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Abstract

Ni(Il) and Co(ll) complexes of benzyloxybenzaldebtldosemicarbazone(L) were prepared and
characterized by their physical, spectral and ditaly data. The newly synthesized metal
complexes have a composition of [M{Kp], where M= Co(ll) or Ni(ll) and X= CIl. The
electronic spectral studies show an octahedral gagraround Ni(Il) and Co(ll) complexes. The
IR spectral data suggest the involvement of sul@ndg azomethane nitrogen in coordination
with the central metal ion. In order to evaluate tiological activity of the ligand and its metal
complexes have been screened for their antibakctami antifungal activity against bacterial
species like B.subtilisand S.aureu@Gram-positive bacteria) ané&. coli, P. aeruginosand P.
vulgaris (Gram-negative bacteriapnd also fungal species likeMicrosporumgypseum,
Teloschistes villous, Aspergillus fumigates and dida albicans The results of antimicrobial
studies clearly show that the process of chelatominantly affects the overall biological
behaviour of the compounds and they are potennagaacterial and fungal strains. The free
ligand and its corresponding metal complexes wereesied for antioxidant properties by radical
scavenging methods such as 1,1-diphenyl -2-picygrdwyl (DPPH) and lipid peroxidation.
They exhibited potent invitro - antioxidant actiwdose dependently.
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Introduction

Thiosemicarbazone ligands derived from the comhmnabf a thiosemicarbazide and an
aldehyde or ketone, are a useful ligand group baining coordination spheres with mixed N/S
donors. Interest in these ligands has been drivepart, by potentially beneficial biological
activity of ligands and their metal complexes, utthg, antifungal, antimicrobial, anticancer,
fungicide, bacteriocide, anti-inflammatory and ainéil activities [1-6]. The inhibitory action of
these compounds is attributed to their chelatimgerties [7-11].

In the present work, the syntheses and spectrasadmracterization of Ni(ll) and Co(ll)
complexes of the ligand, benzyloxybenzaldehydsthtdcarbazone have been reported. The
invitro antibacterial and antioxidant activities of thesempounds were also extensively
evaluated.

Antioxidants are widely studied for their capadityprotect organisms and cells from damage
induced by oxidative stress during metabolism. &edor active components that prevent or
reduce the impact of oxidative stress on cellsasr@emporary field [12]. Exogenous chemicals
in food system and endogenous metabolic procesgasman body produce highly reactive free
radicals, especially oxygen derived ones. Whichcapmble of oxidizing biomolecules and cause
cell death and consequently cause tissue damage.r&dical oxidative processes also play a
significant pathological role in causing human d&es. Many disease manifestations such as
cancer, emphysema, cirrhosis, atherosclerosis ghdtia have been correlated with oxidative
tissue damage. Also, excessive generation of keaotygen species (ROS) induced by various
stimuli leads to variety of pathophysiological albmalities such as inflammation, diabetes,
genotoxicity and cancer [13]. In the present ingasion, radical scavenging and antioxidative
activity for the newly synthesized compounds ara@weated using two antioxidant methodologies.

Experimental Section

All the chemicals were commercially available arskdi as received. Ni(ll) and Co(ll) salts
were used as chlorides. The melting point of themound was obtained on a Sunbim (India)
melting point apparatus. The IR spectra were remmbrdn aNicolet FT-IR 560 Magna
spectrometer using KBr (neat). The Bruker 300 MHARspectrometer was used to obtain the
'H NMR spectrum of the ligancElemental analyses were obtained from vario-micub q
elementar analyzer. The electronic spectra of cexgd were recorded on Perkin Elmer UV/VIS
Lambda 950. The metal content in the complexes detrermined by using Fischer scope XDL-
BZ, XRF instrument, Germany.

