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ABSTRACT

A new series of Cu(ll), Ni(ll),and Co(ll) complexeith bidentate Schiff base ligand derived fromn@no 4,6
dihydroxypyrimidine and P- chlorobenzaldehyde hbeen reported. The complexes have been charaaebie
elemental analysis, magnetic susceptibility measerds, conductrometry, electronic and infrared s@ecX-ray
diffraction, 1H-NMR spectra and therogravimetricadysis. The ligand and its complexes were scredoetheir
antifungal and antibacterial activity against Asgiius niger, Penicillium chrysogenum, Fusarium ralifiorme
and Aspergllus flavusand Escherichia coliSalmonella typhi, Staphylococcus aureus, B. ssbtilihe result
indicated that the complexes exhibited good angfliand antibacterial activities.

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

INTRODUCTION

Coordination chemistry is undoubtedly the mostvactiesearch area in inorganic chemistry. Sevemidands of
coordination complexes have been synthesized aweltigated during the past few decades. Ever sihee
importance of coordination phenomenon in biologiqaiocesses was realized, lot of metal containing
macromolecules have been synthesized and studigtberstand the role of these ligands in biologigatems, and
they also contribute to the development of new fHedaed chemotherapeutic agents. These have msaltde
emergence of an important branch of inorganic chegnviz. bioinorganic chemistry because in seveeaes, the
metal chelates have been found to be more antibigrthan the chelating agents themselves.[1]Theoitance of
pyrimidine derivatives arises from their biologicaledicinal and agricultural applications.[2-4] Mletomplexes of
pyrimidine have been extensively studied in regemstrs owing to their great variety of biologicatiaity ranging
from antimalarial, antibacterial, antitumor, antaliactivities etc.[5,6]

Bidentate Schiff bases are well known to co-ordinatth various metal ions and have attracted atgteal of
interest in recent years due to their rich co-aaton chemistry Schiff bases of 2-amino- 4,6 diloygpyrimidine
and P- chlorobenzaldehyde reported to have vanétgpplications including biological, clinical arehalytical
fields [7-10]. Metal complexes make the compoundfecéve as steriospecific catalysts towards oxaiat
reduction, hydrolysis, biological activity and othteansformations of organic and inorganic chemisschiff base
complexes play a vital role in designing metal ctares related to synthetic and natural oxygen esri8,11-13 |
Many bidentate Schiff bases of amines with diff¢éraldehyde have been prepared and studied intdnsi
However much less attention has been focused oentzsite Schiff bases derived from amines and diitere
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aldehydes / ketones. In particular, those derivednfheterocyclic amines have been under-investigdteis
worthwhile to mention here that symmetrical Schifses of this type are difficult to obtain and easily isolated.
A search of literature revels that no work has bdene on the transition metal complexes of the fEtfsses
derived from 2-amino- 4,6 dihydroxypyrimidine ane ¢hlorobenzaldehyde. In this communication we refite
synthesis of symmetrical bidentate Schiff baseméat by the condensation of 2-amino- 4,6 dihydroxiypigine
and P- chlorobenzaldehyde (Fig.1). The solid comgdeof Cu(ll) ,Ni(ll) and Co(ll) with these ligaachave been
prepared and characterized by different physicorite methods.

MATERIALSAND METHODS

Reagents and solvents
2-amino- 4,6 dihydroxypyrimidine (Aldrich sigma) - chlorobenzaldehyd@R grade) were used for synthesis
of ligand. AR grade metal nitrate were used fordbmplex preparation.

Synthesis of ligand

The ligand was prepared by a modification of thporteed methods [14-16]. The Schiff base ligand besn
synthesized by refluxing a mixture of 0.01 mol (6% g) of, P- chlorobenzaldehyde and 0.01 mol ({023) of 2-
amino-4, 6-dihydroxypyrimidine in 50 ml super drghanol refluxed for about 4h. Schiff base thus fednwas
cooled to room temperature and collected by fibrgtfollowed by recrystallization in ethanol andedl in vacuo
over anhydrous calcium chloride (Yield:70%).

