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Abstract 

     Mixed ligand complexes of bivalent metal ions, viz ; M= Co(II),Ni(II),Cu(II), Zn(II), Cd (II), 

and Hg(II) of the composition [M(Anth)2(TMP)] in 1:2:1 molar ratio, (where . AnthrH= 

Anthranilic acid (C7H7NO2) and Trimethoprime (TMP) = (C14H18N4O3) have been synthesized 

and characterized by repeated melting point determination, Solubility, Molar conductivity  (Λm  

),determination the percentage of the metal (M%) in the complexes by (AAS), FT-IR, magnetic 

susceptibility measurements [µeff (BM)] and electronic spectral data. The two ligands and their 

metal complexes have been screened for their bacterial activity against selected microbial strains 

(Gram +ve) & (Gram -ve). 
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1. Introduction 

     Mixed ligand complexes plays an important role in numerous  medicine, chemical and 

biological systems like antioxidant,water softening, ion exchange resin, photosynthesis in plants, 

removal of undesirable and harmful metals from living organisms   electroplating, dying also 

great importance in the field of environmental chemistry
1-7

. Development of antimicrobial drugs 

was wide as one of the great medical success story of the twentieth century
8
. 

    Research are being undertaken in fields such as cancer
9
, diabetes

10
, metal-mediated antibiotics, 

antibacterial, antiviral, antiparasitic and radiosensitizers
11

, In continuation of our efforts
12, 13

 to  

progress metal-based therapeutics agents, the synthesis, characterization, and antibacterial 

studies of   Anthranilic acid   and trimethoprim are presented. 

 

2. Experimental
12, 13

 

2.1. Chemicals 

All chemicals used were of reagent grade and were used as received.CoCl2.6H, 

NiCl2.6H2O,CuCl2. 2H2O, CdCl2.H2O,HgCl2, ZnCl2, Na OH (supplied by either Merck or 

Fluka) ethanol, methanol, dimethylforamaide, dimethyl sulfoxide and KBr, from (B.D.H). 

Trimethoprime powder DSM (Spain) and Anthranilic acid from Riedial- Dehaen. 

2.2 Synthesis of (Mixing ligands) complexes with some metal ions 

      A solution of the metals containing[0.237g, 0.237g, 0.170g, 0.136g, 0.201g and 0.271g (1 

mmol)] of CoCl2.6H2O,NiCl2.6H2O,CuCl2.2H2O,ZnCl2,CdCl2.H2O and HgCl2 in methanol 

(10ml)  respectively was added gradually with stirring to methanolic KOH solution 

(0.112g,2mmol) of the anthranilic acid.(0.290g ,1mmol) of Trimethoprime (TMP) was added to 

the mixture in each case by using stoichiometric amount (1:2:1) Metal:K
+
 Anth

-
 :(TMP) moler 

ratio. The mixture was refluxed with constant stirring for an hour. The mixture was cooled at 

room temperature pale precipitate was formed, filtered and recrystallized from ethanol dried at 

room temperature according to the following reaction :(scheme 1)  
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Scheme (1): Schematic representation preparation of the Complexes [M(Anth)2(TMP)]    

 

3. Results and Discssion 

3.1. Characterization of Metal Complexes. 

      The complexes were prepared by reacting the respective metal Chloride with the ligands 

using 1:1:2 mole ratios, [TMP: M: 2 Anth] , i.e. one mole of  Trimethoprim [TMP] , one mole of 

metal Chloride and two moles of Anthranilic acid [Anth.H]
12, 13

.  The formula weights and 

melting points are given in Table (1). It was found that all the complexes were appeared as 

powders and stable in air at room temperature with higher melting points revealing that the 
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complexes are much more stable than their [AnthH & TMP] ligands indicating formation of 

complexes. 

    All these complexes are colored solids, insoluble in common organic solvents but soluble in 

DMF and DMSO. The conductivity values for the complexes (in DMSO,10
−3

 M,25°C), ranging 

in the  (3.1-19.9)  Ω
−1

mol
−1

cm
2
  region, indicate that the complexes are non electrolytes

11
. The 

test for Chloride ion (Cl) with AgNO3 solution was (-negative)
11-13

. The calculated and 

experimental values of (M%) in each complex are in fair agreement as shown in Table (1). 

 

 

3.2. FT-IR spectra of [ (TMP), (Anth)] ligands &  [Co(Anth)2(TMP) ( H2O)] (1), 

[Ni(Anth)2(TMP)( H2O)] (2), [Cu(Anth)2(TMP)( H2O)] (3), [Zn(Anth)2(TMP)( H2O)] (4), 

[Cd(Anth)2(TMP)( H2O)] (5), and [Hg(Anth)2(TMP)( H2O)] (6) complexes. 

