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ABSTRACT

The novel Schiff base ligand 5-chloro-N'-(2-hydrdxghenyldiazenyl)benzylidene)-3-phenyl-1H-indcle-2
carbohydrazide and its Cu(ll), Co(ll), Ni(ll) anch@dl) complexes were prepared, characterized andlisd their
biological activity. Newly prepared compounds afeam@cterized by elemental analysis and various igoys
chemical techniques like FT-IR4 NMR, ESI-mass, UV-visible, TGA analysis, molart@tance and ESR spectral
techniques. The elemental analysis data and sfestoaly indicate octahedral geometry for Cu(ll), (Cpand
Ni(ll) complexes and tetrahedral geometry for Zn(omplex. All the compounds were screened forr thei
antibacterial and antifungal activity by MIC methoBurther, antioxidant activity was performed byings 2,2-
diphenyl-1-picryl-hydrazyl (DPPH) and DNA cleavagetivity by Agarose Gel Electrophorosis method. th#
newly prepared compounds were tested for antiotidativity, the ligandL), Cu(ll) and Co(ll) complexes showed
good activity.

Keywords: Schiff base, indole, 2-hydroxy-4-(phenyldiazenghbkaldehyde, Transition metal complexes, DNA
cleavage, Antimicrobial.

INTRODUCTION

Transition metal complexes derived from Schiff bbkgands have been among the most widely studieddieation
compounds in recent years [1, 2], since they amoiég increasingly important as biochemical, atiedy and
antimicrobial regents. These complexes containgntpinh metal ions are active in many biologicalgasses. The
fact that copper, magnesium, calcium, zinc, irod aanadium are essential metallic elements andbéxhieat
biological activity when associated with certain tahgrotein complexes, participating in oxygen sjaort,
electronic transfer reaction or the storage of if#1s4] has created enormous interest in the stfdgystems
containing these modification in the structuretwf tigands containing hard soft donor atoms (Nn&a@ O) [5]. In
view of the evolution of resistance to antimicrdbégent that are used to control pathogens in nresliand
agriculture, which markedly affected the activitytbe compounds [6,7]. There is pressing need teldg new
agents and therapeutic strategies for the treatroénpathogenic infectious diseases. Schiff's baaes the
compounds containing azomethine group (HC=N) forntbgd condensation of primary amine and carbonyl
compounds are known as imines. Schiff's base diéras are the subject of renewed interest becauwesg have
been found to be useful intermediates for the ®githof various heterocyclic compounds and havéda wariety
of application in many fields [8]. We intend to oephere the synthesis, spectral characterizafid¥) cleavage
and antimicrobial activities of novel Schiff basgaind 5-chloro-N'-(2-hydroxy-4-phenyldiazenyl)belidgne)-3-
phenyl-H-indole-2-carbohydrazide derived from the reactidpetween 5-chloro-3-phenylHtindole-2-
carboxyhydrazide and 2-hydroxy-4-(phenyldiazenyigsdehyde and its metal complexes.
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MATERIALS AND METHODS

Materials

All the chemicals used were of high purity gradelvents were dried and distilled before use. Mgltioints were
determined by electro-thermal apparatus using apeillary tubes. Metal and chloride contents westernined as
per standard procedures [9]. The precursor 5-cHepbenyliH-indole-2-carboxyhydrazide and 2-hydroxy-4-
(phenyldiazenyl)benzaldehyde was prepared asteeatiire methods [9, 10].

Analysis and physical measurement

The IR Spectra were recorded as KBr pellets onrkifPE&lmer - Spectrum RX-I FTIR instrument (4000046n?).
Elemental analysis was obtained from Perkin EIn#02CHN Elemental AnalysetH NMR spectra of the ligand
and its Zn complex were recorded on FT NMR Speottem model Avance-Il (Bruker), 400 MHz instrumesstng

d6 -DMSO as solvent. ESI-mass spectra were recordadass spectrometer equipped with electrospray atiniz
(ESI) source having mass range of 4000 amu in gyéelrand 20000 amu in ToF. UV-Visible spectra ofrave
recorded on Elico-SL 164 double beam UV-Visiblectpmphotometer in the range 200-1000 nm in DMF tsmu

at 1x10° M concentration. The ESR spectra of the Cu comjexhe polycrystalline state was recorded on
BRUKER Bio Spin Gmbh spectrometer at microwave ity of 9.1 GHz. The experiment was carried out by
using DPPH as a reference with field set at 3000s6aising tetracynoethylene as the “g” marker @09623).
Powder XRD of the complexes was recorded in Bruk¥6 D8 Advance (Cu, Wavelength 1.5406 A sources).
Molar conductivity measurements were recorded oElBICO CM-180 conductivity bridge in dry DMF (fom)
solution using a dip-type conductivity cell fittedith a platinum electrode and the magnetic suso#ipfi
measurements were made at room temperature onyalfatance using Hg[Co(NCg)as the calibrant.

