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ABSTRACT

Neutral tetradentate complexes of Cr(I11), Fe(l11), Co(ll), Ni(ll), Cu(ll) and Zn(I1) have been synthesized using a
unsymmetrical Schiff base formed by the condensation of Dehydroacetic acid, 3-nitrobenzaldehyde and 6-methyl-
1,3,5-triazine-2,4-diamine (L) in alcohol medium. All the complexes were characterized on the basis of their micro
analytical data, molar conductance, magnetic susceptibility, IRUV-Vis, H NMR, X-ray diffraction,
therogravimetric analysis. The ligand and its complexes were screened for their antibacterial activity against
bacterium Staphyl ococcus aurious, B.subtilis (Gram positive) and Escherichia coli, K.pneumonae (Gram negative).
The result indicated that the compl exes exhibited good antibacterial activities.

Keywords. Dehydroacetic acid, Unsymmetrical Schiff bases,n3itton metal complexes, Thermal analysis,
Powder X-ray diffraction.

INTRODUCTION

Schiff bases play important role in co-ordinatiolnemistry as they easily form stable complexes witbst
transition metal ions. Many biologically importe®thiff bases and their complexes have been repurti@rature
possessing, analytical, industrial, biologicalnidal, biochemical, antimicrobial, anticancer, batiterial, antifungal
and antitumor activity[1-4ih addition with important roles in ranging fromt@&orrosion, soil treatment agents and
medicinal agents [2,4,5]. Schiff bases and theitailneomplexes have been used as carries in themtign of
potentiometric sensors of determining cations amdres, catalysts in several industrial redox precesidation
reaction, vitamin B Metal alkoxides. It's important and diversifiedles in biological systems. The role of
chlorophyll, hemoglobin, carbonic anhydrase, vitami,, xanthine oxides and haemocyanin, illustratesrtimate
linkage between inorganic chemistry and biologyPg-1A search of literature revels that no work bagn done on
the transition metal complexes of the asymmeti8a&iiff bases derived from 6-methyl-1,3,5-triazingd-@iamine,
dehydroacetic acid and 3-nitrobenzaldehyde. In tt@eymunication we report the synthesis of asymadtri
tetradentate Schiff bases formed by the condemsafi6é-methyl-1,3,5-triazine-2,4-diamine, dehydretéc acid and
3-nitrobenzaldehyde (Fig.1). The solid complexeafll), Fe(lll), Co (1), Ni(ll), Cu(ll) and Zn(l) with these
ligands have been prepared and characterized feyetif physico-chemical methods.
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MATERIALSAND METHODS

Reagents and solvents
3-nitrobenzaldehyde, 6-methyl-1,3,5-triazine-2idntine, metal nitrate of AR grade and Dehydroacetiid
obtained from Merck was used for synthesis of ldgand complex .

Synthesis of ligand

The ligand was prepared by a modification of theoreed methods [13-19]. Asymmetric tetradentateifStlase
ligand has been synthesized via a stepwise apprtrathe first step mono-Schiff base compound wapared by
refluxing 50 ml solution of 10 mmol of dehydroaceticid and 20 mmol 6-methyl-1,3,5-triazine-2,4-diznin

super dry ethanol for about 4 h. Mono-Schiff bdmestformed was then refluxed with 270mmol 3-nitrats@dehyde
to prepare asymmetric ligand. Asymmetric Schiffebftsus formed was cooled to room temperature atected

by filtration, followed by recrystallization in edhol. (Yield: 74%).

