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Abstract 
 Development of a new schiff bases and their metal complexes is now attracting the attention of medicinal chemists. A series 
of metal(II) complexes of a novel N3O2 donor type ligand 6,6’-(6-hydroxypyrimidine-2,4-diyl)bis(azanylylidene) (bis 
(methanylylidene)) bis(2,4-dichlorophenol) with general formula ML [where M= Co(II), Ni(II) and Cu(II)] have been synthesized. 
The structural features of the obtained schiff Base and their metal(II) complexes have been characterized by elemental analyses, UV-
Vis, 1HNMR, Mass and TGA techniques.  The electronic absorption spectra indicate the square pyramidal geometry for the 
complexes. The free ligand is tested for sensing activity with various metal cations. Also, the Schiff base and some of their metal(II) 
complexes were tested for antibacterial and antifungal activities. 
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Introduction 
 Schiff bases derived from an amino and carbonyl compound are an important class of ligands that coordinate to metal ions 
via azomethine nitrogen and have been studied extensively [1]. Schiff base ligands are considered “privileged ligands” because they 
are mainly prepared by condensation between aldehydes and primary amines [2].Schiff bases containing halogen groups and their 
metal complexes have a special interest due to their antimicrobial properties [3].  It is reported that derivatives of salicylaldehyde, with 
one or more halogen atoms in the aromatic ring, shows biological activities [4]. 
 

Potentiometric sensor for determination of the ions in real samples offers interesting advantages such as simplicity, speed, 
relatively fast response, low cost, wide linear dynamic range and ease of preparation and procedures. There has been an increased 
interest in developing such sensors for transition metal ions. Recently many reports [5] have been reported on various metal ions like 
Cu2+, Ni2+, Cr2+, Co2+ and Cd2+ etc. 

 
Keeping these facts in view the significance of metal in biology, as well as to continue our research work, we herein report 

the synthesis of the Schiff base by the condensation of 3,5-dichlorosalicylaldehyde and 2,4-diamino-6-hydroxy pyrimidine. In 
addition, complexation of this Schiff base with several transition metals Ni(II), Cu(II) and Co(II) ions. Also, we characterized these 
complexes on the basis of elemental analysis and electronic spectroscopy to explore the structure of the complexes.  

 
Experimental Methods 
 Synthesis of ligand 6,6’-(6-hydroxypyrimidine-2,4-diyl)bis (azanylylidene) (bis (methanylylidene)) bis(2,4-
dichlorophenol) (HAMD) 
 
 The ligand (HAMD) was obtained by heating the mixture of 1.2 g (10 mmol) of 3,5-dichloro salicylaldehyde in ethanol with 
1.01 g (10 mmol) of 2,4-diamino-6-hydroxy pyrimidine in dry ethanol with constant stirring. The reaction was monitored by TLC. 
The optimal conditions applied for the synthesis of these compounds to obtain the highest possible yield. The resultant light pale 
brown solid was filtered and dried. Yield 83%. (Scheme 1) 
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Scheme 1:Synthesis of 6,6’-(6-hydroxypyrimidine-2,4-diyl)bis (azanylylidene) (bis (methanylylidene)) bis(2,4-dichlorophenol) 
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Synthesis of Metal(II) complexes 
 To the ligand (HAMD) (10 mmol, 0.15 g) which is dissolved in an ethanol with constant stirring 0.5 ml of triethylamine was 
added. To this, an ethanolic solution of 10 mmol of metal(II) chlorides (CuCl2.2H2O, CoCl2.6H2O, NiCl2.6H2O) were added drop by 
drop and the solution was stirred about 3 hrs at room temperature. The metal(II) complexes separated out were filtered, washed with 
ethanol and dried over CaCl2 in vacuum. Yield 75-81%. 
 
Results and Discussion 
Table. 1 debicted the analytical data and physical properties of the ligand and its complexes. The molecular formula of [ML] 
(stoichiometry 1:1) for copper(II), nickel(II) and cobalt(II) complexes are implied from elemental analysis and spectral data. 
 
Table. 1 Physical characterization, analytical and molar conductance data of the ligand (HAMD) and its metal(II) complexes 

Compounds 
M.Formula 

F.W. 
(g/mol) Color 

Found (Calculated) (%) ΛM 
(Ω-1 cm2 
mol-1) C H N O M 

HAMD 
C18H10Cl4N4O3 

469.95 
Light 
Pale 
Brown 

45.79 2.13 11.87 10.17 - 
- (45.65) (2.01) (11.78) (10.15) - 

[Co(HAMD)] 
C18H8Cl4CoN4O3 

529.03 Dark 
Blue 

40.87 1.52 10.59 9.07 11.14 2.3 (40.84) (1.47) (10.53) (9.02) (11.18) 
[Ni(HAMD)] 
C18H8Cl4NiN4O3 

