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Abstract: Some novel Schiff base metal complexes of Cr(l11), Co(l1), Ni(ll) and
Cu(ll) derived from 2-[(5-bromo-2-hydroxybenzylidene)amino]pyridin-3-ol
(BSAP) and {5-chloro-2-[((2-hydroxy-1-naphthyl)methylene)amino] phenyl} -
phenylmethanone (HNAC) were synthesized by conventional as well as micro-
wave methods. These compounds were characterized by elemental anaysis,
FT-IR, FAB-mass, electronic and ESR spectroscopy, molar conductance, mag-
netic susceptibility, thermal, cyclic voltammetric and electrical conductivity
measurements and XRD analyses. Analytical data revealed that al the com-
plexes exhibited 1:1 (metal:ligand) ratio with a coordination number of 4 or 6.
The IR data showed that the ligand coordinates with the metal ions in a
tridentate manner. FAB-mass and thermal data showed the degradation pattern
of the complexes. The thermal behaviour of the metal complexes showed that
the hydrated complexes lose water molecules of hydration in the first step; with
decomposition of the ligand molecules in the subsegquent steps. The crysta
system, lattice parameters, unit cell volume and number of molecules in a unit
cell in the lattice of the complexes were determined by XRD analysis. XRD
patterns indicated a crystalline nature for the complexes. The solid state ele-
ctrical conductivity of the metal complexes was also measured. Solid state ele-
ctrical conductivity studies reflected a semi-conducting nature of the com-
plexes. The Schiff base and metal complexes displayed good activity against
the Gram-positive bacteria Saphylococcus aureus, the Gram-negative bacteria
Escherichia coli and the fungi Aspergillus niger and Candida albicans. The an-
timicrobial results also indicated that the metal complexes displayed better
antimicrobial activity as compared to the Schiff bases.
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activities.

* Corresponding author. E-mail: rajendrajain85@rediffmail.com
doi: 10.2298/J5C111001023J

1013

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS




1014 JAIN and MISHRA

INTRODUCTION

Metal complexes have received considerable attention in the last many years,
due to their interesting characteristics in the field of material science and
biological systems. Optoelectronic, electrical and magnetic properties of metals
and metalloids can be tailored by their reaction with different ligands. A large
number of Schiff bases and their complexes may exhibit properties such as re-
versible binding of oxygen, transfer of an amino group, thermal, varied complex-
ing/redox abilities, and as nanoprecursors. The Schiff bases have high affinity for
transition meta ions; hence exhibit potential applications in various areas. Metal
complexes are also suitable as molecular materials, because of the electronic
properties associated with the metal centres. 14

Transition metal complexes with tridentate Schiff base ligands have been wi-
dely investigated since such ligands can bind metal centres at more than one site
and thus alow the successful synthesis of metal complexes with interesting
stereochemistry and model redox enzyme/biological systems. The Schiff bases of
salicylaldenyde with aminopyridines have created a well-known class of
predominantly thermochromic compounds and metall obiomol ecules.58

Similarly, a heterocyclic nucleus, namely pyridine based ligands, have also
been reported in many biochemical reactions to design and develop molecular
systems of biological and medical importance. Such ligating species on coordi-
nation with metal ions may emerge as metal-mediated drugs. A 2-hydroxy-1-
-naphthaldehyde-derived Schiff base has been used as a good chelating agent
with 3d-metal ions. 2-Aminobenzophenone derivatives are important compounds
in organic chemistry because of their application in heterocyclic synthesis and
medicinal compounds.9-12

Microwave-assisted synthesis is a branch of green chemistry. The applica
tion of microwave-assisted synthesis in organic, organometallic and coordination
chemistry continues to develop at an astonishing pace. Microwave-irradiated re-
actions under solvent free or less solvent conditions offer reduced pollution, low
cost and better yield, and simplicity in processing and handling. The main fea
tures of the microwave approach are shorter reaction times, simple reaction con-
ditions and enhancement of yields. There are a few reports on the synthesis of
metal complexes by microwave methods,13-18

In the present paper, the coordination behaviour of Schiff bases (Fig. 1)
derived from the condensation of 5-bromosalicylaldehyde with 2-amino-3-hyd-
roxypyridine (BSAP) and 2-hydroxy-1-naphthaldehyde with 2-amino-5-chloro-
benzophenone (HNAC) towards some transition elements is described, which
may help in more understanding of the mode of chelation of ligands towards me-
tals. For this purpose, the complexes of Cr(lIl), Co(Il), Ni(ll) and Cu(ll) ions
with BSAP and HNAC were synthesized by both conventional and microwave
methods and characterized by various physico-chemical and spectral techniques.

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS



METAL COMPLEXES WITH TRIDENTATE SCHIFF BASE LIGANDS 1015

The metal complexes prepared with these two new ligands may be used as pre-
cursors for the synthesis of new compounds. Some of them may also exhibit in-
teresting physical and chemical properties and useful biological activities.
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Fig.1. Structure of Schiff base ligands, &) 2-[(5-bromo-2-hydroxybenzylidene)amino]pyridin-
-3-ol (BSAP) and b) {5-chloro-2-[((2-hydroxy-1-naphthyl)methylene)-
amino] phenyl} phenylmethanone (HNAC).

EXPERIMENTAL
Materials

All the chemicals and solvents used were of Anal R grade. All the reagents employed for
the preparation of the Schiff bases were obtained from Sigma Aldrich. Metal salts were pur-
chased from Loba Chemie.

