decomposition 0.56 L NiO
380-620 558 Exo. | 35.00 | 34.81 Ligand decomposition + liberation of N(J 0.28 L + NQ

4-Co 50-108 - - 9.00 8.90 Crystallization Water 4H,0 9.00
108-130 14 Exo. { 5.00 4.45 Coordination Water 2H,0 (9.25)
130-279 225 Exo. || 12.00 § 12.17 Partial ligand decomposition 04L CoO
279-436 340 Exo. || 26.00 | 26.26 Partial ligand decomposition 041L
436-624 557 Exo. 32.00 |l 31.98 Ligand decomposition + liberation of N{| 0.26 L + NQ

L= Total ligand content

(24)




N + (Il

M(Il) = Cu(NO,),

EtOH + Reflux

M(Il) = Ni(NO3),

EtOH + Reflux

M(ll) = Co(NO3),
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(NO3),

(NO3),

Scheme 2The postulated structure of the metal complexd¢senligandl
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3.7.The Density Function Theory (DFT)

The DFT was carried out to calculate and exploeeettiect of HOMO and LUMO energy on
the compounds which were previously calculated M2Vevel (as representative examples
for the thesis compounds). Each studied compoursl wvalergoing energy minimization
using the force field parameter MMFF94x. The siialaprocess was carried out using SCF
(self-consistent field method, also named Hartreekfmethod) calculation. MOPAC system
was used with Hamiltonian PM3 using RHF (restridttzdtree-Fock method).
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3.7.1. The Density Function Calculation for Compound 1

As shown inFigure 12 and listed inTable 8, the application of the DFT on compouhdave
representative data. The electron density map atekicthe cylindrical density on the aromatic
rings with branched chain nearly present out of giharomatic rings. The density= 0 at the
center of the ringsHigure 12.B). The view of the electron density map plays apdnant
role in selecting the receptor in the drug desigocess. Thatw1t stacking and interaction
could be proceeded through the rich electron depsises [42—-44]. The HOMO and LUMO
orbitals gave some hints about the target orbiaiech were involved in the electronic
migration process that was intricate in the exicitetrelaxation pathway. The large number of
occupied and unoccupied orbitals revealed the loamergy which needed to promote
electron from one level to another. The energyhef HOMO, LUMO andAE was listed in
Table 8 The dipole value (4.00 D) indicates the polariify compoundl, which is

unfavorable for drug behavior [45].

Figure 12: The DFT simulation for the compounid

[A] 3D view, [B] Electron density map, [C] HOMO arb] LUMO
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3.7.2. The Density Function Calculation for Compound 2

The application of the DFT on compouBdjave the data, shown kigure 13 and listed in
Table 8 The dipole value (2.71 D) goes well with the riegment properties of the new drug
[45]. Compound® was comparable to compouBdBoth compounds have a large number of
orbitals and electrons which revealed the existasfca large number of poses that could

interact with the receptor. Thus, the value ohbei drug is enhanced. [42—-44].

Figure 13: The DFT simulation for compourgj [A] 3D view, [B] Electron density map, [C]
HOMO and [D] LUMO

3.7.3. The Density Function Calculation for Compound 3

The application of the DFT on compouBdjave a representative data, as showFigare 14
and listed inTable 8 The dipole value (2.89 D) goes well with the riegment properties of
the new drug [45]. Compound has larger atoms, orbitals and electrons thanethas
compoundl. These differences can predict some variatioth@&ir energy [42—44]. The
electron density map of compound 3 clearly indiddtee existence of a more branched area
other than that of compourid Indeed, this added other poses for interactich waceptor,

and accordingly, enhanced the potency of the dt&g [

(30)



Figure 14: The DFT simulation for compourgj [A] 3D view, [B] Electron density map, [C]
HOMO and [D] LUMO

3.7.4. The Density Function Calculation for Compound 4

The application of the DFT on compoudAdjave the data shown Figure 15 and listed in
Table 8 The dipole value (1.73 D) goes well with the riegiment properties of the new drug
[45]. The large number of orbitals and electronseaded the presence of a large number of

poses that could interact with the receptor, eningnits opportunity for being a drug [42—
44].




