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A B S T R A C T

Two dinuclear silver complexes containing 5,7-dimethyl[1,2,4]triazolo[1,5-a]pyrimidine (dmtp) were synthe-
sized, [Ag2(dmtp)3]2[Ag2(dmtp)2](BF4)6(H2O)2 and [Ag2(dmtp)2(ClO4)2][Ag2(dmtp)2(H2O)2](ClO4)2. They
have been spectroscopically and thermally characterized and their structures have been solved by single crystal
X-ray diffraction. The compounds display fluorescence in the visible range (486 nm) when irradiated with UV
light (265 nm). Both compounds, together with a previously reported analogue containing nitrate as counter-
anion, were assayed in vitro against three different species of Leishmania spp. and Trypanosoma cruzi, (parasites
responsible for Leishmaniasis and Chagas disease) showing an extremely high antiparasitic activity, with IC50
values below the lower tested concentration (1 μM) for the three compounds and the four microorganisms, and
hence a selectivity index better than those of the reference commercial drugs by more than one magnitude order,
also improving the results of the free ligand and previously reported complexes with metals of the first transition
series.

1. Introduction

Triazolopyrimidine derivatives and, more specifically, those be-
longing to the 1,2,4-triazolo[1,5-a]pyrimidine (tp) family, have been
widely used as ligands in coordination chemistry, due to their ability to
coordinate metal ions through different nitrogen atoms [1–3]. Scheme
1 displays the 5,7-dimethyl derivative (used in this work) indicating the
IUPAC numbering scheme used for these heterocycles.

For more than two decades, the coordination chemistry of hetero-
cycles of the tp family has been studied by our research group [4–13],
as well as by others [14–20]. The involved tp derivatives usually differ
in the residues attached to positions 5 and 7: methyl, phenyl, amino,
hydroxyl (in the latter case the keto tautomer is usually present), etc.
These derivatives are considered as mimetic of purine bases of DNA,
changing the nitrogen that would be present at position 6 by the bridge-
head nitrogen at position 8, which is not accessible for metal binding.
This mimesis makes these compounds suitable for biological applica-
tions, like anticancer [21,22] or bactericidal [23,24].

In the past few years, our interest has been mainly focused on an-
tiparasitic activity, specifically against Leishmania spp. and
Trypanosoma cruzi, pathogenic agents of Leishmaniasis and Chagas

disease, respectively. Both are considered as neglected diseases and
affect mainly to tropical and subtropical regions, with Leishmaniasis
being endemic in almost 100 countries and Chagas disease currently
affecting to 8–10 million people [25–27]. The existing treatments for
these illnesses are based in pentavalentantimonials (Glucantime, Pen-
tostam) in the case of Leishmaniasis, and nitro heterocyclic derivatives
(Nifurtimox, Benznidazole) for the Chagas disease treatment. However,
those drugs were developed more than five decades ago, and they
present serious side effects and can cause resistance for the pathogens.
Due to this, there is an urgent need of developing new and more specific
drugs.

The antiparasitic activity of many compounds has been studied by
different research groups in the last years, highlighting a synergistic
effect when a metallic centre is coordinated to bioactive organic ligands
[28–30]. With this aim, our group has designed several complexes that
have shown interesting antiparasitic activities, involving different
triazolopyrimidine derivatives and metal ions mostly belonging to the
first transition series [31–35], although Ru [36] and f-block elements
[37] have also been tested. In these studies, we have found several
examples of compounds with antiprotozoal activity similar or some-
what better than the actually used drugs but appreciably less toxic to
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somatic cells, thus yielding selectivity indexes substantially better than
these reference drugs.

Following these results, we have decided to try silver due to its well-
known antimicrobial activity. We have synthesized and characterized
two new silver-based complexes containing 5,7-dimethyl[1,2,4]triazolo
[1,5-a]pyrimidine (dmtp) as ligand and perchlorate and tetra-
fluoroborate as counteranions, the molecular formula of which are
[Ag2(dmtp)3]2[Ag2(dmtp)2](BF4)6(H2O)2 and [Ag2(dmtp)2(ClO4)2]
[Ag2(dmtp)2(H2O)2](ClO4)2. In addition, in vitro antiparasitic activity of
both compounds and another analogous one previously characterized
([Ag2(dmtp)2(NO3)2]) [38] was assayed against extracellular forms of
three species of Leishmania spp. (L. infantum, L. donovani and L. brazi-
liensis) and against T. cruzi, as well as their cytotoxicity in host cells
(macrophage J774.2 and Vero cells). The results have been compared
with values found for reference drugs and free dmtp, finding that the
activity of the silver compounds clearly improve, not only that of re-
ference drugs, but also that displayed by complexes of other metal ca-
tions.

