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ABSTRACT

In this study, azomethine ligand. (L) and its @p@omplexe was characterized by the elementalasa&s, mass spectra,
'H and *C NMR ,infrared.Molecular structures of the azonmehligand was determined by single crystal. X-ray
diffraction studies.The harmonic oscillator. moadélaromaticity (HOMA) indexes for. Rings of synibhed azomethine
ligand was. calculated so order to. investigateenAmine tautomer in the solid state. In ligandg ¢he central. shows
non-aromatic character with HOMA index value of&¥2 suggesting the keto-amine tatutomer. In thiel Sphte. In the
structure of. the Co(lll) complexes, the centratahatom is. coordinated to two phenolate oxygeomes and two imine
nitrogen atoms of two azomethine molecule in aodistl octahedral geometry. The synthesized azomtlgand and its
Co(lll) complexe were screened for their cytotayicagainst HeLa (human uterus carcinoma) .cell $in€&inally,
antioxidant capacities of the compounds were datexthby different antioxidant tests such as, fradigal scavenging

activity, metal chelating activity, and reductioavger activity.
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INTRODUCTION

Azomethines are organic dyes and contain group—GH=Atomethines dyes are used in industry as dyesnfiny
different textile products, colours come in diffetdorms which include azomethines group. It hagylbeen known that
the Azomethines group has some ability to formardimate link with the different metal ions, andddagbn compounds of
azobenzene with metal salts have been describBH Behiff base are capable of forming coordinaiads with many of
metal ions through azomethine nitrogen atom andtiaddl donor atoms such as O, S and P [6-9]. Aydanumber of
Schiff bases and their complexes are of signifi¢argrest due to their diverse biological actigti@cluding anti-tumor,
antibacterial, fungicidal and anti-carcinogenic-IZ]. Co(lll) plays a pivotal role in cell physiayg as a catalytic cofactor
in the redox chemistry of mitochondrial respiratioon absorption, free radical scavenging, andtalaross-linking [11-
15]. Cisplatin is the first member of platinum-caining anti-cancer drug. Despite highly effectivetieating a various
types of cancers, cisplatin has a number of siteetsf such as nephrotoxicity, neurotoxicity andiatwity etc [16-20].
Side-effect problems of cisplatin have stimulatéwroists to develop alternative anticancer drugedam different

metals. Several studies indicated that copper aexegl had showed some promising results [21,22buinprevious
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papers, we reported the synthesis and characterizatnew ligands and their various transition ahebmplexes [23-25].
Due to the importance of azo-azomethine compoundsira continuance of our interest in the synthexfeSchiff base
compounds, the synthesis and spectral propertieswfazomethine compounds and their metal compleres reported
herein. The proposed structure of the ligands hosve inscheme 1. *H, **C NMR, IR and UV-Vis. data and elemental
analyses results of the azo-azomethine compourmdgrasented. Additionally, anticancer and antioxidectivities of the

synthesized compounds were also investigated.
EXPERIMENTAL

Physical Measurements

The IR spectra were obtained (4000-400'kmsing a Perkin Elmer spectrum 100 FT-IR spectoopieter. NMR spectra
were performed using a Bruker Advance 400 MHz Speawtter. Melting points were obtained with a Eletttermal LDT
9200 Apparatus in open capillaries. Carbon, hydnogyed nitrogen elemental analyses were performéd avmodel CE-
440 elemental analyzer. The UV-Vis. spectra wer@agueed with a T80+ UV-Vis. Spectrometer PG Instrosd-TD
spectrometer. Data collection for X-ray crystalkygny was completed using a Bruker APEX2 CCD diffraxeter and

data reduction was performed using Bruker SAINTESMTL was used to solve and refine the structug&g. [
X-Ray Crystallography

Data for (L) was collected at 150(2) K on a BrukgexIl CCD diffractometer using Mé&u radiation(A = 0.71073). The
structures were solved by direct methods and reéfoveF? using all the reflections [27]. Hydrogen atoms dheh to the
nitrogen atom in (L) was located from differencepsiand refined with temperature factors riding loa tarrier atom.

Details of the crystal data and refinement aremgivable 1
Synthesis of the Azomethine Ligand (L)

Aniline derivatives, 3-ethylaniline (0.121 g, 1 minand (0.152 g, 1 mmol) 2-hydroxy-3-methoxybededlyde were
dissolved in 25 mL MeOH. The solution was refluxed 3-4 h and then left at room temperature. Afteoling, the
azomethine dyes were obtained as red microcrystéis. microcrystals were filtered off, washed with L of cold
MeOH and then dried. The purity of all azomethingesl was evaluated by thin layer chromatographyayXquality

crystals were obtained from the MeOH solution &f ligands by slow evaporation.

