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1,2,4-Triazole-containing compounds are unique heterocyclic compounds present in an array of pharmaceuticals and biologically important
compounds used in drug-discovery studies against cancer cells, microbes, and various types of diseases in the human body.

The aim of the study was to analyze in detail and combine the available literature materials to study the reactions associated with the
formation of different classes of derivatives of 1,2,4-triazole-3-thione and to study their physical-chemical properties.

Various innovative methods have been proposed and explored for synthesizing different classes of 1,2,4-triazole compounds, each with
distinct applications and potential medicinal benefits. When analyzing the outcomes of studies aimed at obtaining new 1,2,4-triazole-3-
thiones, it’s crucial to recognize the multiple stages involved in their synthesis. These stages typically include the esterification of carboxylic
acids, hydrazinolysis, the formation of carbothioamides, and thiones through alkaline cyclization. Subsequently, reactions involving the
S-function are conducted, leading to the formation of various classes of derivatives of 1,2,4-triazole.

The study by a team of scientists introduced a novel method for synthesizing imidazolyl- and imidazole-1,2,4-triazoles, targeting the design
of safer analgesic and anti-inflammatory agents.

Moreover, researchers have successfully synthesized derivatives of 3-[2-(5-thio-4-aryl-4H-1,2,4-triazole-3-yl)ethyllquinoxalin-2(1H)-one,
N-(3-thio-5-aryl-[1,2,4]triazole-4-yl)acylamides, 5-alkylthio-4-amino-3-(5,7-dimethyl-1,2,4-triazolo[1,5-a]pyrimidine-2-thiomethyl)-1,2,4-tri-
azole and 3-(5,7-dimethyl-1,2,4-triazolo[1,5-a]pyrimidine-2-thiomethyl)-6-aryl-5,6-dihydrogen-1,2,4-triazole-[3,4-b]-1,3,4-thiadiazole,
5,5'-(alkyldiyl-bis(sulfandiyl))bis(N-(arylidene)-3-thiophen-2-yImethyl)-4 H-1,2,4-triazole-4-amines, 3-(arylsulfonyl)-4-phenyl-5-(3,4,5-tri-
methoxyphenyl)-4H-1,2,4-triazole, expanding the scope of 1,2,4-triazole-based, compounds with potential pharmacological activities.
Furthermore, the synthesis of molecules containing two 1,2,4-triazole and two benzole rings has gained traction, offering new avenues
for drug development.

Mannich bases were synthesized from the corresponding thiones through a reaction with N-methylpiperazine or N-phenylpiperazine in
dimethylformamide in the presence of formaldehyde.

Additionally, the synthesis of salts derived from 1,2,4-triazole highlights its importance in pharmaceutical formulations, with studies focusing
on both organic and inorganic salts for potential therapeutic applications.

Conclusions. The analysis of the above-mentioned publications indicates that the search for new biologically active compounds among
derivatives of 1,2,4-triazole-3-thiones is promising. Many 1,2,4-triazole-3-thiones exhibit a wide spectrum of biological activity with little toxicity.
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Metoam cuntesy 1,2,4-tpiason-3-TioHiB: ornag
tO. C. dponoea, A. I. Kannaywwetko, T. B. IrHatoBa, T. M. KannaywweHko

Cnonyku, Wwo mictatb 1,2,4-Tpiason, € yHikanbHUMU reTepOLMKIIYHUMU COMyKaMu, MICTATECA B HU3LI hapMaueBTUYHWUX npenapatis i
6ionoriyHo BaxnmBuMx cnonyk. MoxigHi 1,2,4-Tpia3ony BUKOPUCTOBYOTL Y NiKapCbkux 3acobax, 30Kpema BOHW MICTATLCS B Mpenaparax
NPOTY PaKoBWX KMiTWH, MIKPOBIB i Pi3HKX TVMIB 3aXBOPKOBaHb B OpraHi3Mi JIOANHM.

