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ABSTRACT

A series of Cu(ll) , Ni(I1) , Co(Il) , Mn(I1) and Zn(l1) complexes have been synthesized from the
schiff base ligand L. The schiff base ligand 2-[(4-oxo-4H-chromen-3yl) methyleneamino]
benzoic acid (L) has been synthesized by the reaction between chromone-3-carbaldehyde and o-
amino benzoic acid. The nature of bonding and geometry of the transition metal complexes as
well as ligand L have been deduced from elemental analysis, FT-IR, UV-Vis, *HNMR, *CNMR,
ESR spectral studies, mass, thermal (TGA and DTA) analysis, magnetic susceptibility and molar
conductance measurements. The complexes are found to have ML, composition and are neutral
in DMSO. Based on elemental, conductance and spectral studies, six-coordinated geometry was
assigned for these complexes. The ligand L acts as tridentate and coordinates through nitrogen
atom of azomethine group, hydroxyl of the carboxyl group and oxygen atom of keto group of y-
pyrone ring. The 3D molecular modeling and energies of all the compounds are furnished and
their analysis for bond length has been carried out for one of the representive complexes. The
biological activity of the ligand and its complexes have been studied on E.coli, L.bacillus,
B.subtilis and Saures by well disc and fusion method and found that the metal chelates are more
active than the free schiff base ligand.

Keywords: Chromone-3-carbaldehyde; Schiff base ligand; 3Jiteem metal complexes;
Molecular modeling; Biological activity.

INTRODUCTION

Investigations on the complexing ability of metaing with model ligands assist in the
understanding of the function of physiological syss. Among the complexing ligands, Schiff

602



C. Gyana Kumari et al J. Chem. Pharm. Res,, 2011, 3(4):602-613

bases have special interest due to their industnidlbiological applications [1-10]. Earlier work
reported that some drugs showed increased actiwign administred as metal complexes rather
than as organic compound [11-13].

Chromone derivatives have received great atterfoortheir applications. These compounds
exhibit a wide spectrum of biological activitiescimding antimicrobial [14, 15] ,antibacterial
[16, 17], antitumor [18], antifungal [19-21], ar&bic [22], antiviral [23], anti-inflammatory
[24] and anticancer [25] activities. Additionallghromone derivatives are essential for the
synthesis of many important oxygen heterocyclesmgmtes and xanthones [26], 0-aminobenzoic
acid also show biological activity such as antiadeant activity.

The schiff base derived from chromone-3-carbaldehgd 0-amino benzoic acid has important
biological applications. Hence, we have synthesittexl transition metal complexes with this

ligand and we have carried characterization byowarispectroscopic techniques, elemental
analysis, molecular modeling analysis and antibedtstudies.

EXPERIMENTAL SECTION

2.1 Chemicals: chromone-3-carbaldehyde, o-amino benzoic acid warehased from Sigma-
Aldrich chemicals and the remaining chemicals wawechased from commercial sources and
used as such without purification.

2.2 Synthesis of the Schiff base ligand (L)fhe Schiff base ligand is prepared by condensation
of chromone-3-carbaldehyde (1.74g, 0.01 mole) aadthmo benzoic acid (1.37g, 0.01 mole) in
absolute ethanol (25ml), by adding traces of glamatic acid the mixture was refluxed for 2 hrs
with continuous stirring. The yellow color compoumehs separated out after 12 hrs. The
compound is collected by filtration, washed sevdmales with doubly distilled water and
ethanol, recrystallized from hot ethanol and dire@ vaccume desiccator. The melting point of
the resulting Schiff base ligand (fig-1) is°@6 The yield is 94%.

o}

H"‘HN oH

2-((4-oxo0-4H-chromen-3yl) methyleneamino) benzaicldL)
Figure-1. Proposed Structure of Schiff base ligandL)

