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Novel pyrimidine compound bearing disulfide bridge, 5,5′-disulfanediylbis(2-amino-4,6-dimetoxypyrimidine)
(3) was synthesized by reduction of 2-amino-4,6-dimethoxy-5-thiocyanatopyrimidine for the first time, and
its structure was confirmed by X-ray crystallographic analysis. Novel binuclear antimony(III) compound of (3),
{Sb[5,5′-disulfanediylbis(2-amino-4,6-dimetoxypyrimidine)]Cl3}2 (4) and mononuclear antimony(III) com-
pounds, SbL2Cl3, [L: 2-amino-5-thiol-4,6-dimethoxy pyrimidine (2) and 2-amino-5-(1H-tetrazol-5-ylthio)-4,6-
dimethoxypyrimidine (6)] were synthesized and characterized with the help of elemental analysis, molecular
conductivity, FT-IR, 1H-NMR and LC–MS techniques. The geometrical structures optimized by a DFT/B3LYP/
LANL2DZ method of the compounds, indicated that monomeric compounds have square pyramidal shape.
Both antileishmanial activity against Leishmania tropica promastigote and glutathione reductase inhibitory
activity were determined in vitro. The results showed that (3) has the best biological activity.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Pyrimidines present a wide range of biological activities [1], as
antifolate [2], antimicrobial [3,4], antifungal [5], anti-rubella [6], anti-
HIV [7], antiviral [8], anti-inflammatory [9], antitumor [10,11], antima-
larial [12,13] and antileishmanial [14–20] agents. On the other hands,
tetrazoles exhibit appreciable biological activity [21], including glutathi-
one reductase inhibitory activity [22] and antileishmanial activity
against Leishmania braziliensis promastigotes [23].

Antimony-based compounds have been found to have several
therapeutic effects, including antileishmaniasis, which were used in the
treatment of leishmaniasis since ancient times [24–27], anthelminthic
[28,29], antitrypanosomal [30], antimicrobial [31] and anticancer [32,33]
agents. Glutathione reductase-targeting compounds are approved of
new candidates as antimalarial and anticancer drugs [34,35].We have re-
cently reported that antimony(III) compounds exhibit good glutathione
reductase inhibitory activities [36,37].

As a result of a virtual screening study, diphenylsulfanes were
proposed as antiprotozoal drugs and trypanothione reductase inhib-
itors [38]. On the basis of previous virtual screening, we planned to
obtain new antimony(III) compounds containing sulfide bridge,
pyrimidine, and/or tetrazole groups to develop novel multitarget-
directed drugs. As part of our ongoing works, in this study, three
antimony(III) compounds, dimeric [Sb(5,5′-disulfanediylbis(2-amino-
4,6-dimetoxypyrimidine))Cl3]2, and monomeric Sb(2-amino-5-thiol-
4,6-dimethoxypyrimidine)2Cl3 (4) and (2-amino-5-(1H-tetrazol-5-
ylthio)-4,6-dimethoxypyrimidine)2Cl3 (6) were synthesized and
identified by using IR, NMR, LCMR, conductivity and calculation with
a DFT/B3LYP/LANL2DZ method. In addition, 5,5′-disulfanediylbis(2-
amino-4,6-dimetoxypyrimidine) was obtained by reduction of 2-
amino-4,6-dimethoxy-5-thiocyanatopyrimidine for the first time and
its structure was identified by X-ray crystallographic analysis. Addition-
ally, their glutathione reductase activity and antileishmanial activity
were determined.

2. Materials and Methods

2.1. Materials and Instrumentation

Glutathione reductase (GR) from baker's yeast (Saccharomyces
cerevisiae) and other chemicals were purchased from Sigma-Aldrich
(USA). Elemental analyses for C, H and N were carried out with a LECO
CHNS-932 auto elemental analyser. Melting points were measured
using an Electrothermal 9100 apparatus (Thermo Fisher Scientific,
UK). The molecular conductivities of the complexes were measured
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with WTW Cond 330i. Infrared spectra from 4000 to 400 cm−1 were
obtained in KBr pellets with a Mattson 1000 FT-IR spectrometer.
NMR spectra were recorded in DMSO-d6 with a Bruker Ultrashield
300 MHz spectrometer. Mass spectra were recorded with a Water
Micromass ZQ spectrometer, coupled to a Waters 2695 separation
module, LC–MS spectrometers in methanol/ acetonitrile mixture.