Meta po6oTu — fieTanbHo NpoaHanisysaty i 06'eqHaTV BiOMOCTi HayKOBOI NiTepaTypy LLOAO0 BUBHEHHS peaKLiil, NOB’S3aHMX 3 yTBOPEHHSIM
pi3HKX Knacie noxigHwx 1,2,4-Tpia3on-3-TiOHy, a TAKOX BUBYUTU TXHi (Di3NKO-XiMiYHI BNACTUBOCTI.

3anponoHoBaHoO Ta [OCHIAXEHO IHHOBALIINHI METOAW CUHTE3Y Pi3HKX Knacie cnonyk 1,2,4-Tpia3ony; KOXeH i3 HUX 3aCTOCOBYIOTb, i KOXEH
Ma€e NOTEHUINHY MeaunyHy kopucTb.lig Yac aHanidy pesynsrartiB A4OCHiAXKeHb, CIPAMOBaHWUX HAa OTPUMaHHS HOBWX 1,2,4-Tpia3on-3-TioHiB,
BaXINMBO PO3PI3HATK eTanm ix cuHTe3y. Lli cTaaii 3a3Bnyai BknovaoTb eTepudikaLito kapboHOBKX KUCIOT, rigpa3nHonia, yTBOPEHHS Kap-
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Review

GoTioamigiB i TIOHIB LUMSAXOM NyXHOI LyKni3auii. 3ronom NpoBoasATb peakLii 3a yyacTio S-dhyHKLUii, Lo NpU3BOASATL A0 YTBOPEHHS Pi3HUX
knacis noxigHux 1,2,4-tpiasony.

Po3pobrneHo HOBMI MeTof CUHTe3y iMigasonin- Ta imigason-1,2,4-Tpia3onis, CNpsiMOBaHWiA Ha PO3pOOKY BE3NeYHILLMX aHamnbreTuKIB i
npoTu3ananbHux 3acobis.

CwuHTe3oBaHo noxigHi 3-[2-(5-Tio-4-apun-4H-1,2,4-tpiason-3-in)etun|xiHokcanin-2(1H)-oHy, N-(3-Tio-5-apun-[1,2,4]tpiason-4-in)aumnamiay,
5-ankinTio-4-amiHo-3-(5,7-gumeTun-1,2,4-tpiasono[1,5-a]nipumiaunH-2-tiometun)-1,2,4-tpiason i 3-(5,7-aumeTnn-1,2,4-tpiazono[1,5-a]
nipumigunH-2-tiometun)-6-apun-5,6-gurigporen-1,2,4-tpiason-[3,4-b]-1,3,4-tiapiason, 5,5'-(ankingiin-6ic(cynsaxgiin))bic(N-(apuni-
aeH)-3-TiopeH-2-inmeTun)-4H-1,2,4-tpiazon-4-aminu, 3-(apuncynboHin)-4-eHin-5-(3,4,5-tpumeTtokcndenin)-4H-1,2,4-tpiason, Lo
po3LMptoe cdepy 3acTOCYBaHHA CMOMyK Ha OCHOBI 1,2,4-Tpia3ony 3 NOTEHLINHO (hapMaKkonoriYHOK akTUBHICTIO. MNepcnekTuBHUM Ans
po3pobneHHs NikiB € CUHTE3 MOEKyn, WO MIiCTATb ABa 1,2,4-Tpia30noBuX i ABa BEH30MbHUX KiNnbLS.

OcHoBv MaHHixa cuHTe3yBanu 3 BiAMoOBiAHUX TiOHIB peakuieto 3 N-meTunninepasmHom abo N-cbeHinninepasuHom y aumetundopmamigi
3a HasiBHOCTi hopmanbaerigy.

