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Abstract

In this study, new azo-azomethine ligand L, and their complexes were synthesized
and characterized by the analytical and spectroscopic methods analytical methods such as
elemental analysis, molar conductance measurments , magnetic susceptibility ,Mass
spectral ,'H- NMR, FT- IR, UV-Vish., TGA, SEM and X-ray diffraction studies. Spectral
studies suggest the mole ratio [M:L] was [1:2] for Cu(ll) metal ion and [1:1] for Ag(l) and
Au(lll) metal ions. The structures of theses complexes were elucidated on the basis of
different techniques suggest the structures of the prepared metal complexes octahedral
geometry for the Cu(ll) complex and teterahedral geometry of Ag(l) complex and square
planar geometry for the Au(lll) complex. their antimicrobial activity against Escherichia
coli and Staphylococcus aureus was performed. Only complex [Cu(L2).Cl;] .H,0 is showed
quite effective against tested bacteria. The study assessed the synthesized compounds for
their anticancer features against one human cancer cell lines (PC3). Furthermore, the
cytotoxicity of the synthesized compound was experimented by using a normal human cell
line. The complex [Ag(L.)(ONO,)(H20)] prevented the spread of the PC3 cancer cells with
a medium inhibitory concentration (ICsp) values of 425 uM, Hence, the outcomes of the
study revealed that the Ag(l)- complexes of L, might present a new route for developing

cancer chemotherapies to cure PC3 malignancies in human beings.

Key words :- Synthesis,azo-schiff base, Metal Complexes , X- ray diffraction ,TGA and SEM , spectral
studies, Biological activity



Introduction

Azo-azomethines are seen as organic dyes which consist of the characteristic
chromophore groups —-N=N-and —-CH=N-. The azo group is featured by its capacity to
formulate a harmonized bonds with the different metal ions[1]. As far as Azo-Schiff
bases are concerned, they have an ability to shape coordinate links with numerous metal
ions via Azo and azomethine nitrogen atom and extra donor atoms such as O and S [2].
Many of Azo-Schiff base dyes are used as chromogenic reagents for colorimetric
purposes and as signs for complexometric titration [3]. Besides, some Azo-Schiff base are
shown have to effective antimicrobial behaviours [4]. Because of their different biological
actions like anti-tumor and fungicidal, Azo-schiff bases and their complexes are significant
[5,6]. Being a malignant tumor or malignant neoplasm, Cancer is a kind of diseases that is
featured by its uncontrollable growth of cell. Annually, a great number of people are
diagnosed with cancer, and its majority of cases have led to death. Thus, numerous
strategies are explored to suppress its malignancy [7]. Complexes containing metal ions
with valence electron configuration d*° are known to have anticancer effect because of
their covalent interaction with DNA and enzyme activity inhibition [8]. The main
representatives of this anti-cancer class of drugs are the Pt(ll)-based compounds,
cis-platin and carbo-platin, which are widely used in current cancer chemotherapy
protocols [9]. Recently, there has been a growing concern in the use of Ag(l) compounds
in cancer chemotherapy [10]. This concern might be attributed to two reasons. First, Ag(l)
center is isoelectronic to Au(l)-complexes and assume tetrahedral structure. Second,
Ag(l)-complexes have shown powerful tumor cell growth inhibitory roles by a non-cis-
platin-like type of action. However, Au(l)-complexes high redox potentiality and their
instability make their application under physiological circumstances problematic. Latest
studies in this regards have shown that the Ag(l)-complexes are attained while they are
stable under physiological conditions, revealing cytotoxic features to numerous tumor cell
lines [11]. The principle kinds of Ag(l) complexes whose properties are improvingly stable
and pharmacological might be sum up as N-bidentate with coordination compounds with
[12]. An unremitting attention has been given to synthesizing more potent Ag(l) complexes
having N-donor ligands with cytotoxic behaviour while showing minimum or no side effects
in comparison with cis-platin [13]. This study stated how the synthesis , antimicrobial
activity and cytotoxicity of new Ag(l) complexes with (E)-5-((E)-(1H-benzo[d]imidazol-2-
yl)diazenyl)-N-(4-chlorobenzylidene)-4,6-dimethylpyridin-2-amine derivatives, are
displaying higher cytotoxicity against PC3 cell. The Ag(l)-complexes also showed
antitumor features with no nephrotoxic side-effects. Hence, this paper aims at exploring
further structure—activity relations and discern anticancer drugs, the synthesis,
characterization and cytotoxicity of new Ag(l)-complexes with Azo-schiff ligand are
designated.

