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Pyrazole and 1,2,4-triazole derivatives play an important strategic role in modern medicine and pharmacy. This fact is due to the significant
possibilities of chemical modification and significant pharmacological potential among the derivatives of these heterocycles. The introduction
of 1,2,4-triazole and pyrazole fragments into the structure of new substances allows to influence the formation of a certain type of activity.
The structural combination of these heterocycles in one molecule increases the likelihood of interaction with various biological targets. At
the same time, the creation of condensed systems involving 1,2,4-triazole is undoubtedly scientifically attractive and promising.

The aim of the research was to study the conditions for obtaining 3-(5-(4-methoxyphenyl)pyrazol-3-yl)-6-R-[1,2,4]triazolo[3,4-b][1,3,4]
thiadiazoles and studying the properties of these compounds.

Materials and methods. The first stage of the synthetic part of the work involved the use of diethyl oxalate and 1-(4-methoxyphenyl)ethan-1-
one with the participation of sodium hydride in toluene. The obtained ethyl 4-hydroxy-4-(4-methoxyphenyl)-2-oxobut-3-ethanoate in the next
step was used in the process of conversion into ethyl 5-(4-methoxyphenyl)pyrazole-3-carboxylate with the participation of hydrazine hydrate.
Further modification of the molecule was the stepwise formation of the structure of 4-amino-5-(5-(4-methoxyphenyl)pyrazol-3-yl)-1,2,4-
triazole-3-thiol. The next stage of the work involved the interaction with carboxylic acids in the environment of phosphorus oxychloride. To
determine the composition and identify the structure of the isolated substances, 'H NMR and infrared spectra were recorded, as well as
qualitative and quantitative indicators of the elemental composition of the synthesized structures were obtained. The individual nature of
the presence of substances and the degree of their purity were determined using high performance liquid chromatography.

Results. Synthesis of 3-(5-(4-methoxyphenyl)pyrazol-3-yl)-6-R-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazoles was performed and optimal conditions
were determined the process of obtaining these substances. The structure of the products of chemical transformation was confirmed and
the results of the study of physical properties were recorded. The results of docking studies allowed to confirm the prospects of the chosen
direction of synthetic transformations, which ultimately allowed to determine the biological potential of the obtained compounds. The
model enzyme was 14-a-demethylase lanosterol (code 3LD6), information on which was used from the database of the Protein Structures
Database (PDB).

Conclusions. As a result of the molecular docking, data were obtained that form an idea of a certain level of probability of the effect of
synthesized compounds on the activity of 14a-demethylase lanosterol, which justified the need for further study of antifungal activity.

Key words: 1,2,4-triazole, pyrazole, physicochemical properties, molecular docking.
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CunTes i BnacTuBocTi aeskux 3-(5-(4-metokcucheHin)nipason-3-in)-6-R-[1,2,4]tpiazono[3,4-b][1,3,4]riapia3onis
C. O. ®eporos, A. C. l'ouyns, O. |. Maxacexko

MoxigHi nipasony Ta 1,2,4-Tpiasony BigirpatoTb BaXUBY CTpaTeriyHy porib y CyvacHin MeauuUmMHi Ta dpapmadii. Lien dakT 3ymoBneHun
iCTOTHMMM MOXIMBOCTSIMM XiMi4YHOT MOAWMiIKaLi Ta 3Ha4YHMM hapMaKosoriYHUM MOTEHLiaNom cepes MoxXiaHWX Lyx reTepouuknis. BeegeH-
HS1 B CTPYKTYpY HOBMX PEYOBUH doparmeHTiB 1,2,4-Tpiazony Ta nipa3ony Aae 3mMory BhAUHYTU Ha (pOpMyBaHHS MEBHOMO TUMY aKTUBHOCTI.
CTpyKTypHe NOedHaHHS LMX reTEPOLIMKITIB B OAHIN MONEKyNi NigBULLYE IMOBIPHICTb B3aeMogii 3 pisHMMu GionoriyHumu MilweHsimu. CTBO-
PEHHS KOHAEHCOBaHWX cUCTeM 3a yyacTio 1,2,4-Tpiasony, 6e3nepeyHo, € HaykoBO NPMBabNMBIM i NEPCNEKTUBHUM.

