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Introduction. Infectious diseases caused by bacteria 
are becoming more and more dangerous, despite many 

important advances in antibacterial therapy. The explanation 
lies in the broad and not always reasonable use of antibiotics, 
which in turn leads to the appearance of resistant to antibiotics 
strains of bacteria [2, 4, 7, 10].

In particular, the appearance of multidrug-resistant gram-
positive bacteria such as methicillin-resistant strains of the genus 
Staphylococcus, vancomycin-resistant representatives of the 
genera Streptococcus and Enterococcus, has become a serious 
problem in the treatment of bacterial diseases [8]. Obvious for 
the discussion remain the questions regarding the toxicity of 
antibiotics (tetracyclines, aminoglycosides, cephalosporins, 
etc.), their effect on the immune system (allergic reactions, 
immunosuppression), dysbiosis.

Thus, obtaining new compounds that would have shown 
minimal negative impact on the human body has become one 

of the most important areas of chemical and biological research 
today [7].

The aim of the work was the research of the antimicrobial 
and antifungal activity of 7-((3-thio-4-R-4Н-1,2,4-triazole-3-yl)
methyl)theophylline S-derivatives.

Objects and methods of research
The sensitivity of microorganisms to newly synthesized 

compounds was determined in accordance with the guidelines 
“Determination of the sensitivity of microorganisms to 
antibiotics” (approved by the order №167 from 05.04.2007) [3] 
and methodical recommendations “Study of the specifi c activity 
of antimicrobial drugs” [1]. During the research, from the initial 
drug concentration of 1mg/ml, there was prepared a series of 
twofold serial dilutions of the drug in the broth Mueller-Hinton 
in the volume of 1 ml, and then added to each tube 0,1 ml of 
microbial veil (106 microbial cells / ml).
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Aim. The research of antimicrobial and antifungal activity of 7-((3-thio-4-R-4H-1,2,4-triazoles-3-yl)methyl)theophylline S-derivatives has 
been erformed. 

Methods and results. Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922, Pseudomоnas aeruginosa ATCC 27853, Candida 
albicans ATCC 885-653 have been taken as a set of standard test-strains. It has been proved that the most active alkyl-derivatives are 7-((3-thio-
4-R-4H-1,2,4-triazole-3-yl)methyl)theophylline. Among the synthesized salts, which turned to be active against Staphylococcus aureus, the 
2-(5-((theophylline-7-yl)methyl)-4-phenyl-4H-1,2,4-triazole-3-ylthio)acetate ammonium has attracted our attention. 

Conclusion. The perspective class of compounds for further research on this type of biological activity has been defi ned.

Дослідження протимікробної та протигрибкової активності S-похідних  
7-((3-тіо-4-R-4Н-1,2,4-тріазол-3-іл)метил)теофіліну
А. С. Гоцуля, О. М. Камишний,  Н. М. Поліщук, О. І. Панасенко, Є. Г. Книш 
Здійснили дослідження протимікробної та протигрибкової активності серед S-похідних 7-((3-тіо-4-R-4Н-1,2,4-тріазол-3-іл)метил)

теофіліну. Як набір стандартних тест-штамів взято Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922, Pseudomоnas 
aeruginosa ATCC 27853, Candida albicans ATCC 885-653. Встановили, що найбільш активними серед сполук, які одержали, є алкілпохідні 
7-((3-тіо-4-R-4Н-1,2,4-тріазол-3-іл)метил)теофіліну. Серед синтезованих солей привернув увагу амоній 2-(5-((теофілін-7-іл)метил)-4-
феніл-4Н-1,2,4-тріазол-3-ілтіо)ацетат, який виявився активним стосовно Staphylococcus aureus. Визначили перспективний клас сполук 
для наступних досліджень за цим видом біологічної активності.
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Исследование противомикробной и противогрибковой активности S-производных 
7-((3-тио-4-R-4Н-1,2,4-триазол-3-ил)метил)теофиллина
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Проведены исследования противомикробной и противогрибковой активности среди S-производных 7-((3-тио-4-R-4Н-1,2,4-триазол-

3-ил)метил)теофиллина. В качестве набора стандартных тест-штаммов взяты Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 
25922, Pseudomоnas aeruginosa ATCC 27853, Candida albicans ATCC 885-653. Установлено, что наиболее активными среди полученных 
соединений являются алкилпроизводные 7-((3-тио-4-R-4Н-1,2,4-триазол-3-ил)метил)теофиллина. Среди синтезированных солей 
наибольшее внимание привлёк аммоний 2-(5-((теофиллин-7-ил)метил)-4-фенил-4Н-1,2,4-триазол-3-илтио)ацетат, который оказался 
активным по отношению к Staphylococcus aureus. Определён перспективный класс соединений для дальнейших исследований по 
данному виду биологической активности.
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The minimum inhibitory concentration (MIC) was determined 
by the lack of visible growth in vitro with the minimal 
drug concentration, the minimum bactericide / fungicide 
concentration (MBtsC / MFtsC) – in the absence of growth on 
agar after seeding with transparent tubes. Dimethyl sulfoxide 
was used as a solvent of the compounds in the research.

