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The search for new and effective antimicrobial
and antifungal agents is an important task of medical
chemistry. In this paper is set out the results of
microbiological screening of new derivatives of
[1,2,4]triazolo[4,3-a]pyrazine. Investigations have shown
that these compounds show moderate antimicrobial
activity against standard test systems, and some of them
can be used for further modification in order to enhance
their influence on the microbial cell.
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The massive and uncontrolled wuse of
antimicrobial and antifungal agents leads to appear
microbial resistance to popular drugs [1-3] and in turn it
limit the antibiotic use, which is one of the important
causes of treatment failure [4]. In the latest report by the
World Health Organization (WHO) [5], the problem of
resistance to antimicrobial agents, including antibiotics, is
considered globally. This means that the threat is not just
a prediction for the future, but it’s the real situation in
many countries today. The main solution to this problem
is prevention of bacterial infection (personal hygiene,
access to clean drinking water, etc.) in order to reduce the
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need for antibiotics and the search for new effective drugs
with a new formula for the treatment of infectious
diseases.

From the literature it is known that derivatives of
[1,2,4]triazolo[4,3-a]pyrazine testify have a wide range of
biological actions [6-12]. Our attention was attracted by
works, which had studied the antimicrobial activity some
of compounds from this row [12] and their antifungal
action [7].

Materials and methods

We made a library of these compounds for
virtual screening using the PASS C&T (Prediction
Activity Spectra for Substances: Complex & Training)
program [13-20] lean on the published data of the
fragment of structures [1,2,4]triazolo[4,3-a]pyrazine
activity. According to the results we have chosen
[1,2,4]triazolo[4,3-a]pyrazin-8(7H)-one derivatives as the
researching objects that had the most likelihood of
manifestation of these pharmacological effects (P;) is
within 0.5<P,<0.8. These substances were synthesized by
the authors according to the previously developed scheme
at the National University of Pharmacy [21].

As a result, we have received 35 synthetic
compounds of 7 series, namely: 3-alkyl-N'-aryl/benzyl-
[1,2,4]triazolo[4,3-a]perazin-8(7H)-ones 1{1-5}, N’-aryl-
3-(8-0x0-7H-[1,2,4]triazolo[4,3-a]pyrazin-3-yl)carboxylic
acids 2{1-5}, 3-aryl-N"-aryl/benzyl-[1,2 4]triazolo[4,3-
a]pyrazin-8(7H)-ones 3{1-5} (Fig. 1), N'-aryl/benzyl-3-
thioxo-[1,2,4]triazolo[4,3-a]pyrazin-8(7H)-ones  4{1-5},
N’-aryl-[1,2,4]triazolo[4,3-a]pyrazin-3,8(2H,7H)-diones
5{1-5}, N2-arylacetamide/benzyl-N-aryl-
[1,2,4]triazolo[4,3-a]pyrazin-3,8(2H,7H)-diones  6{1-5}
(Fig.  2),  3-(S-N-arylacetamide/benzyl)thio-N"-aryl-
[1,2,4]triazolo[4,3-a]pyrazin-8(7H)-ones 7{1-5} (Fig. 3,
Tab. 1).
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Figure 1. The structural formula of the compounds of series 1, 2 and 3
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Figure 2. The structural formula of the compounds of series 4, 5 and 6
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Figure 3. The structural formula of the compounds of series 7

Table 1. Objects of research

Number R1 R2 X
1{1} 4-FPh H -
1{2} 4-CIPhCH, Me -
1{3} 4-OMePh Et -
1{4} Ph Pr -
1{5} 4-CIPhCH, i-Pr -
2{1} 3,4-diMePh (CH,),COOH -
2{2} 4-OMePh (CH,),COOH -
2{3} 4-CIPh (CH,);COOH -
2{4} 3-FPh (CH,);COOH -
2{5} 4-OMePh CH,CH(CHs)CH,COOH -
3{1} Ph 4-CIPh -
3{2} 4-OMePh 3,4-diOMePh R
3{3} 4-FPh 4-CIPh -
3{4} 4-FPh 3,4-diOEtPh -
3{5} 4-MePhCH, 3,4-diOMePh -
4{1} 4-iPrPh - S
4{2} 4-BrPh - S
4{3} 4-FPh - S
4{4} 3-Cl-2-MePh - S
4{5} 4-CIPhCH, - S
5{1} 2-OMePh - 0
5{2} 4-OEtPh - 0
5{3} 4-BrPh - 0
5{4} 3,4-diFPh - 0
3{5} 3-Cl-4-OMePh - 0
6{1} Ph 4-MePhCH, 0
6{2} Ph 4-CIPhCH, 0
6{3} 4-OMePh 4-CIPhCH, 0
6{4} 4-FPh 4-MePhCH, 0
6{5} 4-OMePh 4-CIPhANHCOCH, 0
{1} Ph 4-CIPhCH, -
7{2} 4-OMePh 4-MePhCH, -
7{3} 4-FPh 4-MePhCH, -
7{4} Ph 2-CF;PhNHCOCH, -
7{5} 4-BrPh 4-OMePhNHCOCH, -

