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I.   INTRODUCTION 

During the past two decades, considerable attention has been paid to the chemistry of metal complexes of Schiff 

base ligands containing nitrogen and other donor atoms and are also used as an efficient analytical reagent in 

trace analysis of some metal cations. 

Transition metals plays a central role in the construction of molecular materials, which display magnetic 

properties and find applications in materials and supramolecular chemistry and biochemistry .[1-4] In past two 

decades, the field of catalysis has been found to be  boon with numerous applications associated with newer and 

better complexes. Each complex is having higher catalytic efficiency or lower loading ratio or lower toxicity 

when used in different chemical transformations. Transition metal complexes based on Schiff base ligands have 

received a bigger proportion of attention due to their diverse structural features. Imine or azomethine groups are 

present in various natural, naturally derived and non-natural compounds. The imine group present in such 

compounds has shown to be critical to their biological activities. Schiff bases are important compounds owing to 

their wide range of industrial applications. 

Platinum complexes such as cis-diamminedichloro platinum(II)  (cisplatin,DDP) is a drug world widely used as  

anticancer agent. Many of these complexes such as  palladium (II) compounds, which are found to be very 

useful  in liquid crystals, [5] catalysis [6] and in organic synthesis.[7] Recently  the term cyclic carbopalladation   

was coined.[8] Although platinum complexes  have been less studied than their palladium counterparts ,their 

applications  nevertheless are important as antitumor agents.[9] Also photo physical  and photochemical 

properties of square planner platinum (II) complexes have been described [10] and more recently 

photolumininecent cyclometallated  platinum (II) complexes have been prepared.[11-14]The Ruthenium 

complexes have been received considerable  current attention, because of interesting biological properties 

exhibited by these complexes ,[15-20] also much attention has been drawn towards the chemistry of ruthenium in 

different coordination spheres.  Their reactivity depends upon the stability of oxidation states .Ruthenium 

complexes have been found to be very efficient catalyst in oxidation of alcohols and alkenes.[21] 

In view of the above facts, it is planned to carry out the synthesis of ligand  [3-((E)-1-(2- hydroxyphenylimino 

)ethyl)-4-hydroxy-6-methyl-2H-pyran-2-one ] (LA) and their metal complexes with Pd(II),Pt(IV)and Ru(III) 

metal ions and their structure were investigated using spectroscopic techniques and X-ray diffraction studies.  

 

II. MATERIALS AND METHODS 

DHA –(dehydroacetic acid ), 2-aminophenol, super dry ethanol were used for the synthesis of ligand. AR grade 

metal chlorides were used for the complex preparation. The carbon, hydrogen and nitrogen contents were 

determined on Perkin Elmer (2400) CHN analyzer. FTIR spectra were recorded on Jasco FTIR -4100 
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spectrometer using KBr pellets. 1HNMR spectrum of ligand was scanned in DMSO using TMS as internal 

standard. The TG-DSC and XRD were recorded on SDT Q600 V20.9 build 20 and Philips 3701 respectively. 

The UV-Visible spectra of complexes  were recorded on Jasco UV-530 spectrometer. Magnetic susceptibility 

measurements of the metal complexes were carried out on Gouy balance at room temperature using Hg 

[Co(SCN)4] as calibrant. Molar conductance of complexes were measured on Elico CM 180 conductivity  meter 

using 10-3 Solution in DMF. 

Synthesis of ligand 
A hot ethanolic solution (50ml) of 3-acetyl-6-methyl pyran -2-4-dione (1.5 gm 0.008 mol) and hot ethanolic 

solution (50ml) of 2-amino phenol (0.9 gm 0.008mol) were mixed slowly with constant stirring. The reaction 

mixture was refluxed at 70-80○C for 6-7 h. The resultant reaction mixture was cooled overnight to room 

temperature ,there by a solid creamy precipitate was formed which was filtered, washed with cold ethanol and 

dried under vacuum over P4O10
[22-24] (Yield 55-57%). 
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Scheme 1 Synthesis of ligand 

Synthesis of  Metal complexes 
A hot methanolic (30ml) solution of the ligand (0.003mol) and hot methanolic (30ml) solution of the 

corresponding metal  chlorides (0.001mol) were mixed together with constant stirring .The pH of reaction 

mixture was adjusted  in the  range 3-4 by adding 10% methanolic ammonia solution. The reaction mixture was 

refluxed for 10-12 h at 70- 80○C. On cooling,the reaction mixture, colored precipitate was formed. it was 

filtered, washed with cold ethanol and dried under vacuum over P4O10
[22-24] (Yield 55-57%). 

