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ABSTRACT

Metal complexes of Schiff base (L) ligand, prepared via condensation of 4- chlorobenzaldehyde and 4-
aminoantipyrine, are prepared. The ligand is characterized based on elemental analysis, mass, IR and NMR
spectra. Metal complexes are reported and characterized based on elemental analyses, IR, eectronic spectra,
magnetic moment, molar conductance and cyclic voltammetry (CV). From the elemental analyses, 1:2 [M]:[ligand)]
complexes are prepared with the general formulae [M(L,)Cl;] (M = Co(ll), Ni(ll), Cu(ll), Zn(I1) and Cd(I1)). The IR
results demonstrate that the co-ordination sites are the azomethine nitrogen and carbonyl oxygen atoms. The
electronic spectral and magnetic measurement data indicate that the compl exes exhibit octahedral geometry around
the metal center. Thein vitro biological screening effects of the synthesized compounds wer e tested against various
microbial species and the results show that the metal complexes are more biological active than the ligand. The
DNA cleavage activity of the ligand and its complexes were assayed on pUC18 DNA using gel electrophoresis. The
result shows that the Co(l1) and Cu(ll) complexes have completely cleaved the DNA.
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INTRODUCTION

Schiff bases of azomethine nitrogen donor hetelacyigands are well known due to their wide rangg
applications in pharmaceutical and industrial #eldnd have been found to act as antibacterialfuagtl,
anticancer and herbicidal agents [1-7]. Schiff baaa accommodate different metal centers involwagous
coordination modes thereby allowing successful lsgsis of homo and hetero metallic complexes withieda
stereochemistry [8, 9]. This feature is employednfimdeling active sites in biological systems. ussfrom these
studies have also shown that complexation of mévafchiff base ligands serves to improve the antobial and
anticancer activities of the ligands [10, 11]. Matamplexes of nitrogen—oxygen chelating agentsvddrfrom 4-
aminoantipyrine Schiff bases have been studiednsitely due to their pronounced applications inldmecal,
clinical, analytical and pharmacological areas 8- Y.X. Sunet al have studied the crystal structure of 4-(4-
chlorobenzylideneamino)-1,5-dimethyl-2-phenyl-1Hgmol-3(2H)-one [17]. The present study deals wiitle
synthesis, characterization and biological studieshe Schiff base derived from 4-chlorobenzaldehyohd 4-
aminoantipyrine and its Co(ll), Ni(ll), Cu(ll), ZH) and Cd(ll) complexes.
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EXPERIMENTAL SECTION

4-Aminoantipyrine and 4-chlorobenzaldehyde wereaimigtd from Sigma. Metal(ll) chlorides were purclthf®em
Merck. All other chemicals used were of AnalaR graBlolvents were purified and distilled before Udee metal
content in the complexes was determined by EDTrttdn [18]. Elemental analysis was obtained usir@erkin-
Elmer elemental analyzer. Conductivity measuremesete made on freshly prepared® solutions in DMSO at
room temperature with a coronation digital condtittimeter. The IR spectra were recorded in KBrgiebn a
JASCO FT/IR-410 spectrometer in the range 4000-&@0. Electronic spectra were recorded on a Perkin Elme
Lambda-25 UV/VIS spectrometer. The room temperatoegnetic measurements were carried out using Guoy
balance and the diamagnetic corrections were mailgy lPascal’s constant. Cyclic voltammetric meaveams
were carried out in a Bio-Analytical system (BAShpael CV-50W electrochemical analyzer. The threetebele
cell comprised of a reference Ag/AgCI, auxilianatshum and working glassy electrodes. Tetrabutylamom
perchlorate was used as supporting electrolyte.

Synthesis of Schiff base ligand

A 1:1 equimolar methanolic solution of 4-aminoagtipe (5 mmol) and 4-chlorobenzaldehyde (5 mmolyeve
mixed and gently heated for 2 h with constantistirr The characteristic dark yellow precipitateasbéed by Schiff
base condensation was filtered out and kept fostaljzation, dissolving in methanol. Fine darklgel crystals
were obtained upon slow evaporation at room tentperalt was washed with alcohol, ether and drieddcuum
desiccator over anhydrous calcium chloride. Yiel@: 85 %).

Synthesis of metal Schiff base complexes

Metal chloride (1 mmol) was dissolved in MeOH ahd solution was filtered and added dropwise intohaeolic
solution of Schiff base ligand (2 mmol). The abovigture was magnetically stirred and refluxed fdr.6The metal
complexes obtained were filtered, washed with Mef® driedn vacuo (Yield: 60-70 %).