EXPERIMENTAL
Materials and Measurments

All chemicals and solvents manipulated in this paper were high purity provided from
multiple companys such as Fluk, BDH,Aldrich and Sigma and used without further
purification. Doubly distilled water was used in all experiments Elemental analysis of Azo-
Schiff base dyes ligand and its metal complexes were implemented through micro
analytical unit of EA 300 C.H.N Element analyzer. *H- NMR spectra were recorded on a
model Bruker 500 MHZ spectrophotometer using DMSO-dgs as a solvent and TMS as an
internal standard.Mass spectra was obtained unsing a shimadzu Agilent Technologies
5973C at 70° and MSD energy using a straight insertion of probe (Acq method 10 W
energy) at temperature 90-110 °C. Electronic spectra were measured in absolute ethanol
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as a solvent (10™M) in the range (200-1100) nm by using a UV-Visb. T80-PG
spectrophotometer. X-ray diffraction were measured using Bestec Germany Alminium
anode model X pertpro, wavelength of X-ray beam(Cu k,) 1.54 angstrom, Anod
material=Cu, the Voltage = 40KV and current = 30mA. Infared spectra were recorded in
KBr medium as dics using a shimadzu 8400 S FT-IR spectrophotometer in wave number
at range (4000-400) cm™. SEM images of ligand and its complexes, were taken using
micrograph kyky 3200.The magnetic susceptibility for the prepared metal complexes were
measured at room temperature using faraday method. For this purpose, Burker Magnet
(B.M) had been employed and the diamagnetic correction were made by pascals
constants. TGA analysis were measured with England PL- TG using Rheometric scientific
TGA-1000. Electric molar conductivity measurments were carried out at room temperature
in DMF (107 M) solution by using conductivity bridge model 31A.The melting degrees of
ligand and its complexes were measured by using electro thermal melting point 9300 .

Synthesis of Azo Ligand (L1)

Azo ligand (L;) was synthesized following the analogous procedure [14] and Al-Adilee
etal [15] with some modification in a two-step process as described below. In the first step,
2-Amino benzimidazole (1 mmol) was mixed with hydrochloric acid 3ml In (30 mL)
distilled water and diazotized below 5 °C with sodium nitrite  NaNO, (0.75 gm,1 mmol,
dissolved in 20 ml distilled water) was added in drops. In the second step the diazonium
chloride compound was then coupled with 2-amine -4,6-dimethylpyridin in alkaline media
below 5 °C. The pH value during the coupling was maintained between 6.5- 7.5 ,Coupling
to the 4,6-dimethylpyridin-2-amine occurred at the para-position to the amine group (E)-5-
((1H-benzo[d]imidazol-2-yl)diazenyl)-4,6-dimethylpyridin-2-amine ( L;).

Synthesis of Azo-Schiff base Ligand (L,)

Numerous reaction ways are used to synthesize Schiff bases. An acid catalysed condensation
reaction of amine and aldehyde or ketone which put under refluxing conditions is the most
popular. To conduct this, firstly, a dose of nucleophilic nitrogen atom of amine on the carbonyl
carbon, leading to typically uneven carbinolamine intermediate are used. Such reaction is capable
of reversing to the initial materials, or when the hydroxyl group is removed and a C=N bond is
formed an imine can be molded. As amine is basic, it is regularly protonated in acidic conditions in
very simple reaction settings the reaction is delayed as adequately protons are not accessible to
catalyse the removal of the carbinolamine hydroxyl collection. General, aldehydes react quicker
than ketones in Schiff base condensation reactions as the reaction focus of aldehyde is sterically
less delayed than that of ketone. Additionally, the additional carbon of ketone contributes to the

electron density and therefore creates the ketone less electrophilic than that of aldehyde

