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ARTICLE INFO ABSTRACT

Article history: Silver(I) complexes [Aga(L), NO3), were synthesized by the reaction of AgNO, with 2-hydroxymethyl-N-
Received 1 March 2012 alkylimidazoles (L) (alkyl = benzyl, methyl, ethyl, propyl, butyl, heptyl, octyl and decyl) in ethanol at
Accepted 12 April 2012 room temperature. The X-ray crystal structures of [Ags(2-hydroxymethyl-N-ethylimidazole)s|(NO1)
Available online 27 April 2012 (€2) showed a dimeric [Ag(L)5}(NO3); and a monomeric [Ag(L);INO; complex (L = 2-hydroxymethyl-N-
ethylimidazole) in its unit cell, while [Ag;(2-hydroxymethyl-N-benzylimidazole),}(NO1); (C8) showed
Keywords: only a dimeric complex [Ags(L)4}(NOs) (L =2-hyd hyl-N- ylimidazole). Both dis-
i'_m”"“""‘::;‘fmmnmmmh played a slightly distorted linear N-Ag-N arrangement and the presence of Ag-. eractions in the
mmmm activity dimeric complexes was due to the n stacking of the imidazole moieties. The antimicrobial properties
of the Ag(l) complexes were investigated against Escherichia coli, Staphylococcus aureus, Bacillus spizizenii
and Gandida albicans by the disk diffusion and the broth microdilution methods. The Ag(l) complexes con-
taining 2-hydromethyl-N-alkylimidazole ligands with shorter alkyl chain length were predominantly
active against E coli. The complexes containing ligands with longer alkyl chain length displayed predom-
inant activity against B spizizenii. The broad spectrum antimicrobial activity displayed by these silver(l)

complexes makes them potential alternatives to the commercially available antimicrobial agents.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Silver and its salts has been used as antimicrobial agents for
many centuries [1,2]. Silver has the most superior properties
among all metals with antimicrobial activity because of its higher
toxicity to microorganisms and lower toxicity to mammalian cells
[3,4]. lonic silver is reportedly the active species while metallic sil-
ver is inert [5] The ancient Phoenicians used silver-coated contain-
ers to store water so as to prevent spoiling [6]. The storage of water
in silver-coated containers aided in the prevention of contamina-
tion by microorganisms. It was also reported that aqueous silver
nitrate was used as an eye drop to newly born babies for the pre-
vention of Neisseria gonorrhoeae transmission from infected moth-
ers [7,8].

There are several reported mechanisms by which silver acts on
the microorganisms [7,9]. For example one mechanism has been
described to involve the reversible binding of silver to the nucleo-
tide bases of the bacterial DNA. The reversible binding of silver to
the bacterial DNA results in the denaturation by displacement of
hydrogen bonds between adjacent purines and pyrimidines [7].
Davis and Etris [10] proposed that the destruction of bacteria

* Corresponding author. Tel.: +27 84658 4942; fax: +27 46622 5109.
E-mail addresses: g10k1 667@campus.nLac.za, pKleyi@yahoo.com (P. Kleyi).

0277-5387/S - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016 j.poly.2012.04.017

occurs through silver-catalyzed oxidation of sulfhydryl (S-H) moi-
eties on the surface of the membrane. Atomic oxygen in the aque-
ous medium oxidizes Ag(0) to Ag(l) which readily reacts with
adjacent S-H groups by replacing the hydrogens. Consequent cou-
pling of these adjacent S-groups results in the formation of S-S
bond, thereby blocking respiration and electron transfer.

Silver sulfadiazine was the first silver complex to be used as an
antimicrobial agent [11,12]. It is currently clinically administered
for the treatment of burn wounds. Due to the emergence of resis-
tant microorganisms, new broad spectrum antimicrobial agents
are necessary. C ly, many silver comp have been
investigated for their antimicrobial activity [13-18]. Interestingly,
silver complexes containing imidazole ligands have exhibited
remarkable broad spectrum antimicrobial activity [19-25]. How-
ever, the antimicrobial activity of the silver complexes containing
imidazole ligands is often entirely due to the Ag(l) metal ion
[20,25,26], since these metal-free imidazole ligands possess no
activity.

For example, Rowan et al. [20] reported a series of imidazole
derivatives which displayed no antimicrobial activity when not
in a coordination sphere while their corresponding silver com-
plexes displayed better activity. It is desirable, therefore, to synthe-
size silver complexes containing antimicrobially active imidazole
ligands. It is also worth noting that the purpose for the prepara-
tion of silver sulfadiazine, mentioned above, was to combine an
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pH less than pH 0-8.2, pH 8.2-12.0, pH greater
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