2.2. Preparation of Compounds

2-amino-4,6-dimethoxy-5-thiocyanatopyrimidine (1) and 2-amino-
5-(1H-tetrazole-5-ylthio)-4,6-dimethoxypyrimidine (5) were synthe-
sized according to reported procedures [39]. All newly prepared
compounds were synthesized according to the procedure (Fig. 1).

2.2.1. Synthesis of bis(2-amino-5-thiol-4,6-dimethoxypyrimidine)
trichloroantimony(III) (2)

0.52 g 2-amino-4,6-dimethoxy-5-thiocyanatopyrimidine (1) was
dissolved in acetonitrile and 0.28 g antimony(III) chloride was added
to the solution in the mole ratio of 2:1. The mixture was refluxed for
Fig. 1. Schematic diagram of the synth
4 days at 82 °C. Evolution of reddish gas was observed after 2 h. The re-
action mixture was cooled to room temperature and allowed to stand
for overnight at room temperature. The obtained white products were
filtered off and dried in air (0.12 g, yield: 15%, m.p. ˃400 °C). Calc. for
C12H18Cl3N6O4S2Sb: C: 25.28, H: 3.43, N: 13.61, S: 10.38. Found: C:
24.37, H: 3.74, N: 13.82, S: 11.03. LC–MS [m/z]: 603.09 [MH]+ (calc.
[M]+: 602.66); 1H-NMR (DMSO-d6, 300 MHz): 10.65 (s, 1H, SH), 7.00
(2H, NH2), 3.66 (s, 6H, CH3). 13C-NMR (DMSO-d6, 100 MHz,): 171.67,
170.44, 163.47, 71.83, 55.27; FTIR (KBr ν/cm−1): 3466(m), 2941(m),
1653(m), 1591(m).
2.2.2. Synthesis of 5-5′-disulfanediylbis(2-amino-4,6-dimetoxypyrimidine)
(3)

0.35 g of 2-amino-4,6-dimethoxy-5-thiocyanatopyrimidine (1) and
0.025 g of triphenylantimony(III) were dissolved in methanol (15 mL).
pH was adjusted to ~10 with addition of trimethylamine. The mixture
was stirred for 24 h at 60 °C. Yellow colored product was filtered off
and dried at room temperature (0.40 g, yield 43%,m.p. 277–278 °C). Sin-
gle crystals for X-ray diffraction were obtained by slow evaporation
etic pathway of our compounds.
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from a 1:9 acetone/DMSO solution. LC–MS [m/z]: 373.07 [MH]+ (calc.
[M]+: 372.42); 1H-NMR (300 MHz, DMSO-d6, δ in ppm): 6.90 (s, 2H,
NH2); 3,70 (s, 6H, OCH3). 13C-NMR (100 MHz, DMSO-d6): 171.25,
162.50, 86.89, 54.22; FTIR (KBr, ν/cm−1): 3466(m), 2941(m),
1639(m), 1553(m).

2.2.3. Synthesis of bis[2-amino-5-5′-disulfanediylbis
(4,6-dimetoxypyrimidine)trichloroantimony(III)] (4)

0.3 g of (3) was dissolved in DMSO (15 mL) and 0.19 g of
antimony(III) chloride was added to the solution in the mole ratio of
1:1. pH was adjusted to 5 with conc. HCl. The mixture was refluxed
for 10 days at 180 °C, than it was evaporated to 1/3 of its initial
volume. After refluxing, the reaction mixture was cooled to room tem-
perature. After adding 10 mL of water, resulting product was allowed
to stand for overnight in a refrigerator. Pink solid were filtered off
and dried in air. (0.085 g, yield: 17%, m.p. N400 °C). Calc. for
C24H32Cl6N12O8S4Sb2: C: 25.37, H: 3.11, N: 13.65, S: 10.42. Found: C:
26.21, H: 3.18, N: 12.79, S: 10.13. LC–MS [m/z]: 1202.33 [MH]+ (calc.
[M]+: 1201.08), 1H-NMR (300 MHz, DMSO-d6,): 6.70 (s, 2H, NH2),
3.70 and 3.35 (s, 6H, OCH3). FTIR (KBr/cm−1): 3460(m), 2935(m),
1644(m), 1584(m).

