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ABSTRACT

Obijective: Development of methods for the synthesis, studies of chemical, physico-chemical and
biological properties of 1,2,4-triazole derivatives, in particular compounds with heterocyclic scaffolds and
complex compounds as potential biologically active substances.

Result and Discussion: In this review, 40 scientific papers reporting the properties of 1,2,4-triazole
derivatives were evaluated. Each class of compounds described in the review was reported with the prospect of
forming the direction for further research.Because of there is no enough studies about biological action of
1,2,4-triazole derivatives in human, it encourages further research.
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Amag: 1,2 4-triazol tiirevierinin, ézellikle heterosiklik iskelete sahip ve biyolojik olarak aktif bilesiklerin,
sentezi, kimyasal, fizikokimyasal ve biyolojik ézelliklerinin incelenmesi i¢in yontemlerin gelistirilmesi.

Sonug ve Tartisma: Bu derlemede, 1,2,4-triazol tiirevierinin ozelliklerinin bildirildigi 40 bilimsel makale
degerlendirilmistir. Verilenher bilesik sinifi gelecekteki ¢alismalara yon verecek sekilde bildirilmistir.1,2,4-
triazol tiirevierinin insandaki biyolojik etkileri hakkinda yeterli ¢alisma olmamasi, bu alanda daha fazla
calisma yapilmasini tesvik etmektedir.

Anahtar Kelimeler: Biyolojik aktivite, bibliyosemantik yontem, organik sentez 1,2,4-triazol
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INTRODUCTION

Modern world pharmaceutical science is based on the following main areas: search for new
original drugs (including synthesis of biologically active compounds and their biological screening),
manufacture (selection and development of dosage form, development of production methods),
standardization (development of quality control methods for the substance), preclinical and clinical
trials. Also one of the main directions is marketing research. All of the above allow the introduction of
new original drugs in general pharmaceutical and medical practice.

To implement the project of drug development, first of all it is necessary to determine the matrix
for further stages of implementation. It is for this purpose that we conducted this literature review.

The synthetic school of 1,2,4-triazole derivatives was created by Professor of Zaporizhzhia State
Medical University Yevhen Hryhorovych Knysh. He has developed and introduced many drugs derived
from 1,2,4-triazole into medical, pharmaceutical and veterinary practice. As followers of the school of
triazoles under the leadership of Professor of Zaporizhzhia State Medical University Kaplaushenko
Andriy Hryhorovych, scientists of the Department of physical and colloidal chemistry carry out research
in this synthetic direction.

This review aims to systematize the literary data on 1,2,4-triazole derivatives and to determine
the further vector of scientific studies.

Today, 1,2,4-triazoles synthesized by scientists of Zaporizhzhia State Medical University are
considered promising research directions. This is justified by the simplicity of synthesis, the availability
of reagents, high biological activity and low molecular toxicity.

Also, the modern pharmaceutical and medical community pays considerable attention to
coordination complexes, as the processes of coordination, dissociation of complexes and intercomplex
rearrangement are important in the biological processes of the organism. That is why highly effective
mono- and disubstituted 1,2,4-triazoles at the 4th and 5th positions of the nucleus were chosen as objects
of the research. The article is also considered promising options for obtaining coordination compounds
based on 1,2,4-triazoles, which in the future will allow to obtain new highly efficient biologically active
complexes. According to the authors, the analysis will allow to combine bioactive fragments of triazoles
into coordination structures, which may have a greater biopotential.

We reviewed 40 scientific papers for a more detailed look at the triazole research aspects. The
review includes the results of scientific works which describe molecules that are not difficult to obtain,

have high results of biological action, and recommended by the authors for further research.

RESULT AND DISCUSSION

Synthesis and Some Pharmacological Properties of 1,2,4-triazole Derivatives
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Scientists [1] synthesized a series of five-membered heterocyclic systems (Fig. 1) containing three
heteroatoms from the parent compound (Felbinac) [1]. When designing the molecules of the starting
compounds, the aromatic structure of biologically active compound (hereinafter BAC) of Felbinac was
preserved. The carboxy group was synthetically converted to the nucleus of 1,2,4-triazole and further
modified to create anti-inflammatory compounds drugs. Biological activity was studied in laboratory
animals. The carrageenan model was chosen to determine the anti-inflammatory effect. The biological
effect of the synthesized compounds was compared with ibuprofen and yield matrix after 120 minutes
and 180 minutes. The test compounds showed excellent anti-inflammatory activity. Low rates of acute

toxicity of compounds are a prospect for further research.
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Figure 1. Synthesis 1,2,4-triazole derivatives of Felbinac [1]

In the study conducted by the authors [2], a series of new systems with condensed heterocycles
were synthesized. The compounds were synthesized from the initial 4-(4-X-phenylsulfonyl)phenyl)-4H-
1,2,4-triazol-3-thiols (Fig. 2, where X=H, ClI, Br).