In vitro antimicrobial activity

Antibacterial and antifungal activities of the lighand its complexes were testedvitro against the bacterial
speciesEscherichia coli, Bacillus subtilis, Pseudomonas aeruginosa and Staphylococcus aureus; fungal species,
Aspergillus niger, Aspergillus flavus and Candida albicans by the disc diffusion method [19\mikacin was used as
the standard antibacterial agent whereas Nystatguged as the standard antifungal agent. Thergatisms were
grown on nutrient agar medium in petri plates. Thenpounds were prepared in DMF and soaked in fiitgrer
disc of 5 mm diameter and 1 mm thickness. The disere placed on the previously seeded plates anubated at
37°C and the diameter of inhibition zone around edsh was measured after 24 h for bacterial and ft# fungal
species.

DNA cleavage analysis

The compounds were added separately to the pUC18 &hple. The samples mixtures were incubated & 37
for 2 h. The electrophoresis of the samples wag @mcording to the following procedure. Weigh 300rfiggarose
and dissolve it in 25 ml of TAE buffer (4.84 g Thase, pH 8.0, 0.5 M EDTA/1 Itr) by boiling/hen the gel attains
~55°C, pour it into the gel cassette fitted with corbét the gel to solidifyCarefully remove the comb, place the gel
in the electrophoresis chamber flooded with TAEfd@ufLoad DNA sample (mixed with bromophenol blue dye @
1:1 ratio), carefully into the wells, along witreetlard DNA marker and pass the constant 100 Vewftrétity till

the dye front reaches the end of.deémove the gel and carefully stain with ETBR solut{10ug/ml) for 10-15
min and observe the bands under UV transilluminator

RESULTSAND DISCUSSION

Characterization of Schiff base ligand

The results of elemental analysis (Table 1) ofShbkiff base ligand are in good agreement with tloadeulated for
the suggested formula. The Schiff base is solubkdlicommon organic solventShe DART mass spectrum of the
ligand shows a well-defined molecular ion peak & m325.32 (Relative Intensity = 14%), which coites with
formula weight of the Schiff base. In thd-NMR spectrum (Fig.1a), the signal for azomethpneton (-CH=N-) in
the ligand appears as a singlet at 9.99 ppm. THephet signals obtained in th&7.0-8.0 ppm range are due to the
aromatic protons of Schiff base ligand. The sidoapyrazolone ring carbon attached methyl prote@s$is) appear
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as a singlet ai 2.48 ppm while pyrazolone ring nitrogen attachexthyl protons (>N-Ck) appear as a singlet &t
3.16 ppm. In the*C-NMR spectrum (Fig.1b)the azomethine carbon signal has appeared at 166 Phe
pyrazolone ring carbon attached methyl carbon gGiid pyrazolone ring nitrogen attached methyl earf>N-
CH,) peaks have been observed in the expected rarggarat 35 ppm. The aromatic carbon signals are &e£06-
157 ppm range depending on their electronic enwemt. The IR spectrum of the ligand displays asieand at
1602 which can be assigned to >C=N stretching faqu.Further, the Schiff base ligand exhibits a band&&5
cm' due tov(C=0). The electronic spectrum of the ligand shawsroad band at 335 nm, due to = — n*

transition of the azomethine (>C=N) chromophoreaditition, the other intense absorption band atdrignergy,
220-300 nm, is due to the—n* transition of the benzene ring and other chargstie transition of the Schiff base.

Table 1. Analytical and physical data of the Schiff ligand and its complexes

. Elemental analysis AcC
Compound igﬂt‘f;l Colour Found (calcd) % (Ohm? (kn'% Heit
C H N M cnfmol™?) EM
Dark 65.87 4.65 12.45
L CashtigNsOCI Yellow | (66.36) | (4.95) | (12.90) 220, 250,335
55.21 4,01 10.43 7.63
; ) Light 54.93 4.03 10.42 7.68 _ L
[NiLCl] NiC36H32NsO-Cly green (55.01) (413) | (10.76) (7.51) 09 1100, 696, 383 3.02
Deep 55.39 4.68 10.56 8.74
Light 54.73 4.48 10.56 .
[ZnLCl] | ZnCseH3NsO:Cly vellow (54.88 (409 | (1067) 8.01 (8.30) 07 220, 250, 326 Dia
Light 51.65 3.72 10.39 13.25 .
[CAL.Cl;] | CdCseHzNeO:Cls vellow (51.79) (3.86) | (10.07) (13.46) 12 220, 250, 330 Dia|
Table 2. IR spectral data of the Schiff base ligand and its complexes (cm™)
Compoun | vax(C=N) | v(C=0) | VingC-N) | v(M-O) | v(M-N)
L 1602 1655 1231 - -
[CoL,Cl] 1594 1648 1217 510 430
[NiL ,Cl] 1590 1644 1220 516 430
[CuL,Cly] 1591 1645 1223 520 438
[ZnL,Cly] 1596 1650 1221 522 436
[CdL,Cl] 1594 1646 1224 521 434
Table 3. Antimicrobial activity results of the Schiff base ligand and its complexes
Inhibition zone ig/mL)
Compound Bacteria species Fungi species
Saures | E.coli | P.aeruginosa | B.subtilis | C.albicans | A. niger | A. flavus
L 11.5 10.5 5.7 115 6.9 5.4 8.9
[CoL,Cly] 14.: 15.2 10.5 11.5 12.5 16.€ 10.2
[NiL 2Cl] 12.C 10.5 6.5 10.E 10.E 9.8 9.8
[CuL,Cl;] 125 16.5 16.2 17.5 11.5 18.5 15.4
[ZnL,Cl;] 12.3 10.2 125 8.7 10.2 7.2 9.5
[CdL,Cl] 11.5 12.4 7.3 9.8 8.2 7.5 9.0
Amikacin* 19.2 205 20.f 18.F - - -
Nystain* - - - - 19.5 20.C 19.5
*Sandard

