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ABSTRACT
Objective: The purpose of this work is to synthesize new series of 4-((5-((cyclohexylmethyl)thio)-4-R;-4H-
1,2,4-triazol-3-yl)methyl)morpholines and 4-((4-R4-5-(pyridin-2-ylthio)-4H-1,2,4-triazol-3-

yl)methyl)morpholines using a microwave synthesis system.

Material and Method: As starting compounds are used 4-R;-3-(morpholinomethyl)-4H-1,2 4-triazole-5-
thioles (where, R1=H, methyl, ethyl, phenyl, amino). Synthesis was carried out using a microwave synthesis
system Milestone Flexi Wave. The structure of synthesized compounds is confirmed by the use of modern
methods of analysis *H NMR, C NMR spectroscopy, elemental analysis and gas chromatography—mass
spectrometry (GS/MS).

Result and Discussion: As a result of the conducted experiment, the synthesis method is optimized for 4-
((5-((cyclohexylmethyl)thio)-4-R;-4H-1,2,4-triazol-3-yl)methyl)morpholines and 4-((4-R:-5-(pyridin-2-ylthio)-
4H-1,2,4-triazol-3-yl)methyl)morpholines by microwave irradiation. It was established that the reactions
proceed to the end in all described conditions, but the reaction with the parameters t=10 min, T=160 °C is the
most technologically optimal. This approach has allowed reducing energy costs and increasing the yield of
target compounds. As a result, a class of new derivatives of 1,2,4-triazole has been obtained, which can be
used in further pharmacological studies as valuable biological agents.
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Amag: Bu ¢alismanmn amaci, mikrodalga sentez sistemi kullanarak 4-((5-((siklohekzilmetil)tiyo)-4-R;-4H-
1,2 4-triazol-3-il)metil)morfolinler ile 4-((4-R:-5-(piridin-2-iltiyo)-4H-1,2,4-triazol-3-il)metil)morfolinlerin
yeni serisini sentezlemektir.

Gere¢ ve Yontem: Baslangic bilesikleri olarak 4-Ri-3-(morfolinometil)-4H-1,2,4-triazol-5-tiyoller
(burada, R=H, methyl, ethyl, phenyl, amino) kullanilir. Sentez, bir mikrodalga sentez sistemi Milestone Flexi
Wave kullanilarak gerceklestirildi. Sentezlenen bilesiklerin yapist modern analiz yontemleri olan *H NMR, 13C
NMR-spektroskopisi, element analizi ve gaz kromatografisi-kiitle spektrometresi (GS/MS) kullanilarak
dogruland.

Sonu¢ ve Tartisma: Yapilan deney sonucunda sentez yontemi mikrodalga i1smmmiyla  4-((5-
((siklohekzilmetil)tiyo)-4-R1-4H-1,2,4-triazol-3-il)metil)morfolinler and 4-((4-R1-5-(piridin-2-iltiyo)-4H-1,2,4-
triazol-3-il)metil)morfolinler icin optimize edilmistir Tamimlanan tiim kosullar altinda reaksiyonlarin sonuna
kadar geldigi ancak reaksiyonun t = 10 min, T = 160 °C parametreleri ile teknolojik olarak en uygun oldugu
tespit edilmistir. Bu yaklasuim enerji maliyetlerini diisiirmeyi ve hedef bilesiklerin verimini arttrmayi
saglamigtir. Sonug olarak, ileri farmakolojik ¢calismalarda biyolojik bilesikler olarak kullanilabilecek bir yeni
1,2,4-triazol tiirevi sinifi elde edilmistir.

Anahtar Kelimeler: 1,2,4-triazol; mikrodalga sentezi; heterosiklik

INTRODUCTION

Synthetic organic chemistry has made significant progress in recent times [1, 2]. Thus, the
synthetic strategy actively examines modern approaches to optimizing the process of creating new
molecules [3, 4]. One of the options for this optimization is the use of microwave synthesis systems,
which allow not only to increase the final output of reaction products but also to significantly accelerate
its yield [5-7].

Derivatives of 1,2,4-triazole are widely used not only in medicine and pharmacy [8, 9] but also
in agriculture [10]. Thus, Tryfuzol® (piperidine 2-(5-(furan-2-yl)-4-phenyl-4H-1,2 4-triazole-3-
ylthio)acetate) provides high immunomodulatory, antioxidant and hepatoprotective properties [8]. New
compound 4-((5-(decylthio)-4-methyl-4H-1,2,4-triazol-3-yl)methyl)morpholine shows high antifungal
and antimicrobial activities [9]. In our previous studies, the ability of 2-((5-R1-4-R2-4H-1,2,4-triazole-
3-yl)thio)acetic acid salts to influence the growth of blackberries propagules is shown [10].