2. Experimental

2.1. Materials and methods

All metallic salts and dmtp ligand used as reagents were purchased
from commercial sources and used as received without further pur-
ification.

2.2. Preparation of [Ag2(dmtp)3]2[Ag2(dmtp)2](BF4)6(H2O)2(1)

A solution of 2mmol (0.296 g) of dmtp in 10mL of water was added
to an aqueous solution (10mL) of AgBF4 (2mmol, 0.389 g). The re-
sulting solution was left at room temperature in the dark. After 48 h,
colourless prismatic crystals suitable for XRD measurements appeared
and were collected by vacuum filtration.

Anal. Calcd. for C56H68N32O2B6F24Ag6 C, 28.15; H, 2.87; N, 18.76.
Found: C, 28.32; H, 2.96; N, 18.69%. FT-IR: Yield: ~ 65%.

2.3. Preparation of [Ag2(dmtp)2(ClO4)2][Ag2(dmtp)2(H2O)2](ClO4)2(2)

A solution of 2mmol (0.296 g) of dmtp in 10mL of HClO4 1M was
added to a solution (10mL) of AgClO4 (2mmol, 0.415 g) in the same
solvent. After 24 h at room temperature in the dark, colourless pris-
matic crystals suitable for XRD measurements appeared and were col-
lected by vacuum filtration.

Anal. Calcd. for C28H36N16O18Cl4Ag4 C, 23.07; H, 2.49; N, 15.37.
Found: C, 22.94; H, 2.56; N, 15.54%. FT-IR: Yield: ~83%.

2.4. Preparation of [Ag2(dmtp)2(NO3)2] (3)

Compound 3 was prepared as a variation of the previously described
procedure [38]. A solution of 2mmol (0.296 g) of dmtp in 10mL of
HNO3 was added to solution of AgNO3 (2mmol, 0.321 g) in the same
solvent. The solution was left at room temperature in darkness during
72 h. Finally, colourless prismatic crystals appeared and were collected
by vacuum filtration.

Anal. Calcd. for C14H16N10O6Ag2 C, 26.44; H, 2.54; N, 22.02. Found:
C, 26.32; H, 2.62; N, 22.09%. FT-IR: Yield: ~85%.

2.5. Physical measurements

Elemental analyses were carried out at the “Centro de
Instrumentación Científica” of the University of Granada on a THERMO
SCIENTIFIC analyser model Flash 2000. The IR spectra of powdered
samples were recorded with a BRUKER TENSOR 27 FT-IR and OPUS
data collection program. Solid-state photoluminescence spectra were
recorded at room temperature with a Varian Cary-Eclipse Fluorescence
Spectrofluorimeter. Thermal behaviour (thermogravimetry – TG – and
differential scanning calorimetry – DSC) was studied under an air flow
in Shimadzu TGA-50 and Shimadzu DSC-50 equipments at heating rates
of 20 and 10 °Cmin− 1, respectively. NMR spectra were collected with a
high definition 500MHz NMR spectrometer BRUKER Avance NEO
using D2O as solvent.

2.6. Single-crystal structure determination

Crystals of complexes 1 and 2 were mounted on a glass fibre and
used for data collection on a Bruker Smart diffractometer equipped with
an APEX detector and graphite monochromated CuKα (1) or MoKα (2)
radiation (λ=1.54178 and 0.71073 Å, respectively). The data reduc-
tion was performed with the APEX2 [39] software and the absorption
correction with SADABS [40]. The structures were solved by direct
methods and anisotropically refined by full-matrix least-squares on F2

by means of the SHELX-14 program package [41]. Two of the tetra-
fluoroborate anions in 1 and one of the perchlorate anions in 2 were
found to be disordered between two positions. Powder X-ray diffraction
patterns of compounds 1 and 2 (supplementary material: Figs. S1–S2)
confirm the crystalline homogeneity of the samples. Powder DRX data
were collected on a Bruker D2 Phaser diffractometer with mono-
chromated CuKα radiation (λ= 1.5405 Å) over the range
5 < 2θ < 35°.

