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ABSTRACT

The solid complexes of Cu(ll), Ni(l1), Co(ll), Mn(I1) and Fe(l11) with asymmetrical tetradentate Schiff bases derived
from o-phenylenediamine (H,L;)/4-methyl o-phenylenediamine (H,L,), 3-Acetyl-6-methyl-pyran-2,4-dione
(Dehydroacetic acid) and 2-hydroxy-1-naphthaldehyde have been synthesized and characterized by elemental
analysis, conductometry, magnetic susceptibility, uv-visible, i.r, *H-nmr. spectra, X-ray diffraction, thermal analysis,
and screened for antimicrobial activity. The IR spectral data suggest that the ligand behaves as a dibasic
tetadentate ligand with ONNO donar atoms sequence towards central metal ion. From the microanalytical data, the
stoichiometry of the complexes has been found to be 1:1 (metal: ligand). The physico-chemical data suggests square
planar geometry for Cu(ll) and Ni(ll) complexes and octahedral geometry for Co(ll), Mn(I1) and Fe(l11) complexes
respectively. The x-ray differaction data suggests orthorhombic crystal system for Cu(ll) complex, monoclinic
crystal system for Ni(ll)and Fe(lll). Thermal behaviour (TG/DTA) of the complexes was studied and kintic
parameters were determined by Horowitz-Metzger and Coats-Redfern method. The ligand and their metal
complexes were screened for antibacterial activity against Staphylococcus aureus and Escherichia coli and
fungicidal activity against Aspergillus Niger and Trichoderma.

INTRODUCTION

Tetradentate Schiff bases with®} donor atoms are well known to co-ordinate withimas metal ions and have
attracted a great deal of interest in recent ydaesto their rich co-ordination chemistry [1-5].hn8t bases of o-
phenylenediamine reported to have variety of apfibois including biological [6], clinical [7] andnhalytical [8]
fields. Many symmetrical tetradentate bis-Schiféémof 1, 2-diamines with o-hydroxy aldehyde/ketbage been
prepared and studied intensively. However muchdgssition has been focused on asymmetrical tettatteSchiff
bases derived from 1, 2-diamines and differenttgldes/ketones. In particular, those derived froomeatic 1, 2
diamines have been under-investigated [9] It istmwhile to mention here that asymmetrical Schifééxma of this
type are difficult to obtain and not easily isoth{&0]

A search of literature revels that no work has bdene on the transition metal complexes of the asgtrical
Schiff bases derived from aromatic 1, 2- diaminehydiroacetic acid and 2-hydroxy-1-naphthaldehydethis
communication we report the synthesis of asymmadttetradentate Schiff bases formed by the condiensaf o-
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phenylenediamine/4-methyl o-phenylenediamine, dedgaktic acid and 2-hydroxy-1-naphthaldehyde (Figrhe
solid complexes of Cu(ll), Ni(ll), Co(ll), Mn(Il)red Fe(lll)with these ligands have been prepared and chairetter
by different physico-chemical methods.

MATERIALSAND METHODS

Reagents and sol vents

Dehydroacetic acid obtained from Merck was usedugplied.o-phenylenediamine/4-methyl o-phenylenadia
and 2-hydroxy-1-naphthaldehyde of AR grade weral Use synthesis of ligand. AR grade metal chloridese
used for the complex preparation.

Synthesis of ligand

The ligand was prepared by a modification of theoreed methods [11-13]. Asymmetric tetradentateifSblase
ligand has been synthesized via a stepwise apprérathe first step mono-Schiff base compound wapared by
refluxing 50 ml solution of 10 mmol of dehydroacetacid and 10mmol o-phenylenediamine/4-methyl -o-
phenylenediamine in super dry ethanol for about IBldno-Schiff base thus formed was then refluxeth\iOmmol
2-hydroxy-1-naphthaldehyde to prepare asymmetgand. Asymmetric Schiff base thus formed was coated
room temperature and collected by filtration, falkxl by recrystallization in ethanol. (Yield: 70%).

