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ABSTRACT

The solid complexes of Cu (ll), Ni (Il) and Co {Ngre prepared from bidentate Schiff base. The Soagfe ligand
synthesized from the condensation of P-nitrobeetsglde and 2-amino -4,6 dihydroxypyrimiding)(ln alcohol
medium. These metal complexes were characterizéldedmasis of their micro analytical data, molamclictance,
magnetic susceptibility, IR, UV-Vi& NMR, X-ray diffraction, therogravimetric analysihe ligand and their
metal complexes were screened for fungicidal agtisgainst various fungi like Aspergillus niger, irallium
chrysogenum, Fusarium moneliforme and Aspergllmufl and antibacterial activity against various bactefikes
Escherichia coli, Salmonellatyphi, Staphylococcuseas, B.subtilis. The result indicated that themptexes
exhibited good antifungal and antibacterial actieg.

Keywords. Schiff bases, Transition metal complexes, Thermalysis, Powder X-ray diffraction, Antimicrobial
activity.

INTRODUCTION

Pyrimidines have been known to be one of the nmagbrtant six membered heterocyclic compounds coimgi
two nitrogen atoms. They occur in the living syst@enform of nucleic acids (RNA and DNA), in anti-tada drugs
and folic acid [1-5]. The chemistry of Pyrimidinkeas been of interest to many researchers inclugsndue to their
various biological activities such as antimicropeaticancer and HIV inhibitors [6-8Bchiff bases play important
role in co-ordination chemistry as they easily fostable complexes with most transition metal iokkny
biologically important Schiff bases and their coeqels have been reported in literature possessiraytical,
industrial, biological, clinical, biochemical, amiicrobial, anticancer, antibacterial, antifungaldaantitumor
activity[9-12]in addition with important roles in ranging fromti&orrosion, soil treatment agents and medicinal
agents [10,12,13]. Schiff bases and their metal plexes have been used as carries in the preparafion
potentiometric sensors of determining cations amdres, catalysts in several industrial redox precesidation
reaction, vitamin B Metal alkoxides. It's important and diversifiedlgs in biological systems. The role of
chlorophyll, hemoglobin, carbonic anhydrase, vitami,, xanthine oxides and haemocyanin, illustratesrtimate
linkage between inorganic chemistry and biology-2D}. A search of literature revels that no worls lieeen done
on the transition metal complexes of the Schifédsaderived from 2-amino -4,6 dihydroxypyrimidinedaP-
nitrobenzaldehyde. In this communication we repii synthesis of bidentate Schiff bases formed hwy t
condensation of 2-amino -4,6 dihydroxypyrimidineddn-nitrobenzaldehyde (Fig.1). The solid compleggé<u
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(In, Ni () and Co (ll) with these ligands have been prepared and chadeby different physico-chemical
methods.

MATERIALSAND METHODS

Reagents and solvents
2-amino-4,6 dihydroxypyrimidine(Aldrich sigma), itrobenzaldehyde, metal nitrate of (AR grade) wasd for
synthesis of ligand and metal complex .

Synthesis of ligand

The ligand was prepared by a modification of theoreed methods [21-23]. The Schiff base ligand haen
synthesized by refluxing a mixture of 0.01 mol (1LBg) of, P- nitrobenzaldehyde and 0.01 mol (1.2G10f 2-
amino-4, 6-dihydroxypyrimidine in 50 ml super drthanol refluxed for about 4h. Schiff base thus fedrwas
cooled to room temperature and collected by fiirgtfollowed by recrystallization in ethanol andedl in vacuo
over anhydrous calcium chloride (Yield:72%).

Synthesis of metal complexes

To a hot ethanol solution (25ml) of the ligand (2l)jrand (25ml) of metal Nitrate (1mol) was addedhwionstant
stirring. The pH of reaction mixture was adjusted+8 by adding 10% alcoholic ammonia solution eeftlixed for
about 3 h. The precipitated solid metal complex filtered off in hot condition and washed with rethanol and
dried over calcium chloride in vacuum desiccatfrgeld: 65%)

Physical M easur ement

IR spectra were recorded on FTIR(ATR)-BRUKER -TENS3J 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 Atrance. TGA- DTA were recorded on Shimadzu. The
carbon, hydrogen and nitrogen contents were deteamn Elementar model vario EL-IIl. 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(STCah a
calibrant.

