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ABSTRACT

In the present study two new series of Copper(I1), Nickel(11) and Cobalt(l1)
complexes with synthesized Schiff base ligands 4,6-bis(1-(4-
chlorophenylimino) ethyl) benzene-1,3-diol (H,L"), 4,6-bis(1-(4-
fluorophenylimino) ethyl) benzene-1,3-diol (H,L?), 4,6-bis(1-(4-methyl pheny-
limino) ethyl) benzene-1,3-diol (H,L?) and organic ligands 8-hydroxy quino-
line, 1,10-phenanthroline have been prepared. The Schiff basesH,L*, H L?
and H,L?ligands were synthesized by the condensation of 4,6-diacetyl re-
sorcinol with 4-chloroaniline, 4-fluoroaniline and 4-methylaniline. The metal
complexes were synthesized by the reaction of Schiff base ligands and or-
ganic ligandswith metal salts. The metal complexes have been characterized
by FT-IR, UV-Vis, elemental analysis, ESR and Therma gravimetric analysis.
Themixed ligand metal complexesweretested for antimicrobia activity against
gram positive bacteria Staphylococcus aureus, Streptococcus Pyogenesand
gram negative bacteria Escherichia coli, Pseudomonas aeruginosa and fun-
gus Candida albicans, Aspergillus Niger and Aspergillus clavatus using
broth dilution method. © 2010 Trade Sciencelnc. - INDIA
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INTRODUCTION

Metd chelationisinvolvedin manyimportant bio-
logical processeswherethe coordination can occur be-
tween avariety of the metal ionsand awiderange of
ligandg*?. Generally, the chelating ligand is a
polyfunctiona moleculewnhich can encasethemetal in
anorganic sphere. Many typesof the Schiff baseligands
are known and the properties of their derived metal
chelateshave beeninvestigated®. Acyclicligandshav-
ing nitrogen, oxygen and sul phur donor atomsin their

structures can act as good chel ating agentsfor transi-
tion and non-transition meta iong**®. Alkyl resorcinol
and aromatic resorcinol are reported to possessval u-
abletherapeutic and antiseptic properties. In particul ar,
4-alkyl resorcinol isreported to have skin beautifying
effect, low toxicity and irritation when applied onto
human skint”®, 8-Hydroxyquinoline and 1,10-
Phenanthroline have been extensively used asaligand
inboth anaytica and preparative coordination chemis-
try. Asan important building block, both the ligands
units play animportant rolein the development of the
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supramolecular chemistry®®. Themeta chdating prop-
ertiesof 1,10-phenanthrolinehavebeenwiddy utilized
inal aspectsof coordination chemistry aswell asinits
recent applicationsto devel op biomimetic model s of
metall oenzymesand to prepare supramol ecul es, self-
assembling systems or metal complexeswith interest-
ing anticancer properties?*3, The present work, is
extension to our work* wherethe ligandswere syn-
thesized by the condensation of 4,6-diacetylresorcinol
with4-chloroaniline, 4-fluoroanilineand 4-methylaniline,
to afford the corresponding Schiff baseligands, which
servesastetradentate Schiff baseligands, abbreviated
asH, LY, H,L?and H,L® respectively. Reaction of the
Schiff base, H,L*, H,L? and H,L?, ligands with
copper(Il), nickel(11) and cobalt(ll) ions and further
react with another organicligandsinmolar 1:2:2ratio
afforded the corresponding trangition meta complexes.

EXPERIMENTAL

Materials

4,6-diacetyl resorcinol and Schiff baseligandswere
synthesized according to the method reportedin litera-
ture™, Copper(Il), Nickel(I1) and Cobalt (1) were
used asnitrate salts and were obtained from Rankem.
All aminesand organic ligandswereMerck; organic
solvents EtOH, MeOH, DMF and DM SO were re-
agent grade.

Physical measurements

IR spectra (4000-400 cmt) of themetal chelates
were obtained using KBr discs, on 8400 FTIR
SHIMADZU Spectrometer. Mass spectra were re-
corded on QP 2010 SHIMADZU GCM S spectrom-
eter. Electronic spectraof themeta complexesinDMF
wererecorded on aPerkin EImer Lambda 19 spectro-
photometer, and ESR was recorded on E-112 ESR
spectrometer, at X-band microwave frequency (9.5
GHz) with sensitivity of 5x10%° AH spins. Thermal
GravimetricAnalyses(TGA) wascarried out by using
Perkin Elmer (Pyris1 TGA) from 50°C to 800°C un-
der heating rate of 10°C/min. Elementd analysis(C, H
and N) were carried out on Elemental Analyzer
PERKIN ELMER 2400, and analysis of metal was
caried out by EDTA titration method, inwhichthemetd
complex first evaporatein conc. Nitric acid and pre-

pareastock solution. Thissolutionwithammoniathen
titratesagainst EDTA by using appropriateindicator.
M agnetic moment of the compound was measured by
GOUY badanceusingHg[Co(CNS)] asstandard.

