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ABSTRACT

Mixed ligand complexes of transition metal with @rgplinols and 5-Alkoxumethyl-8-quinolinol have bee
prepared. Structural, spectroscopic and thermalgamies have been studied on the basis of infrapettra, Mass
spectra, NMR spectra, electronic spectra, and eleat@nalyses. Also their antibacterial activitiagainstGram —
ve (Escherichia coli and Ps. Aeruginosa Bacillubt8is) and Gram +ve (Becillus megaterium and Shgpcoccus
aureus)and antifungal activities agaiAspergillus niger andrichothesium Sghave been carried out. All the tested
complexes show higher antibacterial activity as pared to free ligand.

Keywords: Transition metal Heterochelates, Oxine, spectrascapd antimicrobial activity.

INTRODUCTION

8-Quinolinol (8Q) or its derivatives have beenaddiuced as chelating groups. [1-3].The chelating@riies of the
compounds of the 8Q series are related to its icdd activity [4]. 8-hydroxyquinoline (8Q) and its
metalloquinolates have attracted great interesaumse their high thermal stability and good eleatrdhescence
properties make them important prototypical eletti@nsport and emitting materials for OLED devifes].8-
Hydroxyquinoline (8-quinolinol, oxine, 8Q) might kought to function as a phenol, but of the 7 isdm
hydroxyquinolines only oxine exhibits significarrtemnicrobial activity, and is the only one to habhe capacity to
chelate metals. If the hydroxyl group is blockedtsat the compound is unable to chelate, as imtbgayl ether, the
antimicrobial activity is destroyed. The relatioigsbetween chelation and activity of oxine has beeestigated
[8-10]. Oxine itself is inactive, and exerts adiMby virtue of the metal chelates produced inéaction with metal
ions in the medium. Used by itself or as the salf&@hinosol) or benzoate in antiseptics, the effetiacteriostatic
and fungistatic rather than microbiocidal. Inhibjtcaction is more pronounced upon gram-positiven tgeam-
negative bacteria; the growth-preventing conceiatmatfor staphylococci being 10 ppm; for strepta&d ppm;
for Salmonella typhosand forE. coli 100 ppm. [11,12]. Certain halogen derivatives dify8roxyquinoline have a
record of therapeutic efficacy in the treatmentwtfaneous fungus infections and also of amebicrdgsg Among
these Kharadi et al. and others Previously synthdsi are 5-chloro-7-iodo-8-quinolinol (iodochlor-
hydroxyquinoline,Vioform),5,7-diiodo-8-hydroxyquitioe(diiodohydroxyquinoline),andsodium7-iodo-8-hggy
quinoline-5-sulfonate[13-19].Patel et al also répdrthe first series of complexes of transition ahetith8-
Quinolinol(8Q)and5-Mthoxymethyl-8-quinolinol.[20]
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Copper 8-quinolinolate (copper oxinate), the copmenpound of 8-hydroxyquinoline, is employed asratustrial
preservative for a variety of purposes, includihg protection of wood and textiles against fungassed rotting,
and interior paints for food plants. It has 25 tingeeater antifungal activity than oxine [21-25].

In present work, we describes synthetic, charatierispectroscopic features of new mixed liganehglexes using
different transition metal with 8-Quinolinol(8Q) @rb- Ethoxymethyl-8-quinolinol and also describe antiroizal
activities of newly synthesized compounds (Fig. 1).
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Figure 1. General synthesis of complexes.

EXPERIMENTAL SECTION

Reagent and solvents

All the chemicals used were of analytical gradeény8rxyquinoline, Hydrochloric acid, Formaldehydegd&im
bicarbonate, Ethyl alcohol and different metal sas purchased from the E. Merck (India) Limitedyrivbai. ia).
Luria broth and agar- agar were purchased from S/lia. Acetic acid and EDTA were purchased frorgns
Chemical Co., India. The organic solvents wereffaatiby recommended method [26].