Physical measurements

Elemental analyses were performed on an Elemental Vario EL 111 Carlo Erba 1108 ana-
lyzer. The FAB-mass spectra were recorded on a JEOL SX 102/DA 6000 Mass Spectrometer
using argon/xenon (6 kV, 10 mA) as the FAB gas. The accelerating voltage was 10 kV and
the spectra were recorded at room temperature. The electronic spectra (in DM SO) were re-
corded on Perkin Elmer Lambda-2B-spectrophotometer. The molar conductance measure-
ments were realised using 103 M solution of the complexes in DMSO on an Elico-CM 82
conductivity bridge at room temperature. Magnetic susceptibility measurements were per-
formed on a Gouy balance at room temperature using Hg[Co(SCN),4] as the calibrant. Dia-
magnetic corrections were applied in compliance with the Pascal constant. FT-IR spectrawere
recorded in KBr discs on a Perkin Elmer RX1 spectrophotometer in wave number range
4000-400 cmL. The *H-NMR spectra were recorded on a JEOL AL300 FTNMR spectrometer
employing TMS as an internal reference and DM SO-dg as the solvent. Cyclic voltammetry
was performed with a BAS-100 Epsilon electrochemical analyzer using a three-electrode
electrochemical cell. Ag/AgCI was used as a reference electrode, glassy carbon as the working
electrode and a platinum wire as the auxiliary electrode. 0.1 M NaClO,4 was used as the sup-
porting electrolyte and DM SO as the solvent. All measurements were performed at room tem-
perature under a nitrogen atmosphere. The X-band EPR spectra were recorded at room tem-
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1016 JAIN and MISHRA

perature on a Varian E-112 spectrometer operating in the X-band region with 100 kHz modu-
lation frequency, 5 mW microwave power and 1 G modulation amplitude using tetracyano-
ethylene (TCNE) as the internal standard. Thermogravimetric analysis was realised under
atmospheric conditions with a heating rate 10 °C min't on TGA Q500 universal V4.5A TA
instrument. Powder X-ray diffraction (XRD) patterns were recorded on a RINT2000 wide
angle goniometer. X-ray diffractometer was operated at 40 kV and 30 mA generator using the
CuK,, line of 1.54056 A as the radiation sources. The samples were scanned between 5 and
70° (20) at 25 °C. The solid state electrical conductivity was measured by impedance spec-
troscopic method using a HIOK| 3532-50 LCR Hitester at a fixed frequency of 1 KHz in the
temperature range of 298-413 K. Microwave-assisted syntheses were performed in an open
glass vessel using a modified microwave oven model 2001 ETB with arotating tray and a 230
V power source. The microwave energy output was 800 W and the microwave frequency
2450 MHz. A thermocouple device was used to monitor the temperature inside the vessel of
the microwave. The microwave reactions were performed using ON/OFF cycling to control
the temperature.

Conventional method for the synthesis of Schiff bases

The 2-[(5-bromo-2-hydroxybenzylidene)amino] pyridin-3-ol Schiff base was synthesized
by the condensation of an equimolar ratio of 5-bromosalicylaldehyde (0.201 g, 10 mM) with
2-amino-3-hydroxypyridine (0.110 g, 10 mM) dissolved in ethanol. The resulting reaction
mixture was refluxed on a water bath for 4.1 h and then allowed to cool overnight. The co-
loured solid precipitate of the obtained Schiff base was filtered, washed with cold ethanol
severa times and dried in air at room temperature and finally preserved under reduced pres-
sure in adesiccator. The purity of the synthesized compounds was checked by TLC using sili-
caged G. Yield: 78.0 %; m.p. 179 °C; Anal. Calcd. for CoHgN,O,Br: C, 49.17; H, 3.07; N,
9.56 %. Found: C, 49.02; H, 3.09; N, 9.50 %. IR (KBr, cm1): 1625 (C=N, azomethine), 1268
(C-0), 1496 (C=N, pyriding). 1H-NMR (300 MHz, DMSO-dg, 6 / ppm), 9.29 (1H, s,
—CH=N), 13.80 (1H, s, —OH, salicylaldehyde moiety), 10.28 (1H, s, —OH pyridine moiety).
FAB-mass (m/z), Calcd.: 292; Found: 294.

The {5-chloro-2-[((2-hydroxy-1-naphthyl)methylene)amino] phenyl} phenylmethanone
Schiff base was synthesized by the condensation of an equimolar ratio of 2-hydroxy-1-naph-
thaldehyde (0.172 g, 10 mM) with 2-amino-5-chlorobenzophenone (0.232 g, 10 mM) dis-
solved in ethanol. The resulting reaction mixture was refluxed on a water bath for 3.8 h and
then allowed to cool overnight. The obtained coloured precipitate of the Schiff base was fil-
tered, washed with cold ethanol several times and dried in air at room temperature and finally
stored under reduced pressure in a desiccator. The purity of the synthesized compounds was
checked by TLC using silica gel G. Yield: 74.9 %; m.p. 160 °C; Anal. Calcd. for
Co4H1gNOCI: C, 74.41; H, 4.18; N, 3.63 %. Found: C, 74.35; H, 4.11; N, 3.58 %. IR (KBr,
cml): 1613 (C=N, azomethine), 1236 (C-0), 1675 (C=0). H-NMR (300 MHz, DM SO-d,
0 / ppm), 8.65 (1H, s, -CH=N), 12.67 (1H, s, “OH phenolic). FAB-mass (m/z), Calcd.: 386,
Found: 388.