To synthesize a series of new compounds, the initial triazoles were subjected to interaction, in the
presence of ethanoic acid and its anhydride, with 4-fluorobenzaldehyde, a-chloroethane acid, and
sodium acetate.

The corresponding ethanones were obtained by treating the initial triazoles with 2-bromo-4’-
fluoroacetophenone. Cyclic forms of 1,2,4 triazoles (at the 3 and 2 positions of the heterocyclic nucleus)
were obtained by cyclizing S-alkylated 1,2,4-triazoles in H.SO4 medium, at 0 °C.

The composition of the synthesized compounds was confirmed by elemental analysis. The
structure was confirmed by mass spectrometry, IR, *H (*C)-NMR. The synthesized compounds
demonstrated antimicrobial and antifungal activity [2].

The scientific publication of authors [3] (Fig. 3) describes the synthesis of new S-substituted 1H-
3-R-5-thio-1,2,4-triazoles on cancer cells of the HT29 line. Among all synthesized structures, 55.7 TZ
was developed as a possible inhibitor of phospholipid-dependent kinase 1, which exhibits significant
cytotoxic activity against HT29. 55.7 TZ cells along with two other BACs (ciphers 53.7 TZ and 3A.7
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TZ), led to a significant delay in the cell cycle. This study reveals the prospects for the development of
new agents containing a 5-thio-1,2,4-triazole framework with antiproliferative activity.
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Figure 2. Synthesis scheme of cyclocondensation of 3-thio-1,2,4-triazoles [2]
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Figure 3. Modification of 1,2,4-triazoles at the S-position [3]
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Bacterial resistance to antimicrobials requires new antimicrobial BACs that are more effective
and less toxic [4]. Triazole and thiazoleylidenhydrazides are considered the key matrices in medical
chemistry. The derivatives of 1,2,4-triazole synthesized by the researchers [4] (Fig. 4) showed an effect
similar to ciprofloxacin. Antimicrobial enhancement is also expressed in some compounds against
Listeria monocytogenes. Derivatives have pronounced minimum inhibitory concentration (MIC) values.
Compounds with fluorophenyl, bromphenyl, nitrophenyl, and methoxyphenyl substituents strongly
inhibited growth of Pseudomonas aeruginosa. The synthesized BACs were screened in silico for their
absorption, distributive, metabolic, elimination, and toxicity properties. Based on the results of virtual
screening, the authors [4] concluded that thiazolyl-triazoleylidenhydrazide with a hydroxyphenyl

substitute is the best candidate for a leader compound that exceeds the action of ciprofloxacin [4].
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Figure 4. Structures of new thiazolyltriazole Schiff bases [4]

The authors [5] showed that Bi(NO3)3 - SH20 or ZrCl4 catalyzed the opening of the nucleophilic
ring of dicyanooxyrans together with 5-thio-1,2,4-triazole-3-phenyl. The catalysts are inexpensive,
highly efficient, and can be used repeatedly (Fig. 5). This study is promising for further identification
of biologically active agents, since the combination of several electron-donor groups in one structure at

the same time can lead to an increase in the cytoprotective effect.

R, R, g ) E ;9
Ph Bi(NO;);+5H,0
CN HS orZCly o ZCl \
R3 CN+ \<I\\["E/ (Il(N R, T J\ >_Ph

lab O 2

1'a,3c=R,=Ry=H, R,=Cl
1 b, 3 d i R|:R3:OCH3‘ RZZH

Figure 5. Condensation reaction of 5-mercapto-3-phenyl-4H-1,2,4-triazole [5]

The therapeutic use of 1,2,4-triazole prompted the authors [6] to create new BACs. Two series of
S-substituted derivatives were synthesized and their biological potential was evaluated. The initial thiol
was transformed by the action of an alkyl halide in a neutral solvent (Fig. 6). Intermediate electron
acceptors were synthesized by the interaction of N-substituted alkyl/arylamines and 2-bromoacetyl
bromide under dynamic pH control. The structures were established using IR, EIMS, *H, and 3C NMR
spectral methods. Most of the synthesized derivatives were found to be potent inhibitors of the enzyme
glucosidase and are even better than the commercial analog of acarbose.