Synthesis of ligand (L)

An equimolar mixture of 5-chloro-3-phenyH-indole-2-carboxyhydrazide (0.001 mol) and 2-hygrex
(phenyldiazenyl)benzaldehyde (0.001mol) in meth&RbdIml) with 1-2 drops of glacial acetic acid asagalyst was
refluxed on a water bath for about 4-5 h. Yellowoced solid separated in hot was filtered, washéith Wwot
ethanol, dried and recrystallized from 1, 4-dioxé®eheme 1).

CeHs
cl CoH oHe Reflux4-5h_ '
eflux 4- N\ o
—_— > —NH—-N= =
mﬁ—NH—NHz + D\ _ EtOH/ACOH NN CHQN N@
N § HO N=N N 6
H HO

Scheme 1: Synthesis of ligand (L)

General Method for the preparation of metal (II) canplexes

To the hot solution of 5-chloro-N'-(2-hydroxy-4-ptyédiazenyl)benzylidene)-3-phenyHtindole-2-carbohydrazide
(0.001mol) in ethanol (30 ml) was added a hot etharsolution (15 ml) of respective metal chlorid@€s002 mol).
The reaction mixture was refluxed on a water bathabout 5 h. Sodium acetate (0.5 g) was addeletogaction
mixture to maintain a neutral pH and refluxing éoned for 1 h more. The reaction mixture was pouirgd
distilled water. The colored solid complexes sefgaravere collected by filtration, washed with stiffnt quantity
of distilled water, then with hot ethanol to appdardryness and dried in a vacuum over anhydrousuealchloride
in a desiccator.

Antibacterial and antifungal assay

The newly synthesized ligand) and its Cu (II), Co (II), Ni (II) and Zn (ll) contgxes were screened for their
antibacterial and antifungal activities by using IMitHinton agar and potato dextrose agar (PDAYudibn
methods respectively [11]. Theaetivities were carried out in four different contmations (100, 50, 25 and 12.5
ug/ml in DMSO solvent) againsEgscherichia coli Salmonella typhandBacillus subtilis The antifungal activities
were carried out againgfandida albicans Cladosporium oxysporunand Aspergillus nigerby a minimum
inhibitory concentration (MIC) method. The lowesincentration of each tested compound where the tgroWw
bacteria/fungi was clearly inhibited is reported MKC. The results were compared with the Gentamyarial
Fluconazole, a broad-spectrum antibiotic for baatend fungal strains respectively.

DNA cleavage experiment

The electrophoresis method was employed to stueletficiency of cleavage by the synthesized compeursing
Calf-thymus DNA (Cat. No. 105850) as target moleclach test compound (10f) was added separately to the
22519 of DNA sample and these sample mixtures werebiatd at 37 °C for 2 h. The electrophoresis oftése
compounds were done according to the literaturdaakefl12].
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Antioxidant assay (DPPH Free Radical Scavenging Aisity)

The Free radical scavenging activity of the teshpgas was determined by the 2,2-diphenyl-1- pitiydrazyl
(DPPH) method [13]. Different concentrations oft tesmpounds (12.hg, 25ug, 50ug and 10Qug) and standard
butylated hydroxyanisole (BHA) were taken in diffat test tubes and the volume of each test tubeadjasted to
100 pL by adding distilled DMF. To the tubes containisgmple solutions in DMF, 5ml methanolic solution of
DPPH (0.1 mM) was added to these tubes. The tukes allowed to stand for 30 min. The control experit was
carried out as above without the test samples. orbance of test solutions was measured at 517Thm
reduction of DPPH was calculated relative to theasneed absorbance of the control. Radical scavgragtivity
was calculated using the following formula:

% Scavenging of DPPH = [(Control OD — Sample OD)Control OD] X 100
RESULTS AND DISCUSSION