Synthesis of ligand (L)

Benzyloxybenzaldehydethiosemicarbazone was symtwsi[14] by refluxing 2g of
benzyloxybenzaldehyde in ethanol and 1g of thiosarbazide in ethanol mixture for about 1
hour. 30 min. in a round bottom flask. The lightlg®& coloured product obtained was separated
by filtration and dried. The product was recryziadli from ethanol. The purity of the reagent was
checked by TLC. Yield was found to be (65%): m4®-142C. 'H NMR data (CDGJTMS):
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8.0-7.25 (m, 9H, Ar-H), 6.9 (d, 2H, Nl 11.25 (s, NH), 5.12 (s, N=CH), 3.18 (s, OfHrhe
elemental analysis data is as follows: Calc (%)3aiH1s N3SO: C, 63.13; H, 5.29; N, 14.73; S,
11.22. Found (%) C, 63.27; H, 5.37; N, 14.05; S0%%.

Preparation of [Ni(L) .Cl;] 1 and [Co(L).Cl;] 2 complexes

The complexed and2 were prepared by adding warm ethanolic solutioM¥f, (0.01M) [M=

Ni or Co and X=ClI] to ethanolic solution of lig&iL) (0.02M) in about 30 mL of ethanol. The
resulting solutions were refluxed for about 3 hoilitse complexes thus formed were filtered and
washed with water followed by ethanol. The resgltiolid complexes were washed with water
and dried. The physical and analytical data ofridyand its metal complexes were given in
below

[Ni(L) 2Cl2] complex

It is a light yellow coloured solid. It is decongeal at 270-27€. Yield was found to be 56%.
IR(KBr,cm™) 3440 (NH),1616 (C=N), 810 (C=S), 696 (M-N), 400 (M-S). Amalcd for
[Ni(C41sH15N3 SOCI) |: C,51.45; H,4.31; N,12; S,9.1; Ni, 8.38 Found5C62; H,4.33; N,11.89;
S,9.18; Ni, 8.10.

[Co(L).Cl,] complex

It is a light brown coloured solid. It is decompdsat >300C. Yield was found to be 47%.
IR(KBr,cm™) 3337 (NH),1606 (C=N), 765 (C=S), 584 (M-N), 400 (M-S). Amalcd for
[Co(CisH1sN3SOCI), |- C,51.41; H,4.32; N,12.2; S,9.15; Co, 8.41, Fuf,51.21; H,4.01;
N,11.97; S,9.1; Co, 7.98.

Biological studies

Antimicrobial screening

The synthesized metal complexes and schiffs bgsadi were screened for their antibacterial
and antifungal activity against pathogenic bactepecies like- E.coli B.subtilis P.aeruginosa,
Staphylococcus aureus and Proteus vulgand fungal species like- Microsporumgypseum,
Teloschistes- villous, Aspergillus- fumigates andn@ida albicans. The agar bioassay method
[15] was adopted for the determination of antibaateand antifungal activity as given under.
Diluted inoculum (10 CFU/mI) of bacteria was spread on nutrient agategl In agar medium,
the wells were punched and filled with the ligamdl &s corresponding metal complexes at three
different concentrations (25, 50 and 100 pg/ml M$D solution were tested. DMSO was used
as negative control and antibiotics such as cipkaitin and amphotrycin-B were used as
positive control standards. The plates were inetat 37°C for 24 hours and then observed for
the growth inhibition zones. The presences of cheares around the wells have indicated that
the compound is active towards bacteria. The diamat zone of inhibition was calculated in
millimetres with Himedia zone scale. The well didemevas deducted from the zone diameter to
get the actual zone of the inhibition diameter.

I nvitro-Antioxidants studies

DPPH free radical scavenging activity

1,1-Diphenyl-2-picrylhydrazyl (DPPH) is a stablesdr radical which has maximum optical
absorbance at 517 nm. The reaction of DPPH wité faglical scavenger causes decline in the
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absorbance value at 517 nm [16-1The DMSO solutions of ligand(L) and its Cu(ll) aNd(ll)
complexes at 100 pM concentration were added tquM®PPH in DMSO. The test tubes were
kept at an ambient temperature for 20 minutes aerdabsorbances were measured at 517nm,
against controla-tocopherol was used as a positive control. Thesasorements were run in
triplicate. The percentage of scavenging activigswalculated as follows:

Scavenging activity (%) = [(BeprATesT)/ApppH X100

Where Avppy is the absorbance of DPPH without test sample tichnand Arestis the
absorbance of DPPH in the presence of test sample.

