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Metal complexes of cobalt(II), nickel(II), copper(II) and zinc(II) with Schiff base ligand, prepared via condensation of imidazole-2-carboxaldehyde and L-histidine, were synthesized. The ligand was characterized by elemental analysis, IR, UV-Vis., mass and 1H NMR spectra. The characterization of metal complexes was done using elemental analysis, magnetic moment, molar conductance, IR, 1H NMR, UV-Vis., ESR spectra, thermal, powder XRD and SEM analysis. The molar conductance data reveal that all the metal chelates are non-electrolytes. From the magnetic and electronic spectral measurements, it was found that the geometrical structures of these complexes are octahedral. Thermal analysis shows the presence of coordinated water molecules in the metal complexes. The sharp peaks observed in the powder XRD pattern of the complexes indicate their crystalline nature. The surface morphology of the compounds was studied by SEM. The investigated compounds were tested against the bacterial and fungal species by the disc diffusion method. The DNA cleavage was monitored by the gel-electrophoresis technique.
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Schiff bases have been used widely in coordination chemistry to build complexes with transition and main group metals. Imidazole is frequently found as part of a large number of biologically and medicinally significant substances1 e.g. histidine and its derivatives or as part of the purine skeleton. More recently, imidazole and its derivatives became of interest due to their ability to bind various transition metals2. In such complexes, the imidazole with its two nitrogen atoms serves as a coordination part of the molecule whereas the chiral auxiliaries at positions one, two, four or five provide an overall asymmetrical environment. Studies pertaining the metal ion-DNA intercalation have been utilized for developing novel chemotherapeutic agents, foot printing agents and for gene manipulation in biotechnology and medicine. In addition, new kind of chemotherapeutic Schiff bases are now attracting the attention of biochemists3. Results and Discussion Characterization of ligand The elemental analysis data of ligand are in good agreement with those calculated for the suggested formula. The mass spectrum shows a well-defined molecular ion peak at m/z = 272 [M+ (21%)] which coincides with the formula weight of the ligand. In —————— *Corresponding author



the 1H NMR spectrum of ligand the azomethine proton exhibit a singlet at 8.3 ppm. The methylene proton in the imidazole ring appeared at 7.4 ppm and the carboxylate group proton appeared at 2.8 ppm. The methyl proton exhibits a doublet signal at 3.4 ppm. In the 13C NMR spectrum, the azomethine carbon and the carboxylato carbon peaks appeared at 164 and 181 ppm. The carbon atoms present in the imidazole ring resonate at 128 ppm. The IR spectrum of the ligand shows band at 1654 cm-1 is the stretching frequency of azomethine group. The ligand exhibits a band at 1621 cm-1 assigned to an asymmetric stretching frequency of the carboxylato group. The ligand also displays band at 1386 cm-1 due to symmetric stretching vibration of the carboxylato group. Sharp bands present in the spectrum of the Schiff base in the region ~3360 and ~1520 cm-1 are due to the peptide N-H stretching vibration. The UV-Vis. spectrum of the ligand exhibits an absorption band at 323 nm is attributed to π–π* transition of the azomethine chromophore. Characterization of metal complexes The analytical data show that the metal to ligand ratio is 1:1 in all the complex systems. The composition of the complexes is [ML(H2O)2Cl] where, L=imidazole-2-carboxaldehyde with Lhistidine. The mass spectra of the metal complexes show molecular ion peaks at m/z 363 (M+ +1, 14%),
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362 (M+, 16%), 367 (M++1, 11%), 368 (M++1, 10%)] respectively, which coincides with the formula weight. The low molar conductance values (10-19 Ohm-1cm2mol-1) of the metal complexes reveal their non-electrolytic nature. IR spectra The band at 1654 cm-1 for the azomethine group of free ligand was shifted to lower frequency ~16391648 cm-1 in the complex indicates the coordination of azomethine nitrogen atom with the metal ion. The new broad band appeared at ~3400 cm-1 and also a band at ~850 cm-1 in the metal complexes can be attributed to the stretching vibration of the coordinated water molecules. On complexation, the asymmetric and symmetric stretching bands of carboxylato groups are shifted to lower frequency, which reveals the formation of a linkage between the metal ion and carboxylato oxygen atom. Moreover, the difference (~200 cm-1) between the asymmetric and symmetric stretching modes indicates the monodentate binding of the carboxylato group in the complexes. The new bands in the region 548–585 and 434–457 cm-1, which may probably be due to the formation of M-O and M-N bonds respectively. Electronic spectra and magnetic