Microwave method for the synthesis of the Schiff bases

An equimolar ratio of 5-bromosalicylaldehyde (0.201 g) with 2-amino-3-hydroxypyri-
dine (0.110 g) and 2-hydroxy-1-naphthaldehyde (0.172 g) with 2-amino-5-chlorobenzo-
phenone (0.232 g)was mixed thoroughly in a grinder. The reaction mixture was then irradiated
in the microwave oven by taking 3-4 mL of dry ethanol as a solvent. The reaction was
completed in a short time (4-5 min) with better yields than were obtained in the conventional
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procedure. The resulting product was then recrystallized from ethanol and finally dried under
reduced pressure over anhydrous CaCl, in a desiccator. The progress of the reaction and
purity of the product was monitored by TLC using silicagel G (yield: 87.1-87.4 %).
Conventional method for the synthesis of metal complexes

The metal complexes were prepared by mixing 50 mL of a 10 mM ethanolic
solution of CrCls-6H,0O/CoCl,-6H,O/NiCl,-6H,O/CuCl,-2H,0 with 50 mL of a 10 mM
ethanolic solution of the Schiff bases (BSAP/HNAC) in a1:1 (metal:ligand) ratio (Figs. 2 and
3). The resulting mixture was refluxed on awater bath for 6-9 h. A coloured product appeared
on standing and cooling the solution. The precipitated complexes were filtered, washed with
ether and recrystallized several times from ethanol and dried under reduced pressure over
anhydrous CaCl, in a desiccator. They were further dried in an electric oven at 50-70 °C
(yield: 59.6-69.0 %).
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Fig. 2. The proposed structures of the Schiff base complexes of BSAP.
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Fig. 3. The proposed structures of the Schiff base complexes of HNAC.

Microwave method for the synthesis of metal complexes

The ligands and the metal salts were mixed in a1:1 (metal:ligand) ratio in agrinder. The
reaction mixture was then irradiated in the microwave oven taking 3-5 mL of dry ethanol as
the solvent. The reactions were completed in a short time (610 min) with better yields than
were obtained in the conventional procedure. The resulting product was then recrystallized
from ethanol and washed with diethyl ether and finally dried under reduced pressure over an-
hydrous CaCl, in a desiccator. The progress of the reaction and purity of the product was mo-
nitored by TLC using silicagel G (yield: 78.0-85.0 %).
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Biological activity

Thein vitro biological activity of the investigated Schiff bases and their metal complexes
were tested against the bacteria Escherichia coli and Staphylococcus aureus by the disc dif-
fusion method using nutrient agar as the medium and streptomycin as the control. The anti-
fungal activities of the compounds were also tested by the well diffusion method against the
fungi Aspergillus niger and Candida albicans, on potato dextrose agar as the medium and
miconazole as the control. Each of the compounds was dissolved in DM SO and the solutions
of concentrations 25, 50 and 100 ppm were prepared separately. In atypica procedure, awell
was made on the agar medium inoculated with micro-organism. The well was filled with the
test solution using a micropipette and the plate was incubated 24 h at 37 °C for the bacteria or
72 h at 30 °C for the fungi. After incubation, the diameter of the clear zone of inhibition sur-
rounding the sample was taken as a measure of the inhibitory power of the sample against the
particular test organism.

RESULTS AND DISCUSSION

As aresult of the microwave-assisted synthesis, it was observed that the re-
action time decreased from hours to minutes and better yields of the products
were obtained compared to those attained by the conventional synthesis method.
In the microwave method, homogeneity of the reaction mixture was increased by
the rotation of reaction platform tray. The confirmation of the results was also
checked by repeating of the synthesis process.

All the metal complexes were coloured, solid and stable towards air and
moisture at room temperature. They decomposed on heating at high temperatures
and were more or less soluble in common organic solvents. The results of a com-
parison of the two synthesis methods showed that reactions which required 3.8—
—8.2 h by the conventional method were completed within 4.0-7.9 min by the
microwave irradiation technique and the yields were improved from 59.6-78.0 %
to 78.0-87.6 %. The reaction times and yields for all the synthesised compounds
aregivenin Tablel.

All the metal chelates had 1:1 (metal:ligand) stoichiometry. The observed
molar conductance of the complexes in DMSO at room temperature, given in
Table S| of the Supplementary Material to this paper, were consistent with the
non-electrolytic nature of the complexes except for the Cr(l11) complex of the
BSAP Schiff base ligand, which was e ectrolytic in nature.

FAB-mass spectra

The FAB-mass spectra suggested that all the complexes have a monomeric
nature. These complexes showed molecular ion peaks in good agreement with the
empirical formula suggested by elemental analyses, the results of which are given
in Table S-1 of the Supplementary Material to this paper.

