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Antimicrobial activity of new 5-(furan-2-yl)-4-amino-1,2,4-triazole-

3-thiol derivatives

D. M. Danilchenko, V. V. Parchenko

Zaporizhzhia State Medical University, Ukraine

The aim of this research was to investigate the antimicrobial activity of some new 5-(furan-2-yl)-4-amino-1,2,4-triazole-3-thiol
substituents and in some cases to trace the relationship between activity of compounds and their structure.

Materials and methods. Antimicrobial activity of new 5-(furan-2-yl)-4-amino-1,2,4-triazole-3-thiol derivatives was studied by the
method of serial dilutions. The primary antimicrobial activity screening tests of some 5-(furan-2-yl)-4-amino-1,2,4-triazole-3-thiol
derivatives have been conducted on standard test cultures of both gram-positive and gram-negative bacteria that belong to clinically
significant group of infectious agents with different morphological properties. Staphylococcus aureus ATCC 25923, Escherichia coli
ATCC 25922, Pseudomonas aeruginosa ATCC 27853 were taken as the set of standard test strains.

Results and discussion. The most sensitive strain was a strain of S. aureus ATCC 25923. Extension of alkyl substituents by the Sulfur
atom does not lead to gradual changes in activity but the introduction of pentyl radical increases the activity of a molecule in two times.
The transition from the S-alkyl derivatives of 5-(furan-2-yl)-4-amino-1,2,4-triazole-3-thiol to 2-((5-(furan-2-yl)-4-amino-1,2,4-triazole-3-
yl)-thio)acetic acid esters doesn't lead to radical changes of antimicrobial activity and is not drawn. But the introduction of isopropyl
and isobutyl radicals in the ester structure of these molecules leads to a sharp increase in activity towards S. aureus ATCC 25923.

Conclusions. We have explored antimicrobial activity of new 5-(furan-2-yl)-4-amino-1,2,4-triazole-3-thiol alkyl derivatives and
2-((5~(furan-2-yl)-4-amino-1,2,4-triazole-3-yl)thio)acetic acid esters. It was found that all ten compounds exhibit moderate activity.
Some influence of studied substituents on the antimicrobial activity results was also found.

MpoTumikpo6Ha aKTUBHICTb HOBUX NOXIAHMX 5-(pypaH-2-in)-4-amiHo-1,2,4-Tpia30A-3-TioAiB
A. M. AaHinbyeHko, B. B. MapueHko

MeTa po6oTu — focnignTi NPOTUMIKPOGHY aKTUBHICTb Psiy HOBYWX NOXIAHMX 5-(chypaH-2-in)-4-amiHo-1,2,4-Tpiason-3-Tionis, y AesKMxX
BUNaaKax NPOCTEXUTI B3AEMO3B' 30K MiXK aKTUBHICTIO CMOMYK Ta iXHbO ByA0BOMO.

Marepianu Ta metoau. MpoTUMIKPOOHY aKTUBHICTL HOBWX MOXigHWX 5-(cpypaH-2-in)-4-amiHo-1,2,4-Tpiason-3-Tionie BMBYaNM 3a
METOAOM CEPIiHNX Po3BEAEHb. 3 BUXIAHOIT KOHLIEHTPALLi HOBMX CUHTE30BaHWX Cronyk 1 Mr/mn rotyBanu psig ABOKPATHWUX CEPINHIX
po3seaeHb y GynbiioHi Mionnep-XiHtoHa B 06'emi 1 mn. TepBUHHI CKPUHIHIOBI BUNPOBYBaHHS NPOTUMIKPOOHOI akTUBHOCTI psigy
noxigHux 5-(chypan-2-in)-4-amiHo-1,2,4-Tpiason-3-Tionie NPOBOAWIN Ha €TANOHHUX TECT-KYNbTypax sk rpamMno3vTUBHUX, TaK i
rpamMHeraTuBHWX BakTepii, Lo Hanexatb 4O Pi3HUX 32 MOpdodi3ioNOriYHMMM BNACTUBOCTAMM KITIHIYHO 3HaYyLLMX rpyn 30yAHWKIB
iHCheKLiHMX 3axBOprOBaHb. Ak Habip cTaHgapTHUX TecT-lWTamis B3sTo Staphylococcus aureus ATCC 25923, Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 27853.