      The I.R spectrum of the Trimethoprim (TMP) which used as a primary ligand   exhibits   

strong  bands at (3471, 3319) cm
-1

 ascribed to stretching vibration of primary amine υ(NH2) 

asym &sym respectively
12, 13

. A sharp very strong frequency band at 1633 cm
−1

 & 1508cm
−1

 in 

(TMP) assigned to the pyrimidine nitrogen v(C=N). The absorption bands at 1263 and 1236 cm
−1

 

which account for   

C-O-C str. (asym.) and C-O-C str. (sym.) respectively
14, 15
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          The FT-IR spectrum of the [Anth.H] which used as a secondary ligand Table (3-25) 

exhibits bind the  metal ion as a bidentate monobasic fashion through (COO-) & (NH2) donors,  

while (TMP) bind the metal ion as a mono dentate ligand through the (N) atom
14

. The FT-IR 

spectra assignments bands for compounds (1), (2), (3), (4), (5) and (6),. are summarized in Table   

(4). The assignments have been carried out based on comparison of the spectra data with of 

similar compounds (6,11)..New   weak intensity bands were observed in the regions (509-586) 

cm
-1

 & (424-478) cm
-1

 may be ascribed to M-N and M-O vibrations, respectively
15, 16

.  

   The FT-IR spectra of all the complexes exhibited peaks around (3305- 3213) cm
-1

 and in 

the range (1627-1623) cm
-1

. These peaks can be appointed to OH (stretching & bending) 

vibration, which indicate the presence of coordinated water molecule in        the complexes. The 

coordinated between the (H2O) molecules and the (M
+2

) resulted in the appearance of vibrational 

bands at range (756-759) cm
-1

 (M-OH2) in the all complexes
12, 13 

and all complexes adopt an 

octahedral geometry as proposed. 
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3.3 .The (UV-Vis spectra) of the free (TMP) and ((Anth.H)) and [M(Anth) 2(TMP)(H2O)] 

complexes were carried out as DMSO (10
-3

 M) solutions and  corrected magnetic moment (μeff) 

in Bohr magneton units are given in Table 5. The μeff for the all M(II) in this study as expected 

for six coordinated M (II) species suggest an octahedral geometry. These employments are in 

agreement with the literature values
12, 13, 17, 18

. 
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3.4   . The Proposed Molecular Structure for Studying  [M(Anth)2(TMP)(H2O)]  Complexes 

: 

      Studying complexes on bases of the above analysis, spectral observations suggesting the 

octahedral geometry for all the prepared complexes which exhibited coordination number six and 

may be formulated  as:[M(Anth)2(TMP)(H2O)],  

M=Co(II),Ni(II),Cu(II),Zn(II),Cd(II)and Hg(II). 

    The general structure of the complexes is  3D as is shown in Figure  (1) .Accordingly, we can 

deduce that the (Athr
-
) binds the  M(II)  as bidentate fashion (NO

-
) .The bonding sites are the  

Nitrogen (amine group) & Oxygene the carboxylato group ,while (TMP)  binds the  M(II)  as 

mono dentate. through the (N) atom  of the pyrimidine group . 
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Figure (1): 3D molecular modeling proposed                                                                      

[M(Anth)2(TMP) (H2O)] complexes 

3.5.   Bacterial activities of the [M(Anth)2(TMP)(H2O)]complexes : 

 M=Co(II),Ni(II),Cu(II),Zn(II),Cd(II)and Hg(II) 

Antimicrobial activity were expressed in terms of millimeter (mm) by measuring 

inhibition zone diameters  (ZI) and contrasted with the DMSO solvent (as control) and the values 

have been tabulated. Tables (6), Chart (1) and   Figure (2) 

Compounds (ligads & complexes), were screened for their in vitro antibacterial activity 

against (2Gram-negative (-) =,Escherichia coli, , and Pseudomonas aeruginosa) and (2 Gram-

positive (+) =Bacillus subtilis and Staphylococcus aureus) bacterial strains
20, 21.                                    

Generally the (ZI) mm compounds   were in the following order;                                                    

Metal complexes > Anth.H  >  TMP = DMSO. 

The (ZI) of the(TMP) show inactive to weak active against the growth of  three  bacteria but 

(Anth.H) show  moderately active to highly active.The [Co(Anth)2(TMP)(H2O)]show highly 

activity against 3-organisms  uses except Pseudomonas.                                                      

All complexes show highly antibacterial activity against Bacillus. 

    [M(Anth)2(TMP)(H2O)], M=Ni(II),Cu(II),and Zn(II)]complexes ,shows active antibacterial 

against  E-coli and Pseudomonas. 

 [Cd(Anth)2(TMP)(H2O)] and [Hg(Anth)2(TMP)(H2O)] shows very good antibacterial activity  

against all bacteria . 
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     The increased inhibition activity of the metal complexes can be explained on the basis of 

Tweedy’s chelation theory
13,14

.In metal complexes, on chelation the polarity of the metal ion will 

be reduced to a greater extent due to the overlap of the ligand orbital
20, 21

.  

 

 

 

 

 

Chart (1) : The (ZI) mm of mixed 

[Trimethoprim-Metal Chloride–Athranilic acid]Complexes 
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