Thus, mass spectra of the complexes [Ni(BSAP)(H20)3] (FW 403.84) and
[Co(HNAC)CI]-2H2,0 (FW 515.25), as representative complexes, showed the
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METAL COMPLEXES WITH TRIDENTATE SCHIFF BASE LIGANDS 1019

highest mass peaks at m/z at 406 and 518, respectively, which agree well with the
formulaweights of the complexes.19.20

TABLE I. Reaction times and yields for the conventional and microwave synthesis methods

— - - - >
Compound (colour) Empirical formula Reaction period  Yield, %

(FwW) CM,h MM, min CM MM

BSAP (brown) CoHoN,OBr 41 45 780 876
(293.12)

[Cr(BSAP)(H,0)3]Cl (Greenish brown)  C;oH;N,O,BrCICr 8.2 7.9 59.6 79.8
(432.60)

[CO(BSAP)(Hzo)g] (Dal’k brOWn) C12H13N205BTCO 7.3 7.2 67.5 80.8
(404.08)

[Ni(BSAP)(H,0)4] (Coffee brown) CpHiN,OBINi 7.8 75 662 835
(403.84)

[Cu(BSAP)(H,0)] (black) CpHoN,OBrCu 69 65 620 850
(372.66)
(385.84)

[Cr(HNAC)(H,0)Cl,] (Dark green) CuHNOLCI,Cr 79 78 601 780
(525.75)

[Co(HNAC)CI]-2H,0 (Tobacco green)  CpHigNO,Cl,Co 7.8 7.0 645 789
(515.25)
(533.03)

[CU(HNAC)CI]-2H,0 (Coffeebrown)  CoHioNO,Cl,Cu 7.0 75 662 827
(519.86)

IH-NMR spectra

The proton NMR spectra of the Schiff base ligands were recorded in
DMSO-dg solution using TMS as an internal standard. The IH-NMR spectra
of the BSAP ligand showed signals at ¢ 6.94—7.86 (m) for the aromatic pro-
tons and 9.29 (s) for the azomethine proton. The peaks at ¢ 13.80 (s) and 10.28
(s) were attributed to the phenolic —OH group present in the salicylaldehyde
moiety and the —OH group present in the pyridine moiety, respectively; the -OH
peaks disappeared after DO addition.

The IH-NMR spectra of the HNAC ligand showed signals at ¢ 7.23-7.69 (m)
for the aromatic protons and 8.65 (s) for the azomethine proton. The pesk at
12.67 (s) attributed to the phenolic —OH group, disappeared upon addition of
D,0.21-25 The IR data support these assignments.

IR spectra

The data of the IR spectra of Schiff base ligands and their metal complexes
arelisted in Table S-11 of the Supplementary Material to this paper. The IR spec-
tra of the complexes were compared with those of the free ligands in order to de-
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1020 JAIN and MISHRA

termine the involvement of the coordination sites in the chelation. Characteristic
peaks in the spectra of the ligand and complexes were considered and compared.

IR spectrum of the BSAP ligand exhibited the most characteristic bands at
1625 cmr1 v(C=N, azomethine), 1268 cm1 v(C-0) and 1496 cm1 v(C=N, pyri-
dine). The formation of the Schiff base, 2-[(5-bromo-2-hydroxybenzylidene)ami-
no]pyridin-3-ol (BSAP) was noted from the absence of C=0 and NH»> peaks in
the ligand. The ligand spectrum showed bands at 3150 and 1361 cmL due to the
stretching and deformation of the phenolic OH. These were absent in the spectra
of the complexes. The band at 1625 cm~1 due to the azomethine group of the
Schiff base was shifted to lower frequencies (1596-1607 cnmrl) after
complexation, indicating the bonding of nitrogen of the azomethine group to the
metal ions. The phenolic C-O stretching vibration that appeared at 1268 cn? in
Schiff base shifted towards higher frequencies (20-27 cnr2) in the complexes. This
suggests deprotonation of the phenolic OH group after its chelation with the metal
ion. The appearance of broad bands at around 3343-3398 cm1 in the spectra of
complexes may be due to water molecules. A band of medium intensity at 807—
822 cmr1 (OH rocking) suggests the presence of coordinated water in all four
complexes. In the low frequency region, the band of weak intensity observed for
the complexes in the region 522-540 cm1 is attributed to M—O and in the region
486-497 cm~1 to M—N. There was no appreciable change in the v(C=N) at 1496
cm1 in ligand on complex formation, which indicates that the pyridine ring nit-
rogen does not participate in the coordination.26-30

IR spectrum of the HNAC ligand showed the most characteristic bands at
1613 cmL v(C=N, azomethine), 1675 cm1 v(C=0) and 1236 cm v(C-0). The
ligand spectrum showed bands at 3230 and 1336 cnm1 due to the stretching and
deformation of the phenolic OH. These were absent in the spectra of the com-
plexes. The band 1613 cm1 due to the azomethine group of the Schiff base was
shifted to lower frequencies (1582-1594 cmr1) after complexation, indicating
bonding of the azomethine nitrogen to the metal ions. This can be explained by
the donation of electrons from nitrogen to the empty d-orbital of the metal atom.
The band at 1675 cm1, due to the carbony! group of the Schiff base, was shifted
to lower frequencies by 23-35 cmr in the spectra of complexes, indicating
involvement of carbonyl oxygen to metal ions in the coordination. The phenolic
C-O stretching vibration that appeared at 1236 cmr1 in Schiff base shifted to-
wards higher frequencies (1927 cm 1) in the complexes. This shift confirms the
participation of oxygen in the C-O-M bond. The appearance of broad bands
around at (3365-3408 cm1) in the spectra of the complexes may be due to water
molecules. A medium intensity band at 785 cmi1 in the spectrum of the Cr(l11)
complex suggests the presence of coordinated water molecules in this complex.
This band was not observed in other complexes, indicating the absence of coor-
dinated water molecules in the Co(ll), Ni(ll) and Cu(ll) complexes. In the low
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METAL COMPLEXES WITH TRIDENTATE SCHIFF BASE LIGANDS 1021

frequency region, the band of weak intensity observed in the spectra of the com-
plexes in the region 519-529 cm1 is attributed to (M—O) and in the region 485—
—492 e to (M—N).26-30

The IR data of both the Schiff bases and their metal complexes showed that
the Schiff bases (BSAP and HNAC) were coordinated to the metal ion in a tri-
dentate manner.