* Me — methyl, Et — ethyl, Pr — propyl, Ph — phenyl.

The research of antimicrobial and fungicidal
activity of the synthesized compounds was carried out in
the laboratory of antimicrobial agents State Institution «I.
Mechnikov Institute of Microbiology and Immunology
National Academy of Medical Sciences of Ukraine»
under the leadership of PhD, senior scientist
V.V.Kazmirchuka.

The activity of the synthesized compounds were
studied by conventional method of the two-fold serial
dilutions in liquid and solid nutrient medium [22-23]. For

primary screening we have used a set of clinical and
reference strains of microorganism: Escherichia coli
ATCC 25922 (F-50), Staphylococcus aureus ATCC
25923 (F-49), Bacillus anthracoides ATCC 1312,
Pseudomonas aeruginosa ATCC 27853, Candida
albicans ATCC 885-653, as bacterial cultures,
recommended by the State Pharmacopoeia of Ukraine to
determine antimicrobial drugs [24]. As the reference
preparations were chosen pipemidic acid (Palin, «Lek»
Pharmaceutical Company d.d., Slovenia) - modern
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antimicrobial agent of class of fluoroquinolones, nalidixic
acid (Nevigramon, «CHINOINy», Pharmaceutical and
Chemical Works Co.Ltd., Hungary) - nalidixic acid
derivative and fluconazole (Fluconazole, Open FC
«Zdorovye», Ukraine) modern antifungal agent.
Conversion of IBC was held on the content of the active
substance.

The sensitivity of bacteria to the synthesized
compounds were determined in Hottinger’s meat infusion
broth (135 mg% amine nitrogen, pH 7,2-7,4). For
cultivation of fungi of the genus Candida was used
Sabouraud medium.

Activity of substances determined by the
minimum bacteriostatic (MB4K) and minimal bactericidal
(MB(K) concentrations. The minimum bacteriostatic
concentration (MByK) was determined by the absence of
visible growth of microorganisms in a liquid nutrient
medium. The medium remained transparent in those tubes
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where the concentration of the substance was sufficient
for complete inhibition of growth of the test
microorganism. The minimum bactericidal concentration
(MB(K) was determined by the absence of growth
colonies after seeding of microorganisms from tubes on
solid culture medium.

All  experiments were accompanied by
appropriate controls (of the environmental control,
bacterial cultures) and repeated three times. For the
statistical data was used standard statistical software
package Statistica 6.0 [25-29].

Results and Discussion

As a result of microbiological screening were
identified that antimicrobial and antifungal activity of
some compounds of series [1,2,4]triazolo[4,3-a]pyrazin-
8-ones are equal or higher than the reference preparation
(Table 2, 3).

Table 2. Antimicrobial activity of [1,2,4]triazolo[4,3-a]pyrazines to reference strains of St.aureus, E.coli,

Ps.aeruginosa

Staphylococcus aureus Escherichia coli Pseudomonas aeruginosa
Number ATCC 25923 ATCC 25922 ATCC 27853
MBK MB.K MBK MB.K MByK MB.K
Palinum 6.25 25.0 125
Nevigramon 50.0 50.0 50.0
Fluconazolum