Physical measurements

The metal content of the complexes were determinethe EDTA titration technique [27] after treatitigem with
mixture of HCIQ, H,SO,and HNQ (1:1.5:2.5). Elemental analysis was carried oirigu®erkin Elmer, USA 2400-
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I CHN analyzer. The magnetic moments were obtaineg the Gouy's method using mercury
tetrathiocyanatocobaltate (lIl) as a calibra@31=1.6.44><1d3 c.g.s. units at 2€C). Diamagnetic corrections were made
using Pascal's constant [28} simultaneous TG/DTG had been obtained by a md&fdgl0/2960 SDT, TA
Instruments, USA at heating rate of M min* under N atmosphere. The IR spectra were recorded on &RFT-I
Nicolet 400D Spectrophotometer using KBr pelletdViRl spectra were recorded on a model Bruker Avance
(400MHz).

Preparation of ligands

Synthesis of 5-(Ethoxymethyl-8-Quinolinol) (EM Q).

To a suspension of 2.3 gm. (0.01 mole) of 5-chlathyl-8-Quinolinol (CMQ), ethanol (3 times.) andB8.gm.
(0.01 mole) of sodium bicarbonate (NaHg@dded. The mixture was warmed on the steam bathogcasional
shaking until most of the alcohol had been evagdrathe pale yellow solid was dissolved in watet arade basic
with 5 %ammonium hydroxide. The white solid wasletied on a filter and dried to give 2.12 gm. Yiedd%,
M.p. 80 °C. FT-IR (KBr, cm-1)(-OH,) 3311,u(-CN) 1198, 1H NMR (DMSO-d6 400 MHz) 4,75 (CH-
protons),s 1,05 (CH- protons),s 7.1 to 7.64 (9H, m, aromatic protons)8.6 (1H, s, OH- protons), Elemental
analysis found (%):C, 70.82; H, 6.28, N, 6.80; akdted for G,H13NO, (203.00): C, 70.93; H, 6.40; N, 6.89 (Fig.
2).
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Fig:2 Preparation of Metal Complexes

(1) Formation of Cu?* Complex

A water solution of Cu (Ng),.3H,Owas added to dimethyl formamide solution of ligafallowed by addition of
8-HQ in ethanol; the pH was adjusted to 4.5-6.0wlitute NaOH solution. The resulting solution wafuxed for
7 h and then heated over a steam bath to evapopate half of the volume. The reaction mixture wkaept

overnight at room temperature. A dark green colargatalline product was obtained. The vyield of wified

complex was 75%. The obtained product was wash#dether and dried over vacuum desiccator. Analy/énd
physical data are shown in Table 1

(1) Formation of Ni?* Complex
Ni** complex was synthesized by same method used férad@mplex. A light blue colored crystalline prodweas
obtained. The yield of a purified complex was 70%.

(111) Formation of Co?* Complex
Ca'? complex was synthesized by same method used f&r d@mplex. A light brown colored crystalline product
was obtained. The yield of a purified complex w8%w6

(1V) Formation of Mn? Complex
Mn*? complex was synthesized by same method used féra@mplex. A light pink colored crystalline prodweas
obtained. The yield of complex was 65%.

(V) Formation of Zn* Complex

Zn*? complex was synthesized by same method used frd@mplex. A pale yellow colored powder product was
obtained. The obtained product was washed withr ethe dried over vacuum desiccators. The yield T2%.
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Table- 1 Analytical and physical parametersof ligand and complexes

Molecular vidd % Metal analysis Elemental analysis
Compounds formula M.wt gm/mole % cal Found % C % H % N
) Cal. | Found | Cal. | Found | Cal. | Found
HL-2 Ci2Hi1:NO, 203 94 70.93| 70.82| 6.4 6.28)/ 6.89 6.8
(HL-2) Cu? | CpHN,0sCu™ 445.96 75 14.25 1385 56.96 5612 4097 483 6.28.14 6
(HL-2)Mn™ | CyH2N,0sMn*2 437.3¢ 65 12.5¢€ 12.32 57.67 | 57.51 | 5.07 5.01 6.41 6.3
(HL-2) Cc*® | CaHazN.0sCc™ 441.3¢ 68 13.3¢ 12.9: | 5715 | 57.1C | 5.0z | 4.92 | 6.3t | 6.21
(HL-2) Zn"? | CyHp:No0sZn™ 447.82 72 14.61 14.43] 56.42 56.109 495 479 6.26.19 6
(HL-2) Ni"? | CpH2N,0sNi™ 441.10 70 13.31 12,98/ 5718 5699 503 484 635236