 

III. RESULTS AND DISCUSSION 

Physical characterization ,micro analytical, molar conductance data of ligand and it’s metal complexes are given 

in Table 1. The analytical data of complexes reveals 1:2 molar ratio (metal : ligand) The presence of water 

molecules and chloride ions was confirmed by TG-DSC analysis as well as by FTIR spectroscopy. The X-ray 

diffraction data suggest orthorhombic crystal system for Pd (II) and monoclinic crystal system for Ru(III) 

complexes. The metal chelate solutions in DMSO showed  low conductance which support the  non electrolyte 

nature of metal chelates. 
1H NMR spectrum of ligand 
1HNMR (DMSO): δ=2.1(S, 3H, - CH3), 2.4(S,3H, N=C-CH3), 10.12(s,1H, Phenolic OH), 15.3 (s,1H,enoli OH), 

5.7(s,1H,on DHA moiety), 6.8-7.2(m,4H,Ar-H) 

Mass Spectrum of Ligand 

Mass Spectral data confirmed the structure of the ligand (LA) as indicated by the peak corresponding to its 

molecular mass (Fig.1) 

 
Fig. 1. Mass spectrum of Ligand 
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FTIR spectrum 

The spectrum of ligand (LA) shows a Ѵ (C=N) peak  at 1694 and absence of a Ѵ(C=O)peak at around 1710 cm-

1 is indicative of Schiff base condensation. The IR spectra  of all complexes  shows Ѵ(C=N)  band at 1643-1600 

cm-1[25-26] and which have been shifted by about  40-29   cm-1 to lower energy region compared to that of free 

ligand (LA). This phenomenon appears to be due to the co-ordination of azo-methine nitrogen to the metal ion 
[27-28]. The Ѵ(OH) vibration of phenolic proton appears  in the region 3200-3600 cm-1, probably due to the 

overlapping of the symmetric and antisymmetric OH stretching vibrations of  lattice water[29].The presence of 

co-ordinated water is also established and supported by TG-DSC analysis of these complexes. The band in the 

450-470 cm-1 region may be assigned to Ѵ(M-N) vibration[30]. The IR spectra of the complexes are characterized 

by the appearance of a broad band in the region at 3400-3450 due to OH group[31-33]. The infrared spectra of the 

complexes exhibited band in the range 545-568 cm-1, assignable to Ѵ(M-Cl) streching vibration [34].  Also the 

new band in the rigion 585-632cm-1in the spectra of complexes indicate the vibration Ѵ( M-O) bonds 

respectively[35]. 

On the basis of above discussion six and four coordinated structure is proposed for Ru(III), Pt(IV) and Pd(II) 

complexes respectively in which the ligand is coordinated via ON donor atoms (Table 2). 

Electronic spectra 

The electronic absorption spectra of the ligand and it’s complexes are recorded after preparing the solution and   

after standing the solution for 3-weeks in DMSO. No appreciable change in the spectrum with time is    

observed[36].The bands in the range 324-374 nm are indicative of benzene and other chromophore  moieties  

present in the ligand .The absorption bands  of the complexes shifted to longer wave numbers compared  to that 

of ligand which may be due to increase in conjugation. A moderately intensive band observed in the range 320-

380 nm is due to existence of ligand to metal charge transfer transition. [37] A broad and intense absorption band 

observed in the range 370-380 nm  can be assigned to π – π* and n→n* transitions of the imine group. 

Magnetic measurements 
The magnetic measurements were carried out at room temperature with a Gouy’s balance using [HgCo(SCN)4] 

as a calibrant. Results are as shown in Table.1 

 

Table 1. Physical characterization, analytical and molar conductance data of ligand and its metal 

complexes 

Ligand/complexes 

 

F.W. 

 

M.P. 

(0C) 

Magnetic 
moment 

(B.M.) 

 

Molar 

conduc. Mho 
(cm2 mol-1) 

% Found (Calcd.) 

