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Abstract

Two mixed ligands of sulfamethoxazole (SMX) with N,N donor heterocycles: 1,10-

phenanthroline (phen) and 2,2′-bipyridine (bipy) metal complexes having the composition

[M(SMX)(phen)X].nH2O and [M(SMX)(bipy)X].nH2O (where M = Zn(II) , Co(II) , Fe (II), Mn

(II),Cu(II) ; X = SO4/Cl2) have been synthesised and characterised by physicochemical

methods based on their solubility , metal analysis, infrared and UV-Visible techniques.

Infrared spectra data showed SMX as a bidentate ligand coordinating to the metals through

the N atom of the sulfonamide group ((3195-3030cm-1) and oxygen atom of the sulfonyl

moiety (1158- 1103 cm-1) while the heterocycles also bonded as bidentate ligands through

their diimine nitrogen atoms (1606- 1423 cm-1). The electronic spectra data indicated that

all the metal (II) complexes were monomeric and octahedral. The in-vitro antimicrobial

studies of these complexes and their ligands against environmental strains of

microorganisms: Bacillus subtilis, Staphylococcus aureus, Pseudomonas

aeruginosa, Escherichia coli, Aspergillus niger and Candida albicans showed that SMX-

phen metal complexes [M(SMX)(phen)X].nH2O are better heterocycle with zone of inhibition

in the range 28-10mm to combine with SMX for the enhancement of its antimicrobial

spectrum this may be due to their more extensive aromatic ring system which gave better

lipophilicity, hence aided cell membrane penetration and promoted hostile intracellular

interactions leading to death of microoganisms.

Introduction

Sulfamethoxazole (SMX) (Fig.1), a sulfonamide drug is a structural analoque of p-

aminobenzoic acid that inhibits the synthesis of intermediary dihydrofolic acid from its

precursors [1]

Fig 1: SMX

It is a bacteriostatic antibiotic, used in

synergistic combination therapy with

Trimethoprim for the treatment of urinary

tract infections, respiratory tract

pathogens,skin pathogens, certain enteric

pathogens [2]

The clinical importance of sulfamethoxazole -trimethoprimcombination has slowly declined

recently due to the development and rapid spread of resistance of bacterial pathogens [3]

1,10-Phenanthroline (phen) and 2,2′ bipyridine

(bipy)  (Fig. 2) as nitrogen heterocycles have 

excelent broad spectrum of biological activities [4].

Phen and bipy with their extended planar π systems

and can be used in model compounds to copy the non

covalent interactions in biological processes [5]
Fig. 2: (a) Phen (b) bipy

Here, present two mixed ligands of sulfamethoxazole of 1,10-phenanthroline and 2,2′-

bipyridine ,ttheir metal (II) complexes and their antimicrobial studies with the aim of

comparing the extent to which each of these heterocycles can influence the antibacterial

spectrum of sulfamethoxazole free drug

Materials and methods
Physical measurements: The electronic spectra of the complexes in

ethanol were recorded on a Perkin-Elmer Lambda 25 Spectrophotometer

and infrared spectra were recorded using KBr discs on Perkin-Elmer BX II

FT-IR spectrometer. Melting points were determined with Stuart SMP10

melting point apparatus and percentage metal was obtained by

complexometric titration using EDTA

Synthesis of Metal Complexes of [M(SMX)(phen)X].nH2O and 

[M(SMX)(bipy)X].nH2O, where M = Cu(II), Co(II), Mn(II), Fe(II) 

and Zn(II); X = SO4 or Cl2 [6]

Antimicrobial studies: Free ligands and the synthesized omplexes were

screened in vitro against environmetal strains of bacteria and a fungus:
Bacillus ubtilis, Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia
coli, Aspergillus niger and Candida albicans. sing Agar diffusion method [7]

Results and discussion

The mixed ligands of SMX with N, N-donor heterocycles phen and bipy with

metal(II) salts of Mn, Co, Zn, Fe and Cu gave varying shades of coloured

complexes in low to moderate yields (17-60 %). The ligands, SMX, phen and

bipy melted at 168-172°C, 117- 118°C and 70-73°C respectively, whereas their

metal complexes all decomposed on melting at > 300°C.

