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Abstract 
A novel series of metal complexes of guanidine ligand derived from condensation of 1,1,3,3-tetramethylurea and 
2-aminopyridine in present of POCl3 have been synthesized. The complexes are characterized using FTIR, UV-Vis and 
also molar conductance was measured. These spectroscopic studies confirmed that the ligand bonded to the metals 
through the nitrogen atoms. The suggested structures of the metal complexes are square planner. The ligand and its 
metal complexes were tested against Gram-negative bacteria; Escherichia coli, Serratia marcescens and Gram-positive 
bacteria; Bacillus sabtilis and Staphylococcus aureus by applying disc diffusion method. The most antibacterial activity 
of synthesized compounds belongs to CdL2 complex. The results of this study showed that the metal complexes have 
more antibacterial activity against species when compared to the parent ligand. 
Keywords: Guanidine, POCl3, disc diffusion method, antibacterial activity 
1. Introduction 
Bacterial infections and bacteria drug resistance are very common all around the world. Also modern life and working 
conditions afford an encouraging environment for rapid evolution of microorganisms (Afradi et al., 2017). Therefore, in 
order to solve this important issue, it is necessary to improve effective antimicrobial agents to control the bacterial 
infection. As a result, antibacterial compounds that can efficiently inhibit the growth of microorganism with limited 
cytotoxicity have stimulated considerable attention in research fields (Behmaram et al., 2017). In recent years, the 
application of inorganic antibacterial agents has attracted much attention for the control of pathogenic microorganisms 
(Hedayati Saghavaz et al., 2017). 
Guanidine, has already gained excessive attention since its discovery, due to their chemical and biological properties 
(Manetti et al., 2009). They also appear in a number of important antibiotic drugs including: Streptomycin, 
Trimethoprim, Chlorhexidine, Polyhexamethylene bi guanidine, Pyrrplidine bis-cyclic guanidine and others (Ghulam 
Murtaza, 2012). They can be used for urinary tract infection and disinfectant for swimming pools and wound care. In 
2008 L.Qian et al. reported the synthesis of a novel guanidine polymer which has high antimicrobial activity against 
Escherichia coli and Staphylococcus aureus. In the present of 1 wt. % of this compound in wood fibers, the growing 
inhabitation reached nearly 100% (L. Qian et al., 2008). 
In addition, transition metal complexes derived from guanidines have been found to exhibit some biological properties 
like antibacterial and antifungal activities (Cesme et al., 2015). The important pathogens such as Escherichia coli, 
Serratia marcescen, Bacillus sabtilis, and Staphylococcus aureus have wildly caused many diseases, so antibacterial 
activity of these complexes against four kinds of bacteria have been established. Present work describe the synthesis 
and antibacterial activity of metal complexes derived from 1,1,3,3-tetramethyl-2-(pyridin-2-yl)guanidine. The 
antibacterial activity of synthesized compounds compared to standard antibiotic drugs against gram-negative and 
gram-positive bacterial strains. 
2. Experimental 
2.1 Material and Equipment 
All chemical and solvents purchased from Merck and Aldrich Company and used without further purification. ZnI2, 
CdCl2.2H2O and ZrO(NO3)2.9H2O were used as metal salts. The IR spectra were taken with a Shimidzo 300 
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spectrometer using potassium bromide pellets. 1HNMR (nuclear magnetic resonance) spectra of ligand were recorded 
on a Brucker AMX 250 MHz spectrometer in DMS-d6 solvent using tetramethyl silan as an internal reference. Melting 
points of compounds were measured with an electrothermal melting point apparatus and were not corrected. The molar 
conductance of the complexes in DMSO (1×10-3 M solution) was performed at 25 °C using oakton ECTestr 11 
dual-range, conductivity tester. The Mass spectra for metal complexes were run at 70 eV at 230 °C with Agilent 
technologies. The progress of the reactions was monitored by thin-layer chromatography (TLC) on silica gel polygram 
precoated TLC sheets. 
