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ABSTRACT

New Schiff bases were derived by the condensati@rAldehydosalicylic acid with p-Toludine and psagine in

alcoholic medium, forming 2-hydroxy-3-[(p-tolylinelh methyl] benzoic acid (Scheme 1) and 2-hydro3-
methoxy phenylimino) methyl] benzoic acid (Schem@&l# coordination complexes of bivalent metakisach as
Cu (1), Zn (1), Co (Il), Cd (II) and Ni (Il) withthese ligands were synthesized at various pH rankgence, the
structural design of synthesized metal complexesals the different coordination at different pHiges. These
complexes have been characterized on the basitenfeatal analysis, FTIR spectra ahdANMR spectra. The
complexes were colored and stable in air, the ldgact as monobasic bidantate, dibasic tridentatd dibasic

tetradentate in nature at different pH ranges anthfs 1:1 and 1:2 complexes with metal ions. Thaniés and
their metal complexes have also been tasted for #mtimicrobial behavior against various microomgams and
all the complexes have shown good antimicrobiakagt

Keywords: Schiff base complexes, FTIR Spectra, structuraigie nature of ligands, antimicrobial activity.

INTRODUCTION

Schiff base ligands and their metal complexes Haeen an active area of research due to the acdtes is
biologically important molecules and rich coordinatChemistry. Such ligand systems are used in dagign and
in herbicides [1-3]. And fungicides. Derivatives @bumarin, Thiazolidinone and Triazoles so far reggas anti-
inflammatory [4], anti-oxidant[5], Vasorelant [6@ytotoxic [7], anti-HIV [8], anti-tubercular [9], rdi-microbial
[10] and other effective therapies [11]. The orgaetallic complexes are their versatile potentigblEations in
pharmaceutical and in Chemical industries.

The metal complexes approach to develop new drimgs,development of Penicillin showed the presenice
Thiozolidine ring. Next, the development of Coumasend its derivatives like Amino-methyl Coumarin taie
complexes are useful in the area of Medical Chewmigthe metal complexes with Nitrogen containingehecyclic

ligands have Potential applications in the areasatdlysis, luminescent materials [12-14] and aeduas drug [15].
We were interested to isolate and characterizeheterocyclic metal complexes with p-Toludine, ps#dine based
ligands in combination with 3-AldehydosalicyclicidcHerein, we report on the synthesis, characdédn and

structures of metal complexes in different pH —ges1 Successfully, we have isolated a series opoms and
characterized using the spectroscopic and othesi€rghemical results. The Schiff base ligands é&sh 1 and
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Scheme 2) synthesized by standard methods. Itedigied that the coordination behavior of liganduldobe
developed on pH using different from these repostefar [16].

MATERIALSAND METHODS

All the chemicals used were of AR grade obtainmeanfthe commercial sources. The anhydrous metakiclels
were procured from Merck and Qualigens and usesiels. The Schiff bases and metal complexes wetbesiaed
by the known methods.

Synthesis of Ligands (LH,)

3-Aldehydosalicylic acid and p-Toludine, p-anisigliseparately dissolved in ethanol (25ml) with istgr The
reaction mixture was heated under reflux on a shath (heating mental) for 4 hours. On cooling t@mo
temperature, the yellow coloured solid obtained filéered, washed with methanol and dried in desiiocs over
silica gel. Yields 75% - 80%, M.P. of synthesizechif bases were found to be 2€2and 2680C respectively.
1HNMR: & 6.8 to6 8.1 (Aromatic H),562.3(s) (CH3)63.4(s) (-OCH), §9.3(s) t069.46(s) (-CH=N),610.5 (s) (-
COOH) ands13.34 (s) (-OH phenolic).

Synthesis of metal complexes

An equimolar quantity of Schiff bases and apprdpriaetal salt were dissolved separately in alconatontinuous
stirring. The resulting mixture was refluxed forhdurs. On cooling to room temperature, the coolemhpiexes
precipitated out was filtered, washed with hot wated finally dried under vacuum at room tempematiyiield 70 —
75%. M.P. of each organometallic complex were migiteed and recorded in the Table 2. The structofethe

organometallic complexes were confirmed by spestadies.