Synthesis of metal complexes

An ethanolic solution of the meta (I1) nitrate
(hexahydrate) (20 ml) was gradually added to an
ethanolic (30 ml) solution of the Schiff baseligandin
2:1 molar ratio and the solutionwasstirred for 1Lh. An
ethanolic solution of the other ligands L’ (L’ = 8-HQ,
1,10-Phen) wasthen added to the previous solutionin
themolar ratio 2:1. Thesolutionwas continuoudy tirred
for 4h, during which themetal complex precipitated.
Theresulting preci pitateswerefiltered off, washed with
ethanol then diethyl ether andfindly air-dried. Thecom-
plex isair stableinthe solid stateand solublein DMF
and/or DM SO. The progress of reaction was moni-
tored by TLC. M.P. of these complexesare >300°C.
(Schemel).

Antimicrobial screening

All newly synthesized compoundsweretested for
their antibacterid activitiesagainst gram postive bacte-
ria Saphyl ococcus aureus, Sreptococcus Pyogenes
and gram negative bacteria Escherichia coli,
Pseudomonas aeruginosa and antifungal activity
against Candida albicans, AspergillusNiger and As-
pergillus clavatus. The method used to evaluate the
antimicrobia activity was ‘Broth Dilution Method’. It is
one of the non-automated in vitro susceptibility tests.
Serid dilutionswere prepared in primary and second-
ary screening®24, TheM|IC of the control organismis
read to check the accuracy of thedrug concentrations.
Thelowest concentration inhibiting growth of theor-
ganismisrecorded asthe MIC. TheMIC vauesof the
newly synthesized compounds have been comapered
withthe standard drugsAmpicillin, Chloramphenicol,
Nystatin and Greseofulvin.

RESULTSAND DISCUSSION

Themetal complexeswere confirmed by various
analytical techniquessuchasIR, ESR, UV-Vis. Spec-
troscopy and TG analysis. (TABLE 1) liststhephysical
and anaytica dataof metal complexes. Theantimicro-
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Scheme1: Sructureof metal complexes
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bial activities of metal complexes are depicted in
(TABLE?2).

Characterization of metal complexes
IR spectra

IR spectraof the complexeswererecorded to con-
firmtheir structures. The assignmentswere aided by
comparison withthevibrationd frequenciesof thefree
ligand and their related compounds. Therearethree
conceptual featuresin theinfrared spectraof the com-
plexes. Theformer oneisthe shift of thestretching fre-
guenciesof the azomethine (—C=N-) group of the tran-
stion metal complexesto lower frequenciesandliein

therangeof 1610-1630 cm, compared with thefree
ligand bands at 1642 and 1631 cm®, which may be
dueto the coordination of thetwo azomethine groups
tometd ions. Thislowering shiftisnot significantinmaost
cases asexpected and it isbelieved that, thisisdueto
theinterferencewith the deformation of thewater mol-
ecul esassociated with the complexes. The second fea
tureisthe bandsintherangeof 3352-3572 cm*which
can be assigned to the stretching frequencies of the
v(OH) of water molecules associated to the complexes
which areaso confirmed by the TG anadysis. Thethird
featureistheweak to medium bandsin thetwo ranges
440-560 and 576-610 cm™, which could be assigned
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TABLE 1: Theanalytical and physical data of themetal complexes

