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ABSTRACT

Mixed ligand complexes of transition metal with @rplinols and 5-Alkoxymethyl-8-quinolinol have bee
prepared. Structural, spectroscopic and thermalgenties have been studied on the basis of infrapettra, Mass
spectra, NMR spectra, electronic spectra, and etealeanalyses. The ligands, metal salts, complec@strol and
standard drug were tested for their antimicrobiattigity. The metal complexes exhibit good actidtainst
Bacterial strains Gram +ve and Gram —ve and fungimhins compared with parental compounds and mdedera
compared with the standard drugs.
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INTRODUCTION

8-Quinolinol (8Q) or its derivatives have beendwalnced as chelating groups. [1-3].The chelating@riies of the
compounds of the 8Q series are related to its ficdd activity [4]. Clioquinol is an antifungal dyuand

antiprotozoal drug. It is neurotoxic in large doskss a member of a family of drugs called hydyrguinolines
which inhibit certain enzymes related to DNA reption. The drugs have been found to have acti\ghirest both
viral and protozoal infections [5]. Heterocyclesntning the quinoline ring constitute a wide vayrieof

biologically active compounds [6]. 8-hydroxyquinadi (8Q) and its metalloquinolates have attracteatginterest
because their high thermal stability and good ebaaiinescence properties make them important proical

electron transport and emitting materials for OLHEvices [7-9]. 8-Hydroxyquinoline (8-quinolinol, ioe, 8Q)

might be thought to function as a phenol, but @& thisomeric hydroxyquinolines only oxine exhitstgnificant

antimicrobial activity, and is the only one to hakie capacity to chelate metals. If the hydroxguyr is blocked so
that the compound is unable to chelate, as in tle¢hyh ether, the antimicrobial activity is destrdyeThe

relationship between chelation and activity of @ximas been investigated [10-12]. Copper 8-quintdieo(copper
oxinate), the copper compound of 8-hydroxyquinqgliseemployed as an industrial preservative foragety of

purposes, including the protection of wood andiliextagainst fungus-caused rotting, and interiantgafor food

plants. It has 25 times greater antifungal actitfiign oxine [13]. Mixed-ligand chelates serve dtabile models for
valuable information in the elucidation of enzymairocesses of biological relevance[14].

We were incited to study the formation of CQ-metinplexes in a media with an ionic compositioniksinto the
brain extracellular environment[15]. Thermal anayslthough an old technique, is now proving ukéfuthe
interpretation and determination of different plegsiparameters such as inorganic and organic thlgmamnics and
reaction kinetics in different fields of study su@s chemistry, polymer science, biology, medicima a
pharmaceutics [16].
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In present work, we describes synthetic, charastierispectroscopic features of new mixed liganehgiexes using
different transition metal with 8-Quinolinol(8Q) érb-Alkoxymethyl-8-quinolinol and also describe iamtrobial
activities of newly synthesized compounds.

MATERIALS AND METHODS

Reagent and solvents

All the chemicals and reagents used for the préijparaf ligands and complexes were commercial petsi(E.
Merck Ltd, India) and used without further purifiican. Clioquinol was purchased from Atul Ltd., Ag&hemical
Division, Atul, Valsad (India). Luria broth andag agar were purchased from SRL, India. Acetid acid EDTA
were purchased from Sigma Chemical Co., India. drganic solvents were purified by recommended nuefhad].

Physical measurements

The metal content of the complexes were determinetthe EDTA titration technique [18] after treatittgem with
mixture of HCIQ, H,SO,and HNQ (1:1.5:2.5). Elemental analysis was carried outgi®erkin ElImer, USA 2400-

I CHN analyzer. The magnetic moments were obtainegd the Gouy's method using mercury
tetrathiocyanatocobaltate (1) as a calibra@t16.44><1(f c.g.s. units at 28C). Diamagnetic corrections were made
using Pascal’s constant [19he IR spectra were recorded on a FT-IR NicoletDi@pectrophotometer using KBr
pellets. NMR spectra were recorded on a model Brékeance (400MHz). A simultaneous TG/DTG had been
obtained by a model 5000/2960 SDT, TA Instrumed®A at heating rate of € mir* under N atmosphere.