Synthesis of metal complexes

To a hot methanol solution (25ml) of the ligandd@mol), methnolic solution (25ml) of metal chlaig0.01 mol)
was added with constant stirring. The pH of reactiixture was adjusted to 7.5-8.5 by adding 10%ladtic
ammonia solution and refluxed for about 3 h. Thecpitated solid metal complex was filtered offhiot condition
and washed with hot methanol , petroleum ether@3j-and dried over calcium chloride in vacuum desior.(
yield: 55%)

Physical M easur ement

The carbon, hydrogen and nitrogen contents werermé@ted on Perkin Elmer (2400) CNS analyzer. IRcspe
were recorded on Jasco FT-IR-4100 spectrometeq uéBr pellets."H-NMR spectra of ligand were measured in
CDCl; using TMS as internal standard. The TG/DTA and XR&e recorded on Perkin Elmer TA/SDT-2960 and
Philips 3701 respectively. The UV-visible spectfate complexes were recorded on JascoUV-530 spaeter.
Magnetic susceptibility measurements of the médtalates were done on a Guoy balance at room tetopensing
Hg[Co(SCN}] as a calibrant. Molar conductance of complexes maasured on Elico CM 180 conductivity meter
using 10° M solution in DMF.

RESULTSAND DISCUSSION

Physical characteristics, micro analytical, and an@onductance data of ligand and metal compleregigen in
Table 1. The analytical data of complexes revels rholar ratio (metal: ligand) and corresponds wéth the
general formula [ML] (where M = Cu(ll) and Ni(ll)gnd [ML(H,0O),] (where M = Co(ll), Mn(I)and Fe(lll) ). The
magnetic susceptibilities of Cu(ll) and Ni(lipmplexes at room temperature are consistent with squaneapla
geometry and that of Co(ll), Mn(IBnd Fe(lll) complexes with high spin octahedral structure witlo water
molecules coordinated to metal ion. The presendsvof coordinated water molecules was confirmedr®DT
analysis. The metal chelate solutions in DMF show ¢onductance and supports their non-electrolstars.

(Table 1)

"H-NMR spectra of ligand

The'H-n.m.r. spectra of free ligand in CDCIit room temperature shows the following signal852.156 (s, 3H,

Ce-CHy), 2.40-2.555 (s, 3H, N=C-CH), 4.758 (s, 1H, phenolic OH), 5.80 (s, 1H, G-H), 6.6-7.95 (m, aromatic
protons), 8.4 (s, 1H, N=C-H) and 15.90-16.@)(s, 1H, enolic OH of DHA moiety). In addition tbdse peaks
(H,L,) shows a peak at 2.30(s, 3H, phenyl-Ch).

FTIR spectra

The IR spectrum of free ligands shows charactertséinds at 3200-3400, 1684-1699, 1640-1660, 1338-ABd
1219-1275 ci assignable tov OH (intramolecular hydrogen bonded), C=O (lactone carbonyl)p C=N
(azomethine)y C-N (aryl azomethine) and C-O (phenolic) stretching modes respectively [5%-The absence of
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a weak broad band in the 3200-340"cragion, in the spectra of the metal complexes ssigg#eprotonation of the
intramolecular hydrogen bonded OH group on compieraand subsequent coordination of phenolic oxygethe
metal ion. This is further supported by upward tshifv C-O [16] (phenolic) to the extent of 20-50 ¢mOn
complexation, they (C=N) band is shifted to lower wave number witlspect to free ligand, denoting that the
nitrogen of azomethine group is coordinated tortfetal ion. This is supported by upward shiftirC-N to the
extent of 20-40 cfh [17] The Ir spectra of metal chelates showed newds in the 495-565 and 409-485tm
regions which can be assignedvttM-O and M-N vibrations respectively [18] The Ipextra of Co(ll), Mn(Il)and
Fe(lll) show a strong band in the 3050-3600"cregion, suggesting the presence of coordinateéniatthese
metal complexes. The presence of coordinated vigteirther confirmed by the appearance of non-ligaand in
830-840 cnt region, assignable to the rocking mode of wat®] [TThe presence of coordinated water is also
established and supported by TG/DT analysis ofetlvesnplexes. Hence it is concluded that the coatidin takes
place via phenolic oxygen and azomethine nitroddigand molecule.