Iron induced lipid peroxidation Assay

Male Albino rats (180-200 g) were used for the gtiRtior to decapitation and removal of brain,
the animals were anesthetized with ether and padiftrenscardially with ice-cold normal saline
to prevent contamination of brain tissue with blobdsue was weighed and its homogenate
(10%w/v) was prepared in 150 mmol KCI and centrdfdigat 800 rpm [18] for 10 minutekhe
supernatant was used immediately for the studyidLipeoxidation was induced by Be
ascorbate complex system in rat brain homogenatesstimated as thiobarbituric acid reacting
substances (TBARS) by the method [19]. The incobatnixture contained in a final volume of
1.5ml, brain homogenate (500ul), KCI (150mmol) anSO (10 pl) or test compound
dissolved in DMSO. Peroxidation was initiated byliag F&* (100uM). After incubation for 20
minutes at 37C reactions were stopped hgding 2 ml of ice-cold 0.25M HCI containing 15%
trichloro acetic acid (TCA), 0.38% thiobarbituricia (TBA) and 0.05% butylated hydroxyl
toluene (BHT). The samples were heated di@ébr 15 minutes, cooled and centrifuged at 1000
rom for 10 minutes.The absorbance percentage imdnbiof thiobarbituric acid reactive
substances (TBARS) formed by test compounds wegsuaned at 532 nm by using systronics
UV/VIS spectrometer-117 instrument and calculated domparing with the controlo-
tocopherol was used as a positive control. Thegmage inhibition of lipid peroxidation with
selected ligand and its metal complexes and stdndampounds were calculated using the
following formula,

Inhibition percentage = [(AonTt—A TeEST)/AconT] X 100

Where Acont is the absorbance of the control without test $arapd Arestis the absorbance in
the presence of the test sample.

Results and Discussion

The ligand (L) was synthesized by condensation anzlloxybenzaldehyde with
thiosemicarbazide in the presence of ethanol (SekBnThe complexe$ and2 were prepared
by the reaction of the NigbH,O and CoCl.6H,O with ligand (L) under the same conditions.
The IR spectrum of the free ligand shows a ban@l586 cnit which is assigned te(C=N)
stretching vibrational mode, which is a fundamerfedture of azomethine group [20]. On
complexation, these frequencies were observed &hified to higher wave number [21]. These
observations suggest involvement of unsaturatedgeh atoms of the azomethine groups in
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bonding with the metal ion. The (C=S) band of the ligand is less intense in corgseand
suggesting coordination of the metal through sulpldased on the elemental analysis and
spectral studies, the proposed structures of tmeptexes formed were shown in fig (1).The
bands within 700-400ctiand 600-300cth are assigned ta(M-N) and v(M-S) stretching
vibrations respectively. The electronic spectraGuf(ll) complex showed two spin-allowed
transitions at 17866 and 21744 ¢rassignable t8T:g(F)—*A.g, “T:1g(F) and*T.g(F) —*T1g(p)
transitions respectively, are in conformity withtalwedral arrangements for Co(ll) ion. The
appearance of a band at 19240 tdue to*A,g(F) — °T.1g (P) transitions favours an octahedral
geometry [22], for the Ni(Il) complex. The invitemtimicrobial properties of the ligand and their
complexes were evaluated against Gram-PositiveGradh-negative bacteria and fugal strains.
The antimicrobial results evidently show that tlotivéty of ligand became more pronounced
when coordinated to metal ions. The synthesizemhtigand its metal complexes were screened
for their antibacterial activity againsB.substills S. aureus (Gram-positive), E.coli,
P.aeruginosa and P.vulgaris (Gram-negative) bacteria and antifungal activitgaiast
Teloschistes-villosysAspergillus-fumigatesand Candida-albicansat different concentrations.
The standard drugs ciprofloxacin and amphotrycimewgsed as positive control and DMSO
used as negative control. The results of antibettactivity of ligand shows inactive against
B.substills S.aureusand E.coli and weak activity againd®.aeruginosaand p.vulgaris when
compared with standard ciprofloxacin. The Co(ll)daNi(ll) shows more activity when
compared to the standard drug ciprofloxacin. Tdveezof inhibitions of the antibacterial activity
has been presented in (Table 1)