Antimicrobial studies

Antifungal activity

The antifungal activity of the standard fungicidiéucanazone), ligand and complexes were testethéar effect on
the growth of microbial cultures and studied fagithnteraction withAspergillus niger andrichothesium Spusing

Czapek’s agarmedium having the composition, glu@tse, starch 20 g, agar-agar 20 g and distilleteiva000
mL. To this medium was added requisite amount efcthmpounds after being dissolved in methanol go get the
certain concentrations (50, 100 and 200 ppm). Tedinm then was poured into petri plates and theespof fungi

were placed on the medium with the help of inocutuneedle. These petri plates were wrapped in pehg bags
containing a few drops of alcohol and were plagedn incubator at 30 °C. The controls were alsoamah three
replicates were used in each case. The linear grofvthe fungus was recorded by measuring the demoé the

fungal colony after 96 h and the percentage inioibitvas calculated by the equation:

% Inhibition D (C — TC) 100
Where C and T are the diameters of the fungal golothe control and the test plates, respectij2dy.

Antibacterial activity

Antibacterial activity was tested against Gram {wgcherichia colendPs. Aeruginosa Bacillus subtilighd Gram
+veBecillus megateriumand S.taphylococcus aureusising the paper disc plate method [30,31]. Eactihef
compounds was dissolved in methanol and solutidnthe concentrations (500 and 1000 ppm) were pesbar
separately. Paper discs of Whatman filter paper. @29 of uniform diameter (2 cm) were cut and $itexd in an
autoclave. The paper discs soaked in the desinedeatration of the complex solutions were placezbtisally in
the petri dishes containing nutrient agar media(@® g C beef extract 3 g C peptone 5 g) seed#dBEvicoli and
B. subtilis bacteria separately. The Petri dishesevincubated at 37 °C and the inhibition zoneswecorded after
24 h of incubation. The antibacterial activity @hemon standard antibiotic Streptomycin was alsongd using
the same procedure as above at the same concamdraind solvent. The %Activity Index for the compleas
calculated by the formula as under:

% Activity Index = D Zone of inhibition by test cgraund x 100 /Zone of inhibition by standard
RESULTSAND DISCUSSION

The toxic effect of all the complexes on fungi f@&n in Table 3. The results give the following clusions. All
the complexes are toxic more or less to fungi. $hlestitution of phenyl rings does not have moreatfbn the
fungicidal activity of complexes. In each series u-complexes have much toxicity. This is expettechuse the
copper salts are mostly used as fungicides. Mo#tetomplexes inhibit the growth of the above aigims which
cause decease in many plants’“Guetal complexes are more toxic than others anatter for is Ci¥ > Zn*?>
Co'?> Ni**> Mn*2,

IR spectra

The important infrared spectral bands and theiigassents for the synthesized ligands and complexes
recorded as KBr disks and are presented in Tabldh@.IR data of the free ligands and its metal dewxgs were
carried out within the IR range 4000-400tm
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In the 8-hydroxyquinoline complexes of divalent aigf thev (C-O), appeared at 1120 ¢megion and the position
of the band slightly varies with the metal. ThéC-O), observed in the free oxine molecule at 1699 , shifted to
higher frequencies in all the mixed ligand compgegiving a strong absorption band at 1110'cnThis clearly
indicates the coordination of 8-hydroxyquinolinetirese complexes. In the investigated heteroctsléte band
observed in the region 3400-3500, 1295-1300, 8@D&8i 715-717 cthare attributed to —OH stretching, bending,
rocking and wagging vibrations, respectively duahe presence of water molecules. The evidencewiptexes
formation clear by appearance of new bands at ABa#d 507-516 cth which are assigned 1¢M—N) andv(M—
0), respectively(Fig. 3) [32,33].
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Figure 3. IR spectra of Cu (I1) complex.