amiHo-1,2,4-Tpiason-3-Tionis | feskux ectepis 2-((5-(cpypan-2-in)-4-amiHo-1,2,4-Tpiason-3-in)Tio)aueTaTHoi KMCNOTH, CNiA akUeHTYBaTH
yBary Ha TOMy, L0 ICKpaBuMX NPOsBIB NPOTUMIKPOBHOI aKTUBHOCTI y MPEACTaBNEHNX AeCATLOX CMOMYK LLOAO npenapaTy NopiBHAHHS
He BusBUNW. HandyyTrmeilwumm BusiBuees Wwram S. aureus ATCC 25923. MogoBxeHHs ankinbHoro 3amicHuka no atomy Cynbdypy
He Npu3BOAUTb 40 3MiHW aKTUBHOCTI, OAHAK YBEAEHHS NEHTUMNBHOTO paavkana nigsuLLye akTUBHICTL Monekynu BABidi. Mepexia Big
S-ankinnoxigHux 5-(cpypan-2-in)-4-amiHo-1,2,4-Tpiason-3-Tionie o ectepis 2-((5-(cpypaH-2-in)-4-amiHo-1,2,4-Tpiazon-3-in)Tio)auerar-
HOI KUCMOTW paguKarnbHUX 3MiH NPOTUMIKPOGHOT aKTUBHOCTI 3a COBOI0 He TrHe. Ane BBEAEHHS 0 CTPYKTYPY MOMEKyN BiA3HaYeHUX
€CTepiB i30MpOniNbHOro Ta i306yTUNBHOTO paaykanis NPU3BOAUTL A0 PI3KOrO MigBULLEHHS akTUBHOCTI Wopo S. aureus ATCC 25923.

BucHoBkw. YnepLue Ans HoBux ankinnoxigHux 5-(dypan-2-in)-4-amiHo-1,2,4-Tpiason-3-iony Ta ectepis 2-((5-(tbypaH-2-in)-4-amiHo-
1,2,4-Tpiason-3-in)Tio)aLeTaTHoi KUCNOTM AOCMIMKEHO NPOTUMIKPOBHY aKTUBHICTb. BCTaHOBWAK, LLO BCi AECATH CMOMYK NPOSIBSIOTH
MOMIpHY aKTMBHICTb. Haibinbw Yytnveum Buseuecs Wrtam S. aureus ATCC 25923 wopo 3-neHTunTio-5-(cpypaH-2-in)-4-amiHo-
1,2,4-Tpiasony, isonponin 2-((5-(cpypan-2-in)-4-amiHo-1,2,4-Tpiazon-3-in)tio)auetary Ta i3obytun 2-((5-(dbypaH-2-in)-4-amiHo-1,2,4-
Tpiason-3-in)Tio)aLerary. Takox BCTaHOBNEHI Aesiki 3aKOHOMIPHOCTi BNAMBY 3aMiCHWKIB Ha MOKa3HMKI NMPOTUMIKPOBHOT aKTUBHOCTI.

MpoTBOMMKPOOHAA aKTUBHOCTb HOBbIX NPOU3BOAHDLIX 5-(dypaH-2-un)-4-amuHo-1,2,4-
TPUa30A-3-TAONOB

A. M. AaHuabueHko, B. B. MapueHko

Llenb pa6oTbI — uccnenosatb NPOTUBOMUKPOOHYI0 aKTUBHOCTb Psiia HOBbIX NPOM3BOAHBIX 5-(chypaH-2-un)-4-amuHo-1,2,4-Tprason-
3-TVOMOB, B HEKOTOPbIX CyYasix NPOCNEANTL B3aUMOCBS3b MEX/Y aKTUBHOCTbLIO COEAVNHEHWIA 1 UX CTPOEHUEM.