measurements The cobalt(II) complex shows two absorption bands at 510 and 665 nm region which are assignable to the transitions, 4T1g(F)→4A2g(F) and 4 T1g(F)→ 4T2g(F) indicates an octahedral environment. The nickel(II) complex shows three bands in the region ~1000, 640, and 368 nm are attributable to 3A2g(F) →3T2g(F), 3A2g(F)→3T1g(F), and 3A2g(F)→3T1g(P) transitions, suggesting an octahedral geometry. The copper(II) complex display a broad band in the ~700 nm, which can be assigned to 2Eg→2T2g transition, indicating the distorted octahedral geometry. The magnetic moment value of cobalt(II), nickel(II) and copper(II) complexes exhibit 5.11, 3.24 and 1.96 BM indicates the octahedral geometry. Zinc(II) complex is diamagnetic as expected and would have octahedral geometry. Cyclic voltammetry The cyclic voltammogram was recorded in DMSO at RT in the potential range -2 to +2V at a scan rate of 50 mVs-1. The cobalt(II) and nickel(II) complexes exhibited one irreversible reduction peak at -490 and -310 mV of anodic waves in all scan rates. The copper(II) complex exhibits a pair of
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cathodic and anodic peak potentials at -45 and 270 mV, respectively, representing the Cu(II)/Cu(I) couple. The peak-to-peak separation (∆Ep = 315 mV) indicates a quasi-reversible, one electron transfer process. Similarly, the zinc(II) complex with ligand exhibits a pair of cathodic and anodic peak potentials at -245 and -155 mV respectively, representing the Zn(II)/Zn(I) couple. The peak-topeak separation (∆Ep = 90 mV) indicates a quasireversible, one electron transfer process. ESR The X-band ESR spectrum of copper(II) complex at RT shows one intense absorption band at high ﬁeld, which is isotropic due to the tumbling of the molecule. Moreover, the absence of a half field signal at 1600 G indicates the absence of any Cu–Cu interaction in the complex. Thermal analysis The thermal stability of the metal complexes undergoes similar decomposition mainly in three stages. The TG curve of the cobalt(II) complex shows a weight loss 10.69%, (Cal. 9.94%) in the temperature range 130–235 0C. This is due to the loss of two coordinated water molecules. The second decomposition stage of the complex is in the temperature range 235–540 0C undergoes a weight loss of 69.80% (Cal. 69.36%) which correlates with the loss of coordinated organic ligand. Above this temperature, a horizontal thermal curve has been observed due to the formation of the metal oxide. The nickel(II) complex shows a weight loss 10.93% (Cal. 9.97%) in the temperature range 160–285 0C showing the elimination of two coordinated water molecules. The second weight loss 69.00% (Cal. 69.55%) in the 285-680 0C corresponds to the decomposition of organic ligand. Above this temperature final decomposition takes place. The copper(II) and zinc(II) complexes show a similar trend of three decomposition steps taking place in the 135–240 and 125-230 0C were attributed to the expulsion of two coordinated water molecules. The second stage starts from 240 -685, and 230-790 0C for the complexes. The corresponding mass loss is due to the decomposition of the organic ligand molecule and it is in good agreement with the calculated mass loss. The final residue is qualitatively proved to be anhydrous metal oxides. Powder XRD Powder XRD pattern of the metal complexes were recorded in the range 2θ=0–80° and is shown
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in Figure 1. The complexes show sharp crystalline peaks indicate their crystalline nature. The grain size was calculated using Scherrer equation and has the average value of 59-58 nm, suggesting that the complexes are in nanocrystalline state. SEM The shape, size and microstructures were characterized by using scanning electron microscopy. The SEM micrographs (Figure 2) of the complexes show the controlled morphological structures with the presence of small grains in nonuniform size. The SEM micrographs of complexes exhibit broken rock like structure with irregularly shaped particles.
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The ligand and its metal complexes were tested against bacterial species S. aureus, E. coli, P. aeruginosa and; fungal species A. niger, A. flavus and C. albicans by agar disc diffusion method. DMSO was used as a negative control, and amikacin and Nystatin were used as standards for antibacterial and antifungal activity respectively. The compounds (Figure 3) exhibit moderate to strong antimicrobial activity. Comparatively a better activity is found for the bacteria rather than the fungi. The copper(II) complex exhibits a higher activity than the other metal complexes towards the fungal species. The nickel(II) complex displays moderate activity against the bacterial species. The activity of the complexes is greater than those of the free ligand, this indicates that the complexation to metal enhances the activity of the ligand. This is explained on the basis of Overtone’s concept and chelation theory4.
