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ABSTRACT

A novel azopyrimidin ligand N-(1-(4-aminophenylydidlene)-4-(2-amino-3-(4-methoxyphenyl)diazenyB{1,
a]pyrimidin-7-yl)benzeneamine. The prepared azadi was used for further complexes formation resctvith
different metal ions using Ni(Il)(G€OO0), Cu(l1)(CH;COOY), Pd(I)Cl, Ag(I)NG;, Pt(IV)Cl, and HAu(III)CL by a
molar ratio of ligand : metals. The stereochemistind the mode of bonding of the complexes wereeaetiibased
on elemental analysis, IR, UV-ViINMR and MS as well as thermo-gravimetric analy@i§A). Structures
proposed for geometry of the chelates based on étesitronic spectra and magnetic moment. The nostalplexes
possessed an tetrahedral for [Ni(ll) and Cu(l)[quare planer for [Pd(ll), Pt(IV) and Au(lll)] and #riagonal
geometry for Ag(l). The solid complexes have begithesized and studied by TGA analysis. The thermal
dehydration and decomposition of these complexes stadied kinetically using the integral methoglgjng the
Coats—Redfern and Horowitz Metzeger equation. Emalyap energy values of all compounds are charititeof
semiconductor materials. The metal complexes shbibitory activity against breast carcinoma cells.

Keywords: Azo pyrimidine, Breast cancer, Thermal kineticanB gap Energy

INTRODUCTION

Azo-compounds play an important role in analyticlamistry as metal chromogenic agents [1], in itrialsdyes
[2], acid—base indicators as well as uses as bgittdl stains [3]. Also some azo-compounds possgssllent
optical memory and photoelectric properties [4]ar/dus studies have been done on the aryl azodwyidic and
their metal complexes [5]. The pyrimidine compourade one of the important classes, so several estudere
reported on the structural chemistry of the pyriméddcompounds and their metal complexes [6]. Imwwvid these
finding and in continuation to our work on the spakcbehavior of azo-dyes and their metal complgXgsSchiff
bases, products of the reaction of primary amina$ earbonyl compounds, are involved in many metabol
processes. Numerous products of further fragmematnd cross-linking are responsible for the cdlaxor, and
taste of foods and drinks [8]. Salicyliden- andyZhtoxynaphthylideneamines have been the subjepiadfcular
interest because some of their complexes are faumature and biological activities have been rdedrfor the
synthesized ones [9]. Pyrimidine is the parentroeiele of a very important group of compounds thete been
extensively studied due to their occurrence imlivéystems [10]. Pyrimidines are reported to halvepad spectrum
of biological activities. Some are endowed withitamtor [11], antiviral [12], antiinflammatory [13Jantipyretic
[14], antimicrobial [15] and antifungal [16] propies. Considerable attention has been given tontlegal(ll)
complexes of polydentate Schiff base ligands ofNk@minopyrimidine type, due to their structurathmess and
electrochemical properties as well as their posé@s a model for a number of important biologiegdtems [17,
18]. New organic materials have attracted muchttte over recent years for their light-emittingoperties [19-
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21]. For example, organic polymers that exhibibsty luminescence at low driving voltages, partidylthose that
emit in the blue region, are of great interestffar panel display applications [22, 23]. Rare eardmplexes with
low-molecular-weight organic ligands have also bertensively studied to obtain highly fluorescergtenials for
application in electroluminescent devices[24, 2&] #aser systems [26]. The design and testing of gomplexes
as antitumour agents derives from several facts3p]7 Additionally some gold(lll) complexes preseamtgood
stability in agueous and physiological environmdB8&], however, due to the high reduction poterpiagold(lll),
this is not a general rule. Considerable atterti@as been given to metal(ll)complexes of the polyatenSchiff base
ligands of N-aminopyrimidine because of their barganic relevance, which has often been relatedhédr
chelating ability with trace metal ions [34-37]. dgat findings of the presence of metal-sulfur aretatnitrogen
bonds at the active sites of several oxidoredusthsee stimulated an immense amount of interepyiimidine
chemistry [38, 39].

In view of the significant structural and biolodicapplications of pyrimidine compound as (N-(1-(4-
aminophenyl)ethylidene)-4-(2-amino-3-(4-methoxypylidiazenyl)-[1,5-a]pyrimidin-7-yl)benzeneamine arldeir
Nickel(ll), Copper(ll), Palladium(ll), Silver(l), Btinum(IV) and Gold(lll) metal complexes 1-6 (®ahe 1). These
compounds have been investigated for inhibitorivagtagainst breast carcinoma cells.