528.79 Green 40.88 1.52 10.60 9.08 11.10 4.2 
(40.85) (1.49) (10.54) (9.02) (11.25) 

[Cu(HAMD)] 
C18H8Cl4CuN4O3 

533.64 Dark 
Brown 

40.51 1.51 10.50 8.99 11.91 
3.4 (40.40) (1.48) (10.47) (8.92) (11.94) 

 
1H NMR Spectral Studies 

The 1H-NMR spectrum of the ligand (HAMD) was recorded in DMSO, and is given in Fig. 1. The ligand exhibits two 
singlets at 4.4 ppm and 4.8 ppm for phenolic OH protons. The aromatic protons have resonated in the range of 6.0 ppm-6.5 ppm. The 
N=CH has a characteristic peaks at 7.0 ppm and 7.5 ppm. The -OH proton of hydroxy pyrimidine resonate at 9.5 ppm [6]. 

 
Fig. 1. 1H-NMR Spectum of HAMD 
 

Sensing Studies 
The sensing property of HAMD with different metal cations was investigated by preparing stock solutions of HAMD (1 x 10-

3 µM) and metal cations in anhydrous ethanol and its coordination properties with various metal cations were measured by the UV-
VIS spectrophotometer. The free ligand (HAMD) showed maximum absorption band at 300 nm which is due to π---->π* transition. 

 
The Ligand (HAMD) was studied with various metals like Cu2+, Co2+, Zn2+, Mg2+, Mn2+, Fe2+, Fe3+, Cr3+, Al3+, Ba2+, Sr2+ and 

Ni2+. Among the cations, Co2+ has a significant effect with the ligand [7].  
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                 Fig.2. UV-Vis spectra of HAMD after addition of metal cations             Fig. 3. UV-Vis spectra of HAMD after adding (0.10 - 0.90 µM) of Co2+ ion. 

 
Fig. 4. Changes in the color of ligand (HAMD) upon addition of various cations. 

 
Absorbance Studies 
 The UV-Vis spectral data of HAMD and its metal(II) complexes are summarized in Table 2. This includes absorption region, 
band assignment and geometry. The absorption spectrum of the HAMD shows absorption peaks at 39,840 cm-1 (ε, 2108 M-1 cm-1), 
35,971 cm-1 (ε, 1987 M-1 cm-1) which is attributed to n-π* intra ligand charge transition and π-π* transitions respectively arising from 
azomethine (CH=N) chromophores that were present in the compounds [8, 9]. 
 

The electronic absorption spectrum of Co(II) complex of HAMD displayed three bands at 33,898 cm-1 (ε, 1865 M-1 cm-1), 
16,393 cm-1 (ε, 410 M-1 cm-1) and 14,492 cm-1 (ε, 682 M-1 cm-1) which are the characteristic of square pyramidal geometry. The 
nickel(II) complex of HAMD exhibits two d-d bands at 31,250 cm-1 (ε, 1795 M-1 cm-1) and 27,397 cm-1 (ε,1752 M-1 cm-1), suggesting 
square pyramidal geometry. 

 
The UV-Vis spectrum of the copper(II) complex of HAMD showed two bands at 36,496 cm-1 (ε, 2015 M-1 cm-1) and 27,247 

cm-1 (ε, 1704 M-1 cm-1), suggesting square pyramidal geometry. The copper(II) complex of HAMD at 1.98 B.M. is interpreted as 
suggestive of a five-coordinate square pyramidal geometry due to distortion in the complexes.  

 
Co(II) and Ni(II) complexes of HAMD have magnetic moment values 4.61 and 2.65 B.M respectively, also further confirms 

the square pyramidal geometry [57- 59]. The UV-Vis spectra of the HAMD and its metal(II) complexes are shown in Fig. 5, Fig. 6, 
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Fig. 7 and Fig. 8. However, we are in process of growing single crystal for the ligand and the metal(II) complexes so as to get exact 
molecular structure for all the compounds. 

 
         Fig. 5 Electronic absorption spectrum of HAMD                  Fig. 6. Electronic absorption spectrum of [Co(HAMD)] 

 
    Fig. 7. Electronic absorption spectrum of [Ni(HAMD)]  Fig. 8. Electronic absorption spectrum of [Cu(HAMD)] 
 
Table. 2. Electronic absorption spectral data (cm-1)and magnetic susceptibility (B.M) of ligand (HAMD) and its metal(II) 
complexes (cm−1) 

Compounds 
Frequency 
(cm−1) 
(ε, M-1 cm-1) 

Transition Geometry μeff 
(B.M) 

Ligand (HAMD) 39,840 (2108) 
35,971 (1987) ILCT* - - 

[Co(HAMD)] 
33,898 (1865) 
16,393 (410) 
14,492 (682) 