HO ——N

O

/

2-((2)-(3-ethylphenylimino)methyl)-6-methoxyphenol
Figure 1: The Proposed Chemical Structure Formula bthe Ligand.

(L) ; Orange crystals, yield: 0.33 g (79%).gM113-120°C. Elemental analyses for,§1,/NO, (255.31 g/mol):
Calcld.: C, 75.27; H, 6.71; N, 5.49 ; Found: C,175.H, 6.61; N, 5.39 %, IR (KBr, cf): 3455, 2948, 1606, 1610, 1532,
1453, 1382, 1326, 1251, 1200, 1121, 987, 903, B2, 670. NMRH (DMSO-d; as solventy ppm,), 12.52-12530( 1H,
phenolic OH), 9.179, 1H, CH=N), 7.85-7.10 (11H, aromatic-H), 3.8 8H, -OCH,), 2.68-2.71 ¢, 2H, CH- of ethyl
group), 1.23-1.26t( 3H, CH- of ethyl group).’*C NMR (DMSO-d¢ as solvent, ppm): 160.77, 153.6, 151.54
,126.7,122.31, 119.47, 118.43, 32.65,14.56.
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Synthesis of [Co(L)CL 5].H,O

Methanolic solution of CoGIH,O (0.018 g, 0.5 mmol) was added to a stirring $otuof (L) (0.25 g, 2mmol) in methanol
and refluxed for 2—3 h. The brown precipitate wilisred off, washed with methanol and dried in &ield, 0.2 g (50%).
M.p. 231-239 °C. Elemental analyses fapt3sCICON,Og (639.02 g/mol): Calcld.: C, 60.15; H, 5.68; CA?A.N, 4.38;
Found: C, 60.05; H, 5.41; Co, 9.13; N, 4.29;%. KBY, cm'):3258 ,2958, 1588, 1581, 1459, 1359, 1301, 126291
1010, 981, 912, 868, 766, 689, 616, 581.

g C4O> \/:> \ H,O
O O

Cl

Figure 2: The Proposed Chemical Structure Formula bthe Co(lll)- Complex.
Anticancer Studies

The Real Time Cell Analyzer-Single Plate (RTCA-$#trument (Roche Applied Science, Basel, Switzetjavas used
to visualize the antiproliferative effects of thenmplexes on human cervical cancer (HelLa) cellss Tistrument is a
combination of four parts: an E-Plate 96, a SifRjete (SP) station that is kept in an incubator laolds the E-Plate 96, an
analyzer and a computer with RTCA software. Thelsvel the E-Plate 96 have an inner volume of 24gkt5and their
bottoms are coated with golden electrodes. Thesysteasures impedance differences in order toalegl index values
at time points whose intervals can be set by theraipr. These impedance differences and thus théndex values
depend on the cell activity at the bottom of thdlsv&d he higher the cell population growing at theitom and the greater
the spreading of the cells, the higher is theioceléx value. This system allows the user to anatgtebehavior in a label-
free environment and produces a real-time profifettee cells. The HelLa cell line was cultured in DMEG
supplemented with 100 mL"t heat-inactivated FBS and 20 mL Lpenicillin/ streptomycin at 37 °C in a humidified
atmosphere of 5% COTo determine the antiproliferative effects of ththesised compounds, HelLa cells were first
detached from the tissue culture flask by treatrmétft trypsin/ethylenediaminetetraacetic acid Solut After detachment,
the same volume of culture medium was added to daik suspension and gently mixed. Then the suspensas
partitioned into Falcon tubes and centrifuged. Megte, 50uL of culture medium was added to each well of thel&e
96 and left in the hood for 15 min and in the iratao for 15 min to allow the electrodes to equdier with the culture
medium. After this period, the E-Plate 96 was itestiinto the RTCA-SP station and a background meagent was
performed. Immediately afterwards, the E-Plate @68 @jected from the station and 1Q0of cell suspension adjusted to a
concentration of 2.5 x 104 HelLa cells per 100" was added to each well. Three wells were leftlbkancheck if there
would be an increase due to the culture medium.pléte was left in the hood for another 30 mintfar cells to adhere to
the bottom, after which the plate was inserted thiwn RTCA-SP station and a measurement lasting iBOwas started.
After this period, the plate was ejected from ttaisn and plant extracts (in dimethyl sulfoxideMBO)/culture medium;
the final concentration of DMSO in the wells wasdethan 10 mL T}) were added to the wells at three different