Synthesis of metal complexes

To a hot ethanol solution (25ml) of the ligand (@&fol), methnolic solution (25ml) of metal Nitrgi@0025mol)
was added with constant stirring. The pH of reactiuxture was adjusted to 7-8 by adding 10% aldctevhmonia
solution and refluxed for about 3 h. The precigithsolid metal complex was filtered off in hot ctiwh and
washed with hot methanol, ethanol, petroleum ef#)°-50°) and dried over calcium chloride in vacuum
desiccator.(yield: 57%)

Physical M easur ement

IR spectra were recorded on FTIR(ATR)-BRUKER -TENSJ spectrometer using KBr pellets in the range of
4000-400 crit. *H- NMR Varian mercury 300MHZ spectra of ligand wereasured in CDCI3 using TMS as
internal standard. X-RD were recorded on BRUKER Ai/ance. TGA- DTA were recorded on Shimadzu. The
carbon, hydrogen and nitrogen contents were detedanon Elementar model vario EL-1ll. The UV-visildpectra

of the complexes were recorded on model UV-1800MADZU spectrometer. Molar conductance of complexes
was measured on Elico CM 180 conductivity metengisl0* M solution in DMSO. Magnetic susceptibility
measurements of the metal chelates were done amog alance at room temperature using Hg[Co(S[Cah a
calibrant.

RESULTSAND DISCUSSION

Schiff bases of 6-methyl-1,3,5-triazine-2,4-diamiaied its complexes have a variety of applicatiomduiding
biological, clinical and analytical .The Co-ordiimaf possibility of 6-methyl-1,3,5-triazine-2,4-diame has been
improved by condensing with a variety of carboryinpounds. An attempt has been made to synthesimenaetric
Schiff bases from 6-methyl-1,3,5-triazine-2,4-diamand dehydroacetic acid with 3-nitrobenzaldehyde

Physical characteristics, micro analytical, andanaonductance data of ligand and metal compleregigen in
Tableland 2. The analytical data of complexes se2el molar ratio (metal:ligand) and correspondf with the
general formula [ML(H20)2] (where M = Cr(lll), Féll, Co(ll), Ni(ll), Cu(ll) and Zn(ll)). The magnét
susceptibilities of Cr(lIl), Fe(lll), Co (II), Ni(), Cu(ll) and Zn(ll) complexes at room temperatare consistent
with high spin octahedral structure with two wateplecules coordinated to metal ion. The presencéwof
coordinated water molecules was confirmed by TGddalysis. The metal chelate solutions in DMSO show
conductance and supports their non-electrolyteragiable 1)

1H-NMR spectra of ligand

The'H-NMR. spectra of free ligand at room temperatirevss the following signals. 2.184(s, 3H, G-CH3), 2.50
d (s, 3H, Methyl hydrogen's bonded to azomethindarar 4.338 (s, 1H, phenolic OH), 6.95-7.589 (m,4H,
Aromatic H,, H,, He, Hy protons of phenyl ring).

IR Spectra
The IR spectra of the complexes are compared Wih of the ligand to determine the changes thahtriigwve

taken place during the complexation.The bands &7 32663, 1551, 1463,1395 and 1177 cassignable to OH
(intramolecular hydrogen bonded),C=C(aromatic)y C=N (azomethine)y C-N (aryl azomethine) and C-O
(phenolic) stretching modes respectively[20-23] Bheence of a weak broad band in the 3200-340bregion, in
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the spectra of the metal complexes suggests demtido of the intramolecular hydrogen bonded OHugron
complexation and subsequent coordination of phenakygen to the metal ion. This is further suppbrizy
downward shift ino C-O (phenolic) [24]with respect to free ligand. @omplexation, thes (C=N)[25]band is
shifted to lower wave number with respect to fregnd, denoting that the nitrogen of azomethineugris
coordinated to the metal ion. TkeC-N band is shifted to lower wave number with egtpto free ligand, The IR
spectra of metal chelates showed new bands in batwthe 500-800 and 400-500 tmegions which can be
assigned t@ M-O and M-N[26] vibrations respectively The IRegpra of Cr(lll), Fe(lll), Co(ll), Ni(ll), Cu(ll) ad
Zn(I1))show a strong band in the 3050-3600 cragion, suggesting the presence of coordinatednimthese metal
complexes. The presence of coordinated water ieduconfirmed by the appearance of non-ligand ha®30-840
cm! region, assignable to the rocking mode of watee Phesence of coordinated water is also establigined
supported by TG/DT analysis of these complexes.cEeh is concluded that the coordination takes ela@
phenolic oxygen and azomethine nitrogen of ligardecule.