2.7. Parasite strain and culture

Promastigote forms of L. infantum (MCAN/ES/2001/UCM-10), L.
braziliensis (MHOM/BR/1975/M2904), L. donovani (LCRL133LRC) and
epimastigote forms of Trypanosoma cruzi (IRHOD/CO/2008/SN3) were
cultivated in vitro in medium trypanosome liquid (MTL) [Hank's Ba-
lanced Salt Solution (HBSS) (Gibco), NaHCO3, lactalbumin, yeast ex-
tract, bovine haemoglobin and antibiotics] with 10% inactive fetal
bovine serum and were kept in an air atmosphere at 28 °C, in Roux
flasks (Corning, USA) with a surface area of 75 cm2, according to the
methodology described by Gonzalez et al. [42]. The screening of ex-
tracellular forms of parasites was carried out using 24-well plates with
MTL medium and 5× 104 parasites per well. The products were tested
at 1, 10, 25 and 50 μM, prepared from mother aqueous solutions of the
compounds, leaving some wells without drugs as control, and were
incubated at 28 °C during 72 h before the parasite final count.

2.8. Cell culture and cytotoxicity test

The cytotoxicity tests for macrophages and Vero cells were per-
formed at the Cell Experiment Unit in the “Centro de Instrumentación
Científica” of the University of Granada, according to the methodology

Scheme 1. Structure of 5,7-dimethyl-1,2,4-triazolo[1,5-a]pyrimidine (dmtp).
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described below. The experiment was carried out in 96-well plates to be
measured in the ELISA reader. The growth inhibition of mammalian
cells was studied using macrophages for the three strains of Leishmania
spp. and Vero cells for T. cruzi. J774.2 macrophages (European
Collection of Cell Culture – ECACC – number 91051511), which were
originally obtained from a tumour in a female BALB/c rat in 1968, were
grown in a minimum essential medium (MEM) plus glutamine (2mM)
and supplemented with 20% inactivated fetal bovine serum (FBS). Vero
cells (Flow) were grown in Roswell Park Memorial Institute medium
(RPMI), which was supplemented with 10% inactivated fetal bovine
serum. Both cell cultures were incubated in a humidified 95% air, 5%
CO2 atmosphere at 37 °C for several days. The products were tested at
50, 100, 200 and 400 μM. First, the cells were sowed in a 96-well plate
(2500 cells/well for macrophages and 3500 cells/well for Vero cells) to
a volume of 100 μL/well and then were incubated at 37 °C with 5% CO2

during 24 h. The complexes solutions were prepared in advance cor-
responding to the average growing cells (RPMI 10% FBS for Vero cells
and MEM+Glut 20% FBS for macrophages) at the double of the
highest concentration to be tested. The solutions were performed in a
sterile bath with the different channels, by adding 100 μL of complex
solution or medium (only adding medium in the control wells) to the
corresponding well. After that, the plate was incubated at 37 °C with 5%
CO2 for 48 h. Two days after, 20 μL of Alamar Blue dye (10% of the
volume of the well) were added to each well and incubated at 37 °C
with 5% CO2 during another day. The whole incubation time once the
products were added was 72 h, coinciding with the screening period to
have comparable selectivity index (SI) results. Finally, the plate was
read with an ELISA reader with Alamar Blue.

2.9. Studies on the mechanism of action

For the studies of mechanism of action, extracellular forms of the
parasites of L. infantum and L. braziliensis were incubated in a final
volume of 3mL of MTL medium, in a final concentration of 5×106

parasites/mL, for 72 h with a 0,5 μM concentration of drug; ad-
ditionally, a control of both strains was prepared in the same conditions
without adding the compound. Once passed the incubation time, the
samples were centrifugated at 2500 rpm for 10min. After that, the
supernatant liquid was collected to its further analysis by 1H NMR to
determine excreted metabolites as previously described by Fernandez-
Becerra et al. [43]. The chemical displacements used to identify the
respective metabolites were consistent with those described by Fer-
nandez-Becerra et al. [43]