4A2 + 4E → 4A2(P) 
4A2 + 4E → 4E(P) 
4A2  + 4E → 4B1 

Square 
pyramidal 4.31 

[Ni(HAMD)] 31,250 (1795) 
27,397 (1752) 

3B1(F) → 3E(P) 
3B1(F)→  3A2(P) 

Square 
pyramidal 2.65 

[Cu(HAMD)] 36,496 (2015) 
27,247 (1704) 

2B1 →  2E 
2B1 →  2B2 

Square 
pyramidal 1.98 

 
Mass Spectral Studies 

Mass spectrometry displays the spectra of the masses of the molecules comprising a sample of material. It is used for 
elucidating the chemical structures of molecules. The mass spectra of the Cu(II)(HAMD) shows a peak at m/z 529 which is due to 
(M-1) confirmed the 1:1 stoichiometric composition of the metal(II) complexes of [M(HAMD)] type as shown in Fig. 9. The peak at 
m/z 239 is due to the fragmentation of ligand HAMD [10, 11]. 
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Fig. 9. Mass spectrum of [Cu(HAMD)] 

 
Thermal Analytical Studies 
 The simultaneous TG/DT analysis of the Ni(II) metal complexes was studied from temperature from 30°C to 1000 °C under a 
nitrogen atmosphere. The TG curve of the Ni(II) complexes exhibited no mass loss up to 210 °C. TGA can record directly the weight 
change as a function of temperature or time for transitions that involve dehydration or decomposition. In the TG curve of Ni(II) 
complex, the first step of decomposition from 210°C to 250°C. The second step, from 260°C to 360 °C which corresponds to the 
decomposition of the coordinated part of the Ni(II) metal complex. The TG curve of the Ni(II) complex shows a two-step 
decomposition. The DTA curve, may be attributed to the decomposition of the non-coordinated part of the ligand. The anhydrous 
complex exhibited a single-step decomposition from 210°C - 360°C, with a considerable mass loss and a broad exothermic peak in the 
DTA [12, 13]. 
 

 
                            Fig. 10. Thermogram of HAMD                        Fig. 11. TG, DTG and DTA curves of [Ni(HAMD)] complex 

Spectral analytical data reveals the square pyramidal environment around the metal(II) complexes (Fig. 12). 
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Fig. 12. Proposed structure of [M(HAMD)] 

 
Biological Studies 

The antimicrobial activity data clearly illustrates that the metal complexes have significant antibacterial activity against tested 
organism. All complexes display a high order of antibacterial activity than the ligand. From Table. 4, it is concluded that the Co(II) 
complex showed higher activity towards gram negative bacteria (E.coli, P.aeruginosa) and gram positive bacteria (Bacillus subtillus 
and Staphy.aureus). 

 
Other metal(II) complexes exhibit moderate antibacterial activity. Ni(II) and Cu(II) complexes have significant activity 

towards all the bacteria. From the data it is found that all the compounds have displayed good activity. 
Table 4. Antimicrobial activity data of the ligand (HAMD) and its metal(II) complexes 

Compounds  Zone of inhibition (in mm)* 
E.Coli P.Aeruginosa Bacillus subtillis Staphy.aureus 

HAMD  10 12 11 12 
[Co(HAMD)]  14 15 17 16 
[Cu(HAMD)]  12 10 12 9 
[Ni(HAMD)]  10 9 15 13 
Amikacin  18 18 18 18 

*We have carried out three trials for consistency and report the mean of the values obtained. 
 

 
Fig. 13. Antimicrobial activity of ligand and its complexes 
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Fig. 14. Inhibition Zones formed for (a)E.Coli (b) P.Aeruginosa,(c) Bacillus subtillis and (d) Staphy. Aureus 

 
Conclusion 
 The ability of sensing for a wide range of metal ions is studied for HAMD ligand. HAMD showed a significant shift in 
absorption after adding Co2+ ions. On the basis of the results, it could be applied for better selective detection for Co2+ ions than that of 
other metal ions in future. Sensing applications can be done for the real time solutions in the future using this ligand. All the 
synthesized compounds are found to exhibit promising in vitro antimicrobial activity. Co(II) complex of HAMD showed higher 
inhibiting activity against gram negative bacteria (E. coli, P.aeruginosa) and gram positive bacteria (Bacillus subtillus and 
Staphy.aureus). Nickel(II) complex and copper(II) complex of HAMD showed moderate inhibiting activity against gram positive 
bacteria and gram-negative bacteria. The antimicrobial studies illustrate that the metal(II) complexes have significant antimicrobial 
activity against tested organism. These results may shed some light on designing novel ligands with antimicrobial activities in future. 
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