Physical measur ements

Elemental analysis of C, H and Nitrogen were olgdirusing Erba 1108 analyzer and Nitrogen analyzer
instruments. IR spectra were recorded on a PerkitelE597 spectrometer using KBr palletsiNMR spectra of
ligands were obtained using NMR spectrometer in @MBIvent.

Anti-microbial activity

The anti-microbial activity of the ligand and thentplexes was carried out againSscherichia Coliand
Staphylococcus aureusy agar diffusion method. DMSO was taken as céontroorder to check the potency of
compounds, the solutions were prepared with 5001890 ppm concentration in DMSO. The solutions preg
were soaked in Whitman filter paper No.1 (diamédt@mm), these paper discs were kept on the preyicesded
Petri plates for incubation at Z5to 30C for 24 hours. The diameters of the zones of itibilb were measured in
millimeter.

RESULTSAND DISCUSSION

General Characterization

Schiff base ligands (L5 scheme 1 and scheme 2 were dark yellow in cplmssessing sharp melting points 236
and 242C respectively. Both were easily soluble in alcohlmling to the possession of the phenolic (-OH) and
carboxylic (-COOH) groups.

COOH COOH

OH Ethanol OH
+  HoN CHs

CHO

CHj
Scheme 1.
[2-hydroxy-3-[(p-tolylimino) methyl] benzoic acid]
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COOH COOH
@iOH NH; Ethanol @:OH
+ —
CHO @OCH’& c=N
H
OCH3
Scheme 2.

[2-hydroxy-3-[(4-methoxy phenylimino) methyl] benzoic acid

Synthesis of metal complexes at various reaction conditions:

a. At pH- 3-4 (Acidic conditions): An aqueous solutiohthe ligands (LK) [Scheme 1 and Scheme 2] react with
metal ions in (2:1) molar ratio forming metal coeyts of the type [ Ml where M= Cu(ll), zZn(ll), Cd(ll)
[Scheme 3 and Scheme 4], indicating monomeric aaifimetal complexes with OO-donor at this pH- ang

MCI,+ 2LH, (aq) > [M L] + 2HCI.
M = Cu (Il), Zn (Il), Cd (II).

b. At pH- 7-8 (Neutral conditions): 50% (v/v) watercahol solution of ligand (LK) [Scheme 1 and Scheme 2]
refluxed with alcoholic solution of metal ions igemolar quantities, forming the metal complexesttad type
[ML,], where M= Cu (ll), Zn (ll), Cd (ll) [Scheme 5 arficheme 6] suggesting monomeric nature of metal
complexes with OON- donor at this pH ranges.

MCI, (alc) + 2LH (alc) > [M L] + HCI.
Reflux EtOH

c. At pH- 10-11 (Alkaline conditions): An alcoholic Istion of metal ions react with alcoholic solutiohligands
[Scheme 1 and Scheme 2] in equimolar quantitiethénpresence of sodiumethoxide, forming the batfiet
complexes of the type [ML(EtOH)where M= Cu(ll), Zn(ll), Ni(ll), Co(ll), Cd(Il) [Scheme 7 and scheme 8].
Suggesting dimeric nature of metal complexes wi®ND- donor bimetallic complexes at this pH ranges.

Reflux EtOH
2MCl,+ 2LH, > 2 [ML (EtOH)] +4 HCI
M= Cu (I1), Zn (), Ni (II), Co (1), Cd (II) .

