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The relevance of the study of 1,2,4-triazole derivatives with pyrimidine fragment is due to the synthesis of potential broad-spectrum
antibacterial drugs, low molecular weight inducers of interferon, and antitumor agents, search for molecular descriptors of their structure,
important for establishing patterns “structure — biological activity”.

The aim of the work is a computer search for the antibacterial action of new hybrids of 1,2,4-triazole-3(2H)-thiol with a pyrimidine fragment
in relation to 5 test cultures, to establish the dependence of “structure — action”.

Materials and methods. For an in-depth study of the antibacterial activity of derivatives of 1,2,4-triazole-3(2H)-thiol hybrids with a
pyrimidine fragment, 4 test cultures of museum strains of gram-positive, gram-negative bacteria and one species of fungi were selected.
In silico studies were performed using regression and classification QSAR models.

Results. Derivatives of 1,2,4-triazole-3(2H)-thiol hybrids with a pyrimidine moiety showed high antibacterial activity against gram-
negative microorganisms (E. coli, P. aeruginosa). The obtained experimental results allowed to establish not only the role of the main
structural features of the compounds in the manifestation of antimicrobial properties, but also to evaluate the effectiveness of the created
classification and regression QSAR models. Based on the presented parameters for individual predictive QSAR models, it is possible to
conclude about the effectiveness, stability and feasibility of using these models to search for new S-derivatives (1,2,4-triazole-3(2H)-yl)
methyl)thiopyrimidines as promising antimicrobial agents.

Conclusions. It was found that the studied derivatives of hybrids of 1,2,4-triazole-3(2H)-thiol with a pyrimidine fragment showed high
antibacterial activity against gram-negative microorganisms. The developed QSAR classification models based on the percentage of
correctly predicted compounds (70 %) are the most effective in comparison with regression (50 %) for the search for new antimicrobial
agents in a number of derivatives of hybrids 1,2,4 triazole-3(2H)-thiol with pyrimidine fragment .
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Mowyk aHTMbakKTepianbHOi aKkTUBHOCTI B pAay HoBUX S-noxigHux (1,2,4-Tpiason-3(2H)-in)meTtun)tionipumiaunHis
tO. B. KapneHko, O. |. MaHaceHko

AKTyanbHICTb JOCTILXEHHS NOXiAHWX 1,2,4-Tpia3ony 3 NipyMigUHOBIUM hparMeHTOM 3yMOBIIEHA CUHTE30M MOTEHLIHUX aHTubakTepiarnb-
HUX NiKapCbK1X Npenaparis WMPOKOro cnekTpa Aii, HU3bKOMOSEKYNSPHUX iHAYKTOPIB IHTEPGEPOHY Ta MPOTUMYXMHHUX areHTiB, NOLLYKOM
MOMEKyNSAPHUX AECKPUNTOPIB iXHbOT CTPYKTYPU, BXMMBYX NS BCTAHOBMNEHHS 3aKOHOMIPHOCTEN «CTPYKTypa — BionoriyHa akTUBHICTbY.

LLOA0 5 TeCT-KyNbTYp, BCTAHOBUTM 3aNEXHICTb «CTPYKTYpa — Ais».

Matepianu Ta metoau. [ing nornnbneHoro BUB4EHHS aHTUBaKTepianbHoi Aii noxigHux ridpuais 1,2,4-tpiason-3(2H)-tiony 3 nipumignHo-
BUM chparmeHToM 0bpanu 4 TecT-kynbTypy My3enNHMX LWTaMIB rpaMMno3UTUBHIX i rpaMHeraTuBHIX bakTepiit Ta oguH Bug rpubie. In silico
[LOCTiIKeHHS1 BUKOHYBany 3a AOMOMOTO perpeciitmx i knacudikauininx QSAR-mopeneii.