the azo-schiff base ligand (L;) was manufactured in terms of condensation method
[16]. About (0.266 g, 1 mmol) of (L;) in absolute ethanol (20 mL) was added drop-wise to
hot absolute ethanol (50 mL) solution of 4-chlorobenzaldehyde (0.149 g, 1 mmol) with few
drops of glacial acetic acid as a catalyst (Scheme-1). The mixture was refluxed and stirred
magnetically for 2 hr. at 80 °C after cooling, The solid product was filtered off, and washed
several times with cold distilled water then dried in vacuum for several hours and
recrystallized twice from hot ethanol to afford red coloured product and stored in a
desiccator over anhydrous calcium chloride. Yield: 67 %; m.p. 159°C
The purity was established by the elemental analysis and thin layer chromatography
TLC techniques. The structure of azo schiff base ligand (L,) is changed by 'H-NMR, mass
spectrum, IR and UV-visb. spectra. The structural of the ligand (L,) as shown below:
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Scheme(1):- preparation of new azo-schiffbaes ligand (L))

Synthesis of Metal Complexes

The ligand L, 0.388 g (1 mmol) was dissolved in 25 ml methanol . The mixture was
then refluxed for 60 minutes. A solution 1 mmol of Au(lll) chloride salt in 25 ml methanol
was added dropwise with stirring to the ligand solution. The resulting deep colour solution
was refluxed for 60 minutes with stirring[17]. A deep colour precipitate formed compounds
were filtered off, washed with absolute ethanol and recrystallized in ethanol.But Cu(ll),
and Ag(l) complexes were prepared by the addition of appropriate metal salts (0.5 mmol,
dissolved in 30 ml hot buffer solution (ammonium acetate) at PH=7.0 for each metal ions
to a solution of L, (1 mmol, in 20 mL absolute ethanol).The resulting solutions were
refluxed for 1 h and then the volume of the solution was reduced to one-half by
evaporation[18]. The precipitate was filtered off, washed with distilled water and washed
with 5 ml ethanol to remove any traces of unreacted materials and dried in air. The %
yield, m.p, color, molecular formula, M.wt and element analysis data (C.H.N) of ligand and
its metal complexes are collected in table 1.

Table (1):- Analytical and physical data of ligand (I,) and its metal complexes



compound | color m.p | % Yield Molecular Found (calc.)%
°C Formula
(Mol.wt)
C H N M
Ligand =(L,) 159 67 C21H17CINg 65.14 4.50 21.88
(388.85) (64.86) | (4.41) | (21.61)
[Cu(L,),Cl,].H,0 Greenish blue | 203 72 | C4H3ClsCuN,O | 54.46 3.97 18.43 7.11
(930.17) (54.23) | (3.90) | (18.07) | (6.83)
[Ag(L,)( ONO,) (H,0)] | Orange blush | 181 63 | CxnHi0AgCIN,O, | 43.96 3.40 17.38 18.92
(576.74) (43.73) | (3.32) | (17.00) | (18.70)
[Au(L,)Cl,]Cl Purple red 194 76 C21H17AUCI,Ns | 36.62 2.59 11.93 28.23
(692.18) (36.44) | (2.48) | (12.14) | (28.46)

Result and Discussion
Characterization of azo —shiff base ligand (L) and its metal complexes

The analytical data of the complexes and some techniques sach as infrared ,elemental
analysis, mass spectrum, Uv-visib.spectroscopy and thermal analysis show that
the (E)-5-((E)-(1H-benzo[d]imidazol-2-yl)diazenyl)-N-(4-chlorobenzylidene)-2-amine-4,6-
dimethylpyridin (L2) reacts with Cu(ll) chloride in 1:2 (M:L) molar ratio to give the
complexes of general composition [Cu(L;).Cl,].H20O. But at react the ligand( L, ) with Au(lll)
chloride and Ag(l) nitrate exists in1:1 (M:L) molar ratio to give the metal complexes of
general composition [Au(L) Cl;] ClI and [Ag(L,) (ONO,)(H20)] respectively.

The complexes derived from azo schiff base ligand are stable toward air and insoluble
in water and some common organic solvents but soluble in ethanol, methanol,
dimethylformamide ,dimethylsulfoxide and acetone. Microanalytical data for the ligand
and its metal complexes are in very good agreement with theoretical values.