Magnetic susceptibility and electronic absorption spectra

The magnetic and electronic spectral data is ieveeice with proposed geometry of complexes (FigTae
electronic absorption spectrum of Cu(ll) show thpeeds at 17577, 25906 and 29585'dor L, and 17360, 27624
and 30030 crh for L, assignable to the '[ramsitioﬁélg — 2A1g and two intraligand charge transfer bands. These
electronic transitions and observed 1.80-1.81 B.Afjnetic moment value suggests square-planar geparetind
Cu(ll) [18,20] The electronic absorption spectraNifll) complex consists of two bands at about 17123 emd
25706 crit for L; and 18083, and 25906 ¢nfor L, assignable tdA,; — 'T,, and charge transfer transitions
respectively. Observed electronic transitions,dia@nagnetic nature and red colour of the compleygests square-
planar geometry for Ni(llgomplex [21,22] Co(llzomplex show three bands at 10857, 19011 and 2@®27or L,
and 10775, 17421 and 25706 tiior L, which may be attributed to the transitioffgy — Tog(F), “T1g — “Azg(F)
and charge transfer respectively. Electronic ttaors along with magnetic moment value 4.48-4.68!.Bsuggest
high spin octahedral geometry for Co(ll) comple8,4] The octahedral geometry is further suppobledatiov,/

v; = 1.750 and 1.616 which is close to the value etgukfor octahedral geometry. Spectra of Mnébmplex
contains three bands at 16313, 22371 and 30487fanl, and 14814, 24449 and 29673 tifor L, assignable to
the transition$A;4 — “Ty4, °As4 — *Tog and charge transfer respectively. Electronic itams along with magnetic
moment value 5.74-5.73 BM which is almost closespin only value (5.92 BM) suggest high spin octabked
geometry for Mn(Il) complex [23,25] The electromibsorption spectra of Fe(lkpmplex show three weak bands at
13513, 18867 and 29154 énfor L, and 13460, 19801 and 32573 trfor Lowhich may be assigned to the
transitions®A;; — “T1(*D), °A1y — *T14 and charge transfer respectively. Electronic itmms together with
magnetic moment value 5.84-5.78 BM suggests highagahedral geometry for Fe(lll) complex [23,26]

Thermal analysis

The simultaneous TG/DT analysis of Cu(ll) and Ni¢ldmplexes of Land Co(ll), Mn(Il) and Fe(lll) complexes of
L, was done from ambient temperature to 1000°C irogén atmosphere usingAl,O; as reference. In the TG
curve of Cu(ll) and Ni(llcomplexes of £, no mass loss up to 270°C indicates absence oflic@ted water in these
complexed™”. In the TG curve of Cu(ll) complex, the first stepdecomposition from 285°C to 400°C, with a mass
loss 24.70% (calcd. 23.11%), an exothermic p&akiax = 335°C in DTA may be attributed to the remafanon
coordinated part of ligand. The second slow stegmfr410-905°C with mass loss 58.80% (calcd.61.46%),
corresponds to decomposition of coordinated patigahd. A broad endotherm in DTA is observed tus tstep.
The mass of the final residue corresponds to st@hf@, 18.5% (calcd.17.82%). The TG curve of Niidmplex,
show two step decomposition. The first step fro8°23to 435°C, with a mass loss 24.00% (calcd. 28)3&n
exothermic pealkhTmax = 330°C in DTA may be attributed to the decosifion of non coordinated part of ligand.
The slow decomposition in second step from 565-86@&4th mass loss 60.20% (calcd.62.05%), correspdnds
removal of coordinated part of ligand. A broad ehéom in DTA is observed for this step. The massheffinal
residue 10% does not corresponds to any stoichigroéend product.

