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ABSTRACT. Ruthenium(III), gold(III), and iridium(III) trimethoprim drug (TMP) complexes were synthesized 
and analyses via microanalytical approach (C, H, N analysis), magnetic, molar conductance, and FTIR, 1H NMR, 
XRD, and UV-Vis spectroscopy. Through two nitrogen atoms of –NH2 amino groups, the TMP drug coordinated as 
a bidentate ligand towards the corresponding three metal ions. The geometrical structure of the compounds 
ruthenium(III), gold(III), and iridium(III) is octahedral and consists of two TMP molecules, two coordinated 
chlorine atoms, and one uncoordinated chlorine atom. The antibacterial properties of TMP complexes have been 
investigated through the use of many bacterial species, including Pseudomonas aeruginosa, Bacillus subtilis, 
Staphylococcus aureus, and Escherichia coli. Additionally, the generated complexes' anticancer properties against 
HepG-2 (human hepatocellular carcinoma) and MCF-7 (human breast cancer cell line) have been assessed. In 
contrast to those of clinically used antibiotics, the inhibition zone of ruthenium and iridium(III) complexes was in 
the low efficiency range, and the antibacterial activity of gold(III) complexes was moderate. This article discusses 
the possibilities and prospects for this family of metallodrugs as antibacterial or anticancer medicines. 
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INTRODUCTION 
 

It is commonly known that trimethoprim (2,4-diamino-5-(3,4,5-trimethoxy benzyl) pyrimidine, 
TMP) inhibits the enzyme dihydrofolate reductase (DHFR). It has antiparasitic properties as well 
as being a member of the synthetic antibacterial agent class known as diaminopyrimidines [1]. It 
works well against illnesses brought on by both Gram-positive and Gram-negative bacteria [2], 
as well as the majority of common bacterial species [3]. On the other hand, simple urinary tract 
infections can be prevented and treated with trimethoprim alone [4]. It is well known that the 
majority of these compounds are vulnerable to interference by oxygen, nitrogen, or sulphur atoms 
included in the medication formulations when haemoglobin in the blood is involved [5]. Those 
who take significant doses of these antibiotics experience a decrease in the amount of iron in their 
bodies due to the binding property [6], preventing its association with haemoglobin. As a result, 
researchers started to consider and look for new medications to treat drug-resistant illnesses. On 
the other hand, these medications don't interact with haemoglobin in cases where another binding 
(such as metal ions) has blocked their active sites. Metal–drug complexes have drawn a lot of 
interest and produced a number of innovative and useful medications. Numerous domains are the 
subject of ongoing research [7-17], when found in bodily fluids or tissue cells, many metal 
complexes have greater action against a variety of microorganisms, even those that have a high 
level of resistance to the antibiotic itself. For example, it has been discovered that the metal 
complexes of sulfa medications are more bacteriostatic than the antibiotic itself [18-20]. 
Trimethoprim organometallic compounds play a significant role in coordination chemistry. With 
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the majority of transition metals, it forms stable complexes and exhibits stronger antibacterial and 
antimicrobial properties. Trimethoprim interacts as a monodentate ligand when it forms 
complexes with transition metal ions, such as those with Cu(II), Zn(II), Pt(II), Ru(II), Fe(III), 
Cd(III), Co(III), and Co(II) [21, 22]. Trimethoprim also forms square planar, tetrahedral, and 
octahedral geometries [20-22]. Recent years have seen a considerable increase in interest in 
trimethoprim-transition metal complexes because of their remarkable biological qualities, 
stability, and simplicity of modification. In light of this, our goals for this work are to: i) construct 
the Au(III), Ru(III), and Ir(III) complexes using the antifolate-trimethoprim medication; ii) 
characterize the synthesis complexes; and iii) investigate the antibacterial and anticancer 
properties of the generated complexes. 

EXPERIMENTAL 
 

Chemicals  
 

Without additional purification, trimethoprim medication, gold(III) chloride, iridium(III) 
chloride, and ruthenium(III) chloride hydrate salts were utilized in the synthesis after being 
obtained from Sigma-Aldrich Chemical Company, USA.  
 

