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Bacteria and fungi are among the most ancient creatures found on Earth. Since the advent of medicine, humankind has always sought
new means and ways to combat these microorganisms. In modern scientific society, the tendency to seek new antimicrobial and antifungal
agents is only increasing. 1,2,4-triazole derivatives, among which effective drugs and new molecules have already been found, make quite
an interesting platform for the creation of new antifungal and antimicrobial agents. A promising direction for the search for antimicrobial
and antifungal agents are 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazol-3-yl)thio)acetates.

The aim of work was the investigation of antimicrobial and antifungal activity among new 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-
triazol-3-yl)thio)acetates.

Materials and methods. The substances were synthesized at the Department of Natural Sciences for International Students and
Toxicological Chemistry. The antimicrobial and antifungal activity of the newly synthesized 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-
triazol-3-yl)thio)acetates was studied with the method of serial dilutions. Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, and Candida albicans ATCC 885-653 were used as a set of standard test strains.

Results. As a result, the antimicrobial and antifungal activity of 14 new compounds was investigated. The most active compounds with
antifungal effect are lIf-llh. Substances lIf-llh and llj, Ilk have moderate antimicrobial effect to P. aeruginosae.

Conclusions. Some results are obtained regarding “structure — antimicrobial and antifungal effect” dependence: the replacement of
the ethyl radical with phenyl or methyl in the fourth position of the 1,2,4-triazole cycle in the 2-((5-(2-bromophenyl)-4-R-4H-1,2,4-triazol-3-
yl)thio)acetate acid molecule results in reduction of the antimicrobial effect; conversion to 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-
triazol-3-yl)thio)acetate salts and the choice of dimethylammonium as cation leads to an increase in the antimicrobial and antifungal effect.
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HocnigkeHHA NPpoTMMiIKPOOHOI Ta NPOTUrpMOKOBOI aKTUBHOCTI 2-((5-(2-6pomdpeHin)-4-3amiwieHnx-4H-1,2,4-tpiazon-3-in)Tio)
aueraris

A. A. CacboHos, A. B. HesmuBaka

BakTepii Ta rpubku — ogHi 3 HaNZABHIWMX iICTOT Ha 3emni. 3 NosBOK MeaMLMHM NIOACTBO LyKae HOBi 3acobu Ta cnocobm 6opoTbbn 3
LMK MiKpoopraHiamamu. Y Cy4acHil HayKoBil CRiNbHOTI NOCUMIOETLCSA TEHAEHLIS 4O MOLUYKY HOBUX NPOTUMIKPOGHHMX i NPOTUrPUOKOBMX
3acobiB. [locuTb LikaBa nnartgopma Ans CTBOPEHHS HOBUX NPOTUIPUGKOBYX | NPOTUMIKpoBHUX 3acobiB — noxiaHi 1,2,4-Tpiasony, cepes
HUX y)Xe 3HaiaeHi epeKTUBHI nikapchki 3acobu Ta HoBi Monekynu. MepcnekTUBHWIA HAaNPsSM s NOLUYKY NPOTUMIKPOBHUX i NpoTUrpn6-
KoBWX 3acobiB — 2-((5-(2-6pomdbeHin)-4-3amiueHi-4H-1,2,4-Tpiason-3-in)Tio)aueraty.

Meta po6oTu — gocnignT NPOTUMIKPOBHY Ta MPOTUrPUOKOBY aKTUBHICTL cepen HOoBUX 2-((5-(2-6pomdeHin)-4-3amiweHux-4H-1,2,4-
Tpiason-3-in)Tio)aveTaris.

Matepianu Ta metoau. Pe4oBuHu, WO AOCNIAXYBanW, CUHTe30BaHi Ha kadeapi NPUPOSHUYUX AUCLMMIIH ANS iHO3EMHUX CTYAEHTIB Ta
TOKCMKOMOriYHOI XiMil 3anopiabkoro AepxaBHOr0 MeANYHOro yHiBepcuTeTy. [MpOTUMIKPOBHY Ta NpOTUrpUBKOBY aKTUBHICTb HOBUX CUHTE30-
BaHwx 2-((5-(2-6pomodpeHin)-4-3amilernx-4H-1,2,4-Tpiason-3-in)Tio)aueTatis 4OCNIAKyBany METOLOM CEPIHNX pO3BeAeHb. BukoprcTtanm
Habip cTaHOapTHUX TecToBMX LWTamiB Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa ATCC 27853, Escherichia coli
ATCC 25922, Candida albicans ATCC 885-653.
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Pesynisratu. [ocnignnu npotumikpobHy Ta npoTMrpubKoBy akTUBHICTb 14 HOBUX CMONyK. HaiakTUBHILLI cnonyku 3 NpoTUrpuGKOBIM
edpektom — lIf-Ilh. Pevosuhu lIf-l1h Ta Ilj, Ilk matoTb nomipHy NpoTUMIKPOGHY Ajto Ha P. aeruginosae.