RESULTSAND DISCUSSION

Schiff bases of 2-amino- 4,6 dihydroxypyrimidinedaits complexes have a variety of applications udilg
biological, clinical and analytical. The coordimagi possibility of 2-amino- 4,6 dihydroxypyrimidineas been
improved by condensing with a variety of carbonghmpounds. An attempt has been made to synthesiziéf Sc
bases from 2-amino- 4,6 dihydroxypyrimidine witm®robenzaldehyde. Physical characteristics, miralytical,
and molar conductance data of ligand and metal map are given in (Table 1 and 2)The analyticdh dz
complexes revels 2:1 molar ratio (ligand: metall anrresponds well with the general formula [MLO®Y,] (where
M= Cu (Il), Ni (Il) and Co(ll) The magnetic susceptibilities of Cu (Il), Ni (Ilhé Co (Il) complexes at room
temperature are consistent with high spin octathedinacture with two water molecules coordinatedrtetal ion.
The presence of two coordinated water moleculesaeairmed by TG-DTA analysis. The metal chelatkisons

in DMSO show low conductance and supports theirglentrolyte nature.(Table 1)

1H-NMR spectra of ligand

The'H-NMR. Spectra of free ligand at room temperaturevs the following signals. 3.78 (s, 2H, Phenolic (OH)
hydrogen of pyrimidine ring), 6.0s, 1H, Hydrogen bonded to pyrimidine ring ),83(s, 1H, hydrogen bonded
to azomethine carbon), 7.369-83.8D,4H, Aromatic H, H,, protons of phenyl rin

IR Spectra

The IR spectra of the complexes are compared \wih o¢f the ligand to determine the changes thahtrigve
taken place during the complexation.The bands 733672, 1516, 1346, and 1197 tmassignable to OH
(intramolecular hydrogen bonded),C=C(aromatic)y C=N (azomethine)y C-N (aryl azomethine) and C-O
(phenolic) stretching modes respectively[21-24] @bsence of a weak broad band in the 3200-340bregion, in
the spectra of the metal complexes suggests detido of the intramolecular hydrogen bonded OHugron
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complexation and subsequent coordination of phenakygen to the metal ion. This is further suppebrisy
downward shift inu C-O (phenolic) [25] with respect to free ligandn ©@omplexation, the (C=N)[26]band is
shifted to lower wave number with respect to frgand, denoting that the nitrogen of azomethineugris
coordinated to the metal ion. TheC-N band is shifted to lower wave number with extfo 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[27] vibrations respectively The IRespra of Cu (l), Ni (I1) and Co (Il)show a strong
band in the 3050-3600 chregion, suggesting the presence of coordinate@niatthese metal complexes. The
presence of coordinated water is further confirhgdhe appearance of non-ligand band in 830-840 wrgion,
assignable to the rocking mode of water The preserfcoordinated water is also established and atgg by
TGA/DTA analysis of these complexes. Hence it isatoded that the coordination takes place via pleoaygen
and azomethine nitrogen of ligand molecule.

Thermogravimetric analysis

The dynamic TGA with the percentage mass loss fierdnt steps have been recorded. The simultaneous
TGA/DTA analysis of Co(ll) was studied from ambiermperature to 1008 in nitrogen atmosphere using
Al,O; as reference. An analysis of the thermogram ottmplexes indicated that Co(ll) complexes shows step
decomposition. The first weight loss4.78%,in betwesmp. 75-16%C could be correlated with the loss of
two coordinated water (calculated 5.85 e anhydrous compound does not remain stabliglahtemperature,
it undergoes rapid decomposition in the range 1806, with 81.30 % mass loss corresponds to decsitiqo
of the complex (calcd. 81.96%) in second step. dé@mposition is completed leading to the formatibatable
residue of metal oxide Co@bs. 11.95 % (calcd. 12.18 %). kinetic and thermmadlyic viz the energy of activation
(Ea), frequency factor (Z), entropy changkS} and free energy changkQ) for the non-isothermal decomposition
of complexes have been determined by employing WitzeMetzger method [28] values are given in TaBlerhe
Calculated values of the given activation energyhef complexes are relatively low, indicating theogatalysis
effect of metal ion on the thermal decompositiorih&f complex. The negative value of activation @pyrindicates
that the activated complexes were more orderedtti@neaction was slow. The more ordered nature beague to
the polarization of bonds in the activated stateictv might occur through charge transfer transgif9].