Instruments 
 

The types of analyses and models that go along with them are as follows: 
 

Analytical type Specifications 
Elemental analyses 
Melting points 

Perkin Elmer CHN 2400 
Stuart Melting Point Apparatus 

Conductance Jenway 4010 conductivity meter 
FTIR spectra Bruker FTIR Spectrophotometer 
Electronic spectra 
Magnetic moment 
1H NMR spectra  

UV2 Unicam UV/Vis Spectrophotometer 
Magnetic Susceptibility Balance 
500 MHz Jeol Jnm Eca 500 NMR Spectrometer 

Thermo gravimetric  TG/DTG–50H, Shimadzu thermo-gravimetric analyzer 
XRD spectra  X 'Pert PRO PANanalytical, with copper target 
SEM  Jeol Jem-1200 EX II at an acceleration voltage of 25 kV 
TEM Jeol, 100s microscope 

 
Synthesis 
 
To generate ruthenium, gold, and iridium(III) trimethoprim complexes, 1.0 mmol each of RuCl3 

(0.208 g), AuCl3 (0.304), and IrCl3.xH2O (0.299 g) were mixed with 2.0 mmol TMP (0.581 g) in 
30 mL of methanol. After the mixtures were refluxed for around four hours until colored 
precipitates started to form, the solid products were filtered out and repeatedly washed with small 
volumes of methanol. In a vacuum desiccator set over anhydrous CaCl2, the solid precipitates 
were dried and sealed.  

RESULTS AND DISCUSSION 
 
Elemental analysis and physical measurements 
 
The yields of the solid products of the ruthenium(III), gold(III), and iridium(III) TMP complexes 
range from 75-79%. The produced complexes are soluble in organic solvents like DMSO and 
DMF but insoluble in water and most other organic solvents. Three TMP complexes that were 
synthesized have a melting point of about 300 oC. It is supported by the lack of impurities that 
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the solid complexes have sharp melting points. The theoretical data, as shown in Table 1, is in 
good agreement with the microanalysis (C, H, N, and metal percentages) of the experimental 
results. Figure 1 shows the chemical formula [M(TMP)2(Cl)2].Cl, along with the hypothesized 
structures of 1:2 (M:TMP) Ru(III), Au(III), and Ir(III)  dna ,)III(uA ,)III(uR ehT .sexelpmoc PMT-
Ir(III)-TMP complexes synthesized at a 10−3 M concentration and dispersed in dimethyl sulfoxide 
(DMSO) solvent exhibit molar conductance’s of Λm = 37, 42, and 39 ohm-1.cm2.mol-1, 

 eht yb detaroborroc saw sexelpmoc PMT eerht lla fo ytreporp citylortcele ehT .ylevitcepser
 fo ecnaraeppa eht yb demrifnoc saw snoitisopmoc levon fo tnempoleved ehT .]32[ atad deniatbo

.sexelpmoc deroloc   
 
Table 1. Microanalysis and physical data of Ru, Au, and Ir(III)-TMP .sexelpmoc  
 

Complex Color 
Conductance/ 

(ohm-1.cm2.mol-1) 
Element Calc./% Found/% 

Ru(III) 
Greenish 
black  

37 

C 42.64 42.44 
H 4.57 4.51 
N 14.21 14.10 
Ru 12.82 12.77 

Au(III) Orange 42 

C 38.01 38.00 
H 4.07 4.04 
N 12.67 12.55 

Au 22.28 22.16 

Ir(III) Black 39 

C 38.22 38.17 
H 4.09 4.07 
N 12.74 12.65 
Ir 21.86 21.79 
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Figure 1. Suggested structures of Ru(III), Au(III), and Ir(III)-TMP complexes. 
 