Preparation of ligands

Synthesis of 5-(Propoxymethyl-8-Quinolinol) (PMQ).

To a suspension of 2.3 gm. (0.01 mole) of 5-chlathyl-8-quinolinol (CMQ), propanol (3 times.) and8® gm.
(0.01 mole) of sodium bicarbonate (NaH§f@dded. The mixture was warmed on the steam bathogcasional
shaking until most of the alcohol had been evapdrathe pale yellow solid was dissolved in watet arade basic
with 5 % ammonium hydroxide. The white solid wadlemied on a filter and dried to give 2.0 gm. (8%%ld),
having m.p- 67°C. (Uncorrected).FT-IR (KBr, &nu(-OH,) 3368,u(-CN) 1218,'"H NMR (DMSO-d; 400 MHz):8
4,75 (CH- protons),d 0.95 (CH- protons),6 7.1 to 7.54 (9H, m, aromatic protons)8.5 (1H, s, OH- protons),
Elemental analysis found (%):C, 71.75; H, 6.823HzsNO, (217) requires (%): C, 71.88, H, 6.91.

Preparation of Metal Complexes

(I) Formation of Cu®* Complexes

A water solution of Cu(Ng),.3H,Owas added to dimethyl formamide solution of liggad) followed by addition
of 8-HQ in ethanol; the pH was adjusted to 4.5\iih dilute NaOH solution. The resulting solutiams refluxed
for 7 h and then heated over a steam bath to esgpop to half of the volume. The reaction mixturas kept
overnight at room temperature. A dark green colargdtalline product was obtained. The yield of wified

complex was 74%. The obtained product was wash#u ether and dried over vacuum desiccators. Thetioza
scheme is shown in Fig: 1 and Analytical and plalsi@ta are shown in Table 1.

(1) Formation of Ni ?* Complexes
Ni*? complexes was synthesized by same method use@Lifdcomplexes. A light blue colored crystalline protuc
was obtained. The yield of a purified complex wa%67

(1) Formation of Co ?* Complexes
Ca™ complexes was synthesized by same method use@u@rcomplexes. A light brown colored crystalline
product was obtained. The yield of a purified coexplvas 65%.

(IV) Formation of Mn ?* Complexes
Mn*? complexes was synthesized by same method us&lifocomplexes. A light pink colored crystalline protiuc
was obtained. The yield of complex was 65%.

(V) Formation of Zn** Complexes

Zn*? complexes was synthesized by same method usetLifdicomplexes. A pale yellow colored powder product
was obtained. The obtained product was washedethitr and dried over vacuum desiccators. The yvelsl 75%.
Antimicrobial studies

Antifungal activity
The antifungal activity of the standard fungicididucanazone), ligand and complexes were testeth&ar effect on
the growth of microbial cultures and studied fagithinteraction withAspergillus niger andrichothesium Spusing
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Czapek’s agarmedium having the composition, glu@sg, starch 20 g, agar-agar 20 g and distillegtinE000 ml.
To this medium was added requisite amount of threpounds after being dissolved in methanol so agetahe
certain concentrations (50, 100 and 200 ppm). Tadinm then was poured into petri plates and theespaf 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 alsoamd three
replicates were used in each case. The linear grofvthe fungus was recorded by measuring the demué the
fungal colony after 96 h and the percentage inibibitvas calculated by the equation: % Inhibitioff@- T/C) 100
Where C and T are the diameters of the fungal golloithe control and the test plates, respectij20y.