3. Results and discussion

3.1. Crystal structure of [Ag2(dmtp)3]2[Ag2(dmtp)2](BF4)6(H2O)2 (1)

Compound 1 crystallizes in the monoclinic space group P21/c.
Details of the structure determination and the refinement of the com-
plex are summarized in Table 1. A list of bond lengths and angles is
given in the supplementary material (Table S1). Two different kinds of
dinuclear entities appear in the crystal structure of 1: the first one in-
volving two dmtp moieties (type A) and the other including three of
them (type B). “Type A” entities are placed in crystallographic inversion
centres whereas “type B” ones are placed in general position, hence two
“type B" complexes are present for each “type A”. A view of both di-
nuclear units is shown in Fig. 1. Type A dimers are planar, with each
silver atom linearly coordinated to the N3 atom of one dmtp molecule
(AgeN3 distance, 2.287(7) Å) and to the N4 of the other (AgeN4 dis-
tance, 2.297(6) Å) closing an eight-membered Ag2C2N4 ring, this kind
of ring having been frequently found in silver complexes of triazolo-
pyrimidine derivatives [44]. AgeAg distance within the dimer is
2.941(1) Å, possibly too long to be considered as an AgeAg bond but
short enough to be regarded as an argentophilic interaction, which is
supported by previously reported theoretical calculations [38]. On the

other hand, silver atoms in the “type B” dinuclear complex have a
distorted trigonal planar environment defined by one N-atom of each of
the three present dmtp ligands. Both Ag atoms are not equivalent, one
of them is linked to one N3 and two N4 atoms whereas, reciprocally, the
other one is linked to one N4 and two N3 atoms. This kind of dinuclear
complex is much less frequent than the “type A”, only one previous
example having being reported with unsubstituted 1,2,4-triazolo-[1,5-
a]-pyrimidine [45]. The trigonal geometry is severely distorted, with
AgeN distances comprised in a wide range (2.14–2.38 Å) and N-Ag-N
angles considerably departing from 120°. The silver‑silver distance is

Table 1
Crystallographic data and structural refinement details for 1 and 2.

Compound 1 2

Chemical formula C56H68N32O2B6F24Ag6 C28H36N16O18Cl4Ag4
CCDC 1893468 1893467
COD 3000218 3000219
M/gmol−1 2389.39 1457.97
T/K 100(2) 100(2)
Cryst. syst. Monoclinic Triclinic
Space group P 21/c P-1
a (Å) 12.0038(3) 8.9978(4)
b(Å) 27.5554(8) 10.8619(5)
c(Å) 12.8479(4) 12.0576(6)
α (°) 90 100.5189(16)
β (°) 100.9670(10) 105.2550(16)
γ (°) 90 93.1937(17)
V/ Å3 4172.1(2) 1111.09(9)
Z 2 2
ρ/g cm−3 1.619 2.179
μ/mm−1 1.902 2.069
GOFa 1.044 1.059
Rint 0.0615 0.0326

a S= [∑w(F02 – Fc2)2 / (Nobs – Nparam)]1/2.

Fig. 1. Crystal structure of [Ag2(dmtp)3]2[Ag2(dmtp)2](BF4)6(H2O)2(1) Colour
code: silver, light grey; nitrogen, blue; carbon, grey; oxygen, red; boron, pink;
fluorine, yellow-green. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)
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3.0580(8) Å, appreciably longer than in the “type A” dimer. The charge
of those cationic dinuclear complexes is balanced by tetrafluoroborate
ions, three of them per asymmetric unit, two of which being disordered
between two alternative positions. One of the disordered components of
one of the anions weakly interacts with the silver atom in the “type A”
dimer (AgeF distance, 2.489(15) Å) perpendicularly to the ring plane.
The asymmetric unit is completed by one interstitial water molecule,
the whole packing of the structure being supported by weak Van der
Waals forces and weak H-bonds between the water molecule and the
anions.

3.2. Crystal structure of [Ag2(dmtp)2(ClO4)2][Ag2(dmtp)2(H2O)2]
(ClO4)2 (2)

Compound 2 crystallizes in triclinic P-1 space group. Its crystal
structure is shown in Fig. 2 and the details of the structure determi-
nation and refinement are compiled in Table 1. Selected bonds and
angles are given in the supplementary material (Table S2). Like in the
previous compound, the crystal structure also includes two crystal-
lographically different dinuclear silver entities, but in this case both are
placed in crystallographic inversion centres and feature a Ag2C2N4 core,
thus being analogous to the “type A” dimer present in compound 1. The
AgeN3, AgeN4 and AgeAg distances are 2.153(2), 2.173(2) and
2.9977(4) Å for the first of these dimers and 2.158(2), 2.187(2) and
3.0653(5) for the second. The main difference between both dimers is
the presence of a moiety weakly coordinated to each silver atom, a
perchlorate anion for the first dimer and a water molecule for the
second. The corresponding AgeO distances are 2.706(3) and 2.605(4)
Å, respectively. The AgeO bond is neither coplanar with the Ag2C2N4