{1} 50.0 100.0 50.0 100.0 100.0 200.0
{2} 25.0 100.0 50.0 200.0 50.0 100.0
1{3} 100.0 200.0 50.0 100.0 50.0 200.0
1{4} 50.0 100.0 100.0 200.0 100.0 200.0
1{5} 50.0 100.0 50.0 100.0 50.0 100.0
2{1} 50.0 100.0 50.0 100.0 100.0 200.0
2{2} 50.0 200.0 25.0 50.0 100.0 200.0
2{3} 25.0 50.0 50.0 100.0 50.0 100.0
2{4} 50.0 100.0 25.0 100.0 25.0 50.0
2{5} 50.0 100.0 50.0 200.0 100.0 200.0
{1} 50.0 100.0 25.0 50.0 25.0 100.0
3{2} 100.0 200.0 100.0 200.0 50.0 100.0
3{3} 50.0 100.0 50.0 100.0 25.0 50.0
3{4} 50.0 100.0 50.0 100.0 25.0 50.0
3{5} 100.0 200.0 50.0 200.0 50.0 100.0
4{1} 50.0 100.0 50.0 100.0 50.0 100.0
442} 25.0 50.0 50.0 100.0 125 25.0
443} 25.0 50.0 50.0 100.0 25.0 50.0
4{4} 25.0 50.0 25.0 50.0 125 25.0
4{5} 25.0 100.0 50.0 100.0 50.0 100.0
3{1} 100.0 200.0 50.0 100.0 100.0 200.0
5{2} 50.0 100.0 50.0 100.0 100.0 200.0
5{3} 25.0 100.0 25.0 50.0 50.0 100.0
5{4} 50.0 100.0 25.0 50.0 50.0 100.0
5{5} 25.0 100.0 25.0 50.0 25.0 50.0
6{1} 100.0 200.0 50.0 200.0 50.0 100.0
6{2} 50.0 100.0 25.0 50.0 50.0 100.0
6{3} 50.0 100.0 50.0 200.0 100.0 200.0
6{4} 25.0 50.0 50.0 100.0 50.0 100.0
6{5} 25.0 50.0 125 25.0 50.0 100.0
7{1} 25.0 50.0 50.0 100.0 50.0 100.0
7{2} 50.0 100.0 100.0 200.0 50.0 100.0
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7{3} 25.0 50.0 50.0 100.0 50.0 100.0
7{4} 12.5 50.0 25.0 50.0 50.0 100.0
7{5} 12.5 25.0 25.0 50.0 12.5 25.0

Table 3. Antimicrobial activity of [1,2,4]triazolo[4,3-a]pyrazines to reference strains of Pr.vulgaris,

B.anthracoides, C.albicans

Proteus vulgaris Bacillus anthracoides Candida albicans
Number ATCC 4636 ATCC 1312 ATCC 885-653
MBgK MB.K MBgK MB.K MF4K MF.K
Palinum 12.5 12.5 125
Nevigramon 6.25
Fluconazolum 50.0

1{1} 50.0 200.0 100.0 200.0 25.0 50.0
1{2} 25.0 50.0 100.0 200.0 25.0 100.0
1{3} 50.0 100.0 100.0 200.0 50.0 100.0
1{4} 100.0 200.0 50.0 100.0 100.0 200.0
1{5} 25.0 50.0 50.0 100.0 50.0 100.0
2{1} 100.0 200.0 50.0 100.0 50.0 100.0
2{2} 100.0 200.0 100.0 200.0 50.0 100.0
2{3} 50.0 100.0 25.0 50.0 25.0 50.0
2{4} 50.0 100.0 50.0 200.0 25.0 50.0
2{5} 100.0 200.0 50.0 100.0 25.0 50.0
3{1} 50.0 100.0 50.0 100.0 50.0 100.0
3{2} 50.0 100.0 100.0 200.0 50.0 100.0
3{3} 25.0 50.0 50.0 200.0 25.0 50.0
3{4} 100.0 200.0 50.0 100.0 25.0 50.0
3{5} 50.0 100.0 50.0 200.0 50.0 100.0
4{1} 25.0 50.0 50.0 100.0 25.0 50.0
442} 50.0 100.0 25.0 50.0 25.0 50.0
443} 25.0 50.0 25.0 50.0 25.0 50.0
4{4} 25.0 100.0 12.5 25.0 12.5 25.0
4{5} 25.0 50.0 50.0 100.0 50.0 100.0
3{1} 100.0 200.0 100.0 200.0 50.0 100.0
5{2} 100.0 200.0 100.0 200.0 100.0 200.0
5{3} 100.0 200.0 50.0 100.0 25.0 50.0
5{4} 50.0 100.0 50.0 100.0 25.0 50.0
5{5} 50.0 200.0 25.0 50.0 50.0 100.0
6{1} 100.0 200.0 50.0 100.0 100.0 200.0
6{2} 50.0 100.0 100.0 200.0 50.0 100.0
6{3} 50.0 100.0 50.0 100.0 25.0 50.0
6{4} 50.0 100.0 50.0 100.0 50.0 100.0
6{5} 25.0 100.0 25.0 50.0 12.5 25.0
7{1} 50.0 200.0 25.0 50.0 25.0 50.0
7{2} 25.0 50.0 50.0 100.0 50.0 200.0
7{3} 100.0 200.0 25.0 50.0 25.0 50.0
7{4} 25.0 50.0 12,5 50.0 25.0 50.0
7{5} 12,5 50.0 25.0 50.0 12.5 25.0

