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ABSTRACT

A new series of Cr(lll), Fe(lll), Co(ll), Ni(ll), @(Il) and Zn(ll) complexes with tetradentate unsyetrinal Schiff
base ligand derived from Dehydroacetic acid, 2-loygrbenzaldehyde (L) and 6-methyl-1,3,5-triazifeeamine
have been reported. The complexes have been cheract by elemental analysis, magnetic susceyibili
measurements, conductrometry, electronic and ieftarspectra, X-ray diffractionH-NMR spectra and
therogravimetric analysis. The ligand and its coexgls were screened for their antibacterial actidiyainst
bacterium Staphylococcus aurious, B.subtilis (Graositive) and Escherichia coli, K.pneumonae (Graggative).
The result indicated that the complexes exhibimatgantibacterial activities.

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

INTRODUCTION

Tetradentate Schiff bases are well known to cormatéi with various metal ions and have attractedeatgleal of
interest in recent years due to their rich co-ation chemistry [1]. Schiff bases of 6-methyl-1;8jazine-2,4-
diamine reported to have variety of applicationsluding biological, clinical and analytical field2-5]. Metal
complexes make the compounds effective as a speddi catalysts towards oxidation, reduction, toygsis,
biological activity and other transformations ofanic and inorganic chemistSchiff base complexes play a vital
role in designing metal complexes related to syithend natural oxygen carries. [4,881any asymmetrical
tetradentate bis-Schiff bases of 1, 2-diamines wiififierent aldehyde/ketone have been prepared &undies
intensively. However much less attention has beended on asymmetrical tetradentate Schiff basegedefrom
1, 2-diamines and different aldehydes / ketonegalrnicular, those derived from heterocyclic 1 di&amines have
been under-investigated. It is worthwhile to memtieere that asymmetrical Schiff bases of this geedifficult to
obtain and not easily isolated.

A search of literature revels that no work has bdene on the transition metal complexes of the asgtrical
Schiff bases derived from 6-methyl-1,3,5-triazing-8iamine, dehydroacetic acid and 2-hydroxyberezald this
communication we report the synthesis of asymmadttetradentate Schiff bases formed by the condiemseaf 6-
methyl-1,3,5-triazine-2,4-diamine, dehydroacetidamnd 2-hydroxybenzaldehyde (Fig.1). The solid ptaxes of
Cr(lI1), Fe(l11), Co(ll), Ni(ll), Cu(ll) and Zn(ll) with these ligands have been prepared and chaesxtdoy different
physico-chemical methods.
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MATERIALSAND METHODS

Reagents and solvents

Dehydroacetic acid obtained from Merck was useds@splied 2-hydroxy benzaldehyde and 6-methyl-1,3,5-
triazine-2,4-diamine of AR grade were used for bgsts of ligand. AR grade metal nitrate were usadtlie
complex preparation.

Synthesis of ligand

The ligand was prepared by a modification of thgoreed methods [9-15]. Asymmetric tetradentate fBdidse
ligand has been synthesized via a stepwise apprtrathe first step mono-Schiff base compound wapared by
refluxing 50ml solution of 20mmol of dehydroacedicid and 20mmol 6-methyl-1,3,5-triazine-2,4-diamimesuper
dry ethanol for about 4h. Mono-Schiff base thusrfed was then refluxed with 10mmol 2-hydroxy benehidle to
prepare asymmetric ligand. Asymmetric Schiff bdaestformed was cooled to room temperature and aetieby
filtration, followed by recrystallization in ethahdYield:69%).

Synthesis of metal complexes

To a hot ethanol solution (25ml) of the ligand @fhol), methnolic solution (25ml) of metal Nitrg@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 ciiwh and
washed with hot methanol, ethanol, petroleum eifd®°-50°) and dried over calcium chloride in vacuum
desiccator.(yield: 57%)

Physical M easur ement

IR spectra were recorded on FTIR(ATR)-BRUKER-TENSJRspectrometer using KBr pellets in the range of
4000-400 crit. *H- NMR ( varian mercury 300MHZ ) spectra of ligangre measured 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 deteahdn Elementar model vario EL-IIl. The UV-visildpectra

of the complexes were recorded on model UV-1800MRADZU 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(STCah a
calibrant.