core nor perpendicular to it, but in an intermediate position as in-
dicated by the O-Ag-Ag angles which are 130.4(1) and 127.4(1)° re-
spectively. The coordinated perchlorate anion is disordered between
two positions rotated to each other around the Cl-(coordinated O) bond.
A crystallographically independent interstitial perchlorate anion is
present balancing the charge. All present species are packaged to form
the crystal interacting only by weak Van der Waals forces and weak H-
bonds from the water molecules to perchlorate oxygen atoms.

3.3. Infrared spectra

Two characteristic bands in the 1700–1500 cm−1 region are present
in the infrared spectrum of the dmtp ligand. One of them comes from
the vibration mode of the triazolopyrimidinic skeleton (1638 cm−1),
while the second one corresponds to the pyrimidinic ring vibration
(1548 cm−1). Both are slightly affected by the metal coordination, with
a small shift to higher frequencies. The spectra of the three complexes
are very similar, as expected since the binding mode of the ligand is the
same. The ʋ(OeH) vibration of water appears as two well-defined
bands at 3560 and 3621 cm−1 (1) and at 3520 and 3598 cm−1 (2). The
presence of coordinated BF4− and ClO4

− anions in 1 and 2 respectively
is indicated by a strong broad band around 1100 cm−1, whereas the
NO3

− anion in 3 appears near to 1400 cm−1. FT-IR spectra of these
complexes have been collected as supplementary material (Figs.
S3–S4).

3.4. NMR spectra

1H NMR spectra (Figs. S7–S18) have been recorded for free dmtp
and its silver complexes using D2O as solvent to check the stability of
the compounds in aqueous media. The free ligand presents the expected
four signals at 2.54, 2.65 (CH3), 7.01 (C6-H) and 8.38 (C2-H) ppm. The
spectra of the tree complexes are almost identical with the methyl
signals overlapped at 2.83 ppm., C6-H at 7.37 ppm. and C2-H at
8.63 ppm.

The presence of a single set of signals for the complexes, even for
compound 1, indicates that a fast interchange takes places in solution
between different species probably also involving the free ligand and
we can see in the spectra just the average value of the corresponding
signals. Nevertheless, the differences between the signal positions in the
free ligand and those in the complexes are large enough to ensure that a
significant proportion of the ligand remains coordinated to the metal in
the observed equilibrium. C2-H and C6-H signals display similar
changes with respect to the free ligand, suggesting that both rings of the
heterocycle are similarly involved in metal coordination and that the
N3–N4 bridging is perhaps the main coordination mode also in solution.

The spectra do not change at all for the 72 h. following the pre-
paration of the solutions. This indicates that the equilibrium is reached
almost immediately and then remains unaltered.

3.5. Thermal behaviour

Thermal decomposition of compounds 1 and 2 starts with their
dehydration process that takes place in one step that appears as broad
weight losses (TG) and endothermic (DSC) effects centred at 96 (1) and
120 °C (2). The experimental weight losses are respectively 1.52 and
2.57%, matching the theoretical values (1.51 and 2.47%). Pyrolytic
decomposition starts at 267 °C for 1 and at 305 °C for 2, with a strong
exothermic peak in the DSC diagrams and a sudden weight loss at the
TG. Then it continues more slowly until the end of the experiment at
920 °C, the TG curve not being horizontal at the end, this possibly
meaning the presence of slowly burning carbonaceous material. This
may explain why the residue in 1 (32.8%) is higher than expected for
metallic silver (25.3%), that should be the residue if the organic part
were completely pyrolized. For 2, the explosive decomposition of per-
chlorate provokes the projection of material outside the crucible, with a
very low residue remaining at the final temperature. TG and DSC dia-
grams are included in the supplementary material (Figs. S5–S6).