C D

Figure 15: The DFT simulation for compourd] [A] 3D view, [B] Electron density map, [C]
HOMO and [D] LUMO

A profound assessment of the target compounds, vefipect to their energy and the

accompanied properties, can be summarized in tlwviag obtained results:

The SCF energy8=2>4>1
Dipole:1> 3>2>4
Elumo:1>3>2>4

Evomo: 4>1>3>2

Evomo-Lumo: 1>3>2>4

The electron affinity4): 4>2>3>1
Electronegativity): 2>4>3>1
Global hardnesqj: 1 >3>2>4

© N o g bk~ w DN
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Table 8: The DFT simulation data for the synthesized comgsun

1 —

1 2 3 4
Formula CioHoN30O, Ci3H13N30, Ci3H13N30, Ci3H13N5;0S
Atoms 24 31 31 31
Orbitals 69 85 85 85
Electrons 76 92 92 92
SCF energy -88.043 au -103.324 au -103.347 au -99.384 a
Dipole 4.00D 271D 289D 1.73D
E.umo -0.033 au -0.048 au -0.037 au -0.051 au
-0.901 eV -1.296 eV -1.000 eV -1.396 eV
Evomo -0.330 au -0.334 au -0.332 au -0.325 au
-8.978 eV -9.082 eV -9.026 eV -8.844 eV
AEomo.Lumo 0.297 au 0.286 au 0.295 au 0.274 au
8.077 eV 7.786 eV 8.026 eV 7.448 eV
153.49 nm 159.23 nm 154.47 nm 166.45 nm
I (LE) 8.978 9.082 9.026 8.844
A(electron affinity) 0.901 1.296 1.000 1.396
y (electronegativity) | 4.940 5.189 5.013 5.120
n (global hardness) | 4.039 3.893 4.013 3.724

3.8. In Vitro and In Silico Antimicrobial Activity

[A] Antimicrobial Activity of Compound 1 and its Complexes

The obtained data which listed ifable 9 and presented ifrigure 16 revealed the promising

activity towards the tested Gram positive and Gregative bacterial also with the target fungi. The

obtained data could be summarized as the following:

1. Compoundl gave the lowest activity towards the target micgaaism.

2. Generally Cu (ll) complex gave the largest activityich exceeding the market drug.

3. Ni (ll) and Co (Il) complexes are nearly close &mle other in their activity.

4. The synthesized compounds have large activity tduwae target bacteria rather than the

target fungi.

5. All the complexes have larger activity than thathef parent ligand.

6. The target complexes have a competitive force thighreference market drug (Ampicillin).
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7. The order of activity towards the. Coli: 1-Cu > Ampicillin > 1-Ni > 1-Co > 1 >
Fluconazole.

8. The order of activity towards thB. Subtils is: 1-Cu > Ampicillin > 1-Co > 1-Ni > 1 >
Fluconazole.

9. The order of activity towards th&sp. Niger is: Fluconazole > 1-Cu > 1-Co>1-Ni > 1 >

Ampicillin.

The variation among the activities of the targehptexes could be associated with the structure of
the obtained complexes, where Cu (II) complex haguare planar structure, while Ni (1) and Co

(I has octahedral structure, as mention previousl

The interaction of the target compounds with thste® microorganism was simulated and
evaluated by using then Slico tools. TheE. Coli was used as an example of the target
microorganism. The protein which was used for dogkirocess was 5C9T. The data which was
represented inTable 9 and Figure 17, strongly forced the obtained activities. The sgro

interaction of the synthesized compounds with ¢ingdt protein could either enhance or hinder the
activity of the protein. The docking was carried osing triangle matcher method with rescoring =

London dG with force field refinement.