Targeted changes in the structure significantly affected the results of bioactivity. Synthesized

BACs can be considered for drug development programs for the treatment of type Il diabetes.
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The authors [7] synthesized a new matrix based on 1,3-bi-1,2,4-triazole-5,5-diamine (Fig 7.). The
synthesized compound is characterized by various analysis methods, such as IR, NMR spectrometry,
and HPLC [7].
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Figure 6. Synthesis of S-substituted derivatives of 5-thio-3-Ar-4-phenyl-4H-1,2,4-triazole [6]
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Figure 7. Synthetic route to 1,3-bi-1,2,4-triazole-5,5-diamine derivatives [7]

Taking into account that the scientific work was aimed at studying the energy properties of the
molecule, it should be noted that its biological potential remains appropriate.

Due to the simple synthesis of available reagents and potentially biologically active functional
groups of the molecule combined with two 1,2,4-triazole cycles, this compound and its synthetic
analogues can be recommended for further pharmacological screening.

The authors [8] also developed and synthesized a series of derivatives of the 1,2 4-triazole
heterocyclic system (Fig. 8). Their structures were proved using modern analytical methods. Biological
effects (antimicrobial/antifungal) were evaluated in vitro. A BAC with a methoxyphenyl substitute in

position 5 and a chlorophenyl fragment showed the highest activity [8].
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Compounds that had a methoxyphenyl fragment showed the most powerful activity against
Staphylococcus aureus. Synthesized BACs showed an antifungal effect against Candida albicans.
Studies also showed that they can act as inhibitors of Mycobacterium fortuitum. The synthesized
compounds can be useful as medium-to high-level disinfectants or antiseptics. They are non-toxic to the

skin/mucous membranes.
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Figure 8. Synthesis of some new 4-thiazolidinones [8]

The conducted studies of scientists [9] indicate the prospects for using 1,2,4-triazole derivatives
as excipients in the manufacture of dosage forms. The authors synthesized a series of 1,2,4-triazoles
with a 3,4,5-trimethoxyphenyl radical and substituents in position 4 (Fig. 9). The structure is confirmed
by a complex of modern analytical methods. Prospects for further research for scientists [9] are the high
antimicrobial and antifungal effects of ylidenhydrazides in combination with the 1,2,4-triazole core.

The scientific work of the author [10] confirms the relevance of the direction. High rates of
antimicrobial and antifungal activity in compounds with 1,2,4-triazole nucleus and 3,4,5-
trimethoxyphenyl substituent are shown. Therefore, compounds in scientific work [9] are relevant in
terms of finding BAC.
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Figure 9. Synthesis of of 1,2 4-triazoles with a 3,4,5-trimethoxyphenyl radical and substituents in
position 4 [9]
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The authors [11] developed and created a number of new myrtenal derivatives with a 1,2,4-
triazole core (Fig. 10). The derivatives were synthesized by multi-stage reactions to produce powerful
BACs. The structures of compounds were confirmed using modern analytical approaches.

The antifungal activity of synthesized BACs against various strains of pathogenic fungi was
evaluated for compounds taken at a dose of 50 g/ml. Compounds with isopropyl, ethyl, and ortho-
nitrophenyl radicals (Fig. 10.) showed activity with an inhibition rate of more than 96.3% against
Physalospora piricola. Azoxystrobin showed less activity than the synthesized compounds [11].

Inhibition of the control group was no more than 96.0% [11].
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Figure 10. Synthesis of thioethers based on 5-R-4-methyl-1,2,4-triazole [11]

Scientists [12] paid great attention to the synthesis of 3-thio-1,2,4-triazoles with subsequent
conversion to the corresponding S-glucosides. The compounds were created by combining D-glucose
with thiogroups of 3-thio-4-R-5(2'-aminophenylen substituted)-1,2,4-triazoles (Fig. 11). The structure
of the compounds was determined by IR, UV, and *H,*3C)-NMR spectrometry. The initial compounds
and the S-glycoside representative were tested in vitro for Gram-positive and Gram-negative bacteria

[12]. They showed considerable activity. Amikacin was used as a standard.
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Figure 11. Synthesis of N- and S-triazologlycosides [12]