'H-NMR Spectra

In the *H NMR spectrum of azo-schiff base ligand ( L, ) and Ag(l)-complex at ambient
temperature in DMSO-dg, with TMS as an internal reference, the *H NMR spectra of
ligand( L, ) shows signals due to (NH) and( Ar-H) protons at §=5.219 and 6= 8.375-6.906
ppm, respectively.The singlet at §=9.059 ppm is due to the azomethine proton (—CH=N).
A signal at §=2.403 ppm assigned to solvent proton. signal at §=2.796 and §= 3.413 ppm
is ascribed to methyl group[19].

In the spectrum of Ag(l) complex these signals were observed slightly change in the
peak positions result the coordination of nitrogen atom of this group to Ag(l) ion. In the
spectrum [Ag(L2)( NO3) (H20)] a signal is appeared in the range of §=2.899- 3.418 ppm
corresponding to —CH3; and N-CHg protons. a signal is appeared in §=5.169 corresponding
to H,O protons and multiplets around §=6.891-8.167 ppm are assigned to aromatic
protons. Signals corresponding to CH=N protons were observed in §=8.498 ppm . A signal
at §=2.487ppm assigned to solvent proton[20].
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Figure (1):-'H-NMR spectrum of azo — cshiff base ligand (L,)
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Figure (2):-'H-NMR spectrum of Ag(l)- complex
Mass spectra

The recorded mass spectra of the complexes figure 3 and the molecular ion peaks
have been used to confirm the proposed formula. The mass spectrum of ligand ( L, )
showed peaks attributed to the molecular ions m/z* at 388.8, 277.3, 250.3, 222.2, 162.2,
206.2, 143.1, 159.2, 108.1, 89.0 and 69.0 for structures respectively [C21H17CINg]",
[CisH13N6]", [C14H11Ns] ¥, [C12HgNs]®, [CoHi2N3]", [CizHgNa]™ , [CeHsN3]™ , [CoHgNg] ™
[C4H4N4]™ * [CeHaNiJ"and [CsHsN2] *. This data is in good agreement with the
corresponding molecular formulae[21].
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Figure (3):-Mass spectrum of azo —schiff base ligand (L)

The molecular ion peaks of Ag(l) - complex shows different m/z* values with different
intensities. The mass spectra contain molecular ion peaks at m/z* 576.4, 558.7, 496.7,
388.8, 353.4, 250.3, 231.1, 145.1, 117.1, 107.8, 91.1 and 77.1 for structures
respectively [C21H19AQC|N704]+, [C21H17AgC|N703]+, [C21H17AgC|N6]+, [C21H17C|N6]+,
[C21H17N6] ™, [C14aH12N5] ™, [C12H17Ns] ¥, [C7HsN4]™ ,[C7HsN2]*, Ag™ ,[CeHsN]™ and [CeHe] ™.
This data is in good agreement with the corresponding molecular formulae[22].
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Figure (4):-Mass spectrum of Ag-Complex:[Ag(L,)ONO, H,0]
Infrared spectra of azo-schiff base ligand and their metal complexes

The important IR bands of ligand (L,) and its complexes [Cu(L2)2Clz], [Ag(L2) (NO3)
(H20) ] and [Au(L2)CIL,]CI are listed in Table 2. The IR spectra of the complexes are
compared with those of the free ligand in order to determine the coordination sites thatmay
involved in chelation . There are some guide peaks, in the spectra of the ligand, which are
of good help for achieving this goal. In the IR spectra of all the metal
complexes, two sharp peaks observed in the region (1643-1685)cm™ and (1465-1481) cm’
1 are due to azo and azomethine (in benzimidazol ring) fuNctions respectively. The absorption
frequency of azo and azomethinen penzimidazol ring) functions which have appeared at 1685
and 1481 cm™ in case of the ligand, have been shifted to lower frequency in all the metal
complexes indicating the involvement of nitrogen atom of azo function and nitrogen atom
of azomethinegn benzimidazol ring) function in complexation with the metal ions. The IR
spectrum exhibits band at region (3132-3340) cm™ which may be assigned to (N-H)
stretching vibration. The band of (C=N) asy in the IR spectra of the free ligand still lie at
the same position in the IR spectra of the complexes. These indicate that these groups did
not contribute to the coordination of the metal ions in the complexes.This is further
confirmed by the appearance of new bands in the region 432-505 cm™ is due to v M-N
stretching vibrations in all the complexes [23,24].
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Figure(5):-IR Spectrum of ligand and prepared metal complexes

Table (2):- Selected infrared absorption bands (4000-400) cm™ for azo-schiff base ligand (L,) and its
metal complexes (KBr disc).