2.3 Synthesis of metal complexesThe Schiff base ligand L (0.01M) is dissolved int h
methanol and hot methanol solution of correspongalts (0.005M) MX [where M = Cu(ll),
Ni(ll), Co(ll), Mn(ll) and Zn(ll) and X= chloride/itrate/acetate] were mixed together and
refluxed with constant stirring for 2-3 hrs at tefing temperature. On cooling colored solids
were precipitated out. The products were filtenedshed with cold methanol, dried in air and
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desiccator over anhydrous Ca@hd stored in an airtight sample bottle. All tleenpounds are
colored and are stable when exposed to air andtumeis

2.4 Instruments used:The percentage composition of C, H, and N of cexgsd and ligand L
were determined using micro analytical methods enkiR Elmer 240C (USA) elemental
analyzer. FT-IR spectra of the ligand and its caxes were recorded by using KBr pellets in
the range 4000-400 c¢hon Perkin Elmer Infra red model 337. The UV-Visitdpectra of the
Schiff base ligand and its metal complexes weréezhiout in DMSO using a Shimadzu UV-
1601 spectrophotometeid NMR spectrum of the ligand was recorded at 200NMHd 300MHz

on Varian Gemini Unity Spectrometer using TMS asrimal standard°C NMR spectra of the
ligand was recorded at 100.6 MHz on Varian Gemipécrometer. The mass spectra of the
compounds were recorded by ESI technique on VG ABFBC mass spectrometer. The X-
band ESR spectra was recorded with a EPR VARIANLE-4t RT. TGA and DTA analysis of
complex was carried on Mettler Toledo Star systanthe temperature range 0-1600 The
heating rates were controlled by’@0min*. Magnetic measurements were carried out on a Gouy
balance model 7550 using Hg[Co(NG]Sas standard. The conductivity measurements were
carried out in DMSO (18M) using Digisun Electronic Digital conductivity reg, 0.01M KClI
solution is used for calibration. Melting points tbe ligand and decomposition temperature of
complexes were determined on Polmon instrument énidd.MP-96). Molecular modeling and
analysis of the compounds were carried out usirgnCOffice software.

2.5 Biological activity: The antibacterial activity of Schiff base liganadaits transition metal
complexes were studied against four bactétiegli, L.bacillus, B.subtilis andSaures. Each of
the compound is dissolved in DMSO at a concentmatib1mg/ml. Paper discs of Whatmann
filter paper No.1 are used after sterilization. Tgaper discs were saturated with 10ul of the
compound dissolved in DMSO solution and were plaoe@etri dishes containing nutrient agar
media inoculated with the above-mentioned bactseparately. The inhibition zone was
measured in millimeters after 24 hrs incubatioB7C.

Table-1. Analytical and physical data of ligand L &d its complexes

o . Melting Molar
Compound Empirical Mole.cular Color Yield Point in Condu_(itange

formula weight (%) °c (Ohm™~cm

mol™)

Schiff base ligand (L GH11NO, 293 Yellow 94 96 _
Cu(ll) complex [Cu(GH1oNOy),] 648 Dark green 63 152 29.2
Ni(Il) complex [Ni(C7H1gNO,),] 643 green 68 182 12.3
Co(Il) complex [Co(GH1oNO,),] 643.4 red 71 112 21.5
Mn(ll) complex [MNn(G7H1cNOy),] 639.4 Yellowish orange 61 252 13.5
Zn(Il) complex [Zn(GH1NO,),] 649.9 Dark yellow 65 260 11.9

RESULT AND DISCUSSION

The analytical and physical data of Schiff basardand its metal chelates are given in table-1.
The data shows that the ligand L forms a 1:2 (M) :camplexes with Cu(ll), Ni(ll), Co(ll),
Mn(Il) and Zn(ll) ions. The prepared complexes fmend to have the general formulae [NL
where M= Cu(ll), Ni(ll), Co(ll), Mn(ll) and Zn(Il)and L is Schiff base ligand, it coordinates as
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an anion by losing proton of the carboxylic grolipe charge on the complex is neutralized by
the ligand L. Thus, the complexes are neutral inSoM

3.1 Molar conductance:

Molar conductance of the complexes is measuredMisO at a concentration of 0.001 M. The
observed conductance values fall in the range e3a@®hm* cn? mol?, indicating that the
complexes are non-electrolytes.

