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Abstract: A Schiff base ligand derived from o - methoxy bddehyde and 2- amino phenol and its transition
metal complexes with Fe(ll) and Cu(ll) have beentlsgsized which were characterized by elementdysisa
molar conductance, magnetic susceptibility, eledtrgpectra, IR and ESR spectroscopy. The metapknms
are coloured, solid and non-hygroscopic in natufbe Schiff base ligand exhibits bidentate nature,
coordination through azomethine nitrogen and phermtygen to the metal ions. On the basis of ebeitr
spectral analysis and magnetic susceptibility \@lgeometry of complexes were proposed to be txdrah
The molar conductivity data of complexes suggehtsrtnon-electrolytic nature. The ligand and metal
complexes have been screened for their microbicébgictivity.
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INTRODUCTION

Schiff bases are an important class of ligand @ field of coordination chemistryDuring the past two
decades, considerable attention has been paidetachibmistry of the metal complexes of Schiff bases
containing nitrogen and other donor atémd large number of Schiff bases and their metahmiexes have
been found to possess important biological andiytataactivity®’. Due to their great flexibility and diverse
structural aspects, wide ranges of Schiff baseg lmen synthesized and their complexation behavi@sr
studied. Schiff bases are also used as an efficient réagérace analysis of some metal catitils

In the present paper, metal complexes of Fe(ll) @odl), with Schiff base ligand derived from o-rheky
benzaldehyde and 2- amino phenol have been synélgeand these complexes were characterized by efaime
analysis, magnetic susceptibility, molar condugfivheasurements, electronic spectra, IR, and E&Rtren
to determine the mode of bonding and geometry. Mlegobiological activities of the ligand and thenetal
complexes have also been studied.
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MATERIALS AND METHODS
Instrumentation:

All the used chemicals and solvents were of AR gradd were used without further purification. Alet
reagents used for the preparation of Schiff bas® raetal salts were obtained from Loba chemie. The
percentage compositions of the elements (CHNO)hef ¢compounds were determined using an element
analyzer CHNO model Flash EA 1112 series. The nustalents of the complexes were analyzed by ICPAES
(Inductive coupled plasma atomic emission speatq@gcin an Iris Intrepid 1l XSP model instrumenthél
Infrared spectra were recorded as potassium bror(kdgr) discs using a 8400 FTIR Perkin Elmer
Spectrophotometer.The electronic Spectrum of coxeglewere recorded on ELICO SL -159 UV-Vis
Spectrophotometer. The Electron spin resonancerap@SR) were recorded on E - 112 ESR Spectroragter
I.I.T. Mumbai. Melting point of ligand and their na¢ complexes were recorded using Differencial &oamn
Calorimeter (DSC) instrument. The molar condugjiviteasurements were made on ELICO CM -180 model
using methanol as the solvent. Magnetic susceipfiluif complexes were measured by Gouy’s methodgusi
mercury tetraisothiocyanatocobaltate as the calfibr

Synthesis of ligand [N - (0 - methoxy benzaldehyd@)— amino phenol] (NOMBAP):

The Schiff base ligand NOMBAP was synthesized lilyixeng equimolar amount of ethanolic solution of-o
methoxy benzyldehyde with 2 - amino phenol for@&hours. On cooling the reaction mixture, a shafiow
crystal product separated out (80%, yield m.B&PC) which was collected by filtration. The resulting
NOMBAP was recrystallised using aqueous ethandhasprocedure recommended by VdgeThe product
was characterized by elemental and spectral asalysi

CCF
OCH; A
: : - HoN Ethanol, Reflux
?_C 4 hours C=N
H
CH ! &
o-methoxy benzaldehyde  2-aminophenol N-(o-methoxybenzaldehyde)-2-aminophenol

Preparation of complexes with Schiff base ligand (’R\MBAP):

The complexes of Fe(ll) and Cu(ll)) were prepargddluxing respective hydrated metal chloride thagolic
solution of ligand in molar ratio of 1: 2 at pH B.- The resulting mixture was refluxed on watethidar 2 - 3
hrs. After cooling at room temperature, brown cetbsolid were separated out which was filtered hedswith
water and then with ethanol. The resulting produas recrystallised and dried in vacuum desiccater o
CaCl anhydrous (yield 60 - 70%).