CwHTe3 conelt, oTpumMaHux i3 1,2,4-Tpiasony, NigKPECOE MOro BaXNMBICTb Y hapMaLeBTUYHMX KOMNO3MLiSX. AKTYanbHUMM € AOCTIIKEHHS
OpraHivHKX i HEOPraHiYHWX coneii ANs NOTEHLINHOMO TepaneBTUYHOrO 3aCTOCYBaHHS.

BucHoBku. AHani3 ¢haxoBoi niTepaTypu CBigYUTb MPO MEPCNEKTUBHICTb MOLLYKY HOBMX BiOMOMYHO aKTUBHMX CMOMYK 3-NMOMiX MOXiAHMX
1,2,4-Tpiason-3-TioHiB. Yumano 1,2,4-Tpia3on-3-TiOHiB XapakTepu3yoTbCs LUMPOKUM CNEKTPOM BiONOriYHOI aKTUBHOCTI 3 HE3HaYHUMK

MOKa3HUKaMM rocTPOi TOKCUYHOCTI.

KntoyoBi cnoga: 1,2,4-tpia3on, i3nko-ximMiyHi BNacTUBOCTI, NEPETBOPEHHS.

AKTyanbHi nuTaHHA hapMaLeBTUYHOI | MeauYHOI Hayku Ta npakTuku. 2024. T. 17, Ne 2(45). C. 187-196

Compounds containing 1,2,4-triazole are an exceptional
class of heterocyclic compounds found in a diverse range
of pharmaceuticals and biologically significant substances
utilized in studies for discovering drugs targeting cancer cells,
microbes, and various diseases in humans.

Prior to integrating a novel bioactive compound into me-
dical or veterinary practices, it is customary that meticulous
selection of research subjects is a prerequisite for a favorable
outcome in developing original, effective, and low-toxicity
medications. It is noteworthy that presently, scientists world-
wide are actively involved in simulating the 1,2,4-triazole
system, exploring various properties of the heterocycle and
the formation of its fundamental “structures”, which could
pave the way for the discovery of new molecules possessing
unique properties akin to 1,2,4-triazole derivatives.

Before embarking on the creation of a new molecule,
it is imperative to thoroughly review recent literature and
explore the amalgamation of different atomic and molecular
fragments within a molecule containing 1,2,4-triazole. This
investigation holds significant interest for medical profes-
sionals, pharmaceutical experts, and synthetic chemists alike.

A comprehensive examination of recent literature under-
scores the importance of studying the properties of derivatives
of 1,2,4-triazole in contemporary research. Among these
derivatives, particular attention is warranted for derivatives of
1,2,4-triazole-3-thione, which serve as focal points in various
research endeavors. Notably, there exists a lack of systematic
organization of information regarding the research findings
concerning derivatives of 1,2,4-triazole-3-thione.

Aim

The purpose of the study was to analyze in detail and combine
the available literature materials to study the reactions associ-
ated with the formation of different classes of derivatives of
1,2,4-triazole-3-thione and to study their physical-chemical
properties.

This research review used systems and content analysis to
process the literature over the past ten years.

The synthesis of 1,2,4-triazole holds significant importance
in both domestic[1,2,3,4,5,6,7,8,9] and international synthetic
chemistry [10,11,12,13,14,15,16] today. When analyzing the
outcomes of studies aimed at obtaining new 1,2,4-triazole-3-
thiones, it’s crucial to recognize the multiple stages involved
in their synthesis. These stages typically include the esterifi-
cation of carboxylic acids, hydrazinolysis, the formation of
carbothioamides, and thiones through alkaline cyclization
[17]. Subsequently, reactions involving the S-function are
conducted, leading to the formation of various classes of
derivatives of 1,2 4-triazole.

A team of scientists [18] has proposed an innovative
method for the synthesis of imidazolyl-1,2,4-triazoles, with
the aim of designing and synthesizing new, safer analgesic
and anti-inflammatory agents. The desired structures were
synthesized by first obtaining the ethyl ester of 5-me-
thyl-1H-imidazole-4-carboxylic acid. Subsequent reaction of
hydrazine hydrate with this ether yielded 5-methyl-1 H-imida-
zole-4-carboxylic acid hydrazide, which was then converted
into 4-R-5-(5-methyl-1H-imidazole-4-yl)-4H-1,2 4-triazole-
3-thione through the addition of potassium thiocyanate or
isothiocyanate (Fig. /).