Meta po6oTtu — gocnimkeHHs yMoB ogepxaHHs 3-(5-(4-meTokcudeHin)nipason-3-in)-6-R-[1,2,4]tpiasono[3,4-b][1,3,4]tiapiasonis i BuB-
YEHHS! BNACTUBOCTEN LiX CMOMyK.

Martepianu Ta metogu. MNepLunin eTan CUHTETUYHOI YacTHK poboTH NepeadadaB BUKOPUCTaHHS AjeTunokcanarty Ta 1-(4-MeTokcudeHin)
eTaH-1-0Hy 3a y4acTio HaTpil rigpuay B cepenoBuLli TonyeHy. OaepxxaHnin eTun-4-rinpokcmn-4-(4-meTokendeHin)-2-okcobyT-3-eTaHoaT Ha
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HacTymHOMy eTani 3acTocyBarnu B NpoLEeci NepeTBOpPeHHs Ha eTUI-5-(4-meTokeundeHin)nipason-3-kapbokeunar 3a y4acTio rigpasuH rigpary.
Mogudikauis monekynu Hagani nonsrana B noetanHoMmy opMyBaHHIO CTPYKTYpu 4-amiHo-5-(5-(4-meTokcudbeHin)nipason-3-in)-1,2,4-
Tpiason-3-tiony. HactynHui eTan pobotu nepenbayas B3aeMogito 3 kKapbOHOBMMM KMCIOTaMU B cepenoBuLLi dpoccop okemxnopuay. Ans
BCTaHOBNEHHS cknagy W ineHTudikauii cTpykTypu BugineHunx peqosuH 3anucanu 'H AMP Ta iHpayepBoHi CnekTpu, a Takox ogepkani
AKICHI Ta KinbKiCHi NOKa3HWKI ENEeMEHTHOTO CKMaay CUHTE30BaHUX CTPYKTYP. IHAUBIAYyanbHUI XxapaKkTep HasgBHOCTI PEYOBWH i CTYMiHb IXHLOI
YUCTOTU BU3HAYMIIN, BUKOPUCTABLUM BUCOKOEEKTUBHY PidUHHY XpomaTtorpadito.

Pesynkratn. 3pjiicHnnm cuHtes 3-(5-(4-meTokeudeHin)nipason-3-in)-6-R-[1,2,4]piazono[3,4-b][1,3,4]Tiagiasonis i BU3Ha4YMNM onTUManbHi
YMOBU NpOLeCy OfepKaHHS Lix pe4oBuUH. bynoBa npoayKTiB XiMiYHOro NepeTBOPeHHS NiATBEPMAKEHa, pe3ynbTaTv AOCTIIKEHHS (i3NYHMX
BNaCTUBOCTEN 3achikCOBaHO. Pe3ynsTaT JOKIHFOBUX JOCTIAKEeHb Aany MiACTaBy ANs NiATBEpAKEHHS NepCnekTUBHOCTI 06paHoOro HanpsiMy
CYHTETUYHMX NEepPEeTBOPEHb, Lie BPELLTI Aano 3Mory BU3Ha4YUTUCH i3 BioNnoriyH1M noTeHLianom ogepkanux cnonyk. MogensHuin doepMmeHT
—14-a-pemeTunasa naHoctepony (kog 3LD6), iHdpopmalis wopo Hei BukopucTaHa 3 6a3u baHky gaHux 6inkosux ctpyktyp (PDB).

BucHoBku. Y pesynbTtaTi MOMEKYNApHOro AOKIHTY OTpUManu AaHi, Wo opMyoTb YABMEHHS NPO NEeBHUA PiBEHb IMOBIPHOCTI BMAWBY
CYHTE30BaHMX CMONyK Ha akTUBHICTb 14-a-gemeTunasun naHoctepony. Lie obrpyHToBYy€e HeOOXiAHICTE NPOAOBXKEHHS [OCMIAXEHHS Npo-

TUrPUOKOBOT aKTUBHOCTI.