All the synthesized metal complexes are coloreisphmorphous and non-hygroscopic in nature asgdgss high
melting points (>300 °C). The complexes are inskgub water and common organic solvents, but selitIDMF
and DMSO. Elemental analysis and analytical d&gdble 1) of the complexes suggest that the metal to ligatid
of all the complexes were, 1:2 and 1:1 stoichiognefrthe type [M(L}] for Cu, Co, Ni complexes and [M(L)CI] for
Zn complex respectively. The molar conductance eslare too low to account for any dissociation fué t
complexes in DMF (18-33 ohifren? mole?), indicating their non-electrolytic nature.

Table 1: Physical, analytical and molar conductanceata

Compounds M.W. IE/I(I:D) (Y(i;cl)éo&)) Ele(r:nental Ar:_ialysis, Celt\llc. (Foundlal[%] - (gr\;)
SIS e | 25| 00" | eaan) | wos) | sz | | -
AT [ sou| o S | S5 [ 302 [ 12 | 008 oo v
[CO(GS[%{S?’EI)IQO@IZ)] 10429| >300) ST | 6aa0) | 3e2) | (1348) | @70) | 28| 510
NCHAO | o oo Bear | 8 [ 290 [ 2 | 0% [ 2o
[Zn(c[zzsﬁ(lil)\jcs(l?zam 592.3 | >300 O(rg?)ge (gg%) (g:ig) (ﬁ:gé) (ﬁ:g% 18 | Dia.

IR Spectral data

In the IR spectrum of ligand, absorption due to O of CONH and indole NH displayed bands at 342311,
3063 cni respectively. Sharp peaks observed at 1683, 1682 ¢m" are due to carbonyl azomethine and phenolic
C-0O functions respectively.

In the IR spectra of all the metal complex it waserved that, the absence of absorption band dpigetoolic OH at
3423 cnit of ligand indicates the formation of a coordinatliond between the metal ion and phenolic oxygemat
via deprotonation. This is further confirmed by ther@ase in absorption frequency about 47-86' @hphenolic
v(C-0) which appeared in the region 1329-1368"dmall the complexes indicating the participatiohoxygen
atom of phenolic oxygen in coordination. The absorpbands due to NH of CONH and NH of indole fuoit
displayed the bands in the region 3309-3382' @nd 3056-3061 cth) which have appeared at about the same
region as in the case of ligand, thus confirmingjrthon-involvement in coordination. The absorptimyuency of
carbonyl and azomethine functions which have amukat 1683 and 1606 cnin case of the ligand, have been
shifted to lower frequency by 19-69 and 66-91 'craspectively in all the metal complexes and apgmbam the
region 1664-1614 cthand 1545-1537 cthindicating the involvement of oxygen atom of camdfunction as such
without undergoing enolization [14] and nitrogenratof azomethine function in complexation with thetal ions.
This is further confirmed by the appearance of bewds in the region 615-511 ¢rand 496- 468 cthare due to
M-O and M-N stretching vibrations [15] in all theroplexes and appearance of a new band at 377ircine Zn
(I1) complex indicates M-Cl band.
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Table 2: IR spectral data (cnt) of ligand (L) and its metal complexes

Ligand/ VoH VNH VNH Ve=0 Ve=N Vo
Complexes | (phenolic) | (amide) | (indole) | (carbonyl) | (azomethine) | (phenolic) | Y¥© | Y#~ | Vma
L 3423 3311 3063 1683 1606 1282 -+ +
[Cu(D)] - 3309 3056 1650 1539 1335 591 496
[Co(L),] -- 3316 3056 1664 1537 1342 544 483
[Ni(L) 5 - 3309 3061 1657 1540 1368 615 486 4
[Zn(L)CI] - 3382 3059 1614 1545 1329 511 468 V7

