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Abstract

Sulfamethoxazole (SMTZ) reacts with Ph3sPAuCl and AgCl in methanol/triethylamine to give [PhsPAu(SMTZ. y+)] (SMTZ_ 1+ =
sulfamethoxazolato anion) (1) and [Ag(SMTZ.;+)] (2). While the lattice of 1 contains single molecules with linear N-Au-P bonds, com-
pound 2 comprises a two-dimensional polymeric assembly of the deprotonated SMTZ ligand and silver ions, which are coordinated by
one oxygen and three nitrogens in a distorted tetrahedral array. The microbiologic activities (Mueller—Hinton broth dilution tests) of 1

and 2 were determined in relation to free sulfamethoxazole.
© 2007 Elsevier B.V. All rights reserved.
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It is well known that sulfonamide derivatives, through
exchanges of different functional groups without modifica-
tion of the structural S(O),N(H) feature, can exhibit a wide
variety of pharmacological activities, such as antidiabetic,
antibacterial and antitumor [1-4]. In addition, some metal
complexes of these ligands have been found to promote
rapid healing of burns: the Ag(I)-sulphadiazine complex
is used for human burn treatment [5,6] and the Zn(II) com-
plex, for the prevention of bacterial infection in burned ani-
mals [7,8]. The effectiveness of these compounds does not
depend solely on the slow release of Ag(I) or Zn(II), but
rather depends strongly on the nature of the material to
which the metal ion is bound [7].

Gold(I) complexes containing sulphur ligands have been
extensively used in the medical treatment of rheumatoid
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arthritis [9,10]. The explosive growth of gold chemistry
related to the antiarthritic activity of its compounds, in
the last decade, has also shown that some gold drugs seem
to be effective in the treatment of diseases such as tumors,
psoriasis and AIDS [11,12]. Of particularly great chemo-
therapeutical potential in cancer treatment are gold(I)
complexes with bidentate phosphanes [13,14] such as
[Au(dppe)>]Cl (dppe = Ph,PC,H4PPh,, 1,2-diphenylphos-
phinethane). Complementing the large spectrum of medic-
inally active gold compounds, recently we have described
[15] the synthesis and the characterization of [{(SDA-
Z)Au},(p-dppe)] (SDAZ = sulphadiazinide anion), further
also the new sulfathiazole complexes of Au(I) and Ag(I)
[(sulfathiazolato)AuPPh;] and [Ag(sulfathiazolato)], (sul-
fathiazole = N'-2-thiazolyl-sulfanilamide) [16]. Given the
ability of sulfonamide derivatives to coordinate to metal
atoms in different manners, considerable interest in the syn-
thesis and structural aspects of new complexes has arisen
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[17-20]. The chemical significance of metal complexes of
the derivative sulfamethoxazole [21] (5-methyl-3-isoxazolyl
sulfanilamide) (A) has been early recognized and many
examples have been reported [22-25].

This ligand has shown a tendency to coordinate to the
metal ion through the isoxazolic nitrogen atom, even in
cases of deprotonation of the sulfonamidic nitrogen atom.
Some new results [26-28] corroborate the fact that the abil-
ity of the sulfonamides to act as ligands is based upon the
acidity of the S(O),N-H function, allied with the presence
of vicinal nitrogen or oxygen atoms of the substituents as
potential coordination sites. Thus, the deprotonation of
the NH group yields an anionic donor ligand, and, in case
of sulfamethoxazole, the isoxazole ring affords the stereo-
chemical requisites for the achievement of complexes with
a monodentate, chelating or bridging ligand [29,30].

With the aim to provide information about the chemis-
try of gold(I) and silver(I) complexes of sulfamethoxazole,
and to enhance the knowledges on the antibacterial activity
of transition metal complexes of sulfonamides [25,31,32],
we report now on the preparation [33], X-ray structural
features [34-36] and pharmacological activities (chemical
toxicity against some microorganisms) [37,38] of
[Ph;PAUSMTZ. 11)] (1) and [AgSMTZ 1)1, (2).