EXPERIMENTAL SECTION

2.1. Materials and physical methods:

The selected metal salts were purchased from Siydrwéch. The aldehydes were of E-Merck grade. Other
chemicals and solvents were of highest purity asetluwithout further purification. Melting pointegere recorded
on a Griffine Gearge melting point apparatus. Tleeteonic absorption spectra were recorded in DM®&@ 900-
200 nm using Perkin Elmer Lambda 35 UV/Vis specttan fitted with a quartz cell of 1.0 cm path léngrhe
Fourier transform infrared spectra with the sampidsBr were recorded on Perkin-Elmer Spectrophatten USA
from 4000—400 cfh The elemental analysis (C, H and N) are carriedusing a Perkin-Elmer USA model. The
'HNMR spectra were recorded in DMS@-dsing TMS as internal standard on a Jeol-FX-90QriEo NMR
spectrometer. Thermal analysis measurements veerieat out on Shimadzu TGA. Mass spectra were paed

by a Shimadzu-GC-MS-QP1000 EX using the directtisystem. Metals (Ni, Cu, Pd, Ag and Pt) were ufeiteed

by complexmetric titration using xylenol orange (X&s indicator and hexamine as bufj@t = 6) [40] except the
Au metal was determined by (ICP MS 7700x agileAftitumor evaluationread the absorbance at 490 nm using
ELISA reader (SunRise, TECAN, INC, USA) were staddiat Al-Azhar University, Cairo; Egypt. Magnetic
Susceptibility of prepared complexes was measunedhicro analytical laboratory of faculty of ScienGairo
University, Giza, Egypt. The ESR spectra of the gergd Cu (II) and Au(lll) samples were carried ontBruker-
EMX-(Xbands-9.7 GHZ) spectrometer with 100 KHZ foeqcy, microwave power 1.008 MW and
modulation/amplitude of 4 GAUSS at national cefideradiation research and technology, Egypt. Tikcal band
gap energy (g of product compounds was calculated from Tuagisa¢gions.

2.2. Preparation

2.2.1. Preparation of ligand (L)

The ligand was prepared as described in the litexgd1] with minor modifications in the purificati procedure
and the characterization results completely agwegd the reported data. The physical, analytical apectral data
is given in Tables 1 and 2.

N-(1-(4-aminophenyl)ethylidene)-4-(2-amino-3-(4-etbixyphenyl)diazenyl)[1,5-a]pyrimidin-7-
yl)benzeneamine:Brown color. Elemental analysis for,,NgO: C % (calc., 68.05 ; found; 68.23), H % (calc.,
5.08 ; found, 5.14) and N % (calc., 23.51 ; fouRd,42). m.p: 200C. ESI-MS: m/z= 476, §H,.,NgO, where
calculated m/z= 476.2.

2.2.2. Preparation of solid complexes

Preparation of Ni(CECOOH).4H,0 (104 mg, 0.418 mmol), Cu(GBOOH).H,O (86.44 mg, 0.417 mmol), PdCI
(37 mg, 0.20867 mmol) was added to 3.7 mg of Nafdl grinding the mixture), AgN§X71.04 mg, 0.418 mmol),
PtCl, (70 mg, 0.209 mmol) and H[Augl(71 mg, 0.209 mmol) withN-(1-(4-aminophenyl)etitfdne)-4-(2-amino-
3-(4-methoxyphenyl)-diazen-yl)[1,5-a] pyramidin-henzeneamine (L) (100 mg,0.20896 mmol). A hotaath
solution (20 ml) of Ni(ll), Cu(ll), Pd(ll), Ag(l),Pt(IV) and Au(lll) was added dropwise to a magredtic stirred
solution of the ligand (L) in ethanol (25 ml). Thesultant mixture was refluxed for 3 hrs. Durin§lueing a solid
product precipitated out which was filtered, washeith ethanol and then with diethyl ether and dridthe
preparation of complexes (Scheme 1). Physicaly&inal and spectral data is given in Tables 1 and 2
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2.3. Methods of anti-tumor evaluation

Human breast cancer (MCF-7) cells were obtainednfrthe American type culture collection (ATCC,
ROCKVILLE, MD). The cells were grown on RPMI-1640edium supplemented with 10 % inactivated fetal calf
serum and 5@g/ml gentamycin. The cells were maintained at 37r& humidified atmosphere with 5 % ¢génd
were subcultures two to three times a week. Thetamor activity was evaluated on MCF-7 cells. Tdedls were
grown as monolayer in growth RPMI-1640 medium sapm@nted with 10 % inactivated fetal calf serum &0d
ng/ml gentamycin. The monolayer of 10,000 cells aetieat the bottom of the wells in a 96-well micratiplate
incubated for 24 hrs at 37 °C in a humidified inatdy with 5 % CQ@. The monolayer were then washed with sterile
phosphate buffered saline (0.01 M, pH 7.2) and Banaously the cells were treated with 1d0from different
dilutions of the test sample in fresh maintenanegliom and incubated at 37 °C. A control of untréatells was
made in the absence of the test sample. Six welle wsed for each concentration of the test sargptery 24 hrs
the observation under the inverted microscope wademThe number of the surviving cells was deteethiby
staining the cells with crystal violet [42] follodeby the cell lysine using 33 % glacial acetic aaitl read the
absorbance at 490 nm using ELISA reader (SUNREEAN, INC, USA) after well mixing. The absorbancaues
from untreated cells were considered as 100 % fpration. The number of viable cells was determinsthg
ELISA reader as previously mentioned before andpdreentage of viability was calculated as [1-(QD.)] x 100

% where ODRis the mean optical density of wells treated wlith test sample and Qi3 the mean optical density of
the untreated cells. The 50 % inhibitory concerdraflCsg) was estimated from graphic plots.