The derivatives of 1,2,4-triazole are pharmacologically valuable molecules which are also
essential syntones in organic synthesis. It is noted that derivatives of 4-R-3-(morpholinomethyl)-4H-
1,2,4-triazole-5-thioles are able to exhibiting anti-TB activity and affecting the cultures of M. bovis [11].
Further, the S-derivatives of 1,2,4-triazole-5-thioles exhibit diuretic and antipyretic activity [12-15].

The analysis of scientific literature data indicates that the creation of new drugs of synthetic
origin is based on the chemical substance hetero- and alkyl- cyclic characters. Therefore, the
introduction into the structure of 4-R1-3-(morpholinomethyl)-4H-1,2,4-triazole-5-thiol these radicals as
substitutes is relevant, has got practical significance and requires further study [16].

Known reactions of arylation of derivatives of 5-Ri-4-Rj-1,2,4-triazol-3-thioles with 2-

chloropyridine, 5-chloro-1-methyl-4-nitro-1H-imidazole, 9-chloro-2-ethoxy-6-nitroacridine in alkaline
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environment. However, the lack of classical methods for conducting the reaction is long enough boiling

(more than 30 hours) and in some cases low practical yields (less than 70%) of reaction products [17].
Therefore, the purpose of this work was to conduct a reaction of the interaction of derivatives

of 4-R;-3-(morpholinomethyl)-4H-1,2,4-triazole-5-thiol with (bromomethyl)cyclohexane and 2-

chloropyridine using the Milestone Flexi Wave microwave synthesis system.

MATERIAL AND METHOD

Chemicals

The initial compounds 4-R;-3-(morpholinomethyl)-4H-1,2,4-triazole-5-thioles (1-5) were
synthesized at the Department of Toxicological and Inorganic Chemistry of the Zaporizhzhya State
Medical University (Ukraine) and purified by recrystallization with content of the main component >
98% [18]. The (bromomethyl)cyclohexane (assay-99%), 2-chloropyridine (assay-99%), sodium
hydroxide (reagent grade, 97%, flakes), 1-propanol (anhydrous, 99,7%) and 2-propanol (99,5%) were
obtained from SIGMA-ALDRICH (Germany).

Equipment

To achieve the purpose, the following devices were used. Milestone Flexi Wave microwave
synthesis system (technical specifications: rotor SK-15, minimum volume - 10 ml, maximum volume -
100 ml, maximum temperature - 300 ° C, maximum working pressure - 100 bar, maximum shutter speed
220 °C - 30 min).

The melting point is defined by the open capillary method on the OptiMelt MPA100 device
with platinum RTD sensor and temperature measurements to 400°C with 0.1°C resolution.

The elemental analysis of synthesized compounds was established by the universal analyzer
Elementar Vario L cube (CHNS) (standard - sulfanilamide).

The H and *C NMR spectra (at 400 MHz and 100 MHz) were recorded in DMSO-¢ on a
Varian MR-400 spectrometer and analysed with ADVASP™ Analyzer program (Umatek International
Inc.); chemical shifts are reported in ppm (6 scale) down field with residual protons of the solvent
(DMSO-ds , 6 = 2.49 ppm) as internal standard.

The completeness of the reactions and the individuality of the resulting compounds were
controlled by the gas chromatograph Agilent 7890B with a 5977B mass spectrometry detector. The
column is DB-5ms 30 m x 250 pm x 0.25 um with length. The gas-carrier speed (helium) is 1.6 ml /
min. Injection volume - 0.5 pl. Separation of the flow is 1:50. The temperature of the sampling unit is
230° C — 12° C/s — 275° C. Thermostat temperature: programmable, 240° C (1 minute delay) — 5°

C/ min — 280° C. (delay 1 min.). The total time of examination is 10 min. Temperature of interface
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GS/MS - 280°C; ion sources - 230°C; quadrupole mass analyzer - 150°C. Type of ionization: EIl with
an electron energy of 70 eV. The range of mass numbers that was scanned: 30-500 m /z.