Thermogravimetric analysis

The dynamic TGA with the percentage mass lossférdnt steps have been recorded. The simultan€@iBT
analysis of Co(ll) and Ni(ll) was studied from amhi temperature to 10T in nitrogen atmosphere using
Al203 as reference. An analysis of the thermogrdrthe complexes indicated that Co(ll) complexesvwahtwo
step decomposition. The first weight loss7.58%,ietween temp. 41-18G could be correlated with the
loss of two coordinated water (calculated 8.24 W)e anhydrous compound does not remain stablegaeih
temperature, it undergoes rapid decomposition énrtinge 190-790°C, with 77.95 % mass loss corresptm
decomposition of the complex (calcd. 76.63%) inosecstep. The decomposition is completed leadinthéo
formation of stable residue of metal oxide Cols. 14.88 % (calcd. 15.55 %). An analysis of tiewrhogram of
the complexes indicated that Ni(ll) complexes shome step decomposition. The first weight loss7.16806
between temp. 41-76 could be correlated with the loss of two coortidawater (calculated 7.16 %). The
anhydrous compound does not remain stable at higingperature, it undergoes rapid decompositiorhérainge
75-765°C, with 74.81 % mass loss corresponds tordposition of the complex (calcd. 76.23%) in secetep.
The decomposition is completed leading to the fdiomaof stable residue of metal oxide Nibs. 18.02 %
(calcd. 18.57 %). kinetic and thermodynamic viz ¢éimergy of activation (Ea), frequency factor (4)trepy change
(-AS) and free energy changgQ) for the non-isothermal decomposition of compkekave been determined by
employing Horowitz-Metzger method [27] and Coatdfeen method [28] and values are given in Table 3. The
Calculated values of the given activation energyhef complexes are relatively low, indicating theogatalysis
effect of metal ion on the thermal decompositioriref complex. The negative value of activation @pyrindicate
that the activated complexes were more orderedtth@neaction were slow. The more ordered naturgbeadue to
the polarization of bonds in the activated stateictv might occur through charge transfer transgjafy.

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

Compound Molecular formula | Mol.Wt. | M.P. Decomp temp.°C | Colour | Molar Conduc. Mho Cm?mol™
L 408.37 >300 Yellow ----
L Cr 460.36 >300 Gray 32.56
L Fe 464.21 >300 Brown 45.79
L Co 467.3 >300 Pink 35.47
L Ni 467.06 >300 Green 35.07
L Cu 471.91 >300 Blue 13.92
L Zn 473.76 >300 White 42.08

Table 2. Elemental Analysisof Ni(Il) Complex

Found (Calculated)
Compound C a N M
L 55.4 4.07| 19.82 0
-55.88 | -3.94| -20.57
L-Ni 48.8 342 | 18.02 12.6
-48.86| -345| -17.99 -12.56

M agnetic measur ements and electronic absor ption spectra

The electronic spectral studies of metal complexte€r(lll), Fe(lll), Co(ll), Ni(ll), Cu(ll) and Zn{l) with Schiff

bases were carried out in DMSO solution .The aligmrgpectrum of the Cr(lll)complex shows bandsl@513
and 37878 cm attributed to“Azngzgj and charge transfer transition respectively ietahedral field [30]. Fe(lll)
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complex exhibits electronic spectral bands at B6&#* which can be assigned to charge transfer in ahedral
field[31]. The absorption spectrum of the Co(ll)qex shows bands at 18796 and 30395 catiributed to
4Tlg—>4A2 (F) and charge transfer in an octahedral field[3@]ll) complexes shows bands at 13175cend
27472cnT are assigned ﬁAzg—> 3ng and charge transfer transitions. The absence af balow 10,000 cfhand
All Ni(ll) complexes were diamagnetic in nature icetes octahedral geometry[33]. The absorptiontspecof the
Cu(ll)complex shows bands at 36630tattributed to charge transfer respectively in eraledral field[34]. Zn(ll)
complex exhibits electronic spectral bands at 38814 which can be assigned to charge transfer in aahedral

field[35]. All the Cr(lll), Fe(lll), Co(ll), Ni(ll), Cu(ll) and Zn(Il) complexes were diamagnetic ature.