Knrovogi cnoga: 1,2,4-Tpiazon, nipason, ¢i3nko-xiMiyHi BNacTMBOCTI, MOMEKYNAPHUA OOKIHT.
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The combination of different heterocyclic fragments with
pharmacophore properties in one molecule makes it possible
to use in practice the basic principles of the hybrid pharma-
cophore method for constructing molecules that are promising
from the point of view of Pharmacology [ 1-9]. This approach
allows you to achieve the necessary pharmacological effect,
influence the indicators of toxicity and selectivity of action
[10—15]. Recently, there has been an increased interest in
the study of condensed heterocyclic systems. This fact is
explained by the high probability of detecting highly active
molecules among them [10,11].

An interesting area of work that allows us to obtain this
result is the condensed system of 1,2,4-triazolo[3,4-b]
[1,3,4]thiadiazole in combination with pyrazole [10]. Thus,
the preliminary results of the study of biological properties
in a number of derivatives of this condensed heterocyclic
system allow us to speak about the prospects and validity
of the chosen direction of scientific research [10]. Among
the confirmed types of activity are antitumor, antimicrobial,
antidepressant, anticonvulsant, antiviral and others.

Aim

The aim of the work was to synthesize compounds in the se-
ries 3-(5-(4-methoxyphenyl)pyrazole-3-yl)-6-R-[1,2,4]
triazolo[3,4-b][1,3,4]thiadiazoles.

Materials and methods

The synthetic part of the work is a step-by-step formation of
target products of chemical transformation based on well-
known methods of organic synthesis using available reagents
and solvents with their additional purification.

The structure of all synthesized substances was proved using
physical-chemical analysis methods. Modern analysis methods
were used to establish the structure and confirm the purity
of the obtained compounds. Melting points were set in open
capillaries using “Stanford Research Systems Melting point
Apparatus 100” (SRS, USA). Elemental analysis (C, H, N, S)
was performed using an “Elementary vario EL cube” analyzer
(Elementary Analysensysteme, Germany). IR spectra (in the fre-

quency range 4000400 cm™) were obtained on the ALPHA-T
module of the Bruker ALPHA FT-IR spectrometer (Bruker
optics, Germany). 1H NMR spectra (400 MHz) were recorded
on a Varian-Mercury 400 spectrometer using tetramethylsilane
as an internal standard in a DMSO-d, solution. Chromato-mass
spectra were obtained using an Agilent 1260 Infinity HPLC li-
quid chromatograph equipped with an Agilent 6120 spectrometer
(electrospray ionization method (ESI)).

Molecular docking

The next stage of this work was the preliminary determina-
tion of substances with possible antifungal activity. For this
purpose, molecular docking was performed [16—18]. The use
of in silico methods makes it possible to preserve laboratory
animals in the case of low affinity of the studied compounds
to potential biotargets.

The molecular docking method is based on an approach
to detecting molecules with affinity for a specific biological
target and allows you to save laboratory animals. Macromo-
lecules from the Protein Data Bank (PDB), namely a fragment
of lanosterol-14a-dimethylase (CYP51) in complex with
fluconazole, were used as biological targets.

The choice of biological targets is determined by the lite-
rature data on the mechanism of action of antifungal agents.

The research methodology consisted of the following stages:

1) ligand preparation: construction of structural formulas
of compounds using the program MarvinSketch 6.3.0 and
their storage in mol format; generation of 3D structure of
formulas of compounds-molecular modeling (Hyper Chem
8 program using the method of molecular mechanics MM+
and semi-empirical quantum mechanical method PM3 with
the maximum number of cycles and Polak-Ribiere algorithm
and saving molecules in PDB files); use AutoDockTools-1.5.6
to convert PDB to pdbqt files;

2) preparation of enzymes: removing water and ligand
molecules from a file using the discovery Studio 4.0 software
package and saving the enzyme in PDB format; using Auto-
DockTools-1.5.6 to convert the PDB enzyme to PDBQT files;

3) actual molecular docking: performing docking using
the “Vina” program; data visualization using the Discovery
Studio 4.0 program.
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Fig. 1. Scheme of synthesis of 3-(5-(4-methoxyphenyl)pyrazole-3-yl)-6-R-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazoles.