BucHoBku. 3pobunn BUCHOBKM LLOAO 3aMeXHOCTi «CTPYKTYpa — MPOTUMIKPOBHWI | IpOTUrpUOKOBHUIA edheKT»: 3aMiHa eTUNOBOro paaukana
MeTUNOoBUM abo (heHinoBMM y YeTBepTOMY nonoxeHHi 1,2,4-tpiazonosoro uukny B Monekyni 2-((5-(2-6pomodeHin)-4-R-4H-1,2,4-tpia-
307-3-in)Tio)aLeTaTHOI KUCMOTU NPU3BOAMTL A0 3MEHLLEHHS aHTUMIKpOBHOTo edekTy; nepexia fo conen 2-((5-(2-6pomodeHin)-4-3ami-
weHnx-4H-1,2,4-Tpiason-3-in)Tio)aueTaTHux KUCNOT i BUOIp AMMETUNAMOHIIO SK KaTioHy Npu3BoauTb A0 30inbLUeHHs MPOTUMIKpOBHOro
Ta NpOTMrpubKOBOro edexTy.

KntoyoBi crioBa: npoTuMikpobHa Ta NpoTMrpMbKoBa akTUBHICTb, 1,2,4-Tpia3on, KUCMOTK, COMi, FreTEPOLIMKITIYHI CMIOMNYKM.
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WUccnepnoBaHue npoTUBOMMKPOGHOI U NPOTUBOIPUOKOBON aKTUBHOCTM 2-((5-(2-6pomdbeHnn)-4-3ameLueHHbIX-4H-1,2,4-
Tpuason-3-un)tmo)aueraTos

A. A. CacboHos, A. B. HeBmbiBaka

Baktepuu 1 rpubku — ofHN 13 camblx APEBHUX CyLLECTB Ha 3emne. C nosiBneHneM MeauLyHbl YenoBEYECTBO UCKaNo HOBble CpeacTBa v
cnocobbl 6opbObI ¢ STUMK MUKPOOPraHu3Mamu. B coBpeMeHHOM Hay4HOM COOBLLECTBE TEHAEHLMS K TOUCKY HOBbIX MPOTUBOMUKPOBHbIX
1 NPOTUBOrPUGKOBBLIX CPELACTB TOMBKO YBENUYNBAETCS.

[locTaTo4HO MHTepecHOW NNaTopMON Anst CO3AAHNS HOBbIX MPOTUBOrPUOKOBBIX M MPOTUBOMUKPOGHbIX CPEACTB ABNAIOTCH NPOM3BOAHbIE
1,2,4-Tpnasona, cpeam KOTopbIxX Yxe HanzaeHbl 3EeKTUBHBIE NEKAPCTBEHHbIE CPECTBA U HOBbIE MONEKYTbI. [epCnekTMBHLIM HanpaBs-
NeHVeM Ans noucka NpoTUBOMUKPOBHBIX M MPOTUBOTPUOKOBLIX CPEACTB aBnstoTcs 2-((5-(2-6pomdennn)-4-3ameLeHHble-4H-1,2,4-Tpy-
ason-3-un)Tuo)aueTarbl.

Llenb pabotkl — nccnegosaHne NPOTMBOMUMKPOGHON 1 MPOTUBOrPUBKOBON aKTUBHOCTY CPEAN CUHTE3MPOBAHHbIX paHee 2-((5-(2-6pom-
eHun)-4-3ameLleHHbix-4H-1,2,4-Tpnason-3-un)Tmo)aLeraTos.