Table 1: Analytical, physical and spectroscopic datof the azo ligand (L) and their related metal complexes

MLP Elemental Analysis H-NMR M* £
Molecular Formula | Symbol C Color Calc. / (Found) % Chemical shift Reft Calc./ (e\"/)
C H N M (dppm) (Found)

82.5 (dd, 1H, CH

CoH24NsO L 200 Brown 68.05 5.08 23.51 - J=4.7,9.8 HZ),5 - 476.2  2.72
(68.23) (5.14) (23.42) 3.83 (dd, 1H, (476)

OCH; J=4.8,11.8

HZ), 5 7.04 (m,

11H, ArH's), &

8.54 (s, 1H,

azomethine C-H),

510.24,10.6

(s,4H,3NH)
[Ni(L).(2AcO)]. HO 1 >300 Deep 55.46  4.80 16.69 8.74 236 670.13 2.60
C31H3206NgNi Brown (55.29) (4.75) (16.51) (8.60) ) (669.9)
[Cu(L)(2Ac0)].2H,O 2 >300 Deep 53.63 4.94 16.14 9.15 ) 185 693.18 2.48
Cs1H3407NgCu Brown (52.91) (5.1) (16.62) (9.77)
[4Pd(L- 3 >300 Deep 41.67 3.37 14.40 27.35 D 1552 2.53
1H),ACI(2H,0)] Red (41.47) (3.38) (14.68) (27.28) - (>1000)
Cs4Hs;0:N1ClsPdy
[Ag(NO;)(L)2].H:0 4 181  Deep 56.85 4.42 20.87 9.45 ) D 11409 2.54
Cs4HscOsN17Ag Brown (57.14) (4.87) (20.86) (8.90) (>1000)
[4Pt(L-H), 2H,0.4Cl] 5 >300 Reddish 33.94 2.74 11.73  40.83 D 19112 256
Cs4H52ClsN16O4PY Brown (33.72) (2.43) (11.52) (40.97) ) (>1000)
[4Au(L- 6 224  Deep 3351 2.55 11.58  40.71 D 19352 254
1H),(OH).5CI] brown (33.24) (2.75) (11.21) (40.96) - (>1000)
Cs4HaOsN1eClsAu,
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Scheme 1: Ligand and metal complexes
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RESULTS AND DISCUSSION

The azo ligand (L) and their solid complexes witbtah have been isolated in pure form as (SchemPHysical,
analytical and spectroscopic data of the ligand #&hd their isolated complexes are given in (Tahle2)l
Comparison of the elemental analysis for both #leuwtated and found percentages indicates thatdh®ositions
of the isolated solid complexes coincide well witle proposed formula. Also the structure of thédsobmplexes
has been identified on the basis of FT-IR, magmets&d UV-Vis. Spectra. The solvent content of theplexes
was determined by thermal TGA measurements ancktudts can be taken as evidence for the suggsstexiure.

3.1. IR spectra:
The infrared spectra of the azo-ligand (L) andrttal complexes obtained as KBr discs in the regfot000 — 400
cm’* and given in the Table 2.

The v(N=N) frequency of the ligand (L) appears at 1508 cnegative shift of the spectra of the complexée ta
place suggests coordination of one nitrogen of groap in complexation with metal ions [41,43] . THE=N)
observed at 1604 chfor (L) shift to a lower value occurred in the qolexes of (L) due to the participation of N-
atom of azo methine in chelation [43]. A broad dmin the 3432 — 3418 chappeared in the spectra of the
complexes. The far infrared region shows bandiérrange (423 — 470) chassigned to(M-N) [44].

Table 2: IR spectral and Electronic absorption dateof ligand and metal complexes:

v(NHy) v(C-H) v(acetate) max.nm
Symbol | v(H,O) Assym./ aromatic v(C=N) v(N=N) Sym./ v(M-N) (assi n|’fn ents) Structure

Sym. aliphatic Assym. 9

L - 3277 2932 1604 1503 - - 390(m*, C=N), -
3186 2839 255@ -n*, Phenyl)