Martepwuanki u metoAbl. [POTUBOMUKPOBHYH aKTUBHOCTb HOBBIX MPOW3BOAHBIX 5-(hypaH-2-1n)-4-amuHo-1,2,4-Tpuason-3-Tromnos
13yyani METoOM CEPUNHBIX Pa3BeAEHNI. 3 MCXO[HOM KOHLIEHTPALIWMN HOBBIX CUHTE3MPOBAHHbIX COEAUHEHWIA 1 M/MIT FOTOBUIN PSiA,
[BYKpaTHbIX CepUiiHbIX pa3seaeHmii B 6yrboHe Mionnep—-XuHtoHa B 06béme 1 mn. MepBryiHbIE CKPUHUHIOBBIE TECTBI MPOTUBOMUKPOBHO
aKTWBHOCTM psiia NPOM3BOAHBIX 5-(chypaH-2-1n)-4-ammnHo-1,2,4-Tprason-3-TMOMNOoB Mbl MPOBOAMIN Ha 3TANOHHbIX TECT-KYNbTYpax kak
rPaMNONOXUTENbHbIX, TaK 1 rPaMoTpULaTENbHBIX GaKTEPUIA, NPUHAANEXALLMX K Pa3nnyHbIM N0 MOPGOdM3MONOrM4ECKIIM CBONCTBAM
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KIMMHYECKN 3HAUMMBIM rpynnam Bo3yanTenel MHEKLUMOHHBIX 3a6oneBaHui. B kauecTse HaBopa cTaHaapTHbIX TECT-LUTaMMOB Gbin
B3ATbI Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853.

PesynkTathl. [poBOAs CpaBHUTEMbHbIV aHaN3 pesynsTaToB Hanuyns MPOTMBOMUKPOBHOTO 4EICTBIS HOBBIX anKWNpPON3BOAHbIX
5-(dypaH-2-un)-4-amnHo-1,2,4-Tpnason-3-TMoNoB 1 HeKOTopbIX 3upoB 2-((5-(dypaH-2-nn)-4-amnHo-1,2,4-Tpuason-3-un)Tmo)

aLeTaTHOM KUCNOTI, CriedyeT akLeHTMPOoBaTb BHUMAaHWE Ha TOM, YTO SIPKX NPOSIBAEHNA NPOTUBOMUKPOBHON akTUBHOCTW Cpean
npencTaBneHHbIX AECATY COEANHEHNIA NO OTHOLLIEHWIO K NpenapaTy CpaBHEHWS He BbisBneHo. Hanbonee 4yBCTBUTENbHLIM OKa3ancs
wramm S. aureus ATCC 25923. MpoaneHue ankunbHOro 3amMecTUTENs No aToMy Cepbl He BNEYET N3MEHEHNS aKTUBHOCTU, OAHAKO
BBEEHVe NEHTUNBHOIO pPaaukana noBbILIAET akTUBHOCTb MONEKyIbl B ABa pasa. epexop oT S-ankunnpounasoaHbIx 5-(dypan-2-un)-
4-ammnHo-1,2,4-Tpuason-3-Tmonos k apmpam 2-((5-(pypan-2-un)-4-amuHo-1,2,4-Tpna3on-3-1n)Tro)aLeTaTHON KUCIOTbI paguKarnbHbIX
M3MEHEHNI NPOTUBOMUKPOBHOMN aKTUBHOCTY 3a cO60I He BNeYET. Ho BBeAEHNEe B CTPYKTYPY MOMEKYN ykasaHHbIX 3¢hMpoB 13onpo-
MUBHOTO W N30BYTUIMBHOMO PaaNKaNoB NPUBOAMT K PE3KOMY MOBbILLIEHWIO aKTUBHOCTM MO OTHOLLEHMIO K S. aureus ATCC 25923.