'H NMR spectra

TheH NMR spectrum of ligandL) displayed three singlets each at 12.684, 11.880L4ri&75ppm are due to the
proton of phenolic OH, amide NH and NH of indoleietg respectively. Azomethine proton (CH=N) hasoreded
as a singlet at 9.451 ppm. The signals due torsixtematic protons (ArH) have appeared as mulsplethe region
7.023-7.999 ppm. The ligadl) upon complexation with Zn (Il) ion showed the digaprance of signal due to the
proton of phenolic OH confirming the involvementhldnding of phenolic oxygen to metal igia deprotonation.
The signals due to amide NH and indole NH are apggeat 12.369 ppm and 11.810 ppm respectively. Sidneal
due to azomethine proton (CH=N) resonated as desiagy10.769 ppm. The signals due to sixteen aticpeotons
(ArH) have resonated as multiplets in the regid®86-8.501ppm. When compared to thtNMR spectral data of
the ligand and its [Zn(L)CI] complex, all the sigsmaue to protons have been shifted towards doeld fitrength
confirming the complexation of ligand with metahio

Table 3:*H NMR spectral data

Ligand/ 1
Complex H NMR data (ppm)

L 12.684 (s, 1H, Phenolic OH), 11.880 (s, 1H, CONH)775 (s, 1H, indole NH), 9.451 (s, 1H, HC=N),2R37.999 (m, 16H, ArH),

[Zn(D)7] 12.369 (s, 1H, CONH), 11.810 (s, 1H, indole NH),769 (s, 1H, HC=N), 6.931-8.501(m, 16H, ArH),

ESI-mass spectral data

The mass spectrum of Ligafid) showed the molecular ion peak & 492.4 (100%, 33%) due to the loss of a
hydrogen radical from the molecular ion which iscah base peak. Further, no significant fragmeakpeavere
observed. Some fragment ion peaks which observee efesery less intensity.

In the mass spectrum of [Cugl.zomplex, molecular ion peak was observed &4t147, 1049 (11.1%, 2.6 %) This
fragment ion peak on loss of £;NCI radical gave a fragment ion peak recorded/at883, 825 (4.27%, 2.98 %)
which on simultaneous expulsion of 5-chloro-2-pHengiole radical and seven hydrogen radicals gafragment
ion peak observed at m/z 590 ( 27.35%). This fragrimn on simultaneous loss of benzene diazoniuditahand a
CsH4N, molecule gave a fragment ion peak recorded a8®8z(49.57%).

In the mass spectrum of [Cogl.)complex, molecular ion peak was observed &fLD42, 1044 (85.29 %, 35.29 %)
which is equal to its molecular weight. The molacubn on loss of a two hydrogen radicals gaveagrfrent ion
peak observed at m/z 1040 (100%) which is alsosa paak. No significant fragment peaks were obsiugher.

In the mass spectrum of [Ni({l)complex, the molecular ion peak was observed/at1@42, 1044 (8.39%,4.58%).
This fragment ion by the simultaneous expulsiofCgHgNOCI molecule, GH;N, molecule and phenyl diazonium
radical gave a fragment ion peak recorded at mfz 582 (10.68%, 6.87%), which on loss gfsN,OCI radical
gave fragment ion peak observed at m/z 313 (2.88%s)fragment on loss of NHadical gave a fragment ion peak
recorded at m/z 297 (12.97%). This fragment iomdéf 297 was also obtained from the molecular icskgey the
expulsion of two 5-chloro-3-phenyl-2-isocyanate emlles, one §H4N, molecule and a phenyl diazonium radical
simultaneously. The molecular ion in another robte the simultaneous loss of two benzene molecule, a
CeHsNomolecule and a phenyl diazonium radical gave anfiexg ion peak recorded at m/z 677, 679 (3.81%,
2.29%).

In mass spectrum of [Zn(L)CI] complex moleculan jpeak was recorded at'M592, 594, (100%, 33%) which is
also a base peak. This fragment on simultaneogsolba chloride, phenyl diazonium and hydrogenaaldigave a
fragment ion peak recorded at m/z 451, 453 (5.48%2%) which on simultaneous expulsion of chloratel
C;H30 radicals gave a fragment ion peak recorded m& 315 (4.68%,3.12%). The fragmentation patterns of
above complexes are in consistency with their sires.