concentrations (100, 50 and 2§ mL™), and the final volume of each well was adjuste@@0pL with culture medium.
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Then the plate was connected to the station anéasumement lasting 50 h was started. The measutemasnmade in
triplicate and results were reported as percentdge inhibition of cell proliferation. 5-Fluoroacil was used as a

standart compound.
Antioxidant Activity

Antioxidant activities of compounds were determiiteby DPPHfree radical scavenging activity, Fe(lll) reducipgwer
assay, and chelating activity on ferrous ion Fe@IPPH free radical scavenging activities for azomethinepound and
its Co(lll) complexe were measured according torttethod of Blois [29]. The DPPHoncentration (mM) in the reaction
medium was calculated used calibration graph. Resuére given Ig,. The reducing activities of compounds were
examined through the method of Oyaizu [30]. Theuosty capacity levels of compounds, which meaneuce the
ferric-ferricyanide complex to the ferrous—ferricyde complex of Prussian blue, were measured bgingathe
absorbance at 699 nm. Ferrous ion Fe(ll) cheladictiyities of compounds were measured accordintdhéomethod of
Dinis et al [31]. The absorbance was measured at 552 nm. BERd3Aalso used as positive control for metal cheldthe

analyses were carried out triplicate and result®wgésen as meanzstadard deviation (SD).
RESULTS AND DISCUSSION
H -NMR Spectra

TheH and™C NMR spectra of azomethine ligand (L) was carged in DMSO-g solutionand chemical shifts of the
different signals are presented in experimentai@®cThe total number of protons, calculated fritn@ integration values,
is in agreement with the expected molecular contiposiof the ligand. It is clear from proton NMR sgpe of the
synthesized ligands that broad signals lying a62-2.2.53 ppm range give evidence that they aretaltiee OH group (-
OH) attached to the phenyl ring of ligand (L). Tdmomethine (CH=N) proton of (L) exhibit a singé&t9.17 ppm. The
signal at 3.81 ppm which attributed to hydrogentgmoof —OCH group [32, 33]. In addition to this the multiplgsals
around 7.10-7.85 ppm are due to aromatic protofs [he signals of the CHand CH protons of the ethyl group are
observed at 2.68-2.71 for (L).

FT-IR Spectra

The infrared spectra of the free ligand (L) anddtglll) complexe was obtained using a KBr disceTihfrared spectra of
the free ligand was compared with those of the IDagbmplexe to access the coordination of therdgmto Co(lll) ion.
The FT-IR spectra of all the azomethine ligand sltiesvabsence of bands around 3455 and 3423dcra tov(OH) group,

a new prominent band at 1606-1610"cdue to azomethine(CH=N) linkage appeared in all the ligand indicgtithat
condensation between —CH=0 moiety of azo-aldehydthat of amino group of the aromatic amines l&en place
resulting into the formation of the desired ligafitle displacement of ~-CH=N stretching frequenaiesf1606-1610 ci

in the free Schiff base ligand to lower values &B8, 1581cit in the complexes indicating the coordination of
azomethine nitrogen to the Co(lll) ion [38]. In noomuclear Co(lll) complexe, two new weak bands olesegrat 616, 581

cm*[39,40] region can be assigned to Cu—O stretchieguiency.
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UV-Vis. Spectra

UV-Vis. spectra of Schiff base compound, existeat@an absorption band above 410 nm [41]. was perdorat room
temperature in three organic solvents (CHOMSO and DMF, 18 M). The absorption spectra of azomethine dye are
similar and exhibit two absorption bands in thevents studied CHGI DMSO and DMF. The azo group containing ligand
exhibit a broad absorption band in the range 0398 nm. This absorption band which have a shouid860-380 nm
range was assigned to the>n* transitions of the aromatic ring. The intensitiytbe n—=* transitions increased in the
order of CHC} > DMF > DMSO.