2.2 Procedure for Synthesis of 1,1,3,3-Tetramethyl-2-(Pyridin-2-yl)Guanidine (L) 
The corresponding ligand (L) prepared according to the previously published procedure (Foroughifar et al., 1993). To a 
solution of 1,1,3,3 tetramethyl urea (1 m mol) in 10 ml dry benzene was added drop-wise to a solution of POCl3 (4 m 
mol) in 20 ml dry benzene. The reaction mixture stirred for 12h at ambient temperature, then the solution of 
2-aminopyridin(1 m mol) in 50 ml dry benzene added in several portions. The resulting mixture refluxed for 44 h at 75 
ºC. The precipitate dissolved in water and NaOH 25% to bring the solution pH to about 14, followed by extraction with 
benzene. The organic layer evaporated in vacuum.  
pale brown. Yield :(0.167 g, 87%); m.p. 120-122 °C. Selected IR data (KBr, ʋmax [cm-1]:3421, 3170, 2927, 1632, 1567, 
1386; 1H- NMR (250 MHz, DMSO-d6) δ : 8.11-8.09 ppm (1H, t, Ar-H), 7.50-7.43 ppm (2H, m, Ar-H), 6.69-6.54 ppm 
(m, 3H, Ar-H), 2.95-2.51 ppm (m, 18H, CH3), UV-Vis (DMSO): λMax=280, 310 nm.  
2.3 General Preparation of Metal Complexes 
The metal complexes were prepared by the addition of a hot methanol solution of the appropriate metal salt (1 mmol) to 
the hot solution of the guanidine ligand (2 mmol) in the same solvent (25 mL) under inert atmosphere of nitrogen. The 
resulting mixture was refluxed for 2-3 h. The solid product was filtered, washed with methanol and dried in vacuum 
desiccator. 
Bis(1,1,3,3-tetramethyl-2-(pyridin-2-yl)guanidine) zirconium (ZrL2) 
White solid; Yield: (0.305 g, 70%); m.p.>300 °C. Molar conductance in DMSO: 10. Selected IR data (KBr, cm-1): 3430, 
2998, 2913, 1659, 1437, 703, 670. UV-vis (DMSO): λMax= 240, 300 nm.  
Bis(1,1,3,3-tetramethyl-2-(pyridin-2-yl)guanidine)Zinc (ZnL2) 
Pale yellow solid; Yield: (0.267 g, 75%); m.p.>300 °C. Molar conductance in DMSO: 12. Selected IR data (KBr, cm-1): 
3437, 2996, 2913, 1660, 1437, 700, 669. UV-vis (DMSO): λMax= 360, 310, 350 nm.  
Bis(1,1,3,3-tetramethyl-2-(pyridin-2-yl)guanidine)cadmium (CdL2) 
Creamy solid; Yield: (0.343 g, 65%); m.p.>300 °C. Molar conductance in DMSO: 8. Selected IR data (KBr, cm-1): 3425, 
2999, 2915, 1657, 1437, 705, 609. UV-vis (DMSO): λMax= 250-300 nm. 
2.4 Antibacterial Screening 
Escherichia coli (ATCC: 25922), Serratia marcescens (ATCC: 13880) as gram negative bacteria as well as, Bacillus 
sabtilis (ATCC: 6633) and Staphylococcus aureus (ATCC: 6838) as gram positive bacteria were used for the test of 
antibacterial activity of synthesized compounds. All bacteria strains were maintained as stock strains in Microbank 
cryovials and kept at -80 °C until used. Microorganisms were cultured onto Muller Hinton Agar (MHA) plate and 
incubated for 18-24 h at 35 °C. The density of bacteria cultures required for the test was adjusted to 0.5 McFarland. 
Disk diffusion method according to standard method was applied for the antibacterial activity (Shahi et al., 2015). 
Tetracycline, impeneme and cephradine were used as standards drugs for antibacterial measurements. The compounds 
(0.02 g) were dissolved in 1 mL DMSO. A bacterial culture (which has been adjusted to 0.5 McFarland) was used to 
lawn Hinton agar plates using a sterile swab. The discs had been impregnated with synthesized compounds were placed 
on the Muller-Hinton agar surface. DMSO showed no activity against any bacterial strains. After incubation for 18-24 h 
at 35 °C, the diameter of each zone of inhabitation was measured (mm). The results are presented in Figure 1. 
3. Results 
In this research work Zirconium(II), Zinc(II) and Cadmium(II) metal complexes of 1,1,3,3-tetramethyl-2-(pyridin-2-yl) 
guanidine have been prepared to explore their antibacterial properties. The complexes were prepared by adding 
methanol solution of metal salts to methanol solution of guanidine ligand in stoichiometric ratio 1:2. Table 1 shows the 
physical properties of ligand and its metal complexes. The molar conductivity of complexes was also calculated.The 
molar conductance values of all the complexes were in the range 8-12 siemens, which indicate the complexes are 
non-electrolytes. The method for synthesis of ligand and its complexes and their proposed structures is illustrated in 
Scheme 1.  
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Scheme 1. Method for synthesis of guanidine ligand and its metal complexes 