C H N M 

          [LA] 109.1 187 --- ----- 
66.04 

(66.34) 

6.47 

(6.02) 

12.84 

(12.38) 
----- 

          [Pd L2] 506.17 >300 Diam. 13.14 
64.02 

(40.84) 

5.17 

(3.80) 

5.53 

(9.80) 

15.29 

(14.41) 

[ PtL2Cl2].2H2O 821.55 >300 2.1 10.7 
40.23 

(40.59) 

3.54 

(3.78) 

3.75 

(3.75) 

26.14 

(26.92) 

          [ RuL2Cl H2O] 627.86 >300 1.5 18.76 
49.05 

(49.31) 

4.27 

(3.75) 

4.24 

(9.68) 

15.29 

(15.51) 

 
Table 2. FTIR  spectra of the ligand (LA) and its complexes (cm-1). 

 
Ligand/complexes 

 
(OH) 

 
(C=N) 

 
(C–O) 

 

 
(C=O) 

 

 
(C=C) 

 
(M-N) 

 

(M-O) 

 

 
(M-Cl) 

 

              [LA] 3534 1694 1471 1723 1562 ------ ----- ------- 

              [Pd L2 ] 3280 1640 1377 1671 1573 433.93 666 ----- 

    [PtL2Cl2] ].2H2O 3412 1565 1398 1673 1541 460 614 583 

[RuL2Cl H2O] 3236.73 1648 1356 1713 1570 437.5 626.29 526 

            

Powder X-ray diffraction 

The X-ray diffraction of representative metal complexes were scanned in the range 20-80○ at wavelength 1.540 

A○. The diffractogram and associated data depict the 2θ value for each peak, relative intensity and inter-planner 

spacing (d-values). The X-ray diffraction patterns of these complexes with respect to major peaks having 

relative intensity  greater than  10% has been indexed by using computer  programme .The diffractogram  of 

Ru(III) complex had 11 reflections with maxima at 2θ = 32.74○ and its intensity  1228.53 a.u. corresponding  to 
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d value 2.744 A○.The calculated and observed densities of Ru (III) complex are1.75&1.674 gmc-3 respectively. 

The standard deviation observed was within 0.046% permissible range. The above indexing method also yields 

Miller indices (hkl), unit cell parameters and unit cell volume.The unit cell of Ru(III) complex  yielded  values 

of lattice constants a= 22.44A○, b=3.433A○, c=14.93A○ and unit cell volume V=825.73 A○3.In concurrence with 

these cell parameters, the conditions such as a aǂbǂc  and αǂ=βǂƳ=90 required for sample to be monoclinic were 

tested and found to be satisfactory . Hence it can be concluded that Ru(III)complex have monoclinic crystal 

system[38.]. 

The diffractogram of Pd(II) complex shows 9 reflections with maxima at 2θ= 16.2○ and its intensity  2763.97 

a.u. corresponding to d value 5.486 A○ .The calculated and observed densities Pd(II)complex are 1.234 

&1.224gm-3 respectively.The standard deviation was observed within 0.064% permissible range.The Pd(II) 

complex have  unit cell  values of lattice constants ,a= 20.98A○,b=8.68A○,c=4.64A○ and unit cell volume 

V=846.82A○3.In concurrence with these cell parameters ,the conditions such  as aǂbǂc and α=β=Ƴ=90 required  

for sample to be orthorhombic were tested and found to be satisfactory[39]. Hence ,it can be concluded that 

Ru(III) and Pd(IV) complexes have monoclinic and orthorhombic crystal system respectively. (Fig.2)  

                                                                              
Fig. 2. X-ray diffractograms of (a)- Pd(II);  (b)- Ru(III) complex. 

Thermal analysis 
The simultaneous TG-DTA analysis of metal complexes were studied from ambient temperature to 1000○C in 

nitrogen atmosphere using α-Al2O3 as a reference. The Ru(III), Pd(II) and Pt(IV) complexes of ligand were 

choosen for thermal study. The Pt(IV) complex in which two water molecules are removed with mass loss of 

6.38% (calcd.6.21%) between 50-95○C, one coordinated water molecule is removed with mass loss of 2.97% 

(calcd.2.9%) between 100-190○C and two coordinated chloride ions are removed with mass loss of 11.66% 

(calcd.12.24%) between 190-410○C.[40 ] An endothermic peak in the range 90-95○C. (ΔT max 140○C) corresponds 

to the coordinated dehydration and third endothermic peak in the range 425-475○C (ΔT max 464.1○C)in the DSC 

curve corresponds to the loss of ligated part.The mass of final residue corresponds to stable PtO2. 