Electronic spectral studies

The green colored [Cu(k]) complex displayed a low intensity single broadbam the region 15490-17894 &m
The broadness of the band designates the thresitioas “Byg — *A1q (v1), B1g— “Bag (v2) and’Big — *Eg (va),

which are similar in energy and give rise to onhedroad band and the broadness of the band malyédédo
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dynamic Jahn-Teller distortion. The obtained daiggsst the distorted octahedral geometry aroundCthél) ion
[16]. The [Co(L}] complex under present study displayed two absmrpbands at 16880 ¢hand 20111 crh
These bands are assigned t6"Bg (F) — *Azg (F) (2) and*T14(F) —*Toq (P) (5) transitions, respectively, which
are in good agreement with the literature valuesofdtahedral geometry [17]. The lowest bandcould not be
observed due to the limited range of the instrunusied, but it could be calculated using the battichdi procedure
suggested by Underhill and Billing [18]. The calteldv, value is presented ifable 4. These transition values
suggest the octahedral geometry of the Co (ll) derapThe [Ni(L)] complex under the present investigation
exhibited two absorption bands in the region 156890 and 25102 cm, which are assigned ﬁé\zg—> 3T1g (F) (v2)
and 3Azg (F)— 3T1g (P) (v3) transitions respectively in an octahedral envinent. The transition value of bamgd
was calculated by using a band fitting procedui®.[The proposed octahedral geometry for the coreglevas
further supported by the calculated values of lehdield parameters, such as Reachinter electrogprilsion
parameter (B’), nephelauxetic parametg), (igand field splitting energy (10 Dq) and ligafield stabilization
energy (LFSE) [19]. The calculated B’ values foe {i€o(L),] and [Ni(L),] complexes are lower than the free ion
values, which is due to the orbital overlap anadalization of d-orbitals. Th@ values are important in determining
the covalency for the metal-ligand bond and theyeweund to be less than unity, suggesting a cenalidle amount
of covalency for the metal-ligand bonds. Thealue for the [Ni(L)] complexes was less than that of the [Cg](L)
complexes, indicating the greater covalency ofrtiegal-ligand (M-L) bond.

Table 4: Electronic spectral data

Transitions in cm’* D B’ LFSE
Complexes v [ v | v (crr?l) () B B% | valvi (k cal.)
[CuD)a] 15490-17894 - - - - —| 2865
[Co(L),] 7873 | 16880 20111 900 891 0.918 8.91 2(14 15/44
[Ni(L)2] 9304 | 15090| 25102 930 818 0.787 219 1/6231.90

*Calculated values

Magnetic susceptibility studies

The observed magnetic moment for Cu (II) complet.B3 BM which attributes to one unpaired electwith a
slight orbital contribution to the spin only a valef 1.73 BM and the absence of spin-spin intevastiin the
complex accounting for the possibility of a distattoctahedral geometry [20]. In octahedral Co ¢tinplex the
ground state ié‘Tlg and the orbital contribution to the singlet stideers the magnetic moment values for the
various Co (Il) complexes which are in the rangt24- 4.70 and 4.70 - 5.20 BM for tetrahedral anthloedral
complexes respectively [21]. In the present sty dbserved magnetic moment values for Co (II) dergs are
5.10 BM indicates octahedral geometry for Co (Bmplex. For Ni (II) complex the observed magnetiocnment
value is 2.96 BM which is well within the expectehge of Ni (II) complex with octahedral geometirg, 2.83-
3.50 BM [22].

Thermal studies

The thermal stabilities for Cu (1), Co (ll), Nil{land Zn (lI) complexes have been studied as atiom of
temperature. The proposed stepwise thermal degvadat the complexes with respect to temperaturé tie
formation of respective metal oxides are depictetable 5.

TG-DTA curve of Cu (ll) complex showed that thesfistage of decomposition represents a weight dbga/o
chlorine atoms of indole moieties at 310 °C withgiical weight loss of 6.12% (Cal. 6.68%). The hasu complex
underwent second stage of degradation and gavé lated65 °C with a practical weight loss of 20.82&al.
19.64%), which corresponds to the loss gfHgN species of indole moiety. Thereafter, the comploshowed
decomposition in a gradual manner rather than thighsharp decomposition up to 700 °C and onwardstalihe
loss of the remaining organic moiety. The weighthef residue corresponds to cupric oxide.

The thermogram of Co (IlI) complex showed the fitsige of decomposition at 308°C with practical Weigss of
4.72% (Cal. 3.35%), which corresponds to weighs Idee to one chlorine atom of a indole moiety. tikemr the
complex underwent decomposition and gave a breakl@t °C with a practical weight loss of 32.35% (Cal
32.83%), corresponds to weight loss of,MGNCI species of indole moiety andgfzN.group. Thereafter the
complex showed gradual decomposition up to 700 B & weight loss of the remaining organic moietye
weight of the residue corresponds to cobalt oxide.