Biological Studies:

Antibacterial and antifungal activity of ligand atitkir complexes have been determined by cup piaethod.
The stock solution of each compound was preparedigsplving 20 mg of compound in ethylacetate dred t
volume was made up to 10ml with same solvent. Tthekssolution of 2000 ppm of each compound thus
prepared on active ingredient basis was kept anrmmperature till used. Sterile Mueller Hinton magkates
for bacterial test cultures and Sabourauds ag@egpfar fungus Candida albicans were seeded withot24
hour old, 0.1 O.D. cultures. Sabourauds agar plaere surface spread with 0.2 ml of 48 hour oldekgplus
culture. The compounds to be tested (50 ul) wededdo the wells punched in the above media. Thtegl
were incubated at 37°C / R.T. for 48 hours depeandimthe cultures. The zone of inhibition arounel wells
was measured in millimeters.
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RESULTS AND DISCUSSION:

All the metal complexes are colored, solid, stadtieoom temperature and non-hygroscopic in natline.
Analytical and physical data of ligand and theitaheomplexes are recorded in Table-1. The metaiptexes
exhibit 1:2 (metal-ligand) stoichiometry.

Table - 1. The Analytical and physical data of ligad and Metal complexes

% Elemental Analysis Found Am
Corlnpounds Mol.e(;]ular Mp. | (Calculated) Bett | Opm-t
(Colour) Weight C H N M B.M. em?mol™
NOMBAP 73.12 5.14 6.41 -
(Yellow) 221.28 88C | 7391) | (5.719) | (6.159)
[Fe(NOMBAP)] | 508,41 > 65.78 | 4.49 5.47 10.40 |5.15 | 044
(Brown) 300°C | (66.088) | (4.72) (5.50) | (10.98) '
[Cu(NOMBAPY),)] 64.69 4.698 5.47 12.80
(Brown) 516.11 187C | 65.10) | (4.65) | (5.43) |(2.31)| 97| 1874

Infrared Spectral Analysis:

Infrared spectra were recorded with a Perkin EIREIR -8400S Spectrometer (4000-400cm-1) using KBr
pellets. On the basis of this, the presence of itlapbfunctional groups in the compound can betifled. The
Infrared spectrum of the ligand was compared writhspectra of Fe(ll) and Cu(ll) complexes. Thadal IR
spectra were shown in Fig. 3 and 4. Data was surpetain Table-2 along their assignment.

The IR spectrum of the ligand shows broad band48D5 crit, which was assigned to dugC=N) stretching
of azomethine grodi’. In complexes this band was shifted to lower regjd.601.28 cthand 1605.23 cihfor

Fe(ll) and Cu(ll) complexes respectively, suggestime coordination of azomethine nitrogen to matam in
complexation™! This was due to the donation of electron densinfNitrogen to metal.

IR spectrum of the ligand shows a weak band arc8@il1.3 critdue to intramolecular hydrogen bonded -OH
groug™™L This band is absent in the spectra of complexdisating the dissociation of the phenolic proton o
complexation and involvement of phenolic anioniygen in coordinatidi. Moreover, the strong band at
1251 cnt due to C-O (phenolic) in the ligand has been etifto the 1260-1287 c¢hin the spectra of
complexe$'®.