Compounds V(N-H) v(C=N) | v (N=N) | v(C=C) | Vv(C-N) | uH2Outer- UH2O  nner - | v (M=N)
R sphere coordination) sphere coordination)
azomethine
ligand (Ly) 3132m 1685s 1481s 1272s 1195s | -eeem | e [ e
[Cu(L,),Cl,].H,0 3284m 1670s 1477s 1375m | 1197m 3365W | e 447w
[Ag (L2) (NO3) (HZO)] 3178w 1643m 1465s 1365m 1118m | - 3325w 459w
[Au(L,)Cl;]Cl 3340m 1677m 1473s 1377m | 1168s | = - | e 455w

L=ligand (L,) , S = strong , m= medium , w = weak

Magnetic susceptibility and electronic spectra measurements

The electronic spectra of ligand (L,) and its complexes were measured in ethanol solvent at
room temperature table 3 were recorded in ethanol solution, the spectrum of ligand (L) shows an
intense absorption band at 417 nm (23980 cm™)assigned to n—x* transition of azo and azomethine
groups [25]. The geometries are supported by their electronic spectra.
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The magnetic moment of the Cu(ll)-complex has been found to be (1.78 B.M.), which is within
the range of values corresponding to octahedral geometry. The spectrum of the Cu(ll)-complex is
consistent with the formation of an octahedral geometry with the appearance band centered at 576
nm (17361cm™), which may be assigned to ’Eg—°T,g transition in an approximately octahedral
environment and hybridization sp3d? [26].

Ag(l)-complex no d-d transition band of this complex exhibit high intense a charge transfer

transition in visible region at 523 nm(19120cm™) which are due to (M—L,CT) [27] .The magnetic
susceptibility for Ag(l)-complex due the electronic configuration d'° to be diamagaetic character
(Heff=0.0B.M)which is characteristic of tetrahedral geometry at 1:1[M:L] and hybridization sp®
symmetry.
For Au(lll)-complex , the spectrum shows one band at 516 nm(19379 cm™) due to
LA1g—'B1g(vy) transition. In is reasonable to suggest square planer configuration and hybridization
dsp” (d®-low spin).The zero magnetic value of this complex (ueff=0.0B.M) indicate square planer
geometry which is the common stero chemistry for tetra coordinate Au(l11)-complex[28].

Scan Spectrum Curve
1.232 L
Aou i
1.078 cuimy
Agll
0924
0770 [
|
Abs |
o.6l16 |
¥
0.462 1!
\l
0.308 l
il
0.154 il
N
[0 Ke 0.1 = 2
21000 BOOD 1000
Wawvelengthi{nm)

Figure(6):- Absorption spectra of ligand (L;) and its prepared metal complexes

Table(3):- Electronic spectra (hm , cm™), magnetic moments, geometry and hybridization

Compounds | Amax | Absorption | Transitions Meff Geometry Hybridization
(nm) | bands(cm™) (B.M)
417 23980 n -
Ligand=(L>) 319 31347 L
300 33333 LIS |
[Cu(L2)2Cl5].H20 576 17361 ’Eg—°T.g 1.78 Octahedral Sp°d’
distorted (Z-out or Z-in)
[Ag(L2) (NOs) (H,0)] | 523 19120 M—L,CT dia tetrahdra Sp®
[Au(L2)Cl]CI 516 19379 1Alg—>lBlg dia Square planer dsp® (Low spin)

B.M=Bohr magneton
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Thermal analysis

The thermal degradation of the azo cshiff base ligand and metal azo-schiff base

complexes were investigated by thermogravimetric (TG) analysis, differential thermogravimetric
(DTG) and differential scanning calorimetry (DSC) in the temperature range 22-705 °C.

A representative TG,DTG,DSC diagram is given in Figure 7. The thermal stability data are listed
in table 4. The data from the thermogravimetric analysis clearly indicated that the decomposition of
the complexes proceeds in two ,three or four steps. Water molecules were lost in first step between
50 - 200 °C and metal oxides were formed above 600 °C for complexes. The decomposition was

complete at >600 °C for all complexes[29,30].