1 3432 3270 2929 1603 1497 1420 423 539 iAzgﬂlEg) Tetrahedral
3180 2845 1315

2 3418 3281 2966 1593 1490 1418 470 520 {B,— E) Tetrahedral
3179 2882 1316

3 3417 3320 2926 1601 1490 - 446 HMCT Square Plana
3214 2845

4 3421 3312 2932 1600 1495 - 431 HMCT Trigonal
3181 2837

5 3426 3318 2923 1603 1489 - 452 HMCT Square Plana
3163 2841

6 - 3312 2928 1599 1487 - 470 HMCT Square Planal
3150 2849

3.2. UV-VIS spectra:

The electronic spectral values of complexes arerdstl in Table 2. The electronic spectra of Ni@yd Cu(ll)
complexes energy absorption bands at 539 and 52fnasl to the transitionéﬁ(zgelEg) and (B, — “E). On the
basis of which a tetrahedral geometry is suggefstetli(ll) and Cu(ll) complexes[45]. The diamagreetf Pd(ll),
Ag(l), Pt(IV) and Au(lll) complexes posses squalanar except the silver is a trigonal geometry. @ilmmagnetic
of Ag(l) complex posses trigonal geometry and dieethiow intense absorption in UV-region at a &irigind in the
352-372 nm region, assigned to charge transfer,baratcord with the 44 to 59 electronic configuration of silver
ion [46]. The electronic spectra of the Pd(ll) @tdll) complexes had bands in the range of 231+8hldue to the
n-z* andz—z* transitions of phenyl, pyrimidine, and azomethihe the spectra of the complexes, the less intense
and broad bands in the range of 311-481 nm resfrided the overlap of the low energy— z* transitions, mainly
localized within the azomethine group, and the LM@insitions from the lone pairs of the phenolatggen donor
to Pd(Il) and Pt(ll) [47]. The electronic spectrafau(lll) complex gave the absorption band at thage 330 nm,
these bands can assignedAgg—'Eg transition. The position of these bands aregire@ment with low-spin square
planar geometry for Au(lll) complexes [48]. Bandwalues higher than 300 nm were assigned to cltemgsfer.

The determined magnetic moment (B.M) values of Blicknd Copper ion metal complexes at room temperatu
was recorded in Table 1. The magnetic moment vadtiise Nickel(ll) and copper(ll) complexes are@&hd 1.85
B.M at 298 K.

3.3. Mass spectra of solid metal complexes:

The mass spectral data and fragmentation pattetimofomplexes clearly justify [49, 50]. The fotioa of Ni(ll)
complex further evidenced by mass spectral dat& pitoposed molecular formula of these complexes was
confirmed by the mass spectral analysis by compatsnmolecular formula weight with m/e values. Tdunplexes

of Pd(ll), Pt(IV) and Au(lll) shows different m/ealues with different intensities. The molecular weaks of these
complexes not observed due to its high moleculaghtehan the scale of the mass device, the baskspaf these
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complexes observed at m/e 60 faHO,, 98 for GH. N, 82 for GH4N3; and are respectively and metal ion peaks
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Fig. 1 : Mass spectra of metal complexes (Ni, Pdtf Bnd Au)
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3.4. 'HNMR (Dmso-dg) of L .
The'HNMR signals of the azo-ligand (L) ar& 2.5 (dd, 1H, CHJ=4.7, 9.8 HZ), 3.83 (dd, 1H, OGH=4.8, 11.8
HZ), 7.04 (m, 11H, ArH's), 8.54 (s, 1H, azometh@w), 10.24, 10.6 (s, 4H, 2NH[51] Fig. 2.

L

1.5

E}

g

LI

i

1.5
_1H
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TN

T L= . @ ha .
- R E—, P EY fu.na” Ve a2 =2 . aa

Fig. 2: '"HNMR spectrum (DMSO-ds ) of Ligand

3.5. ESR Spectra :

The ESR spectra of Cu (1) of L complex were reeatdn X-Band at frequency (9.7) GHz under the magfield
strength (3480) G , recorded at room temperatune. Spectra of the complexes exhibit a single arupat broad
signal. From Fig. 3 this anisotropic spectrum ofRE& Cu (II) shows a g> g, with the following values g=
2.00545 and g= 2.13601 in which g> g, > 2.0023 calculated for Cu (II) complex, suggesittthe unpaired
electron is localized in,d y2 orbital g.> g, . These values indicate that the ground stateudfiiCis predominately
d2 y2 , which suppose a tetrahedral .The observgglalyie for Cu (II) complex is less than 2.3, thinglicating the
bonds between the organic ligand and copper ioe hazovalent character more than the ionic charfe2¢.

The EPR spectrum of Au (Ill) complex shows axiginsilsshape and having symmetric bands with two g valgges,
=2.0096 and g-2.01256. These values suggest a square planmeoahemistry for the complex. The geometric
structure with g< grindicates that the electron is delocalized jhatbital of the ground state of Au(lll) ion. The
gy is an important function for indicating covalemiacacter of M-L bond [53, 54]. For ionic charaadéithe nuclei
ligand bond, g> 2.3 and for covalent environment<g 2.3. In this Au (lll) complex g< 2.3 was obtained. This
indicates an appreciable covalent character ii\theé bond Fig 3.
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Figs. 3: ESR spectra of Cu(ll) and Au (Ill) complexes

3.6. Thermal analysis of metal complexes:

In the present investigation, the heating ratesevegiitably controlled at 10 0OC min—1 under nitrogeémosphere
and the weight loss was measured from ambient tehpe up to 30-906C. The TGA data of the thermal
decomposition of the complexes are shown in Tablei® 4. The thermogram of [Cu(L)(2Ac0)].28, [4Pd(L-
1H),.4CI(2H,0)], [Ag(NOs)(L),].H,O, [4Pt(L-H).2H,0.4Cl], [4Au(L-1H)(OH).5CI] and chelates show
decomposition steps within the temperature rangé@0 °C, respectively. The first step of decomjpmsitvithin
the temperature ranges (77-124, 39-132, 30-112pf@sponds to the loss of ZM(5.19 %, 2.3 % and 1.88 %) in
Cu, Pd and Pt are respectively, Ag (33-170) los@HgD, HNG;) (7.09 %) and Au (36-141) loss of (5HCI »®),
(10.23 %) molecules of complexes. The second stefecomposition within temperature ranges (124-24&—
280, 170-330, 121-288 and 142-264) °C correspoadthd loss of acetate (2AcO) (17.01 %), 4HCI (9.37%