Matepuansl n metoakl. Miccnegyemble BellecTBa CYHTE3MPOBaHbI Ha kadedpe eCTECTBEHHbIX AUCLMNMWH ANS MHOCTPaHHbIX CTy-
[EHTOB ¥ TOKCMKONOrnyeckon xummu. MNpoTrBOMUKPOBHYO 1 NPOTUBOTPUOKOBYK aKTUBHOCTb HOBBLIX CUHTE3MPOBaHHLIX 2-((5-(2-6po-
MocheHun)-4-3ameLleHHbIX-4H-1,2,4-Tprnason-3-un)Tuo)aLeTaTtoB UCCNenoBanyt METOLOM CepUiiHbIX pa3BeaeHui. Micnonb3oBaH Habop
CTaHAapTHbIX TECTOBbIX LWTaMMOB Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC
25922, Candida albicans ATCC 885-653.

Pesynkrathl. MiccnenosaHo npoTMBOMMKPOGHOE 1 NpoTuBOrpubkoBoe AencTre 14 HOBbIX coeanHeHwii. Camble akTUBHbIE COEAVHEHUS
¢ npoTueorpubkosbim achdektom — IIf-llh. Bewectsa If-Ilh n llj, Ik nmetoT ymepeHHoe npoTneomukpobHoe feiicTre Ha P. aeruginosae.

BeiBogkl. CoenaHbl BbIBOAb! O 3aBUCUMOCTU «CTPYKTypa — NPOTUBOMUKPOGHBIN 1 NPOTUBOrPUGKOBLIN 3heKT»: 3amMeHa 3TUIOBOrO
pagvkana MeTUNoBbIM UNW (OEHUMOBLIM B YETBEPTOM NONoxeHnn 1,2,4-Tpra3onosoro uukna B monekyne 2-((5-(2-6pomodeHun)-4-R-
4H-1,2,4-Tpnason-3-1n)Tno)aLeTaTHO KUCMOTbI MPUBOAMUT K YMEHbLLIEHUIO MPOTUBOMUKPOGHOTO adhdekTa; nepexos k consam 2-((5-(2-6po-
ModeHunn)-4-3ameLLeHHbIx-4H-1,2,4-Tprason-3-mn)Tno)aleTaTHbIX KUCMOT 1 BbIGOP AVMETUNaMMOHWS Kak KaTuoHa BeAET K YBENMYEHMIO
NPOTMBOMWKPOBHOIO M NPOTMBOrPUBKOBOrO acbekTa.

KnioueBble crioBa: npoTMBOMUKPOBHAs M NPOTUMBOrpuMOKOBAs akTUBHOCTb, 1,2,4-Tprason, KUCNOTbI, CONK, reTepoLMKNNYeckne coeau-
HeHus.
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Modern people probably cannot imagine their lives without ~ Materials and methods

vitamins, painkillers, antimicrobials, antivirals, antifungals, Antimicrobial and antifungal activity of the newly synthe-

etc. As a result, .ba.tc‘Feri.a that used to be eliminated with sized 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4~tri-
conventlona}l penicillin in the 20th 9er'1tury, at p're.seI'lt have azol-3-yl)thio)acetates was investigated with the method of
become r.esmtant even to more sophisticated antlbIOtIC.S. serial dilutions according to guidelines [ 14]. The synthesized

The thirst for existence and the constant transformation of compounds were prepared by double serial dilutions, with

bagtena enC(.)ur.agets) S cllerglsts .':}r(fuqd .the Woﬁld tq Createnew e initial concentration of 1 mg/ml in Mueller—Hinton broth,
andnew antllmlcrlo 18- 1ertaz1n }];’ tis ml;c feaswr t}?’ clrle;lte in the volume of 1 ml. Then 0.1 ml of microbial curtain
anactive molecule on an already known platform, which has (106 wml) was added. Minimum inhibitory concentration

proven itself as a biologically active nuc.leus [1-4]. . (MIC) was determined without visible growth in a test tube
New 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-tri- . .. . ) ..
with a minimum concentration of the drug; the minimum

azol-3-ylthio)acetates have been insufficiently studied by bactericidal/fungicidal concentration (MBcC, MFcC) was

far [5-13]. determined without growth on agar after inoculation from
) transparent tubes. The synthesized compounds were dissolved

Aim in dimethylsulfoxide.

That’s why the aim of this work is to investigate antimicrobial A set of standard test strains of Staphylococcus aureus

and antifungal activity of new 2-((5-(2-bromophenyl)-4-sub- ~ ATCC 25923, Pseudomonas aeruginosa ATCC 27853,

stituted-4H-1,2,4-triazol-3-yl)thio)acetates. Escherichia coli ATCC 25922, Candida albicans ATCC
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A study of antimicrobial and antifungal activity of 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazol-3-yl)thio)acetates

885-653 was used. CHLORHEXEDINE-ZDOROV'E®
(Ukraine) and FLUCONAZOLE-DARNYTSYA® (Ukraine)
were used as comparative drugs.