Molar Conductivity M easurements

The metal(ll) and (I1l) complexes were dissolvedDRISO and the molar conductivity of 181 of their solution at
room temperature were measured. The lower condcetaalues of the complexes support their non-elbiic

nature of the compounds.

Table 3 Thekinetic parameter of metal complexes calculated by the methods Horowitz-M etzger (HM) and Coats-Redfern (CR)

Powder x-ray diffraction

The x-ray diffractogram of Cr(lll), Fe(lll), Co (Il Ni(ll), Cu(ll) and Zn(ll) complexes of was scanned in the
range 20-80° at wavelength 1.543 A. The diffracémgrand associated data depict tilevalue for each peak,
relative intensity and inter-planar spacing (d-easlu The diffractogram of Cr(lll) complex of L hadenty six
reflections with maxima at@2= 6.31° corresponding to d value 7.00A. The difogram of Fe(lll) complex of L
had twenty two reflections with maxima &t 2 10.15° corresponding to d value 4.37A. The diffogram of Co(ll)
complex of L had twenty two reflections with maxirah 2 = 11.74° corresponding to d value 3.78A. The
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Decomp. Ea 1 AS AG Correlation
Complex | Step N Methog Temp.fC) | (kJmole?) Z(S) (JK-1 mole-1) | (kJmole-1) Coefficient
HM 6.29 1.05 X 18 -163.49 17.55 0.977
| 0.4 300
CR 5.46 1.83X 10 -75.44 10.65 0.991
L-Ni
HM 14.93 239X 1b -153.06 31.18 0.994
Il 0.9 610
CR 18.92 54X 19 -67.53 26.09 0.997
HM 20.56 1.15 X 18 -107.79 26.04 0.9991
| 0.76 150
L-Co CR 96.47 1.85 X 18 2.64 X107 96.46 0.914
I 058 HM 610 14.93 2.39 X 1b -153.06 31.18 0.9925
CR 19.68 1.91 -248.61 46.08 0.9922
Table 4: Antibacterial activity of compounds
Diameter of inhibition zone (mm)
Bacterium (L) Tetracyclin
1250 ppm | 2500 ppm | 5000 ppm | 10000 ppm | 1000 ppm
E. coli 10 10 7 9 15
S Aurious 11 9 9 6 12
B.Subtilis 10 8 5 5 16
K.Pneumonae 8 9 9 9 14
Table5: Antibacterial activity of compounds
Diameter of inhibition zone (mm)
Bacterium (LM) Tetracyclin
1250 ppm | 2500 ppm | 5000 ppm | 10000 ppm 1000 ppm
E. coli 20 17 14 14 27
S Aurious 19 15 13 10 30
B.Subtilis 21 15 13 10 42
K.Pneumonae 14 13 13 13 25
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diffractogram of Ni(ll) complex of L had twenty tettions with maxima at®2= 10.59° corresponding to d value
4.18A. The diffractogram of Cu(ll) complex of L hagighteen reflections with maxima ap 2= 14.96°
corresponding to d value 2.98A.The diffractogramZof{ll) complex of L shows twenty one reflectionstiw
maxima at B = 4.14° corresponding to d value 10.65A. The x-diffraction pattern of these complexes with
respect to major peaks of relative intensity gnetitan 10% has been indexed by using computer anogied [36]
The above indexing method also yields Miller ingig¢bkl), unit cell parameters and unit cell voluribe unit cell
of Cr(Ill) complex of L yielded values of latticeustants, a=9.9810 A, b=11.0411 A, ¢ = 11.9679 & wamit cell
volume V=1142.18 A In concurrence with these cell parameters, tglition such as & b # ¢ anda = =90 #y
required for sample to be Monoclinic were testad #éound to be satisfactory. Hence it can be cateduthat
Cr(lll) complex has Monoclinic crystal system. Thait cell of Fe(lll) complex of L yielded values ddittice
constants, a=8.9613 A, b=16.4365A, ¢ = 14.6594A amiticell volume V=2124.32 & In concurrence with these
cell parameters, the condition such asta# ¢ anda = p =y=90 required for sample to be orthorhombic. The unit
cell of Co(ll) complex of L yielded values of latéi constants, a=9.5686 A, b=10.3999 A, ¢ = 11.37a04 unit
cell volume V=986.81AIn concurrence with these cell parameters, thelition such as & b # ¢ anda = p = 90°