The thermogram of Co(ll) complex show mass los&o/(8alcd.7.9%) in the range 180-230°C and an ermrdotic
peak in this regiomMTmin = 207°C, indicates loss of two coordinated evatolecules [27.28] The anhydrous
complex first show slow decomposition in 240-550ge with 28% mass loss (calcd.27.01%) and a broad
exothermATmax = 248°c in DTA may be attributed to removahoh coordinated part of ligand. The second step
decomposition at 580-870°C, with mass loss of Fh.3(talcd.52.08%) corresponds to decomposition of
coordinated part of ligand. A broad endotherm inADi§ observed for this step. The mass of the fiesidue
corresponds to stable CoO with mass 12.25% (c#c@%). The TG curve of Mn(Il) complex show firsass loss
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7.20% (calcd.7.97%) in the range 145-210°C and radothermic peak in this regioATmin = 175°C, indicate
removal of two coordinated water molecules. Theydnbus complex shows single step slow decompositiom
260-1000 °C with 52% mass loss. A broad endotheriTA indicates that the complex is thermally gistable.
The thermal profile of Fe(lll) complex shows masssl 7.5% (calcd.7.96%) in the range 160-250°C and a
endothermic peak in this regidtT min = 207°C indicates loss of two coordinated watelecules. The anhydrous
complex first show slow decomposition from 250-825%ith mass 27% (calcd.27.20%) loss and a broatherm
ATmax = 283°C in DTA may be attributed to removal rafn coordinated part of ligand. The second step
decomposition is sharp from 655 to 665°C with mass of 14.50% (calcd. 14.85%) a sharp endotherBiTiA at
655°C is observed for this step. The third stepdeaosition is from 670 to 800°C with 22% mass Idd®e mass of
the final residue 9.2% does not corresponds tostoighiometry of end product.

Kinetic calculations

The kinetic and thermodynamic parametéwsn (order of reaction), Henergy of activation), z ( pre-exponential
factor), AS (entropy of activation) andG ( free energy change) together with correlatioafficient (r) for non-
isothermal decomposition of metal complexes havenbdgetermined by Horowitz-Metzer (HM) approximation
method [29fand Coats-Redfern integral method [30] The dagivien in Table 2. The results show that the values
obtained by two methods are comparable. The caémilsalues of energy of activation of the compleres
relatively low indicating the autocatalytic effexft metal ion on thermal decomposition of the comg®l,32] The
negative value of entropy of activation indicatesttthe activated complexes are more ordered tfereactant and
that the reactions are slow. The more ordered @ahary be due to the polarization of bonds in atgivatate which
might happen through charge transfer electronitsttion.

(Table 2)

Table 1. Physical characterization, analytical and molar conductance data of compounds

Moigmg??or:'?nula Mol. Wi, M.P./ Degcomp. Temp Colour MOlall\’/I‘r:m(())nduc' (C;:Igﬂlr;ctjed

1 cn? mol* C H N M
fgi-H)ch204] 41245 153 vellow (;gigg) (i:gg) (2'.38)
[L'Cu] 474.00 250 Reddish Browh 57.50 (ggég) (g:gg) (giéi) 13.52 (13.41)
[L'Ni] 469.16 245 Red 37.07 (gg:gi) é:g}l) (S:sg) 12.78 (12.51)
[ L'Co (H20}] 505.38 265 Coffee Brown 35.22 (ggég (j:;g. (gzgi‘ 12.10 (11.66)
[ L™Mn (H20)] 501.39 278 Brown 26.32 (gg:gg) (j:gg) (Siég) &é:gg)
[ L'Fe (H20} ] 502.30 255 Brown 53.60 (ggg% (jgg) (gzg% (ﬁ:ig)
([HC22|;222N204] 426.48 173 vellow (;gég) (gég) (2'.23)
[ L2Cu] 488.03 267 Brown 52.10 (ggzgé (j:‘:_’g: (g'?g: 1345 (13.02)
[L2Ni] 483.19 258 Red 32.54 (gig% (jjﬁ) (S%) 12.54 (12.15)
[ L2 Co (H20)] 519.41 273 Reddish Browp 27.85 (ggzg% (j:gg) (g'gg) 11.75 (11.35)
[ LMn (H20),] 515.42 290 Brown 25.20 (ggjgé) (jjgg) (g:ig) &g:gg)
[ L?Fe (H20) ] 516.33 | 288 Brown 59.50 (2824212) (322&25) (gzig) &é:gg)