The physical characteristic and analytical datahef ligands and metal complexes were reported bieTa. The
molecular measurements indicting the nature of hoetaplexes at different pH ranges recorded in & &bl

CH,

Scheme 3
M (LH) 2] : M =Cu(ll), Zn(I1), Cd(l1). OO-donor at pH =3-4
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OCH;
N
H

~c—

L
OCH3

Scheme 4
M (LH) 2] : M =Cu(ll),Zn(Il) and Cd(Il). OO-donor at pH = 3-4

H3C\©\
H
N

~

1
1
!
1
1
1

Scheme 5
[M Ly :M= Zn(ll)and Cd (I1). OON-donor at pH =7

H \©\OCH3

Scheme 6
[ML2: M= Zn(ll)and Cd (I1). OON-donor at pH =7
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CHs
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CHs
Scheme7

[M L(EtOH);] : M = Cu(ll), Co(Il) and Ni(I1): OONO-donor at pH =9

OCHjy

Et
O/H

(H:H /\
N M O
\ o
g0 H
OCH;

Scheme 8
[ML (EtOH)): M=Cu (I1), Co(ll), Ni (11): OONO-donor at pH=9

Table 1. The physical and analytical data of ligands and their metal complexes

Scheme| Molecular Formula  Molecular Weight Colocofplexes| Metaliong Carbon (Obs) Hydrogen (Obs) troiyen (Obs)

1 CisH1303N 255 Yellow 70.59 5.10 5.49

2 CisH1304N 271 Yellow 66.42 4.80 5.17

3 CuGoH2206N2 569.5 Orange red 11.15 63.21 3.86 4.92
ZnCsoH2;06N; 571.¢ Orangt 11.4¢ 63.0( 3.8¢ 4.9C
CdGsoH2:06N, 618.4 Orange 18.18 58.22 3.56 4.53

4 CuGgoH2208N> 601.5 Orange red 10.87 59.85 3.66 4.66
ZNCsoH2,05N, 603.4 Orange 10.84 59.66 3.65 4.64
CdGsoH2;:05N; 650.4 Orange 17.28 55.35 3.38 4.31

5 ZNnGgH2;,06N, 5714 Orange 11.45 63.00 3.85 4.90
CdCsoH2206N, 618. Orange yellov 18.1¢ 58.2: 3.5¢ 4.5:

6 ZnGyoH2;,05N; 603.4 Orange 10.84 59.66 3.65 4.64
CdGsoH2;05N; 650.4 Orange 17.28 55.35 3.38 4.31

7 CwCs4H3405N, 725 Orange red 17.52 56.28 4.69 3.86
ZnpCaqH340N, 728.8 Orange yellow 17.95 55.98 4.47 3.84
Ni>Cz4H3408N, 715.4 Brownish yellow 16.41 57.03 4.75 3.91
C0,C34H3405N, 715.8 Golden yellow 16.46 56.99 4.75 391
ChCsaH3405N, 822.8 Dark red 27.32 49.59 4.13 3.40

8 CwCs4H34010N2 757 Orange red 16.78 53.90 4.49 3.70
ZnyCs4H34010N, 760.8 Orange yellow 17.19 53.63 4.47 3.69
NizCz4H34010N, 747.4 Brownish yellow 15.71 54.59 4.55 3.75
CCz4H34010N2 747.8 Golden ye"OW 15.75 54.56 4,55 3.74
CbCs4H34010N; 854.8 Dark yellow 26.30 47.73 3.98 3.28