RESULTSAND DISCUSSION

Schiff bases of 6-methyl-1,3,5-triazine-2,4-diamialed its complexes have a variety of applicatiamduiding
biological, clinical and analytical. The coordimggi possibility of 6-methyl-1,3,5-triazine-2,4-diamei has been
improved by condensing with a variety of carborgyinpounds. An attempt has been made to synthesmrenastric
Schiff bases from 6-methyl-1,3,5-triazine-2,4-diamiand dehydroacetic acid with 2-hydroxybenzaldehyd
Physical characteristics, micro analytical, andanaonductance data of ligand and metal compleregigen in
(Table 1 and 2)The analytical data of complexesglse2:1 molar ratio (metal: ligand) and correspomndf with the
general formula [ML(H20)2] (where M= Cr(lll), Fe()] Co(ll), Ni(ll), Cu(ll) and zn(ll)). The magneti
susceptibilities of Cr(lll), Fe(lll), Co(ll), Ni(), Cu(ll) and Zn(Il) 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-electrolyteragiiable 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), 2.35
d(s, 3H, G.methyl H 6-methyl-1,3,5-triazine-2,4-diamine ), &!(s, 3H, N=C-CH3), 6.3% (s, 1H, phenolic OH),
6.94-7.605 (m,4H, Aromatic H, H,, H;, Hq protons of phenyl ring).

IR Spectra

The IR spectrum of free ligands shows characteribtinds at 3283, 1661, 1549, 1463,1393 and 1124 cm
assignable too OH (intramolecular hydrogen bonded), C=C(aromatic),u C=N (azomethine)p C-N (aryl
azomethine) and C-O (phenolic) stretching modes respectively[1$-T8e absence of a weak broad band in the
3200-3400 cri region, in the spectra of the metal complexes ssiggdeprotonation of the intramolecular hydrogen
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bonded OH group on complexation and subsequentlicw@dion of phenolic oxygen to the metal ion. Tisiurther
supported by downward shift im C-O (phenolic) [20]with respect to free ligand. ©omplexation, the (C=N)
[21] band is shifted to lower wave number with dpto free ligand, denoting that the nitrogen odraethine
group is coordinated to the metal ion. Th€-N band is shifted to lower wave number with extgo free ligand,
The IR spectra of metal chelates showed new bandstiveen the 500-600 and 400-500"amgions which can be
assigned t@ M-O and M-N [22] vibrations respectively The IRespra of Cr(lll), Fe(lll), Co(ll), Ni(ll), Cu(ll) ad
Zn(l1)) show a strong band in the 3050-3600"cregion, suggesting the presence of coordinateénwatthese
metal complexes. The presence of coordinated vigtieirther confirmed by the appearance of non-lighand in
830-840 cnit region, assignable to the rocking mode of water ffesence of coordinated water is also established
and supported by TG/DT analysis of these compleidesce it is concluded that the coordination tgikese via
phenolic oxygen and azomethine nitrogen of ligamdiecule.

Thermogravimetric analysis

Thermal decomposition studies of complex have loegried out as to corroborate the information otetdifrom
the IR spectral studies to know the presence ofematolecule in these complexes as well as to kriosir t
decomposition pattern. The simultaneous TG/DT aislyof Cr(lll) and Fe(lll) was studied from ambient
temperature to 100t in nitrogen atmosphere usingAl203 as reference. An analysis of the thermogodrthe
complexes indicated that Cr(Ill) complexes shows step decomposition. The first weight 10ss7.70%,in
between temp. 33-8C could be correlated with the loss of two coortidawater (calculated 8.01 %)he
anhydrous compound does not remain stable at higingperature, it undergoes rapid decompositiothérainge
65-470°C with 77.74 % mass loss corresponds tordposition of the complex (calcd. 76.50%) in secstap.
The decomposition is completed leading to the fdiomaof stable residue of metal oxide,Og obs. 14.54 %
(calcd. 14.90 %). Ananalysis of the thermogramhef tomplexes indicated that Fe(lll) complexes showesstep
decomposition. The first weight 10ss7.64%,in betwéemp. 33-78C could be correlated with the loss of
two coordinated water (calculated 7.82 %). The dndiys compound does not remain stable at highgudeature,

it undergoes rapid decomposition in the range 7W*@7 with 77.10% mass loss corresponds to decortiposf
the complex (calcd. 76.50%) in second step. Themposition is completed leading to the formatiorsteble
residue of metal oxide K®; obs. 15.24 % (calcd. 14.70 %).The kinetic and tloglynamic viz the energy of
activation (Ea), frequency factor (Z), entropy chan(AS) and free energy chang&Q) for the non-isothermal
decomposition of complexes have been determinecrbploying Horowitz-Metzger method [23] and Coats-
Redfern method [24] and values are given in Tabléh# Calculated values of the given activationrgp®f the
complexes are relatively low, indicating the autabsis effect of metal ion on the thermal deconipms of the
complex. The negative value of activation entrapdicate that the activated complexes were morereddnan the
reaction were slow. The more ordered nature magiugeto the polarization of bonds in the activatedes which
might occur through charge transfer transitions[25]