Results

The first stage of work was to gradually form a pyrazole
fragment. As a starting material, 1-(4-methoxyphenyl)
ethane-1-one was used, which in the reaction of interaction
with diethyloxalate with the participation of sodium hydride
in toluene formed ethyl-4-hydroxy-4-(4-methoxyphenyl)-
2-oxobut-3-ethanoate. The resulting diketoester was used
in the reaction of interaction with hydrazine hydrate in an
ethanol medium. As a result of this chemical interaction,
ethyl-5-(4-methoxyphenyl)pyrazole-3-carboxylate was ob-
tained. The next stage of work again involved hydrazinolysis.
The resulting hydrazide then interacted with carbon disulfide
in a 9 % potassium hydroxide solution in butane-1-ole. As
a result, the structure of 4-amino-5-(5-(4-methoxyphenyl)
pyrazole-3-yl)-1,2,4-triazole-3-thiol was formed.

The next stage of chemical transformation occurred with
the participation of synthesized thiol and aromatic carboxylic
acids in a phosphorus oxychloride medium, which made it
possible to obtain 3-(5-(4-methoxyphenyl)pyrazole-3-yl)-
6-R-[1,2,4]triazolo-[3,4-b][1,3,4]thiadiazoles (Fig. I).

The structure and individuality of the obtained compounds
were proved using physical-chemical methods of analysis:
elemental analysis (7able 1), IR sectrophotometry, 'H NMR
spectroscopy, chromato-mass spectrometry.

Ethyl-4-hydroxy-4-(4-methoxyphenyl)-2-oxobut-3-
ethanoate (3). Sodium hydride (0.2 mol) was added to
a mixture of 1-(4-methoxyphenyl)ethane-1-one (0.10
mol) and diethyloxalate (0.15 mol) in 60 ml of anhydrous
toluene.

The resulting mixture was stirred at 30 °C for 8 hours. The
solvent was distilled off under vacuum. The crude mixture
was poured into 100 ml of ice water and acidified with di-
lute hydrochloric acid. The resulting crystalline precipitate
was filtered off and washed with water. Crystallized from
methanol. Yellow crystalline substance. Yield: 86 %. M. p.:
96-98 °C. IR, v (cm™): 1735 (C = O, ester), 1685 (C = O,
keton), 1447 (C = C). '"H NMR, ¢ (ppm), J (Hz): 14.76 (s,
1H, OH), 7.94-7.88 (m, 2H, H-2,6,4-OCH-C H,), 7.25-7.31
(m, 2H, H-3,5, 4-OCH,-C H,), 6.43 (s, 1H, =CH), 4.25 (q,
J=6.8 Hz,2H, OCH,CH,), 3.74 (s, 3H,4-OCH-CH ), 1.17
(t, 3H, OCH,CH,).
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Table 1. Physical and chemical properties of synthesized compounds

HN —N

\ Y

N—N

- T E
%

Calculated % Found, %

205207 |C,H,N,08 79 |6095 |377 |2245 |856 [60.78 [3.76 |2251 |8.58
9 2-0CH,-CH, 189-191 | C,H,N,0,S 63  [59.39 399 2078 [7.93 [59.23 (400 2072 [7.91
10 3-0CH,-CH, 194-196 | C,H,N,0,S 65  [50.39 399 2078 [7.93 |59.55 |398 |20.82 [7.95
11 2CICH, 202-204 |C,H,CIN,0S 5582 (320 |20.56 |7.84 [5596 (319 [2060 |7.82
12 2.Br5-0CH-CH, (185187 |[C,H.BNO2S |73 (4970 |3.13 [17.39 |6.63 [49.56 |3.14 |17.42 |661
13 2-Br4-F-CH, 176-178 |C H,BIFN,OS (61  |4842 |257 [17.83 |6.80 (4856 |258 [17.79 |6.78
14 2Br5NOACH, [172-174 [CH.BIN.OS |69  [4580 [243 1968 (643 [4569 |242 [1971 |645