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 hethanol and
dried over calcium chloride in vacuum desiccatfrgeld: 60%)

Physical M easur ement

IR spectra were recorded on FTIR (ATR)-BRUKER-TENSJ spectrometer using KBr pellets in the range of
4000-400 cm-1. 1H- NMR (Varian mercury 300MHZ) spamf ligand were measured in DMSO using TMS as
internal standard. X-RD was recorded on BRUKER Ddva@nce. TGA- DTA was recorded on Shimadzu. The
carbon, hydrogen and nitrogen contents were detexandon Elemental model vario EL-IIl. The UV-visildpectra

of the complexes were recorded on model UV-180QMHADZU 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 amg alance at room temperature using Hg[Co(SCH¥4h
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 carbonglpounds. An attempt has been made to synthesiziéf Sc
bases from 2-amino- 4,6 dihydroxypyrimidine with cRerobenzaldehyde. Physical characteristics, micro
analytical, and molar conductance data of ligand metal complexes are given in (Table 1 and 2)Tiedyécal
data of complexes revels 2:1 molar ratio (liganétat) and corresponds well with the general fornjiia(H ,O),]
(where M= Cu(ll) ,Ni(ll) and Co(ll). The magnetiasceptibilities of Cu(ll) ,Ni(ll) and Co(ll) compkes 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 theirelentrolyte nature (Table 1).

'"H-NMR spectraof ligand

The'H-NMR. Spectra of free ligand at room temperaturevs the following signals. 5.8 (s, 2H, Phenolic (OH)
hydrogen of pyrimidine ring), 6.6&s, 1H, Hydrogen bonded to pyrimidine ring ),439s, 1H, hydrogen bonded
to azomethine carbon), 7.69-7.28D,4H, Aromatic Ha, Hb, protons of phenyl ring).
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IR Spectra

The IR spectrum of free ligands shows characteristinds at 3331, 1641,1487,1207 and 1091 cm-lredsaytov
OH (intramolecular hydrogen bonded)C=N (azomethine)y C=C(aromatic)p C-N (aryl azomethine) and C-O
(Enolic) stretching modes respectively[14,16,17¢ Hibsence of a weak broad band in the 3200-3400 @gion,
in the spectra of the metal complexes suggestotepation of the intermolecular hydrogen bonded @élup on
complexation and subsequent coordination of phenakygen to the metal ion. This is further suppebrisy
downward shift ino C-O (phenolic) [18] with respect to free liganda @omplexation, the (C=N) [19] 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 extpo free ligand, The IR
spectra of metal chelates showed new bands in betilee 500-600 and 400-500 cm-1 regions which @n b
assigned ta M-O and M-N [20,21] vibrations respectively The sRectra of Cu(ll), Ni(ll), and Co(ll) show a
strong band in the 3050-3600 cm-1 region, sugggslia presence of coordinated water in these metaplexes.
The presence of coordinated water is further covdd by the appearance of non-ligand band in 83034
region, assignable to the rocking mode of watee pitesence of coordinated water is also establishddupported
by TG/DTA analysis of these complexes. Hence itascluded that the coordination takes place vianphe
oxygen and azomethine nitrogen of ligand molecule.

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 TGA/DTAlgsia of Cu(ll) and Ni(ll) was studied from ambient
temperature to 1008C in nitrogen atmosphere usingAl,0; as reference. An analysis of the thermogram of the
complexes indicated that Cu(ll) complexes shows step decomposition. The first weight loss 6.56 Gfo,
between temp. 55-230 could be correlated with the loss of two coortkdawater (calculated 6.01 %). The
anhydrous compound does not remain stable at highgperature; it undergoes rapid decompositioh@rainge
230-650°C with 79.72 % mass loss corresponds tordposition of the complex (calcd. 80.70%) in secetep.
The decomposition is completed leading to the foioneof stable residue of metal oxide CuO obs. 234 (calcd.
13.28 %). Ananalysis of the thermogram of the caxgd indicated that Ni(ll) complexes shows two step
decomposition. The first weight loss 5.56 %, i viEen temp. 50-228 could be correlated with the loss of two
coordinated water (calculated 6.06 %). The anhyalmmmpound does not remain stable at higher termyperat
undergoes rapid decomposition in the range 225G 48Ad with 79.75% mass loss corresponds to decsitigro
of the complex (calcd. 81.36%) in second step. déeomposition is completed leading to the formatbbstable
residue of metal oxide NiO obs. 11.12 % (calcd.512%).The kinetic and thermodynamic viz the eneofy
activation (Ea), frequency factor (Z), entropy opanAS) and free energy changtQ) for the non-isothermal
decomposition of complexes have been determinedrbgloying Horowitz-Metzger method [22,23] valueg ar
given in Table 3. The Calculated values of the giaetivation energy of the complexes are relativiely,
indicating the autocatalysis effect of metal iontba thermal decomposition of the complex. The tiegavalue of
activation entropy indicates that the activated plexes were more ordered than the reaction was. Slbe more
ordered nature may be due to the polarization oidbdn the activated state, which might occur tgtogharge
transfer transitions [24].