No. Complex Formula MW, Color viedd Elemental analysis, % Found/(Calcd)
(%) C H N M
1 [CoALYBHQ(HOM]  CaoHaClCONOg BIO5L oo g (2‘3‘:8‘11) (;‘:83) (g:g% &g:gg)
2 [Nio(LY)(8-HQ), (H,0).] CaoHaClNuNi,Op 889.03 Green  81% (2‘3‘:8;‘) (3:2% (g:gg) (ig:ig)
3 [CU(LY)(8-HQ),(H,0)]  CaoHasClo,CUoN,Og 898.73 Deepblue  86% (gg:gg) (212‘1‘) (g:ig) (ﬂ:ég)
4 [COLIBHQ:(H0M]  CioHuCOFMNOp 8566 oo 704 (gg:‘l)% (j:ig) (2:2‘7‘) (ig:;g)
5 [Nio(L?)(8-HQ), (H,0).] CacHssFoNaNisOs 85612  Green  84% (ggzég) (j:g‘l‘) (g:gi) (ig:g)
6 [Cux(L?)(8-HQ)» (H;0).] CaoHssCUsFoN,O5 865.82 Deepblue  80% (gg:g% (j:ég) (g:;‘g) (ﬂ:gj)
7 [Cox(L?)(8-HQ), (H;0).] CoHaCoN,O; 84867 oo™ g1o4 (gg:‘s‘% (g:g% (212(1)) &j:gg)
8 [Nio(L3)(8-HQ), (H,0).] CoHoNNisOy 84819  Green  79% (ggg) (gj’g) (g:géll) (ig:g‘l‘)
9 [Cuy(L%)(8-HQ), (H,0).] CaHuCuN,Os  857.9 Deepblue  83% ég:g% (g:gg) (gzgi’) (ﬂ:g%
10 [Cox(L)(L,10-Phen), (NOs)o(H;0),] CasHasCloCoNgOyo 1049.6 'T)er‘é‘j\i/ﬁ‘ 78% (gg% (212613) &8:28) (ﬂéi)
11 [Niy(LY)(1,10-Phen), (NO)o(H,0)5] CagHasCloNeNi,0p 1049.12  Green  76% (gg:gg) (22‘5"% (ig% (ﬂég)
12 [Cuy(LY)(1,10-Phen),] (NO3)o(H,0) CagHsrCl,CUNeO, 898.78 Deepblue  84% (gi:ﬂ) é:gg) (ggg) (ﬂég)
13 [Co(L)(1.10-Phen); (NO2)o(H;0),] CugHsCOFNOso 101669 ool g (giﬂ) (g:gz) (ﬂ:‘ﬁ) (ﬂ:gg)
14 [Niy(L?)(L10-Phen), (NO2)y(H,0),] CagHagFoNeNi,Op 101621  Green  86% (gj:ﬂ) (3221) &3:82) (ﬂ:gg)
15 [Cuy(L?)(1,10-Phen),] (NO3)o(H,0) CusHsxCUsFoNGO, 865.87 Deepblue  83% (gg:gg) (3123) (g:gé) (ﬂ:gj)
16 [Coa(L)(1.10-Phen); (NO2)x(H;0):]  CagHesCONGOso 100876 ool 7004 (g;:(l)g) (ﬁg) (iﬂé) (ﬂ:g%
17 [Niy(L)(L10-Phen),(NO)y(H,0)] CagHaNeNi;Oyo 100828 Green  78% (g;ég) (ﬁg) (ﬂ:g) (ﬂ:g‘?‘)
18 [Cuy(L%)(1,10-Phen),] (NOg)s(H,0) CusHaCusNeO, 857.95 Deepblue  79% (g;:ig) (j:gg) (%%‘i) (ﬂ:gé)

to the stretching frequencies of thev(M—0) and (M—
N) bands, respectively, supporting that the bonding of
theligandstothemetal ionsisachieved by thephenolic
oxygen, and azomethine nitrogen atoms of the
ligands/*>1€, |n case of organic ligand 1,10-
phenanthroline, theNO, ionisattached to coordina-
tion sphere as anion. The complexes contain 1,10-
phenanthroline, IR frequency of NO, ionincomplexes
show threeweak bands at 1340, 1050 and 990 cm™.
ThelRfrequency of NO, in copper complexes show
band at 1400 cm™. (Figure1).

Electronic spectraand magnetic moments

The electronic spectraof the complexes showed
several absorption bands, including absorption bands
of theligandsand d-d transitions of the metal ions.