2.2.4. Synthesis of bis(2-amino-5-(1H-tetrazol-5-ylthio)-4,6-
dimethoxypyrimidine) trichloroantimony(III) (6)

0.3 g of 2-amino-5-(1H-tetrazol-5-ylthio)-4,6-dimethoxypyrimidine
(5) was dissolved in methanol (10 mL) and 0.13 g of antimony(III)
chloride was added to the solution in the mole ratio of 2:1. pH was
adjusted to 5 with conc. HCl. The mixture was refluxed for 2 days at
60 °C. The reactionmixturewas cooled to room temperature and allowed
to stand for overnight at room temperature. The obtained colorless
products were filtered off and dried in air (0.2 g, yield: 46%, m.p.˃400 °C). Calc. for C14H18Cl3N14O4S2Sb: C: 22.77, H: 2.46, N: 26.55, S:
Fig. 2. An ORTEP drawing of (3)with the atom-numbering scheme.
8.68. Found: C: 23.07, H: 2.79, N: 26.11, S: 9.04. LC–MS [m/z]: 779.03
[M + CH3CN]+ (calc. [M]+: 738.63); 1H-NMR (DMSO-d6, 300 MHz):
15.60 (s, 1H, NH), 7.20 (s, 2H, NH2), 3.80 (6H, CH3). 13C-NMR
(100 MHz, DMSO-d6): 172.24, 171.11, 162.84, 156.33, 75.37, 54.92. FTIR
(KBr, ν/cm−1): 3431(m), 3332(m), 2922(m), 1701(m), 1649(m),
1547(m).

2.3. Glutathione Reductase Inhibition Assay

Glutathione reductase from baker's yeast (S. cerevisiae) activity was
measured with a standard protocol [40]. All studies were carried out at
physiological substrate concentrations in an assay buffer (20.5 mM
KH2PO4, 26.5 mM K2HPO4, 200 mM KCl, 1 mM EDTA, pH 6.9 at 25 °C).
The assay mixture (1.0 mL) contained 100 nmol of NADPH and 1 U of
GR. In order to exclude nonspecific NADPH oxidation, the absorbance
at 340 nmwasmonitored for 2 min. The reaction was started by adding
1 mM of GSSG. Oxidation of NADPH was monitored continuously by
recording the decrease in absorbance at 340 nm. Inhibition of GR was
studied in the presence of varying inhibitor concentrations; 1 mM
stock solutions of the compounds were prepared by dissolving in mini-
mum amount of dimethyl sulfoxide (DMSO) and diluting with water.
All other compoundswere dissolved in an assay buffer. The residual en-
zyme activity in the presence of inhibitor was determined relative to a
control containing solvent but no inhibitor. From these data, IC50 values
were determined graphically. For determining KM values, the concen-
tration of NADPH was kept constant at 5 mM, but concentration of
GSSG was systematically varied from 1 mM to 5 mM.

2.4. In Vitro Leishmanicidal Activity Assay

The method described by Östan et al. was used for determination of
antileishmanial activity of the compounds [41]. Promastigotes of
Displacement ellipsoids are drawn at the 40% probability level.



Table 1
Crystal data and structure refinement details for the compound (3).