The C, H, and N analysis of Schiff base ligand asadomplexes are found in good agreement
with the expected values.

3.2 IR spectra and mode of bonding
The FT-IR spectral data of few important functiogabups of the Schiff base ligand and its
transition metal chelates are presented in table-2.

Table-2. Characteristic IR stretching bands of Schif base ligand and its metal complexes in cth

Compound Uc-o(y-pyrone ring) | ve=n(a@zomethine) | vc.o(carboxylate) | vmo | Yun
C17H11INO4(L) 1692 1606 1379 - -
[CU(C7H1gNOy)J] 1641 1585 1366 521 4338
[Ni(C17H10NOy),] 1638 1587 1328 524 43P
[Co(C17H16NOy),] 1614 1593 1334 521 43y
[Mn(C17H1cNOy),] 1647 1586 1344 532 434
[Zn(Cy17H10NOy),] 1651 1587 1326 533 421

The IR spectrum of the Schiff base ligand show @y w&rong absorption band at 1692 tm
which is characteristic of the(C=0) of y-pyrone. In the spectra of analyzed complexes, this
absorption band has shifted to the 1614-165T cagion, indicating the coordination of the
Schiff base ligand through the oxygen atom pregethe 4-position of;-pyrone ring [27, 28].
The spectrum of free Schiff base ligand shows awmttion band at 1606 chrassigned for the
v(C=N) of azomethine group. In the spectra of aredycomplexes, this absorption band have
been shifted to lower region by about 13-21'cmvhich confirms the coordination of
azomethine group through nitrogen atom [29,30].

IR absorption spectrum of the Schiff base liganohsha band at 1379 ¢hncharacteristic of the
v(C-0) of carboxylic acid group. This absorption das shifted to lower region of 1326-1366
cm® in the spectra of analyzed complexes, indicatimg ¢oordination of carboxylic group
through oxygen [31] atom of C-O.

In addition to the above, the IR spectra of mekalates shows absorption bands at 521 — 533
cm® and 421 — 437 cthare due taw(M-O) andv(M-N) respectively [32]. These bands are
absent in the spectrum of free Schiff base ligand.

3.3'H NMR spectra

The'H NMR spectrum of the Schiff base ligand is recdridfeDMSO-@. In the’'HNMR spectra
of schiff base ligand a peak at 103k assigned for the proton of carboxylic group arginglet
at 7.495 assignable for proton of azomethine group.
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3.4*CNMR spectra

The °C NMR spectrum of the Schiff base ligand is recdrie DMSO-¢. The azomethine
carbon gives a peak at 151.&7carbonyl carbon of- pyrone ring shows a peak at 17557&nd
a peak at 160.28is assigned for carbon atom of carboxylic group.
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Figure-2. IR spectrum of Zn(ll) complex

3.5 Mass spectra of the compounds

The mass spectral data of Schiff base ligand andétal chelates are given in table—3. Mass
spectra of the ligand and its metal chelates shavecenlar ion peaks, which are in good
agreement with the expected values. The mass gpedf ligand L gives a peak at 294 m/Z,
which is assigned for [L+H] peak. Cobalt and coppamplexes gives molecular ion peak at 645
and 651 m/Z respectively and are assigned as [Medk. The mass spectrum of Ni(ll) complex
gives a peak at 646 m/Z and is assigned for [Mi&dkp copper complex gives a peak at 650
m/Z, is assigned for [M+2] peak, Mn(ll) complex gg&za molecular ion peak at 644 m/Z, which
is assigned for [M+4] peak