Results

As a result, the antimicrobial and antifungal activity of 14
new compounds was investigated.

The most active compounds with antifungal effect are
[If-ITh. Substances [If-ITh and IIj, Tk have moderate anti-
microbial effect to P. aeruginosae.

Some conclusions have been made regarding “structure —
biological activity” dependence.

Discussion

The antimicrobial and antifungal activity of 2-((5-(2-bro-
mophenyl)-4-substituted-4H-1,2,4-triazol-3-yl)thio)ace-
tate acids is moderate. The most active compound is Ib
(2-((5-(2-bromophenyl)-4-ethyl-4H-1,2,4-triazol-3-yl)thio)
acetate acid) (Table 1,2).

The replacement of the ethyl radical with phenyl or methyl in
the fourth position of the 1,2,4-triazole cycle in the 2-((5-(2-bro-
mophenyl)-4-R-4H-1,2 4-triazol-3-yl)thio)acetate acid molecule
results in antimicrobial effect reduction (Fig. 1).

Considering the antifungal activity of 2-((5-(2-bro-
mophenyl)-4-substituted-4H-1,2,4-triazol-3-yl)thio)acetate
salts, the compounds IIf, IIg, ITh demonstrate antifungal
effect, respectively, MIC 31.25 pg/ml, MFcC 32.25 pg/ml.
Replacement of the potassium cation either with sodium or

Table 1. “Structure — effect” dependence between 2-((5-(2-bromophenyl)-
4-substituted-4H-1,2,4-triazol-3-yl)thio)acetate acids

N——N

/ >\s—gz—c/o
N| Nox

Antimicrobial .
- A ngal stet
la CH, o PN

Ib CH, P o

Ic C6H5 R >

dimethylammonium or 2-aminoethanol reduces antifungal
activity (7able 3).

A study of the antimicrobial activity of 2-((5-(2-bro-
mophenyl)-4-substituted-4H-1,2,4-triazol-3-yl)thio)acetate
salts showed that the most active compounds to P. aerugino-
sae are substances [If—ITh and I1j, ITk. Thus, the introduction
of dimethylammonium cation to the molecule of 2-((5-(2-bro-
mophenyl)-4-substituted-4H-1,2,4-triazol-3-yl)thio)acetate
acid leads to an increase in the antimicrobial effect. Also,
the introduction of ethyl and phenyl radical in position 4 to
the 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazol-3-
yl)thio)acetate acid molecule leads to a positive antimicrobial
effect (Fig. 2)

Table 2. Antimicrobial and antifungal activity of 2-((5-(2-bromophenyl)-4-substituted-4H-1,2 4-triazol-3-yl)thio)acetate acids and salts

Antimicrobial activity

Antifungal activity

E. coli ATCC 25922 S. aureus ATCC 25923 P. aeruginosae ATCC 27853 | C. albicans
MIC, pg/ml MBcC pg/ml | MIC, pg/ml MBcC pg/ml | MIC, pg/ml MBcC pg/ml | MIC, pg/ml MFcC, pg/ml

Chlorhexidine - 25.0 18.8 200

Fluconazole 15.6 31.25
la 125 125 62.5 125 62.5 125 62.5 125
Ib 62.5 125 62.5 125 62.5 125 62.5 125
Ic 125 125 62.5 125 62.5 125 62.5 125
lla 62.5 125 62.5 125 62.5 125 62.5 125
Ib 62.5 125 62.5 125 62.5 125 62.5 62.5
llc 62.5 125 62.5 125 62.5 125 62.5 62,5
Id 62.5 125 62.5 125 62.5 125 62.5 125
lle 125 250 62.5 125 62.5 125 62.5 125
IIf 62.5 62.5 62.5 125 31.25 62.5 3125 31.25
g 62.5 125 62.5 125 31.25 62.5 31.25 31.25
llh 62.5 125 62.5 125 3125 62.5 31.25 31.25
Ili 62.5 125 62.5 125 62.5 125 31.25 62.5
lj 62.5 125 62.5 125 3125 62.5 125 125
Ik 62.5 125 62.5 125 31.25 62.5 125 125
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C. albicans
MIC, ug/ml

P. aeruginosae
MIC, pg/ml

S. aureus
MIC, pg/ml

E. coli
MIC, pg/ml

o
-

C. albicans
MBcC, pg/mi

P. aeruginosae
MBcC, pg/ml

S. aureus
MBcC, pg/mi

E. coli
MBcC, pg/mi

o

250 ug/ml -0, 125 pg/ml -1, 62,5 pug/ml — 2.