Chemical formula C12H16N6O4S2
Formula weight 372.45
Temperature (K) 296(2)
Wavelength (Å) 0.71073
Crystal system, space group Orthorhombic, Pbcn
Unit cell dimensions: (Å, °)
a 7.5362(5)
b 14.6866(13)
c 14.7930(10)
Volume (Å3) 1637.3(2)
Z 4
Absorbtion coefficient (mm−1) 0.357
Calculated density (Mg m−3) 1.511
F(000) 776
Crystal size (mm) 0.650 × 0.317 × 0.080
Theta range for data collection(°) 2.75–26.49
Limiting indices −9 ≤ h ≤ 9, −18 ≤ k ≤ 18, −18 ≤ l ≤ 16
Reflections collected 9233
Independent reflections 1709
Number of reflections used 1261
Number of parameters 109
Max. and min. transmissions 0.873, 0.972
Refinement method Ful-matrix least-squares on F2
Final R indices [I ≥ 2σ(I)] R1 = 0.0417, wR2 = 0.0920
R indices (all data) R1 = 0.0669,wR2 = 0.01003
Goodness of fit on F2 0.993
Largest difference in peak
and hole (e Å−3)

0.231 and −0.199
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Leishmania tropica were isolated from a patient from Aydin, Turkey
using the NNN medium. Promastigotes transferred to the RPMI 1640
medium supplemented with 15% fetal calf serum for mass cultivation.
Compounds were diluted with DMSO transferred to the culture plates
to obtain final concentrations of 250, 125, 62.5, 31.2, 15.6, 7.8 μg/mL.
After 1 h at 37 °C, 150 μL of the culture medium complemented with
1 × 106 parasites/mL, from a logarithmic phase culture, were added.
DMSO and glucantime were used as drug carrier control and positive
control (20 μg/mL), respectively. All plates were incubated at 26 °C.
After 24, 48 and 72 h; viable L. tropica promastigotes were identified
and counted microscopically with a hemocytometer on the basis of
their aspect and motility. After incubation samples of each well were
subcultured in a fresh medium for another 48 h without drugs. All
tests were carried out in triplicate. All microscopic examinations were
performed blindly by two investigators. MLC (The minimum lethal
concentration) was determined to be the lowest concentration of
drugs at which no motile cells were found. Growth inhibition (GI) %
as calculated with respect to the growth control is as follows: %GI =
(1-GR extract/GRcontrol)X100.
2.5. Single-crystal Structure Determination

Crystallographic data of (3)was recorded on a Stoe IPDS II CCDX-ray
diffractometer employing plane graphite monochromatized withMoKα
Table 2
Selected bond distances and angles for the compound (3).

C1–S1 1.747(2) C3–N2 1.345(3)

C2–O1 1.340(2) C3–N3 1.344(3)
C4–O2 1.342(2) C4–N2 1.327(3)
C5–O1 1.432(3) S1–S1i 2.0824(14)
C6–O2 1.426(3) C1i–S1i 1.747(2)
C2–N1 1.315(3)
N1–C2–O1 118.97(18) N2–C4–O2 118.84(17)
N2–C3–N1 127.11(19) C2–O1–C5 117.82(18)
N3–C3–N1 116.27(18) C4–O2–C6 118.68(16)
N3–C3–N2 116.62(10) C1–S1–S1i 102.63(8)

Symmetri code: (i) −x, −y + 1, −z

Fig. 3. Part of IR spectra of the (1) and (3) between 2500 and 1900 cm−1.



Fig. 4. Square wave voltammograms of compound (2) and Sb(III) additions at HMDE electrode vs Ag/AgCl (phosphate buffer in aqueous solution pH: 6.5).
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radiation (λ = 0.71073 Å), usingω-2θ scan mode. The structures were
solved by the direct methods and refined by full-matrix least-squares
techniques on F2 using the solution program SHELXS-97 and refined
using SHELXL-97 [42]. The empirical absorption corrections were
applied by the integration method via X-RED software [43]. The hydro-
gen atoms were included in their idealized positions and refined
isotropically at distances of 0.95 Å (CH) from the parent C atoms; a rid-
ing model was used during the refinement process. An ORTEP drawing
[44] of the molecule with 40% probability displacement thermal
ellipsoids and atom-labeling schemes are shown in Fig. 2. The crystal
and instrumental parameters used in the unit-cell determination and
data collection are summarized in Table 1.