Fourier Transfer Infrared (FTIR) Spectroscopy

The FTIR spectra of the Schiff base ligands (Schén@nd 2) and the Metal complexes (Scheme 3 toe8 w
recorded in Perkin-Elmer spectrum 100 FTIR specétemin KBr pellets in the range 400 — 4000 crihe IR
spectra of the Schiff base ligands display intecisaracteristics bands at 3429 trand 3150 cm due to intra
molecular H-bonded stretches of carboxylic (-COQ@iHY Phenolic (-OH) groups respectively. The IR speof
Schiff base ligands the mono carboxylic acid hagerbassigned two characteristic frequency, one=id @ plane
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bending vibrations and another in OH in plane begdibrations, the(C=0) carboxylic stretches at 1695 tm(-
OH) phenolic stretches at 1575 tnThe IR spectra of ligands in which the absenceasfds due to Njigroup
clearly indicate the formation of -CH=N- linkageowever, a broad band at which its center of graMiG=N) at
about 1628 crhis observed. The presence of Aromatic rings hawenkidentified by their characteristic ring
vibrations at 1500 cthto 1400 crit, 1100 crit t01050 crit and 900 cm to 700 crit at three different reaction
conditions respectively. In order to give conclesistea about the structure of free ligands and Inmetaplexes, the
main IR bands were compared with those of the tigdine IR spectrum of the ligands showed a mediandtat
2876 cnt due to the intra molecularly hydrogen bonded hydrgroup [17]. The absence of this band in the
spectra of metal complexes indicates the breakfnifpeo hydrogen bond and coordination of Oxygen atorthe
metal after deprotonation [18]. A broad band witadium intensity at 906 cfndue to out of plane bending of the
bonded O-H groups present in mono carboxylic acalg of the Schiff base ligands [19]. The IR spedf the
ligands displayed a medium intensity band arouns61&m® due tov(C=N) shift to lower frequency region 1518
cm' in metal complexes, indicating that N of azomethis coordinated to metal ion at pH=7 neutral react
conditions [20-21] as reported in Table 3.

Table 2. Physical constants and natur e of metal complexes at different pH-ranges

Scheme| pH-range Metal complex  Nature of complex blStap to Temperatur¢  Donor atonjs
1 242C
2 - 268C
3 3-4 [ML] Monomeric 216C 0OO-donor
4 3-4 [MLy] Monomeric 208C 0OO-donor
5 7-8 M) Dibasic tridentat 232°C OON-donol
6 7-8 [MLy] Dibasic tridentate 228 OON-donor
7 10-11 [ML(EtOH)} | Dibasic tetra dentate s OONO-donor
8 10-11 [ML(EtOH)} | Dibasic tetra dentate 248 OONO-donor
Table 3. FTIR spectroscopic data of the ligands and their metal complexes
Scheme Functional group IR-valuesin cm™ | Scheme Functional group IR-valuesin cm™
1 V(COOH) 3429 cnt 2 V(COOH) 3429 cnt
B V(OH) 3150 cnt i V(OH) 3150 cnt
V(C=N) 1628 cnt B V(C=N) 1628 cnt
V(C-H) 3000 cnt B V(C-H) 3000 cnt
V(C=0) 1695 cnt B V(C=0) 1695 crit
V(OH) in plane bending 1377 cnt B V(OH) in plane bending 1377 cnt
V(OH) in out of plane bending 906 ém B V(OH) in out of plane bending 906 &m
V(C=0) in plane bending 1070 cnt Y V(C=0) in plane bending 1070 cnt
3 V(-COO-) 1745 c 4 V(-COO-) 1745 crd
B V(C=N) 1628 cnt B V(C=N) 1628 cnt
V(C-H) 3000 crit B V(C-H) 3000 crit
V(C=0) 1695 cnt B V(C=0) 1695 cnt
V(M-O) 440 cmt i V(M-O) 440 cnt'
5 V(-COO-) 1745 cnt 6 V(-COO-) 1745 cnt
B V(C=N) 1628 cnt B V(C=N) 1628 cnt
V(C-H) 3000 crit B V(C-H) 3000 crit
V(M-N) 458 cmt B V(M-N) 458 cmt
V(M-O) 440 cmt B V(M-O) 440 cmt
7 V(-COO-) 1745 cm 8 V(-COO-) 1745 cm
B V(C=N) 1628 crit B V(C=N) 1628 crit
V(C-H) 3000 cnt B V(C-H) 3000 cnt
V(M-N) 458 cmt o V(M-N) 458 cmt
V(M-O) 440 cmt B V(M-O) 440 cnt'