Among of the analyzing compounds of the first
row - 3-alkyl-N'-aryl/benzyl-[1,2,4]triazolo[4,3-
a]pyrazin-8(7H)-ones — the most active was compound
1{2}. It showed antimicrobial activity for all reference test
strains and was more active than control Nevigramon and
Flutsonazolum.  The most sensitive strains for this
substance were S.aureus, Pr.vulgaris, C.albicans.

Compound 2{4} has attracted our attention
during the research  of  N’-aryl-3-(8-oxo-7H-
[1,2,4]triazolo[4,3-a]pyrazin-3-yl)carboxylic acids.
Sensitive to it were E.coli, P.aeruginosa, C.albicans.

Generally, this group showed low antimicrobial activity,
especially to gram-negative bacteria.

The third group of these substances showed
moderate antimicrobial and antifungal activity. There is 3-
(4-chloro-phenyl)-7-(4-fluoro-phenyl)-[1,2,4]triazolo[4,3-
a]pyrazin-8(7H)-one 3{3}, which has the best indicators
of activity of the group.

The substance of the fourth series - N'-
aryl/benzyl-3-thioxo-[1,2,4]triazolo[4,3-a]pyrazin-8(7H)-
ones - showed the best antimicrobial and antifungal
activity of all synthesized compounds. There is also
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regularity of increasing activity, if the structure of
molecules containing halogen atom. Compound 4{4}
showed high values of antimicrobial activity against
gram-negative microorganisms (MByK 12.5-25.0
mkg/ml, MB.K — 25.0-50.0 mkg/ml) and was the most
promising for further development.

Compounds of the series
[1,2,4]triazolo[4,3-a]pyrazine-3,8-diones showed
sufficiently high results of antimicrobial activity
concerning to E. coli (MB4«K — 25.0-50.0 mkg/ml, MB.K
— 50.0-100.0 mkg/ml). The most active was compound
5{3}, which was more active than control strains to
S.aureus and C.albicans.

Alkylated derivatives of [1,24]triazolo[4,3-
a]pyrazines showed concerning high rates of activity.
The substances which deserve attention are compounds
that contain an acetamide fragment as in position number
2 (compound 6{5}), and in position number 3 of
heterocycle (compounds 7{4} i 7{5}). They have shown
highest values among all of the studied compounds,
which correlates well with the literature data [7, 12].

N’-aryl-2H,7H-

Experimental

The weight of the substance (5 mg) was
dissolved in 5 ml of dimethylformamide (DMF). The 2 ml
of nutrient medium was poured in every of 10 sterile
tubes. Then in the each tubes of the first row we brought
to 2 ml of the substance, carefully mixed and than 2 mi
was transferred to the next tube. The process was
performed in sterile conditions with the full range of
tubes. From the last tube 2 ml of the fluid was poured. In
each row one tube with 2 ml of nutrient medium was left
as a control. In this way we have received serial dilutions
of the test substances in a liquid medium in
concentrations ranging from 400 to 0.02 mg/ml. Next to
the test tubes brought culture in an amount of 2-10°
CFU/ml and incubated them for 18-24 h and temperature
(37+0.5)°C. Microbial load for Candida albicans is 5-10°
CFU/ml, tubes with this culture were incubated 48 h at
temperature (30+0.5)°C.