# v required for sample to be monoclinic. The unit céINi(ll) complex of L yielded values of latticeonstants,
a=10.4862 A, b=9.3621 A, ¢ = 10.6713A and unit aglume V=907.29AIn concurrence with these cell
parameters, the condition such gsla# ¢ anda =y £ required for sample to be monoclinic. The unit oéICu(ll)
complex of L yielded values of lattice constants8.8601 A, b=10.6921A, ¢ = 16.1230A and unit callwne
Vv=1337.70&.In concurrence with these cell parameters, thelition such as & b# ¢ anda = p = 90°#y required
for sample to be monoclinic. The unit cell of Zh(@omplex of L yielded values of lattice constarts7.3625A,
b=9.1491 A, ¢ = 11.7875A and unit cell volume V=RR3In concurrence with these cell parameters, the
condition such as & b # ¢ anda =y = 90°# B required for sample to be monoclinic were tested f@und to be
satisfactory. Hence it can be concluded Cr(lll)(IFg Co(ll), Ni(ll), Cu(ll) and Zn(ll) complex ofL has
monoclinic crystal system. The experimental densgilues of the complexes were determined by usjregitc
gravity method [32] and found to be 1.12,1.04, 1472, 1.04 and 1.3 gcirfor Cr(lll), Fe(lll), Co(ll), Ni(ll),
Cu(ll) and zZn(Il) complexes respectively. By usiegperimental density values, molecular weight ahptexes,
Avogadro’s number and volume of the unit cell weaéculated. Number of molecules per unit cell weskeulated
by using equatiorp = nM/NV and was found Cr(lll), Fe(lll), Co(ll), Mi), Cu(ll) and zZn(ll) complexes
respectively. With these values, theoretical dgnsitre computed and found to be 1.12,1.04, 1.772,0..04 and
1.3 gen?® for respective complexes. Comparison of experialeand theoretical density shows good agreement
within the limits of experimental error[37].

Antibacterial activity

Synthesized Schiff bases and their metal complesere screenedhgainst bacteria such &s Coli, B.Qubtilis, S
Aurious And K.Pneumonae by paper disc plate method [38] The compounds wested at the concentrations
1250ppm 2500ppm 5000ppm and 10000ppm. DMSO and amdpvith known antibioticsiz Tetracyclin. From
(Table 4 and 5), it is found that the inhibition tmgtal chelates is higher than that of a ligandrasdlts are in good
agreement with previous findings with respect tmparative activity of free ligand and its complei@g]
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Figurel. Structure of ligand
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Figure 2. The proposed Structur e of the complexes
when M= Cr(I11), Fe(l11), Co(I1), Ni(ll), Cu(ll) and Zn(l1)

CONCLUSION

In the light of above discussion we have proposgedtedral geometry for Cr(lll), Fe(lIl), Co(ll), M), Cu(ll) and
Zn(ll) complexes. On the basis of the physico-cluainand spectral data discussed above, one camadhat the
ligand behave as dibasic, NNNO tetradentate, coatitig via phenolic oxygen and imino nitrogen asstrated in
Fig.2. The complexes are biologically active andvelenhanced antimicrobial activities compared & fligand.
Thermal study reveals thermal stability of compkex&he X-ray study suggests monoclinic crystal esystfor
Cr(lI1), Fe(ll1), Co(ll), Ni(ll), Cu(ll) and Zn(ll) complexes.
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