FTIR spectra 
 
The infrared spectra of the trimethoprim free ligand, Ru(III), Au(III), and Ir(III) complexes are 
shown in Figure 2, and their assignments are listed in Table 2. Through pyrimidine nitrogen atoms 
(NH2 and C=N groups) and oxygen of methoxyl groups, the trimethoprim free ligand possesses 
an oxygen and nitrogen donating atom. νas(NH2), νs(NH2), ν(C=N), ν(C=C) of the pyrimidine and 
trimethoxy moieties give rise to several distinctive groups in trimethoprim-free medication, with 
stretching frequencies at 3470, 3319, 1635 and 1594 cm-1. After complexation, the pyrimidine 
ring's vibration bands νas(NH2), νs(NH2) and ν(C=N) shift to lower/higher wavenubmers and 
exhibit within the range of 3429–3404 cm−1, 3333–3318 cm−1, and 1659–1638 cm−1, respectively. 
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These results supported the coordinated movement of the amino group's nitrogen atoms towards 
central metal ions, which the stretching vibration of ν(C=N) of pyrimidine ring is set not changed, 
because of not involved in the coordination process [24, 25]. The existence of additional 
frequencies in the complexes' spectra at the 529–427 cm−1 region is ascribed to ν(M—N) and [25]. 
The TMP coupled to respected metal ions as a bi-dentate ligand through the nitrogen atoms of the 
NH2 amino groups, as proven by the infrared assignments [26]. 
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Figure 2A. FTIR spectrum of TMP free drug. 
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Figure 2B. FTIR spectrum of Ru(III)-TMP complex. 
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Figure 2C. FTIR spectrum of Au(III)-TMP complex. 
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Figure 2D. FTIR spectrum of Ir(III)-TMP complex. 
 
Table 2. Infrared spectral data (cm-1) of TMP and Ru, Au, and Ir(III)-TMP complexes. 

 

Compounds 
Frequencies, cm-1 

νas(NH) νs(NH) ν(C=N) ν(C=C) ν(M-N) 
TMP 3470 3319 1635 1594 - 
Ru(III) 3404 3318 1638 1593 508, 463, 427 
Au(III) 3429 3333 1659 1593 529, 483, 443 
Ir(III) 3408 3322 1638 1593 529, 508, 448 

 
Electronic spectra and magnetic susceptibility 

In order to obtain electronic UV–Vis spectra in the 800-200 nm range, the Ru(III), Au(III), and 
Ir(III)–TMP complexes with 10-3 M in DMSO solvent were scanned. Table 3 lists the assignments 
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of electronic peaks. Three electronic transitions are visible in the Ru(III) complex at 24390 cm−1, 
30488 cm−1, and 36496 cm−1. It is possible to attribute these transitions to 2T2g→4T1g (ν1), 
2T2g→4T2g (ν2), and 2T2g→2A2g (ν3). Calculations are made for the ligand field parameters (10 
Dq), the Racah interelectronic repulsion parameters (B and C), and the nephelauxetic parameter 
( = B/B', where B' = 630 cm−1). The observation of a single unpaired electron in an octahedral 
environment for the Ru(III) ion in a low spin 4d5 configuration is supported by the magnetic 
moment of 2.11 B.M. of the ruthenium(III) complex [27-33]. 

Observing all of the anticipated bands may be impossible due to interference caused by 
charge-transfer transitions in the electronic spectra of the gold(III) complex [32, 33]. Metal ligand 
charge transfer (M→LCT) and the d-d transition band can be used to explain the distinct bands at 
33898 cm−1 and 28409 cm−1. The other weak band at 25000 cm−1 is caused by the combination of 
d-d transition bands and N→Au(III) metal charge transfer (Lπ→AuCT). The geometry of the 
gold(III) complex must be octahedral as it displays diamagnetic properties. After complexation, 
a decrease in frequency is caused by the interaction of the amino group nitrogen atom with the 
Au(III) ion. 

The iridium(III) complex has a diamagnetic property. The iridium(III) complex's UV–Vis 
spectrum has bands at 30395 cm–1 and 35714 cm–1. These two bands were inferred from the 
ground state 1A1g. Regarding the two spin-allowed transitions, 1A1g→1T1g (ν1) and 1A1g→1T2g (ν2), 
they were discovered within the expected ranges [27-31]. According to the octahedral geometry 
for iridium(III) complexes described in the literature [33], the ratio v2/v1 in the Ir(III) complex is 
1.1750. The 1A1g→1T1g (ν1) and 1A1g→1T2g (ν2) transitions have been used to calculate the ligand 
field parameters 10Dq and nephelauxetic (B) [32,33]. The resultant values of the ν2/ν1, 10Dq, B, 
C, and  parameters agree with those of other iridium(III) complexes from previous studies [32, 
33]. B value in the Ir(III) complexes indicates a significant covalency overlap in the metal ligand 
-bond and corresponds to about 49.70% of the free iridium ion (660 cm–1). 