Conclusions

Design of molecular structure as the results of
virtual screening is a convenient and effective tool to
intensify the search for antimicrobial agents based on the
new base structures. During the screening research we
identified series of [1,2,4]triazolo[4,3-a]pyrazine-8-one
derivatives with antimicrobial and antifungal activity.

In the experiments was confirmed the presence
of these types of activities for all of the synthesized
compounds. The most pronounced effect showed
compounds that contains in their structure aryl moiety
with halogen atom, or N-arylatsetamide group in position
3 or 2 of the heterocycle. Principal condition for the
demonstration of antifungal activity is presence of Sulfur
atom in the triazole cycle.

Acknowledgment

The authors are grateful to the staff of the
laboratory of antimicrobial agents SI «I. Mechnikov
Institute of Microbiology and Immunology National

36

Academy of Medical Sciences of Ukrainey and personally
to the head of the laboratory PhD, senior scientist
V.V.Kazmirchuk for their help in the conducted research.

References

1. The European Antimicrobial Resistance Surveillance
System (EARSS) Annual Report 2007 [Electronic
resource] / Available from:
http://www.rivm.nl/earss/Images/EARSS%202007_FINA
L_tcm61-55933.pdf.

2. European Centre for Disease Prevention and Control:

Annual Epidemiological Report on Communicable
Diseases in Europe 2008 [Electronic resource] /
Available from:

http://www.ecdc.europa.eu/en/publications/Publications/0
812_SUR_Annual_Epidemiological_Report_2008.pdf.

3. WHO global strategy for containment of antimicrobial
resistance [Electronic resource] / Available from:
http://www.who.int/drugresistance/WHO_Global_Strateg
y_Russian.pdf.

4. Marchenko, V. F. Screening for resistance to antibiotics
in infectious diarrhea of children [Text] / V. F.
Marchenko, L. M. Kozyk // Medical Newspaper «Health
of Ukraine». — 2005. — Ne114.

5. Antimicrobal resistance. Global report of Surveillance.
[Electronic resource] / Available from:
http://apps.who.int/iris/bitstream/10665/112642/1/978924
1564748_eng.pdf?ua=1.

6. Ajani, O. O. Synthesis and evaluation of antimicrobial
activity of phenyl- and furan-2-yl[1,2,4]triazolo[4,3-
a]quinoxalin-4(5H)-one and their hydrazone precursors
[Text] / O. O. Ajani, O. C. Nwinyi // Canadian Journal of
Pure & Applied Sciences. — 2009. — Ne 3 (3). — P. 983—
992.

7. Bhattacharya, B. K. Synthesis of some new 5-chloro-7-
mercapto-1-methyl/phenyl-1,2,4-triazolo[4,5-b]pyrazin-
2(1H)-ones and 5-chloro-3-thiopyrazin-2(1H)-one
derivatives as possible antibacterial and antifungal agents
[Text] / B. K. Bhattacharya // Journal of Heterocyclic
Chemistry. — 1986. — Ne 23 (1). — P. 113-118.

8. Pat. US 2013/0196986 Al Triazolopyrazinones as
P2X7 receptor antagonists [Text] / M. Labroli, M. F.
Czarniecki, C. S. Poker; applicant Merck Sharp &
Dohme. — Ne EP2619204 A4; st. 16.09.2011; app.
29.09.2014.

9. Taher, A. Synthesis of certain 1,2,4-triazolo[4,3-
aJquinoxalinone derivatives for evaluation of in vitro
antitumor and antimicrobial activities [Text] / A. Taher,
N. A. Khalil, E. M. Ahmed // Bulletin of the Faculty of
Pharmacy (Cairo University).— 2009.— Nel (47).— P. 19-
26.

10. Lee, K. J. Cephalosporins. Il. Synthesis and
antibacterial activity of C-3' (8-oxo-7,8-dihydro-1,2,4-
triazolo[4,3-a]pyrazin-3-yl)thiomethylcephalosporins
[Text] / K. J. Lee, H. Park, K. Seongkon // Journal of
Medicinal Chemistry. — 1991. — Ne 1 (1). — P. 30-35.