The Pd (II) complex in which two ligand molecules are removed with mass loss of 79.655 %( cald.83.25%) 

between 250-700○C[41].An endothermic peak in the range 350-400○C (ΔT max372.38○C)in the DSC curve 

corresponds to decomposition of ligand .The mass of final residue corresponds to stable PdO. 

The Ru(III) complex in which one water molecule and one chloride ion are  removed with mass loss of 7.49 % 

(calcd. 7.78 %) between 50-180 ºC[ 42]. An endothermic peak in the range 140-150 ºC (ΔT max 145 ºC) in the 

DSC curve corresponds to the coordinated dehydration and dechlorination. Second endothermic peak observed 

in the range 425-475 ºC (ΔT max 464.19 ºC) in the DSC curve correspond to the loss of ligands. The mass of 

final residue corresponds to stable Ru2O3. 

Antimicrobial activity      

The antibacterial activity of ligand and it’s metal complexes were evaluated in vitro against bacteria such as 

gram +ve bacteria (staphylococcus aureus) and gram –ve bacteria (Escherichia coli) by agar diffusion method[43  

]. Wells were made on petriplates containing solidified 20 ml Muller Hinton agar medium (250 ppm and 

500ppm) in DMF These plates were inoculated for 20-24 hours culture of bacterial strains. Different 

concentrations of the test samples were filled in the wells and incubated at 37 ○C for 24 hours. Control plates 

with Gentamycin and solvent were maintained. The antibacterial activity was assayed by measuring the 

diameter of the inhibition zone formed around the well .The results obtained were compared with known 

standard Gentamycin[44]. Three replicates were tested at the concentration 250 ppm and 500ppm in DMF and 
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compared with control. The culture of fungi purified by single pore isolation technique. The wells were made on 

petriplates containing solidified 20 ml sabouroud dextrose agar medium. These plates were inoculated with 36-

40 hours. Control plates with Amphotericin B and solvent was maintained. The antifungal activity was assayed 

by measuring the diameter of the inhibition zone formed around the well .Three replicates of each treatment 

were repeated in all experiments. From Table 3 and 4, it is clear that the ligand does not show any antibacterial 

and antifungal activity. Only ruthenium complexe show selective antibacterial and antifungal activity towards  

the test organism . The palladium and platinum complexes  showed no appreciable  activity which may be due 

to low solubility of complexes[ 45-50].     

  

Table 3. Antibacterial activity of ligand and its metal complexes. 

Ligand/complexes 

Inhibition zone diameter (mm)  

E. coli Staphylococcus aureus Sallmona  typhi 

250ppm 500ppm 250ppm 500ppm 250 ppm 500ppm 

Gentamycin 29 31 26 27 26 30 

(LA) 00 00 00 00 00 00 

[Pd L2 ] 00 00 00 00 00 00 

[ PtL2Cl2].2H2O 00 00 00 00 00 00 

[ RuL2Cl H2O]         12 15 09 14 12 14 

 

Table 4.  Antifungal activity of ligand and its metal complexes. 

Ligand/complexes 
Aspergillus Flavus Candida albicans 

250ppm 500ppm 250ppm 500ppm 

Control 9 10 4 6 

(LA) 00 00 00 00 

[Pd L2] 00 00 00 00 

[PtL2Cl2].2H2O 00 00 00 00 

[RuL2Cl H2O] 00 10 08 09 

 

IV. CONCLUSIONs 

Based on analytical, conductance, magnetic, infrared, electronic spectral data, TG and X-ray powder patterns of 

Ru(III), Pt(IV) complexes exhibit six coordination number and Pd(II) complex exhibits four coordination 

number. A tentative proposed structure of Ru(III), Pd(II) and Pt(IV) complexes  is given in Fig. 3. Biological 

studies of these complexes reveals that these complexes show better activity compared to their respective 

ligand.The FTIR spectral data suggest that the ligand behaves as a tetradentate ligand with ON donar atoms 

towards central metal ion. The X-ray diffraction data suggest monoclinic crystal system for Ru(III) and 

orthorhombic crystal system for Pd(II) complexes. 
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Fig. 3. Structure of metal complexes. (A)Pt(IV) )(B) Ru(III) and (C) Pd(II). 
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