 
Table 3. Electronic spectral bands (cm−1) and ligand field parameters of Ru3+, Au3+ and Ir3+TMP complexes. 

 
Complex ν2/ν1 10 Dq (cm-1) B (cm-1) C (cm-1)  
Ru(III) 1.2500 41292 762 3273 1.209 
Au(III) - - - - - 
Ir(III) 1.1750 31725 332 1330 0.5030 

 

1H NMR spectrum 
 
The 1H NMR spectrum data of the trimethoprim gold(III) complex in d6-DMSO refer to the 
present of distinguish proton signals as compared to that of the free trimethoprim ligand ((δ, ppm) 
= 3.533 (2H, CH2), 3.620-3.725 (9H, 3OCH3), 6.559 (2H, trimethoxy moiety), 7.529 (1H, 
pyrimidine moiety), 6.14 and 7.529 (4H, NH2 pyrimidine moiety) [34]. The proton NMR of 
[Au(TMP)2(Cl)2].Cl showed two major peaks at the aromatic region for three protons at δ (ppm) 
(7.395-7.528 and 7.598-7.760) and 8.295-8.382 ppm assigned to (2H, trimethoxy moiety) and 
(1H, pyrimidine moiety), respectively. The two protons of the methylene group are located at δ 
(ppm) = 3.578-3.615 (2H, CH2) and in case of the protons of trimethoxy group can be observed 
as a peaks at δ(ppm) 3.709-3.815 (9H, 3OCH3) regarding for nine protons. In [Au(TMP)2(Cl)2].Cl 
four major peaks can also be observed in the NH2 region which were successfully assigned at 
δ(ppm) = 6.582, 6.608, 6.989, and 6.999 ascribed to (4H, NH2 pyrimidine moiety) for two 
trimethoprim moiety. The coordination of the gold(III) metal ions can be seen from the downfield 
shift of the proton NMR signals assigned in this spectrum (Figure 3).  
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Figure 3. 1H NMR spectrum of Au(III)-TMP complex. 
 
Differential scanning colorimeter 
 
DSC thermograms have shown an endothermic peak of trimethoprim pure drug at 203 °C [35], 
which corresponded to its melting point. DSC thermograms (Figures 4A-C and Table 4) of 
trimethoprim–Ru(III), trimethoprim–Au(III) and trimethoprim–Ir(III) metal complex showed 
endothermic peaks at (277, 320, 388 and 751°C), (169, 296, 344 and 495°C) and (285, 394, 487 
and 561°C), respectively). The results of the thermograms obtained from DSC of trimethoprim–
Ru(III), trimethoprim–Au(III) and trimethoprim–Ir(III) metal complexes revealed the interaction 
between the drug and metals. The thermogravimetric studies of all the trimethoprim–Ru(III), 
trimethoprim–Au(III) and trimethoprim–Ir(III) complexes were carried out under nitrogen 
atmosphere at a heating rate of 15 °C/min per minute. The thermal decomposition of the 
complexes proceeds in three-to-four stages. The trimethoprim–Ru(III), trimethoprim–Au(III) and 
trimethoprim–Ir(III) complexes are thermally stable up to 177, 140 and 197 °C, respectively. This 
table agreed with the elemental analysis of Table 1. The first stage of decomposition corresponds 
to endothermic decomposition of complexes by the loss of chlorine atoms occurs in the 
temperature range 177–308, 140–210, and 197–385 °C, respectively. The second decomposition 
with endothermic peak by the loss of two TMP ligand moieties occurs in the temperature range at 
308–800, 210–800 and 385–800 °C, respectively. The solid residues above 540, 650 and 557 °C 
were identified as RuO2 oxide, Au metal and IrO2 oxide, respectively. In all the complexes, the 
final products are metal-to-metal oxides. 
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Figure 4A. DSC thermogram of 
Ru3+TMP complex. 
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Figure 4B. DSC thermogram of Au3+TMP 
complex. 
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Figure 4C. DSC thermogram of Ir3+TMP complex. 

Table 4. Thermal analytical data of the trimethoprim metal complexes. 
 