In the thermogram of the Ni (II) complex, the fistage of decomposition represents the weight dogsto one
chlorine atom of a indole moiety at 189°C with agiical weight loss of 3.91% (Cal. 3.35%). The lesu
complex underwent further degradation and gavekbetad39°C with a practical weight loss of 28.35&alk
30.06%), which corresponds to the loss due tqBd8ICI species of indole moiety and a phenyl grouperéhfter,
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the compound showed a gradual decomposition uR@°T with a weight loss of remaining organic mgiekhe
weight of the residue corresponds to nickel oxide.

In case of Zn (II) complex, the first stage of depmsition occurs at 450 °C with practical weightdaf 5.51%
(Cal. 5.90%), which represents the loss due toohiharine atom of a indole moiety. Further the coemplinderwent
second stage of decomposition and gave a breaBsaf@ with practical weight loss of 40.26% (Cald38Y0),
which corresponds to the loss due to aHGNCI species of indole moiety. Thereafter, the coumubshowed a
gradual decomposition up to 720 °C with the weighs of the remaining organic moiety. The weighthaf residue
corresponds to zinc oxide.

Table 5: Thermal degradation pattern of metal compéxes

Temp. Weight loss (%) | Metal Oxide (%)
Metal complexes ocp Obs. cal. Obs._ Cal. Inference
310 6.12 6.68 - - Loss due to two chlorine ataiisdole moieties.
[Cu(L) 2] 365 20.82 19.64 -- -- Loss due teldsN species of indole moiety.
Up to 700 -- -- 7.54 7.59 Loss due to remainingaaig moiety.
308 4.72 3.35 -- -- Loss due to one chlorine atéindole moiety.
[Co(L) 4] 410 32.35 32.83 - - Loss due tessNCI species of indole moiety andk:N; species
Up to 700 -- -- 7.21 7.18 Loss due to remainingaaig moiety.
189 3.91 3.35 -- -- Loss due to one chlorine atéindole moiety.
[Ni(L) 2] 439 28.35 30.06 - - Loss due tessNCI species of indole moiety and a phenyl gropp
Up to 720 -- -- 7.34 7.15 Loss due to remainingaaig moiety.
450 5.51 5.90 -- -- Loss due to one chlorine atéindole moiety.
[Zn(L) 2] 465 40.26 40.56 -- -- Loss due teldsNCI species of indole moiety
Up to 720 -- -- 13.52 13.73 Loss due to remainirganic moiety.

ESR Spectral Studies of Cu(ll) complex

The ESR spectrum of the Cu(ll) complex was recoratexbom temperature. The spin Hamiltonian pararadte
the Cu(ll) complex is used to derive the groundestin octahedral geometry the g-tensor parameitér > g >
2.0023, the unpaired electron lies in theodbital and g>0:>2.0023, the unpaired electron lies in tlﬁeyaorbital in
the ground state [23]. In the present study thewlesl measurements of Cu(ll) complex j$29184) > g (2.0352)

> 2.0023 indicating that the complex are axiallyngyetric and copper site has ég;f ground state characteristic of
octahedral geometry [24]. Thg\glue is an important function for indicating thetal-ligand bond character, for
covalent charactery& 2.3 and for ionic g> 2.3 respectively [25]. In the present case Cuftiinplex has theg
values were less than 2.3, indicating an appreeiablvalent character of the metal-ligand bond. Geemetric
parameter (G), which is the measure of extent ohamge interaction and is calculated by using gdaemalues by
the expression G =;2.0023/g-2.0023. According to Hathaway [26], if the G valigeless than 4, the exchange
interaction between the copper centres is notiadre as if its value is greater than 4, the exgbanteraction is
negligible. The calculated G-value for the pres@nt(ll) complex is 5.590 indicating that the excparcoupling
effects are not operating in the present compl&k [2

Powder X-ray diffraction studies (Powder-XRD)