3.6. Fluorescent emission

Due to their extended aromaticity and the presence of poly-
heterosubstituted rings, triazolopyrimidinic heterocycles are good
candidates to show photoluminescent properties [46], especially when
they are coordinated to metallic ions. In fact, 7-amino[1,2,4]triazolo

Fig. 2. Crystal structure of [Ag2(dmtp)2(ClO4)2][Ag2(dmtp)2(H2O)2]
(ClO4)2(2). Colour code: silver, light grey; nitrogen, blue; carbon, grey; oxygen,
red; chlorine, green. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)
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[1,5-a]pyrimidine (7-atp) and 7-hydroxy-5-methyl[1,2,4]triazolo[1,5-
a]pyrimidine (HmtpO) have shown an increase in their intrinsic fluor-
escent emission when coordinated to zinc or cadmium [12,47,48].
However, there are no previously reported studies on luminescent
emission for dmtp or any of its metal complexes. The UV absorption
spectrum of dmtp has a maximum at 265 nm, hence the fluorescent
spectrum of dmtp (Fig. 3) has been recorded exciting with UV light of
this wavelength. This emission spectrum shows three maxima: the most
intense one is centred at 350 nm, a second one of medium intensity
appears at 485 nm and a third one, barely observed, is centred at
420 nm.

When solid samples of compounds 1 and 2 are exposed to UV light
at room temperature, they show light-blue fluorescent emission. When
excited with UV light of 265 nm., both compounds display a very si-
milar emission spectrum (Fig. 4), with three bands at 365, 420 and
486 nm., these wavelengths being similar to those displayed by the free
ligand but with important changes in the relative intensity, the two
bands in the visible region becoming much more intense. Analysing
these two bands, it was found that the characteristic excitation wave-
length is the same for both bands but it is not the same for both com-
pounds, the corresponding values being 236 and 254 nm, for 1 and 2
respectively. The emission spectra of the compounds when excited with
UV of these wavelengths (Fig. 5) feature a further increase in the in-
tensity of the bands in the visible region, more noticeably that at
486 nm whereas that at 365 nm virtually disappears. These results show
how the coordination to silver modulates the fluorescent emission of
dmtp, making the main peak in the UV region almost disappear
whereas the secondary ones in the visible region become much more
intense. From a practical point of view, the emission moves from UV to
visible range.

3.7. In vitro antiparasitic activity and cytotoxicity

Taking into account the synergistic influence of metal coordination

on the biological activity of triazolopyrimidine ligands, we decided to
analyse the leishmanicidal and trypanosomicidal efficacy of complexes
1–3. As explained in the experimental section, antiproliferative ex-
periment against extracellular promastigote (Leishmania spp.) or epi-
mastigote (Trypanosoma cruzi) forms of the parasites were carried out.
After this, a cytotoxicity assay was performed in order to check whether
a good antiparasitic behaviour fighting extracellular forms of infective
agents produces also damage in the host cells. The quotient between the
host cells cytotoxicity and extracellular antiproliferative efficacy (se-
lectivity index or SI) gives us an idea of the suitability of the compounds
as prodrugs.

The antiproliferative assays for the three complexes (1–3) indicated
a great activity in all cases, since the lower tested concentration in our
protocol (1 μM) of any of the three complexes was enough to produce
an inhibition higher than 50% in the growing of any of the four para-
sites (Fig. S19), this meaning that the corresponding IC50 values are all
of them below 1 μM. Table 2 display these results, comparing with the
values obtained for free dmtp, for the reference drugs currently used in
the treatment of the parasites and for a few selected metal complexes of
triazolopyrimidine derivatives previously reported by our research
group. The antiproliferative properties of the silver complexes clearly
improve the results of all other dmtp and mtpO complexes in the
Table 2 and are as good as those of the nickel complexes of 4,6-di-
methyl-1,2,3-triazolo-[4,5-d]-pyrimidin-5,7-dione (Hdmax) [50].

On the other hand, cytotoxicity experiments were also positive,
being in a similar range than the free ligand for 1 and 3 against mac-
rophages, but with a remarkable value for 2, which is non-toxic for
macrophages even at the highest tested concentration. For Vero cells,
the cytotoxicity values were more than twice better than those of the
free ligand for 2 and 3, while for complex 1 was virtually the same.
With these results, we can establish lower limits for the SI values that
are more than one order of magnitude higher than the SI values of
dmtp, about two orders of magnitude higher than the reference drugs or
even three for the most outstanding cases, that are those of 2 against the
three Leishmania spp. strains, making it an excellent candidate for fur-
ther studies both in vitro and in vivo. Comparing with previous results of
metal complexes of this kind of heterocycles, we see that the three silver
complexes display better SI values for T. cruzi. And regarding the
Leishmania parasites, complexes 1 and 3 are in the same range than a
Cu-dmtp [32] and a few lanthanide-mtpO [37] compounds, whereas 2
has a much better behaviour. A more complete comparison may be
performed using the updated review published by Salas et al. [3].