The strong absorption band due to methoxy grouproiog at 1020-1032 cihas remained at the same
position in the complexes showing no participatiboxygen atom of methoxy group in the complexdtian

New bands were observed between 400 - 508 remion in the complexes, which were absent insgiectrum
of ligand. The bands between 439 — 444"amere assigned to stretching frequencies(d-0)™®, the band
between 480- 487 clrhave been assigned to the stretching frequenigs\) respectivel{*>"

The IR spectrum of the ligand and complexes shaawsltat 2936 - 2933chwhich was assigned to dugC-
H) stretching of benzene grdtfh

Therefore from IR spectra it is concluded thatriddehaves as {uni negatively} bidentate ligandodinated
to metal ion via azomethine (N) and phenolic (O)

The IR spectrum of the ligand and complexes argvsho fig 1,fig 2 and fig 3.
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Fig: 1 IR Spectra of ligand
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Fig : 2 IR Spectra of Fe Complex
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Fig:3 IR Spectra of Cu Complex
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Molar Conductance:

The molar conductance values of 1X1d solution of metal complexes in methanol were soead at room
temperature (Table-1) using an ELICO Conductivitgten (cell constant1.0chhThese values were compared
with known molar conductivitiéd ' which indicates the non - electrolytic natéifef the complexes.

Electronic Spectra and Magnetic Susceptibility Measrements of Complexes

In UV-Visible electromagnetic radiation, the traimis are associated with the electronic energgléeuf the
compound under investigation. The electronic spectrere recorded on ELICO SL-159 UV-Visible
Spectrophotometer. The transition metal ions oatar variety of structural environments. Becauséhi, the
electronic structures are extremely varied. Thetadeic structures have been identified with UVilis
spectroscopy. The nature of ligand field around itetal ion and the geometry of complexes have been
deduced from the electronic spectra. Electronicctspeof complexes were recorded by using solutibn o

complexes

The electronic absorption spectra of Fe(ll) commeRibit the band around 21276.595t@70nm) at room
temperature which could be attributed to d-d ttémsiand may be assigned ,,>°E, transitioff®—>"
suggesting tetrahedral geometry .The magnetic mbwane 5.15 B.M confirms the presence of high spin

tetrahedral organo iron(ll)complex

In Cu(ll) complex the absorption maxima at 22727%&V (440nm) is assignable {8.,,>*T,4transitior’” >
suggesting tetrahedral geometry around Cu(ll) dre Cu(ll) complex showed magnetic moment valug 1.9
B.M. which indicates one unpaired electron anthbissistent with tetrahedral geometry

Electronic Spectra and Magnetic Moment of the Cexgd are shown in Table- 3.
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Table-2: The Important IR bands of Ligand and Their Metal Complexes

Compound v(-OH) |v(OCH3) [v(C=N) |v(C-0) |u(M-N) [v(M-O)
cmit cmt cmit stretching | cm* cmt
cm’
NOMBAP 3011.36p| 1020.39 1618.05 1251.88. - -
henolic
Fe(NOMBAPY), - 1022.236 | 1601.28| 1290.07 480.50 441.50
Cu(NOMBAP), - 1029.40 1605.23 1258.01 485.22  439.8§

Table - 3. Electronic Spectra and Magnetic Momentfathe Complexes

Compound Band, A max (nm) Assignments Mei(B.M.)
[Fe(NOMBAP)) 470 T Ey 5.15
[Cu(NOMBAP),] 440 P> Ty 1.97

Table - 4.Electronic Spin Resonance Parameters oh& Complexes

Metal Complexes d gt avg Ag ©
Fe(NOMBAP) 22528 | 2.066 2.1905 | 0.186 3.830
Cu(NOMBAP), 2.185 2.11 2.157 0.07 1.681

Electronic Spin Resonance (ESR) Spectra:

ESR spectra of complexes provide information alieeiextent of the delocalization of unpaired etattin the
present study, the ESR spectra of complexes has tleeorded on X - band at frequency 9.5 GHZ uttiaker
magnetic field strength 3400 gauss in DMF at roemgerature (Fig. 4 and 5) and theﬂr, @, Qe Ag, and G
values have been calculated. The values of ESRneteas for Fe(ll) and Cu(ll) complexes vi2| oo, Gavg
Ag, and G presented in Table - 4.