2.6. Computational Method

Full geometry optimizationswere carried out using the density func-
tional theory (DFT) method at the B3LYP level and LanL2DZ basis set.
The vibrational frequency calculations were performed to ensure that
the optimized geometries represent the local minima and that there
are only positive eigenvalues. All calculations were performed with
the GAUSSIAN03 program package [45] with the aid of the GaussView
visualization program.

3. Results and Discussion

3.1. Crystal Structures of (3)

The crystal structures of (3)with the atom labeling is shown in Fig. 2.
The details of the crystal structure solutions are summarized in Table 1
and the selected bond lengths and angles are listed in Table 2. The com-
pound, C12H16N6O4S2, crystallizes in the Orthorhombic, Pbcn space
group. The compound has a center of symmetry and the S1 atom lies
on the center of themean planes. The linkage of the –S–S-bond between
two aminopyrimidine rings and the dihedral angle between two
aminopyrimidine rings is 90.79(19) Å. In the structure, the two
aminopyrimidine rings are in axial position. The symmetric unit, the
S1–S1i, C1–S1 and C1–S1i bond distances lie within a range of
2.0824(14) Å and 1.747(2) Å, respectively (Table 2). All bond distances
and angles for the compound are consistent with those found in related
compounds [46–48].

3.2. Synthesis and Formulation of the Compounds

New antimony(III) complex (2)was synthesized through a one-step
synthesis by reacting antimony(III) chloride with (1). In this reaction,
the SCN group on pyrimidine ring is reduced to SH. As seen in part of
IR spectra (Fig. 3), νSCN stretching vibration of (1) at 2154 cm−1 disap-
pears, and a broad singlet peak at 10.65 ppm corresponding to labile
proton of SH group was appeared [49] in the 1H-NMR spectrum of (2),
given in Fig. S1 in supplementary material. The mass spectrum of (2),
given in Fig. S2, shows a peak at m/z 603.09 [MH]+ corresponding to
SbL2Cl3 molecular formula. We wondered whether antimony(III) atom
was oxidized simultaneously. For this reason, square wave voltammo-
grams of (2) and Sb(III) additions at HMDE electrode vs Ag/AgCl
(phosphate buffer in aqueous solution pH: 6.5) were recorded and
given in Fig. 4. As shown in Fig. 4, two reduction peaks for (2) were
obtained at about −0.6 V and −0.8 V. Increasing of peak height at
−0.6 V with addition of Sb(III) solution to the medium indicated that
this peak can be assigned to reduction of Sb(III) to Sb(0). Chrono-
amperometric measurements also show that transferred electron
number in this electrochemical reduction was 3. The other peak
showing no change is adsorption peak of the (2).

On the other hand, if triphenylantimony(III) is used instead of
antimony(III) chloride bidentate ligand (3) was obtained in the
presence of trimethylamine. In this reaction, thiocyanate group on pyrim-
idine ring was reduced and resulting intermediate was dimerised. In the
second trial, same reaction without triphenylantimony(III) also gave (3)
but a much longer time. This result showed that triphenylantimony(III)
acted as a catalyst. In the literature, following reactions were reported
for electrochemical reduction of aryl thiocyanates [50].

ArSCNþ 2é→ArS− þ CN−

ArSCNþ ArS−→ArSSArþ CN−

A peak at m/z 373.07 [MH]+ of the mass spectrum of (3), given in
Fig. S3, confirms the structure of (3) containing AsSSAr moiety.



Fig. 5. Optimized structures calculated with B3LYP/LANL2DZ level.
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The reaction of ligand (3)with antimony(III) chloride gave the pink
product (4) in poor yield and in a long time. The mass spectrum of (4),
given in Fig. S4, shows a peak at m/z 1202.34 [MH]+ corresponding
to Sb2L2Cl6 molecular formula. Themass fragmentation at 631.48 corre-
sponding to half of M with solvent fragment [1/2 M + CH3CN]+

supports the molecular formula.
The reaction of ligand (5) with antimony(III) chloride gave the

colorless product (6). The mass spectrum of (5), given in Fig. S5,
shows a peak at m/z 779.03 [M + CH3CN]+ corresponding to SbL2Cl3
molecular formula.
The molar conductance values in DMF solution of 1 × 10−3 M
of the complexes at 25 °C were found to be in the range
7.85–18.30 Ω−1 mol−1 cm2. The relatively low values indicate that
all complexes are non-electrolytes. According to obtained data, ligands
(1) and (5) act as neutral and monodentate ligands with one N donor
atom on pyrimidine ring, however, ligand (3) acts as a bidentate ligand
with one N donor atom on two different pyrimidine rings and gave
dinuclear complex (4).