In working case, the activity was strongly retardesdthe compound bonded strongly with the
protein, with the exception of compouddCu (II) complex bonded with the target protein Sy
bonds, while Co (Il) by 3 bonds. Also, the modetlé interaction plays some role about the
antimicrobial activity, which clearly shown as 2aking view for the target compounds in
Figure 17.
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Table 9: Docking and antimicrobial data for compouhdnd its complexes

Comp. Inhibition zone (mrf) No. of | Bond type| Bond Binding
E.Coli | B. Subtils | Asp. Niger | bonds energy | energy
Ampicillin 16+1 12+1 02+1 6 66.110
Fluconazole 0 0.2+05 15 +2 5 50.975
HD -1.10
HD -2.50
1 2+1 3+0.5 3+0.6 4 HA -0.60 -5.759
Pi-H -1.20
HD -1.80
HD -1.20
1-Cu 18+ 2 15+0.8 7+05 5 HA -1.10 91.499
HA -0.03
ionic -2.10
HD -5.60
. HD -1.20
1-Ni 13+1 10+1 5+0.8 4 HA 120 130.065
ionic -2.70
HA 2.90
1-Co 12 +0.7 11+0.5 6+1 3 HA 25.20 204.838
ionic -3.40
a = well diameter = 6 mm b = kcal/mol
18
16
E 14
=
2 12
g 10
£ 8
Z 6
g 4
2 —_— L
0

B. Subtils Asp. Niger

E. Coli

@ Ampicillin  @Fluconazole 81 ®1-Cu ®1-Ni &1-Co

Figure 16: The antimicrobial behavior of the compouhend its complexes.
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Figure 17: Docking model of the interaction of compouhédnd its complexes witk. Coli
(PDB codesC9T) as 2D view.

[B] Antimicrobial activity of compound 2 and its complexes

The obtained data, which is listed Tiable 10 and presented iRigure 18, revealed the moderate
activity towards the tested Gram positive and Gragative bacterial as well as the target fungi.

The obtained data could be summarized as follows:

Compound? gave the lowest activity towards the target micgagism.
Generally Cu (Il) complex gave the largest actigitgong the complexes.

Ni (II) and Co (Il) complexes are nearly close &zle other in their activity.

P w NP

The synthesized compounds have large activity tdwe target Gram —ve bacteria

rather than the Gram +ve and fungi.

o

All the complexes have larger activity than thegpatigand

The order of activity towards the Coali is:
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Ampicillin > 2-Cu > 2-Ni > 2-Co >2 > Fluconazole
7. The order of activity towards tHg Subtilsis:
Ampicillin >2-Cu >2-Ni >2-Co > 2 > Fluconazole
8. The order of activity towards thsp. Niger is:
Fluconazole > 2-Cu > 2-Co > 2-Ni >2 > Ampicillin

The variation among the activities of the targeanptexes could be interrelated with the structure
of the obtained complexes, where Cu (ll) complex $guare planar structure while Ni (I) and Co

(I have an octahedral structure, as mention presly.

The interaction of the target compounds with thste® microorganism was simulated and
evaluated by usint Slico tools. TheE. Coli (protein code 5C9T) was used as an example of the
target microorganism. Table 11-4.8 showed that, @Ge(Il) and Ni (Il) complexes have 6 bonds
with the target protein, whereas Co (ll) has 3 lsorithe mode of interaction was fittedRigure

19 as 2D view.
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Table 10: Docking and antimicrobial data for compounend its complexes:

Comp. Inhibition zone (mrh) No. of | Bond type| Bond Binding
E.Coli | B. Subtils | Asp. Niger | bonds energy | energy
Ampicillin 16+1 12+1 02+1 6 66.110
Fluconazole 0 0.2+0.5 15+2 5 50.975
HD -3.90
HD -2.40
2 3+0.8 2+05 4+1 4 HD 170 36.020
HA -1.60
HD -0.90
HD -1.70
2-Cu 13£1| 808 9+1 6 U 1801 146,022
lonic -1.80
Pi-H -0.70
Pi-pi -0.02
HD -1.50
HD -0.80
. HA -0.50
2-Ni 12+1 6+1 5+1 6 Pi-H 2070 147.450
Pi-pi -0.03
Pi-pi -0.03
HD -4.60
2-Co 10+ 2 5+1 6+2 3 HA -0.03 223.462
ionic -1.90
a = well diameter = 6 mm b = kcal/mol

-
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-
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—
=

Inhibition zone (mm)

(=T = T N - S - ]

L. Cofi B. Subtils Asp. Niger

@ Ampicillin @Fluconazole @2 ®W2-Cu ®2-Ni E2-Co

Figure 18 The antimicrobial behavior of the compouhdnd its complexes.
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Figure 19 Docking model of the interaction of compoudénd its complexes witk. Coli
(PDB codesC9T) as 2D view.