Crystals that are suitable for single-crystal stadivere not obtained since all the metal complaresot soluble in
common solvents, but soluble in some polar solvékéesDMF and DMSO. Hence powder-XRD pattern oftale
metal complexes has been studied in order to testdegree of crystallinity of the complexes. Powderay
diffraction pattern for Cu(ll) complex—{g.1) showed 9 reflections in the range of 3-808)(2vhich arise from
diffraction of X-ray by the planes of the compl&he inter-planar spacing (d) has been calculatedsinyg Bragg’s
equation, (A=2d sirB). The calculated inter-planar d-spacing togethi¢h velative intensities with respect to most
intense peak have been recorded and depict&dbite 6. The unit cell calculations have been calculatedctibic
symmetry from the entire important peaks aAd-Hé+ 12 values were determined. The observed inter-pldnar
spacing values have been compared with the caéclitaries and it was found to be in good agreeméet T+ I+

IZ values are 1, 2, 5, 8, 9, 11, 18, 25 and 36 for(I§wcomplex. It was observed that the absencéodfidden
numbers (7, 15, 23, 71 etc.) indicates that th€lFeomplex has cubic symmetry.

Similar calculations were performed for Co(ll), Mi(and Zn(Il) complexes, they showed reflecti@ach in the
range 3-80° respectively, which are raised fromdilffzaction of X-ray by the planes of these conxele. All the
important peaks of the complexes have been indaredobserved values of inter-planar distances s tbeen
compared with the calculated ones and it was foente in good agreement. The unit cell calculatiorse
performed for cubic system and the+hk’+ I* values were determined for the above complexes.tfk I + 2
values were 1, 3, for Co(ll) complex and 1, 1, 2323 and 5 for Zn(ll) complex respectively. Itsmabserved that
the absence of forbidden numbers (7, 15, 23, 7ledigates that Co(ll) complex and Zn(Il) complexvie cubic
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symmetry. The fk*+|? values were 1, 1, 2, 3, 5, 5, 7, 8 and 14 for INilbmplex. The presence of forbidden
number 7 indicates that the Ni(ll) complex may Ingldo hexagonal or tetragonal system.

216101 dazm
6o dIzTIAR

2-Theta - Scale

Fig. 1: Powder X-ray spectrum of [Cu(L),] complex

Table 6: Powder X-ray data of [Cu(L)] complex

1000 d
. . . s .

S. No 20 0 Sin@ Sin‘@ 1000 SiR@ (ilzrlgi‘,llzz) hkl Obs. | calc. ainA
1 6.194 3.097| 0.054 0.00291 291 1.00 (1) 1|0 0.2514 14.25| 14.27
2 9.244 | 4.622| 0.080 0.00649 6.49 2.23(2) 110 595956 | 14.27
3 13.939| 6.969| 0.1218 0.01472 14.72 5.05 (b) 2(16.34 6.34 | 14.26
4 17.746| 8.873| 0.1542 0.02379 23.79 8.17(8) 2120994 499 | 14.26
5 19.383| 9.691| 0.1688 0.02833 28.33 9.73(10) 31457 457 | 14.26
6 21.452| 10.726 0.186]L 0.03463 34.63 11.90 (12) 22 24.13 4.13| 14.27
7 26.478| 13.239 0.2290 0.05244 52.44 18.02 (18) 1413.36 3.36| 14.27
8 31.471| 15.73§ 0.2711 0.073%1 73.54 25.27 (25) 0512.84 2.84| 14.27
9 37.778| 18.887 0.323F] 0.10478 104.78 36.00 (360 06 2.37 2.37 14.27

Antimicrobial activity results

In most of the cases, the metal complexes exkiltemising antibacterial and antifungal activitgater than the
free ligand. This activity was found to be enhanoedcoordination with metal ions. This enhancemanthe
antimicrobial activity of the complexes over thedtrligand can be explained on the basis of chelatieory [28,
29]. The enhancement in the activity may be ratined on the basis that ligands possess azomef@in) bond.
Moreover, in metal complex, the positive chargehef metal ion is partially shared with the heteomar atoms (N
and O) present in the ligand and there mayt-belectron delocalization over the whole chelataygtem [30, 31].
Hence there will be an increase in the lipophil@amcter of the metal complexes which favours @meation
through the lipoid layer of the bacterial membraaesl blocking of the metal binding sites in the yanes of
microorganisms. The minimum inhibitory concentratigMIC) values of the compounds against the regpect
bacterial and fungal strains are summarizetiahble 7.