'H NMR Spectr oscopy

The'HNMR spectra of ligands and their metal complexesawecorded by using Bruker Avance 300 spectramete
(300 MHz for'H NMR). Chemical shifts were recordeddmppm in DMSO —d6 using tetra methyl silence (TMS) a
internal standards. ThéH NMR-spectra of p-Toludine and p-Anisidine Schiffases derived with 3-
Aldehydosalicylic acid, signals of NHbrotons appear &tL0.5 ppm and9.4 ppm these signals shifted to high field
in the spectra of the metal complexes and app&if.4tppm t059.6 ppm for organometallic complexes with ligand
molecules, this indicates the bonding through tiiteoljen atom of the Schiff base ligands to the rmhetal ion
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(Scheme 5, 6, 7, and 8). Th¢ NMR spectra of ligands and their metal complekessignals of ~-CH3 and —OCH3
appear ab2.3 (s) ands3.4 (s). The IHNMR spectra of Schiff bases shovied(tCH=N-) proton signals &9.3
ppm —59.46 ppm similarly the carboxylic proton signalpeared a610.5 ppm.

The aromatic protons gave signal$ét8 ppm t0568.1 ppm. Hence, the 1H NMR spectroscopic data efiands
and their metal complexes are given in Table 4ari@ard= Gentamicin; Diameter of inhibition zone nmm;
concentration in ppm].

Table 4. *H NMR chemical shifts of the ligands and their metal complexes

Compound Aromatic H -CH3 -OCH3 -CH=N} -COOH
Scheme 1| 66.8 -68.1 ppm (m)| 62.3 (s) 69.3(s) | 6§10.5(s)
Scheme 2| 66.8 -68.1 ppm (m)| 62.3(s)| §3.4(s)| 69.46 (s)| & 10.5(s)
Scheme 3| §7.1-68.0 ppm (m)| 62.2(s)| §3.4(s)| 69.3(s) | 610.5(s)
Scheme 4| §7.1 -68.0 ppm (m)| 62.2(s)| §3.4(s)| 69.3(s) | 610.5(s)
Scheme 5| §7.1 -68.0 ppm (m)| 62.3(s)| §3.4(s)| 69.46 (s)| & 10.5(s)
Scheme 6| §7.1 -68.0 ppm (m)| 62.3(s)| 6§ 3.4 (s)| 69.46 (s)| & 10.5(s)
Scheme 7| 66.7 -68.0 ppm (m)| 62.4(s)| §3.4(s)| 69.3(s) | 610.5(s)
Scheme 8| 66.7 -68.0 ppm (m)| 62.4(s)| 6§3.4(s)| 69.3(s) | 6§10.5(s)

Table 5. Anti-bacterial screening data of Schiff base and their metal complexes

Escherichia Coli Staphgdocus aureug
Scheme 25| 50[ 100 2% 50 100
1 12 | 13 16 -] 10 12
2 12 13 16 10 12 14
3 with Cu 26| 28 32 14 15 16
3 with Zn 18| 17 18 12| 11 12
4 with Cu 24| 28 31 15 16 18
4 with Zn 18| 19 20 13| 13 13
5 with Cu 26| 27 29 16| 18 18
5 with Zn 18 20 22 12 14 14
6 with Cu 28| 30 33 18] 19 20
6 with Zn 20| 21 22 12| 12 14
7 with Cu 24| 28 32 200 21 22
7 with Zn 18| 18 19 14| 14 16
Standard 20| 23 20 12 12 14
DMSO (-)

Table 6. Biological evaluation (Antioxidant Capacity)

