Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 2@, 6(7):1697-1703

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Preparation, characterization and bioactivity evallation of Co(ll), Ni(ll) and
Cu(ll) complexes containing phthalylsulphathiazoleand benzoate ligands

A. Arunachalam**, T. Ramachandramoorthy!, S. Padmavathy and S. Amala Fathima Rarf

PG and Research Department of Chemistry, BishoH€bllege (Autonomous), Tiruchirappalli, Tamilnadu
India
PG and Research Department of Chemistry, Holy C@xskege (Autonomous), Tiruchirappalli, Tamilnadiugia

ABSTRACT

Phthalylsulphathiazole (PST) is a biologically aeti monodendate neutral ligand. The present stesgals the
microwave assisted preparation, physico-chemispéctral and biological characterization of Co(IMi(ll) and
Cu(ll) complexes with PST and benzoate ion (hganhts. The molecular formulae of the complexewaerived
at from the estimation of metals, electrical cortdlity, and magnetic moment g values. The IR spectral data
confirm the entry of the ligands into the coordinatsphere. The electronic spectral data indicdte probable
geometry of the complexes. The antimicrobial antilfangal screening of the complexes against thetdvéa viz.,
Staphylococcus sp., Escherichia coli, Proteus widgeshigella flexneri and Lactobacillus pulgaricuand fungi
viz., Candida albicans, Aspergillasyzae, Aspergillus niger, Aspergillus flavus arapérgillus sojae were carried
out by well diffusion method. The results indicliat Ni(ll) complex exhibits enhanced antibacteraadtivity
against Escherichia coli, Proteus vulgaris, Shigdllexneri and Lactobacillus pulgaricus than therguigands.
Co(ll) and Cu(ll) complexes have high antibacteraitivity against Staphylococcus sp. All the comgdeshow
high anti fungal activity against Candida albicamsspergillusoryzae, Aspergillus niger, Aspergillus flavus and
Aspergillus sojae. The diphenylpicrylhydrazyl freglical scavenging activity of the above three claxgs are
found to be nominal.
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INTRODUCTION

The inorganic elements, other than carbon, nitrcayeh oxygen, especially the transition metals[¥] &tal to the
functioning of biological systems[2]. The bioinorga chemistry mainly deals with the role of metailsd non
metals in these systems. It is a highly advancextdisciplinary science.

Phthalylsulphathiazole (PST)[3] is a biologicallstige substance and it belongs to sulphonamidepgvath broad

spectrum antimicrobial activities[4]. It can trelifferent types of infections especially in theatmaent of dysentery,
colitis and gastroenteritis. Phthalylsulphathiazotmtains thiazole, sulphonamide and anilide ofhalt acid

groups[5]. Transition metal complexes of phthalipgbathiazole are very important in the current agsle due to
their enhanced biological activity[6].

Microwave assisted synthesis[7] has gained muamntidih in recent years. The microwave irradiat@especially
used for carrying out chemical transformations eiitcis almost pollution free, eco-friendly, chedess time
consuming and offer high yield[8-@then compared to conventional methods.

The present work aims at the preparation of ColijJl) and Cu(ll) complexes with phthalylsulphatlzble and

benzoate ion as ligands by microwave irradiatioth @maracterization by physico-chemicafectral and biological
methods.
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EXPERIMENTAL SECTION

Preparation of complexes

All the chemicals, viz., phthalylsulphathiazole bati(ll) nitrate, nickel(ll) nitrate, copper(ll) mate and sodium
benzoate were of Analytical reagent grade. The esabs acetonitrile, dimethylsulphoxide, dimethylf@mide,
ethanol and methanol were of AnalaR grade and asetich.

All the three metal complexes were prepared byrapdéquired mole ratios of phthalylsulphathiaz&é$ g, 13.77
mmol; 5.55 g, 13.77 mmol and 3.38 g, 8.39 mmoR2@ml of methanol and sodium benzoate (1.01 g, moOI;
1.00 g, 6.94 mmol and 1.20 g, 8.33 mmol) in 10ofméthanol to the methanolic solutions of Co(llraie, Ni(ll)
nitrate and Cu(ll) nitrate (1.00g, 3.44 mmol; 1.@g4 mmol and 1.00g, 4.14 mmol) respectively fobd by
microwave irradiation for ~10 seconds after eacHitaxh using microwave oven (model: IFB 25PG1S)eTh
precipitated complexes were filtered, washed witlaeol and dried.