M agnetic measurements and electronic absor ption spectra

The electronic spectral studies of metal complefesSu (1), Ni (II) and Co (ll) with Schiff bases were carried out
in DMSO solution .The absorption spectrum of the Hibsorption spectrum of the Cu(ll)complex showsdisaat
36764cn attributed to charge transfer respectively in atabedral field[30]. Ni(ll) complexes shows barats
13812cm and 24875ci are assigned thA4— T,y and charge transfer transitions. The absence af batow
10,000 crit and All Ni(ll) complexes were diamagnetic in natimdicates octahedral geometry[31]. The absorption
spectrum of the Co(ll)complex shows bands at 1982029069 cr attributed to“Tlg—»“Azg(F) and charge transfer
in an octahedral field[32]. All the Cu (lI), Ni jland Co (Il)complexes were diamagnetic in nature.

Molar Conductivity M easurements

The metal (Il) complexes were dissolved in DMSO &mel molar conductivity of 1M of their solution at room
temperature was measured. The lower conductancesalf the complexes support their non-electrolytiture of
the compounds.

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, 260.21 110 Yellow
Cu -L, 619.99 >300 Brown 23.05
Ni- L, 615.1: >30C Reddish Brow 28.9¢
Co-L, 615.4¢ >30C Dark Browr 22.7¢

Table 2. Elemental Analysisof Cu (I1), Ni (11) and Co (I11) Complex

Found (Calculated)
Compound c H N i
L, 50.78 (39.29)] 3.10(3.67) 21.53 (17.55) -
Cu-L, 42.62 (42.30)] 3.25(3.10) 18.07 (18.00) 10.2410p,
Ni-L, 4295 (42.71 | 327 (3.12 | 18.21 (18.11 [ 9.54(9.43
Co-L, 42.93 (42.47)] 3.27(3.24) 18.20(18.10)  9.58 (p.4b
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Table 3. The kinetic and ther modynamic parametersfor decomposition of metal complexes

0 Ea z AS AG Correlation
Complex | Step | Decomp.Temp. (C) | n | ;3m0iy | (sY | (akimole?) | (kImolel) | coefficient
Col | 1 430 09| 1041 | 1.26x10° | -173.56 25.08 0.969

Table 4. Antifungal activity of ligands

Antigungal growth
Aspergillus | Penicillium Fusarium Aspergillus
Test Compound niger chrysogenum | moneliforme flavus

1% | 2% 1% 2% 1% 2% | 1% | 2%
L, Lve RG RG -ve RG -ve| .ve | +ve
Cu- L, sve | +ve -ve RG -ve -ve| .ve | RG
Ni- L, -ve | RG RG RG -ve RG | +ve | RG
Co- L, -ve -ve -ve -ve -ve -ve RG +ve
+ve control tve | tve| +ve +ve +ve|  +vg  +ve  +ve
-ve control (Griseofulvin) | -ve | -ve -ve -ve -ve -ve -ve -V

Ligand& Metal : ~ +ve — Growth ( Antifgal Activity absent )
-ve - Growth ( Antifungal Activity presgnt

RG - Reduced Growth (More than 50% reduction innghoobserved)

Table5. Antibacterial activity of ligands and their metal complexes

Diameter of inhibition zone (mm)

Test Compound E.' Salmon_ella Staphylococcu Bacill_us

coli typhi saureus subtlis

1% 2% 1% 2% 1% 2% 1% 2%
Lo -ve 14mm -ve 15mn -ve 19mm -Ve 19mm
Cu- L, -ve 14mm| 12mm| 12mm  17mm  18mm  15mm  18mm
Ni- L, -Ve 13mn -ve -Ve -Ve 17mn -ve 11lmn
Co- L, 12mm | 13mm| 12mm  14mnmp  18min 20mm  1lmm  14mhm
DM SO -ve -ve -ve -ve ve |  -ve vel| e
Penicillin 14mm | 14mm| 17mn]  17mm  30m{n  30mm  19mm  19tm
Ligand & Metal: -ve - No Antibacterial Activity
Zone of inhibition - --mm