7



Bassem H. Heakakt al J. Chem. Pharm. Res,, 2016, 8(5):771-782

(C30H31N40,) (42.03%), 4HCI (7.63%) and ;£H1eN,4 (13.6 %) molecules mass loss Of (Cu, Pd, Ag, BtAam) are
respectively. Third step of decomposition step initeemperature ranges (243-269, 280-731, 330-588,477 and
264-325) °C corresponds to the loss of organicemaé with molecular formula&-;NO (17.45%), GH4gN160,
(61.22 %), G4H26N15 (41.40%), GeH1gN4 (13.93% ) and GH140, (10.93%) of molecules mass loss Of (Cu, Pd, Ag,
Pt and Au) are respectively. The fourth step obdggosition step within temperature ranges (270-383;564 and
325-537) °C corresponds to the loss of organic cubdewith molecular formula §EigN (17.16 %), GgH34N1,0,
(36.14 %) and GHs (7.76 %) of molecules mass loss Of (Cu, Pt an)l e respectively. And the fifth step of
decomposition step within temperature range (366-887-685) °C corresponds to the loss of orgamtecule
with molecular formula GHgNg (34.02 %) and GH1.N;» (16.56 %) of molecules mass loss Of (Cu and Ae) ar
respectively. The ligand leaving metal oxide assadue of (Cu, Pd, Ag, Pt and Au) as shown in &ignd Table 3.
The thermodynamic activation parameters of decoitippgrocesses of dehydrated complexes namelyatiin
energy (E*), enthalpy AH*), entropy (AS*) and Gibbs free energy change of the decomposiAG*) are
evaluated graphically by employing the Coats—Redfelation [55] and Horowitz-Metzger [56]. Kinefi@rameters
for the first stages, calculated by employing tleats-Redfern and Horowitz-Metzger equations, amensarized in
Table 4, together with the radii of metal ions. Thesults show that the values obtained by varioethats are
comparable. The kinetic data obtained with the tmethods are in harmony with each other. The adtinanergy
of Cu(ll), Pd(Il), Ag(l), Pt(IV) and Au(lll) complees expected to increase in relation with decr@asieeir radius.
All the complexes have the square-planar exceptillver triagonal geometry and nickel and coppératesdral
geometry and similar decomposition steps. The &mailze of the ions permits a closer approach efligand.
Hence the E* value in the fourth stages for thé\Mt¢omplex is higher than for the other complexgse entropy
of activation AS*), enthalpy of activationAH*) and the free energy change of activatio¢) were calculated.
The data are summarized in Table 4. The high vabfieke activation energies reflect the thermabidityt of the
complexes. The negative values indicate that thivaded complexes have a more ordered structuras the
reactants and that the complication reactionslawees than the normal [57, 58].

5 —
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4 4
3.5 -
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3 -
= 25
Pd
2 .
15 T Al
Ag
1 -
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0.5 -
0 : : : : : : : .
o 100 200 300 400 500 600 700 800
TEmFEraturE [

Fig. 4: Thermal decomposition of Cu, Pd, Ag, Pt athAu complexes
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Table (3) : Thermal decomposition of Cu, pd, Ag, Pand Au complexes