11. Reaction of 3-hydrazinoquinoxalin-2(1H)-one with
aromatic/heteroaromatic ~ carboxylic  acids  using
diphenylphosphoryl azide: synthesis and antiallergic
activity of s-triazolo[4,3-a]quinoxalin-4-ones [Text] / V.


http://www.who.int/drugresistance/WHO_Global_Strategy_Russian.pdf
http://www.who.int/drugresistance/WHO_Global_Strategy_Russian.pdf

Annals of Mechnikov Institute, N 4, 2014
www.imiamn.org.ua /journal.htm

S. H. Krishnan [et al.] // Indian Journal of Heterocyclic
Chemistry. — 1994. — Ne 3 (4). — P. 227-232.

12. Taher, A. Synthesis of certain 1,2,4-triazolo[4,3-
a]quinoxalinone derivatives for evaluation of in vitro
antitumor and antimicrobial activities [Text] / A. Taher,
N. A. Khalil, E. M. Ahmed // Bulletin of the Faculty of
Pharmacy (Cairo University).— 2009.— Nel (47).— P. 19-
26.

13. In silico method for identification of promising
anticancer drug targets [Text] / Koborova O.N. [et al.] //
SAR and QSAR in Environmental Research. — 2009. —
No20 (7-8). — P. 755-766.

14. Lagunin, A. Multi-targeted natural products
evaluation based on biological activity prediction with
PASS [Text] / A. Lagunin, D. A. Filimonov, V. V.
Poroikov // Current Pharmaceutical Design. — 2010. —
Nel6(15). — P. 1703-1717.

15. PASS-assisted exploration of new therapeutic
potential of natural products [Text] / R. K.Goel, D. Singh,
A. Lagunin, V. Poroikov // Medicinal Chemistry
Research. — 2011. — Ne20(9). — P. 1509-1514.

16. Filz, O. A. Design of chemical compounds with
desired properties using fragment libraries [Text] / O. A.
Filz, V. V. Poroikov // Russian Chemical Reviews. —
2012. — Ne81(2). — P. 158-174.

17. In silico fragment-based drug design using PASS
approach [Text] / O. A. Filz, A. A. Lagunin, D. A.
Filimonov, V. V. Poroikov // SAR and QSAR in
Environmental Research. — 2012, — Ne23(3-4). — P. 279-
296.

18. Quantitative prediction of antitarget interaction
profiles for chemical compounds [Text] / A. V. Zakharov,
A. A. Lagunin, D. A. Filimonov, V. V. Poroikov //
Chemical Research in Toxicology. — 2012. — Ne25(11). —
P. 2378-2385.

19. DIGEP-Pred: web-service for in-silico prediction
of drug-induced expression profiles based on structural
formula [Text] / A. Lagunin [et al.] // Bioinformatics. —
2013. — Ne29(16). — P. 2062-2063.

20. Revealing pharmacodynamics of medicinal
plants using in silico approach: A case study with wet lab
validation [Text] / D. Singh [et al.] // Computers in
Biology and Medicine. — 2014. — Ne47(1). — P. 1-6.

21. A suitable synthesis of [1,2,4]triazolo[4,3-a]pyrazin-
8(7H)-one derivatives / S. S. Kovalenko [et al.] // Chem.
of Heterocyclic Compounds. — 2014. — Ne8. — P. 1243-
1249,

22, Gerharda, F. Methods for General Bacteriology
[Text] / Ed. F. Gerharda // M .: "Mir". — 1983. — 263 p.

23. Navashin, S. M. Rational antibiotic therapy
[Text] / S. M. Navashin, I. P. Fomin // M .: "Medicine",
1982. — 496 p.

24. State Pharmacopoeia of Ukraine [Text] / State
Enterprise "Scientific-Expert Pharmacopoeial Centre." -
1st ed. - Kharkiv: RIREH, 2001 — 556 p.

24, State Pharmacopoeia of Ukraine [Text] / State
Enterprise "Scientific-Expert Pharmacopoeial Centre." -
1st ed. - Kharkiv: RIREH, 2001 — 556 p.

25. Commission of the European Communities: Council
Directive of 18 December 1986 on the Lows, regulating
the Application of Principles of Good Laboratory Practice

37

and the Verification of Their Applications for Tests on
Chemical Substances (87/18/EEC). The Rules Governing
Medicinal Products in the European Community. —
1991. — Vol. 1. — P. 145-146.