RESULT AND DISCUSSION

To achieve the goal, as starting materials were used 4-R;-3-(morpholinomethyl)-4H-1,2,4-
triazole-5-thioles (1-5) which were synthesized and described by us earlier [18]. Synthesis 4-((5-
((cyclohexylmethythio)-4-Ri1-4H-1,2,4-triazol-3-yl)methyl)morpholine (6-10) was realized due to the
interaction of initial thiols 1-5 with (bromomethyl)cyclohexane with adding the equivalent of sodium
hydroxide in 1-propanol (Fig. 1). Synthesis 4-((4-R:-5-(pyridin-2-ylthio)-4H-1,2,4-triazol-3-
yl)methyl)morpholine (11-15) carried out by the interaction of the above-mentioned 4-Ri-3-
(morpholinomethyl)-4H-1,2,4-triazole-5-thioles (1-5) with 2-chloropyridine in the presence of an

equivalent amount of sodium hydroxide in 1-propanol (Fig. 1).
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Figure 1. Synthesis of 4-((5-((cyclohexylmethyl)thio)-4-R;-4H-1,2,4-triazol-3-yl)methyl)-morpholines
(6-10) and 4-((4-R1-5-(pyridin-2-ylthio)-4H-1,2 4-triazol-3-yl)methyl)morpholines (11-15).

In both cases, the reactions were carried out in the Milestone Flexi Wave microwave system.
There were three series of experiments, which differed in reaction time, temperature and radiation
power. Thus, in the first series, the reaction was carried out for 40 minutes (the radiation power of 600
W, the temperature of the reaction mixture was 140 ° C), the second series of 20 minutes (radiation

power 700 W, temperature of the reaction mixture of 150 ° C), the third series of 10 minutes (radiation
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power 800 W, temperature of the reaction mixture 160 °C). The reaction was monitored by gas
chromatography.

The structure of the synthesized compounds was determined by *H NMR, *C NMR
spectroscopy, elemental analysis and gas chromatography-mass spectrometry (GS/MS).

It is noted that in all cases the reactions run to the end and leads to the formation of the
corresponding target compounds. By analyzing the GS / MS chromatogram of the solution the reaction
mixture of the compound 4-((4-methyl-5-(pyridin-2-ylthio)-4H-1,2,4-triazol-3-yl)methyl)morpholine
(12) the individual peak at 13.580 min is identified which corresponds to a marked compound with an
area of 98.17%.

Thus, it was found that the reactions run to the end in all conditions, but the reaction with the
parameters t = 10 min, T = 160 °C and radiation power 800 W is the most technologically optimal.

Analyzing the GS/MS chromatogram 4-((5-((cyclohexylmethyl)thio)-4-methyl-4H-1,2,4-
triazol-3-yl)methyl)morpholine (7), an individual compound with a retention time 6.806 min was fixed.
In the MS spectrum there is a molecular peak with a value of 310.2 (m/z), which corresponds to the
calculated theoretical value of  4-((5-((cyclohexylmethyl)thio)-4-methyl-4H-1,2,4-triazol-3-
yl)methyl)morpholine compound (7) (Fig. 2).
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Figure 2. Mass spectrum of 4-((5-((cyclohexylmethyl)thio)-4-methyl-4H-1,2,4-triazol-3-
yl)methyl)morpholine (7).

'H NMR spectra of compounds 6-10 indicate the presence of protons of the cyclohexane
fragment, which are slightly shielded and manifest in a strong field in the form of a widespread multiplet
in the range 6 1.24-1.55 ppm. Additionally, in the spectra of these compounds there are characteristic
doublets of methyl groups (-CH2-) which bind the cyclohexane moiety with the sulfur atom of the 1,2,4-
triazole nucleus in the range of § 4.12-4.19 ppm. The *H NMR spectras of the substances 11-15 are
characterized by the corresponding signals of the 2-pyridine radical which resonate by peaks with
characteristic multiplicity in the range of 7.13-8.44 ppm. In the 3C NMR spectral data of the compound
6, the most characteristic signal of 6 25.3-41.0 ppm indicates the availability of the cyclohexyl radical.
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In the spectrum of compound 15, there are carbon atomic signals of about 6 120.5-149.6 ppm which
indicate the presence of the 2-pyridine nucleus. The obtained elemental analysis values are in good
agreement with theoretical data. Furthermore, the molecular weight and individuality of all compounds
(6-15) were confirmed by GS/MS. In substances chromatograms, there are individual peaks of the
synthesized compounds, and the mass spectra of these compounds showed a molecular peak
corresponding to the exact theoretical mass.