Table-3. Mass spectral data of schiff base ligandchd its metal chelates

Compound Calculated mass m/Z] Obtained mass m/Z Peassigned

Cy17H11NO, 293 294 L+H
[CU(Q7H10NO4)2] 648 650 M+2
[Ni(C17H1oNOy),] 644 646 M+2
[Co(Ci7H1gNOy),] 643.4 645 M+1
[MN(C17H1oNOy)2] 639.4 644 M+4
[Zn(Cy17H10NO,),) 649.9 651 M+1

3.6 Magnetic moment and electronic absorption spert

The electronic absorption spectral data and magnetiment values of Schiff base ligand and its
transition metal chelates are given in table-4. €hlextronic spectrum of Schiff base ligand
shows strong absorption bands at 30395 @md 33222 cih, which are attributed to #» I1*
andIT — IT* transitions respectively [33].
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Table-4. Electronic absorption spectral data and mgnetic moment values of Schiff base ligand and its
transition metal chelates

Compound Absorp():trlrc])_? (v)in Transition Mag.(g/llc\)/ln;ent H Geometry
30395 n— II*
CirHuNO, 33222 I — I*
[Cu(C7H1NO,)] 22573 . Z(Eg)—> ZSTZQ( ) 1.90 Octahedral
14771 As(F) — “TooF
[Ni(C17H10NOys),] 18450 3Aoy(F) — *T14(F) 3.23 Octahedral
23866 3A5(F) — °T1(P)
12515 *T14(F) — “TofF)
[Co(C17H10NOy),] 15847 T1g(F) = “Axg(F) 4.94 Octahedral
24271 “T1(F) = “T1(P)
16638 *A1g— “T1S)
[MNn(C17H1NOy)J] 23753 A1y — T2 G) 5.71 Octahedral
28985 N — ‘Al
[Zn(C17H1gNOy),] 23310 CT dia Octahedral

The observed magnetic momentum value of Cu(ll) demps 1.90 BM, falls within the range
observed for distorted octahedral geometry. Fuyttiex electronic spectra of Cu(ll) complex
shows one broad peak at 22573"cdue to transition betwe€iEy — “T,g indicating distorted
octahedral geometry [34].

The Ni(ll) complex exhibits peaks at 14771, 1845@ 23866 cri attributed to théAzg(F) —
*Ta(F), *Axy(F) — *T14(F) and®Ay(F) — 3T1(P) transitions respectively, suggests octahedral
geometry. The magnetic moment value of Ni(ll) coexpis found to be 3.23 BM, falls within
the range of 2.8-3.5 BM for octahedral complexaggesting octahedral geometry [35].

The magnetic moment of Co(ll) complex has been dotanbe 4.94 B.M, and it lies within the
range expected for octahedral geometry. The elaictspectrum of Co(ll) complex shows three
peaks at 12515, 15847 and 24271 'avorresponding t8Ti((F) — *“Tag(F), “T1g(F) — “Axg(F)
and*T;4(F) — “T14F), suggesting octahedral geometry [36].

The Mn(ll) complex shows three absorption peakk5838 cni expected foPA1; — “T1S), at
23753 cni corresponding tdA;4 — “T»((G) and 28985 cih may be due t6A;4 — “Aug,
suggesting octahedral geometry [37]. Further, tbeledral geometry is proposed based on
magnetic moment. The magnetic moment of the compléund to be 5.71 BM, falls within the
range expected for octahedral geometry.

The electronic spectrum of Zn(ll) complex show geak at 23310 cihdue to charge transfer
from ligand to metal. The observed magnetic momrahie for this complex is zero, indicating
diamagnetic nature of the complex. On the basianaflytical, conductance and spectral data,
octahedral geometry [38] is assigned to zinc corple

3.7 ESR spectral studies

ESR spectra of Cu(ll) complex (fig-3) was recordg@doom temperature in the polycrystalline
state, on X- band at frequency of 9.1 GHZ under rttagnetic field strength of 3000G. The
spectrum show one intense absorption in the higld fand is isotropic due to tumbling of the
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molecule. The g values of the complex gj€2.240) >g. (2.072) >2.0023, indicating that the
unpaired electron in the ground state of Cu(llpriedominantly in g.,». The value of exchange
interaction term G, estimated from the followingeession is 3.4.

