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ABSTRACT

Mixed ligand complexes of bivalent metal ions, @g{ll), Ni(ll), Cu(ll) and Zn(ll) of the composith (MLyL,) in
1:1:1 molar ratio, (where I=diphenylamine-2-mercapto-2’-carboxylic acid (DPM@nd L=2-furyl glyoxal-
anthranilic acid (FGAA) have been synthesized a&hdracterized by repeated melting point determorati
elemental analyses, IR*H-NMR, magnetic susceptibility measurements andtreleic spectral data. The
synthesized ligands and their metal complexes wemeened for their antimicrobial activity againstd bacteria
Staphylococcus aureus (gram +ve) and Escherichia(geam -ve) and two fungi Aspergillus niger angeigillus
flavus by Serial Dilution Method. Metal complexghibited more activity than their ligands.
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INTRODUCTION

Over the last few years considerable attention been devotedto the study of mixed-ligand complexes of
metal(ll) containing nitrogen, oxygen and sulphondr ligands due to their diverse biological &titg, such as
antifungal[1-3] antibacterial[4-5] anti-inflammat§6] antipyretic, herbicidal[7] anticancer[8] andhtalcer[9]
activities. They also lpy an important role in the activation of enzynassl are used for storage as well as for
transport of active materials [10]. The study okeu ligand complex formation is relevant in thddief analytical
chemistry, where the use of mixed ligand compleadtsvys the development of methods with increaséecteity
and sensitivity. They have also great importancthénfield of biological and environmental chemjstt1]. These
facts prompted us to synthesize new mixed ligaadsition metal complexes, especially biologicallyportant
cobalt, nickel and copper complexes, to study tmhined antimicrobial activity effect of ligands @onjugation
with the metal ions. In continuation of our prevsowork [12-13], in this article we have reportedifmew mixed
ligand metal complexes with N, S and O donor ligand

EXPERIMENTAL SECTION

Physical and analytical measurements

All chemicals used were of A.R. Grade. All the soits used were of high purity and distilled in lettory before
use according to standard procedures. The m.prs determined in open capillary tubes and are wacted. C, H
and N analyses were carried out on Carlo Erba nainedyzer (Model- 1106). Co, Ni, Cu, and Zn wergénegted by
precipitating them as pyridine complex [14]. Molesuweights of the compounds were determined byo&rgpic
method [15] in DMSO. IR spectra were recorded aacd Model JR report-100 spectrophotometer in KBr
medium*H-NMR spectra were recorded on Bruker Biospin speceter DPX-300MHz in DMSOgolvent. The
magnetic susceptibilities were measured at roonpégature on Gouy balance using CuS8,0 as calibrant. The

1969



Devendra Kumar et al J. Chem. Pharm. Res., 2012, 4(4): 1969-1973

electronic spectra of metal complexes were recondetty DMF/DMSO at room temperature on Shimadzyitéli
double beam spectrophotometer (Model UV 150-150.02)

Synthesis of furyl-2-glyoxal (FG)15 ml ethanolic solution of 6.87 g (0.062 moleCs was mixed with 6.22 ml
(0.062 mol) 2- acetyl furan in 20 ml ethanol .Thisture was refluxed for 6 h. The reduced Se mete removed
by filtration. The solvent thus obtained was rentb¥®m the filtrate by distillation. On fractionati, the residue
under 30 cm vigreux column yielded a dark yellamloced furan-2-glyoxal.

Synthesis of 2-furyl glyoxal-anthranilic acid (FGA): 2.7 ml (0.025mol) furyl-2-glyoxal was dissolved in 15 ml
ethanol. To this, 3.42 g (0.025 mol) anthraniliddagissolved in 20 ml ethanol was added and refluoe 4 h. The
solution thus obtained was concentrated to ond tifiits volume and allowed to cool in refrigeratbhe obtained
solid was filtered and washed with ethanol, folloviey ether and recrystallized from benzene. It fively dried in
a vacuum desiccator over anhydrous GacCl

Synthesis of diphenylamine-2-mercapto-2’-Carboxyéicid (DPMC): 4.69 g (0.03 mol) o-chloro-benzoic acid and
3.75 g (0.03 mol) o-aminothiophenol was suspendétb ml of distilled water in the presence ofiditamount of
copper oxide . To this mixture, an aqueous solutibK,CO; was added in slight excess to neutralize. Theurext
was refluxed on an oil bath for about 4 h and agefiuxed for 1 h after adding 1 g of activated rcloal to
decolorize it. The contents of flask were filtergdile hot and concentrated to its one fourth ofjimal volume on a
water bath and allowed to cool. To this concentta@lution dilute HC1 was added for precipitatidhe obtained
precipitate was filtered, washed with water andiedirin a vacuum desiccator over anhydrous Ga&id
recrystallized from alcohol to obtain grey colompound.