Geometries of all complexes were optimized using a DFT/B3LYP/
LANL2DZ method/basis set to find the most stable structures.



Table 3
NMR chemical shifts values of the compounds.

Assignment Ligands Complexes

1 3 5 2 4 6

1H-NMR
OCH3 3.92 s 3.70 s 3.82 s 3.66 s 1.40 s 3.80 s
NH2 7.37 s 6.90 s 7.22 s 7.00 s 6.70 s 7.20 s
NH – – 15.98 s – – 15.60 s
SH – – – 10.65 s – –
13C-NMR
OCH3 55.12 54.22 54.64 55.27 54.92
C–SCN 71.84 – 71.83 –
S–C (prmd) 86.89 74.90 – 75.37
S–C (przl) 155.38 – 156.33
SCN 112.57 –
C–NH2 163.50 162.50 163.47 163.47 162.84
C–OCH3 170.56 171.25 171.32 170.44

171.67
171.11
172.24

Table 4
Glutathione reductase inhibitory activity of the compounds.

Comp. IC50 (μM) Ki (μM) Comp IC50 (μM) Ki (μM)

(1) 334.57 ± 10.41 162.01 ± 47.20 (2) 9.19 ± 0.30 1.79 ± 0.56
(3) 258.22 ± 8.48 122.70 ± 32.90 (4) 567.07 ± 75.01 43.4 ± 13.20
(5) 349.80 ± 12.01 158.68 ± 40.60 (6) 28.67 ± 3.40 27.9 ± 8.20
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Calculation results, given in Fig. 5, show that the ground state optimized
geometry of all complexes has square-pyramidal geometry. (2) and (6)
have a plane with two N donor atoms and two Cl atoms in the trans
arrangement, and one Cl atom above the plane (in apical position).
Two equatorial Sb–Cl bonds are long (mean: 2.71 Å) and one apical
Sb–Cl bond is short (Sb–Cl = 2.59 Å).

3.3. Spectral Analysis of the Complexes

1H-NMR and 13C-NMR spectra of the free ligand (1, 3, and 5) and their
complexes (2, 4 and 6) were given in Fig. S6–Fig. S14. The chemical shifts
of the ligands and their antimony(III) complexes are listed in Table 3. As-
signments of the carbon atoms in the 13C-NMR spectrum of the complex
(4) was not performed due to low solubility in DMSO-d6 and poor
Fig. 6. Antileishmanial activ
resolution of the obtained spectrum. The NMR spectra of the complexes
were evaluated by a comparative analysis with the spectra of free
ligands. Results can be summarized as follows:

(a) The signal at 112.57 ppm, which belongs to the carbon atom of
SCN group of (1), is disappeared, as mentioned above a new
signal appeared at 10.65 ppm, confirming the reduction of this
group with complex (2) formation.

(b) No significant differences concerning the chemical shifts of NH2

protons were observed with a complex formation, excluding
the possible coordination of ligands to the antimony(III) through
nitrogen of NH2 groups.

(c) Proton signals of OCH3 and NH2 of the (1)were shifted upfield in
comparison to that of (3).

(d) Proton signals of OCH3 with complex formation show no signifi-
cant shifting, except for binuclear complex (4).

(e) Signals of the ring C atom bound to the OCH3 group at about
170 ppm appear as two well-separated multiplets in the range
between 170 and 172 ppm; this was attributed to having two
different chemical environments with complex formation.