Characterization of metal Schiff base complexes

The analytical data and physical properties ofrttle¢al Schiff base complexes are listed in Tabl€hk Schiff base
complexes are soluble in GEN, DMF and DMSO and insoluble in other common aig&olvents. The analytical
data indicate that the metal to ligand ratio is fbRall the complex systems. The low conductiwglues of the
metal complexes (Table 1) suggest their non-elbticonature [20]. The DART mass spectrum of Cp(Ni(ll),
Cu(ll), Zn(ll) and Cd(ll) complexes shows a peakrdrz 781.87 (10 %), 781.07 (8 %), 786.50 (11 %B.08 (14
%) and 834.77 (12 %) respectively, correspondinghtir molecular weight. The mass spectrum of haé t
complexes indicates that the complexes are mononuemfirming the metal to ligand ratio to be 1:2 the
complexes.
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IR spectra

The important IR spectral data are given in Tabl®8a complexation the band at 1602 tior the azomethine
group in the free ligand was shifted to lower fregey in the range ~1594-1590, indicating the coatibn of the
azomethine nitrogen atom to the metal ion. Thehand at 1655 crhfor v(C=0) group of the free ligand has
been shifted to ~1650-1644 €nin the complex indicating the linkage between rinetal ion and carbonyl oxygen
atom. Further, the spectrum of all the metal coxgseshow new bands in the 521-510"camd 438—430 cth
regions, which may probably be due to the formatibM-O and M-N bonds, respectively [21].

Fig. 1a. '"H-NMR spectra of Schiff base ligand

Electronic spectra

The electronic spectrum of Co(ll) complex exhiliignsitions at 685 and 512 nm respectively. Thedtpossible
d-d bands of high spin Co(ll) octahedral complexes'T 4 (F) — “Tog (F), *T1g (F) — “Asg (F)) and*Ty4 (F) —
4Tlg(P). The last transition will be highest in energyd may appear under the envelope of ligand-cehtere
transitions [22]. Thus the two transitions of thregent Co(ll) complex can be assigned'ltg, F) — 4ng (F) and
4Tlg(F) — 4Azg(F)) respectively, which demonstrates its octaheditze electronic spectrum of the Ni(ll) complex
shows three bands in the region ~1100, 696 anch&8attributable tGA,g(F) — *T.g(F), *A.g(F) - *T.g(F) and
3A.g(F) - °T.g(P) transitions respectively, suggesting an octefiegeometry around the Ni(ll) [22]. The Cu(ll)
complexes in their spectra display a broad banteced at 846 nm and a weak shoulder at 424 nmmrefgieto 2Eg

— ?A;g and 2Eg — 2B,g transitions, respectively, indicating the complexhave distorted octahedral geometry
[22].
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Magnetic measurements

The Co(ll) complex has a magnetic moment of 5.08 Blable 1), which is in agreement with the repdnlue
for octahedral Co(ll) complexes [23, 24]. The praddi(ll) complex shows magnetic moment value d@23within
the range of 2.9-3.3 BM [23, 24] suggesting octafleghvironment. The Cu(ll) complex shows magnatament
value 1.82 BM, higher than the spin-only value 1B18 expected for one unpaired electron, monomerid a
consistent with a distorted octahedral geometry P2B. The complexes of Zn(Il) and Cd(ll) are diagmatic and
according to the empirical formulae of these comgde and octahedral geometry is proposed. Basdldeoabove
results, one can deduce the probable structurgseafomplexes as shown in Fig. 2.