Pesynratu. MoxigHi ridpugis 1,2,4-tpiason-3(2H)-Tiony 3 NipumiaMHOBUM chparMEHTOM Nokasani BUCOKY aHTUOaKTepianbHy akTUBHICTb
LLIOA0 rpaMHeraTMBHUX MikpoopraHiamis (E. coli, P, aeruginosa). EkcnepumMeHTanbHi pesynstatv Jany MOXMMBICTb He TiNlbKu BCTaHOBUTK
POrb OCHOBHMX CTPYKTYPHUX 0COBIMBOCTEN CMONyK y NPosiBi aHTUMIKPOOHMX BMAcTUBOCTEN, ane W OLHUTY eEKTUBHICTb CTBOPEHMX
knacudikauinHux i perpecinHmx QSAR mopenen. Ha nigcrasi HaBegeHux napameTpis Ans iHaueigyansHux QSAR mogenen ans nporHosy
MOXHa 3p06WTU BUCHOBOK NPO eheKTUBHICTb, CTAbINbHICTb, JOLINBHICTE BUKOPUCTAHHS LiX MOZENEeN Ans NOLyKy HOBKX S-MOXigHuUX
(1,2,4-Tpiason-3(2H)-in)MeTnn)TionipUMigmMHIB SK NEPCNEKTUBHUX aHTUMIKPODHUX areHTiB.
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BucHoBku. BctaHoBunu, Wo JocnipkysaHi noxigHi ribpuam 1,2,4-tpiason-3(2H)-tiony 3 nipymMignHOBUM hparMEHTOM NoKasanu BUCOKY
aHTvbakTepianbHy aKTUBHICTb OO rpaMHEraTMBHUX MiKpoopraHiamis. Pospobneni knacudikauinHi QSAR mopaeni 3a nokasHUKOM Bif-
COTKa NpaBuIibHO NPOrHO30BaHMX crosnyk (70 %) BBaxaeMo HaneeKTUBHILLMMY NOPIBHAHO 3 perpecininmm (50 %) Ans noLuyKy HOBUX
aHTUMIKPOBHWKX areHTiB y psagy noxiaHux ribpugis 1,2,4tpiason-3(2H)-Tiony 3 NipuMiaMHOBUM chparMeHTOM.

Kniovogi cnoea: 1,2,4-Tpuason, nipumianH, aHTmbakTepianbHa akTUMBHICTb, knacudikauiiHi QSAR Mogeni, perpecintti QSAR moaeni.
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Mouck aHTMbaKTepUanbLHON aKTUBHOCTM B pAAY HOBbIX S-npon3BoAHbIX (1,2,4-Tpna3on-3(2H)-un)MeTun)TMONUPUMNAUHOB
tO. B. KapneHko, A. W. MaHaceHko

AKTYanbHOCTb UCCNENOoBaHMs NPOU3BOAHbIX 1,2,4-Tprasona ¢ N1PUMUAMHOBLIM (hparMEHTOM 0BYCMOBIEHA CUHTE30M MOTEHLMArbHbIX
aHTMbakTepmanbHbIX NeKkapCTBEHHbIX NpenapaToB LUMPOKOTO CreKTpa AENCTBUS, HU3KOMOMEKYNSPHBLIX MHOYKTOPOB MHTEpdepoHa 1
MPOTMBOOMYXOJIEBbLIX AreHTOB, MOMCKOM MOMEKYISIPHBLIX AECKPUNTOPOB WX CTPYKTYPbI, BaXHbIX [ YCTAHOBNEHWSI 3aKOHOMEPHOCTE
«CTPyKTypa — Bronoruyeckas akTBHOCTbY.

Llenk paboTkl — KOMMBIOTEPHBIN NOUCK aHTUBaKTEPUanLHOTO AENCTBIS HOBbIX TMbpuaos 1,2,4-tpuason-3(2H)-TMonos ¢ MMPUMUAMHOBBLIM
(hpparMeHTOM OTHOCUTENBHO 5 TECT-KYNbTYP, YCTAHOBUTL 3aBUCUMOCTb «CTPYKTypa — AEiCTBUE.