Complex Stage Temp. range/ oC Assignment Mass loss/ % Residue 
 

Ru(III) 
1st 177-308 3Cl 13.51  

RuO2 2nd 308-420  
2TMP 

 
73.68 3rd 420-541 

4th 541-800 
 

Au(III) 
1st 140-210 3Cl 12.05  

Au metal 2nd 210-378  
2TMP 

 
65.69 3rd 378-650 

4th 650-800 
 

Ir(III) 
1st 197-385 3Cl 12.11  

IrO2 2nd 385-557 2TMP 66.04 
3rd 557-793 

 
Scanning and transmission electron microscopy 
 
Three distinct magnifications (3–50 µm) were used to capture the morphological SEM 
micrographs of the trimethoprim–Ru(III), trimethoprim–Au(III), and trimethoprim–Ir(III) metal 
complexes. While [Au(TMP)2(Cl)2].Cl displayed a structure resembling little stones, the 
[Ru(TMP)2(Cl)2].Cl complex displayed condensed slices, and [Ir(TMP)2(Cl)2].Cl displayed a 
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well-homogeneous structure with huge stone structures (Figure 1S, supplementary material). The 
structural alteration and the development of new complexes are evident in the SEM micrographs 
of the trimethoprim metal complexes, trimethoprim–Ru(III), trimethoprim–Au(III), and 
trimethoprim–Ir(III).  

Trimethoprim–Ru(III), trimethoprim–Au(III), and trimethoprim–Ir(III) complexes 
nanoparticles are amorphous aggregates, as demonstrated by the TEM image (Figure 2S, 
supplementary material). Based on TEM images, the size of the complexes' nanoparticles, 
[Ru(TMP)2(Cl)2].Cl, [Au(TMP)2(Cl)2].Cl, and [Ir(TMP)2(Cl)2].Cl, are determined to be between 
30-36 nm. 
 
Powder XRD studies of trimethoprim metal complexes 
 
In qualitative terms, the degree of crystallinity is explained by the XRD patterns. According to 
Figure 5A-C, the diffractograms for [Ru(TMP)2(Cl)2].Cl, [Au(TMP)2(Cl)2].Cl and 
[Ir(TMP)2(Cl)2].Cl complexes shows values ranging from 2 to 70° (2θ). The graph compares all 
of the peaks indexed 2θ values. When the values are compared, they show that the values of 2θ 
and d values match well together [36].  
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Figure 5A. XRD spectrum of Ru(III)-TMP 
complex. 
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Figure 5B. XRD spectrum of Au(III)-TMP 
complex. 
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Figure 5C. XRD spectrum of Ir(III)-TMP complex. 

 
 As indicated by Figure 5A, the diffraction peaks at 2θ values 38, 42, 45, 56, and 66° were 
indexed as 100, 002, 101, 102, and 110, respectively. Using X-ray diffraction, the synthesis of the 
[Au(TMP)2(Cl)2].Cl metal complex was verified. As seen in Figure 5B, the diffractogram of the 
trimethoprim-Au(III) complex shows peaks at 2θ values of 38, 44, and 64°, which were indexed 
as 111, 200, and 220, respectively. By using the X-ray diffraction technique, the production of the 
[Au(TMP)2(Cl)2].Cl metal complex was verified [37]. Three peaks, which correspond to 
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conventional Bragg reflections (111), (200), and (220) of the face centers of the cubic lattice, 
represent crystalline nanoparticles. Preferential growth in the (111) direction can be seen in the 
sharp peak at 38. The crystallinity in the powder X-ray diffraction data was moderate. The Bragg 
reflections at 40º, 46º, and 67º in the XRD patterns of the [Ir(TMP)2(Cl)2].Cl complex (Figure 5C) 
match the indexed planes of the iridium metal crystals (111), (200), and (220) [38]. 
 