General produce of the 4-((5-((cyclohexylmethyl)thio)-4-R:-4H-1,2,4-triazol-3-
yl)methyl)morpholines (6-10).

In a 50 ml thermostable flask to 0.01 mol of the corresponding initial thiols (3-
(morpholinomethyl)-4H-1,2,4-triazole-5-thiol (1), 4-methyl-3-(morpholinomethyl)-4H-1,2,4-triazole-
5-thiol (2), 4-ethyl-3-(morpholinomethyl)-4H-1,2,4-triazole-5-thiol 3), 4-phenyl-3-
(morpholinomethyl)-4H-1,2,4-triazole-5-thiol (4), 4-amino-3-(morpholinomethyl)-4H-1,2,4-triazole-5-
thiol (5)) in 30 ml of 1-propanol, add 0.01 mol of sodium hydroxide (pre-dissolved in a minimum
amount of distilled water) and heat in a water bath until it is completely dissolved. Transfer the reaction
mixture to the reaction flask for microwave synthesis and add 0.01 mol (bromomethyl)cyclohexane. In
the reaction flask place a magnetic stirrer, set in the microwave system to conduct the reaction. After
passing the reaction time (40 min, 20 min, 10 min) check the pH of the reaction mixture which should
be at pH = 7 (according to the universal indicator). The reaction mixture is filtered, the filtrate is
evaporated. The obtained substances for analysis are recrystallized from 2-propanol.

General produce of the 4-((4-R1-5-(pyridin-2-ylthio)-4H-1,2,4-triazol-3-
yl)methyl)morpholines (11-15).

In a 50 ml thermostable flask to 0.01 mol of the corresponding initial thiols (3-
(morpholinomethyl)-4H-1,2,4-triazole-5-thiol (1), 4-methyl-3-(morpholinomethyl)-4H-1,2,4-triazole-
5-thiol (2), 4-ethyl-3-(morpholinomethyl)-4H-1,2,4-triazole-5-thiol (3), 4-phenyl-3-
(morpholinomethyl)-4H-1,2,4-triazole-5-thiol (4), 4-amino-3-(morpholinomethyl)-4H-1,2,4-triazole-5-
thiol (5)) in 30 ml. 1-propanol, add 0.01 mol of sodium hydroxide (pre-dissolved in a minimum amount
of distilled water) and heat in a water bath until it is completely dissolved. Transfer the reaction mixture
in the reaction flask to microwave synthesis and add 0.01 mol of 2-chloropyridine. In the reaction flask
place a magnetic stirrer, set in the microwave system to conduct the reaction. After passing the reaction
time (40 min, 20 min, 10 min) check the pH of the reaction mixture which should be at pH = 7 (according
to the universal indicator). The reaction mixture is filtered, the filtrate is evaporated. The obtained
substances for analysis are recrystallized from 2-propanol.