Antibacterial activity

Antibacterial activity was tested against Gram {&scherichia colandPs. Aeruginosa, Bacillus subtiliaghd Gram
+ve Becillus megateriunand Staphylococcus aureusising the paper disc plate method [21, 22]. Eaclthef
compounds was dissolved in methanol and solutidnthe concentrations (500 and 1000 ppm) were pegpbar
separately. Paper discs of Whatman filter paper. @2 of uniform diameter (2 cm) were cut and $itexd in an
autoclave. The paper discs soaked in the desiredeotration of the complex solutions were placezbtsally in
the Petri dishes containing nutrient agar median@@ g C beef extract 3 g C peptone 5 g) seedédBwicoli and
B. subtilisbacteria separately. The Petri dishes were inedbat 37 °C and the inhibition zones were recoaftst
24 h of incubation. The antibacterial activity anemon standard antibiotic Streptomycin was alsendsd using
the same procedure as above at the same concamératnd solvent. The %Activity Index for the compleas
calculated by the formula as under:

% Activity Index = D Zone of inhibition by test cgraund x 100Zone of inhibition by standard
RESULTS AND DISCUSSION

The toxic effect of all the complexes on fungi i®®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 moreafbn the
fungicidal activity of complexes. In each series fPu-complexes have much toxicity. This is expettecause the
copper salts are mostly used as fungicides. Mottt@tomplexes inhibit the growth of the above argas which
cause decease in many plants:“Guetal complexes are more toxic than others anatter for is Cif > zZn"*>
Co?> Ni*?> Mn*2

IR spectra

The important infrared spectral bands and theiigassents for the synthesized ligands and complexese
recorded as KBr disks and are presented in Tabléh@.IR data of the free ligands and its metal demgs were
carried out within the IR range 4000-400tm

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-0), observed in the free oxine molecule at 1690 , shifted to
higher frequencies in all the mixed ligand compieggiving a strong absorption band at 1110*cnThis clearly
indicates the coordination of 8-hydroxyquinolinetirese complexes. In the investigated heteroctsl#dte band
observed in the region 3400-3500, 1295-1300, 86D&8i 715-717 cthare attributed to —OH stretching, bending,
rocking and wagging vibrations, respectively duethe presence of water molecules.[23] The evideoice
complexes formation clear by appearance of new $ahd18-432 and 507-516 ¢nwhich are assigned igM—

N) andv(M-0), respectively [24,25].

Reflectance spectra and magnetic measurements

In order to shed some light on the geometricalcstine of the complexes, the reflectance specttheotomplexes
were recorded in the solid phase at room tempexyafline reflectance spectra of the Mn(ll) compléwves
absorption bands at ~14600, ~19720 and ~24400 assignable tGA;;—"T1g *A15—"Tog and °A;—*Ay, “Eg
transitions, respectively, in an octahedral envitent 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 [26]. For theII
complex, the reflectance spectra exhibits the bafigsedium intensity at ~9300, ~18050 and ~18900"cwhich
may reasonably be assignedTgy(F) —*Tx(F), “T1(F) —*Ax(F) and’T1(F) —*T14(P) transitions, respectively, of
an octahedral geometry around the metal ion [2d] the magnetic moment value is observed to be@§ B.M.
The electronic spectra of the Ni(ll) complex extsbabsorption bands at ~10200, ~17650 and ~23800 cm
assignable tGA,(F) —°TaF), *Ax(F) —°T14(F) and®Ax(F) —°T14(P) transitions respectively, in an octahedral
geometry. The value of the magnetic moment (2.84.Bmay be taken as additional evidence for thetabedral
structure [28-31]. The Cu(ll) complex display admnidand at ~15440 cfndue to thezEg—>2T2g transition and the
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magnetic moment value is 1.78 B.M., which is clésespin-only value (1.73 B.M.) expected for an umzh
electron, which offers the possibility of an octdfe geometry [32].

This improvement in activity of complexes is alsodiionalized on the basis of their structure wityi relationship:

A feasible manner for raise in biocidal activity yrtae explained on the basis of chelation theorgrat/may be due
to light of Overtone’s concept. Chelation redudes polarity of the metal ion considerably, maingchuse of the
partial sharing of its positive charge with donoougps and possible-electron delocalization on the whole chelate
ring. Polysaccharides and lipids are some importotstituent of cell wall and membranes, Chelateam
considerably reduce the polarity of the metal ihjch in turn increases the lipophilic characterttod Chelates.
Thus, the interaction between metal ion and thd igpfavored. This may lead to the breakdown efplermeability
barrier of the cell, resulting in interference withe normal cell processes. Presence of lypophitid polar
substituents are expected to enhance biocidalityctideterocyclic ligand with multifunctionality va greater
chance of interaction either with nucleoside base®n after complexation with metal ion) or wittoloigically
essential metal ions present in the biosystem eaprémising candidates as bactericides since thegya look to
enact especially with some enzymatic functionalugsy to achieve higher coordination number. Thag, t
antibacterial property of metal complexes can roascribed to chelation alone but it is an intedalend of all the
above contributions.