Electronic spectra and magnetic moment

The electronic spectral data of the metal complexes in DM SO solution are
displayed in Table S-111 of the Supplementary Material to this paper. The nature
of the ligand field around the metal ion was deduced from the electronic spectra.

The electronic spectra of Cr(l11) complex of BSAP showed bands at 16654
cm1, 24212 and 35982 cm~1, which may be assigned to 4A5—4T 24(F) (v1),
HPog—4T1g(F) (v2) and 4Aoq—4T19(P) (v3) transitions, respectively. The
magnetic moment was 3.88 ppg; thus octahedral geometry is suggested for this
complex. The electronic spectrum of Co(ll) complex of BSAP exhibited three
bands at 9486, 15823 and 20618 cml, which were tentatively assigned to
T1g—>%Tog(F) (v1), 4T1g—*A2g(F) (v2) and 4T1q—4T14(P) (v3) transitions,
respectively. The value of magnetic moment was 5.02 pg, which indicates the
presence of Co(ll) complex in an octahedral geometry. The electronic spectrum
of the Ni(Il) complex of BSAP showed three bands at 10691, 20360 and 23838
cnl, assignable to 3Azg—>3ng(F) (vo), 3Azg%3Tlg(F) (vo) and 3A29—>3T19(P)
(v3) trangitions, respectively. The value of magnetic moment was 3.04 pg;
therefore octahedral geometry is suggested for this complex. The electronic
spectrum of the Cu(ll) complex of BSAP showed two bands at 15150 and 19230
cmL, assignable to 2B1g—?Byg and 2B1q—2Ey transitions, respectively. Since
the value of magnetic moment was found 1.92 pg, square planar geometry is
suggested for the Cu(l1) complex.31-34

The Cr(I11) complex of HNAC showed electronic spectral bands at 16871,
23837 and 34942 cmL; these were tentatively assigned to %A 5—4T24(F) (v1),
A 2g—T1(F) (v2) and 4Azg—*T1g(P) (v3) transitions, respectively. The mag-
netic moment value was 3.84 pp; thus, an octahedral structure is suggested for
this complex. The electronic spectrum of the Co(ll) complex of HNAC showed
bands at 14142 and 19514 cnm1, these were tentatively assigned to 4A>—4T1(F)
(v2) and 4A,—4T1(P) (v3) transitions, respectively. The magnetic moment value
was 4.32 ug, which is indicative of tetrahedral geometry. The absorption
spectrum of the Ni(ll) complex of HNAC exhibited bands at 12748 and 20750
cmL, which were tentatively assigned to the transitions 1A1q—1Eq (v1) and
TA1g—1Bog (v2), respectively. It is a diamagnetic complex, therefore square pla-
nar geometry is proposed. The electronic spectrum of the Cu(ll) complex of
HNAC showed two bands at 15110 and 19456 cmL, assignable to 2B13—2Byg
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and 2B13—?Eg transitions, respectively. The value of magnetic moment for this
complex was 1.81 pg; thus, square planar geometry is suggested for the Cu(ll)
complex.31-34

The different parameters such as ligand field stabilization energy (10Dq),
Racah inter-electronic repulsion parameter (B), nephelauxetic ratio (f), percent of
covalent character (%) and ligand field stabilization energy (LFSE) were calcu-
lated. The values of these parameters are presented in Table S-I11 of the Supple-
mentary Material to this paper. The complexes showed lower value of B than
those of the free ions, which indicates orbital overlapping and delocalization of
the d-orbital. The value of Slied in the range of 0.68-0.78, indicating appreciable
covalent character of the metal-ligand bonding.31-34

ESR Spectra

The ESR spectra of Cu(ll) provide information about the extent of the delo-
calization of the unpaired electron. The X-band ESR spectra of the Cu(ll) com-
plexes were recorded in the solid state at room temperature and their 9p» 9o Ag,
0av and G were calculated. The values of ESR parameters ) 9ur Jav» AQ and G
for Cu(ll) complex of BSAP were 2.2530, 2.1205, 2.1647, 0.1325 and 2.1181,
respectively. Similarly, the corresponding values for Cu(ll) complex of HNAC
were 2.2072, 2.1342, 2.1585, 0.0730 and 1.5535, respectively.

ESR spectra of the complexes revealed two g values (g|| and g,). Since the 9,
and g, values were closer to 2 and g, > g,, a tetragonal distortion around the
Cu(Il) ion is suggested. The trend 9> 9.> 0e (2.0023) shows that the unpaired
electron is localized in the dyz—y2 orbital in the ground state of Cu(ll) and spectra
were characteristic of axial symmetry. The value of 9,> 2.3 is characteristic of an
ionic environment and g|<2.3 indicates a covalent environment in metal-ligand
bonding. The 9 values for the complexes were less than 2.3, suggesting the
environment was covalent.