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Figure 3



DNA cleavage activity Gel electrophoresis experiment using pUC18 DNA was performed with metal complexes in the presence of H2O2 as oxidant. The complexes cleave DNA more efficiently in the presence of oxidant, which may be due to the formation of hydroxyl free radicals. The hydroxyl radicals participate in the oxidation of deoxy ribose moiety, followed by hydrolytic cleavage of sugar phosphate back bone. The cleavage efficiency was measured by determining the ability of the complex to convert the super coiled DNA into nicked open circular form or linear form. The results show that there is considerable increase in the intensity of bands for open circular form in the case of metal complexes. The result indicates that the complexes have DNA nicking activity and follows the order, Cu(II) > Zn(II) > Ni(II) > Co(II).
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Experimental Physical measurements The elemental analysis was carried out using a Perkin-Elmer 2400 CHN instrument. Molar conductance was measured in DMSO solution using a Coronation digital conductivity meter. The mass spectra were recorded using JEOL JMS600H mass spectrometer. The NMR spectrum was recorded using JEOL GSX 400 FT–NMR spectrometer in DMSO-d6 with TMS as the internal standard. FT-IR spectra were recorded by employing JASCO FT/IR410 spectrometer using KBr pellet technique (4000400 cm-1). The UV-VIS spectra were recorded using Thermo Scientific UV-VIS spectrophotometer (1901100 nm). Magnetic measurements were performed using Guoy`s balance by making diamagnetic corrections using Pascal’s constant at room temperature. The X-band ESR spectrum was recorded by a Varian E112 X-band spectrometer. Cyclic voltammetry measurements were carried out in a BioAnalytical Systems CV-50W Electrochemical Analyzer. For this three electrode cells comprised of a reference Ag/AgCl, auxiliary platinum and working glassy electrodes were used. Again tetrabutyl- ammonium perchlorate was used as a supporting electrolyte. The thermal stability was analyzed by Thermogravimetric SDT Q600 V8.3 Build 101 thermal analyzer. The XRD was carried out using Rigaku Dmax X-ray diffractometer with Cu-Kα radiation. The size and morphology were studied using SEM (Hitachi S-4700). Synthesis of ligand L-Histidine (1 mmol) was dissolved in 20 mL of methanol containing KOH (1 mmol). A solution of imidazole-2-carboxaldehyde (1 mmol) in 10 mL of absolute methanol was added dropwise with stirring and refluxed for 3 h. The yellow solution was cooled at room temperature and the volume was reduced in vacuo using a rotary evaporator. Anhydrous ether was added to deposit a yellowish .
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precipitate, which was then recrystallized from ethanol. Synthesis of metal complexes The ligand (1 mmol) was dissolved in 10 mL of methanol and metal(II) chloride (1 mmol) was added dropwise into 20 mL of methanolic solution. The mixture was stirred for 2 h. The precipitated complex was filtered off, washed several times with cold ethanol, ether and then dried in vacuo over anhydrous CaCl2. Conclusions Metal complexes with the Schiff base derived from imidazole-2-carboxaldehyde with L-histidine were synthesized and characterized. The spectral result shows that the ligand act as a tridentate monobasic donor coordinating through the azomethine nitrogen, imidazole nitrogen and carboxylato oxygen atoms. Octahedral geometry is assigned for all the complexes. ESR spectral data confirm the absence of Cu-Cu interaction. Presence of water molecule and thermal stability are confirmed by the TG analysis. Powder XRD results show that the complexes are nanocrystalline. The in vitro antimicrobial studies reveal that the complexes are more active than the ligand. Acknowledgement Financial support from the Council for Scientific and Industrial Research, New Delhi, India is gratefully acknowledged (No.01(2576)/12/EMR-II). References 1 Dhankar, R. P.; Rahatgaonkar, A. M.; Chorghade, M. S., Spectrochim. Acta A, 2012, 93, 348. 2 Arish, D.; Nair, M. S., J. Coord. Chem., 2010, 63, 1619. 3 Gaballa, A. S.; Asker, M. S.; Barakat, A. S.; Teleb. S. M.; Spectrochim. Acta A, 2007, 67, 114. 4 Priya, N. P.; Arunachalam, S. V.; Sathya, N.; Chinnusamy, V.; Jayabalakrishnan, C., Transition Met. Chem., 2009, 34, 437.
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