M agnetic measurements and electronic absor ption spectra

The electronic absorption spectrum of the Cr(libmplexes in DMSO solution shows the region 1766¥amd
37594cnt assignable to the transitiéAzg_,“ng and charge transfer bands. All Cr(lll) complexesrevdiamagnetic
in nature. these data and magnetic moment suggeahemral geometry around Cr(lll) [26]. The elentoo
absorption spectrum of the Fe(lll) complexes shbeusds at 37453cirassignable to the charge transfer bands. All
Fe(lll) complexes were diamagnetic in nature. theea and magnetic moment suggest octahedral ggoareund
Fe(l11)[27]. Co(I) complexes shows bands at 183#8cand 37174cm assignable téTlg—> 4Azg(F) and charge
transfer transitions. All Co(ll) complexes were rd&gnetic in nature. these data and magnetic moswggest
octahedral geometry around Co(l1)[28]. Ni(ll) corapés shows bands at 13175tand 38610cmare assigned to
3Azg—> 3T2g and charge transfer transitions. The absence af batow 10,000 cihand All Ni(ll) complexes were
diamagnetic in nature indicates octahedral geori#9ty Cu(ll) complexes shows bands at 29498crfthese
transitions may be assigned to charge transfesitrans. All Cu(ll) complexes were diamagnetic isture indicates
octahedral geometry[30]. Zn(ll) complexes did nbbw any d-d bands and their spectra were dominayethe
charge transfer bands at 29411cmAll Zn(ll) complexes were diamagnetic in natunedicates octahedral
geometry[31].

Molar Conductivity M easurements

The metal(ll) and (II1) complexes were dissolveddMSO and the molar conductivity of 20 of their solution at
room temperature were measured. The lower condcetaalues of the complexes support their non-abdtc
nature of the compounds.
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Table 1. Physical characterization, analytical and molar conductance data of compounds

Compound Molecular formuld  Mol.Wi{  M.P. Decomp tef® | Colour | Molar Conduc Mho. Cimol*

L 379.37 >300 Yellow -—--

L Cr 431.37 >300 Gray 40.28

L Fe 435.21 >300 Brown 40.58

L Ca 438.% >30( Pink 19.68

L Ni 438.06 >300 Green 28.25

L Cu 442.92 >300 Blue 13.62

L Zn 444.76 >300 White 19.33

Table 2. Elemental Analysisof Co(l1) Complex:-

Compound Found (Calculated)
C H N M
L 60.76 | 4.48| 19.15 0
-60.15| -4.5| -18.46
L-Co 52.1 3.95| 15.94 13.4
-52.06 | -3.9| -15.97 -13.44

Powder x-ray diffraction

The x-ray diffractogram of Cr(lll), Fe(lll), Co(IINi(ll), Cu(ll) and Zn(ll) complexes of L was saaed in the range
20-80° at wavelength 1.543 A. The diffractogram asdociated data depict thé 2alue for each peak, relative
intensity and inter-planar spacing (d-values). @tigractogram of Cr(lll) complex of L had twenty emeflections
with maxima at 8 = 13.52° corresponding to d value 2.180A. Therdiffogram of Fe(lll) complex of L had twenty
one reflections with maxima ab 2 13.681° corresponding to d value 3.254A. Thé&atitogram of Co(ll) complex
of L had seventeen reflections with maxima @&t239.977° corresponding to d value 1.198A. Thé&alitogram of
Ni(Il) complex of L had sixteen reflections with xima at ® = 10.761° corresponding to d value 4.116A. The
diffractogram of Cu(ll) complex of L had twenty oneflections with maxima att2= 14.891° corresponding to d
value 2.995A.The diffractogram of Zn(Il) complexIa? shows seventeen reflections with maximatag 2.0.724°
corresponding to d value 4.140 A. The x-ray diffiae pattern of these complexes with respect toompgaks of
relative intensity greater than 10% has been indidxg using computer programme [32] The above inugxi
method also yields Miller indices (hkl), unit cpthrameters and unit cell volume. The unit cell dfil complex of

L yielded values of lattice constants, a=9.981bA8.9774 A, ¢ = 19.3429 A and unit cell volume V8193 &,