Fig. 1b. *C-NMR spectra of Schiff base ligand

Cyclic volumetric studies

The cyclic voltammogram of the Co(ll) complex shoaveell defined redox process corresponding tddhmation
of the quasi-reversible Co(ll)/Co(l) couple. Thehmalic peak at 1.425 V versus Ag/AgCl and the assed anodic
peak at 0.593 V corresponds to the Co(ll)/Co(l)pteuThe peak to peak separatiafEp) is 0.832 mV indicating
quasi-reversible one electron transfer process. rEdex property of Ni(ll) complex displayed an iregsible
cathodic peak at —1.124 V, corresponding to tldecton of Ni(ll)/Ni(l). The irreversibility of theNi(I1)/Ni(l) was
checked by varying the scan rates with peak patisntrhe cyclic voltammogram of the Cu(ll) compldigplayed
two reduction couples at 0.823 V and 1.348 V ver&gfAgCl with the corresponding anodic wave for first
reduction (0.384 V) and without the correspondingdic wave for the second reduction on the revecs@. The
former has a peak separation value of 0.439 V aitlig quasi-reversible character for the one ebectransfer
reaction of metal-based Cu(ll)/Cu(l) couples anel ldter one can be assigned to ligand characteiistiversible
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reduction process. The cyclic voltammogram of th@X and Cd(Il) complexes didn’t show any charaistic peak
potential indicating that the complexes stabilize ligand in +2 oxidation state.
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M = Co(ll), Ni(ll), Cu(ll), Zn(Il) and Cd(ll)

Fig. 2. Proposed structure of Schiff base complexes

Biological studies

In vitro antimicrobial activity

Thein vitro biological screening results are given in Tabld 8 standard error for the experiment is £ 0.08L ¢
and the experiment is repeated three times undelasiconditions. DMF is used as negative contral &mikacin

is used as positive standard for antibacterialMystatin for antifungal activities.

From the results, it has been observed that thalmemplexes showed better activity than the figenld under
identical experimental condition. The enhancedvagtiof the complexes can be explained on the bagis
Overtone’s concept [25] and Tweedy's Chelation tii¢26]. According to Overtone’s concept of celrpeability,
the lipid membrane that surrount®e cell favours the passage of only the lipid-bl@umaterials makes which
liposolubility is an important factor, which conksdhe antimicrobial activity. On chelation, thelgmity of the metal
ion will be reduced to a greater extent due todherlap of the ligand orbital and partial sharirfgtiee positive
charge of the metal ion with donor groups. Furtlitemcreases the delocalization mfelectrons over the whole
chelate ring and enhances the lipophilicity of tbenplexes. This increased lipophilicity enhancespglrmeation of
the complexes into lipid membranes and blockinghaf metal binding sites in the enzymes of micropigras.
These complexes also disturb the respiration psooéshe cell and thus block the synthesis of thegins that
restricts further growth of the organism and assalt microorganisms die. On comparing the biolalgactivity of
the Schiff base and its metal complexes with tladsdrd, it is seen that the biological activityldals the order;
Cu(I)>Co(I>Ni(I)>Zn(Il)>Cd(Il)>L.

DNA cleavage studies

Gel electrophoresis experiments using pUC18 DNAewggrformed with ligand and its metal complexeshia
presence of b0, as an oxidant. From Fig. 3, it is evident that ©®&(Il) and Cu(ll) complexes cleave DNA
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completely whereas the Cd(ll), Ni(ll), Zn(ll) as Mas the free ligand have exhibit no significaldavage activity

in the presence of J@,. The general oxidative mechanisms proposed accmunDNA cleavage by hydroxyl
radicals via abstraction of a hydrogen from sugatsuand predict the release of specific residuésng from
transformed sugars, depending on the position frdrith the hydrogen atom is removed. The capacitynefal
complexes to activate dioxygen, or its reduced fogmirogen peroxide, will lead to the functionalieatof an inert
C-H bond of DNA to a C-O bond. DNA oxidation by rmetomplexes occurs by C-H bond activation at the
deoxyriboses [27, 28].

1900 bp

900

550

300

Fig.3. DNA cleavage studies of Schiff baseligand and its complexes
M- Marker, C- Control pUC 18 DNA (untreated sample), 1- [CuL,Cl;] + DNA + H,0;,,
2- [CoL,Cl;] + DNA + H,0;, 3- [CdL,Cl;] + DNA + H,0,, 4- [NiL,Cl,] + DNA + H,0,,
5-[ZanC|z] + DNA + H,0,, 6- ||gand + DNA + H,0,

CONCLUSION

Co(ll), Ni(I), Cu(ll), Zn(Il) and Cd(ll) complexesvith the Schiff base ligand derived from 4-chlozakaldehyde
and 4-aminoantipyrine were synthesized and chaiaete by various physico-chemical methods. The yeesl
confirmed the composition and structures of the Ipesotained complex combinations. The coordinatidrthe

Schiff base to the metal atom was found to be tindhe azomethine nitrogen, and the carbonyl oxygems. The
geometry of the complexes is assigned as octahédral Cu(ll) complex shows better activity agaimsist of the
microbial species compared to that of ligand ariotomplexes. The DNA cleavage studies show HeatCu(ll)

and Co(ll) complexes have completely cleaved th&DN
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