The exchange coupling interaction between two Cu(ll) ions is explained by
the Hathaway Expression:

G = (g; —2.0023)/(g, —2.0023)

According to Hathaway, if the value G is greater than 4 (G>4.0), the ex-
change interaction is negligible; whereas when the value of G is less than 4
(G<4.0), a considerable exchange coupling is present in a solid complex. The G
values for the complexes were less than four, indicating considerable exchange
interaction in the complexes. 3536

Thermal analyses

The thermal behaviour of the metal complexes showed that the hydrated
complexes first lost molecules of hydration, followed by decomposition of the li-
gand molecules in the subsequent steps.
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The thermal degradation behaviour of the Co(ll) complex of BSAP was stu-
died by thermogravimetric analysis. The TGA curve of the complex showed
three stages of decomposition within the temperature range 30750 °C. The com-
plex did not show any lossin weight up to 110 °C, indicating the absence of lat-
tice water molecules. A weight loss was observed after elimination of three coor-
dinated molecules of water between the temperature range 110-225 °C (remain-
ing mass %, obs./calcd.: 87.50/86.63). Above 225 °C, aweight loss was observed
in general up to 380 °C, indicating decomposition of the non-coordinated part of
the ligand (remaining mass %, obs./calcd.: 48.20/45.05). The decomposition of
remaining ligand moiety occurred between 480-620 °C, above 620 °C a hori-
zontal curve was observed suggesting the ultimate pyrolysis product as metal
oxide (remaining mass %, obs./calcd.: 29.64/25.99).

The TGA curve of the Ni(ll) complex of HNAC showed a weight loss be-
tween 72-116 °C. This corresponds to the loss of three lattice water moleculesin
the complex (remaining mass %, obs./calcd.. 90.10/89.87). Above 116 °C, the
complex did not show any loss in weight up to 200 °C. After 200 °C, weight loss
was observed up to 400 °C, which corresponded with the decomposition of ther-
mally degradable part of the ligand (remaining mass %, obs./calcd.: 64.55/62.10).
After this temperature, a weight loss was observed, suggesting the elimination of
the remaining part of the ligand. Above 590 °C, a constant weight region was ob-
served due to metal oxide, as the fina pyrolysis product (remaining mass %,
obs./calcd.: 25.72/20.66).37:38

The thermal analysis evaluation of the thermal stability of the metal com-
plexes aided in the characterization of the metal complexes.

Kinetic study

Kinetic evaluations of the thermal decomposition of the complexes were per-
formed. All stages were selected for the study of kinetics of decomposition of the
complexes. Based on the thermal decomposition data, the kinetic parameter, i.e.,
activation energy (E*), pre-exponentia factor (Z), entropy of activation (ASY),
enthalpy of activation (AH*) and free energy of activation (AG*) were calculated
using the Piloyan-Novikova3® and Coats-Redfern0 Equations. The determined
values of the kinetic parameters are summarized in Table S-1V of the Supple-
mentary Material to this paper.

The high values of the activation energies reflect the thermal stability of the
complexes. The complexes have negative entropy, which indicates that the de-
composition reactions proceed with a lower rate than normal ones. The negative
value of entropy also indicates that the activated complexes have a more ordered
and more rigid structure than the reactants or intermediates. The negative values
of the entropies of activation are compensated by the values of enthalpies of ac-
tivation, leading to almost the same values for the free energy of activation.41.42
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Electrochemical studies

The electrochemical properties of the two complexes of BSAP were studied
by cyclic voltammetry (CV) under a nitrogen atmosphere in DM SO solution in
the potential range —1.0 to 1.2 V vs. an Ag/AQCI reference electrode. The Co(ll)
complex of BSAP showed a reduction peak at Epc = —619 mV with a corres-
ponding oxidation peak at Epg = —428 mV at a scan rate 100 mV s1. The peak
separation AE, was 191 mV for this couple. Thus, the cyclic voltammetric stu-
dies gave evidence to a quasi-reversible Co(l1)/Co(l) couple.

The cyclic voltammogram of the Cu(ll) complex of BSAP exhibited a one-
electron quasi-reversible transfer process with areduction peak at Epc = —725 mV
with an associated oxidation peak at Epa = —444 mV at scan rate 100mV s
which increased with scan rate. The peak separation of this couple (AEp) was 281
mV. The most significant feature of the Cu(ll) complex was the Cu(ll)/Cu(l)
couple. This redox process was consistent with a quasi-reversible process.43:44

X-Ray diffraction study

X-Ray diffraction (XRD) analysis of the Ni(Il) complexes was performed.
The XRD patterns indicate the crystalline nature of the complex. The X-ray
powder diffractogram of the complex were recorded using CuK, as the source in
the 260 range 5-70°. The X-ray crystal system was determined by trial and error
methods for finding the best fit between the observed and calculated sin24. The
Ni(ll) complex of BSAP crystallized in an orthorhombic system. The sin2§ and
hkl values for different lattice planes were calculated for this complex. The
crystal data for this complex were a = 12.67352 A, b=23.79049 A, c = 16.62566
A, V=5012.79 A3, Z = 11, Dgps = 1.4713 g cm3 and Dy = 1.4652 g cn3. The
observed and calculated values of density and sin2 show good agreement. 4546