Ethyl-5-(4-methoxyphenyl)pyrazole-3-carboxylate (4). A
mixture of ethyl-4-hydroxy-4-(4-methoxyphenyl)-2-oxobut-
3-ethanoate (0.1 mol) and hydrazine hydrate (0.5 mol) in 40
ml of propane-1-ol was heated to a boil for 8 hours. After
removing the alcohol, an oily liquid was obtained, which
was poured on the crushed ice. A crystalline substance was
formed. The yield is 76 %. M. p.: 166-168 °C. IR, v (cm™):
1721 (C=0, ester), 1435 (C=C). 'HNMR, ¢ (ppm), J (Hz):
13.04 (s, 1H, NH, pyrazole), 8.66 (s, 1H, CH, pyrazole),
7.59-7.54 (m, 2H, H-2,6, 4-OCH,-C H,), 7.04-6.98 (m, 2H,
H-3,5,4-OCH,-C H,), 431 (q, J = 6.2 Hz, 2H, OCH,CH,),
3.77 (s, 3H, 4-OCH-C H,), 1.15 (t, 3H, OCH,CH,).

5-(4-Methoxyphenyl)pyrazole-3-carbohydrazide (5). A mix-
ture of ethyl-5-(4-methoxyphenyl)pyrazole-3-carboxylate (0.1
mol) and hydrazine hydrate (0.2 mol) was heated with 40 ml of
ethanol to a boil for 6 hours. After cooling, the sediment was
filtered and recrystallized from the water (Fig. 7). Yield: 84 %;
m. p.: 153-155 °C; IR, v (cm™): 3404-3233 (NH, NH,), 1615
(C=0);'HNMR, o (ppm), J (Hz): 13.12 (s, IH, NH, pyrazole),
9.21 (t,J=4.6 Hz, 1H, NHNH,), 8.27 (s, 1H, CH, pyrazole),
7.57-7.52 (m, 2H, H-2,6, 4-OCH,-C H,), 7.03-6.97 (m, 2H,
H-3,5, 4-OCH,-C H), 429 (d, J = 4.6 Hz, 2H, NHNH,),
3.79 (s, 3H, 4-OCH-C H,). Elemental analysis (%): C 56.89,
H 5.21,N 24.12. Found: C 56.73, H 5.22, N 24.06.

Potassium 2-(5-(4-methoxyphenyl)pyrazole-3-carbonyl)
hydrazine-1-carbo-dithioate (6). For the reaction, it was
weighed (0.2 mol) 5-(4-methoxyphenyl)pyrazole-3-carbo-
hydrazide and potassium hydroxide equivalently (0.2 mol).
From potassium hydroxide, a 9 % solution for butan-1-ol was
prepared, in which 5-(4-methoxyphenyl)pyrazole-3-carbohy-
drazide was dissolved. After the substance was completely
dissolved, a mechanical agitator was used and 0.3 mol of
carbon disulfide was added drop by drop. During the reaction,
a yellow precipitate of potassium salt was formed.

At the end of adding carbon disulfide, the mixture was
stirred for another 30 minutes, filtered, dried and prepared
for the next stage.

4-Amino-5-(5-(4-methoxyphenyl)-pyrazole-3-yl)-1,2,4-
triazole-3-thiol (7). Potassium 2-(5-(4-methoxyphenyl)pyra-
zole-3-carbonyl)hydrazine-1-carbo-dithioate was weighed
and placed in a heat-resistant flask, dissolved in 150-200 ml
of purified water and added five times the excess hydrazine
hydrate. In this form, the mixture was boiled for 6 hours. At
the end of heating, the solution was cooled and gradually,
with constant stirring, concentrated hydrochloric acid was
added to it, until the medium becomes acidic (pH = 1-2) and
a white thiol precipitate begins to form. The reaction was
very violent. The resulting sediment was filtered and dried.