Absorption spectra for Co(lll) complexe was alsooreled in DMSO solution. The complexe show absompti
band with a shoulder in the range of 480-570 nne Band was assigned to-M. charge transitions. Upon complexation
with Co(lll) ion, thereriJtransitions shifted to higher wavelengths and isitées (hyperchromic effect). In the spectra of

the complexes no metal induced d-d transitions weeerved in the solvents and concentrations studie
X-Ray Structures of (L)

The XRD study of the complejCo(L),CL,].H,O was made with the help of X-ray diffractometer Wthas anode
material, K — alpha [A = 1.54060 and the gener-ator settings 30 mA, M0Tke lattice parameters were calcu-lated. The
density (d) of the complex was determined by ttaatfi-tion method in a saturated solution of KBr,CNand
benzeneseparately .The number of formula unitaipiercell (n) is cal-culated from the relationn=dM/whered= density
ofthe compound,N= Avogadro’s number,V= Volume oftinét cell andM= molecular weight of the complexevalue of

‘n’ is found to be 2.0 which agrees well with thegsgested structure of the complex. The crystaiesyof the com-plex
was found to be orthorhombic (Puri et al., 1993)e Bcherrer equation in X-ray diffraction and cajilsgraphy is Table

Selected bond angles and bond energies §€t{e),CL,].H,O complex.Bond angle in (#Bond energy in kcal/mol .

Formula which relates the size of the crystallitea solid tothe broadening of a peak in a diffi@tipattern. The
Debye—-Scherrer equation isB=kk/s/Ecosteres= Crystallite size,k= wavelength of X-rayiatidon (Cu Ka= 1.54060
A9 ,k= constant taken as 0.94,h= diffraction angl&.32),B= Full width at half maximum height (0.946)AThe crys-
tallite size of the complex [Co(kJL,].H,0 is found to be(1.607 ‘A (Patterson, 1939)

Table 1: X-Ray Diffraction Data of the [Co(L),CL ,].H,O Complex

Observed D Calculated 2 d . h k| L e
spacing 20
11.76 11.72 7.544 1 D 1 0.05
11.94 11.90 77.432 1 1 -] 0.03
12.12 12.10 7.308 1 1 1 0.01
13.11 13.11 67.745 1 a 0 0
15.78 15.71 57.635 2 P -] 0.06

a= 13.215 A=90°, Volume (V) = 2671.48 B, Figure of merit = 7.8.b= 18.9731%90°, Density (d) = 0.789 g
cm_3, Bravais lattice =p.c= 10.655cA90°, Number of unit Cell (n) = 2.

Probable Crystal system = Orthorhombic.
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Anticancer Activity for the Compounds

The antiproliferative activities of the azomethit@mpound and its Co(lll) complexe was investigadgdinst HelLa cell
line. Show the results of xCELLigence real-time itmning of the proliferation of HelLa cells treatedth different
concentration of the compounds (200, 100u§0mL™). The cell index measurements provide a clearcatitin that all
prepared azomethine compound and its Co(lll) corgplexhibit remarkable activities against HelLa dieké and their
activities are higher than 5-FU at all concentragictudied (200, 100, 50 mL™). With some exceptions, anticancer
properties of the synthesized compounds increagtbdtie increase in the concentration of the complofaose-depended
manner). Interestingly, the azomethine ligands sfbviigher activity at 100ug mL™* than 200, 50pg mL™
concentrations. The Co(lll) complexe exhibit anticer properties slightly declined. It was reporthdt the hydroxy
groups play an important role in anticancer acti{40, 41]. The results indicated that synthesiaed-azomethine ligands

and their Co(lll) complexes have potentials to entimical trials.
Antioxidant Activity for the Compounds

In this study, the Fe(lll) to Fe(ll) transformatiovas used to evaluate the reductive ability ofahemethines and their
Co(lll) complex using the method of Oyaizu [30]. €Tfantioxidant activity of antioxidants were assigjrte various
mechanisms, including prevention of chain initiatibinding of transition metal ion catalysts, depaosition of peroxides,
prevention of continued hydrogen abstraction, rédeccapacity, and radical scavenging [39]. Redggdower of the
prepared compound shows low activity. Activitiestltd compounds were exhibited the following ord&wo(lll) complex

> azomethines
CONCLUSIONS

In summary, azomethine dyes was characterized ymtiesized. FT-IR, mas&- and**C NMR spectroscopy confirms
the functional groups,—HC=N imine group, of the slyeéhile Elemental analyses confirms the chemicaipasition of the

synthesized compounds. The ratio of the Co(lll) ptaxe was found to be 1:2(M-L), the Co(lll) ion &aps to the four
coordinated with the bidentate ligands. Crystalcttires of the title dyes were successfully deteeahiby single-crystal
X-ray diffraction. In the bioligical activity studs, synthesized compounds showed higher anticactgity than positive

control (5-FU). However, the compounds exhibit laatioxidant activities at all antioxidant activiagsays. According to
result, synthesized compounds had high antipralifee activity therefore the compounds may havemtl to be used as

anticancer agent after clinical trials.
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