In order to check whether the metal ion by itself might be the re-
sponsible for the observed antiparasitic activity, assays were performed
with the silver salts (tetrafluoroborate, perchlorate and nitrate), the
results being also collected at Table 2. We can see that these salts
present IC50 values comparable to the reference drugs and much higher
than compounds 1, 2 and 3. On the other hand, the cytotoxicity data
indicate that the metal salts are extremely toxic for the host cells even
at the lowest tested concentration (50 μM) resulting in selectivity
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Fig. 3. Emission spectrum of dmtp when excited at 265 nm.
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Fig. 4. Emission spectra of compound 1 (a) and compound 2 (b) excited at 265 nm.
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indexes much lower than those of the Ag-dmtp complexes. This re-
assures us that the presence of both silver and dmtp is necessary for
getting the best results.

Regarding the mechanism of actuation of the compounds, previous
studies showed that this kind of compounds [31,33,49–51] and other
similar complexes and organic ligands [52,53] can alter the metabolic
route of the parasites, so we focused on this point to figure out the way
the compounds were acting over the parasites. As far as it is known to
the date, none of the studied parasites is able to completely metabolize
glucose into CO2 under aerobic conditions, so great part of their carbon
skeletons are excreted to the medium as fermented metabolites. The
nature and concentration of those depend on the considered species.
[54] In case of the metabolic routes are affected, excreted metabolites
and their percentual amount relative to control can be observed by 1H
NMR analysis of the culture medium. In our case, these alterations can

be observed in Figs. 6 and 7, that show the percentual variations of
selected excreted metabolites for L. infantum and L. braziliensis when
treated with a 0,5 μM concentration of the compounds.

As it is seen in the figures, the mainly affected metabolites are D-
lactate, for both species; L-alanine in the case of L. infantum and acetate
in the case of L. braziliensis, which are also some of the catabolites af-
fected by tested drugs in previous studies of metabolic divergences
[31,33,49–53]. These alterations show that the compounds affect to the
metabolic routes of the parasites, either inhibiting or overexpressing
some enzymes responsible for the regulation of the production and
excretion of these metabolites. The alteration in the major production
and excretion of the mentioned catabolites suggests that the assayed
compounds probably affect to the metabolic route of the parasites at the
pyruvate stage of the glucose metabolism, since these metabolites are
strongly related to the transformation of PEP in pyruvate by the action
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Fig. 5. Emission spectra of compound 1 (a) excited at 236 nm and compound 2 (b) excited at 254 nm.

Table 2
In vitro activity of dmtp, complexes 1–3 and reference drugs against promastigote forms of Leishmania spp., epimastigote forms of Trypanosoma cruzi, J774.2
macrophages and Vero cells after 72 h of incubation at 37 °C. Previous results of other tp derivatives complexes are included for comparison.

Compound IC50 ± SD(μM)a and selectivity indexb (SI)

L. infantum L. braziliensis L. donovani T. cruzi J774.2 macro. Vero cells Ref.

Glucantime 18.0 ± 0.6
SI: 0.8

25.6 ± 1.6
SI: 0.6

26.6 ± 5.4
SI: 0.6

– 15.2 ± 1.3 – [49]

Benznidazole – – – 24.2 ± 1.9
SI: 0.8

– 13.6 ± 0.9 [31]

dmtp 36.7 ± 2.2
SI: 2.7

71.7 ± 5.4
SI: 1.4

38.9 ± 3.1
SI: 2.6

48.0 ± 2.9
SI: 2.1

98.7 ± 9.2 101.2 ± 8.1 [34]

AgBF4 > 50
SI:<1

>50
SI:<1

>50
SI:<1

49.2 ± 3.9
SI:<1

<50 <50

AgClO4 19.3 ± 1.5
SI: <2.6

22.6 ± 1.8
SI: <2.2

17.6 ± 1.4
SI: <2.8

15.4 ± 1.2
SI: <3.2

<50 <50

AgNO3 18.1 ± 1.4
SI: <2.8

20.9 ± 1.7
SI: <2.4

23.5 ± 1.9
SI: <2.1

16.2 ± 1.3
SI: <3.1

<50 <50

1 <1
SI:>60.2

<1
SI:>60.2

<1
SI:>60.2

< 1
SI:>101.5

60.2 ± 4.8 101.5 ± 8.1

2 < 1
SI:>1000

<1
SI:>1000

<1
SI:>1000

<1
SI:>293.8

> 1000 293.8 ± 23.5

3 < 1
SI:>59.1

<1
SI:>59.1

<1
SI:>59.1

< 1
SI:>223.9

59.1 ± 4.7 223.9 ± 17.9

Ni-dmtp 27.7 ± 3.8
SI: 32.6

45.1 ± 3.5
SI: 20.0

– 38.2 ± 9.0
SI:>26.2

904 ± 63 >1000 [32]