Absorbanc % radical scavengit
Schiff base and Metal complex 1 2 3 1] 2 3 % radicalenging with standard deviation
P-Anisidine Schiff base compound. 0.393 0.344 0.2681.63| 52.89] 61.7d 53.07+8.53
P-Toludine Schiff base compound. 0.411 0.364 0.3211.64| 48.66| 53.61 48.07+5.85
Cu - complex with PA at pH= 3 to 4. 0435 0.5B81 423 38,5 | 25.100 50.57 38.05+12.74
Cd -complex with PT at pH= 3 to 4. 0.425 0.3p3 8.3139.97| 50.20[ 54.04 48.07+7.27
Cu -complex with PA at pH=7 to 8. 0.668 0.689 @615.64 9.87 7.4 7.63+2.12
Cd -complex with PA at pH=7 to 8. 0.386  0.351 6.3245.48| 50.49] 53.03 49.66+3.84
Cd — complex with PT at pH= 7 to8. 0.312 0.170 B8.1455.90| 76.02] 79.04 70.32+12.57
Ni — complex with PA at pH=7to 8. 0.169 0.0Y9 3BY 76.12| 88.85 80.0% 81.67+6.51
Co — complex with PT at pH=7to 8. 0417 0.37/5 48.3 41.10| 47.10 49.7 45.96+4.41
Cu — complex with PT atpH=9t010Q. 0.489 0.457 430.| 30.93| 35.54 36.84 34.43+3.10
Cu — complex with PAatpH=9to 10. 0.5%0 0.324 33@.| 22.31| 54.30 51.78 42.78+17.77
Standard : Glutathione 0.370 0.265 0.371 4777 22.86.38 52.25+9.00
Blank 0.708| 0.709 0.692

Anti-Microbial Activity

The ligands and metal complexes were screenedhéir antibacterial activity against the bacteriatgsichia Coli
and Staphylococcus aureus strains. The antibacsatiaity was evaluated by the Disc diffusion nedH22]. The
compounds were dissolved in dimethyl sulfoxide (DM 500 and 1000 ppm concentration. The activigs w
measured by measuring the diameter of the zonehddition in millimeter. The results showed tha¢ figands and
all metal complexes exhibit bacteriostatic behawawards the bacterial strains. The free ligandd aretal
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complexes like Cu (II) and Zn (Il) were found tooshgood activity against Escherichia Coli and Std@toccus
aureus respectively.

The results reveal that, the activities of the figands were found to be enhanced on complexatidtnmetal ions.
It has been observed that the metal complexes sh@mbanced antibacterial activity as compared ¢ fthe
ligands against the same organism under identigerénental conditions as reported in the Table 5.

According to the Tweedy’s chelation theory, thelatien reduces the polarity of the metal atom odile to the
partial sharing of its positive charge with donooups and possible electron delocalization over the whole ring.
This increases the lipophillic character of the ahehelate which favors its permeating through lipiel layer of
bacterial membranes. The toxicity increases withititreasing in concentration of the complexes.sTtelation
increases lipophillic character in the metal cometeand results in the enhancement of activity.

DPPH Radical Scavenging Assay

A rapid, simple and inexpensive method to measut®mxdant capacity of the substance involves the af the
free radical, 2- 2-diphenyl-1-picrylhydrazyl (DPRH)PPH is widely used to test the ability of thenpmunds to act
as free radical scavengers or hydrogen donorsoRidants tested on DPPH were also found extrenfédgteve in
cell systems. This simple test further providesinfation on the ability of a compound to donatetetss during
antioxidant action [23]. The radical scavenging haism is based on the transfer of acidic H atoomfthe
compound to DPPH radical to form DPPH-H.

Among the tested compounds (scheme 1 and 2), andyththesized organometallic complexes (scheme & to
exhibited very good radical scavenging capacityhvaoncentration of 100 pug/ Ml in comparison witarstard
Glutathione. Other compounds showed mode rateifyctirhe good radical scavenging of capacity ahpounds
scheme 5 to 8 is due to at pH-7 to 8 and pH- 1Ml{dhe metal complexes behave as dibasic tride@atN- donor
and dibasic tetradentate OONO- donor suggestingitivalvement of nitrogen with metal ion in the cdmate
complex .The variation exhibited in DPPH scavengoapacity could be attributed to the effect of efiéint
substitution present in the compounds. All compaumeere screened for antioxidant properties. Butaslib
tetradentate complexes OONO — donor (scheme 7 asdd8ved significant DPPH activity reported in table 6.
Hence, this study has widened the scope of devedopasy method to synthesize indole, Coumarin aadotes
metal complexes derivatives as promising antioxislan

CONCLUSION

At lower pH=3 to 4 ranges, the ligands behave asahasic bidantate, due to non-involvement of Niégrogitom.
At moderate pH =7 to 8 (neutral pH) ranges, tharids behave as dibasic tridentate due to the iawwwnt of
nitrogen atom. Finally at higher pH range (pH= @Q.1), the behavior of ligands with metal ions afikasic tetra
dentate for the involvement of nitrogen and oxygtrms.