4-((5-((cyclohexylmethyl)thio)-4H-1,2,4-triazol-3-yl)methyl)morpholine (6). White solid with
89% yield, m.p. 118-120 °C; *H-NMR (400 MHz, DMSO-ds): & 1.24-1.53 (10H, m, cyclohexyl), 1.64
(1H, m, cyclohexyl), 2.52 (4H, t, morpholine), 3.54-3.66 (4H, t, morpholine ), 4.12 (2H, d, J = 6.3Hz, -
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CH>-), 4.33 (2H, s, -CH>-); *C-NMR (100 MHz, DMSO-ds): & 157.3, 152.8, 66.3, 53.7, 53.3,40.9, 32.5,
32.1, 26.3, 25.3.; GS/MS: 296 (m/z); Anal. Calcd. for C14H2N4OS: C, 56.72; H, 8.16; N, 18.90; S,
10.82. Found: C, 56.99; H, 8.14; N, 18.93; S, 10.87.
4-((5-((cyclohexylmethyl)thio)-4-methyl-4H-1,2,4-triazol-3-yl)methyl)morpholine (7). White
solid with 88% vyield, m.p. 155-157 °C; 'H-NMR (400 MHz, DMSO-dg): & 1.25-1.55 (10H, m,
cyclohexyl), 1.67 (1H, m, cyclohexyl), 2.52 (4H, t, morpholine), 3.60 (4H, t, morpholine), 3.72 (3H, s,
-CHs), 3.89 (2H, s, -CH2-), 4. 12 (2H, d, J = 5.73Hz, -CH,-);"*C-NMR (100 MHz, DMSO-ds): & 153.8,
144.0, 66.3, 53.7, 40.9, 37.7, 32.5, 32.1, 26.3, 25.3; GS/MS: 310 (m/z); Anal. Calcd. for C15sH2sN4OS:
C, 58.03; H, 8.44; N, 18.05; S, 10.33. Found: C, 58.19; H, 8.46; N, 18.07; S, 10.35.
4-((5-((cyclohexylmethyl)thio)-4-ethyl-4H-1,2,4-triazol-3-yl)methyl)morpholine  (8). Yellow
solid with 86% yield, m.p. 66-68 °C; *H-NMR (400 MHz, DMSO-dg): 6 1.31 (3H, t, -CH3), 1.40-1.55
(10H, m, cyclohexyl), 1.69 (1H, m, cyclohexyl), 2.55 (4H, t, morpholine), 3.66 (4H, t, morpholine), 3.89
(2H, m, -CHy-), 3.97 (2H, s, -CH>-), 4.17 (2H, d, J = 5.83Hz, -CH,-); GS/MS: 324 (m/z); Anal. Calcd.
for C16H2sN4OS: C, 59.22; H, 8.70; N, 17.27; S, 9.88. Found: C, 59.29; H, 8.72; N, 17.23; S, 9.85.
4-((5-((cyclohexylmethylthio)-4-phenyl-4H-1,2,4-triazol-3-yl)methyl)morpholine (9). Yellow
solid with 86% yield, m.p. 84-86 °C; *H-NMR (400 MHz, DMSO-de): § 1.35-1.51 (10H, m, cyclohexyl),
1.65 (1H, m, cyclohexyl), 2.57 (4H, t, morpholine), 3.62 (4H, t, morpholine), 3.79 (2H, d, J = 7.34Hz, -
CH2-), 4.13 (2H, s, -CH-), 7.19 (1H, t, -Ar), 7.42 (2H, dddd, J = 8.0, 7.4, 1.3, 0.5 Hz, -Ar), 7.66 (2H,
dddd, J=8.0, 1.4, 1.2, 0.5 Hz -Ar); GS/MS: 372 (m/z); Anal. Calcd. for C2H2sN4OS: C, 64.48; H, 7.58;
N, 15.04; S, 8.61. Found: C, 64.69; H, 7.56; N, 15.06; S, 8.64.
3-((cyclohexylmethyl)thio)-5-(morpholinomethyl)-4H-1,2,4-triazol-4-amine (10). White solid
with 79% yield, m.p. 199-201 °C; 'H-NMR (400 MHz, DMSO-ds): & 1.33-1.50 (10H, m, cyclohexyl),
1.63 (1H, m, cyclohexyl), 2.55 (4H, t, morpholine), 3.66 (4H, t, morpholine), 3.82 79 (2H, d, J = 7.29Hz,
-CH3-), 4.19 (2H, s, -CH»-), 5.79 (2H, s, -NH»-); GS/MS: 311 (m/z); Anal. Calcd. for C14H2sNsOS: C,
53.99; H, 8.09; N, 22.49; S, 10.30. Found: C, 54.09; H, 8.06; N, 22.53; S, 10.27.
4-((5-(pyridin-2-ylthio)-4H-1,2,4-triazol-3-yl)methyl)morpholine (11). Yellow solid with 83%
yield, m.p. 92-94 °C; 'H-NMR (400 MHz, DMSO-ds): & 2.52 (4H, t, morpholine), 3.60 (4H, t,
morpholine), 4.14 (2H, s, -CH»- ), 7.15-7.27 (2H, m, Pyridin), 7.75 (1H, t, Pyridin), 8.44 (1H, ddd, J =
7.8, 1.4, 0.5 Hz, Pyridin); *C-NMR (100 MHz, DMSO-dg): $159.9, 157.3, 152.8, 149.5, 136.1, 122.3,
120.4, 66.3, 53.7, 53.3. GS/MS: 277 (m/z); Anal. Calcd. for C12H1sNsOS: C, 51.97; H, 5.45; N, 25.25;
S, 11.56. Found: C, 52.09; H, 5.47; N, 25.21; S, 11.53.
4-((4-methyl-5-(pyridin-2-ylthio)-4H-1,2,4-triazol-3-yl)methyl)morpholine (12). Yellow solid
with 90% yield, m.p. 118-120 °C; 'H-NMR (400 MHz, DMSO-dg): § 2.50 (4H, t, morpholine), 3.21
(3H, s, -CHs), 3.63 (4H, t, morpholine), 4.19 (2H, s, -CH,- ), 7.13-7.24 (2H, m, Pyridin), 7.70 (1H, t,
Pyridin), 8.41 (1H, ddd, J = 7.8, 1.4, 0.5 Hz, Pyridin); GS/MS: 291 (m/z); Anal. Calcd. for C13H17NsOS:
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C, 53.59; H, 5.88; N, 24.04; S, 11.00. Found: C, 53.67; H, 5.90; N, 24.06; S, 11.02.