The study by scientists [13] describes the synthesis and study of 3-hydroxy-2-naphtholine

hydrazide derivatives (Fig. 12). Thiosemicarbazide derivatives were synthesized by the interaction of 3-
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hydroxy-2-naphthoid hydrazide and the corresponding isothiocyanates. Thiones were synthesized by
Alkaline cyclization of the corresponding thiosemicarbazides in an alkaline medium. *H, *C-NMR
spectrometric analysis established the structure of the BAC. Antimicrobial screening showed a high
antibacterial effect against gram-positive bacteria. Cefuroxime was half as active as synthesized BACs.
Ampicillin was 4 times less active than the synthesized analogues [13].
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Figure 12. Synthesis scheme of naphtoid-1,2,4-triazole compounds [13]

=

3-Thio-1,2,4-triazole derivatives attracted attention of the scientists [14] due to their perspective
in biological research. Alkyltio-1,2,4-triazoles have three nucleophilic centers ready to react with
electronoacceptors. Thus, isomeric forms of benzylsulfanyl-1,2,4-triazole were synthesized with various
dihaloalkanes (Fig. 13). Regional selectivity was determined by X-ray crystallography and NMR.
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Figure 13. Products obtained from reaction of dihaloalkanes and 1,2,4-triazole derivatives [14]

When S-substituted forms of thiotriazoles interact with various alkylating agents, only N1 and N2
attack electron-acceptor carbon atoms. Mainly molecules with the participation of N2 atoms are formed.
In a study [15], a number of new derivatives of hydrazone and 1,2,4-triazole sulfonamide were
synthesized. Initially, the authors treated 3-thio-1,2,4-triazoles with ethyl acetate to obtain thioethers,

which were subsequently converted to hydrazides by a hydrogenolysis reaction. The synthesized
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hydrazides were converted into the formula of the corresponding sulfonamides and hydrazones. The
structure of the synthesized compounds was characterized by 1H, 13C-NMR spectrometry. Elemental
composition was established by elemental analysis.
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Figure 14. Synthesis of derivatives 1,2,4-triazole, transformated to hydrazones and sulphonamides
[15]

In addition, the anticoagulant effect was studied for synthesized BACs. Synthesized compounds
increased the time of plasma rectification and bleeding. Screening of synthesized compounds proves
that this matrix can be used in medical practice for more detailed research.

The authors [16] reported the synthesis of new derivatives of 1,2,4-triazole with benzodioxane in
the fifth position. The desired amidomethylthio derivatives were synthesized by replacing the potassium
salt of triazolotyol with various primary arylalkylamines [16] (Fig. 15).
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Figure 15. Transformation of 1,4-benzodioxanyl-1,2,4-triazoles [16]

According to the authors [16], derivatives of 5-(1,4-benzodioxanyl)-1,2,4-triazole-3-thiol have
antitumor effects. The compounds also showed antimicrobial and antiviral effects. The authors also
synthesized triheterocyclic compounds (Fig. 16). The individuality and structure were proved by modern
analytical methods.

The authors [17] synthesized a number of compounds based on 1,2,4-triazole, combining
heterocyclic systems of benzofuran, pyrazole and quinoline (Fig. 17). The elemental composition of the

synthesized BACs was determined by elemental analysis. 1H, 13C-NMR spectrometry allowed to
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establish the structure which was finally confirmed by mass spectrometry. Antimicrobial action
indicators were established for synthesized BACs. Chloramphenicol, as a standard, showed the worst
result.
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Figure 16. Obtaning triheterocyclic structures, 1,2,4-triazole derivatives [16]
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Figure 17. Synthesis of compounds based on 1,2,4-triazole, combining heterocyclic systems of
benzofuran, pyrazole and quinoline [17]

Review of Complex Formation of 1,2,4-triazole Derivatives and Prospects for Their Application

Scientists [18] investigated five new complex compounds based on the heterocyclic system of
1,2,4-triazole and palladium. Enantiomeric pairs turned out to be anti-cancer agents. Antiproliferative
properties were inherent in all synthesized complexes. In particular, this was expressed in the
deactivation of MCF7 cells. The study revealed that the enantiomers of all synthesized complexes show
almost the same activity, which indicates the absence of the effect of chirality on their antiproliferative
activity. It is important to emphasize that the compounds show very low toxicity to non-cancerous cell
lines.[18].