Powder x-ray diffraction

The x-ray diffractogram of Cu (II), Ni (II) and C@l) complexes of Lwas scanned in the range 20-80° at
wavelength 1.543 A. The diffractogram and assodidtata depict the@value for each peak, relative intensity and
inter-planar spacing (d-values). The diffractogminCu(ll) complex of L, had eight reflections with maxima & 2
6.58° corresponding to d value 6.70A. The diffrgcéon of Ni(ll) complex of L had twelve reflections with
maxima at B = 6.63° corresponding to d value 6.67A. The diffogram of Co(ll) complex of Lhad sixteen
reflections with maxima at®2= 6.65° corresponding to d value 6.64A. The diffogram of Mn(ll) complex of L
had eleven reflections with maxima & 2 6.65° corresponding to d value 6.64A. The diffogram of Fe(lll)
complex of I, had ten reflections with maxima & 2 6.64° corresponding to d value 6.66A. The xdfraction
pattern of these complexes with respect to majakp@f relative intensity greater than 10% has bedexed by
using computer programmed[33]. The above indexirghod also yields Miller indices (hkl), unit celimmeters
and unit cell volume. The unit cell of Cu(ll) coreglof L, yielded values of lattice constants, a= 6.789A1(0678

A, ¢ = 14567 A and unit cell volume V=914.52698, k& concurrence with these cell parameters, thelition
such as & b # ¢ anda = =90 #y required for sample to be Monoclinic were tested found to be satisfactory.
Hence it can be concluded that Cu(ll) complex hamatlinic crystal system. The unit cell of Ni(Iomplex of L,
yielded values of lattice constants, a=12.123 A7.859A, ¢ = 15.678A and unit cell volume V=1227.880%, In
concurrence with these cell parameters, the camd#uch as & b # ¢ anda = = 90°# y required for sample to be
monoclinic. The unit cell of Co(ll) complex of,lyielded values of lattice constants, a=9.564 AlW456 A, ¢ =
11.234A and unit cell volume V=972.90452lk concurrence with these cell parameters, thelition such as & b

# ¢ anda = B = 90°# y required for sample to be monoclinic. Hence it barconcluded Cu (II), Ni (1) and Co (Il)
complex of L, has monoclinic crystal system. The experimentakig values of the complexes were determined by
using specific gravity method [32] and found to1b@870, 1.1098, 1.0412, 1.0808 and 1.1000Yéwn Cu (11), Ni

(I and Co (ll) complexes respectively. By using experimental dgnslues, molecular weight of complexes,
Avogadro’s number and volume of the unit cell weaéculated. Number of molecules per unit cell weakeulated

by using equatiop = nM/NV and was found Cu (II), Ni (Il) and Co (Itpmplexes respectively. With these values,
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theoretical density were computed and found to.b&6D, 1.0988, 1.0302, 1.0698 and 1.0890 yéon respective
complexes. Comparison of experimental and theaetitensity shows good agreement within the limifs o
experimental error [34].

Antibacterial activity

Antifungal activity and Antibacterial activity ofgand and metal complexes were testeditro against fungal such
as Aspergillus niger, Penicillium chrysogenum, Fusani moneliforme, Aspergillus flavasd bacteria such &s
Coli, B.Subtilis S. aureusAnd Bacillus subtlisby paper disc plate method [35-38] The compound® wested at
the concentrations 1% and 2% in DMSO and compariégld kmown antibioticsviz Griseofulvinand Penicillin.
(Table 4 and 5)., it is found that the inhibitiopdnetal chelates is higher than that of a ligandl msults are in good
agreement with previous findings with respect tmparative activity of free ligand and its complej@3]

OH
AN
HO N H

Figurel. Structure of ligand

OH
AN
| )—Nzc NO,
HO N H

OH

Figure 2. The proposed Structur e of the complexes
When M= Cu (l1), Ni (Il) and Co (II)

CONCLUSION

In the light of above discussion we have proposadtedral geometry for Cu (I1), Ni (1) and Co (Epmplexes.
On the basis of the physico-chemical and specatd discussed above, one can assume that the ligdrade as
dibasic, NNO bidentate, coordinating via phenokggen and imino nitrogen as illustrated in Fig.BeTcomplexes
are biologically active and show enhanced antintigdoactivities compared to free ligand. Thermaidst reveals
thermal stability of complexes. The X-ray study gests monoclinic crystal system for Cu (Il), Ni)@nd Co (lI)
complexes.
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