Acknowledgement

Authors are thankful to the Chairman, DepartmenCbémistry, Karnatak University, Dharwad for prawigl the
facilities in getting the physical and analyticata of ligands and their metal complexes. We thledpportunity to
thank Bharat Ratna C N R Rao for providing finahsigport through VGST group to carryout Major jiijunder
CESEM Programme. We are also very thankful to thiecipal of our College for their encouragement and
Laboratory facility to carry out this research work

REFERENCES

[1]Belaid S, Landreau A, Djebbar S, Benali-Baitoh Bouet G,Bouchara JB. Inorg Biochem2008 Jan; 102: 63-
69.

[2]Rabie UM, Assran ASA, Abou-El-Wafa MHM. Mol. Struci2008; 872: 113-122.

[3]Yilmaz I, Temel H, Alp H. Synthesifolyhedron2008;27:125-132.

[4]Salavati M, e Niasari, Sobbani A.Mol Catal(A). 2008;285:58-67.

[5]Juan CL, Jie B, Ming MF, Xing LGCatal Commur2008;9:658.

[6]Ziyadanogullari B, Cevizic D, Temel H, GullariZRJ Hazard Mater2008;150:285e289.

[7]Sutar AK, Gupta KCReactive Funct Polyn2008;68:12¢e26.

45
Pelagia Research Library



Basavaraj M. Kalshetty et al Der Chemica Sinica, 2014, 5(3):38-46

[8]Kalshetty BM, Gani RS, Karabasannavar SS, Ka#shMB. Glob J Sci.Frontier Res Cherfi013;13:29e37.
Version 1.0.

[9]Rudnicka W, Foks H, Jano M, Wiec, Zwolsk, WiekActa Pol.Pharm1986;43:523.

[10] Holla BS, Veerendra B, Shivanada MK, PoojaryEBr J Med Chen003;38:759-767.

[11] Mullican MD, Wilson MW, Connor DT, Kostlan CRSchrier DJ, Dyer RDJ Med Chem 1993 Apr
16;36:1090-1099.

[12]Berta Holld, Zoran D. Tondj Péter Pogany, Attila Kovacs, Vukadin M. Leovaat#in Mészaros Szécsényi.
Polyhedron 2009, 28, 3881-3889.

[13] Hesham Habib, Anke Hoffmann, Henning A. Hop@nther Steinfeld, and Christoph JaniakJAlnorg.
Chem?2009 48 (5),2166-2180.

[14] Hua-Ze Dong,Jian Zhao, Shao-Hua Gou, Hai-Bin Bolyhedron2009,28,1040- 1048.

[15] C. F. Mills, “Zinc in human body”, Springer,eW York, 1989.

[16]Nag NK, Pal S, Sing Gnetal Chem. Augug005, 30: 523-526.

[17]M.R.Maurya,A.K.Chandrakar and S. ChaddMol. Catal. A: Chem270, 2252007).

[18]K. Natarajan, S. Karvembu, S. Hemlatha and RbRakaraninorg. Chem. CommuXolume 6, Issue 5, May
2003, Pages 486-490

[19]V. V. Dhande, V. B. Badwaik and A. S. Asw&uss. J. Inorg. Chen2207, 52, 1206.

[20]A.P.Mishra and M.Khardournal of the Indian Chemical Socie®00;77(8):367—370.

[21]Basavaraj M. Kalshetty, Shambuling S, Karabasaar, Ramesh S. Gani and Mallikarjun B. Kalashetti
Drug invention todayp (2013) 105- 112.

[22] N.Raman,).Indian Che.Sa2009,86,1143.

[23]Tiwari AK. Current scienc004; 86(8);1092-1102

46
Pelagia Research Library