Thedectronic spectrum of Co (1) complex hasmul-
tiple bands observed at 428nm, 390-410nm and 480-
500nm. These bands are ascribed to T, (F)—>*T,;
4Tlg(F)—>4Azg and 4Tlg(F)—>4Tlg(P) transitions re-
spectively, whichisconsistent with the octahedra ge-
ometry. The Ni(ll) complex hasthree spin allowed
trangitionsat 250nm, 462nm, 520-581nmand 735nm.
These bands are correlated to °A, —°T,
3Azg—>3Tlg(F) and 3Azg—>3Tlg(P) transitions respec-
tively inan octahedral stereochemistry. Theeectronic
spectrum of Cu(ll) complex showsamultiple struc-
tured broad band in the range 331-435nm which may
be assigned as a combination of three transitions
B, —>2A B, —>ZB and B, —>2E in adistorted
octahedral geometry for compl exes (3) (6) and (9),
and 2B1g — 2A1g inasguare planar geometry for com-
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TABLE 2: Antimicrobial activity of metal complexes

Minimal inhibition concentration (M1C) (ug/ml)

Antibacterial activity

Antifungal activity

Sr.No Complex E.Coli P.Aeruginosa S. Aureus S. Pyogenus C. Albicans A. Niger A. Clavatus
MTCC-443 MTCC-441 MTCC-96 MTCC-442 MTCC-227 MTCC-282 MTCC-1323
1 [Coy(LY)(8-HQ), (H,0)4] 250 250 500 500 500 400 1000
2 [Nin(LY)(8-HQ), (H,0)4] 500 500 1000 1000 500 500 250
3 [Cux(LY)(8-HQ), (H0)4] 125 250 250 500 500 250 500
4 [Cox(L?)(8-HQ), (H0)4] 250 100 250 500 1000 1000 500
5 [Nix(L?)(8-HQ), (H,0)4] 100 500 500 100 500 500 250
6 [Cux(L?)(8-HQ), (H0)4] 500 250 500 250 500 100 500
7 [Cox(L3)(8-HQ), (H20)4] 62.5 125 200 250 250 250 100
8 [Nix(L%)(8-HQ), (H,0)4] 100 125 500 500 250 250 500
9 [Cux(L3)(8-HQ), (H,0)4] 500 500 250 250 500 500 100
10 [Coy(LY)(1,10-Phen), (NO3),(H,0),] 250 250 100 500 250 250 500
11 [Niy(LY)(1,10-Phen), (NO3),(H,0),] 250 500 500 500 100 500 500
12 [Cuy(LY)(1,10-Phen),] (NO3)»(H,0) 500 250 100 250 500 100 250
13 [Coy(L?)(1,10-Phen), (NO3)»(H,0),] 100 125 500 500 250 250 500
14 [Niy(L?(1,10-Phen), (NO3),(H,0),] 500 500 250 250 500 500 100
15 [Cuy(L?)(1,10-Phen),] (NO3),(H,0) 250 250 100 500 250 250 500
16 [Coy(L3)(1,10-Phen), (NO3)»(H,0),] 500 500 1000 1000 500 500 250
17 [Niy(L3)(1,10-Phen),(NO3),(H,0)] 125 250 250 500 500 250 500
18  [Cuy(L3)(1,10-Phen),] (NO3)»(H,0) 100 500 500 100 500 500 250
Standard Drugs

1 Ampicillin 100 100 250 100

2 Chloramphenicol 50 50 50 50

3 Nystatin 100 100 100
4  Greseofulvin 500 100 100

plexes (12), (15) and (18)1719,
Themagneticmoment vaueof theCu(ll) complexes
3,6& 9(1.70B.M.) isvery closeto the spin value
(1.73B.M.) expected for one unpaired € ectron which
offersthe possibility of an octahedral geometry. The
magnetic moment of Cu(ll) complexes(12), (15) &
(18) show lessvalue(1.64 B.M.). Thelarger variation
in the magnetic moment values (2.9-3.4 B.M.) for a
high-spin Ni(11) complex (2.83 B.M.) dependsonthe
magnitude of the orbital contribution. The magnetic
moment value (2.88B.M.) inthe present work iswithin
therange expected for similar octahedral Ni(ll) ions.
The magnetic moment vauesfor the Co(ll) complexes
have been used as criterion to determine the type of
coordination around themetd ion. Duetotheintrinsic
orbital angular momentumintheground state, thereis
consstently aconsiderableorbita contribution andthe

effective magnetic moment lies between 4.7 and 5.2
B.M. at room temperature. In the present complexes
the magnetic moment value (4.74 B.M.) suggest an
octahedra geometry for the Co(Il) complexinthehigh-
Spin state2021,