The authors [18] conducted a study to assess the anal-
gesic and anti-inflammatory activities of the synthesized
structures as potential medicinal products. Upon analyzing
the compounds, it was found that 4-methyl-5-(5-methyl-
1 H-imidazole-4-yl)-4H-1,2,4-triazole-3-thione, 4-phenyl-
5-(5-methyl-1H-imidazole-4-yl)-4H-1,2 4-triazole-3-thione,
and 5-(5-methyl-1H-imidazole-4-yl)-4-(4-methylphenyl)-
4H-1,2 4-triazole-3-thione exhibited significant analgesic
properties and demonstrated high levels of anti-inflammatory
action compared to the control, indomethacin.

Continuing our literature analysis, we came across a publi-
cation by Indian scientists [ 19] outlining the synthesis of novel
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Fig. 1. Scheme of synthesis of 4-R-5-(5-methyl-1H-imidazol-4-yl)-4H-1,2,4-triazole-3-thione.
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Fig. 2. Stages of synthesis of 3-[2-(5-thio-4-aryl-4H-1,2,4-triazole-3-yl)ethyl]quinoxalin-2(1H)-one derivatives.

derivatives of 3-[2-(5-thio-4-aryl-4H-1,2,4-triazole-3-yl)
ethyl]quinoxalin-2(1H)-one. The starting materials employed
were 4-R-benzene-1,2-diamine and 4-chlorobenzene-1,2-di-
amine, along with a-ketoglutaric acid. Through successive
stages of synthesis, in Fig. 2, the researchers successfully
obtained 3-[2-(5-thio-4-aryl-4H-1,2,4-triazole-3-yl)ethyl]
quinoxalin-2(1H)-one and 7-chloro-substituted quinoxaline
derivatives.

In recent times, the synthesis of molecules containing
two 1,2,4-triazole rings has gained widespread use [20]. An
original synthesis method involves the creation of a molecule
consisting of 4-R -2-[(4-R2-piperazin-1-yl)methyl]-5-{[3-
(4-chlorophenyl)-5-(4-methoxy-benzyl)-4H-1,2,4-triazole-
4-ylImethyl}-2,4-dihydro-3H-1,2,4-triazole-3-thiones,

incorporating two 1,2,4-triazole heterocycles [21]. The
synthesis reactions of the target compounds are illustrated
in Fig. 3. Specifically, the reaction of 2-[3-(4-chlorophenyl)-
5-(4-methoxybenzyl)-4H-1,2 4-triazole-4-yl]acetohydrazide
with various isothiocyanates resulted in the formation of
2-{[3-(4-chlorophenyl)-5-(4-methoxybenzyl)-4H-1,2,4-tri-
azole-4-yl]acetyl }-4-alkyl/aryl-thiosemicarbazides. Subse-
quent alkaline cyclization of these compounds with NaOH
yielded the corresponding 5-{[3-(4-chlorophenyl)-5-(4-
methoxybenzyl)-4H-1,2,4-triazole-4-yl|methyl}-4-alkyl/
aryl-2,4-dihydro-3H-1,2,4-triazole-3-thiones.

The intramolecular cyclization of 2-[3-(4-chlorophe-
nyl)-5-(4-methoxybenzyl)-4H-1,2,4-triazole-4-yl]acetohy-
drazide with carbon disulfide in the presence of potassium
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dihydro-3H-1,2,4-triazole-3-thiones.

hydrazide in an alcoholic medium yielded 5-{[3-(4-chlo-
rophenyl)-5-(4-methoxybenzyl)-4H-1,2,4-triazole-4-yl]
methyl}-1,3,4-oxydiazole-2(3 H)-thione.