BbiBoAbI. Bnepsble Anst HOBbIX ankunnpon3soaHbIx 5-(pypaH-2-un)-4-amuHo-1,2,4-Tpuason-3-tvona v acmpos 2-((5-(cpypaH-2-
un)-4-amuHo-1,2,4-Tpuason-3-un)Tmo)aLeTaTHOM KUCMOTbI MCCReaoBaHa NPOTUBOMMKPOOHAs aKTUBHOCTb. YCTAHOBIEHO, YTO BCE
[ecsATb COeANHEHUI NPOSIBNIAKOT YMEPEHHYIO aKTUBHOCTb. Hambonee yyBcTBuTENbHbIM WTamm S. aureus ATCC 25923 okasancs
Mo OTHOLLEHNMIO K 3-NeHTUNTINO-5-(cbypar-2-un)-4-ammnHo-1,2,4-tpuasony, nsonponun 2-((5-(dpypan-2-un)-4-amuHo-1,2,4-tpuason-
3-un)tno)auetaty u nobytun 2-((5-(cpypaH-2-un)-4-ammnno-1,2,4-tpuason-3-un)tmo)auertary. Takke yCTaHOBMEHbI HEKOTOpPble

3aKOHOMEPHOCTU BNNAHUA 3aMecTuTenen Ha nokasarenu I'IpOTMBOMVIKp06HOl7I aKTUBHOCTW.

Introduction

Successes of global synthetic organic chemistry which
cover study areas of heterocyclic systems properties is the
most clearly represented in the modern scientific commu-
nity. Combining different “heterocycles-pharmacophores”
together is the actual trend among scientists today. This
combining in its turn can lead to a number of compounds
with unique properties.

Also 1,2 4-triazole system deserves special attention,
because in combination with various five-membered,
six-membered heterocycles, aromatic, aliphatic substituents
it forms series of various prospect compounds [1]. There is
a whole “galaxy” of drugs the active ingredients of which
are 1,2 4-triazole derivatives [2]. These drugs are used in
the practice of domestic veterinary and medicine. In 2014 a
new original drug “Tryfuzol” came to the veterinary market
in Ukraine which in two years has become very popular
among practicing veterinary specialists and took his place
among modern immunomodulators for different groups of
unproductive and productive animals [3]. Veterinary drug
“Avesstym” also deserves attention. It is recommended by
manufacturer “Brovafarma” to use for broiler chickens in the
oral dosage forms.

Besides that, we have analyzed the literature and the
large amount of information dedicated to the research of an-
timicrobial and antifungal activity of 1,2,4-triazole derivatives
on different strains of bacteria and fungi should be noted
[4]. Thus, the search for new promising molecules among

Table 1. 5-(furan-2-yl)-4-amino-1,2,4-triazole-3-thiol derivatives
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1 CH, 7 CH,
2 CH, 8 CH,
3 CH, 9 CHi
4 CH, 10 C,Hi
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1,2,4-triazole substitutes which can be used as object to
create potential antimicrobial or antifungal agents remains
relevant, has theoretical and practical importance [5].

Based on the all above, the aim of our study was to
investigate the antimicrobial activity of some new 5-(furan-
2-yl)-4-amino-1,2,4-triazole-3-thiol substituents and in some
cases to trace the relationship between activity of compounds
and their structure.

Research materials and methods

Antimicrobial activity of new 5-(furan-2-yl)-4-amino-1,2,4-
triazole-3-thiol derivatives was studied by the method of
serial dilutions in accordance with appropriate guidelines [6].
From the initial concentration 1 mg/ml of newly synthesized
compounds were prepared a series of double serial dilutions
in Miller-Hinton broth in the volume of 1 ml. Then 0,1 ml of
microbial suspension (108 m.k./ml) was added to each tube.
The minimal inhibitory concentration (MIC) was determined
in the absence of visible growth in vitro with minimal drug
concentration, minimal bactericidal concentration (MBcC)
—in the absence of growth on agar after sowing from trans-
parent tubes. In our studies dimethyl sulfoxide was used as
the compounds solvent.