Matepuanei u metoael. [ing yrnybneHHoro ndyyeHus aHTnbaktepmanbHoro AecTBns NponasoaHbix rnbpuaos 1,2,4-tpuason-3(2H)-tu-
ona ¢ NUPUMMAMHOBBLIM (parMeHTOM OTobpanu 4 TecT-KynbTypbl My3€MHbIX LITAMMOB rPamnonOXUTENbHBLIX U rpamMoTpuLaTenbHbIX
GakTepwii 1 oauH BKA rpuboB. In silico nccnenoBaHns NPOBEAEHb! C MOMOLLIO PErPECCUMOHHDIX 1 KnaccudmkaumoHHbIx QSAR-mogeneit.

Pesynirathl. MNponasoagHbie rbpuaos 1,2,4-Tpuason-3(2H)-Tmona ¢ NMpMMUAMHOBLIM (hparMeHTOM Mokasani BbICOKYH aHTubakTepu-
anbHYH0 aKTVBHOCTb B OTHOLLEHWW rpaMoTpuLaTenbHbIX MUKPOOpraHuamMoB (E. coli, P. aeruginosa). QKCnepuMeHTarbHble pe3ynsTaTbl
NO3BOMNUMM HE TOMBKO YCTaHOBUTb POfb OCHOBHBIX CTPYKTYPHBIX OCOBEHHOCTEN COEANHEHWIA B NPOSIBEHNN aHTUMUKPOGHBLIX CBOWCTB,
HO M OLEHUTb 3EKTUBHOCTb CO3AAHHBIX KnaccuuKaLMoHHbIX U perpeccnoHHbix QSAR mogeneit. Ha ocHoBe npeacTaBneHHbIX na-
pamMeTpoB ANs MHAMBMAYanbHbIX NporHoaupytowmx QSAR Mogenein MoXHO caenathb BbiBog 06 3heKTMBHOCTY, CTabUnbHOCTY U Liene-
€006pasHOCTH NCMONb30BaHNSA AaHHbLIX MOAENe AN novcka HoBbIX S-NPou3BOAHbIX (1,2,4-Tpuason-3(2H)-1n)MeTn)TMONMPUMUAVHOB
KaK NepcrnekTUBHbLIX aHTUMUKPOBHbIX areHToB .

BeiBogkl. YcTaHOBWK, YTO nccneayemble Npon3BoaHbIe rmbpuasl 1,2,4-Tprnason-3(2H)-Tvona ¢ TMpUMMAMHOBBLIM )parMeHTOM nokasanu
BbICOKYI0 aHTUDaKTEPUanbHYH0 aKTVBHOCTb B OTHOLLEHMM IPaMOTpULIATENBHBIX MUKPOOPraHN3mMoB. PaspaboTaHHble knaccudukaLoHHbIe
QSAR mopgenu ¢ nokasatenem npoLieHTa BepHO NporHo3vpyembix coeguHenwnii (70 %) npencraenstotcs Hanbonee ahdeKTMBHBIMM
MO CPaBHEHMIO C perpeccuoHHbIMM (50 %) Ans noucka HOBbLIX aHTUMUKPOOHBIX areHTOB B psidy NMPOM3BOAHbLIX bpuaos 1,2,4 Tpua-
30n-3(2H)-Tona ¢ NMPUMUANHOBLIM PparMeHTOM.

KntoueBble cnosa: 1,2,4-Tpnason, TMPUMWUANH, aHTubakTepuansbHas akTUBHOCTb, KnaccudukaumoHHble QSAR Mofenu, perpeccuoHHbIe
QSAR mopenu.
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1,2,4-Triazole nucleus is a very interesting azole heterocycle
and compounds of its chemical transformation find various
biological, pharmaceutical and clinical applications.

At the present stage of development of organic chemistry,
many basic synthetic approaches to the synthesis of 1,2,4-tri-
azole [1,2], which exhibits a high antibacterial [3], fungicidal
[4] activity. To date, it is known that modification of azole he-
terocycles leads to increased efficiency and reduced toxicity.