Mannich bases were synthesized from the correspond-
ing thiones through a reaction with N-methylpiperazine or
N-phenylpiperazine in dimethylformamide in the presence
of formaldehyde (Fig. 3).

Continuing our analysis of substances containing the
1,2,4-triazole core and exhibiting pharmacological activity,
it’s noteworthy to highlight the synthesis of 2-((5-(4-(1H-ben-
zimidazol-2-yl)phenyl)-4-methyl-4H-1,2,4-triazole-3-yl)
thio)-1-R-1-ones, which demonstrate antifungal effects [22].
The synthesis of these target compounds was carried out as
depicted in Fig. 4.

In the initial stage, methyl-4-(5(6)-R-1H-benzimidazol-
2-yl)benzoates were synthesized through the reaction of
methyl-4-formylbenzoate with the respective o-phenylene-
diamine in the presence of Na S O.. Subsequently, the synthe-
sized compounds underwent treatment with excess hydrazine
hydrate to yield hydrazides of 4-(5(6)-R-1H-benzimida-
zol-2-yl)benzoic acid. In the third stage, these hydrazides
of benzoic acid were reacted with alkyl isothiocyanates.
Following this, cyclization in an alkaline medium facilitated

-(4-methoxybenzyl)-4H-1,2,4-triazole-4-ylimethyl}-2,4-

the formation of the corresponding 1,2,4-triazole-3-thiones.
Finally, a substitution reaction occurred between 2-bromo-
acetophenones and the synthesized thiones, resulting in the
desired target compounds (Fig. 4) [22].

A team of scientists from Switzerland [23] introduced
an innovative synthesis method for 4-(1H-1,2,4-triazole-
S-ylthio)-1,2-dihydropyrazole-3-one. This compound
was synthesized through the hydrazinolysis of 5-ethoxy-
methylenethiazolo[3,2-b][1,2,4]triazole-6-one in an
ethanol environment. The modification of 1H-1,2 4-tri-
azole-3-thione involved a two-step reaction: S-alkylation
with chloroethanoic acid following the conditions of the
Williamson reaction, succeeded by a one-step cyclization
through condensation with triethylorthoformate in the
medium of ethanoic anhydride (Fig. 5). The structural
elucidation of the compounds was confirmed through
LC-MS, NMR spectra, and independently validated via
X-ray structural analysis.

Another intriguing synthesis is the production of
6-R-3-(1,4-benzodioxan-2-yl)thiazolo[2,3-c][1,2,4]tri-
azole-5(6H)-ones, known for their antimicrobial properties.
Initially, 2-[5-(1,4-benzodioxan-2-yl)-4H-1,2,4-triazole-3-
ylthio]ethanoic acid was synthesized through the reaction of
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5-(1,4-benzodioxan-2-yl)-4H-1,2,4-triazole-3-thione with
chloroethanoic acid (Fig. 6). Subsequently, the synthesized
compound underwent cyclization under the influence of
phosphorus oxychloride, yielding 3-(1,4-benzodioxan-2-yl)
thiazolo[2,3-c][1,2,4]triazole-5(6H)-one.

Due to an active methylene fragment, 3-(1,4-benzodiox-
an-2-yl)thiazolo[2,3-c][1,2,4]triazole-5(6H)-one underwent
reaction with aromatic aldehydes, leading to the formation
of new thiazolotriazolones. The synthetic potential of
5-(1,4-benzodioxan-2-yl)-4H-1,2 4-triazole-3-thione can
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be further expanded through reaction with amides of chlo-
roethanoic acid, as suggested by the authors, which undergo
electrophilic substitution at the sulfur atom.