o]
Compd. No.  Molecular Formula MV(\)llsng":]I?r Steps % mass %  Assignment
1st 77 124 5.19 20
2nd 124 243 17.01 2GBOO
3rd 243 269 17.45 £I4NO
2 CaiHaCUNOy 6942 4tn 270 365 17.16 BN
5th 366 489 34.02 feHgNe
Residue 9.15 CuO
1st 39 132 2.30 20
2nd 132 280 9.37 4HCI
s GaHsClNGOPd, - 1556.59 5 280 731 6122  GHuNiO,
Residue 27.34 4PdO
1st 33 170 7.09 $O,HNO3
2nd 170 330 42.03  4H3N,O;
4 CaHsoAGN170s 114095 54 330 549 4140  LHNy;
Residue 10.85 AgO
1st 30 112 1.88 240
2nd 121 288 7.63 4HCI
5 Cs4HsCl4N1604PY, 1911.22 3rd 288 477 13.93 feH1eNy
4th 477 564  36.14  £H3N;;0;
Residue 40.82 4PtO
1st 36 141 10.23 5HCIJ®
2nd 142 264 1425  HieNg
6 GsiHagAULCIsN1Os  1935.2 itrﬁ égg ggg 179'7%3 g;“OZ
5th 537 685 16.56  fHi:Nj;
Residue 40.70  4AuO
Table 4: Kinetics data of the Cu, pd, Ag, Pt and Acomplexes
Coats Redfern Horowitz-Metzger
Compd  gions Ea A As* AH* AGH Ea AS* AHY AG*
No. R? KJ pa mol? KJ KJ R? KJ pa mol KJ KJ
mol* K mol? mol? mol* 1Kt mol?* mol*
18 0.98 1105 9.4x10 39.8 10.7 96 0.98 50.8 58810 -147.7 47.7 102.7
2n¢ 099 181.2 5.8x16 -99.7 177 227 0.99 11 1.3x40 -41.9 105.6 126.7
2 3 0.99 368.4 2.8x1%0 31.2 363.9 347 0.99 175 6.5%10 53.6 170.8 141.8
4 098 97.7 3.9x10 110.5 92.7 159 0.98 48 2.3¥10 -191.8 42.9 158
5t 0.96 108.3 1x10 -131.3 102.5 194 0.96 52 9.9¥10 -207.0 46.3 191.3
1 0.92 30.6 5.2x10 -147 27.9 85 0.91 1.3 2.2x10  -313 -1.5 100.3
3 2n¢ 099 559 5.2x10 -165 51.6 138 0.98 33.2 340 -194 28.8 130.3
3¢ 093 26.2 9.1x1b -254 194 228 0.95 194 2xio -257.7 12.6 224.4
1 0.90 3.9 3.8x1% -485 0.62 193 0.99 5.1 5.5x10 -291.2 1.84 117.7
4 2n¢ 0.97 49.9 6.3x10  -176.5 45.7 134 0.96 23.2 1.330 -221 19.1 129.8
3¢ 096 68.7 1.8x10 -132 62.5 161 0.96 38.8 1.3¥10 -236 32.6 209.5
1 091 415 1.8x10 -145 38.7 87 0.91 19.5 2x10 -238.5 16.6 97.5
5 2n¢ 098 425 1.5x1D -167 38.4 120 0.98 23.5 3.6x10 -211.4 19.4 123.9
3¢ 096 511 4.1x10 -199 46.3 160 0.97 20.5 1xio -236 15.8 150.7
4 0.99 7453 4.1x19 543.7 738.8 310 0.99 346.5 7.1%10 1835 340 195.3
18 092 336 56x10 -173.9 30.8 88 0.92 13.9 2.5%10 -257.7 11.16 95.9
2n¢ 0.97 52.0 3.9x10 -180 48.4 127 0.96 21.8 5.6x10 -237 18.1 121.4
6 3d 0.97 188.3 3.7x1%6 -14.8 183.8 192 0.97 88 3.1X10 -121 83.2 152.7
4 0.97 44 5.6x10 -104 37.7 117 0.98 29 6.2x10 -238 22.7 204.3
5t 098 169 6.8x10 -84.7 161.7 235 0.97 77.8 2.750 -182.4 70.6 230.2

3.7. Optical Properties
To clarify the conductivity of the isolated compéesx the optical band gap energy (Eg) of azo-ligand its
complexes have been calculated from the followinggagions [59 - 61]:

The measured transmittance (T) was used to caécafgiroximately the absorption coefficiem} (sing the relation

o = 1/d In(L/T)

where d is the width of the cell, T is the measuradsmittance. The optical band gap was estimasety Tuac’s

equations:

aho = A (ho-Eg)

where m is equal to 1/2 and 2 for direct and irditeansition, respectively, A is an energy indegeant constant.
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2
The values of. calculated from the first equation was used ta f@lbv) vs. hv (Fig. 5) from which an indirect band
2

gap was found by extrapolating the linear portibthe curve to ¢hv) = 0. The values of indirect optical band gap
Eg were determined and given in Table 1. Thedues of azo-ligand and its complexes were faionde at 2.72
and 2.53 - 2.60 eV, respectively as indicated @ Biand Table 1 revealed highgrvales of ligand compared with
their corresponding complexes. As reported indiiere [62] it is suggested that after complexatioptal leads to
raise mobilization of the ligand electrons by ad¢oepthem in its shell. It can be evaluated tha&traformation of
the complexes, the chemical structure of the liganthanged, the width of the localized levelsxpanded and in
turn, the band gap is smaller. This result is \@gyificant in applications of electronic and opgémtronic devices,
because of the lower optical band gap of the natef63]. Worthy mention, small band gap faciligtdectronic
transitions between the HOMO - LUMO energy levais anakes the molecule more electro-conductive [G4g
obtained band gap values suggest that these coaspkme semiconductors and lie in the same randegbfy
efficient photovoltaic materials. So, the presemmpounds could be considered potential materialhdovesting
solar radiation in solar cell applications [62, 65he little difference in the optical band gapv&lues between all
studied complexes may be due to their synonymoemidal structures.

L

(ahu)? (eV/m)?

,_
(ahv)? (eV/m)*

(ahv)? (eV/m)?