Cu-dmtp 97.7 ± 15.4
SI: 15.1

35.6 ± 3.7
SI: 54.2

– 19.2 ± 11
SI: 16.5

558.6 ± 9.8 420.3 ± 6.5 [32]

La-mtpO 2.8 ± 0.5
SI: 54.1

5.3 ± 0.1
SI: 28.6

– 3.7 ± 0.1
SI: 38.0

151.6 ± 6.4 140.8 ± 11.6 [37]

Eu-mtpO 17.7 ± 1.5
SI: 49.9

24.7.8 ± 2.3
SI: 78.8

– 15.8 ± 0.9
SI: 62.9

883 ± 24 995 ± 35 [37]

Ni-dmtp: [Ni(dmtp)2(H2O)4](ClO4)2·2dmtp·2H2O; Cu-dmtp: [Cu(dmtp)4(H2O)4](ClO4)2·2H2O; La-mtpO: [La(mtpO)3(H2O)6]·9H2O Eu-mtpO: [Eu
(mtpO)3(H2O)6]·9H2O.
The results presented are averages of three separate determinations.

a The concentration required to obtain 50% inhibition, calculated through a linear regression analysis from the Kc values at the concentration employed (1, 10, 25
and 100 μM for promastigote and epimastigote forms of Leishmania spp. and Trypanosoma cruzi respectively and 50, 100, 200 and 400 μM for host cells).

b Selectivity index (SI)= IC50 against J774.2 macrophages or Vero cells/IC50 parasite (promastigote or epimastigote forms respectively).
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of pyruvate kinase or pyruvate phosphatase dikinase [55]. The inhibi-
tion of the parasites growth could then be due to mentioned metabolism
dysregulations provoked by the silver drugs, which can also affect to
mitochondrial metabolism. However, further studies of this would be
necessary to completely define the mechanism of actuation of the tested
drugs.

4. Conclusions

We have synthesized two new silver complexes, which contain
dmtp, a nucleobase analogue in neutral form. Crystallographic studies
showed that both complexes are conformed by dinuclear silver entities,
with two or three bridging ligands. Both compounds displayed inter-
esting photoluminescent properties, with the main emission in the
visible range, in contrast with the free ligand which emits mainly in the
UV.

In vitro antiparasitic activity of these two compounds and another
previously reported one has been tested against L. infantum, L. donovani,
L. braziliensis and T. cruzi. Their in vitro activity highly exceeded that of
the current reference drugs for treatment of leishmaniasis and Chagas
disease. In addition, the three compounds showed much higher se-
lectivity towards parasites when compared to host cells in culture, and
especially compound 2 showed specificity more than a thousand times
higher than the reference drugs. The results also improve those of
previously reported complexes of triazolopyrimidine derivatives.

In sum, the work described here shows encouraging results in the
development of new more specific and effective silver-based anti-
parasitic drugs with minimal toxicity to host cells.
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Abbreviations

tp 1,2,4-triazolo[1,5-a]pyrimidine
dmtp 5,7-dimethyl[1,2,4]triazolo[1,5-a]pyrimidine
7-atp 7-amino[1,2,4]triazolo[1,5-a]pyrimidine
HmtpO 7-hydroxy-5-methyl[1,2,4]triazolo[1,5-a]pyrimidine
mtpO− 5-methyl[1,2,4]triazolo[1,5-a]pyrimidin-7-olate
Hdmax 4,6-dimethyl-1,2,3-triazolo-[4,5-d]-pyrimidin-5,7-dione
MTL Medium Trypanosome Liquid
HBSS Hank's Balanced Salt Solution
MEM Minimal Essential Medium
FBS Fetal bovine serum
RPMI Roswell Park Memorial Institute
SI Selectivity index
IC Inhibitory concentration
IC50 Half maximal inhibitory concentration
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