G =0)- 2.0023/g, - 2.0023

If G>4.0, the local tetragonal axes are alignadaltel or only slightly misaligned. If G<4.0,
significant exchange coupling is present and ngsatient is appreciable. The observed value for
the exchange interaction term G suggests that dhgplex has distorted octahedral geometry,
and the Schiff base ligand forming Cu(ll) complexonsidered as strong field ligand.

4095

-4096, ) L}
O.000[mMmT] 400.000[mT] 800.000[mMmT]

Figure-3. ESR spectra of Cu(ll) complex

The spin-orbit coupling constarityalue (-716 crif) calculated using the relatiorgs, = 1/3[g; +

2 g.] andga, = 2(1-2/10Dq), is less than the free Cu(ll) ion (-832 9rwhich supports covalent
character [39].

EPR spectra of Mn(ll) complexes were recorded &gcpgstalline sample at RT. ESR spectrum
of a polycrystalline sample gave one broad isotragpgnal centered on the approximate free
electron g value (2.0023).

3.8 Thermal analysis

The thermal stability of Cu(ll) complex is studibg controlling heating rates 40 per minute
under nitrogen atmosphere. Thermogram of Cu(ll) glemis stable up to 250, indicates the
absence of lattice water as well as coordinateeénw@&enerally in TG lattice water loses at low
temperature region between 60-i20where as coordinated water requires 120Q58bsence

of water molecule in Cu(ll) complex is supportedthg DTA curve, which represents weight
loss by endothermic bands. The DTA of copper compkes no endothermic band in the range
of 60-250C. Endothermic bands present at high temperatub& i of Cu(ll) complex is due to
loss of organic molecules and finally metal mayweots into its oxide [40, 41]. In addition to
endothermic bands, the DTA curves of the complerw ashow exothermic bands. These bands
appear at high temperature and represent phasgtimanoxidation and/or decomposition of the
complex.

3.9 Molecular modeling and analysis

In view of the octahedral environment of all thenmexes, the molecular modeling of all the
complexes and ligand (L) were carried out heretli@ proposed structures and their energy
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values are given (fig-4). These values are obtaated result of minimization of energy through
MM2 method in Chem 3D Ultra 11.0.

Fig-4(e). Mn(Il) complex (237.71 kcal/mol) Fig-4(f). Zn(Il) complex (200.61 kcal/mol)

FIGURE-4. Molecular modeling of proposed structures
The details of important bond lengths as per thesB8Dcture of Cu (Il) complex [fig- 4(b)] are

given in the table-5. These values are obtained essult of energy minimization of Cu (ll)
complex in Chem 3D Ultra 11.0 using MM2 method.
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Table-5 Important bond lengths of copper complex

Atom Bond atom Bond length (A
C(34) N(38) 1.305
C(12) N(16) 2.207
C(15) N(16) 2.202
C@37) N(38) 1.642
C(@3) 0(4) 1.308
C(13) 0(22) 1.249
C(25) 0(26) 1.219
C(35) O(44) 1.251
N(38) Cu(45) 1.392
N(16) Cu(45) 1.368
0(4) Cu(45) 1.827
0(22) Cu(45) 1.834
0(26) Cu(45) 1.829
O(44) Cu(45) 1.841

The obtained bond lengths of the ligand (L) basedfig-4(a)] using chem office software are
between C(12)-N(16) [and C(34)-N(38)] 1.289, AL(15)-N(16) [and C(37)-N(38)] 1.434°A
C(13)-0(22) [and C(35)-0(44)] 1.250°And between C(3)-O(4) [and C(25)-0(26)] 1.208 A
The atoms in the brackets are corresponding totther ligand of the same L.