Table 4. Thermal analyses data for (TG,DTG,DSC) of ligand and metal complex.

ligand

Compound Dis:tc;;i:;ion T;r:np;;aifgr)e ,’;/loaj:dl(zos/; DT%é))eak DS%g)eak Decomposition assignment Residue
Ligand=L. | Stage | 100-700 92 155,360 | 189,367 | The gradual loss of the
ligand molecule
Cu(l)- Stage | 90-149 4 119 109 The loss of the H,O CuO
complex  "stage I 149-330 18 283 282 The loss of the 2CI molecule
inner -sphere coordination
Stagelll 330-600 83 403,452 411,458 The gradual loss of residual
ligand
Ag(l)- Stage | 150-300 21.0 248 254 The loss of the H,O and Ag0
complex ONO2 molecule inner -sphere
coordination
Stage Il 300-600 82 246,459 | 248,447 | The gradual loss of residual
ligand
Au(ll)- Stage | 127-200 6 151 120 The loss of the Cl molecule Au; O,
complex outer-sphere coordination
Stage Il 200-330 20 260 263 The loss of the 2CI molecule
inner -sphere coordination
Stagelll 330-600 80 406 410 The gradual loss of residual

13
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Figure(7) :-TG-DTG-DSC curves of ligand (L,) and its metal complexes

According to these results and discussed the data through different techniques
suggest the structural formula of prepared metal complexes in this work may be proposed
in figures( 8-10) , shown below :-

H
N HyC N
N “ N
N-w N AN W
NN
; //1 CHs
c——\—Cu——al
' '
. ‘
CH; | I
\ 1
cl C Y
A\ Y N
L N N7 CH, _<N
|
H

Figure ( 8):-The proposed chemical structure formula of the Cu(ll)- complex
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Figure (9 ):-The proposed chemical structure formula of the Au(lll)-complex

Figure (10 ):-The proposed chemical structure formula of Ag(l)-complex

X-ray diffraction analysis

The X-ray diffraction, XRD, patterns of the azo cshiff base ligand (L,) and its metal
complexes [Cu(L.).Cl;].H2O, [Ag(L2) (NO3) (H20)] and [Au(L2)Cl,]CI, are shown in
figure 11. The XRD patterns of the azo-cshiff base ligand (L) and its metal complexes
have sharp diffraction peaks at around 26=(30-80), this indicates that azo-cshiff base
ligand (L,) and complexes are a mixture of crystalline and amorphous phases.While the
XRD pattern of Au(lll)-complex is very less mixture of crystalline and amorphous phase.
cacluclate  d-spacing or 'd’ values of reflections were obtained using Bragg’s equation
nA= 2dsin 8 , The average size of the particles and their size distribution were evaluated by
the Scherer equation, D = kA/BCos6 [31,32] , The values in table 5
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Table (5):- Inter planar distances , 20 value, FWHM, Crystallite Size and Lattice Strain of each peak, relative
intensity for ligand and complexes

compouna | 28 08 | T, TR o
Ligand=L, 32.487 2.753 0.173 0.815
45.488 1.992 0.131 1.121
56.547 1.626 0.102 1.508
Cu(ll)-complex 32.188 2.778 0.112 1.259
45.414 1.995 0.213 0.689
46.086 1.968 0.134 1.098
56.547 1.626 0.149 1.032
Ag(l)-complex 32.337 2.716 0.112 1.373
45.264 2.001 0.113 1.299
56.547 1.626 0.118 1.303
Au(l11)-complex 32.188 2.778 0.231 0.610
45.040 2.011 0.248 0.591
G — L2 oy Cu(ll)-complex
1200
1000
= 800
400
200
‘0 0 40 50 0 70 80 10 20 30 0 50 60 70 80

—— Ag(l)-complex Au(lll)-cmplex

800
700
600
+ 500
c
3 400

300

200

100

10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
26(degree 26(degree

Figure (11):- X-ray diffraction patterns for ligand (L,) and its metal complexes.

SEM studies
SEM is an easy method that might be manipulated to testify the deposited samples

which obviously denoted how the nanoparticles have been shaped [33]. The images of
SEM show that the diameters of the azo-schiff base ligand (L2) and [Ag(L2) (NO3) (H20)]
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are about ( 50.4 ) and (106.7)mm, respectively. Figure 12,13 show the scanning electron
microscopy pictures of azo-schiff base ligand (L,) and [Ag(L2) (NO3) (H20)].