Antibacterial and anticancer activities 

Due to the fact that bacteria can develop a resistance to antibiotics through biochemical and 
morphological changes, the trimethoprim metal complexes (Standard: Ampicillin Antibacterial 
agent) were investigated for their antibacterial efficacy against bacteria [39]. The organisms 
employed in the current studies were Pseudomonas aeruginosa (P. aeruginosa), Bacillus subtillis 
(B. subtilis) (as gram-positive bacteria G+), Escherichia coli (E. coli), and Staphylococcus aureus 
(S. aureus) (as gram-negative bacteria G-). The well diffusion method was then used to assess the 
zone of inhibition of trimethoprim–Ru(III), trimethoprim–Au(III), and trimethoprim–Ir(III) metal 
complexes against G- and G+ bacteria [40]. All of the metal complexes exhibit uninhibited 
antibacterial activity when compared to conventional Ampicillin. When compared to the 
conventional antibacterial agent ampicillin, the trimethoprim–Au(III) metal combination 
demonstrated less effective antibacterial action. 
 The trimethoprim–Ru(III), trimethoprim–Au(III), and trimethoprim–Ir(III) metal complexes 
were evaluated for their in vitro cytotoxicity towards MCF-7 cells (human breast cancer cell line) 
and HepG-2 cells (human Hepatocellular carcinoma) which were obtained from VACSERA 
Tissue Culture Unit. Cytotoxic activity was evaluated by Viability assay for cytotoxicity 
assessment [41]. In order to perform the cytotoxicity assay, 1×104 cells per well of 96-well plates 
were seeded in 100 µl of growth media. After 24 hours of seeding, new medium with varying 
quantities of the test sample was introduced. Confluent cell monolayers were pipetted into 96-
well flat-bottomed microtiter plates (Falcon, NJ, USA) using a multichannel pipette, and serial 
two-fold dilutions of the chemical component under test were added. Differences were considered 
significant at P<0.05. The IC50 values, defined as a dose of compound that inhibits cell growth by 
50%, were calculated from concentration response curves.  
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Figure 6A. Evaluation of cytotoxicity of Au (IC50 = 13 ± 0.8 µg/mL), Ir (IC50 = 20.6 ± 1.6 µg/mL), 
Ru(III)-TMP (IC50 = 24.4 ± 1.6 µg/mL) complexes against HepG-2 cell line. 
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Figure 6B. Evaluation of cytotoxicity of Au (IC50 = 15.5 ± 0.9 µg/mL), Ir (IC50 = 25.1 ± 1.7 
µg/mL), Ru(III)-TMP (IC50 = 29.2 ± 1.8 µg/mL) complexes against MCF-7 cell line. 

 
 Figure 6A-B shows effect of different concentrations of tested trimethoprim complexes on 
two MCF-7 and HepG-2 cells after 24 incubation times. The results suggest that trimethoprim–
Au(III) exhibit (IC50 = 13 ± 0.8 µg/mL) and (IC50 = 15.5 ± 0.9 µg/mL) effects on both HepG-2 
and MCF-7 cells. The trimethoprim–Ru(III) complex exhibits cytotoxic effects on both cell lines, 
as (IC50 = 24.4 ± 1.6 µg/mL) and (IC50 = 29.2 ± 1.8 µg/mL), respectively. In case of trimethoprim–
Ir(III) metal complex, the cytotoxic effect was considerably less pronounced, since calculated 
IC50 values were (IC50 = 20.6 ± 1.6 µg/mL) and (IC50 = 25.1 ± 1.7 µg/mL) against both HepG-2 
and MCF-7 cells. Such findings could suggest that the investigated chemicals have a weaker 
inhibitory effect on cell proliferation or that the human breast cancer and human hepatocellular 
carcinoma cell lines are less susceptible to them. 
 

CONCLUSION 
 
This study synthesized and characterized new trimethoprim–Ru(III), trimethoprim–Au(III), and 
trimethoprim–Ir(III) metal octahedral complexes via elemental analysis, magnetic susceptibility, 
UV-Vis, FTIR, 1H-NMR, TGA, DSC, TEM, XRD, and SEM. The ligand performs the function 
of a bidentate in each compound. Evaluation of cytotoxicity of Au, Ir, Ru(III)-TMP complexes 
against HepG-2 cell line are (IC50 = 13 ± 0.8 µg/mL), (IC50 = 20.6± 1.6 µg/mL) and (IC50 = 24.4 
± 1.6 µg/mL) and evaluation of cytotoxicity of Au, Ir, Ru(III)-TMP complexes against MCF-7 
cell line are (IC50 = 15.5 ± 0.9 µg/mL), (IC50 = 25.1 ± 1.7 µg/mL), and (IC50 = 29.2 ± 1.8 µg/mL), 
respectively, these metal complexes have demonstrated marginally significant cytotoxicity and 
antibacterial activity. It is discovered that every metal chelate is an electrolyte. These findings 
will undoubtedly motivate additional study on drug-metal complexes in the medical field. 
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