Characterization

The estimation of cobalt and copper in the comewere carried out by volumetric method using EDdid
sodium thiosulphate respectively and nickel by pkmuilorimetric method using dimethylglyoxime[10]h& molar
conductance measurements of thé M complex in acetonitrile solutions were carriegt @sing Systronic 304
Conductivity meter at 30°C. Magnetic moment of pla@amagnetic complexes was recorded using LakeeSH0
model Vibrating Sample Magnetometer (VSM) at ro@mperature. Solid state UV-visible absorbance spesft
all the complexes were carried out using Varian &aRARY-5000 Model UV-vis Spectrophotometer. The IR
spectra of complexes and ligands were recordedhima®izu, FT-IR 8400 Spectrometer in 4000-400"gange
using KBr pellet technique. Antibacterial[11] anatidfungal activities[12] of the individual ligandsxd complexes
were carried out by well diffusion method. The cemitations of complex/ligand used for antibacteaetivities
were 25, 50, 75 and 100 pghénd those for anti fungal activities were 100, 20@ 400 ugmi. Antioxidantal
activities of the complexes and ligands were cdroat by DPPH free radical scavenging method[13}aatous
concentrations of complex/ligand. The referencenddiads used for antibacterial, anti fungal andcaidantal
activities were streptomycin, ketoconazole andmitaC respectively.

RESULTS AND DISCUSSION

Physico-chemical properties

The cobalt complex was obtained as pale pink cofmacipitate with a yield of 73.1%. The metal cantavas
3.16% against the theoretical 3.08%. The electramaductivity was 81.23 ohfen’mol® and the effective
magnetic moment was {§) 4.84 BM.

The nickel complex was obtained as pale green cqioecipitate with a yield of 73.1%. The metal anitwas
3.12% as against the theoretical 3.07%. The etettdonductivity was 69.06 ohifom?mol™ and the effective
magnetic moment was 3.16 BM.

The copper complex was obtained as greenish bkemgitate with a yield of 70.7%. The metal contesats 5.55%
as against the theoretical 5.72%. The electricatuotivity was 78.68 ohfltn’mol™ and the effective magnetic
moment was 1.82 BM.

The results of physico-chemical properties of tire¢ complexes are given in table-1.

Table-1 Physico-chemical properties of Co(ll), Ni(l) and Cu(ll) complexes

S. Complex Yield, Metal, % Electrical conductivity, | e,
No. % | Theoretical | Experi-mental ohm*cm’mol™ BM
1 [Co(PST)(ben}] 73.1 3.08 3.16 81.23 4.84
2 | [Ni(PSTy(ben)] | 73.1 3.07 312 69.06 3.1p
3 [Cu(PST)(ben}] 70.7 5.72 5.55 78.68 1.8R

Based on the metal percentage, the molecular faanaf the three complexes are arrived as [Co(K&dn)],
[Ni(PST)(ben)] and [Cu(PSTy)ben)].

The electrical conductance measurements were Itwghwindicate that the complexes are non electedlytnature
and of 1:0 type.
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Electronic spectra
UV absorption frequencies obtained at 310 nm, 3@tand 310 nm (Fig.1) for Co(ll), Ni(ll) and Cu(kdpmplexes
respectively indicate the charge transfer trangitid].

Magnetic moment
The magnetic moment values[15] of the complexee leeen calculated from the following equation,

Heft = 2.828ym.T

The effective magnetic moment (1 of Co(ll) complex 4.84 BM and thi,., value observed at 473 nm
corresponds t&T lg(P)<—4Tlg(F)[16—17] indicates distorted octahedral geometry.

The effective magnetic momentg of Ni(ll) complex, 3.16 BM and the electronic misation 3Tlg(F)<—3Azg[18],
observed ak, value 660 nm suggests distorted octahedral gegrfwatthe complex.