[C] Antimicrobial activity of compound 3 and its complexes

The obtained data, which is listedTiable 11and presented iRigure 20, revealed the promising
activity towards the tested Gram positive and Graggative bacterial and a moderate activity

toward the target fungi. The obtained data couldbamarized as follows:

1. Compound gave the lowest activity towards the target micgaaism.

2. Generally, Cu (Il) complex gave the largest agfivéxceeding the market drug
Ampicillin.

3. Co (Il) complex are close to the market drug Amifircin their activities.

4. The synthesized compounds have a larger actiwiaitd the target Gram —ve bacteria
rather than the Gram +ve and fungi.

5. All the complexes have a larger activity than thfathe parent ligand
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6. The order of activity towards th&. Cali is: 3-Cu >Ampicillin =3-Co > 3-Ni >3>
Fluconazole
7. The order of activity towards thB. Subtils is: 3-Cu >Ampicillin >3-Ni >3-Co >3>
Fluconazole
8. The order of activity towards thAsp. Niger is: Fluconazole >3-Cu =3-Co >3-Ni >3>
Ampicillin
The variation among the activities of the targahptexes could be referred to the structure of the
obtained complexes, where Cu (lI) complex has amgplanar structure while Ni (1) and Co(ll)

have an octahedral structure, as mention preyiousl

The interaction of the target compounds with thste® microorganism was simulated and
evaluated by using tha Slico tools. ThekE. Coli (protein code 5C9T) was used as an example of
the target microorganisniable 11 showed that, the Cu (ll) complex has 8 bonds Withtarget
protein while Co (ll) has 5 bonds. The mode ofriattion was fitted ifrigure 21 as 2D view. The

docking data goes well with thie vitro antimicrobial activity.
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Table 11: Docking and antimicrobial data for the compo@wahd its complexes:

Comp. Inhibition zone (mrh) No. of | Bond Bond | Binding
E. Coli | B. Subtils | Asp. Niger | bonds | type energy | energy
Ampicillin 16+1 12+1 02+1 6 66:110
Fluconazole 0 0.2+0.5 15+2 5 50.975
HD -1.01
HD -1.01
3 2+0.6 3+£0.9 5+£0.9 4 HD .0.90 35.774
Pi-H -2.20
HD -3.40
HD -0.80
HD -0.80
3-Cu 18+1 | 1305 7+1 g | HA 6:80 1 107.663
ionic -0.60
Pi-H -0.70
Pi-pi -0.03
Pi-pi -0.03
HA -5.20
3-Ni 13+0.8| 101 4+1 4 HD 040 | 440,902
lonic -1.90
H-pi -0.80
HD -0.70
HD -1.70
3-Co 15+0.9 9+0.6 71 5 HA -0.80 204.342
H-pi -1.00
Pi-cation | -0.60

a = well diameter = 6 mm b = kcal/mol

Inhibition zone (mm)

E. Coli B. Sublils Asp. Niger

B Ampicillin _ ®Fluconazole =3 ®m3-Cu ®m3-Ni =3-Co

Figure 20 The antimicrobial behavior of the compouddnd its complexes.
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Figure 21: Docking model of the interaction of compoudidnd its complexes witk. Coli
(PDB codesC9T) as 2D view.

[D] Antimicrobial activity of compound 4 and its complexes

The obtained data which was listedTiable 12 and presented iRigure 22 revealed the moderate

activity towards the tested Gram positive, Gramatigg bacterial and the target fungi. The obtained
data could be summarized as follows:

1. Compound4 gave the lowest activity towards the target micgaaism.
Generally, Cu (Il) complex gave the largest acgtigiong the complexes.