Table 3. “Structure — activity” dependence between 2-((5-(2-bromophenyl)-
4-substituted-4H-1,2,4-triazol-3-yl)thio)acetate salts

N—N

)\s—c2 —C/ *x
Ny

X Antimicrobial | Antifungal
effect effect
lla CH, K - o

IIb CH, Na “ o
lic CH, (CH,),NH “ o
Id CH, 2-aminoethanol |« ©
lle C,H, Na ! o
IIf C,H, (CH,),NH 1 1
llg C,H, morpholine 1 I
IIh CH, K 1 1
Ii CH, Na © 1
Ilj CH, (CH,),NH 1 o
Ik CH, 2-aminoethanol | 1 P

Fig. 1. Antimicrobial

and antifungal activity of
2-((5-(2-bromophenyl)-
4-substituted-4H-1,2,4-triazol-
3-yl)thio)acetate acids.

Hic
b

Hla

N

Hic
b

Hia

-

It should be noted that the compound IIf (dimethylammo-
nium 2-((5-(2-bromophenyl)-4-ethyl-4H-1,2,4-triazol-3-yl)
thio)acetate), while investigating the antimicrobial activity
of 2-((5-(2-bromophenyl)-4-substituted-4H-1,2 4-triazol-3-
yl)thio)acetate salts against E. coli, has a slightly stronger
bactericidal effect comparing to other compounds.

The antimicrobial activity to S. aureus is moderate and
similar to all 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-
triazol-3-yl)thio)acetate salts.

As aresult of the research it should be noted that the conver-
sion to 2-((5-(2-bromophenyl)-4-substituted-4H-1,2 4-triazol-
3-yl)thio)acetate salts and the choice of dimethylammonium
as cation leads to an increase in the antimicrobial and anti-
fungal effects.

Conclusions

As aresult, the antimicrobial and antifungal activity of 14
new 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazol-
3-yl)thio)acetates has been investigated.

Compounds with antifungal effect are IIf-ITh. Substances
[If-ITh and IIj, Ik have moderate antimicrobial effect to
P, aeruginosae. But none of the compounds surpasses the com-
parison drug.

Some conclusions are drawn regarding the “structure —
antimicrobial and antifungal effect” dependence:
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Fig. 2. Antimicrobial
and antifungal activity of

1li; 3 2-((5-(2-bromophenyl)-4-
C. albicans ::h?g substituted-4H-1,2,4-triazol-3-
. 9; ;
MIC, pg/ml IIf: 3 yl)thio)acetate salts.
IIk; 3
IIj; 3
Ih; 3
P. aeruginosae lg; 3
MIC, ug/ml IIf; 3
m [k
wlj
S. aureus all
MIC, pg/ml
¥ m|lh
mllg
uIf
lle
Ild
E. coli
MIC, pg/ml lic
ullb
Hlla
0 1 2 3
Ith; 3
C. albicans lig: 3
MFcC, pg/mi lle: 1 IIf; 3
Iid; 1
llc; 2
IIb; 2
lla; 1
I1k; 2
1lj; 2
Ih; 2
P. aeruginosae ” _;22
MFcC, pg/mi ;
m [k
wlj
S. aureus all
MFcC, ug/ml
M m|lh
mllg
uIf
lle
I1¢]
E. coli
MFcC, pug/ml IIf; 2 lic
ullb
Hlla
0 1 2 3

250 pg/ml -0, 125 pg/ml — 1, 62.5 pg/ml - 2, 31.25 pg/ml — 3.
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— the replacement of the ethyl radical with methyl or
phenyl in the fourth position of the 1,2,4-triazole cycle in
the 2-((5-(2-bromophenyl)-4-R-4H-1,2 4-triazol-3-yl)thio)
acetate acid molecule results in the antimicrobial effect
reduction;

— conversion to 2-((5-(2-bromophenyl)-4-substituted-
4H-1,2 4-triazol-3-yl)thio)acetate salts and the choice of
dimethylammonium as a cation leads to an increase in
the antimicrobial and antifungal effect.
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