Electrical conductivity

The temperature dependence of the solid state conductivity (o) of the com-
pounds in their compressed pellet form was measured at a fixed frequency of 1
kHz in the temperature range 297413 K. The values of the solid state electrical
conductivity of the Schiff bases and their complexes increased with increasing
temperature and decreased upon cooling over the studied temperature range, in-
dicating their semi-conducting behaviour. The genera behaviour of electrical
conductivity follows the Arrhenius Equation:

o = opexp (—EKT)
where Ej is the thermal activation energy of conduction, g is the conductivity
constant and K is the Boltzman constant. The plots of ¢ vs. 1000/T for al the
compounds were found to be linear over the studied temperature range. The room

temperature electrical conductivity of all the compounds lies in the range
1.241x10-7-3.525x10-12 Q-1 cm1. These values showed their semi-conducting

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS



METAL COMPLEXES WITH TRIDENTATE SCHIFF BASE LIGANDS 1025

nature. The order of the electrical conductivity at room temperature for the com-
plexes of BSAP and those of HNAC was Co>Cr>Cu>Ni. The activation energy
of the compounds lie in the range 0.221-0.768 eV.4749 Confirmation of the
temperature dependence of the conductivity of the compounds was checked by
repetition of the conductivity measurements.

Antimicrobial activities

The in vitro antimicrobia activities of the synthesized Schiff base ligands
and their corresponding metal complexes against two selected bacteria E. coli
and S aureus and two fungi A. niger and C. albicans were determined. Any che-
motherapeutic agent reduces the growth of microbes by microcidal or microstatic
mechanisms. All of the tested compounds showed good biological activity against
the micro-organism. On comparing the biological activities of the Schiff base li-
gands and their metal complexes with those of a standard bactericide and fungi-
cide, it was shown that the metal complexes had moderate activity as compared
to the standard but all the complexes were more active than their respective li-
gands. The higher inhibition zone of the metal complexes than those of the li-
gands can be explained based on the Overtone concept and the chelation theory.
Upon chelation, the polarity of the metal ion is reduced to a great extent due to
the overlap of the ligand orbital and the partial sharing of the positive charge of
the metal ion with donor groups. Furthermore, it increases the delocalization of
the z-electrons over the whole chelating ring and enhances the penetration of the
complexes into lipid membranes and the blocking of the metal binding sites in
the enzymes of micro-organisms. There are other factors that increase the activity,
viz. solubility, lipophilicity/hydrophilicity, conductivity and M—L bond length.50-53

The bactericidal and fungicidal data of the compounds are summarized in
Tables Il and 11, respectively. The results of the investigations account for the
antipathogenic behaviour of the compounds and this efficacy is positively modi-
fied on complexation.

TABLE II. Antibacterial screening datafor the ligands and their complexes

E. coli S aureus
Diameter of Activity index® Diameter of Activity index
Compound inhibition zone, mm % inhibition zone, mm %

Concentration, ug ml™
25 50 100 25 50 100 25 50 100 25 50 100

BSAP 11 13 16 50 54 57 11 14 16 61 64 67
Cr(l11) 14 16 19 64 67 68 12 15 18 67 68 75
Co(ll) 8 20 24 8 8 8 14 18 20 78 82 83
Ni(I1) 66 19 25 73 79 8 12 15 18 67 68 75
Cu(ll) 17 20 24 77 83 8 15 19 21 83 86 88
HNAC 10 12 15 45 50 54 - 10 12 - 45 50
Cr(l11) 11 13 16 50 54 57 11 14 17 61 64 71
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TABLE Il. Continued

E. coli S. aureus
Diameter of Activity index® Diameter of Activity index
Compound inhibition zone, mm % inhibition zone, mm %

Concentration, ug ml™
25 50 100 25 50 100 25 50 100 25 50 100

Co(I) 15 18 22 68 75 79 14 18 21 78 82 88
Ni(ll) 14 16 20 64 67 71 12 16 18 67 73 75
Cu(ll) 6 19 23 73 79 8 13 17 19 72 77 79
Streptomycin 2 24 28 100 100 100 18 22 24 100 100 100
(standard)

Inhibition zone by test compound (diameter)
Inhibition zone by standard (diameter)

Activity index = %100

TABLE Il1. Antifungal screening data for the ligands and their complexes (diameter of inhi-
bition zone, mm)

A. niger C. albicans
Compound Concentration, pg ml 1
25 50 100 25 50 100
BSAP 11 14 18 12 13 17
Cr(l1I) 12 15 19 14 16 20
Co(I) 14 18 22 16 18 23
Ni(1l) 12 16 20 15 17 22
Cu(ll) 15 20 24 17 19 23
HNAC 12 16 20 11 14 18
Cr(l11) 13 15 21 15 18 22
Co(I) 16 21 26 18 20 25
Ni(I1) 15 20 25 16 18 23
Cu(ll) 14 19 23 19 21 26
Miconazole (standard) 20 25 30 22 24 29
CONCLUSIONS