The molecular structure of [PhsPAu(SMTZ._ g+ )] is rep-
resented in Fig. 1. Fig. 2 displays the asymmetric unit of
[Ag(SMTZ.111+)]. Fig. 3 shows the supramolecular, bidi-
mensional assembling of 2 in the ab-plane, Fig. 4 exhibits
the zigzag configuration of the lattice of 2 in the bc-plane,
along the g-axis. Complex 1 crystallizes as single molecules,
with gold(I) bonded to the sulfonamidic nitrogen atom of
the sulfamethoxazolato anion and to the phosphorus atom
of the triphenylphosphine group. The bond distances are
2.057(3) {Au-N(2)} and 2.2251(11) A {Au-P}. The N(2)-
Au-P bonds are nearly linear, with an angle of
176.96(10)°. The coordination number (2) of the Au(I)
ion is not increased through direct interactions with other
SMTZ ligands, as in the case of the silver complex 2. The
silver complex involves a complex two-dimensional poly-
meric assembly of the deprotonated SMTZ ligand and sil-
ver ions (Figs. 2-4). Each silver ion is coordinated by one
oxygen and three nitrogens in a distorted tetrahedral array.
Each ligand is coordinated to three different silver ions,
using four donor atoms, N1, O2, N2 and N3. Each silver
ion is chelated by N1 and O2 of a single SMTZ ligand to
form a six-membered ring. The N2 of this ligand is bound
to an adjacent silver ion in such a way that linear chains are
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Fig. 1. Molecular structure of [Ph3PAu(SMTZ_+)] (1) (hydrogen atoms
omitted). Selected bond lengths (A) and bond angles (deg): Au-—
N(2) =2.057(3), Au-P =2.225(1), S-O(2) = 1.432(3), S-O(3) = 1.437(4),
S-N(2) =1.615(4), S-C(11)=1.753(5), P-C(51)=1.802(4), P-C(31) =
1.802(4), P-C(41)=1.815(4), N(2)-C(21)=1.368(6), N(3)-C(14)=
1.401(7), N(2)-Au-P=176.96(1), O(2)-S-O(3) =117.4(2), O(2)-S-
N(2) =104.80(2), O(3)-S-N(2)=111.7(2), N(2)-S-C(11)=107.3(2),
C(21)-N(2)-S =119.3(3), C(51)-P-C(31)=106.3(2), C(51)-P-C(41) =
105.3(2), C(31)-P-C(41) =106.5(2), C(51)-P-Au=111.34(2), C(31)-P-
Au=111.57(1), C(41)-P-Au=115.23(1), C(21)-N(2)-Au = 122.2(3),
S-N(2)-Au = 118.5(2).

]
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Fig. 2. Asymmetric unit of [Ag(SMTZ._14+)] (2).

formed in the crystal structure (Fig. 3) and the chelated sil-
ver is bound to N2’ of the preceding SMTZ ligand. The
final donor atom is provided by N3” from a STMZ ligand
in a parallel chain. The silver-N3 linkages between chains
form a zigzag chain approximately perpendicular to N2-
linked chains (Fig. 4). The nearly tetrahedral bonds on
the silver ions present variable distances: 2.183(3) {Ag—
N(2)}, 2.241(4) {Ag-N(1)'}, 2.571(4) {Ag-O(2)'} and
2.473(3) A {Ag-N(3)”}. Although the Ag-O(2)’ and Ag-
N(3)” bond distances are somewhat longer, they represent
also typical primary bonds, since the sums of theoAg/O and
Ag/N van der Waals radii [39] are quite over 3 A. The lat-
tice of [Ag(SMTZ.111+)], holds bidimensional sheets (par-
tially shown in Fig. 3) along the c-axis.

The data regarding the minimal inhibitory concentration
(MIC) of the compounds SMTZ, [Ph;PAu(SMTZ. y4+)]
and [Ag(SMTZ. 1+ )] against Escherichia coli, Staphylococ-
cus aureus and Pseudomonas aeruginosa are shown in Table
1. Table 2 presents the minimal inhibitory concentration of
the metal compounds [AuCI(PPh;)] and AgCl versus the
same strains. The Au(I) complex was greatly active versus
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Fig. 3. Supramolecular, bidimensional assembling of [Ag(SMTZ_y+)], in the ab-plane, view along the c-axis. Selected bond lengths (A) and bond angles

(deg): Ag N(2)=2.183(3), Ag N(1)' =2.241(4),

Ag-0(2) =2.571(4), Ag N(3)" =2.473(3),

N(2)-S = 1.594(3), N(2)-C(21)=1.376(4), S-

0(2) = 1.459(3), S-O(3) = 1.443(3), O(3)-S-0(2) = 115.0(1), C(21)-N(2)-S = 120.9(2), S-O(2)-Ag" = 116.8(1), C(21)-N(2)-Ag = 121.0(2), S-N(2)-