26. Lapach, S. N. Statistical methods in biomedical
studies using Excel / S. N. Lapach, A. V. Chubenko, P. N.
Babych. — M., 2001. — P. 320.

27. Guidelines for experimental (preclinical) studies of
new pharmacological agents. — M.: Remedium, 2000. —
P. 398.

28. Stenton, G. Biomedical Statistics / G. Stenton. — M.:
Practice. — 1999. — P. 459.

29. Rebrova, O. Yu. Statistical analysis of medical data.
Application application package proscale STATISTICA.
Edition 3 / O. Yu. Rebrova — M., MediaSfera, 2006. —
P. 312.

UDC 547.792.547.865.5

ANTIMICROBIAL ACTIVITY OF
[1,2,4]TRIAZOLO[4,3-a]PYRAZIN-8(7H)-ONE
DERIVATIVES

Kulikovska K. Yu., Kovalenko S. S., Drushlyak O. G.,
Zhuravel I. O., Kovalenko S. M.
kulikovskaja.k@gmail.com

Today the problem of microbial resistance to antibacterial
agents becomes the global one. Antimicrobial drugs that
are in the pharmaceutical market do not satisfy the needs
of modern treatment regimens, particularly Hospital-
acquired infections. Therefore, the search for new and
effective means of this pharmacological group is an
important task of medical chemistry. From the literature
it is known that derivatives of [1,2,4]triazolo[4,3-
a]pyrazine show a wide range of biological actions,
including antimicrobial and fungicidal. This makes it
relevant microbiological study of primary derivatives of
[1,2,4]triazolo[4,3-a]pyrazine for identifying promising
compounds of the series and then study it in biological
experiment.Using the PASS C&T (Prediction Activity
Spectra for Substances: Complex & Training) program
and based on published data, we have generated virtual
library of derivatives of [1,2,4]triazolo[4,3-a]pyrazine. As
a result, we have received 35 new synthetic compounds of
7 series that were not previously described in the
literature.

Materials and methods

The research of antimicrobial and fungicidal activity of
the synthesized compounds was carried out in the
laboratory of antimicrobial agents GA "Mechnikov
Institute of microbiology and immunology" under the
leadership of PhD, senior scientist V.V.Kazmirchuka.
The activity of the synthesized compounds were studied
by conventional method of the two-fold serial dilutions in
liquid and solid nutrient medium. For primary screening
we have used a set of clinical and reference strains of
microorganism: Escherichia coli ATCC 25922 (F-50),
Staphylococcus aureus ATCC 25923 (F-49), Bacillus
anthracoides ATCC 1312, Pseudomonas aeruginosa
ATCC 27853, Candida albicans ATCC 885-653. As the
reference preparations were chosen Palin - modern
antimicrobial agent of class of fluoroquinolones,
Nevigramon - nalidixic acid derivative and Fluconazole -
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modern antifungal agent. Activity of substances
determined by the minimum bacteriostatic (MByK) and
minimal bactericidal (MB.K) concentrations. All
experiments were accompanied by appropriate controls.
Results and Discussion

As a result of microbiological screening of 35
compounds we have allowed to identify a number of
derivatives of [1,2,4]triazolo[4,3-a]pyrazine-8(7H)-one
with antimicrobial and antifungal activity. The most
pronounced effect showed compounds that contains in
their structure aryl moiety with halogen atom, or N-
arylatsetamide group in position 3 or 2 of the heterocycle.
Principal condition for the demonstration of antifungal
activity is presence of Sulfur atom in the triazole cycle.
Conclusions

The substance of the series N'-aryl/benzyl-3-thioxo-
[1,2,4]triazolo[4,3-a]pyrazin-8(7H)-ones showed the best
antimicrobial and antifungal activity of all synthesized
compounds. Compound 7-(3-chloro-2-methyl-phenyl)-3-
thioxo-[1,2,4]triazolo[4,3-a]pyrazin-8(7 H)-one 4{4}
showed high values of antimicrobial activity against
gram-negative microorganisms (MByK — 12.5-25.0
mkg/ml, MB.K — 25.0-50.0 mkg/ml) and was the most
promising for further development.

Key words: [1,2,4]triazolo[4,3-a]pyrazin-8(7H)-one
derivatives, antimicrobial activity, antifungal activity.