(ahv)® (eV/m)*
(ahu)’ (eV/m)*

]
:
g

o
T T T T T T T 1 T T T T T T T 1 T
16 18 20 22 24 26 28 30 16 18 20 22 24 26 28 30 16

ho (eV) hu (eV) ho (ev)

Figs. 5: The plots of ¢hv)?vs. ho of ligand and its metal complexes

3.8. Anticancer activity

The Azo-dye compounds might have promising potemtigicancer applications, since these ligand &ad Ito
possible alternative modes of cytotoxic action,hsas intercalative DNA lesiof67, 68] ,square-planar metal
complexes with aromatic ligands bind to DNA by netdation[69].The cytotoxicity activities of gold complex were
tested against (MCF-7) human tumor cell lines. figported results in terms of d£value for it is 48ug/ml Fig. 6:
For comparison purposes, the cytotoxicity of cispleas standard antitumor drug, was evaluatedpaoduced IG,
value (0.426.g/ml) under the same conditions. As depicted theptex has noticeable cytotoxicity activation ,also
these finding could be explained by the solubiéiffect as fairly good relationship could be seetwben activity
and solubility of the compounds. The activity oé thold complexcould be explained by its greater solubility and
lipophilicity. The lipophilicity increases with imeasing bulkiness and may facilitate transportugtothe cellular
membrang70].
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1004 (] 1

cell viability
2

concertration (ug)
Fig. 6: Cytotoxicity of Au (Il) complex
CONCLUSION

A series of metal-azo complexes derived from soatecsed Azo-ligand have been isolated in pure fdarhe ligand
and their solid metal complexes may be prepareaddmnventional reflux method. Comparison of the eletake
analysis for both calculated and found percentagdisates that the compositions of the isolateddsobmplexes
coincide well with the proposed formulae. Elemergablyses (C, H, N and M%), (FT-IR, UV-Vis and ESR)
spectroscopy, thermal measurement and magnetisiciebetke difference in the color between the figend and
its corresponding complexes evidenced the formatibrthe desired azo complexes. The synthesized Imeta
complexes possessed an tetrahedral geometry fofl[[CINi (11)], square planer [Pd (Il), Pt (IV) aAu (111)] and
triogonal geometry for Ag(l) metal ion. The inditdand gap energies (Eg) for the ligand and congzldxy in the
range of semiconductor materials. The investigataagold complex were assayed for their anti-tuandivities
against the human breast cancer cell line. Thdtsesuggested that the Au(lll)-complexes have ghoirhibition
activity.

REFERENCES

[1] A Afkhami; M Bahram;Spectrochim. Acta004 60 (A),181.

[2] H Bock; K Wittle; M Veit; N Wiberg J. Am. Chem. So&976 98, 109

[3] KM Patel; VH Patel; MP Patel; RG PgtBlyes Pigment2002 55, 53.

[4] SA Ibrahim; AM Hammam; AM Kamal El-Dean; AA MohamddN RagehCan. J. Appl. Spectrost993 38,
1.

[5] M Sefkow; H KaatzTetrahedron Lett1999 40, 6561;

[6] P Chen Tsai; L Jing Wan®yes Pigment2005 64, 259.

[71 M Gaber; MM Ayad; YS Elsaye®pectrochim. Act2005,62,694.

[8] J Matijevic-Sosa; M Vinkovic; Vikie-Topic; DCroat. Chem. Acta2006 79, (3)489-495.

[9] J Costamagna; J Vargas; R Latorre; A Alvarado; Méh&oord. Chem. Rey1992, 119, 67-88.

[10]SS Kandil; SMA Katib; NHM YarkandiTrans. Met. Chen2007, 32, 791-798.

[L1]HTY Fahmy; SAF Sherif Rostom; AA Bekhijrch. Pharm. Pharm. Med. Che&002, 5, 213-222.
[12]MN Nasr; MM GineinahArch. Pharm,2002 335, 289-295.

[13]B Tozkoparan; M Ertan; P Kelicen; R DemirdanmbFarmaco, 1999,54,588-593.

[14]EA Amr; MM Ashraf; FM Salwa; AA Nagla; AG HammarBjoorgan. Med. Chen2006 14, 5481-5488.
[15]N Kumar; G Singh; Yadav, A. Kdeteroat. Chen2001, 12, 52-56.

781



Bassem H. Heakakt al J. Chem. Pharm. Res,, 2016, 8(5):771-782

[16]G Mangalagiu; M Ungureanu; G Grosu; | Mangalagietr&anu, MAnn. Pharm. Fr2001, 59, 139-140.
[17]Gardenghi, DInorg. Chem?2007, 515, 1-7.

[18]M Sonmez; CM elebi; A Levent; '| Berber; &J ent’urk;Coord. Chem2010,63,848-860.

[19] TR Chen; JD Chen; TC Keng; JC Wangtrahedron Lett2001, 42, 7915-7917.

[20]L Prog AkcelrudPolym. Sci2003 28, 875-962.

[21]H Wang; N Song; Li, H.; Li, Y.; Li, XSynthetic Met2005 151, 279-284.

[22]M Carrard; S Goncalves-Conto; L Si-Ahmed; D AdesSiaAve Thin Solid Filmsl999 352, 189-194.

[23]L Feng; Z ChenPolymer2005 46, 3952-3956.

[24] Q Fang; A Tanimoto; T Yamamot8ynthetic Met2005 150, 73-78.

[25]C Qin; X Wang; E Wang; C Hu; L Xdnorg. Chim.,Acta2004 357, 3683-3688.

[26] A Heller; EJ Wassermaghem. Phys1965 42, 949-956.

[27]1CF Shaw III;Chem. Rev1999 99, 2589-2600.