Table 7: Antimicrobial studies of Ligand and its netal complexes

Compounds Bacteria Fungi

B. Subtilis E. coli S. typhi C. albicans | C. oxysporum A. niger
L 11.28+0.18| 11.12+0.3] 11.31+0.9  10.91+0.96 11.0B#0.| 11.43+0.53
[Cu(L),] 13.21+0.58| 13.10+0.22 12.91+0.14 13.39+067 180186 13.41+0.36]
[Co(L),] 13.33+0.29| 13.19+0.11 13.10+0.11 13.09+0.07 120684 13.49+0.33]
[Ni(L) 2] 13.00+0.11| 13.39+0.3] 13.17+0.72 12.91+0.81 120946 13.16+0.22]
[Zn(L)CI] 12.91+0.41| 12.46+0.41 13.00+0.11 13.96®. 13.22+0.16 12.31+0.38
Gentamicin 18.00+0.22 18.22+0.12 18.29+027 - - - -
Fluconazole - - - 20.22+0.38 21.16+0.14 20.33%20

Antioxidant assay (DPPH free radical scavenging aistity)

The free radical scavenging activity of the ligaaadd its metal complexes was done by DPPH method. Th
antioxidant activity of the test compounds was eixach by measuring radical scavenging effect of DR&dcals.
The results of the free radical scavenging actioftthe compounds at different concentrations hoave inFig.2. It
was observed that the free radical scavengingigctif’these compounds was concentration dependembng the
examined compounds, ligafid), Cu(ll) and Co(ll) complexes have exhibited goodwsnging activity, whereas Ni
and Zn complex showed moderate activity. The marketioxidant activity of metal complexes is duethe
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coordination of metal with azomethine nitrogen aadbonyl oxygen of amide function attached to thmg&ition of

indole. In case of metal complexes the hydrogeazoimethine is more acidic hence, hydrogen of azumetould

be easily donated to the DPPH free radical and enritgelf into the stable free radical. Moreowbe acidic nature
of hydrogen atom attached to azomethine nitrogereases on complexation with metal ions there bkimgathat

hydrogen atom more liable.

80
60

12.5ug
W _&b 25ug
20 LA 1yl i , _ .JV“: 50ug

PR A | 'I. | 1 'I. | . ,'.'. i . .'l'. .l ,I ]
0 AL AN AAN a1 UL N | 100ug
L Cu Co Ni In Vitamin
C

Fig. 2: Antioxidant activity results

DNA cleavage activity

The ligand and its Cu, Co, Ni and Zn complexes wsttglied for their DNA cleavage activity by agaragsd
electrophoresis method against Calf-thymus DNA (Q&t- 105850) as a target molecule and the gelupct
showing cleavage is depicted Hig. 3. Treatment of DNA on the ligand and complexes raddhat all the
complexes have acted on DNA as there was molewdaght difference between the treated DNA sampiesthe
control. The difference was observed in bands nédacompared to the control Calf-thymus DNA. Thsults
indicate the important role of nitrogen and oxygéoms to the metal ions in these isolated DNA dgaweactions
[32]. On the basis of the cleavage of DNA obseiivechse of ligand and its Cu, Co, Ni and Zn comgeit can be
concluded that all the compounds under presentysinigibited the growth of pathogenic organism by AN
cleavage as has been observed on the DNA cleay&tmfethymus DNA.

Fig 3 : DNA cleavage: M: Standard DNA, C: Control DNA (untreated pBR 322) L2:Ligand(L), M1:Cu(ll), M2: Co(ll), M3:Ni(ll) and
M4:Zn(ll)

CONCLUSION

A series of Cu(ll), Co(ll), Ni(ll) and Zn(ll) compkes were prepared with tridentate ONO donor nBebiff base
ligand (L) 5-chloro-3-phenyltH-indole-2-carboxyhydrazideand 2-hydroxy-4-(phengiginyl)benzaldehyde by
various physicochemical techniques. The physicodtenresults demonstrate that Cu(ll), Co(l)and INi(
complexes have octahedral geometry and Zn(ll) cexplas a tetrahedral geometry. Based on physicacakm
evidence, the following structures were proposedtiie complexegFig. 4). The non-electrolytic nature of the
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complexes was confirmed on the basis of their motarductance values. Also, the ligafid and its Cu(ll) and
Co(ll) complexes showed good antioxidant activity.

o P &
S PSASS ;
Ho X \

were, M=Cu(ll),Co(ll),and Ni(ll)
Figure 4: Proposed structures of metal complexes
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