For primary screening study of synthesized substances we 
used standard test – cultures of both gram-positive and gram-
negative bacteria belonging to different morphological proper-
ties of clinically signifi cant groups of pathogens of infectious 
diseases. As a set of standard test-strains Staphylococcus aureus 
ATCC 25923, Escherichia coli ATCC 25922, Pseudomоnas 
aeruginosa ATCC 27853, Candida albicans ATCC 885–653 
were taken. All test-strains were obtained from the bacteriologi-
cal laboratory of the State institution “Zaporizhzhia Regional 
Laboratory Center of the state sanitary-epidemiological service 
of Ukraine”. Antibacterial drug trimethoprim was used for the 
qualitative control of antimicrobial activity of compounds with 
respect to the studied strains. Additionally, a control over nutrient 
media and solvent using conventional techniques was performed.

As the table shows, the MIC for E. coli averaged 100.52 μg/ml 
MBtsC – 325.4 μg/ml for S. aureus MIC – 78.4 μg/ml MBtsC 
– 380.3 μg/ml for P. aeruginosa MIC – 64.6 μg/ml MBtsK – 
279.2 μg/ml. Minimum fungal activity averaged 75.4 μg/ml, 
MFtsC – 114.6 μg/ml. 

Studies have shown that the greatest antimicrobial activity 
have alkyl derivatives 7-((3-thio-4-R-4H-1,2,4-triazole-3-yl)
methyl)theophylline, namely 7-((3-( heptylthio)-4-phenyl-
4H-1,2,4-triazole-5-yl)methyl)theophylline, 7-((3-(decylthio)-
4-ethyl-4H-1,2,4-triazole-5-yl)methyl)theophylline, 
7-((3-(octylthio)-4-ethyl-4H-1,2,4-triazole-5-yl)methyl)theoph-
ylline, 7-((3-(nonylthio)-4-ethyl-4H-1,2,4-triazole-5-yl)-methyl)
theophylline. Changing the length of the alkyl fragment with 
sulfur atom surely affects the activity. Thus, compounds with an 
impair number of Carbon atoms turned to be more active than 
binate one. The lengthening of the carbon chain fi rst causes a 
slight increase in activity (the transition to nonyl radical), and 
then it decreases (moving from nonyl fragment to decyl). Com-
pounds with ethyl radical position 4 of 1,2,4-triazole fragment 
were more active than with a phenyl radical.

Table
Antimicrobial and antifungal activity of 7-((3-thio-4-R-4Н-1,2,4-triazole-3-yl)methyl)theophylline S-derivatives

№ R R1
The strains that were 
used in the research

The result of the research

MIC, μg/ml MBtsC (MFtsC for C. 
albscans), μg/ml

1 2 3 4 5 6

1 CH3

E. coli 62,5 125
S. aureus 125 500

P. aeruginosa 62,5 500
C. albicans 125 125

2 CH3

E. coli 62,5 125
S. aureus 62,5 250

P. aeruginosa 62,5 250
C. albicans 62,5 125

3 CH3

E. coli 62,5 250
S. aureus 15,6 500

P. aeruginosa 62,5 125
C. albicans 62,5 62,5

4 C2H5

E. coli 250 500
S. aureus 31,25 250

P. aeruginosa 62,5 250
C. albicans 62,5 62,5

5 C2H5

E. coli 125 250
S. aureus 7,8 31,25

P. aeruginosa 62,5 250
C. albicans 31,25 31,25

6 C2H5

E. coli 62,5 125
S. aureus 3,9 7,8

P. aeruginosa 62,5 125
C. albicans 62,5 125
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Table Continuation
1 2 3 4 5 6