3. Ni (Il) and Co (Il) complex are close to each othéh respect to their activities towards the
target bacteria.
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4. The synthesized compounds have a large activitatowhe target Gram —ve bacteria
compared to the Gram +ve and fungi.
5. All the complexes have a larger activity than plaeent ligand

6. The order of activity towards tHe Cali is:

Ampicillin > 4-Cu >4-Ni = 4-Co >4 > Fluconazole
7. The order of activity towards thg Subtilsis:

Ampicillin > 4-Cu >4-Co > 4-Ni >4 > Fluconazole
8. The order of activity towards thsp. Niger is:

Fluconazole >4-Cu > 4-Ni >4-Co >4 > Ampicillin

The variation among the activities of the targenptexes could be related to the structure of the
obtained complexes, where Cu (Il) complex has asgplanar structure, whereas Ni (ll) and

Co(ll) have an octahedral structure, as mentioxipusly.

The interaction of the target compounds with thste® microorganism was simulated and
evaluated by using thia Slico tools. TheE. Coali ( protein code 5C9T) was used as an example for
the target microorganism. The docking studies wendormed after deleting the co-crystallized
inhibitors from the active site. The active sitesrav defined by all the amino acid residues
involved in the interaction with the co-crystallizenhibitors. Table 12 showed that, the Cu (I1)
complex and its ligand have 6 bonds with the tapgetein while Ni(ll) has 5 bonds and Co(ll) has
4 bonds. The mode of interaction was fitted=igure 23 as 2D view. The docking data turn out

well with thein vitro antimicrobial activity.
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Table 12: Docking and antimicrobial data for the compoudnahd its complexes

Comp. Inhibition zone (mrh) No. of | Bondtype | Bond | Binding
E.Coli | B. Subtils | Asp. Niger | bonds energy | energy
Ampicillin 16+1 12+1 02+1 6 66.110
Fluconazole 0 0.2+0.5 15+2 5 50.975
HD -1.00
HD -0.02
HD -3.20
4 2+04 3x1 3x1 6 HD 110 36.895
HA 44.90
Pi-H -0.60
HD -3.90
HD -1.20
ionic -0.80
4-Cu 14+0.8 10+1 9+0.8 6 Pi-H -0.80 143.693
Pi-pi -0.03
Pi-pi -0.03
HD -0.80
HD 0.70
4-Ni 12+0.9 71 8+0.9 5 HD -2.90 | 162.988
HA 0.20
ionic -1.00
HD -0.70
HD -0.80
4-Co 12+0.9 8+0.8 5+05 4 HD 410 248.041
ionic -3.00
a = well diameter = 6 mm b = kcal/mol
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E. Coli B, Subtils Asp. Niger
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Figure 22 The antimicrobial behavior of the compouhdnd its complexes.
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Figure 23 Docking model of the interaction of compouhédnd its complexes witk. Coli

(PDB codebC9T) as 2D view.

4. Conclusion

The prepared compounds and their complexes wenmaatkazed by using different tools.

The obtained data revealed the clear and pure pr&du

DFT calculations gave dipole order for the synthegicompounds as the following> 3 > 2
> 4. The dipole of compound 4 = 1.73 proves to beablst for drugs. Compounds which

contain S atom (4), gave the largest electron iaffiand minimum Fomo.Lumo. This

characteristic indicates the effectiveness of¢bimpound as a chemo-sensor.
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The obtained data for thi Vitro antimicrobial activity revealed the promising aitti
towards the tested Gram positive and Gram neghtieeerial as well as with the target fungi.

Cu (II) complexes prove to be more vigorous thanampicillin as a reference market drug.

The interaction of the target compounds with thetetg microorganism was simulated and
evaluated by using thimm Slico tools. TheE. Coli was used as an example of the target

microorganism. 5C9T was used as a protein fodtuking process.

The Cu (ll) complex gave greater antibacterial \égtithan the market drug Ampicillin.
Accordingly, it is recommended to be used as astitbidrug, after pharmaceutical and

medicinal treatments.

The simulation, modeling and docking tools gaveeanendously valuable guide for selecting
the most suitable compounds for specific actionenghthe theoretical view nearby is

coincidence with the laboratory results.
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The most stable structure was obtained In silico level.

The antimicrobia activity in vitro level gave very promising results
The Docking work with HepG2 gave the bonding site and its energy
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