General scheme of synthesis of 3-(5-(4-methoxyphenyl)pyra-
zole-3-yl)-6-R-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazoles (8-14)

To 0.01 mol of the initial 4-amino-5-(5-(4-methoxyphenyl)
pyrazole-3-yl)-1,2,4-triazole-3-thiol, 0.01 mol of the cor-
responding carboxylic acid (benzoic, 2-methoxy-, 3-meth-
oxybenzoic, 2-chlorobenzoic, 2-bromo-5-methoxybenzoic,
2-bromo-4-fluorobenzoic, 2-bromo-5-nitrobenzoic) and 15 ml
of POCI, was added and heated for 3 hours at the temperature of
80 °C. After cooling, the solution was poured onto the ice. The
resulting sediment was filtered and washed with water.

The compounds crystallized from concentrated ethanoic
acid. The substances were crystalline white (8-11), yellow (12,
14), and bright yellow (13). These substances were practically
insoluble in water, soluble in organic solvents.

8. 'THNMR, ¢ (ppm), J (Hz): 13.07 (s, 1H, NH, pyrazole),
8.70 (s, 1H, CH, pyrazole), 7.97-7.90 (m, 2H, H-2,6, C.H,),
7.56-7.45 (m, 5H, H-3,4,5, C H,, H-2,6, 4-OCH,-C H,),
7.03-6.97 (m, 2H, H-3,5, 4-OCH,-C H,), 3.82 (s, 3H,
4-OCH-CH,).

9.'"HNMR, 6 (ppm), J (Hz): 13.05 (s, 1H, NH, pyrazole),
8.72 (s, 1H, CH, pyrazole), 7.79 (dd, J = 6.8, 1.7 Hz, 1H,
H-6, 2-OCH,-CH,), 7.56-7.51 (m, 2H, H-2,6, 4-OCH-

H,), 7.36 (t, 1H, H-4, 2-OCH,-C.H,), 7.21 (t, 1H, H-5,
2-OCH,-C.H,), 7.04-6.97 (m, 3H, H-3,5, 4-OCH,-C H,
H-5, 2-OCH,-C H,), 3.96 (s, 3H, 2-OCH-C H,), 3.80 (s,
3H, 4-OCH-CH,).
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10. 'HNMR, ¢ (ppm), J (Hz): 13.07 (s, 1H, NH, pyrazole),
8.71 (s, 1H, CH, pyrazole), 7.73 (dd, /= 6.9, 2.1 Hz, 1H, H-6,
3-OCH,-C,H,),7.58-7.53 (m, 2H, H-2,6,4-OCH,-C H,), 7.37
(t, 1H,H-5,3-OCH,-C H,), 7.05-6.98 (m, 2H, H-3,5, 4-OCH,-
CH,),6.85(dd,J=8.1,1.9 Hz, 1H, H-4,3-OCH,-C H,), 3.88
(s, 3H, 3-OCH-CH,), 3.79 (s, 3H, 4-OCH,-C H,).

11. '"HNMR, 6 (ppm), J (Hz): 13.07 (s, lH, NH, pyrazole),
8.70 (s, 1H, CH, pyrazole), 7.81 (d,J=7.3 Hz, 1H, H-6, 2-Cl-
CH,), 7.59-7.52 (m, 3H, H-3, 2-CI-C H,, H-2,6, 4-OCH.-
CH,), 741 — 7.32 (m, 2H, H-4,5, 2-CI-C H,), 7.04-6.97
(m, 2H, H-3,5, 4-OCH,-C H,), 3.80 (s, 3H, 4-OCH -C H,).

12.'HNMR, 6 (ppm), J (Hz): 13.05 (s, 1H, NH, pyrazole),
8.70 (s, 1H, CH, pyrazole), 7.67 (d,J=8.5 Hz, 1H, H-3, 2-Br-
5-OCH,-CH,), 7.55-7.51 (m, 2H, H-2,6, 4-OCH,-C.H ),
7.26 (d,J=7.3Tn, 1H, H-6, 2-Br-5-OCH,-C H,), 7.03-6.97
(m, 2H, H-3,5,4-OCH,-C,H ), 6.82 (dd,J=8.4,2.8 Hz, 1H,
H-4, 2-Br-5-OCH,-C H,), 3.86 (s, 3H, 2-Br-5-OCH,-C H,),
3.81 (s, 3H, 4-OCH,-C H).