Thermal analysis

Therma methodsof anaysisopen anew possibil-
ity for theinvestigation of metal complexes. Thether-
mal behavior of dl themetal complexeswas studied by
using thermo gravimetrictechniquesat a50-800°C tem-
perature range. The datafrom thethermo gravimetric
analysesindicated that the decomposition of the com-
plexes (1) to (9) proceeds in three steps. The com-
plexes|ost water molecul es between 50-120°C, the
decomposition of complex between 120-500°C and
formed metd oxidesabove500°C for the Cu(ll), Ni(ll)
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Figurel: IR spectraof metal complex
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Figure3: TG analysisof complex 10

and Co(ll) complexes. Water of hydration isassoci-
ated with complex formation and isfound outside the
coordination sphereformed around the central metal
ion?, Thethermd gravimetric analysisof meta com-
plexes (10) to (18) proceed infour stages. The TGA
curveof the complexes show lossof | attice/coordinate
water molecul e between 50-200°C followed by re-
moval of NO, ion between 200-300°C inthe second
stage. Thethird stage correspondsto the decomposi-
tion of complexes between 300-500°C. the curve at
500°C and above can be assign to the formation of
metal oxideof Cu(Il), Ni(ll), Co(Il) intheforth stage.
(Figure2 & 3).

Figure4: ESR spectraof metal complex 6
ESR spectra

The ESR spectraof all copper complex show in-
tense broad bandswith g =2.00255-2.00277, thevalue
of g and the shape of the ESR signal ssuggest octahe-
dra incomplexes(3), (6) & (9) and show bandswithg
= 2.00223 for complexes (12), (15) & (18) suggest
square planar in coordination around the Cu(l1) iong!
(Figure4).

Antimicrobial activities
Anti bacterid and antifungd activitiesof themetal

complexeswere carried out against the bacteria Sa-
phylococcus aureus, Sreptococcus Pyogenes, Es-
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cherichiacoli and Pseudomonas aeruginosa and the
fungus Candida albicans, AspergillusNiger and As-
pergillusclavatusby the ‘Broth Dilution Method’ us-
ing Ampicillin, Chloramphenicol, Nystatin and
Greseofulvin as standards?. TheMinimal Inhibitory
Concentration (MIC) against bacteriaand fungi of metal
complexeswerecompared withtheMIC valuesof stan-
dard drugs.

The MIC vaues of metal complexes (3), (17)
(125ug/ml) and (5), (8), (13), (18) (100ug/ml) (100ug/
ml) areequivdent totheMIC vaueof ampicillinagainst
E. Coli, whilethe MIC value of complex (7) (62.5ug/
ml) isslightly morethan the standard drug Chloram-
phenicol againgt E. Coli. TheMIC vaues of the metal
complexes(4) (100ug/ml) and (7), (8), (13) (125ug/
ml) arenearly equivdent totheMIC valueof ampicillin
against P. Aeruginosa. The MIC values of the com-
plexes(3), (4), (7), (9), (14), (17) (250ug/ml) against
S Aureusaresimilar to that of standard drug ampicil-
lin, whilethe complexes 10, 12, 15 (100ug/ml) show
relatively low MIC vaue. The MIC vaue of complex
(5) and (18) (100ug/ml) revealsidentical MIC value
againgt S. Pyogenuswith referenceto ampicillin. The
MIC valuesof metal complexes (1), (2), (3), (5), (6),
(9), (12), (14), (16), (17), (18) (500ug/ml) against C.
Albicans are similar to that of standard drug
Greseofulvinwhilethe complexes(7), (8), (10), (13),
(15) (250ug/ml) show relaively haf MIC vaues. The
metal complex (11) (100ug/ml) revealsidentica MIC
valueagainst C. Albicanswith referenceto Nystatin.
The MIC values of complexes (6) and (12) (100ug/
ml) against A. Niger are comparableto the standard
drugs Nystatin and Greseofulvin. The MIC values of
thecomplexes(7), (9) and (14) (100ug/ml) against A.
Clavatus are comparabl e to standard drugs Nystatin
and Greseofulvin.

CONCLUSION

Theligand H,L behaves asadibasic tetradentate
ligand with O:N:N:O donor sequence coordinating
through the nitrogen of the azomethinefree and both
oxygen of phenol groups. All the complexeshavea
polymeric octahedral geometry with aligand: metal:
ligand ratio of 1:2:2. Coordinated water moleculeis
foundinadl thedivaent complexes. Onthebasisof ana-

—= Fyll Peper

lytica, magnetic and el ectroni c spectrd datapolymeric
octahedra/distorted octahedral geometrieshavebeen
proposed for all thecomplexes. Theresultsof thebio-
logica screeningof meta complexesreved that thean-
timicrobid activitiesof thechdated ligandsareenhanced
ascompared tothefreeligands.
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