The primary antimicrobial activity screening tests of
some 5-(furan-2-yl)-4-amino-1,2,4-triazole-3-thiol deriva-
tives we have conducted on standard test cultures of both
gram-positive and gram-negative bacteria that belong to
clinically significant group of infectious agents with diffe-
rent morphological properties. As a set of standard test
strains were taken Staphylococcus aureus ATCC 25923,
Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853. Parallel screening tests for these compounds
we have held on the control of media cultures and solvent us-
ing the conventional methodic [6]. Chlorhexidine-Zdorov'ya®
(Ukraine) was used as the comparison drug.

Results and discussion

Analyzing the results of antimicrobial activity study of some
5-(furan-2-yl)-4-amino-1,2,4-triazole-3-thiol alkyl-substit-
uents (1-6, Table 1) and certain esters of 2-(5-(furan-2-
yl)-4-amino-1,2,4-triazole-3-ylthio) acetate acid (7-10,
Table 1) it should be noted that the compounds show mod-
erate antimicrobial activity.
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Table 2. Results of antimicrobial activity studying of 5-(furan-2-yl)-4-amino-1,2,4-triazole-3-thiol esters and 2-((5-(furan-2-yl)-4-amino-1,2, 4-triazole-3-yl)-

thio)acetic acid alkyl derivatives
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Compound Results of studying

Antimicrobial activity

E. coli ATCC 25922 S. aureus ATCC 25923 P. aeruginosae ATCC 27853

MIC, mcg/ml MBcC, mcg/ml MIC, mcg/ml MBcC, mcg/ml MIC, mcg/ml MBcC, mcg/ml
Chlorhexidine - 25,0 - 18,8 - 200
1 125 250 125 250 125 250
2 125 250 125 250 125 250
3 125 250 62,5 250 125 250
4 125 250 125 250 125 250
5 125 250 125 250 125 250
6 125 250 125 250 125 250
7 125 250 125 250 125 250
8 125 250 125 250 125 250
9 125 250 62,5 125 125 250
10 125 250 62,5 125 125 250

Through a comparative analysis of the availability of
the new antimicrobial 5-(furan-2-yl)-4-amino-1,2,4-triazole-
3-thiol alkyl derivatives and some esters of 2-((5-(furan-2-
yl)-4-amino-1,2,4-triazole-3-yl)-thio)acetate acid it should be
mentioned that striking manifestations of antimicrobial activity
of ten represented compounds were not found in reference
to comparison drug. However, although in general moderate
antimicrobial action was found. Some patterns to the influ-
ence of substituents on functional activity indicators could
be traced (Table 2). The most sensitive strain was a strain of
S. aureus ATCC 25923. Extension of alkyl substituents by
the Sulfur atom does not lead to gradual changes in activity
but the introduction of pentyl radical increases the activity of
a molecule in two times (3, Table 2). The transition from the
S-alkyl derivatives 5-(furan-2-yl)-4-amino-1,2,4-triazole-3-thi-
ol to 2-((5~(furan-2-yl)-4-amino-1,2 4-triazole-3-yl)-thio)acetic
acid esters doesn't lead to radical changes of antimicrobial
activity and is not drawn. But the introduction of isopropyl
(9, Table 2) and isobutyl (10, Table 2) radicals in the ester
structure of these molecules leads to a sharp increase in
activity towards S. aureus ATCC 25923.

Conclusions

1. Antimicrobial activity for new 5-(furan-2-yl)-4-amino-
1,2,4-triazole-3-thiol alkyl derivatives and 2-((5-(furan-2-yl)-
4-amino-1,2,4-triazole-3-yl)thio)acetic acid esters have been
explored for the first time. It was found that all ten compounds
exhibit moderate activity.

2.Themostsensitive strainwas S. aureusATCC 25923 to-
wards the pentylthio-3-5-(furan-2-yl)-4-amino-1,2,4-triazole,
isopropyl-2-((5-(furan-2-yl)-4-amino-1,2,4-triazole-3-yl)
thio)acetate and isobutyl-2-((5-(furan-2-yl)-4-amino-1,2,4-
triazole-3-yl)thio)acetate. We have found some influence
patterns of substituents on the antimicrobial activity results.
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