M agnetic measur ements and electronic absor ption spectra

The electronic absorption spectrum of the Cu(llinptexes in DMSO solution shows the region 13812cand
36764cm-1 assignable to the transititB,g— °A;g and charge transfer bands. All Cu(ll) complexesren
diamagnetic in nature. These data and magnetic mbswggest octahedral geometry around Cu(ll) [d%le
electronic absorption spectrum of the Ni(ll) comygle shows bands at 29411cm-1 assignable to thgechansfer
bands. All Ni(ll) complexes were diamagnetic inurat These data and magnetic moment suggest ocghhed
geometry around Ni(I1)[26]. Co(ll) complexes showands at 13477cm-1 and 20408cm-1 assignabfd p—
*A.g(F) and charge transfer transitions. All Co(llyrq@lexes were diamagnetic in nature. These dataramhetic
moment suggest octahedral geometry around Co(])[27

Molar Conductivity M easurements

The metal (Il) complexes were dissolved in DMSO #ml molar conductivity of IHM of their solution at room
temperature was measured. The lower conductanoesvaf the complexes support their non-electrolytiture of
the compounds.
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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. Cmmol™
L, 249.66 82 Yellow | e
Cu-L; 598.88 >300 Dark Gray 27.25
Ni-L 594.03 >300 Reddish Brown 43.69
Cao-L,y 594.3¢ >30C Dark Browr 24.1¢%

Table 2. Elemental Analysisof Cu(ll), Ni(Il) and Co(I1) Complex

Found (Calculated)
C H N M
Ly 52.92 (43.20)] 3.23(3.95) 16.83 (16.93) -
Cu-L,4 44.12 (44.10)] 3.36 (3.20) 14.03 (13.95) 10.615ap
Ni-L, 4448 (44.33)] 3.39(3.22) 14.14(14.02) 9.87 (9.7
Co-L, 44.46 (44.35)] 3.39(3.29) 14.14(14.155) 9.92 (p.8

Compound

N

[¢]

Powder x-ray diffraction

The x-ray diffractogram of Cu(ll) ,Ni(ll) and Cofltomplexes of Lwas scanned in the range 20-80° at wavelength
1.543 A. The diffractogram and associated datactiehe 20 value for each peak, relative intensity and inter-
planar spacing (d-values). The diffractogram oflJuwomplex of L had twelve reflections with maxanat 20 =
6.63° corresponding to d value 6.68A. The diffracan of Ni(ll) complex of L had fifteen reflectiomgith maxima

at 20 = 13.28° corresponding to d value 6.65A. The diffogram of Co(ll) complex of L had twelve refleci®
with maxima at 2 = 13.18° corresponding to d value 6.70A. The xdifyaction pattern of these complexes with
respect to major peaks of relative intensity gnetitan 10% has been indexed by using computer gnogre [28].
The above indexing method also yields Miller ingig¢bkl), unit cell parameters and unit cell voluribe unit cell

of Cu(ll) complex of L yielded values of lattice ngiants, a=9.59 A, b=9.34 A, ¢ = 13.61 A and ualt eolume
V=1219.0558 A. In concurrence with these cell parameters, timeliion such asa b= canda = = y =90
required for sample to be Orthorhombic were tested found to be satisfactory. Hence it can beloded that
Cu(ll) complex has Orthorhombic crystal system. Timit cell of Ni(ll) complex of L yielded values déttice
constants, a=8.97 A, b=13A, c= 19.99A and unit gelume V=2331.03394 A. In concurrence with thes# ¢
parameters, the condition such as &= canda = = y=90° required for sample to be Orthorhombic The
unit cell of Co(ll) complex of L yielded values t#ttice constants, a=9.45 A, b=9.91 A, ¢ = 18.994 anit cell
volume V=11778.403923& In concurrence with these cell parameters, thlition such asa b= canda =
B= v =90" required for sample to be Orthorhombic. Hence iit lba concluded Cu(ll) ,Ni(ll) and Co(Il) complex
of L has Orthorhombic and monoclinic crystal systérhe experimental density values of the complexese
determined by using specific gravity method [29§ dound to be 1.08, 1.08 and 1.08 gcm-3 for Cu{ifJl) and
Co(ll) complexes respectively. By using experimedensity values, molecular weight of complexespgadro’s
number and volume of the unit cell were calculatédmber of molecules per unit cell were calculdbgdusing
equation o = nM/NV and was found Cu(ll), Ni(ll) and Co(ll) cqtexes respectively. With these values,
theoretical density were computed and found to.B&,11.07 and 1.06 gcfrfor respective complexes. Comparison
of experimental and theoretical density shows gagrdement within the limits of experimental er®@]