13.'"HNMR, ¢ (ppm), J (Hz): 13.07 (s, 1H, NH, pyrazole),
8.71 (s, 1H, CH, pyrazole), 7.72 (dd, J = 7.8, 4.9 Hz, 1H,
H-6, 2-Br-4-F-C H,), 7.57-7.52 (m, 2H, H-2,6, 4-OCH.,-
C,H,),7.48 (dd,J=11.6,2.2 Hz, 1H, H-3, 2-Br-4-F-C H)),
7.19-7.12 (m, 1H, H-5, 2-Br-4-F-C H.), 7.02 - 6.97 (m, 2H,
H-3,5,4-OCH,-C H,), 3.80 (s, 3H, 4-OCH,-C H,).

14.'"HNMR, ¢ (ppm), J (Hz): 13.07 (s, IH, NH, pyrazole),
8.70 (s, 1H, CH, pyrazole), 8.61 (d, J = 2.1 Hz, 1H, H-6,
2-Br-5-NO,-C H,), 8.19 (dd,J=8.6,2.2 Hz, 1H, H-4, 2-Br-5-
NO,-CH,),7.96 (d,J= 8.5 Hz, 1H, H-3, 2-Br-5-NO,-C H,),
7.59-7.54 (m, 2H, H-2,6, 4-OCH,-C H,), 7.03-6.97 (m, 2H,
H-3,5,4-OCH,-CH,), 3.78 (s, 3H, 4-OCH-C H,).

Molecular docking

A thorough analysis of the results of doping studies demon-
strated excellent affinity values for the obtained ligands
to lanosterol-140-demethylase. This fact was confirmed
by the calculated values of the free binding energy for
complexes formed by 3-(5-(4-methoxyphenyl)pyrazole-3-
yl)-6-R-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazoles and the la-
nosterol-14a-demethylase receptor (7able 2).

Visualization of the interaction of structures with the active
site of lanosterol-14a-demethylase showed that they had a
significant spectrum of interactions with a significant number
of amino acid residues.

Discussion

The structure and individuality of the synthesized substances
were confirmed by modern physical-chemical methods of
analysis.

'"H NMR spectra of synthesized compounds (8-14) were
recorded in accordance with the proposed structures. Thus,
the signal of protons of the NH group of the pyrazole cycle
was located at 13.05-13.07 ppm in the form of a singlet. In
the weak part of the magnetic field, singlets were recorded that
form protons of the methyl group of the pyrazole fragment at
8.70-8.72 ppm. The 4-methoxyphenyl substitute in most cases
(compounds 10, 12-14) had a multiplet signal of ortho-protons
in the region of 7.51-7.59 ppm and a multiplet signal of me-

Table 2. Energy values of intermolecular interactions of the studied
compounds with lanosterol-14a-demethylase (3LD6)

8

-10.6 10 -10.6 13 -10.1
9 -9.5 1 -10.3 14 -11.3
Fluconazole |-8.4 12 -10.6 - -

E__: minimum complexation energy, kcal/mol.
min

ta-protons in the region of 6.97—7.05 ppm in the spectra of other
compounds (8, 9, 11) in the “aromatic” part of the spectrum,
more complex multiplets were observed, the formation of
which was due to the presence in the structure of synthesized
compounds of the order 4-methoxyphenyl substitute phenyl
(8), 2-methoxyphenyl (9) and 2-chlorophenyl (11).

For example, in the spectrum of compound 7, signals of
meta- and para-protons of the phenyl substituent and signals
of ortho-protons of the 4-methoxyphenyl substituent gave
a five-proton multiplet in the spectrum at 7.45-7.56 ppm.

Proton signals at positions 4 and 5 of the 2-methoxyphenyl
substitute compound 9 appeared as triplets with an intensity
of 1H at 7.36 ppm and 7.21 ppm, respectively. Also, in
the spectrum of compound 10, the signal of a proton in the 5th
position of the 3-methoxyphenyl substitute forms a triplet
at 7.37 ppm at the same time, a proton in the 4* position of
the specified substitute of compound 10 turned out to be a
doublet of doublets at 6.85 ppm.