Having conducted an analysis of the pharmaceutical market,
it can be inferred that approximately 50 % of all molecules
constituting the foundation of pharmaceutical preparations
used in drug therapy are introduced in the form of salts. This
observation underscores the significance of developing new
salts based on 1,2,4-triazole, making it an integral aspect of
the pharmaceutical industry. Consequently, the synthesis of
both organic and inorganic salts derived from the aforemen-
tioned heterocycle remains relevant [24,25,26,27,28,29].

One notable study involves the synthesis and investigation
of physical-chemical and biologically active salts derived
from 2-(5-(2-bromophenyl)-4-amino-4H-1,2,4-triazole-3-

ylthio)ethanoic acid [30]. In this research, 2-(5-(2-bromo-
phenyl)-4-amino-4H-1,2,4-triazole-3-thio)ethanoic acid was
selected as the starting material to synthesize salts with both
organic and inorganic bases (Fig. 7).

The structural characterization of the compounds was
confirmed through elemental analysis, 'H NMR spectroscopy,
and individuality was established via chromato-mass-spectral
studies. Interestingly, the highest yields of salt products were
observed when water was utilized as a solvent.

Another group of Chinese scientists [31] delved into the
synthesis methods of 3-R-4-phenyl-5-(3,4,5-trimethoxyphe-
nyl)-4H-1,2 4-triazoles. They utilized 4-phenyl-5-(3,4,5-tri-
methoxyphenyl)-4H-1,2,4-triazole-3-thione as the starting
material for synthesizing the aforementioned compounds.
The synthesized compound underwent conversion into
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Fig. 10. Synthesis scheme of derivatives of 1-((4-(5-(prop-2-yn-1-ylthio)-4H-1,2,4-triazole-3-yl)phenyl)diazenyl)naphthalen-2-ol.

thioether through thioesterification reaction with halogenides
(RX). In the final stage, a mixture of ethanoic acid and
30 % H,0, solution was added to 3-(R-methylthio)-4-phe-
nyl-5-(3,4,5-trimethoxyphenyl)-4H-1,2 4-triazole, resulting
in the formation of 3-(arylsulfonyl)-4-phenyl-5-(3,4,5-tri-
methoxyphenyl)-4H-1,2.4-triazole (Fig. 8).

The structures of all compounds were confirmed
through IR spectrometry, '"H NMR spectroscopy, and
elemental analysis. Additionally, 3-(3-methoxybenzylsul-
fonyl)-4-phenyl-5-(3.4,5-trimethoxyphenyl)-4H-1,2 4-tri-
azole underwent detailed investigation through X-ray
crystallography [31].

A similar synthesis of (3-(alkylsulfonyl)-4-R-1,2,4-triazole-
5-yl)(phenyl)methanol was conducted by scientists at Zapori-
zhzhia State Medical and Pharmaceutical University [32].

To broaden the scope of the search for pharmacologically
active substances, Indian scientists [33] synthesized N-(3-
thio-5-aryl-[1,2,4]triazole-4-yl)acylamides. According to the
authors, the reaction was conducted in dry 1,4-dioxane, with
the gradual addition of carboxylic acid chloride to 4-amino-
S-aryl-4H-[1,2 4]triazole-3-thione under stirring, followed
by heating the reaction mixture for 10 hours. The progress of
the reaction was monitored using thin-layer chromatography
(Fig. 9).

Muhannad Musa Kareem introduced an original method
for the Mannich reaction, as detailed in their publication [34],
demonstrating the synthesis of new derivatives of 1,2,4-tri-
azole. Mannich bases were obtained through the interaction of
1-((4-(5-(prop-2-yn-1-ylthio)-4H-1,2,4-triazole-3-yl)phenyl)
diazenyl)naphthalen-2-ol with paraformaldehyde and second-
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Fig. 12. Synthesis scheme of 5,5"-(alkyldiyl-bis(sulfandiyl))bis(N-(arylidene)-3-thiophen-2-ylmethyl)-4H-1,2,4-triazole-4-amines.

ary amines of ciprofloxacin, paracetamol, pseudoephedrine,
theophylline, chlorodisepoxide, and sulfadiazine (Fig. 10).