Based on the values in the table-5, it is obsetiratl when these ligands (2L) are coordinated
with the copper metal ion there is an increasééntond length in between the above mentioned
atoms, which confirms the coordination of azomethgroup through nitrogen [N(16)and
N(38)], carboxylate through oxygen of C-O [O(22HaD(44)] and carbonyl oxygen ¢fpyrone
ring[O(4) and O(26)] with the metal ion. When theras are coordinated with the metal ion by
donating a lone pair of electrons there is decredsdectron density on the coordinating atoms,
hence bond length increases in metal complexes 3Jiports the proposed six-coordinated
geometry around the copper metal ion.

Based on the values in table-5, the bond lengttvedes copper and oxygen's [1.82 — 1.8% i&
more than that of copper and nitrogen’s [1.36 ar@@D 1A°], which supports the distorted
octahedron geometry for copper complex.

Based on all the above studies the following stmgcts proposed for the metal complexes.

Where M= Cu(ll), Ni(1l), Co(l1), Mn(l1) and Zn(Il) ions
Figure-5. Proposed structures of metal complexes
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3.10 Biological activity studies

The antimicrobial activity of the Schiff base lighand its metal chelates were tested against the
bacteriaE.coli, L.bacillus, B.subtilis and Saures by the well disc and fusion method. The test
solutions were prepared in DMSO at a concentratiobhmg/ml. The zone of inhibition values
were measured in millimeter after 24 hrs incubatb3?C. The antibacterial results are given
in table-6.

Table-6. Antibacterial activity in millimeter (mL)

Compound E.coli | B.subtilis | L.bacillus | S.aures

C,7H1:NO, 7.6 8.6 9.0 8.2
[Cu(Ci7H1NO),] | 10.0 15.6 17.0 17.0
[Ni(C17H10NOy),] | 15.0 10.3 22.0 11.0
[Co(Ci7H1NOW)s] | 29.0 20.0 23.6 21.0
[MNn(Cy7H10NO,),] | 8.3 9.3 11.3 8.6
[Zn(C17H1NO,),] | 15.6 12.3 16.6 17.6

The value in the above table indicates that th&viaciof the Schiff base ligand became more
pronounced when coordinated with the metal iongs €hhancement in antibacterial activity of
these metal complexes can be explained based ahétetion theory [42].

When a metal ion is chelated with a ligand, itsapiy will be reduced to a greater extent due to
the overlap of ligand orbital and the partial shgrof the positive charge of the metal ion with
donor groups. Furthermore, the chelation proces®ases the delocalization of thelectrons
over the whole chelate ring, which results in anrease in the lipophilicity of the metal
complexes. Consequently, the metal complexes csity ggenetrate into the lipid membranes
and block the metal binding sites of enzymes ofthieroorganisms. These metal complexes
also affect the respiration process of the cell #tng block the synthesis of proteins, which
restrict further growth of the organism

Antibacterial activity against E.coli, where 1 is Co(ll) complex and 2 is Ni(Il) complex
Figure-6. Antibacterial activity
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CONCLUSION

2-[(4-ox0-4H-chromen-3yl) methyleneamino] benzoicida (L) and its transition metal
complexes have been synthesized in 2:1 molar ddtigand (L) to metal ion. They have been
characterized based on the analytical, spectratirthl and magnetic measurements. The results
of these investigations support the suggested tsteicof the metal complexes. Molar
conductance values analytical data suggests thatdmplexes are neutral in DMSO. The ESR
spectrum of the copper complex suggests the padialent nature of the bond between metal
and ligand and distorted octahedron geometry. Takeamalysis of Cu(ll) complex indicates the
absence of water molecules in the complex. All 8ie complexes possess octahedral
environment around the metal ion. This was furteepported by the molecular modeling
studies. Biological activity of the Schiff basedigd and its metal complexes were studied and
results shows that the activity of the metal comgdeis higher than the free Schiff base ligand.
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