In the present research study, the aim was to synthesize and characterize
some new compounds prepared by the conventional and the microwave method.
The microwave method is considered a green chemical route. The synthesized
compounds were characterized by various physico-chemical and spectral ana-
lyses. In course of the microwave assisted syntheses, it was observed that the
reaction time was decreased from hours to minutes and the products were ob-
tained in better yield as compared to those of the conventional method. The use
of solvent was also minimized. The synthesized BSAP Schiff base ligand bound
with the metal ions in a tridentate manner, with ONO donor sites of the phenyl-
O, azomethine-N and pyridyl-O, whereas the HNAC ligand also coordinated to
the metal ions in a tridentate manner, with ONO donor sites of phenolic-O, azo-
methine-N and carbonyl-O. Such metal complexes may be stereoselective and
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stereoactive in nature and thus applicable in various catalytic reactions. Thermo-
gravimetric studies reflected their thermal stability. The XRD patterns indicated
the crystalline nature of the complexes. The electrical conductivity data sug-
gested that all the complexes fall into the semi-conducting range. The antimic-
robial data showed that the metal complexes were more biologically active com-
pared to the parent Schiff base ligands against al the tested pathogenic species.
Such studies may assist in the search for some novel chemotherapeutics to ans-
wer the emerging problem of drug resistance in health sciences.

SUPPLEMENTARY MATERIAL

Analytical, conductivity, spectral, magnetic, kinetic and thermodynamic data of the syn-
thesized complexes are available electronically from http://www.shd.org.rs/JSCS/, or from the
corresponding author on request.
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CHUHTE3A IIOMORY MUKPOTAJIACA U CIIEKTPAJTHA, TEPMUYKA U
AHTUMHUKPOBHA CBOJCTBA HEKHMX HOBUX KOMIIJIEKCA ITPEJTIASHUX METAJIA
CATPUIEHTATHOKOOPIJUHOBAHUM IIN®OBUM FA3AMA KAO IMTAHIUMA

RAJENDRA K. JAIN u ANAND P. MISHRA

Department of Chemistry, Synthetic Inorganic & Coordination Chemistry Laboratories,
Dr. H. S. Gour Central University, Sagar M.P. 470 003, India

[TpuMeHOM KOHBEHIIMOHAJTHUX METOa U MHKPOTasaca, CUHTETH30BaHHU Cy HOBH KOM-
wiekcu Cr(I11), Co(II), Ni(II) u Cu(II) ca Illucdosum Ba3ama 2-[(5-Spomo-2-xunpokxcubeH-
3WIUZIeH )aMHUHO |TUpUINH-3-0110M (BSAP) u {5-xmopo-2-[((2-xuppoxcu-1-HadTun)MeTHIeH)-
amuHo]|penun}dpenunmeranonom (HNAC). 3a xkapakTepusanujy KoMiiekca ynorpedseHu cy
eneMeHTanHa MukpoaHanusa, FT-IR u enexTpoHcka crekrpockonuja, FAB-macena cnekTpo-
METpHja, Mepema MoJIapHe YU eleKTPUYHEe IPOBOI/BUBOCTY M MarHeTHE CyCLeNTHOMIHOCTH,
TEPMUYKE METOAE, LUMKIMYHA BoiaTamMeTpwja M XRD anHanmsa. Ha OCHOBY aHaJIMTHUKUX
nmojaTaka HaheHo je ma cy onrosapajyhu joH meTasa U JUraHZ Y OBUM KOMIUIEKCUMa KOOpP-
IUHOBAHU ¥ 1:1 MOJICKOM ONHOCY, TIPH YeMYy je KOOpAMHALWOHU Opoj nuranma 4 wik 6. Ha
ocHOBY IR CIeKTPOCKONCKUX pesysiTaTa 3aKk/bydeHO je fa CE JIUraHj, KOOPOHHYje TPUAEHTaTHO
3a HaBefleHe joHe MeTana. HauuH pasnarama 0BUX KoMIlIekca je onpeheH Ha ocHoBy FAB-ma-
CEHUX W TEPMUUKHX IOflaTaka, P uyeMy je Hal)eHO Aa XUOpaTHCaHU KOMILIEKCH NIPBO Iyde
MOJIEKy/le XUIpaTalldOHe BOME, a 3aTUM [0j1a3d [0 pasiarama jurasnga. I[Ipumenom XRD
aHaynuse ofipeheHe cy KpHUCTaaHe CTPYKTYpe CUHTETH30BaHHUX KOMILIEKCa, Kao ¥ MapameTpH,
3anpeMuHa U Opoj Monexysa y jerWHUYHOj henmuju kpucranHe peuretke. ViamepeHna je enex-
TPUYHA NPOBOA/BMBOCT KOMIUIEKCA Y YBPCTOM CTamwy, IIPHU YEMY Cy OBa MEpema MoKasaia Aa
Cy CUHTETH30BaHU KOMIUIEKCH TOIYNPOBOSHULM. MicuTHBaHA je aHTHOaKTepHjcka aKTUBHOCT
CUHTETHU30BaHOI JIMTaHAA U OArosapajyhux KoMIulekca Ha Ipam-NO3uTHBHe (Staphylococcus
aureus) ¥ Ha rpam-HeratuBHe (Escherichia coli) bakrepuje, kao ¥ aHTU(YHTalHa aKTUBHOCT Ha
cojeBuMa Aspergillus niger u Candida albicans. JloOWjeHH pe3yiTaTH OBUX HCIHUTHBAKA Cy
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MOKa3ajny Ja KOMIUIEKCH HaBeleHWX joHa MeTana MMajy Behy aHTUDAKTepUjCKy OIHOCHO
aHTHUYHTAIHY aKTUBHOCT Y OOHOCY Ha HekoopauHoBaHe [lTudose daze.
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