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The summary of the doctoral disseration 

 

Presented doctoral disseration consists of a series of publications which contain the 

results of research conducted in 2018-2022 in the Chair and Department of Organic 

Chemistry, Faculty of Pharmacy, Medical University of Lublin. The series of publications 

with a total Impact Factor of 20.904 (560 points from the Ministry of Science and Higher 

Education) include one review publication (A1) and four original publications (A2-A5) 

published in journals from the JCR list (Journal Citation Reports) on the synthesis and 

assessment of biological activity of new derivatives of 1,3,4-oxadiazole. As a result of 

the conducted research, 90 new compounds previously not described in the scientific 

literature was obtained, their chemical structure was confirmed and their biological 

activity was assessed in terms of their antibacterial and antifungal activity. For selected 

compounds, their cytotoxicity was also assessed and their lipophilicity was determined. 

The inspiration to focus on the discussed topic was a literature review which 

showed a serious global threat that modern medicine need to face off. This threat concerns 

increasing antibiotic resistance. It is a natural feature of microorganisms, but inproper use 

of antibiotics increases the dynamics of the growth and spread of this phenomenon. There 

are situations in which the treatment of bacterial infections such as pneumonia or 

tuberculosis becomes more difficult to treat because the antibiotics used so far have turned 
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out to be ineffective. This is the most significant problem as the reduction of the number 

of effective antimicrobial medicines leads to an increase in therapeutic problems, 

complications and even increase mortality. The percentage of microbial strains resistant 

to antibiotics reaches a critical level. The Staphylococcus aureus, resistant to methicillin, 

or MRSA - methicyllin-resistant Staphylococcus aureus, is extremely dangerous for 

human life and health. Patients with type 1 diabetes, undergoing hemodialysis, HIV 

carriers and people taking intravenous medications are particularly vulnerable. Due to the 

high virulence and the spread of multi-drug-resistant strains in 2017 the S. aureus was 

placed by the World Health Organization (WHO) on the list of pathogens for which new 

antibiotics are urgently needed. 

Not only bacterial strains are the threat, but also fungal diseases. They cause 

millions of deaths each year and the emergence of resistance to the few available 

antifungal agents exacerbates this problem. Systemic fungal infections are currently 

treated mainly with four groups of medicnes. Major role is played by the azoles to which 

resistant strains of the genus Candida have emerged. This is a serious problem because 

the clinicists do not have effective alternative treatments. 

Having in mind above mentioned facts, it is necessary to search for new substances 

that will be more effective and safe for patients at the same time. Such potential is 

demonstrated by the N-acetyl-1,3,4-oxadiazoline derivatives and intermediates in their 

synthesis - acylhydrazones. 

Acylhydrazones are compounds with antimicrobial activity proven in the scientific 

literature. They also have anti-inflammatory, anticancer and anticonvulsant properties. 

They are used in organic synthesis as intermediates for the preparation of many types of 

heterocyclic systems, e.g. 1,3,4-oxadiazole derivatives, which also show significant 

biological activity, including antibacterial, antitubercular, antifungal and antitumor 

activity. 

The subject of the research of this dissertation were 1,3,4-oxadiazole derivatives 

with an acetyl substituent in the 3rd position of the ring, which were obtained from 

acylhydrazones in the cyclization reaction with acetic anhydride. In turn, the 

acylhydrazones necessary for this synthesis were obtained from hydrazides of carboxylic 

acids subjected to a condensation reaction with a number of (hetero)aromatic aldehydes. 

The 90 new compounds were synthesized, the 45 each from two groups. The chemical 

structure of all of obtained substances was confirmed by spectroscopic methods by the 

analysis of the IR, 1H NMR and 13C NMR spectra. The compounds were synthesized in 
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three series and described in the original publications A2-A5. The following substances 

were used as the starting compounds for each series of the synthesis: 3-methyl-4-

nitrobenzoic acid hydrazide (A2), 4-methyl-1,2,3-thiadiazole-5-carboxylic acid 

hydrazide (A3, A4) and nicotinic acid hydrazide (A5) (Scheme). 
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Scheme. Route to the synthesis of N-acetyl-1,3,4-oxadiazoline derivatives 

 

All the derivatives obtained were tested for their potential antimicrobial activity. 

Microbiological tests were carried out with the use of the microdilution method and the 

microbiological material used for the research was a panel of reference pathogenic and 

opportunistic Gram-positive and Gram-negative bacterial stains and the fungi from 

Candida genus. The performed tests showed that the great amount of acylhydrazones 

showed higher activity against Gram-positive bacteria as compared to the analogous  

N-acetyl-1,3,4-oxadiazoline derivatives. In turn, the N-acetyl-1,3,4-oxadiazoline 

derivatives showed higher activity against Gram-negative bacteria and fungi of the 

Candida genus. 

The compound with a quinolin-4-yl substituent at the C-2 carbon atom of the 1,3,4-

oxadiazole ring and 3-methyl-4-phenyl substituent at position 5 of this system was 

characterized by the highest activity from the first series of N-acetyl-1,3,4-oxadiazoline 

derivatives A2. It showed activity against Staphylococcus epidermidis ATCC 12228 

strain equal to MIC = 0.48 µg/mL. It is also noteworthy that several of the tested 

derivatives were active against the MRSA strain S. aureus ATCC 43300, especially 

acylhydrazone with a 5-nitro-2-furoyl group obtained from 4-methyl-1,2,3-thiadiazole-5-

carboxylic acid hydrazide (MIC = 3.91 µg/mL). The nicotinic acid hydrazide derivative 

with the 5-nitro-2-furoyl moiety was also significantly active against Staphylococcus 

epidermidis ATCC 12228. For the same derivative, the MIC value of 3.91 µg/mL was 

observed towards the strain of MRSA S. aureus ATCC 43300. It is also worth to note to 

the activity of the N-acetyl-1,3,4-oxadiazoline derivative obtained from this 



4 
 

acylhydrazone, which was the most active against two fungi (Candida albicans ATCC 

10231 and Candida parapsilosis ATCC 22019) with an MIC of 15.62 µg/mL. 

For selected derivatives number of cytotoxicity tests were carried out with the use 

of the normal cells lines: L929 and CCD 841 CoTr and cancer cells lines, including A549, 

HeLa, HepG2 and HT29. These studies confirmed the low toxicity of the obtained 

compounds against normal cell lines, but did not show any antitumor potential. 

For one series of compounds, the lipophilicity studies were carried out, which 

showed no significant correlation between the compound's lipophilicity and their activity, 

and the molecular docking studies confirmed the results of microbiological tests. 

In conclusion, the conducted studies allow to conclude that the obtained N-acetyl-

1,3,4-oxadiazoline derivatives provide a certain basis for continuation of the research on 

the exploration of new antimicrobial agents with good activity and low cytotoxicity. 