ESR spectra of the complexes revealed two g valesand gb). the trend ¢ >gl shows that the unpaired
electron is delocalized in &xy? orbital in the ground state of metal and specteacharacteristics of axial
symmetry. The parameteg,gwas obtained by equation (g - 1/3 (g + 2gL)]. Kvelson & NeimaH® have
reported that, fj > 2.3 is the characteristics of an ionic environtrand d|< 2.3 indicates a covalent character
in metal ligand bonding. Applying this criteriom the present compoundﬂ| gndicate the prevalence of
covalent character in metal - ligand bBHd The exchange coupling interaction has been exgiaiby
Hathaway expression G =|{g 2) / (g- - 2).

According to Hathaway if the value of G is gredtesn four(G > 4), the exchange interaction is gl
whereas when the value of G is less than four (@, considerable exchange interaction is indicatehe
complex. It is observed that G value for these demgs are less than four (G < 4), indicating coeisitlle
exchange interaction the compleXés?!
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Fig:4 : Electronic Spin Resonance (ESR) Spectra éfe
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Proposed Structure of Complexes:

The present study clearly indicates that the liglmohs stable coordinate complexes with the meta iunder
investigation which is evidenced by micro-anahticaagnetic and spectroscopic data. The probahletstes
of the complexes under investigation on the basiseabove experimental evidence can be showhRigsy.
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Fig : 6 Proposed Structure of Complexes
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Biological activity:

Schiff base ligand and their metal complexes wereened for antibacterial activity against gramitpaes
bacteria (staphylococcus aureus and corynebactatiphtheria), gram negative bacteria (Eschericblaand
Klebsiella pneumonia) and antifungal activity agai(Candila albicans and aspergillus species) lpyptate
method*3°. The results of the biological activity of the mietomplexes indicated the following facts.

A comparative study of the ligand and their compkeindicates that the metal chelates exhibited enigh
antibacterial and antifungal activity than that tbe free ligand recorded in Table-5. The increasdhie
biological activity of metal chelates was found daehe effect of metal ion on the metal chelatésciv could
be explained on the basis of overtones conceptheldtion theory. On chelation the polarity of thetal ion
reduced to a greater extent due to the overlapefijand orbital and partial sharing of positivearges of
metal ion with donor groups. It was further notedttthe delocalization of electrons over the wioblelate ring
enhanced the lipophillicity of the complexes. Thisreased lipophillicit§® enhanced the penetration of the
complexes into lipid membrane and blocking the ingitas on enzymes of microorganisithe activity was
compared with zone of inhibition was measured itinmeters.

Table 5: Zone of inhibition of growth in millimeters after 48 hours of incubation

Cultures
Complexes

S.a C.d. E.c K.p C.a Asp.
NOMBAP 21 8 09 08 - 10
[Fe(NOMBAP)] |31 12 12 10 - 13
[Cu(NOMBAP)] | 22 9 10 11 11 12
Solvent - - - - - -

CONCLUSIONS:

It can be concluded from the results of above sttityt Schiff base ligand NOMBAP [N-(o- methoxy
benzaldehyde) 2- amino phenol ] acts as a very padehtate complexing agent towards transitionaimens
during complexation. Analytical data of complexas in good agreement with their molecular fornithe.
involvement of azomethine (N), phenolic (O) of thidentate Schiff bases to the metal ions was ooefil by
comparing the IR data of the ligands with thosahef metal complexes. Further conclusive evidencthef
coordination of these Schiff-bases with the metasi was shown by the appearance of new bands due to
v(M—N) and v(M—O) in the metal complexes. The electronic spectatl magnetic susceptibility
measurements were used for assigning the geomietngtal complexes. Complexes of Fe(ll) and Cu(lighw
NOMBAP were proposed to be tetrahedral in nature .
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ESR spectra of complexes provide information alteetextent of the delocalization of unpaired etattiOn
the basis of these findings the structures have pegposed for the complexes which are in goodeageat
with theoritical consideration (Fig.6).

All the metal complexes show enhanced microbiokalgictivities as compared to the ligand.
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