1,2,4-Triazole derivatives are widely known as antibacte-
rial, fungicidal and antiprotozoal drugs, so it is interesting to
select and analyze compounds with high antibacterial activity.

It is known that the most biologically active are those
compounds whose molecule sizes provide them with optimal
bioavailability. In this regard, the most promising salts and
esters. Salts — due to the peculiarities of its pharmacokinetics
(good dissociation, rapid absorption), and esters with low
molecular weight alcohol residues — due to the relatively
strong ester bond and good permeability to the cell.

The relevance of the study of 1,2,4-triazole derivatives
with pyrimidine fragment is due to the synthesis of potential
broad-spectrum antibacterial drugs, low molecular weight
inducers of interferon and antitumor agents, search for mole-

cular descriptors of their structure, important for establishing
patterns “structure — biological activity”.

Aim

The aim of the work is a computer search for the antibacterial
action of new hybrids of 1,2,4-triazole-3(2H)-thiols with a
pyrimidine fragment in relation to 4 test cultures, to establish
the dependence of “structure — action”.

Materials and methods

To create predictive QSAR models, individual samples of
1,2,4-triazole derivatives were formed, the main number
of which were 1,2,4-triazole-3(2H)-thiol derivatives, and
entered into the OCHEM server database [https://ochem.
eu/] in Excel format [5]. Sets of experimental data included
110 structures of inhibitors P. aeruginosa, E. coli, S. aureus
and C. albicans. The k-Nearest Neighbor Method (k-NN)
was used to construct QSAR regression models. Classifica-
tion models were built using the method of random forest
(WEKA-RF, Random Forest). To calculate the molecular
descriptors used 6 software packages that combine both
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Table 1. Parameters of QSAR classification models of antimicrobial activity of S-derivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines

Parameter models

Sample activity models of S-derivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines as culture inhibitors

ragron — Jecr  Jsame  Joam
146 209 220 191

Number of descriptors

Precision (active) 0.86 0.82 0.82 0.78
Precision (inactive) 0.90 0.85 0.81 0.80
Sensitivity 0.90 0.83 0.79 0.69
Specificity 0.86 0.84 0.84 0.87
Accuracy, % 88.0 £ 4.0 83.0 + 3.0 820 £ 4.0 80.0 + 5.0

Precision (active): the accuracy of predicting compounds as active; Precision (inactive): the accuracy of predicting compounds as inactive;
Sensitivity: sensitivity for the active class; Specificity: specificity for the inactive class; Accuracy: the percentage of correctly classified compounds.

Table 2. Parameters of regression consensus QSAR models of antimicrobial activity of S-derivatives (1,2,4-triazole-3(2H)-yl) methyl)thiopyrimidines

Parameter models

Sample activity models of S-derivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines as inhibitors of microbial cultures

D L
246 276 283 262

Number of descriptors

q? 0.91 £ 0.03 0.83 + 0.03 0.87 £ 0.03 0.84 + 0.04
R? 0.91 + 0.03 0.83 + 0.03 0.87 £ 0.03 0.84 + 0.04
RMSE 0.26 + 0.04 048 + 0.04 0.42 £ 0.03 0.44 + 0.05
MAE 0.18 £ 0.02 0.35 + 0.03 0.32 £ 0.02 0.30 + 0.03

q2: coefficient of cross-estimation; R2: square of the correlation coefficient; RMSE: standard error of the forecast; MAE: the average absolute error.

simple descriptors for counting chemical groups, and descrip-
tors of a wide range of possibilities for counting chemical
structures, such as: ALOGPS, E-State, ADRIANA. Code,
Dragon V6.0, Chemaxon, Inductive descriptors, available
on the OCHEM server.

Classification quality was assessed by statistical indica-
tors — total accuracy as a percentage of correctly classified
compounds (total accuracy), prediction accuracy for active
and inactive compounds (precision), and class efficiency rates
(class hit rate). The predictive power of QSAR regression
models was estimated using a cross-estimation factor g.