The antifungal activity results revealed that tigamd did not inhibit the growth of tested
organism. The Co(ll) and Ni(ll) complex shows maetivity when compared to the standard
drug amphotrycin.(Table 2) represent the antifuragaivity of ligand and its Co(ll) and Ni(ll)
complexes.

Q
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o + H,N . )J\ -H,0 HN- NS
N™ “NH, » H o
H
o

Thiosemicarbazide
Benzyloxybenzaldehyde

Benzyloxybenzalde hydethiosemicarbazone

Scheme 1
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Fig.1 Proposed structure of benzyloxybenzaldehydeitisemicarbazone with Ni(ll) or Co(ll)
complexes. Where M = Ni(ll) or Co(ll) and X= ClI
Tablel.Antibacterial activity (Diameter of Zone of Inhibition mm) of ligand and its

complexes (ug/ml)

Compound Micro-organism (Diameter of zone of inhibitionin mm)

B.substills S. aureus E.coli P.aeruginosa P.vulgaris

(Concentration pg/ml)

250| 500| 1000 250 50D 1000 250 500 1000 P50 |500 10PED | 500| 1000
Ligand(L) - - - - - - - - - 06| 09 15 08 11 13
1 16 | 20 27 08| 13 21 071 11 19 15 - -
2 06 | 10 19 09| 12 21 071 13 20 12 18 - -
Ciprofloxacin 18 16 18 16 18
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Table 2. Antifungal activity (Diameter of Zone of Inhibition mm) of ligand and its
complexes (ug/ml)
Compound Micro-organism (Diameter of zone of inhibitionin mm)
Microsporum- Teloschistes- Aspergillus- Candida-
gypseum villosus fumigate albicans
(Concentration pg/ml)
250 | 500| 1000] 250 500 1000 250 500 1000 P50 [500 1000
Ligand(L) - - - - - 14 - - - - - -
1 10 12 19 09| 11 20 10 11 18 10 12
2 06 10 18 10| 12 21 07 09 10 08 10
Amphotrycin 13 13 14 14
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Table 3. Antioxidants scavenging activity of datafoligand (L) and its Ni (II) and Co (ll)
complexes at concentration of 100uM

Compound | DPPH scavenging (%) F& induced lipid per oxidation (%)
Ligand(L) 46 38

1 2.7 31

2 23 21

a -tocopherol 53 65

The results of antimicrobial studies clearly shtwattthe process of chelation dominantly affects
the overall biological behaviour of the compounabich are potent against bacterial and fungal
strains.

The synthesized ligand and its metal complexes wereened for reduction of DPPH and
inhibition of iron induced lipid peroxidation at @QuM concentration. The antioxidants activity
of ligand and its metal complexes in DPPH methotbbsws a —tocopherol > (L)2 > 1, where
as in lipid peroxidation the order of activity adléws o —tocopherol > (L)>1L > 2. Data have
been presented in Table (5).

Conclusion

We have demonstrated a general route for preparatioNi(ll) and Co(ll) complexes with
Benzyloxybenzaldehydethiosemicarbazone and theirctstres are presented. The electronic
spectra indicate that Ni(ll) and Co(ll) complexesve octahedral geometry. The results of
antimicrobial studies clearly show that the procekshelation dominantly affects the overall
biological behaviour of the complexes, which aréepbagainst bacterial and fungal strains. The
synthesized ligand and its metal complexes weresead for reduction of DPPH and inhibition
of iron induced lipid peroxidation at 100 uM contration. Based on the results obtained, the
free ligand was found to be good antioxidant, ammarable with standard-tocopherol.
However, its antioxidant activity can be furtheniomed byinvivo methods.
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