Powder x-ray diffraction

The x-ray diffractogram of Cu(ll), Fe(lll) complexef L; and Ni(ll) complex of L metal complexes was scanned
in the range 5-10Q8t wavelength 1.543 A. The diffractogram and asgedi data depict thed Xalue for each peak,
relative intensity and inter-planar spacing (d-ezlu The diffractogram of Cu(ll) complex of; lhad eight
reflections with maxima at®@2= 7.081° corresponding to d value 12.473A. Théatitogram of Ni(ll) complex of
L, shows thirteen reflections with maxima &t 2 9.654° corresponding to d value 9.154 A. Théraitogram of
Fe(Ill) complex of Iy had eleven reflections with maxima #t 2 89.964° corresponding to d value 1.089 A. The x-
ray diffraction pattern of these complexes withpext to major peaks of relative intensity gratemtti0% has been
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indexed by using computer programme [33] The abogexing method also yields Miller indices (hklniticell
parameters and unit cell volume. The unit cell afli§ complex of Ly yielded values of lattice constants, a=24.7884
A, b=7.5475 A, ¢ = 3.3399 A and unit cell volume824.8771 & In concurrence with these cell parameters, the
condition such asa b # c ando = =y = 90° required for sample to be orthorhombic wested and found to be
satisfactory. Hence it can be concluded that Ce@hplex has orthorhombic crystal system. The calitof Ni(ll)
complex of L, yielded values of lattice constants, a=18.8424#3.8620A, ¢ = 12.3857A and unit cell volume
V=751.0398 A. The unit cell of Fe(lllzomplex of L, yielded values of lattice constants, a=11.330975.6308 A,

¢ = 4.6692 A and unit cell volume V=295.30281A concurrence with these cell parameters, thelition such as a
#b+# c anda =y = 90°#£ B required for sample to be monoclinic were testedl faund to be satisfactory. Hence it
can be concluded that Ni(ll) complex of land Fe(lll) complex of L has monoclinic crystal system. The
experimental density values of the complexes weterchined by using specific gravity method [34] dodnd to

be 2.5065, 2.1420 and 2.8406 gtior Cu(ll), Ni(ll) and Fe(lll) complexes respeatily. By using experimental
density values, molecular weight of complexes, Aadrg’s number and volume of the unit cell were waled.
Number of molecules per unit cell were calculatgdibing equatiop = nM/NV and was found to be four, two, and
one for Cu(ll), Ni(ll), and Fe(lll) complexes respieely. With these values, theoretical density eveomputed and
found to be 2.5188, 2.1363 and 2.8241 gdor respective complexes. Comparison of experiaieand theoretical
density shows good agreement within the limits)@fegimental error [35]

Table 2 The kinetic parameter of metal complexes calculated by the methods Hor owitz-M etzger (HM) and
Coats-Redfern (CR)

Complex | Step n Method SE z AS AG Corelation coefficient (r

cu(ll | 145| HM CR| 21.15 226 6.788 7.013  -234.4234.15| 37.22 38.73 0.9988 0.9999

Il 0.89 | HM CR| 13.47 14.34 0.129 0.1%1 -271.0@69.71| 42.28 43.09 0.9988 0.9936
Ni(ll) | 101 | HM CR| 26.41 26.13 14.02 8.334 -229.0833.41| 43.46 43.5 0.9953 0.9929

Il 0.61 | HM CR| 27.47 28.1 1.0121.404 -254.7252.02| 57.43 57.8( 0.9982 0.9946
Co(ll) | 1.2C | HM CR | 12.16125 | 0.2811.08 | -262.27 -269.3¢ | 33.30 34.3 0.9999 0.99¢

Il 0.95| HM CR| 37.1633.34| 4.2904.7596 -242.7241.93| 65.91 62.93 0.9995 0.9995
Mn(I1) - | 142 | HM CR| 33.4424.28] 24501.766 7242 -250.17| 62.7553.91 0.9936 0.9832
Fe(lll | 140 | HM CR| 17.3217.62] 0.8951.335 -252.8649-834 | 38.30 38.33 0.9921 0.9979

Il 0.35| HM CR| 33.9932.91| 25402362 -247.2247-82| 63.51 62.5( 0.9990 0.9971

E.inkJmol™, Zin S, 4Sin K mol*and 4G in kI mol ™

Table 3 Antibacterial activity of compounds

Inhibition zone (mm)
Test Compound E. Coli Staphylococcus
500 ppm | 1000 ppm | 500 ppm | 1000 ppm