[28]GD Champion; GG Graham; JB Ziegl&aillieres Clin. Rheumatoll99Q 4, 491-534.

[29] SP FrickerGold Bull. 199629, 53-59.

[30]ERT Tiekink;Crit. Rev. On col.Hemato2002 42, 225-248.

[31]ERT Tiekink;Gold Bull 2003 36, 117-124.

[32] C Gabbiani; A Casini; L Messor@Gold Bull 2007, 40,73-81.

[33]L Messori; G Marcon; A Innocenti; E Gallori; M Frelmi; P. Orioli,Bioinorg. Chem. AppR005 3, 239-253.
[34]1PG Baraldi; MG Pavani; M Nunez; P Brigidi; B Vitalcambari; Romagnoli; RBioorg. Med Chem.2002
10,449-456.

[35]MN Nasr; MM ineinah Arch. Pharm2002,335, 289-295.

[36]S Leistner; G Wagner; M Guetscharo; E GllBaarmazie1986 41, 54-55.

[37]1E Bousquet; G Romero; F Guerrera; A Caruso; MA Rokarmaco Ed. Sci1985 40, 869-874.

[38]N Kumar; G Singh; Yadav, A. Kdeteroat. Chen200], 12, 52-56.

[39]G Mangalagiu; M Ungureanu; G Grosu; MangalagiuPétrovanu, MAnn. Pharm. Fr2001,59, 139-140.
[40]A.1.Vogel, A text Book of Quantitative Inorganic Alysis, Longman, fourth ed., Londoi989.

[41]AA El-Kateb.; NM Abd El-Rahman.; TS Saleh; Ali M.adsan; AS El haddad and AY El-Dosoly,Nature
and Science012 11, 10.

[42] T Mosman J.Immunol.Methods1983 65, 55

[43]N Kabay; E Erdem; R Kilincarslan and E Yilidirimransition Met.Chem2007, 32, 1068.

[44]1BS Creaven; M Devereux; A Foltyn; S Mc Clean; G &gsvR Thangella; M Walshj Polyhedron201Q 29,
813-822.

[45]KD Miskra; R Rai; OP Pandey; SK Sengupkaansition Met. Chenil992 17, 127.

[46]GG MohamedsSpectrochimica Acta, Part. 2001, 57, 411.

[47]1SS Kandil; SMA Katib; NHM YarkandiTrans. Met. Chen2007, 32, 791-798.

[48]R Gup and B Kirikanj Spectrochimca Act2006 64, 809-815

[49]R Kilincarslan and E ErenT;ransition Met. Chen2007, 32,102.

[50]GL Eichhorn; JC Bailar; J.Am.Chem.Sd@53 75, 2905.

[51]M Levitt, Spin DynamicsBasics of Nuclear Magnetic Resonan@m®hn Wiley and Sons2001

[52]D Kivelson, R Neiman). Chem. Phyd 961 35, 149.

[53]ABP Liver, Inorganic electronic spectroscopy, Elee, New York,1984

[54]D Kivelson, R NiemanJ). Chem. Phyd 961, 35,149-155.

[55]AW Coats; JP RedferiNature1964 20, 68.

[56]HH Horowitz; G Metzger,) Anal Chenml 963 35,1464.

[57]T Moeller,J Inorg Cheml 972 2, 282.

[58] T Gangaldevi; K Muraleedliaran; M KannahThermo Actal991, 191, 105.

[59] XT Tao; H Suzuki; T Watanabe; SH Lee; S Miyata; &&beAppl. Phys. Lett 1997, 70, 1503-1505.
[60]MM Rashad; AM Hassan; AM Nassar; NM lIbrahim; A Mtada;Appl. Phys A 2013 117, 877-890.
[61]MM Rashad; AO Turky; AT Kandil; J. Mateg&ci.: Mater. Electron 2013 24, 3284-3291.

[62]F Karipcin; B Dede; Y Caglar; D Hur; S llican; M @ar; Y Sahin,Opt. Commun 2007, 272, 131-137.
[63]N Turan; B Giinduz; H Kérkoca; R Adiglzel; N Cola&&Buldurun;J. Mex. Chem. So@014 58(1), 65-75.
[64]SK Sengupta; OP Pandey; BK Srivastava; V Shailmemsit. Met. Chem1998 23, 349-353.

[65]ML Fu; GC Guo; X Liu; LZ Cai; JS Huangnorg. Chem. Commu2005 8, 18-21.

[66]JI Gittleman; EK Sichel; Y ArieSol. Energy Mater 1997 1, 93-104.

[67]1AS Abu-Surrah; M Kettune@urr. Med. Chem 2006 13, 133.

[68]C Bincoletto; ILS Tersariol; CR Oliveira; S DrehdM Fausto; MA Soufen; FD Nascimento; ACF Cajres
Bioorg. Med. Chem2005 13, 3047.

[69]1G Marverti; M Cusumano; A Ligabue; ML Di Pietro; P#ainiglia; A Ferrari; MS M. Bergomi; Moruzzi; C
Frassineti;). Inorg. Biochem2008 102, 699.

[70]J Reedijk;Chem.Commuri996 801.

782