IR studies

SMX acts as a bidentate ligand coordinating to the metals through the N atom

of the sulfonamide group ((3195 -3030cm-1) and oxygen atom of the sulfonyl

moiety (1158-1103 cm-1) [7]

phen and bipy through their diimine group (C=C/C=N: 1606- 423 cm-1) also

bonded as a bidentate ligands to the metal [8]

Electronic spectra studies

electronic spectra data indicated that all the metal (II) complexes were

monomeric and octahedral.
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Fig. 3: Proposed structure of 

[M(SMX)(bipy)SO4].nH2O 

NH2

S

NH

O

N

CH3

OO

N

N

Cu

Cl

Cl

Fig. 4: Proposed structure of [Cu(SMX)(bipy)Cl2] 

Fig. 4: Proposed structure 

of [Cu(SMX)(bipy)Cl2] 
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[M(SMX)(phen)SO4].nH2O
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Fig. 6: Proposed structure of 

[Cu(SMX)(phen)Cl2].nH2O

Antimicrobial studies

Bipy lligand east 

inhibition

SMX moderate 

inhibition

Phen ligand Highest 

inhibition
[M(SMX)(phen)X].nH2

O >

[M(SMX)(bipy)X].nH2O

The greater antimicrobia lactivities at both 50μg/ml and 10μg/ml

exhibited by [M(SMX)(phen)X].nH2O than their SMX-bipy

counterparts might be due to the more extensive aromatic ring

system of the phen molecule which gave the complexes better

lipophilicity and aided their cell membrane penetration and

promoted adverse intracellular interactions

Conclusion

Two mixed ligands of SMX with N,N donor heterocycles: phen and

bipy metal(II) complexes have been synthesized ans characterised

From the antimicrobial studies , phen is a better heterocycle to

combine with SMX for the enhancement of its antimicrobial

spectrum due to their more extensive aromatic ring system which

gave better lipophilicity as evidenced enhanced activities of their

complexes

References

[1] Masters, P.A., O’Bryan, T.A., Zurlo, J., Miller, D. Q and 

Joshi, N. (2003).. Arch Intern Med., 163: 403-410.

[2] Silver, L. L. (2011)..Clin.Microbiol. Rev., 24(1): 71–109

[3] Huovinen, P. (2001). Clin.  Infect. Dis., 32:1608–1614.

[4] Helio, G. B., Rosalia, A., Clarissa, P. F., Nilo, Z and 

Marcos, A.P. M. (2006). Technology and Catalysis,19:1-3.

[5] Armani, V., Safari, N and Khavasi, H.R. 

(2007).Polyhedron, 26(15): 4257-426.

[6] Alias, M.F and AbdulHassan, M. M. (2015). Baghdad Sci. 

J., 12(4): 740-751.

[7] Mondelli, M., Pavan, F., de 

Souva, P.C., Leite,C.Q., Ellena, J., Nascimento, O.R., Facchin,

G and Torre, M.H. (2013)

. J.Mol. Struct,1036: 180–187

[8] Soliman, A.A. and Mohamed, G.G. (2004). Thermochim. 

Acta, 421(1): 151-159.

Aknowledgement

The authors thank Bond Chemical Plc

Awe, Oyo State and Unique

Pharmaceutical Lagos State Nigeria for

the gift ofSulfamethoxazole

NH2 S NH

O
N

CH3

O

O

N N N N

(a) 1,10-phenanthroline (b) 2,2'-bipyridine

MX   + SMX  + phen reflux 3hrs

stirring
[M(SMX)(phen)X].nH

2
O

Immol Immol Immol

MX   + SMX  + bipy reflux 3hrs

stirring
[M(SMX)(bipy)X].nH

2
O

Immol Immol Immol