Results

Development of QSAR models of antimicrobial activity of
Sderivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimi-
dines. Classification and regression predictive QSAR models
of antimicrobial activity of inhibitors E. coli, P. aeruginosa,
S. aureus, C. albicans were created according to MIC indi-
cators. Training samples were formed by [6-10].

When creating QSAR classification models, MIC values
were divided into two conditional groups in a ratio of appro-
ximately 1:1 for bacteria, where 50 % of all compounds were
considered active and 50 % inactive and in a ratio of 1.0:1.5
for the fungus C. albicans where 40 % of all compounds
considered active and 60 % inactive.

Statistical parameters of the created individual QSAR
classification models of antimicrobial activity of S-deriva-
tives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines against
the studied cultures are presented in Tuble 1.

The percentage of correctly classified compounds in rela-
tion to all microbial cultures (total accuracy) was 80—88%,
which indicates the high predictive power of the constructed
QSAR classification models.

Statistical coefficients of the developed regression consen-
sus QSAR models for predicting the activity of new S-de-
rivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines
against the studied microorganisms are presented in 7able 2
and graphically shown in Fig. /4.

Antimicrobial activity, represented as MIC, was trans-
formed into log (1/MIC) and used as a dependent variable
to build QSAR models.

This conclusion is confirmed by the graphical results
(Fig. 1-4) of the established ratio of experimental values of
log (1/MIC) and predicted values of log (1/MIC) activity,
the value of which for most compounds (90 %) is within 1
log (1/MIC).

Prediction of antimicrobial activity of synthesized S-de-
rivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines
according to QSAR classification models. The created QSAR
classification models were used to predict the “class” of anti-
microbial activity of the synthesized compounds by the crite-
rion of “active” and “inactive”. The results of the prediction
by classification models are given in Table 3.

According to table 3 almost 90 % of compounds according
to the classification models of activity are provided as active.

Prediction of antimicrobial activity of synthesized S-de-
rivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines
according to regression QSAR models. General prognosis of
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Mepen6ayeHe 3HayeHHs log (1/MIK)
MepenbaveHe 3HayeHHs log (1/MIK)

1 2 3 4 5 6 1 2 3 4 5 6

EkcnepumeHnTanbHe 3HaueHHs log (1/MIK) EkcnepumenTanbHe 3HayeHHs log (1/MIK)

Fig. 1. Distribution of experimental and predicted log values (1/MIC) for Fig. 2. Distribution of experimental and predicted log values (1/MIC)

inhibitors of P. aeruginosa. for E. coli inhibitors.
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Fig. 3. Distribution of experimental and predicted log values (1/MIC) for Fig. 4. Distribution of experimental and predicted values of log (1/MIC)
S. aureus inhibitors. for inhibitors of C. albicans.

Table 3. Prediction of antimicrobial activity of the studied Sderivatives (1,2,4triazole-3(2H)-yl)methyl)thiopyrimidines according to QSAR classification
models

Prediction of the activity inhibitors of microbial cultures

2.3 + - + +
24 + - + +
2.7 + = + +
2.9 + + + +
2.10 T W 1 %5
2.1 + - + +
212 F - T W
2.13 + - + +
2.14 + - + +
2.15 + - + +
2.16 + - + +
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Cont. of table 3.

Prediction of the activity inhibitors of microbial cultures

E. coli S. aureus P. aeruginosa C. albicans
+ - + +

217
2.18 + = + +
2.19 + - + +
2.20 + - - +
2.21 + - - +
222 + - _ .
2.23 + + _ +
224 + + - +

+: compound intended as active; —: the compound is intended to be inactive.