In concurrence with these cell parameters, theitiondsuch as & b # ¢ anda = p=90° #y required for sample to be
Monoclinic were tested and found to be satisfactbignce it can be concluded that Cr(l1l) comples Monoclinic
crystal system. The unit cell of Fe(lll) complexlofielded values of lattice constants, a=9.978%#A10.1484A, ¢
= 16.9833A and unit cell volume V=1489.43.AThe unit cell of Co(ll) complex of L yielded vas of lattice
constants, a=9.9804 A, b=10.6471 A, ¢ = 16.10264 amit cell volume V=1481.87AIn concurrence with these
cell parameters, the condition such agsla# ¢ anda = = 90°# y required for sample to be monoclinic. The unit
cell of Ni(ll) complex of L yielded values of latt constants, a=8.3219 A, b=9.9871 A, ¢ = 14.9788d unit cell
volume V=1244.97AIn concurrence with these cell parameters, thaliton such as & b # ¢ anda = y =p
required for sample to be monoclinic. The unit adllCu(ll) complex of L yielded values of latticertstants,
a=9.8558 A, b=9.0270 A, ¢ = 20.2809A and unit celume V=1562.64AIn concurrence with these cell
parameters, the condition such asla# ¢ anda = f = 90°#y required for sample to be monaoclinic. The unit oél
Zn(ll) complex of L yielded values of lattice coasts, a=9.9216A, b=8.928 A, ¢ = 19.5717A and uelit wlume
V=1501.39&.In concurrence with these cell parameters, thelition such as & b# ¢ anda = p = 90°#y required
for sample to be monoclinic were tested and founthe satisfactory. Hence it can be concluded Gr(He(lll),
Co(ll), Ni(ll), Cu(ll) and Zn(ll) complex of L hamonoclinic crystal system. The experimental dengityies of the
complexes were determined by using specific gravigthod [33] and found to be 1.12,1.04, 1.12, 017@4 and
1.3 gen® for Cr(ll), Fe(lll), Co(ll), Ni(ll), Cu(ll) and z(Il) complexes respectively. By using experimexhsity
values, molecular weight of complexes, Avogadraismber and volume of the unit cell were calculatédmber of
molecules per unit cell were calculated by usingatignp = nM/NV and was found Cr(lll), Fe(lll), Co(ll), i),
Cu(ll) and zZn(ll) complexes respectively. With thegalues, theoretical density were computed andddo be
1.12,1.04, 1.12, 0.72, 1.04 and 1.3 gcfor respective complexes. Comparison of experiaieand theoretical
density shows good agreement within the limitsxgfegimental error [34].
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Table 3 Thekinetic parameter of metal complexes calculated by the methods Horowitz-Metzger (HM) and Coats-Redfern (CR)

Decomp. Temp. Ea (kJ 1 AS (JK-1 AG (kJ Correlation
Complex | Step | N | Method (°C) mole?) Z(s) mélel) molél) coefficient
| 19 HM 170 3.76 7.4 X 10 -168.5_ 12.73 0.989
L,-Fe CR 1o.§1 1.5¢ 1 -244.3 23.5¢ 0.967
0 1o HM 420 9.2 1.44X1( -159.23 22.47 0.997
' CR 31.58 3.98 -240.48 51.61 0.996
| 24 HM 195 4.19 7.96X16 -167.49 13.62 0.98
L,-Cr CR 11.13 1.86 -243.51 24.83 0.941
0|22 HM 450 10.01 1.56X18 -158.25 23.77 0.99
) CR 48.7¢ 3.65X1(* -337.2¢ 78.0¢ 0.99¢

Table4: Antibacterial activity of compounds

Diameter of inhibition zone (mm)
Bacterium (L) Tetracyclin
1250 ppm | 2500 ppm | 5000 ppm | 10000 ppm | 1000 ppm
E. coli 6 7 8 6 13
S. Aurious 11 10 7 4 12
B.Subtilis 10 11 9 9 10
K.Pneumonag 9 7 10 6 16

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 17 13 12 10 25
S. Aurious 17 16 12 8 22
B.Subtilis 24 20 16 12 39
K.Pneumonag 17 16 13 10 22

Antibacterial activity

Antibacterial activity of ligand and metal complexeere testeth vitro against bacteria such &s Coli, B.Subtilis
S. Aurious And K.Pneumondg paper disc plate method [35] The compounds wested at the concentrations
1250ppm 2500ppm 5000ppm and 10000ppm. DMSO and @adpvith known antibioticgiz Tetracyclin (Table 4
and 5). From Table 4, it is clear that the inhditby metal chelates is higher than that of a ligand results are in
good agreement with previous findings with resgectomparative activity of free ligand and its cdexes [36]
Such enhanced activity of metal chelates is dudneoincreased lipophilic nature of the metal iomsomplexes.
The increase in activity with -concentration is doghe effect of metal ions on the normal cellgaess. The action
of compounds may involve the formation of hydrodpemd with the active centre of cell constituenesutting in
interference with the normal cell process

OH T
‘N
aH—F | NN
b H— Hd
\ N| X N C|:H3 o
Hc )\ )\ ~C
HsC N N | 0
HO = CHs
H

Figurel. Structure of ligand
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Figure 2. The proposed Structur e of the complexes
when M= Cr(lll), Fe(lll), Co(ll), Ni(ll), Cu(ll) ard Zn(ll)

CONCLUSION

In the light of above discussion we have proposgedtedral geometry for Cr(lll), Fe(lll), Co(ll), M), Cu(ll) and
Zn(ll) complexes. On the basis of the physico-cluainand spectral data discussed above, one camadbat the
ligand behave as dibasic, NNNO tetradentate, d@oatidg via phenolic oxygen and imino nitrogen lasstrated 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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