Table -1. Analytical and physical parameters of §and and complexes

Molecular vield % Metal analysis Elemental analysis
Compounds formula M. wt gm/mole % Cal Found % C % H % N
) Cal. | Found | Cal. | Found| Cal.| Found
HL-3 CisHisNO;, 217 85 71.88| 71.75| 6.91 682 645 6.39
(HL-3) Cu”? | CpH2N,0sCu™ 459.98 74 13.81 13.73 5744 57.32 526 5.16 6.09.01 6
(HL-3)Mn*™ | CpH4N,0sMn* 451.37 65 12.17 12.11 58.84 58.18 536 532 6.21.12 6
(HL-3) Ca™ | CpH2N,05Ca™ 455.36 65 12.94 12.83 58.03 57.92 531 5.28 6.15.04 6
(HL-3) Zn*? | CyH2N,0sZn™ 461.84 75 14.16 14.03 5731 57.12 524 5.19 6.07.94 5
(HL-3) Ni"? | CyHaaN,OsNi™? 455.12 70 12.90 12.79 58.06 57.97 532 527 6.16.02 6
Table 2 FT-IR data of synthesized ligand & complex@
Compounds _Frequencies le
OH Aromatic | 8-HQ Moiety C-N CH,
1599 2850,
HL3 3800-2690 1507 1232’11547756 1275-1298| 2920,
3028 ' 1450
1610 2847
1610
1577 1270 2928
HL,—m | 3900-2000) 2497 1509 1466
1466
M= Cu*?, Ni*?, Co+2, Mri?, Zn'.
Table 3: Antimicrobial activity of sample
Zone of inhibition (in mm)
Sample Antifungal activity Gram + Ve Gram -Ve
Trichothesium Sp. | A. niger | Becillusmegaterium | S.taphylococcusaureus | Ps. aeruginosa | E-Coli
8HQ 45 52 10 13 12 15
HL-3 55 53 11 10 09 10
DMSO 15 16 10 09 10 11
Cu-Salt 15 13 11 10 10 13
Mn-Salt 14 17 13 12 14 15
Co-Salt 15 17 07 06 10 10
Zn-Salt 10 11 10 06 08 08
Ni-Salt 12 17 13 10 11 09
(HL-3) Cu™? 78 81 13 18 18 19
(HL-3) Mn *2 53 57 19 23 22 21
(HL-3) Co™ 63 70 08 08 12 12
(HL-3) Zn™? 67 71 17 14 18 13
(HL-3) Ni*? 63 67 23 11 20 17
680
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Fig.1

CONCLUSION

The complexes were obtained as colored powderedrialat and were characterized using IR spectrairelsc
spectra, and magnetic measurements. The compoua@simsoluble in ethanol, methanol, DMF, acetorteere
hexane, chloroform, THF, and dichloromethane, aoldbte in DMSO. The elemental analyses were in good
agreement with the complexes. From the antimictawmtvity data, it is observed that the complegghibit higher
activity than the free ligands, metal salt, and toatrol (DMSO). The increase in antimicrobial sityi of the
complexes may be due to the metal chelation. Frmmparative analysis as shown in Table 3, it ioled that all
the metal complexes are more potent biocidal thardigjand. The zone of inhibition was measuredi{m) around
the disc and the results are represented in Tabtés3clear that Cu(ll)s highly active among the complexes of the
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respective metal, this may be due to presenceagfgxy group of ligand whereas Cu(ll) is most actareong all
which may be due to combine effect of Cu(ll) anddiional groups on the ligand.
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Abbreviation

8HQ = 8- Hydroxy Quinoline

HL; = 5-( Propoxymethyl-8-Quinolinol) (PMQ).
D.D.Water = Double distilled water

LB = Luria broth
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