Figure. 12.Scanning electron

Figure. 13.Scanning electron micrographs of azo-schiff base ligand.

micrographs of [Ag(L2) (NO3z) (H20)].

Pharmaclog results:-

Anitbacterial activity

The synthesized compounds were tested for their inhibitory affects on the growth of
bacteria Staphylococcus aureus representing Gram-positive bacteria and Gram - negative
bacteria Escherichia coli .The results of the antimicrobial activity of the ligand and its metal
chelates against all tested bacterial and fungal strains are shown in figure 14. The data of
antimicrobial screen demonstrate that the compounds show antimicrobial properties. It is also
significant to observe that the metal chelates display greater inhibitory effects than that of the
parent ligand(L,). Herein, the domain of inhibition is obviously much higher for metal complexes
against the selected bacterial strains than the free ligand(L,). The amplified behaviour of the metal
chelates might be understood in terms of the chelation theory. The activity of the chelation inclines
to instigate the ligand to behave with extra power and potency as bactericidal agents, therefore;
their killing action to the tested bacterial strains is more than that of the free ligand. The
experimental observation on a complex suggests that the positive charge of the metal is partly joint
with the donor atoms which are in the ligand, and there might be r-electron delocalization over the
complete chelating. This rises the lipophilic feature of the metal chelate, infusing it through the
lipid cover of the bacterial membranes. Since the tested complexes were observed to be more
active against Gram-positive than Gram-negative bacteria, it might be concluded that the
antimicrobial activity of the compounds is associated with the structure of the bacteria cell wall. To
explain this, the wall of the cell is indispensable to the existence of bacteria. The process of Kill
bacteria for some antibiotics is incurred by impeding a stage in the peptidoglycan synthesis. While
Gram-positive bacteria have a thick cell wall comprising several layers of peptidoglycan and
teichoic acids, Gram negative bacteria possess a comparatively thin cell wall which is containing
a few layers of peptidoglycan, bounded by a second lipid membrane comprising
lipopolysaccharides and lipoproteins. Accordingly, The differences in the structure of the cell wall
might lead to differences in antibacterial vulnerability and some antibiotics can kill only Gram-
positive bacteria and is infective against Gram-negative pathogens. Solubility, conductivity, and
bond length between the metal and the ligand are some of the other aspects that might increase

this activity[34].

Antifungal

The antifungal activity of ligand and its complexes have been studied by agar diffusion
method against the fungi Alternaria. Flucanozole is used as standard antibiotic and DMSO
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is used as solvent [35]. The antifungal activity of the azo-schiff base and metal complexes
against the fungi Alternaria are shown in Table 6 and figure 14

Table(6):-Antibacterial activity of ligand (L) and its metal complexes

Anti - bacterial Activity | Anti - fungal Activity

Compounds
E. coli | Staphylococcus Alternaria
Ligand=(L,) - - -
[Cu(L2).Cl;] .HO + - ++
[Ag(L2) (ONO2)(H20)] - , -
[Au(L,)Cl,]Cl . . -

(++) Moderate active-Inhibition zone=9-12mm, (+)Slightly active-Inhibition zone=6-9mm, (-)Inactive <6mm.

mLigand=(L2)
m[Cu(L2)2CIZ]
mlA(L2) (ONO2)H20)]
mAU(L2)CI2]C]

Candida Staphylococcus  Escherichia coli
albicans aweus

Figure(14):- Minimum Inhibitory concentration (MIC) in molar concentration (10* M) of
the ligand (L,) and its metal complexes

Mechanism of azo — schiff base reduction

The first step in the bacterial degradation of azo —schiff base dye in either aerobic or
anaerobic condition is to reduce the —N=N- bond. Reduction may be due to enzymes,
redox mediator, and chemical reduction by reductants like sulfide or combination. This
reaction involving enzyme-mediated azo dye reduction may be either specific or
nonspecific to dye. The presence of azo reductase in anaerobic bacteria was first reported
by Rafii et al. in Clostridium and Eubacterium. Azo reductase from these strains were
oxygen sensitive and were formed constitutively and released extracellularly. Later
investigation made by Rafii and Cernglia has shown azo reduction in Clostridium
perfringens by an enzyme FAD dehydrogenase. The gene for this enzyme for C.
perfringens has been cloned and expressed in Escherichia coli. Another mechanism of
dye decolorization could involve cytosolic flavin-dependent reductions, which transfer
electron via soluble flavins to azo dyes. However, recently Russ et al. have shown that
recombinant Sphingononas strain BN6 could reduce sulfonated azo dyes by cytosolic
flavin-dependent azo reduction in vitro and not in vivo [36].
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Figure (15):- Possible mechanisms for the removal of azo -schiff dyes by bacteria
Cell viability and cytotoxicity assay