Ciproflaxin 29 32 31 35
(H,LY) 10 12 11 15
[L'Cu] 14 16 16 19
[ LINi] 12 12 13 17
[ L'Co (H20}] 12 14 14 17
[ L'™n (H20)] 10 12 11 15
[L'Fe (H20}] 10 12 11 15
(H,L?) 12 13 14 16
[ L*Cu] 16 18 18 20
[ LNi] 14 13 15 18
[L? Co (H20}] 14 15 16 19
[ L?Mn (H20)] 13 14 15 17

[L%Fe (H20}] 13 14 15 17

Antimicrobial activity

The antimicrobial activity of ligand and metal cdewes were testedn vitro against bacteria such as
Staphylococcus aureus and Escherichia coli by paper disc plate method [36] The compounds wested at the
concentration 500ppm and 1000ppm. DMF and compuwittd known antibioticsviz ciproflaxin. (Table 3). For
fungicidal activity, compounds were screenaditro againstAspergillus Niger and Trichoderma by mycelia dry
weight method [16] with glucose nitrate media. Thenpounds were tested at the concentration 25G@@gpm in
DMF and compared with control (Table 4). From TaBland 4, it is clear that the inhibition by methklates is
higher than that of a ligand and results are indgagreement with previous findings with respectamparative
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activity of free ligand and its complexes [16, 3]ch enhanced activity of metal chelates is dudbdadncreased
lipophilic nature of the metal ions in complexeg][3The increase in activity with concentratiordige to the effect
of metal ions on the normal cell process. The actibcompounds may involve the formation of hydnodmnd
with the active centre of cell constituents, raaglin interference with the normal cell proces8][3

Table4 Yield of Mycdlial dry weight in mg (% inhibition)

Aspergillus Niger Trichoderma
Test Compound 250 ppm | 500 ppm | 250 ppm | 500 ppm
Control 79 79 70 70
(HaLH 55 (30) 22 (72) 34 (51) 18 (74
[L'Cu] 35 (56) 10 (87) 14 (80) 01 (99)
[L'Ni] 35 (56) 11 (86) 17 (76) 03 (96)
[L'Co (H20}] 40 (49) 15 (81) 24 (66) 03 (96)

[L'Mn (H20),] 48 (39) 17 (78) 29 (59) 07 (90)
[L'Fe (H20) ] 50 (37) 18 (77) 31 (56) 10 (86

(HLD 52 (34) | 20(75)| 31(56)| 16 (77
[L2Cu] 26(67) | 08(90) | 12(83)| 01 (99)
[L°Ni] 32(59) | 09(89) | 13(81)] 01 (99)

[L% Co (H20)] 38 (52) 11 (86) 15 (79) 02 (97)
[L®Mn (H20),] 43 (46) 12 (85) 23 (67) 06 (91)
[L°Fe (H20) ] 45 (43) 16 (80) 24 (66) 08 (89

o} / OH

CHs

R

R=H/CH;
Figure 1. Structure of ligand

H,C
0
o _N/ \N_

H,C H

R

Figure 2(a)
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R

Fig. 2(b)
R=H/CHs
Fig.2. The proposed structur e of the complexes.
(2)When M = Cu(ll) and Ni(I1)' (b) When M = Co(ll), Mn(l1) and Fe(l11)

CONCLUSION

In the light of above discussion we have proposgehre- planar geometry for Cu(ll) and Ni(ll) comyds and
octahedral geometry for Co(ll), Mn(ll) and Fe(ldbmplexes. On the basis of the physico-chemical spettral
data discussed above, one can assume that thel llggimve as dibasic, ONNO tetradentate, coordopatia
phenolic oxygen and imino nitrogen as illustrateédFig.2. The complexes are biologically active asftbw
enhanced antimicrobial activities compared to figand. Thermal study reveals thermal stabilitycofmplexes.
The XRD study suggests orthorhombic crystal sysi@nCu(ll) complex and monoclinic crystal systenm fi(Il)

and Fe(lll) complexes.
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