The synthesized substances underwent characterization
using UV- and IR-spectroscopy, as well as 'H NMR and "°C
NMR spectroscopy, to confirm their structural properties.

Chinese scientists [35] synthesized two compounds:
5-alkylthio-4-amino-3-(5,7-dimethyl-1,2,4-triazolo[ 1,5-a]
pyrimidine-2-thiomethyl)-1,2,4-triazole and 3-(5,7-dime-
thyl-1,2,4-triazolo[ 1,5-a]pyrimidine-2-thiomethyl)-6-ar-
yl-5,6-dihydrogen-1,2,4-triazole-[3,4-b]-1,3,4-thiadiazole,
as shown in Fig. /1.

In the initial stage, 4-amino-3-(5,7-dimethyl-1,2,4-tri-
azolo[1,5-a]pyrimidine-2-thiomethyl)-1,2,4-triazole-5-thiol
was obtained by the interaction of potassium hydroxide and
2-thioacetohydrazide-5,7-dimethyl-1,2,4-triazolo[1,5-a]
pyrimidine in ethanol. Then, carbon disulfide was added
dropwise to the synthesized mixture for half an hour at room
temperature, resulting in the formation of 4-amino-3-(5,7-di-
methyl-1,2,4-triazolo[ 1,5-a]pyrimidine-2-thiomethyl)-1,2,4-
triazole-5-thiol.

5-Alkylthio-4-amino-3-(5,7-dimethyl-1,2,4-triazolo[ 1,5-a]
pyrimidine-2-thiomethyl)-1,2,4-triazole was obtained by
reacting 4-amino-3-(5,7-dimethyl-1,2,4-triazolo[1,5-a]
pyrimidine-2-thiomethyl)-1,2,4-triazole-5-thiol with ben-
zylhalogen derivatives in methanol and hydroxide in water.
On the other hand, 3-(5,7-dimethyl-1,2,4-triazolo[1,5-a]
pyrimidine-2-thiomethyl)-6-aryl-5,6-dihydrogen-1,2,4-tri-
azolo-[3,4-b]-1,3,4-thiadiazole was obtained by reacting the
corresponding aromatic aldehyde with ethanol (Fig. /1). The
target products were synthesized in high yields.

Continuing the discussion on methods for synthesizing
3-thio-1,2,4-triazole derivatives, let’s delve into the syn-
thesis of 5,5’-(alkyldiyl-bis(sulfandiyl))bis(N-(arylidene)-
3-thiophen-2-ylmethyl)-4H-1,2,4-triazole-4-amines. In this
process, 5,5’-(alkyldiyl-bis(sulfandiyl))bis-3-(thiophen-2-
ylmethyl)-4H-1,2,4-triazole-4-amine served as the starting
material. Subsequently, the authors heated the mixture in
ethanoic acid, with the addition of aromatic aldehyde variants
such as 2-hydroxybenzaldehyde, 4-hydroxybenzaldehyde,
2,3-dimethoxybenzaldehyde, 3,4-dimethoxybenzaldehyde,
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and 3,5-dimethoxybenzaldehyde, to synthesize 5,5’-(alky-
Idiyl-bis(sulfandiyl))bis(N-(arylidene)-3-thiophen-2-yl-
methyl)-4H-1,2,4-triazole-4-amines (Fig. 12) [36].

Conclusions

1. The analysis of the aforementioned publications
highlights the promising search for new biologically active
compounds among derivatives of 1,2,4-triazole-3-thiones.

2. The chemistry of 1,2,4-triazole and its heterocyclic
derivatives has garnered significant attention in recent years
owing to their synthetic and biological relevance.

3. Many 1,2,4-triazole-3-thiones demonstrate a wide
spectrum of biological activity with minimal toxicity. In a
subsequent review, we will delve into a more detailed ex-
ploration of the various biological properties exhibited by
these compounds.
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