7 C2H5

E. coli 62,5 125
S. aureus 31,25 500

P. aeruginosa 62,5 250
C. albicans 62,5 125

8 C2H5

E. coli 62,5 125
S. aureus 125 500

P. aeruginosa 62,5 125
C. albicans 62,5 62,5

9 C6H5

E. coli 125 125
S. aureus 62,5 125

P. aeruginosa 62,5 125
C. albicans 31,25 250

10 C6H5

E. coli 125 250
S. aureus 62,5 500

P. aeruginosa 62,5 125
C. albicans 62,5 125

11 C6H5

E. coli 125 125
S. aureus 31,25 250

P. aeruginosa 62,5 250
C. albicans 12,5 125

12 C6H5

E. coli, 125 500
S. aureus, 7,8 250

P. aeruginosa, 62,5 250
C. albicans 31,25 31,25

13 C6H5

E. coli 62,5 250
S. aureus 31,25 500

P. aeruginosa 62,5 500
C. albicans 62,5 125

14 C6H5

E. coli 62,5 125
S. aureus 31,25 250

P. aeruginosa 62,5 500
C. albicans 125 125

15 C6H5

E. coli 125 125
S. aureus 125 500

P. aeruginosa 62,5 500
C. albicans 125 250

16 C6H5

E. coli 62,5 250
S. aureus 125 500

P. aeruginosa 62,5 125
C. albicans 62,5 250

17 C6H5

E. coli 62,5 250
S. aureus 62,5 500

P. aeruginosa 62,5 500
C. albicans 62,5 125

18 C6H5

E. coli, 62,5 250
S. aureus, 62,5 500

P. aeruginosa, 62,5 250
C. albicans 62,5 125

19 C6H5

E. coli 125 250
S. aureus 62,5 500

P. aeruginosa 62,5 125
C. albicans 62,5 125

20 C6H5

E. coli 125 250
S. aureus 125 125

P. aeruginosa 125 125
C. albicans 125 125
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28 C6H5

E. coli 125 250
S. aureus 125 500

P. aeruginosa 62,5 125
C. albicans 125 125

29 C6H5

E. coli 125 250
S. aureus 125 500

P. aeruginosa 62,5 500
C. albicans 62,5 62,5

30 C6H5

E. coli 125 250
S. aureus 125 500

P. aeruginosa 62,5 500
C. albicans 62,5 125

Attention is also attracted by 7-((3-thio-4-R-4H-1,2,4-
triazole-3-yl)-methyl)theophylline S-sulfone derivatives. Thus, 
3-(4-methylbenzene)thiosulfonyl-4-phenyl-5-((theophylline)-
methyl)-4H-1,2,4-triazole and 3-(4-acetamidobenzen)thio-
sulfonyl-4-methyl-5-((theophylline)methyl)-4H-1,2,4-triazole 
showed bacteriostatic activity against S. aureus. 

Obtaining salts also affected the activity. Comparing salts 
with organic and inorganic bases, organic proved to be more 
active. Among the synthesized salts of  2-(5-((theophylline-
7-yl)methyl)-4-phenyl-4H-1,2,4-triazole-3-ylthio)acetate 
ammonium, which turned to be active against S. aureus has 
attracted the attention.

Among the active compounds should also be noted 
7-((5-(2,4-dinitro-phenylthio)-4-phenyl-4H-1,2,4-triazole-3-yl)
methyl)theophylline, 2-(5-((theophylline)methyl)-4-phenyl-4H-
1,2,4-triazole-3-ylthio)acetamid, piperidine 2-(5-((theophylline)
methyl)-4-phenyl-4H-1,2,4-triazole-3-ylthio)acetate, S-5-
((theophylline)methyl)-4-phenyl-4H-1,2,4-triazole-3-yl-2-(2-
chloro-6-fl uorobenzyliden)-hidrazincarbothiomide.

The research of fungistatic and fungicidal activity of the 
synthesized compounds against C. albicans showed that the 
most active were alkyl derivatives 7-((3-thio-4-R-4H-1,2,4-
triazole-3-yl)methyl)theophylline. Among these compounds the 
particular interest  is caused by 7-((3-( heptylthio)-4-phenyl-4H-

1 2 3 4 5 6

21 C6H5

E. coli 62,5 250
S. aureus 7,8 125

P. aeruginosa 62,5 250
C. albicans 62,5 62,5

22 C6H5

E. coli 125 250
S. aureus 125 500

P. aeruginosa 62,5 250
C. albicans 62,5 125

23 C6H5

E. coli 125 250
S. aureus 125 500

P. aeruginosa 62,5 250
C. albicans 125 125

24 C6H5

E. coli 125 250
S. aureus 125 500

P. aeruginosa 62,5 500

C. albicans 62,5 125

25 C6H5

E. coli 125 500
S. aureus 7,8 500

P. aeruginosa 62,5 125
C. albicans 62,5 125

26

C6H5

E. coli 125 250
S. aureus 125 500

P. aeruginosa 62,5 125
C. albicans 125 125

27 C6H5

E. coli 125 250
S. aureus 125 500

P. aeruginosa 62,5 125

C. albicans 62,5 125

Table Continuation
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1,2,4-triazole-5-yl)methyl)theophylline (MFtsC – 125 μg/ml) 
and 7-((3-(octylthio)-4-ethyl-4H-1,2,4-triazole-5-yl)methyl)-
theophylline (MFtsC – of 31,25 μg/ml ). Active has also been 
7-((3-(2,4-dinitrophenylthio)-4-phenyl-4H-1,2,4-triazole-5-yl)-
methyl)theophylline (MFtsC – of 31,25 μg/ml).

Conclusions
1. The research of bacteriostatic and bacterial / fungal activity 

of 7-((3-thio-4-R-4H-1,2,4-triazoles-3-yl)methyl)theophylline 
S-derivatives has been conducted.

2. Some regularities of correlation between «structure-activ-
ity» have been established.

3. It has been proved that the most active alkyl-derivatives 
are 7-((3-thio-4-R-4H-1,2,4-triazole-3-yl)methyl)theophyl-
line.
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