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Antimicrobial of Copper Compounds with Salicylate and Benzoate

Abstract

This research involves 5 compounds. Primarily, compoundsl-5 have been synthesized and
characterized by various techniques such as by single crystal X-ray diffraction spectrophotometer, infrared
spectrophotometer, ultraviolet-visible spectrophotometer and thermal gravimetric analyzers. All of the
complexes were also tested for their potential antimicrobial activities in comparison to standard antibiotics
(Amphotericin B and gentamycin) on such bacterial strains as Staphylococcus aureus (S. aureus),
Escherichia coli (E. coli), Pseudomonas aeruginosa (P. aeruginosa), yeast Candida albicans (C.
albicans) and fungi Aspergillus niger (A.niger) at with the suitable concentration (25 mg/ml) using Disc
diffusion techniques. The minimum inhibitory concentrations (MIC), the lowest concentrations of
compounds 1-5 exhibiting no visible growth of bacteria or. fungi on the plate, were determined by the agar
streak dilution method.

Compound 1 was 3,5-dinitrobenzoic acid having formula C;H,N,O, or C;H,(NO,),COOH which
abbreviated as DNBA. Compound 1 was a thin pale yellow crystal. The melting point was 205°C. It is
soluble in ethanol, methanol and dimethylsulfoxide. Its crystal system is monoclinic with space group
C2/c , R1 =0.0359 and consists of 8 molecules in the unit cell. The parameters such as bond length and
bond angles are normal, except the longer than O-H bond length than usual (1.02(3) A which corresponds
to the intermolecular interaction between molecules, caused the dimer and more stability. Infrared
spectrum confirmed the composition of the carboxylic group (stretching of the O-H (3092 cm') and is the
stretching of the C = O (1702 cm'l) band, aromatic ring (stretching of C-H (3097cm-l) and C=C (1629 cm’
Y. The nitro group displayed 2 signals at 1547cm" and 1348cm’. The UV-Vis spectral absorbance
confirmed the absorbance at 297 nm is the TT-TC * of the C = C aromatic ring and at 335 nm is the n-70* of
carboxylic oxygen.

Compound 2 was 2-hydroxy benzoic acid or salicylic acid having formula C,HO, or
C¢H,(OH)COOH which abbreviated as HSal. Compound 2 was colorless needles crystals. The melting
point was 159°C. The solubility is as compound 1, except increase solubility in chloroform. Its crystal
system is monoclinic with space group P2/c, R1 = 0.0359 and consist of 4 molecules in the unit cell.

Bond lengths and bond angles are normal. The intramolecular interaction caused by O(13)-

OH(13)+++0(12) equal to 2.617 A , thus making this molecule 2 is more stable and resulting in a slightly
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higher melting point. The infrared spectrum of compound 2 and 1 are not different, except the higher
wavenumber of 2-hydroxy group. The UV-Vis absorbance spectrum at 305 nm is the n-7U * transition.
Compound 3 was tetrakis([l-benzoato)bis(benzoicacid)copper(II) with the formula
C4H,,Cu,0,, or [Cu,(BA),(HBA),]. The crystal is green needle and gathered like the flowers. The
solubility is as compound 1, except increase solubility in water. Its crystal system is monoclinic with
space group P2,/n, R1 = 0.0274 and consist of 4 molecules in the unit cell. Compound 3 is dinuclear
which consists of copper ions coordinated with two oxygen atoms from ligand HBA and four oxygen
atoms of the ligand BA generating five coordination numbers. The geometry of metal ions is a square
prism and a charge of +2 (Cu™) or d. Since the two copper atoms are very close to each other 2.627 A
making the artificial Cu-Cu bonding. The intramolecular interaction occurred from O-H of HBA with O11
of BA. As known, all ligand infrared spectra bands in compound 3 are lower than in free ligands, which is
typical for a ligand complex. The Cu-O band is at 504 cm’ which corresponds to the signal of the metal-
oxide. The UV-Vis spectra confirms the transition of 70-70* of the ligand below 300 nm and the d-d
transition of Cu’'at 790 nm indicating the green color of compound 3. The TGA/ DTA thermogram
confirmed the deposition at temperatures lower than 200°C is corresponded to the decomposition of water.
The higher temperature is corresponded to the losing of the ligand BA and HBA. The higher temperature
than 400 °C is the decomposition of Cu-Cu bond. If continue heating, the CuO is finally formed.
Compounds 4 and S are diaqua3,5-dinitrobenzoatosalicylatocopper(ll)  dihydrate
(C,H,(CuN,0O,;) or [Cu(DNBA)(HSal)(H,0),]92H,0 which are polymorphism. Polymorphs 4 and 5
consisted of copper ions coordinated with two oxygen atoms of ligand HSal with DNBA and two oxygen
atoms of H,0 form [CuO4] moiety and having 2. counter water molecules which located in different
location. Because of polymorphism, the physical and chemical property of these two polymorphs 4 and 5
are totally different. The different color, blue and green are for compounds for polymorphs 4 and 5. The
more solubility of polymorphs 5 occurred in water. In addition, the crystal system of polymorphs 4 is
orthorhombic with Prna2(1) space group while as polymorph 5 is monoclinic with P2(I)/c space group.
Polymorph 4 is polynuclear in which the 1-dimensional polymerization is formed along the ¢ axis (ab
plane). through the O atoms of the ligand H,0, resulting 4-membered rhombus ring with O-O and Cu-Cu
bond length of 3.157(12)Aand 3.649(12)A, respectively. In adding, the [Cu20402] moiety of
polymorph 4 is formed, resulting the different bond lengths caused by the Jahn-Teller effect. Polymorph 5
is dinuclear in which hydroxy group of the ligand HSal bonded with copper ions, generating 5 coordinated
square prism geometry. Infrared spectra of polymorphs 4 and 5 are similar except the higher wavenumbe-r

of O-H 60cm’ over than polymorph 4. The UV-Vis spectra clearly confirmed the different polymorphs
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in which the d-d transition of polymorphs 4 and 5 are 665 and 732 nm indicating the blue and green colors
respectively. In addition, polymorph 5 has the absorption at 435 nm that strongly confirmed metal to
ligand charge (MLCT). The different TGA/ DTA thermogram of polymorphs 4 and 5 strongly confirmed
the decomposition of free water or coordinated water at the temperature below 250°C. The higher
temperature is corresponded to the losing of the ligands. If further heating, the CuO is finally formed.

Antifungal and antibacterial activities of these compounds when compared with standard
antjfungal ‘and antibacterial drugs showed significant and matching antimicrobial properties. All
compounds excepted compound 3 exhibited no important antimicrobial activity. Compounds 1, 2 and 4
showed moderately antimicrobial activity. Polymorph 5 had significantly greater antimicrobial activity
than 4. Compound 1 and 4 showed high activity against P. aeruginosa. And C. albicans respectively.
Compound 3 showed high activity against S. aureus and E.Coli. As far as our results are concerned
compound 3 possess potent antibacterial and antifungal activities, suggested that compound 3 may be
worth studying further in terms of their antibacterial activity and compound 5 may be worth for antifungal
activity. Both compounds will be used in combination with antibacterial and antifungal drugs for the
clinical treatment of bacterial and fungal infections in the future.

The minimal inhibitory concentration is also tested for all compounds. The results indicated that
the lowest concentration of all compounds that can inhibit the growth of bacteria is 6.5 mg/ml, except

~ 3.25 mg/ml of compound 3 to P.aeruginosa and 3.25 mg/ml of compound 4 to E.Coli.
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