Theimax vValues observed at 710 nm correspond?Ege—zBlg szg<—zBlg and 2A19<—281g and the effective magnetic
moment 1.82 BM for Cu(ll) complex shows that thempdex is having tetragonally distorted octahedral
geometry[19].

The UV-visible spectra for the three complexes réed are given in fig.1.
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Fig.1 UV-Visible spectra of Co(ll), Ni(ll) and Cu(ll) complexes

IR Spectra

In IR spectrum, the PST ligand exhibited frequem@ie1332cm, 1635cnand 3144cit which are assignable to
the v(S=0) stretching,v(C=0) stretching[19] andv(N-H) stretching vibrations respectively. Theserations are
found at the frequencies of 1390 670 crit and 3244 cmin Co(ll) complex, 1392 cih 1635cnT and 3141
cm® in Ni(ll) complex and 1400 cth 1585 cnit and 3107 ci in Cu(ll) complexes and this ensures the entry of
PST in to the coordination sphere.

In the IR spectrum of benzoate ligand, frequencteserved at 1307c¢frand 1602cmare assignable t(C-O) and
v(C=C) stretching vibrations. These vibrations aventl at the frequencies of 1390 tand 1670 cm in Co(ll)
complex, 1330 crhand 1535 ciin Ni(ll) complex and 1321 crfand 1585 cilin Cu(ll) complexes. This ensures
the entry of benzoate ligand into the coordinasphere[20]. The IR spectral data are given in tabémd the IR
spectra recorded are given in fig.2.
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Table-2 IR spectral data for Co(ll), Ni(ll) and Cu(Il) complexes and ligands (cr)

v (C-O) stretch

NSO' Complex/Ligand | v (S=0O) stretch | v (C=0) stretch (PST) | v (N-H) stretch (PST) (ben) v (C=C) stretch (ben)
1 | [Co(PST)(beny] 1390 1670 3244 1390 1670
2 | [Ni(PSTy(ben}] 1392 1635 3141 1330 1535
3 | [Cu(PST)(ben)] 1400 1585 3107 1321 1585
4 PST 1332 1635 3144 - -
5 ben - - - 1307 1602

1.0 -
0.9 -
0.8 -

= 0.7 -

@

S 0.6
=
% 0.5 -

m -

2 0.4
| = -
= 0.3

0.2 - Coill) complex
0.1 4 i Ni(l) complex
0-0 T T T T T 1
500 1000 1500 2000 2500 3000 3500 4000
Wave number, cm-1
Fig.2 IR Spectra of Co(ll), Ni(Il) and Cu(ll) compl exes, PST and ben ion
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Fig.3 Comparison of antibacterial activities of C@l), Ni(ll) and Cu(ll)complexes against pure PST and ben ligands and streptomycin
(standard)

Biological activities

Antibacterial activity

All the three complexes exhibit enhanced antib&tarctivity than the pure ligands. [Co(Pg(Den}] is found to
be highly active againsstaphylococcus spnd Shigella flexneri[Ni(PST),(ben)] shows higher activity against
Escherichia coli, Proteus vulgar@nd Lactobacilluspulgaricusthan the standard, streptomycj@u(PST)}(ben)]
exhibits high activity againsstaphylococcus sp., Proteus vulgaris, and Lactolagipulgaricus. The results of
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antibacterial activities (diameter inhibition) @@ pgmi* concentration of complex/ligand are given in tabland
graphically in fig.3.

Table-3 Antibacterial activity of Co(ll), Ni(ll) and Cu(ll) complexes, PST and ben ligands and strégmycin (standard) ‘Diameter
inhibition in mm at 100ugmi™ concentration)

Staphylo-coccus | Escherichia | Proteus | Shigella | Lactobacillus

S.No. Complex/Ligand . ; - )
sp. coli wulgaris | flexneri pulgaricus
1 [Co(PST)(ben)] 35 11 16 24 17
2 [Ni(PST)(ben})] 8 32 38 22 36
3 [Cu(PST)(ben}] 23 14 26 19 28
4 PST 7 8 12 12 7
5 ben 11 8 7 16 19
6 Streptomycin (standard) 46 34 24 47 27

