
ABSTRACT 

 

The phenomenon of increasing resistance to antimicrobial drugs is one of the greatest 

problems of modern medicine. The available remedies are not always effective enough to 

fight infections caused by bacteria and viruses that are constantly mutating. We are also 

struggle with the escalating issue of the effectiveness of cancer therapy. As a result of 

diagnosing the disease in an advanced stage, a small number of targeted therapies 

available, or the inability to apply a sequential treatment regimen due to the lack of 

reimbursement of treatment costs of modern therapies in many countries, the struggle for 

the life of an oncological patient is a constant challenge. The unsatisfactory level of 

therapy effectiveness forces scientists for new substances development that will 

demonstrate high level of safety and efficacy. The use of precious metals in medicine may 

be the future in the fight against drug - resistant infections. Scientists have been working 

for years to create complex connections with transition metal ions. Unfortunately, the 

process from developing a new chemical structure to introducing it into medicine takes too 

much time and requires huge financial outlays, while the problem of drug resistance is 

increasing every year. For this reason, attempts are made to modify the existing structures 

with specific biological activity more and more often. The main goal of the research was 

the synthesis of a group of organic ligands, which are derivatives of thiosemicarbazide, 

1,2,4-triazole and thiosemicarbazone. All obtained structures were confirmed by 1H, 13C 

NMR and FTIR spectroscopic methods. X-ray structural analysis was performed for 

selected compounds, which confirmed the assumed molecular structure of the obtained 

ligands and allowed to determine the tautomeric form existing in the crystal. The common 

denominator of all obtained ligands is the ability to form complexes with metal ions, which 

was used for the synthesis of complex compounds with copper(II) ions. The next step was 

to obtain and confirm the structure of the received complexes as well as to determine the 

type of coordination connections and physicochemical properties.  

As a result of the conducted syntheses, eighteen thiosemicarbazide derivatives, eighteen 

1,2,4-triazole and nineteen thiosemicarbazone derivatives were obtained. Then, reached 

ligands were used for the synthesis of copper(II) complex compounds. A method for the 

synthesis of complex compounds was developed, for which the selection of solvents and 

reaction conditions was of key importance. The obtained connections were characterized 

by FTIR spectra, thermal analysis and elemental analysis. According to the data obtained, 

the coordination connections of thiosemicarbazide and 1,2,4-triazoline-5-thionium 



derivatives are anhydrous compounds and macromolecular. In turn, thiosemicarbazone 

derivatives form two types of connections with copper(II) ions. Connections of Cu(II) with 

ligands of the T series (compounds T1 and T16) occur simultaneously through the sulfur 

and nitrogen atoms, creating a five-arm ring. In the case of the remaining linkages, the 

central ion binds with ligands only through a sulfur atom. The newly obtained compounds 

were assigned appropriate structures. The newly received ligands and complex compounds 

were tested in vitro in order to determine the direction of biological activity. Taking into 

account the literature data, the antimicrobial and antitumor potential was determined. The 

assessment of the antibacterial activity of compounds from the group of thiosemicarbazide 

derivatives (series B) and 1,2,4-triazolin-5-thionium derivatives (series C) was performed 

against six bacterial strains: P. aeruginosa, E. coli, S. epidermidis, S. aureus , K. 

pneumoniae and E. faecalis. The highest zone of growth inhibition (10 mm) was shown by 

compound B3 at a concentration of 10 μg/ml. Series C compounds showed no significant 

antibacterial activity. In turn, the group of thiosemicarbazone derivatives (T series) turned 

out to be the most promising - the strongest inhibitory effect on the growth of S. aureus 

and S. epidermidis showed Compound T7 (MIC = 64 µg / ml), Compound T8 against S. 

aureus and S. epidermidis at the same concentration. The potential for anti-tuberculosis 

activity of compounds from groups B and C against Mycobacterium tuberculosis H37Ra, 

Mycobacterium phlei, Mycobacterium smegmatis and Mycobacterium timereck was also 

assessed. Compound B15 had an inhibition zone in the range of 8.8 - 10.8 mm for a 

concentration of 250 µg / ml. Only the anti-tuberculosis potential of C15 was demonstrated 

against Mycobacterium H37Ra (MIC = 62.5 µg / ml). In turn, the assessment of activity 

against three selected strains: M. tuberculosis H37Rv, M. tuberculosis sensitive to INH 

(strain no. 92), INH-resistant M. tuberculosis (strain no. 210) indicated the potential of T11 

and T19 compounds that inhibited the growth of Mycobacteria already at a concentration 

of 8 and 4 µg / ml, respectively, against all tested strains. 

The anti-tumor activity of the obtained ligands was also tested. In vitro tests were 

performed on three melanoma cell lines, three prostate tumor lines and the normal human 

skin fibroblast line. In the group of thiosemicarbazide derivatives, compounds B3, B5 and 

B9 showed low cytotoxic activity against all three melanoma lines. Among the 1,2,4-

triazole derivatives, only C3 showed a weak cytotoxic effect against the G361 and A375 

melanoma lines and the DU-145 and LNCaP prostate cancer lines. In turn, compound C9 

showed activity against the melanoma line and all three prostate cancer lines. T1 - T19 

compounds showed a weak or comparable to toxicity against normal fibroblasts cytotoxic 



activity against both melanoma and prostate cancer cell lines. Selected products of the 

complexation reaction with Cu(II) ions were also tested for biological activity. The 

conducted research shows that the complexing process did not have a significant influence 

on the antimicrobial activity. Among the complex compounds, the substances B1Cu, 

B10Cu and B11Cu showed cytotoxic activity against the human melanoma cell line G361. 

The Cu (C8) complex showed poor performance against the A375 line. Importantly, series 

C compounds were not toxic to normal cells. Much more promising results were obtained 

for the anti-tumor activity of Cu(II) complexes with thiosemicarbazone derivatives. 

Analysis of IC50 values showed that CuT1, CuT10 and CuT16 derivatives were toxic to 

A375 cells without significant toxicity to normal cells. Cu(II) complex compounds 

obtained CuT12 and CuT13 derivatives showed similar activity against malignant and 

normal cells. The obtained data show that the complexation process significantly increases 

the activity of thiosemicarbazone derivatives against the melanoma cell line. Received 

results suggest that the antitumor activity of the tested compounds results from oxidative 

DNA damage related to the reduced ability to neutralize ROS. Research in this direction 

will continue. 

 