Table: 3 Thekinetic and thermodynamic parameter sfor decomposition of metal complexes

Decomp. Ea VA AS AG Correlation
Complex | Step |t gy | M | amole’) | (S | (KI'mole?) | (kimole?) | coefficient
Culy i 370 13| 1188 | 22610 | -167.97 24.86 0.033
Ni-L, i 390 03| 12.63 | 2.40x10° | -167.72 25.99 0.959

Antibacterial activity

Antifungal activity and Antibacterial activity ofgand and metal complexes were testeditro against fungal such
as Aspergillus niger, Penicillium chrysogenum, Fusani moneliforme, Aspergillus flavand bacteria such &s
Coli, B.Subtilis Staphylococcus aureusnd Bacillus subtlisby paper disc plate method [31-34] The compounds
were tested at the concentrations 1% and 2% in DMB®compared with known antibiotieiz Griseofulvinand
Penicillin. (Table 4 and 5). From Table 4 and 5, it is ctbat the inhibition by metal chelates is highemtlizat of

a ligand and results are in good agreement withigus findings with respect to comparative actiwfyfree ligand
and its complexes [35] Such enhanced activity dfainehelates is due to the increased lipophilizrebf the metal
ions in complexes. The increase in activity witmeoentration is due to the effect of metal ions lo& hormal cell
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process. The action of compounds may involve threndétion of hydrogen bond with the active centrecefl
constituents, resulting in interference with themal cell process.

Table4 Antifungal activity of ligands

Antifungal growth

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

1% | 2% 1% 2% 1% 2% | 1% | 2%
Ly -ve -ve -ve -ve -ve -ve -vg -V
Cu- L4 RG -ve RG -ve -ve -ve RG -Vé
Ni- Ly -ve -ve -ve -ve -ve -ve -ve -V
Co-Ly -ve -ve -ve -ve -ve -ve -ve -V§
+ve control +tve | +ve | +ve +ve +ve| +vel  +ve +ve
~vecontrol -ve | -ve | -ve ve | -ve| -ve| -vg @ -ve
(Griseofulvin)

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

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

Table5 Antibacterial activity of ligandsand their metal complexes

Diameter of inhibition zone (mm)

. Salmonella Staphylococcus Bacillus

Test Compound E. Coli typhi psa{;reus substlis
1% 2% 1% 2% 1% 2% 1% 2%
L, -Ve 12mn -ve 11mn -Ve 17mm -ve 15mn
Cu- L, 10mm | 11mm -ve -ve 14mm  14mm_ 10mm  23mm
Ni- L 12mm | 14mm -ve -ve 12mm  18min -ve 11mm
Co -Ly 12mm | 14mm -ve 14mm  20mm  20mm  14mm  14mm
DM SO -ve -ve -ve -ve -ve -ve -ve -ve
Penicillin 14mn | 14mn | 17mn | 17mmr | 30mmrr | 30mir | 19mm | 19mn
Ligand & Metal: -ve - No Antibacterial Activity
Zone of inhibiton - --m

f L ()
N—cC Cl
HO N/ H

Figurel Structure of ligand

S .
H,0— =M < OH,
HO N
| YN =l(_|: Cl
= N
OH

Figure 2. The proposed Structur e of the complexes
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When M= Cu(ll) ,Ni(ll)andCo(Il)
CONCLUSION

In the light of above discussion we have proposadtedral geometry for Cu(ll) ,Ni(ll) and Co(ll) mplexes. On
the basis of the physico-chemical and spectral dateussed above, one can assume that the ligama/édeas
dibasic, NNO bidentate, coordinating via phenokggen and imino nitrogen as illustrated in Fig.BeTcomplexes
are biologically active and show enhanced antintigloactivities compared to free ligand. Thermaidst reveals
thermal stability of complexes. The X-ray study gests monoclinic crystal system for Cu(ll) ,Ni(dhd Co(ll)

complexes.
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