Anti fungal activity

All the three complexes show higher anti fungalvéigt than PST, but less anti fungal activity whemmpared to
the standard, ketoconazole. [Co(P&én)] and [Cu(PST)Xben)] showed high activity againg€andida albicans,
Aspergillus niger and Aspergillus flavysli(PST),(ben)] show high activity agains€andida albicans, Aspergillus
oryzaeand Aspergillus sojaeThe results of anti fungal activities (diametehibition) at 400 pgmt concentration
of complex/ligand are given in table-4 and graplhda fig.4.

Table-4 Anti fungal activity of Co(ll), Ni(ll) an d Cu(ll) complexes, PST and ben ligands and ketocazole (standard) (Diameter
inhibition in mm at 400ugml™ concentration)

S.No. Complex/Ligand ;:;r_ldida Aspergillus Aspe_:rgillus Aspergillus Asper_gillus
icans oryzae niger flavus sojae
1 | [Co(PST)(ben] 29 16 30 34 4
2 | [Ni(PSTx(ben)] 46 36 13 14 30
3 | [Cu(PST)(ben)] 39 14 28 26 16
4 | PsT 4 7 12 8 4
5 | ben 22 22 24 16 13
6 Ketoconazole (standard) 86 91 94 89 92
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Fig.4 Comparison of anti fungal activities of Cd(), Ni(ll) and Cu(ll)complexes against pure PST ard ben ligands and ketoconazole
(standard)

Antioxidant activity

All the three complexes show lower inhibition of PXP free radical scavenging activity at a conceianabf 1000
pugml! than the standard, Vitamin-CThe rate of increase in the DPPH free radical esging activity with
increase in complex/ligand concentration is alse.|d@he percentage inhibition of Co(ll), Ni(ll) an@u(ll)
complexes are 22.35, 26.95 and 18.89 respectivEhe results of inhibition at various concentratioos
complex/ligand are given in table-5 and graphicadlfig.5.

1701



A. Arunachalam et al J. Chem. Pharm. Res., 2014, 6(7):1697-1703

Table-5 Antioxidantal activity of Co(ll), Ni(I I) and Cu(ll) complexes DPPH free radical scavengipactivity (percentage inhibition)

NSc;. Conﬁ‘;?:ﬁtlon’ Co(ll) complex | Ni(ll) complex | Cu(ll) complex | PST | ben | Vitamin-C
1 1000 22.35 26.95 18.89 13.07 7.6 -

2 500 21.16 22.84 18.45 1049 5.20 90.23
3 250 20.29 21.86 18.51 2.6 2.98 92.03
4 125 19.75 20.83 18.83 3.08 3.03 93.22
5 62.5 18.99 20.29 15.85 4.1p 2.88 93.09
6 31.3 18.72 18.94 16.23 401 3.03 88.92
7 15.6 17.97 18.07 15.96 4.2p 2.93 75.23
8 7.81 17.53 15.53 14.07 412  3.03 38.72
9 3.90 16.24 12.72 11.53 3.96 3.03 25.68
10 1.95 15.42 10.71 7.47 3.8p 2.81 11.99

100

2 4 8 16 31 63 125 250 500 1000

¢Co(ll) Complex MNi(ll) complex ACu(ll)complex <PST {ben ®Vitamin-C

Fig. 5 Antioxidantal activity of Co(ll), Ni(Il) and Cu(ll)complexes against pure PST and ben ligandsd Vitamin —C (standard)
(Percentage inhibition against concentration of coplexes/ligands)

CONCLUSION

From the analytical data, UV-visible and IR spdcstadies, the molecular formulae and their probajgometry
were arrived at for the complexes. All the threenptexes show higher antibacterial activity thanepligands.
Ni(ll) complex exhibit higher antibacterial actiyingainst Proteus vulgarisandLactobacilluspulgaricusthan the
standard streptomycinThe anti fungal activities of the complexes arehhighen compared to PST, but less than
ben. The antioxidantal activities of the compleaes low when compared to the standard, Vitamin-C.
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