IR spectra of the complexes (2, 4, and 6) show the same spectral pat-
tern. νCN and νring stretching vibrations of the free pyrimidine ring at
~1561 cm−1 and ~994 cm−1 were shifted considerably towards higher
ity of the compounds.
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frequency with complex formation, indicating that pyrimidine bonded
to antimony through nitrogen donor atom [51]. νNH2 stretching vibra-
tions in complexes are not shifted considerably in comparison with
that of free ligands, indicated that ligands do not coordinate with
amine nitrogen atom.

3.4. In Vitro Antileishmanial Activity Evaluation

Antileishmanial activity data of the antimony(III) compounds and
corresponding ligands, obtained against the pathogenic L. tropica
promastigotes are pictorially presented in Fig. 6. Glucantime is used as
a reference standard. Following results were achieved from the obtain-
ed data:

(a) Antimony(III) compounds show more antileishmanial activity
than that of corresponding ligands.

(b) Compound (3), bearing SS bridge and having four N donor atoms
on pyrimidine ring, shows the best antileishmanial activity
among the ligands. Compound (1), having SCN substituents on
pyrimidine ring shows the second highest activity. Contrary to
expectations, tetrazole group on the pyrimidine ring does not in-
crease the activity.

(c) Compound (2), having SH group on the pyrimidine ring, exhibits
the best antileishmanial activity (5.76% growth inhibition at
62.50 μg/mL) but lower activity than that of reference drug
glucantime.

(d) Surprisingly, compound (4) shows the least activity among the
antimony(III) compounds. We assume that increased molecular
volume might be responsible for the decreasing antileishmanial
activity.

3.5. Glutathione Reductase Inhibition

IC50 values were determined graphically from concentration — %
activity curves (Fig. S15). Lineweaver–Burk graphs at fixed NADPH
concentration at 5 mM and variable GSSG concentration in the
range from 1 mM to 5 mM were drawn by using 1/Vmax vs 1/
[GSSG] values and Ki constant was calculated from these graphs
(Fig. S16). Kinetic investigations indicate that all compounds exhib-
ited competitive inhibition. Table 4 lists the IC50 and Ki values of all
compounds. Compound (2) is identified as the most potent glutathi-
one reductase inhibitor with IC50 and Ki value of 9.19 ± 0.30 μM and
1.79 ± 0.56 μM, respectively. Compound (6) behaved as the second
strongest inhibitor. The antimony(III) complexes show more inhibitor
activity than corresponding ligands. In addition, glutathione reductase
inhibitory activity order of the compounds is similar to antileishmanial
activity order.

4. Conclusions

Herein, we synthesized and characterized three new antimony(III)
complexes bearing 2-amino-4,6-dimetoxypyrimidine derivatives as
ligands. (3) acts as bidentate ligand and gives rise to binuclear
antimony(III) complex (4). Nevertheless, the remaining ligands (1 and
2) act as monodentate with one N donor atom on pyrimidine ring,
and give two monomeric antimony(III) complexes (2 and 6). In addi-
tion, the glutathione reductase inhibitory activity and antileishmanial
activity against the L. tropica promastigotes of all compounds were in-
vestigated. Results show that, monomeric antimony(III) compounds
perform more antileishmanial and glutathione reductase inhibitory
activity than that of corresponding ligands. However, binuclear
antimony(III) complex is less effective than its ligand considering
the increasing molecular volume decreases the biological activity.
Compound (2) bearing SH group on the pyrimidine ring exhibits the
best but lower antileishmanial activity compared to reference drug
glucantime. Contrary to expectations, tetrazole group on the pyrimidine
ring does not increase the activity. There is a strong correlation between
in vitro antileishmanial activity against the parasite and inhibition of
glutathione reductase by the antimony(III) complexes synthesized. It
is well known that glutathione reductase is the nearest homologue to
trypanothione reductase, which is a target for anti-trypanosomal as
well as antileishmanial drugs [52]. In addition, Similarity between
metabolic pathways of protozoa (Leishmania, Trypanosoma) and
tumor cells also lead to a correlation between antitrypanosomal
and antitumor activities [53]. Therefore, further studies to evaluate
both anticancer and antimalarial activities of the compounds, espe-
cially for (2) should be done. As a matter of fact, in our experiments,
we obtained that compound (2) has good plant glutathione reduc-
tase inhibitory activity.
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