Synthesiof mixed ligand complexed.123 g (0.0005 mol) DPMC dissolved in 10 ml ethlavas mixed with 10
ml ethanolic solution of 0.122 g (0.0005 mol) FGAAo this mixture, an ethanolic solution (0.0005)ad 0.125 g
cobalt acetate tetrahydrate / 0.124 g nickel agd&tahydrate / 0.098 g copper acetate monohyd@t9 g zinc
acetate dihydrate was added with continuous ggirrithe contents were refluxed for 2 - 3 h  at@H . The
products thus obtained were filtered, washed wittamol followed by ether and dried over anhydro@C®E in
vacuum desiccator.

Antimicrobial activity :

Antimicrobial activities of the synthesized compds were screened by determining their Minimum bitbiry

Concentration (MIC) values against two bacté&szherichia coli(gram-ve) andtaphylococcus aurefgram+ve)
keeping incubation period 24 hours at 37°C and twwgi Aspergillus flavusand Apergillus niger, (Incubation
period 96 hours at 28°C) using Serial Dilution MetfL6] in suitable nutrient medium (6.0 g peptoB&, g yeast
extract, 1.5 g beef extract, 1.5 g agar only fanslknd 1.0 g dextrose in one litre distilled wdterbacteria and
10.0 g peptone, 20.5 g agar only for slant, 20d@xjrose in one litre distilled water for fungi).

RESULTS AND DISCUSSION

All the compounds were colored and stable at roemperature. Physical and analytical data of ligaants their
metal complexes have been given in Table 1.

Table 1: Physical and Analytical data of ligands ad their Mixed Ligand Complexes

% Analysis : Found / (Calcd.) Mol.

S. No. Compds. Molecular formula | Colour MP(i{ZD)T c H N S M :‘Acl)(zlr?g/t
(cal)

L FGAA GiaHsON Black 66 (22:23) (2:%) (g:%) - - éig)

2. DPMC GsHuONS Grey 146 (ggielsg) (iig) (3133) (g:gg) . éig)

3. Co-DPMC-FGAA | Co (GH1606N-S) | Brown 312 (ggiﬁ) (g:%) (gﬁig) (g:gg) (igigg) (gig)

4. | NLDPMCFGAA | Ni(@eHiONS) | STTENST 280 eron| 30| e13)| @0 | 08| @)

5 Cu-DPMC-FGAA | Cu(GeH1s0sN2S) Black 287 éé;?% éé% (gfgg) (gfgg) (ﬁ:gg) (gig)

6. Zn-DPMC-FGAA | - Zn(GeH150eN:S) Brown 303 (553;:2421) (géé) (g:gg) (g:%) (ﬁég) (ggi)
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IR Spectral studies

IR spectra of ligand FGAA exhibited bands in thgioa 1620 crif(>C=N-)[17], 1490 crif(furan ring breathing
vibrations) and 1755cm(>C=0 stretching vibrations[18]). In the IR specwf complexes >C=0 and >C=N
stretching vibrations of the ligand have been stiftowards lower region by 30-40 ¢nwhich indicated the
participation of oxygen of >C=0 and nitrogen of 3G=moieties in the coordination with metal ions.otB the
ligands, FGAA and DPMC, exhibited bands in the sagB490-3480 cth and 1710-1705 cindue to -OH and
>C=0 stretching vibrations of-COOH[19] groups. letIR spectra of metal complexes the bands dueOtd —
stretching vibrations have disappeared which iriditathe coordination of ligands with the metal igia
deprotonation of carboxylic groups. In the cas®BMC, a band at 3140 chulue to -NH stretching vibrations has
been observed which has shifted towards higheuéeay region by 30 ¢t in the IR spectra of metal complexes,
indicating the involvement of NH group in the cooation with metal ions. A weak band at 2650 tdue toSH
stretching vibrations [19] has been appeared inigad DPMC. The position of this band has &hiftowards
lower region by 40 cfh in the case of metal complexes, which indicatesl involvement of —SH group in the
coordination with metal ions. Appearance of newdsain the region 545-535, 450-445 and 330-323 doe to M-
O, M-N and M-S bonds respectively[20] further iratied the coordination of ligands with metal ionsotigh
oxygen, nitrogen and sulphur atoms.