Proton signals of the 2-bromo-5-methoxyphenyl substituent
of compound 12 gave doublets (H-3 and H-6) in the spectrum
at 7.67 ppm and 7.26 ppm, respectively, doublet of doublets
(H-4) at 6.82 ppm a similar picture of proton signals was
formed by 2-bromo-4-fluorophenyl and 2-bromo-5-nitro-
phenyl substituents. But there were also expected features.
For example, the presence of a nitro-group in the structure
of the aromatic substitute of compound 14 contributes to
the shift of proton signals to a weaker field, which was due
to the pronounced “—I” effect of this group. Thus, a proton
in the 6" position of the 2-bromo-5-nitrophenyl substitute
forms a signal in the form of a doublet at 8.61 ppm, in the 4
position — in the form of a doublet of doublets at 8.19 ppm,
and in the 3" position — in the form of a doublet at 7.96 ppm.

In the strong part of the magnetic field, the proton signals
of the methoxygroup of 2-, 3-, and 4-methoxyphenyl sub-
stituents appeared as a singlet at 3.96 ppm, 3.88 ppm, and
3.79-3.82 ppm, respectively.

Significant potential for antifungal activity was confirmed
by molecular docking.

The synthesized ligands were characterized by a signifi-
cant variety of interactions with the active site of lanoster-
ol-14a-demethylase, including alkyl, n-alkyl, n-6, m-sulfur,
and amide-x stacking interactions. These types of interactions
were enhanced by intermolecular hydrogen chemical bond-
ing, Van der Waals intermolecular interaction forces, and
halogen and Carbon-Hydrogen interactions. For example,
the hydrophobic alkyl interaction of compound 12 was re-
alized with the participation of the methoxy-group of the li-
gand and the amino acid ALA A: 400 residue. The n-alkyl
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interaction was formed using the 4-methoxyphenyl fragment
and the PRO A: 400 residue, the 1,2,4-triazole fragment and
the LEU A: 324 residue, the 2-bromo-4-fluorophenyl sub-
stitute, and ARG A: 96. The n-6 interaction occured using
the 2-bromo-4-fluorophenyl and pyrazole fragments and VAL
A:395 and LEU A: 321 residues, respectively. The amide-n
stacking interaction was characteristic of this compound and
contributes to the formation of a complex involving the PHE
A: 387 residue and the pyrazole fragment. The sulfur of
the 1,3,4-thiadiazine fragment and the pyrrole-like Nitrogen
of the pyrazole fragment additionally interact with GLN A:
72 and PRO A: 386 residues due to intermolecular hydro-
gen chemical bonds. Also characteristic was the interaction
involving Fluorine, which interacts with LEU A: 100. The
resulting complex with the active site of the enzyme was fur-
ther enhanced by the Carbon-Hydrogen interaction involving
the methyl fragment of the methoxy-substitute and the SER A:
261 residue and Van der Waals forces involving GLY A: 388.

Conclusions

1. A convenient formation of a pyrazole-containing phar-
macophore was proposed, followed by a combination with a
1,2 4-triazole synton, which eventually made it possible to create
a convenient framework for obtaining 3-(5-(4-methoxyphenyl)
pyrazole-3-yl)-6-R-[1,2 4]triazolo[ 3,4-b][ 1,3,4]thiadiazoles.

2. The method of molecular docking established a significant
potential of antifungal activity in a number of synthesized sub-
stances. The high affinity of the synthesized compounds to the la-
nosterol-14a-demethylase enzyme was demonstrated, which was
provided by alkyl, n-alkyl, n-6, n-sulfur, and amide-r stacking
interactions, as well as intermolecular hydrogen chemical
bonding forces, Van der Waals forces, and halogen interactions.

3. The energy value of intermolecular interactions of
the studied compounds confirmed the high probability of
antifungal activity in a number of synthesized compounds.
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