The authors [19] synthesized two complexes with complexing agent Cu (Il). Scientists [19] used
Azocenol as a ligand of complex. All complexes show greater activity for the inhibition of fungi than
the Azocenol, which indicates the potential use of these complexes as antifungal agents. In addition, the
complex of Cu(ll), [CuLs - (Hz)2] - 2NOs - 2CH3OH - has a stronger antifungal activity than [CuL; -
(CHsCOO0)] [19].

In studies [20], a water-soluble diamino-1,2,4-triazole complex with complex ion Cu (II) was
obtained, corresponding to the structure indicated in Figure 18. The Cu-triazole complex in solution is

very unstable. The structure of the complex compound depends on the exact state of the reaction. It is
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important to note that copper chelate complexes are important because they can be used to increase the
formation of collagen and connective tissues of the skin, bones and cartilages.

.
HoN OH,,  H,0 NHyf S04

Figure 18. The structure of diamino-1,2,4-triazole complex with complex ion Cu (11) [20]

Continuing the study of complex compounds [21], the authors investigated new Anderson-type
polyoxometalates and organometallic complexes based on octamolybdates with triazole ligands. The
basis for the creation of complexes included a combination with Co (11). Theoretically, these compounds
can be used to enhance the synthesis of vitamin B12 in the human body.

The researchers [22] proposed two coordination complexes Fe [22] (Fig. 19), which combine two
different types of ligands.

From the point of view of researches of these complexes on biological activity, it is possible to

note with confidence that they have a great potential, considering redox processes of an organism.
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Figure 19. Structures of the Fe complex with 1,2,4-triazole ligands [22]

Researchers [23] studied the adsorption of alkylthio derivatives of 1,2,4-triazole on the surface of
metal plates, which led to the formation of complex compounds. Interpolating research into the medical
and pharmaceutical fields, it should be noted that these compounds, due to their anticorrosive effect,
may be useful because they can affect the oxidative function.

Complexes obtained by the authors [24] (Fig. 20) can be a promising material for the study of

biological properties of 1,2,4-triazole compounds.
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A series of metal complexes of Lanthanum and Thorium were synthesized by the authors [25]
using 1,2,4-triazole ligands. Ligands were created by condensation of 1,2 4-triazole and coumarin
derivatives. The structure of the complexes was proved by elemental analysis and spectroscopic
methods. All synthesized compounds are soluble in dimethylformamide and dimethylsulfoxide. All
ligands and their complexes were also tested for their antibacterial (Escherichia coli, Staphylococcus
aureus, Staphylococcus pyogenes and Pseudomonas aeruginosa) [25] and antifungal properties. [25].
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Figure 20. Experimentally-determined 1,2,4-triazole complexes [24]

[ N—N ] — —
N—N
LA N
5 [ P 0 NN 0
o) CH=N  [N=HC B
\ OH,—La—OH, 2H;0 \ 2H,0
070 :
; OH, :
CH; 2 CH. CH;

|[R =H, CH;, C,H; and C;H,|

Figure 21. Complexes with 1,2,4-triazole ligands and central ions of La (Th) [25]

The authors [26] investigated a number of complex compounds based on 1,24-triazole.
According to the researches, the obtained complexes have a fairly high resistance and are quite resistant
to light.

After analyzing a number of scientific studies of scientists [1-32], we can conclude that studies
of 1,2,4-triazole derivatives occupy an important place in the Ukrainian pharmaceutical industry [27-
32]. The articles show that scientists have a fairly broad approach to the modification of 1,2,4-triazole
heterocycle [27-30]. Aspects of studies of the biological action of 1,2,4-triazole derivatives are also
covered. The scientists pay special attention to histological [33] and pharmacokinetic studies [34],
studies of actoprotective action [35] and other types of screening tests [36-40]. Based on the heterocyclic
system of 1,2,4-triazole, many drugs with antifungal, antibacterial, antioxidant and hepatoprotective

effects have been developed and introduced into medical practice.
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As aresult of the review, a vector of further research has been formed. It represents the formation
of complex structures from bioactive derivatives of 1,2,4-triazoles.

To create bioactive structures, it is appropriate to combine 1,2,4-triazoles with heterocyclic
systems. As a rule, biological activity depends on the number of electron-donor atoms in the heterocyclic
system. The processed data allows to conclude that it is appropriate to emphasize the creation of new
Schiff bases, new thioacetic acids and their water-soluble salts.

According to the methods presented in the review, it is proposed to investigate the coordination
complexes and to correlate between the new coordination compounds and salts of 1,2,4-triazole-3-

thioacetic acids, with the same cations as in the complex compounds.
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