Reflectance spectra and magnetic measurements

In order to shed some light on the geometricalcttine of the complexes, the reflectance specttaetomplexes
were recorded in the solid phase at room temperafline reflectance spectra of the Mn(ll) compléxves
absorption bands at ~14600, ~19720 and ~24400 assignable t6A1—"T1g, °A1g—"Tog and®A;g—*Ay,, “E,
transitions, respectively, in an octahedral enviment around the Mn(ll) ion. The magnetic momenugabf the
Mn(ll) complex is 6.02 B.M. due to a high-spifi-system with an octahedral geometry[34]. For th#IIT
complex, the reflectance spectra exhibits the bafidsedium intensity at ~9300, ~18050 and ~18900" cwhich
may reasonably be assignedTg,(F) —"To(F), “T14(F) —*A,¢(F) and'T,(F) —*T;(P) transitions, respectively, of
an octahedral geometry around the metaf®iand the magnetic moment value is observed to Be0& B.M. The
electronic spectra of the Ni(ll) complex exhibitssarption bands at ~10200, ~17650 and ~23800 assignable to
3A0(F) —=°Tag(F), *AsF) —°To(F) andA,(F) —°Ty4(P) transitions respectively, in an octahedral getoyfi35].
The value of the magnetic moment (2.84 B.M.) maydden as additional evidence for their octahestalcture
[35-39]. The Cu(ll) complex display a broad band #6440 cm' due to théEg—>2ng transition and the magnetic
moment value is 1.78 B.M., which is close to spntiyosalue (1.73 B.M.) expected for an unpaired &tet which
offers the possibility of an octahedral geometi§][4

This improvement in activity of complexes is alsgdiionalized on the basis of their structure eityi relationship:
A feasible manner for raise in biocidal activity yrize explained on the basis of chelation theorsrat/may be due
to light of Overtone’s concept. Chelation redudes polarity of the metal ion considerably, maingcause of the
partial sharing of its positive charge with donooups and possible-electron delocalization on the whole chelate
ring. Polysaccharides and lipids are some importanistituent of cell wall and membranes, Chelatoam
considerably reduce the polarity of the metal iwhjch in turn increases the lipophilic characterttoé chelates.
Thus, the interaction between metal ion and thd igpfavored. This may lead to the breakdown ef permeability
barrier of the cell, resulting in interference withe normal cell processes. Presence of lypoplifid polar
substituents are expected to enhance biocidaligctideterocyclic ligand with multifunctionality va greater
chance of interaction either with nucleoside bgse®n after complexation with metal ion) or witholoigically
essential metal ions present in the biosystem eaprbmising candidates as bactericides since thegya look to

2426



K. B. Patel et al J. Chem. Pharm. Res., 2012, 4(5):2422-2428

enact especially with some enzymatic functionalugey to achieve higher coordination number. Thhg, t
antibacterial property of metal complexes can roacribed to chelation alone but it is an intedalend of all the
above contributions.

CONCLUSION

The complexes were obtained as colored powderedrialat and were characterized using IR spectratrelgic
spectra, and magnetic measurements. The compouerdsimsoluble in ethanol, methanol, DMF, acetorteere
hexane, chloroform, THF, and dichloromethane, aoldilde in DMSO. The elemental analyses were in good
agreement with the complexes. From the antimictalmtivity data, it is observed that the compleggkibit higher
activity than the free ligands, metal salt, and toatrol (DMSO). The increase in antimicrobial aityi of the
complexes may be due to the metal chelation. Fromparative analysis as shown in Table 3 it is oleskthat all

the metal complexes are more potent biocidal tharigand. The zone of inhibition was measuredr{m) around
the disc and the results are represented in Taldfeddn the graph it is clear that Cu(@)highly active among the
complexes of the respective metal, this may betdysresence of ethoxy group of ligand whereas Cig(Zhost
active among all which may be due to combine efé€u(2) and functional groups on the ligand.
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Abbreviation

8HQ = 8- Hydroxy Quinoline

HL, = 5-(Ethoxymethyl-8-Quinolinol) (EMQ).
D.D.Water = Double distilled water

LB = Luria broth
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