Table 4. The results of the prediction of the activity of S-derivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines by regression QSAR models, log(1/MIC)

Prediction of the activity inhibitors of microbial cultures

P. aeruginosa _ S. aureus C. albicans

22 192 + 0.27 2.65 + 047 4.80 + 0.66 + 041
2.3 191 + 0.18 261 + 0.31 429 + 0.16 1.77 £ 0.23
24 217 £ 0.12 3.09 £ 0.08 462 + 0.38 216 £ 0.21
2.7 3,30 + 1.42 3.53 + 0.83 4.50 + 1.52 1.73 £ 1.53
29 2.68 + 0.09 4.36 + 0.12 512 £ 0.27 2.39 £ 0.23
2.10 311 + 0.34 4.76 + 0.22 543 + 0.37 2.68 + 0.32
2.1 3.70 £ 0.76 4.30 £ 0.23 5.65 + 0.59 2.88 + 0.62
212 3.14 £ 0.35 4.80 £ 0.20 544 + 0.36 2.75 £ 0.33
213 3.20 £ 045 4.88 + 0.31 522 + 0.53 2.96 + 0.39
2.14 2.85 £ 0.11 4.80 + 0.12 529 + 0.20 263 £ 0.21
215 2.68 + 0.09 436 + 0.12 512 + 0.27 239 + 0.23
2.16 3.20 + 045 4.88 + 0.31 522 + 0.53 2.96 + 0.39
217 2.16 £ 0.1 3.10 £ 0.14 474 £ 022 2.16 £ 0.23
2.18 297 + 0.19 4.52 + 0.06 526 + 0.22 2.34 + 0.13
2.19 270 + 0.28 3.95 £ 0.16 5.35 + 0.40 2.28 + 0.32
2.20 3.14 £ 0.35 4.80 + 0.21 544 + 0.36 2.75 + 0.33
2.21 3.19 + 0.39 4.88 + 0.24 538 + 0.39 2.76 + 0.32
2.22 3.18 + 043 494 + 0.18 529 + 045 2.84 £ 0.36
2.23 3.20 + 045 4.88 + 0.31 522 + 0.53 2.96 + 0.39
2.24 2.87 + 0.11 4.80 + 0.12 529 + 0.20 2.63 + 0.21

the activity of the synthesized S-derivatives (1,2,4-triazole-
3(2H)-yl)methyl)thiopyrimidines as inhibitors P. aeruginosa,
E. coli, S. aureus and C. albicans according to all constructed
regression QSAR models are presented in Table 4.

Discussion

Based on the presented parameters for individual predictive
QSAR models (7able 2), we can conclude about the efficien-
cy, stability and feasibility of using these models to search

for new S-derivatives (1,2,4-triazole-3(2H)-yl)methyl)
thiopyrimidines as promising antimicrobial agents. This is
evidenced by the high value of the cross-estimation coeffi-
cient — g% determined for all consensus models in the range
0f 0.84-0.91 and the optimal range of values of the standard
error of the forecast — RMSE 0.26-0.48.

The use of regression QSAR models to predict the antimi-
crobial activity of the compounds allowed to divide them into
4 conditional groups by activity value (MIC) in the range of
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10 umol, 100 pmol, 1000 pmol and 10000 pmol. Moreover,
for each type of microorganism there was a different level of
predicted activity of S-derivatives (1,2,4-triazole-3(2H)-yl)
methyl)thiopyrimidines.

The obtained experimental results allowed to establish not
only the role of the main structural features of the compounds
in the manifestation of antimicrobial properties, but also to
evaluate the effectiveness of the created classification and
regression QSAR models.

Developed QSAR classification models based on
the percentage of correctly predicted compounds (70 %)
are the most effective compared to regression (50 %) for
the search for new antimicrobial agents in a number of S-de-
rivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines.

Conclusions

1. It was found that the studied derivatives of hybrids of
1,2,4-triazole-3(2H)-thiol with a pyrimidine moiety showed
high antibacterial activity against gram-negative microor-
ganisms.

2. The developed QSAR classification models based on
the percentage of correctly predicted compounds (70 %)
are the most effective in comparison with regression (50 %)
for the search for new antimicrobial agents in a number of
derivatives of hybrids 1,2,4 triazole-3(2H)-thiol with pyri-
midine fragment .
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