Antiproliferative efficacy of the synthesized compounds was evaluated using MTT
assay. The assay plates were read using a microplate reader at an absorbance
wavelength of 570 nm. 0.1% DMSO was used as negative control. Tamoxifen and
5-flourouracil were used as standard reference drugs against PC3 cells. The selectivity
index (SI), which indicates the cytotoxic selectivity of the compound against cancer cells
and its safety towards the normal cells was determined from the ratio of the ICs, obtained
from the test on normal cell versus the ICso for cancer cell Whereas, ICs
(median inhibitory concentration is the concentration which causes 50% inhibitory effect on
cellular proliferation) values were estimated using regression equation obtained from the
dose-response curve [37].

One cancer cells namely (PC3) cancer cell lines were used to determine the
antiproliferative effect of synthesized compound. In addition, an WRL , was also used as a
model for normal cells line. The compound 5-fluorouracil were used as positive controls.
The median inhibitory concentration (ICsp) values were calculated for each cell line
Table 7 . Compound [Ag(L2)(ONO,)(H.0)] showed selective cytotoxicity against cancer
cell line PC3 with ICsp = 246 uM , while it was safe on WRL with 1Cso = 5803 uM, for
normal human cells
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Table(7):- ICs, (Mg/ml) values and percentage (%) of the synthesized compound and standard drugs

1Cs0 (ug/ml)
Test samples Carcinoma Cell Lines Normal Cell Line
[Ag(L,)(ONO,)(H,0)] | 246.092 5803.548
Mean Percentage (%) for each cell line
Conc. Carcinoma Cell Lines Normal Cell Line
(bg/ml)
Cell Cell Cell Cell
Viability Inhibtion Viability Inhibtion
400 27.432 72.568 73.605 26.395
200 59.68367 | 40.31633 85.84133 14.15867
100 78.62667 21.37333 93.827 6.173
50 90.97233 9.027667 97.37667 2.623333
25 86.92133 13.07867 95.139 4.861
125 92.86267 7.137333 92.631 7.369
6.25 95.602 4.398 94.94567 5.054333
100% 100%
ﬁ\—.\.\ [ ]
[ ]
X X
2 - WRL || 2 - PC3
a8 50% v o+ ic50 || 8 50% a - [C50
5 5 :\
— — 1
8 3 e
1
1
\ 4
7 — N . L — e — .
2 3 1 2 3
Log Concentration u g/ml Log Concentration ug/ml
Data 1 100%-
100%-
S 80%
S 80% T
T 2 60%-
S 60%- 8
% v -+ ECS0 'E 40%
T 40%- =
o S a0
8 20% 0 °
0%F ——— , 0%
2 3
Log Concentration p g/ml Log Concentration p g/ml

Figure (17):- EC50 (ug/ml) values of the carcinoma cell lines and normal cell Line.
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Figure (18):-. Comparison of viability and Inhibtion for each cell line (10000 cellular density)

Conclusion

In the present study, Azo-schiff base ligand (L,) and its complexes [Cu(L2)2Cly],
[Ag(L2) (ONO2)(H20)] and [Au(L2)Cl;]CI were synthesized and characterized.The
antibacterial activity of the prepared complexes was also studied against gram positive
and gram negative bacteria. It is found that some of the complexes are quite effective
against tested bacteria.the complex [Ag(L2) (ONO;)(H.O)] demonstrated more pronounced
anti-cancer efficacy against human prostate cancer cells with median inhibitory
concentration (ICs) values. In addition, the complex [Ag(L2) (ONO,)(H.0)] demonstrated
higher selectivity index towards the tested cancer cells, while presenting safety profile
towards the normal cells. From the findings of the present study, it can be concluded that
the complexes of the Azo-schiff base ligand possess strong cytotoxic property and
selectivity against human prostate tumour cells.
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