Table 1. Physical properties of ligand and its metal complexes 

Compounds Molecular formula Color Yield% Molar 
conductance Melting point °C 

L C10H16N4 Pale brown 87 - 120-122 
ZrL2 Zr C20H34N4O white 70 10 > 300 
ZnL2 Zn C20H34N4O Pale yellow 65 12 > 300 
CdL2 Cd C20H34N4O creamy 75 8 > 300 

3.1 Spectral Studies  
In the 1H-NMR spectrum of guanidine ligand, aromatic protons are appeared at 8.11-6.54 ppm as multiples and CH3 
aliphatic protons are observed as multiples in 2.95-2.51 ppm.  
In the FTIR spectrum of parent ligand, C-H (aromatic) and C-H (aliphatic) bands are observed in 3100 and 2927 cm-1 
respectively. The C=N frequency appear in 1632 cm-1 which confirm the formation of guanidine ligand. The FTIR 
spectra of ligand and its metal complexes were compared to characterize the metal complexes. In all the complexes C-H 
(aromatic) and C-H (aliphatic) bands are shifted to lower wavenumbers. The C=N peaks in complexes appear in the 
range 1657-1660 cm-1. In the FTIR spectrum of parent ligand, the C-N groups are observed in the range 1386-1220 cm-1 
and these peaks shifted to the lower wavenumbers in all the metal complexes, which confirm the ligand is bonded to the 
metal ions through the nitrogen atoms. Also the Zr-N, Zn-N and Cd-N frequencies appear in 670, 669 and 669 cm-1 
respectively. The appearance of broad peaks in the range 34372-3430 cm-1 in all the complexes indicate the presence of 
H2O in the structure of all the compounds. 
The electronic absorption spectra of the parent ligand and its metal complexes were recorded at ambient temperature 
using DMSO as the solvent. Electronic absorption of the free ligand shows bands at 280 and 310 nm which is assigned 
to π→π∗ and n→π∗ transitions, respectively. In the electronic spectra of all the metal complexes slight shifts are 
observed in these transition to the lower wavelength compared to the parent ligand. The Cadmium (Ⅱ) complex shows 
a broad band in the range 250-300 nm , Zirconium (Ⅱ) complex shows peaks in the range 240 and 300 nm and Zinc (Ⅱ) 
complex shows absorptions in the regions of 260, 310 and 350 nm. 
The mass spectra of the complexes are in good agreement with the proposed structures. The molecular ion peaks for the 
Cadmium(II), Zirconium(II) and Zinc(II) complexes observed at m/z= 514, 499 and 467 respectively, are equal to their 
molecular mass. The other peaks in the mass spectrum were attributed to the fragmentation of the complex obtained 
from the rupture of different bonds inside the molecule. 
3.2 Biological Screening 
The antibacterial activity of synthesized compounds were evaluated against two gram positive (Bacillus sabtilis, 
Staphylococcus aureus) and two gram negative (Escherichia coli, Serratia marcescens) bacterial strains using disc 
diffusion method. All the synthesized compounds dissolved in DMSO to evaluate their antibacterial activity. DMSO 
showed no antibacterial activity against the species. The susceptibility of ligand and its metal complexes compared to 
tetracycline, imipenem and cephradine as standard antibiotic drugs. The results are shown in Figure 1. The results 
indicate that the metal complexes have higher antibacterial activity when compared to the parent ligand. This 
phenomenon can be explained on the basis of chelation theory (Pasdar et al., 2017). As can be seen in Figure 1 the 
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guanidine ligand has moderate antibacterial activity. The diameter inhabitation zones of ligand are in the range 10-12 
mm. Among the studied metal complexes the CdL2 has higher antibacterial activity. The metal complexes showed more 
effective activity on S. marcescens compared to other pathogens.  

 
Figure 1. Graphical presentation of inhabitation zone diameter (mm) of ligand and its metal complexes 

4. Conclusion 
In this paper, we report on the synthesis of Cadmium (II), Zirconium (II), and Zinc (II) complexes with 
1,1,3,3-tetramethyl-2-(pyridin-2-yl) guanidine ligand. They were characterized by several spectroscopic methods. Square 
planner geometry was assigned for all the complexes. The antibacterial activities were screened for all the compounds by 
disc diffusion method. The Cadmium complex demonstrated higher antibacterial activity compared to other compounds. 
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