4-((4-ethyl-5-(pyridin-2-ylthio)-4H-1,2,4-triazol-3-yl)methyl)morpholine (13). Yellow solid
with 91% yield, m.p. 151-153 °C; *H-NMR (400 MHz, DMSO-ds): & 1.41 (3H, t, -CHs), 2.52 (4H, t,
morpholine), 3.64 (4H, t, morpholine), 3.99 (2H, g, -CH>- ), 4.20 (2H, s, -CH,- ), 7.18 (1H, t, Pyridin),
7.33 (1H, m, Pyridin), 7.83 (1H, t, Pyridin), 8.44 (1H, ddd, J = 7.8, 1.4, 0.5 Hz, Pyridin).GS/MS: 305
(m/z); Anal. Calcd. for C14H1sNsOS: C, 55.06; H, 6.27; N, 22.93; S, 10.50. Found: C, 55.12; H, 6.28; N,
22.95; S, 10.53.

4-((4-phenyl-5-(pyridin-2-ylthio)-4H-1,2,4-triazol-3-yl)methyl)morpholine (14). Yellow solid
with 88% yield, m.p. 179-181 °C; *H-NMR (400 MHz, DMSO-ds): & 2.56 (4H, t, morpholine), 3.69
(4H, t, morpholine), 4.21 (2H, s, -CH-), 7.11-7.14 (1H, m, -Ar), 7.21-7.27 (1H, m, Pyridin), 7.37 (1H,
d, Pyridin), 7.53 (2H, t, -Ar), 7.70 (2H, dddd, J = 8.1, 1.4, 1.2, 0.5 Hz, -Ar), 7.89 (1H, t, Pyridin), 8.44
(1H, ddd, J = 7.8, 1.4, 0.5 Hz, Pyridin).GS/MS: 353 (m/z); Anal. Calcd. for C1gH19NsOS: C, 61.17; H,
5.42; N, 19.81; S, 9.07. Found: C, 61.23; H, 5.44; N, 19.85; S, 9.05.

3-(morpholinomethyl)-5-(pyridin-2-ylthio)-4H-1,2,4-triazol-4-amine (15). Yellow solid with
81% vyield, m.p. 143-145 °C; 'H-NMR (400 MHz, DMSO-ds): & 2.51 (4H, t, morpholine), 3.66 (4H, t,
morpholine), 4.17 (2H, s, -CH»- ), 5.69 (2H, s, -NH>-), 7.13-7.25 (2H, m, Pyridin), 7.73 (1H, t, Pyridin),
8.40 (1H, J=17.8, 1.4, 0.5 Hz, Pyridin); **C-NMR (100 MHz, DMSO-ds): 5 160.3, 159.9, 152.8, 149.5,
136.1, 122.3, 120.4, 66.3, 53.7, 53.3; GS/MS: 292 (m/z); Anal. Calcd. for C12H16N6OS: C, 49.30; H,
5.52; N, 28.75; S, 10.97. Found: C, 49.54; H, 5.54; N, 28.79; S, 10.94.

As a result of the study, a new class of 1,2,4-triazole derivatives was obtained by using the
microwave synthesis system. The use of modern optimized approaches, in particular, the microwave
synthesis system, has made it possible to optimize the method of obtaining data for derivatives of 4-R;-
3-(morpholinomethyl)-4H-1,2,4-triazole-5-thioles. The structure of the synthesized compounds is
confirmed by the complex use of modern methods of analysis: *H NMR, *C NMR spectroscopy,
elemental analysis and GS/MS. The resulting compounds can be used as objects of further biological

research.
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