'H- NMR spectral studies

'H- NMR spectra of ligand FGAA showed two multipleits the regiord 7.72-6.61 ppm & 8.14 -7.64 ppm and one
singlet atd 7.54 ppm due to furyl ring protons, aromatic rprgtons and >CH=N proton respectively. The ligand
DPMC exhibited two multipltes in the regio®6.83-6.30 ppm § 7.88-6.86 ppm and two singletséed4.12 ppm and

0 3.23 ppm due to —NH- and —SH protons respectivigtth the ligands showed singlets in the regidrll.34-
11.24 ppm due to —OH proton of —COOH group.

'H-NMR spectra of complexes showed a complex meitipi the regiord 7.94- 6.28 ppm which may be due to
four different types of protons of aromatic ring$ie singlets due to protons of >CH=N, -NH , a8 have
shifted to downfield in the range7.98-7.969 4.66-4.51 and 3.40-3.35 ppm respectively which is due to de@eas
electron density and deshielding of protons, assalt of participation of the >CH=N, -NH and —SHpgps in
coordination[21-22]. The singlets due to -COOH prothave disappeared in the spectra of complexeshwhi
indicated the deprotonation of this group in baglahds during coordination with metal ions[23]

Electronic spectra studies and magnetic susceptilty measurements

Cobalt (II) complex

The electronic spectra of Co(ll)-DPMC-FGAA compldisplayed three bands at 8250, 15640 and 19670 cm
corresponding to the transitio&:q > *To(F), “T1g > *Ax(F), and“Tyy > “Tyy (P) respectively[24]. These
transitions as well as the measured value of magrmeiment 4.82 BM suggested the octahedral geonfietrthis
complex.

Nickel(ll)compex

The electronic spectra of Ni(ll)-DPMC-FGAA complexhibited three bands in the region 10800, 167@02&670
cm’ corresponding to the transitionf,y 2 *Toy *Ay>°Tyy and *A,>°T, (P) respectively for octahedral
geometry[24]. The magnetic moment value of this glex was found 3.16 BM which was very close to vhkie
of octahedral environment.

Copper(Il) complex

The electronic spectra of Cu(ll) -DPMC-FGAA compléisplayed three bands at 12000, 16500 and 20600 ¢
due to *Byg—’Bag “B1g —°Azg and “Byy —°Eyg transitions respectively which suggested that Gug@implex has
distorted octahedral geometry[25]. The magneticneat of this complex was found 1.83 BM which comiéd the
octahedral geometry.

Zinc(ll) complexes
In the case of mixed ligand complex of Zn(ll), nagnificant absorption bands in their electrorpecra were
obtained due to diamagnetic nature of zinc.

On the basis of elemental analyses,'HRNMR, electronic spectral data and magnetic momehtes the probable
structure of complexes have been given in Fig. 1.
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The MIC values (Table.2) in general infer that thetal complexes as whole are more active than ffaments.
The reason for the increased antimicrobial agtiid6] of the complexes as compared to the ligamay be due to
the fact that the chelation reduces the polarityhef metal ion by partial sharing of its positislearge with the
donor groups and possibitelectron delocalization within the whole chelaitegr This process thus increases the
lipophilicity of the complexes, which subsequendnhances the penetration through the lipid layercelf
membrane and restricts further multiplicity of tinécroorganism. Among the metal complexes Cu (Iinptex was
found most active against both bacteria and fufigé higher antimicrobial activity of Cu (Il) complenay be due
to higher stability constant of copper complexes.

Table 2 : The Minimum Inhibitory Concentration (X 10 values of ligands and Mixed Ligand Complexes

S. No Compound Bacteria — l. — Fungi -
T Staphylococcus aureug  Escherichia cdli  Aspergillnigier | Aspergillus flavus

1. FGAA 20.57 20.57 10.28 10.28

2. DPMC 20.40 20.40 10.20 10.20

3. Co-DPMC-FGAA 5.47 5.47 2.73 2.73

4. Ni-DPMC-FGAA 5.39 539 2.69 2.69

5. Cu-DPMC-FGAA 5.18 5.18 2.59 2.59

6. Zn-DPMC-FGAA 5.26 5.26 2.63 2.63
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