Ag=1179(1), N(2)-Ag-N(1)’ = 138.6(1),

N(2)-Ag-N(3)" = 105.5(1),

N(2)-Ag-O(2) = 138.92(9), O(2)-Ag-N(3)” =80.83(8), O(2)-Ag-

N(1)" =77.10(8), N(1)'-~Ag-N(3)"” =99.0(1). Symmetry transformations used to generate equivalent atoms: (") 1 +x, y, z; (") =1 +x, y, z; (") 2 — x,

0.5+, 05—z

Fig. 4. Zigzag configuration of the lattice of [Ag(SMTZ_,y)], in the bec-
plane, viewed along the a-axis.

Table 1
Minimal inhibitory concentration (MIC, in pg mL™!) of the sulfameth-
oxazole (SMTZ) compounds

E. coli S. aureus P. aeruginosa
(ATCC (ATCC (ATCC 27853)
25922) 25923)
SMTZ 512 >512 512
[Ag(SMTZ_134)], 64 64 16
[PhsPAu(SMTZ. 14+)] 8 2% 256

% Related to SMTZ/trimetoprim (5:1). All the others are related to
SMTZ only.

Table 2
Minimal inhibitory concentrations (MIC, in pgmL™') of the metal
compounds of Au(I) and Ag(I) against Gram-negative and Gram-positive
bacteria

E. coli (ATCC 8. aureus (ATCC P. aeruginosa

25922) 25923) (ATCC 27853)
AgCl 256 >512 256
[AuCI(PPh;)] 512 4 256

E. coli (8) and S. aureus (2 pg mL™") — last related to a mix-
ture 5:1 of SMTZ/trimetoprim, since the MIC value of the
Au(l) complex against this strain, related to free SMTZ and
even to [AuCl(PPh3)], had been early quantified as the best.
The minimum bactericidal concentrations (MBC) of the
complexes of Au(I) and Ag(I) against E. coli and P. aerugin-
osa show values with two dilution steps under the MIC, i.e.,
twofold more concentrated than the MIC values. Against S.
aureus no bactericidal activity was observed for the test
compounds. The differentiated behavior of the Gram-nega-
tive and Gram-positive strains in relation to the test drugs
should be attributed, at first, to the different morphology
of these bacteria classes. The more complex cellular wall
of the Gram-negative strains should impart different perme-
ability toward the test compounds, since their solubility is
not identical.
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To understand, to a certain extent, the described micro-
biological behavior of the studied metal complexes, it
should be proper to remember that it has been suggested
that the truly active antibacterial species is the ionic form
of sulfonamides, therefore, this form must penetrate cells
[40]. However, the small lipid solubility of ionic sulfon-
amide is supposed to inhibit efficient penetration across
the lipoidal bacterial membrane. Alternatively, the molecu-
lar form presents higher lipid solubility, but it would not be
active unless it ionizes to some degree inside the cell. Thus,
sulfonamides would penetrate bacterial cells in the union-
ized form, but once they are inside a cell, their antibacterial
action would be due to the ionized form [41]. Further
experiments are in course to determine the solubility and
ionization patterns of the complexes in the blood plasma.

Finally, it is to date well known that overall, different
complexes of gold(I) have been studied as drug agents in
a variety of areas. Auranofin is used as an anti-inflamma-
tory agent for rheumatoid arthritis, and is now also being
studied as an antitumor agent [42]. Triphenylphosphine-
gold(I) complexes have also been tested as cancer-fighting
agents, along with bis(dppe)gold(I) complexes [43], as we
have already pointed out in the introduction of this work.
Nevertheless, we think that basic biological research on
new sulfamethoxazole complexes of Au and Ag, such as
the experiments described in this work, can also be signifi-
cant because it contribute to the biological knowledges
about the potential uses of this kind of compounds.

Supplementary material

CCDC 634754 and 634753 contain the supplementary
crystallographic data for 1 and 2. The data can be obtained
free of charge via http://www.ccdc.cam.ac.uk/conts/
retrieving.html, or from the Cambridge Crystallographic
Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK;
fax: (+44) 1223-336-033; or e-mail: deposit@ccdc.cam.
ac.uk.
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