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EXAMINATION OF 1,2,4-TRIAZOLE NUCLEUS.
AN INTEGRATED APPROACH TO THE SEARCH FOR
BIOLOGICALLY ACTIVE SUBSTANCES

Every day, the modern pharmaceutical industry enters new drugs and dosage
forms into the world register. Among the many new drugs, a small number of basic
molecules can be noted. Modification of such molecules leads to a change and increase
in biological action as well as to a change in toxicity.

One such molecule is 1,2,4-triazole. The heterocycle attracts attention due to its
excellent biological action on low toxicity. First of all, derivatives of this heterocycle are
considered to be powerful antifungal and antimicrobial agents. However, other types of
biological action are becoming more common. For example, in medical practice found
drugs “Letrozole” and “Anastrazole” as effective antitumor drugs.

To achieve this purpose, ZSMU scientists' select a matrix based on the nucleus of
1,2,4-triazole at first. For this goal the literary base is worked out at the beginning. The

1 LUWepbak, M. O. (2015). OocnigKeHHs1 CUHTETUYHUX, (I3MKO-XIMIYHMX | BionoriyHMx BnacTneocTer 4-amiHo-5-(2-,
3-, 4-HiTpodpeHin)-1, 2, 4-tpiason-3-TioHiB Ta ix N-i S-3amiweHnx (Doctoral dissertation, 3anopisbkuii AepxaBHUI
MeaudHui yHisepeuteT); Kannaywenko, A. T, KHuw, €. T, ManaceHko, O. I., Camentok, . I, Kyyepssun, tO.
M., Wepbak, M. O., ... & lN'yniHa, 0. C. (2016). MpakTuyHe 3Ha4YeHHs Ta 3acToCyBaHHSA noxigHux 1, 2, 4—Tpia3ony;
Cawmentok, HO. I. (2016). CuHTes Ta gocnigkeHHsi 6ionoriYHo akTUBHMX NoXigHuX 1, 2, 4-Tpia3on-3-TioHy, Lo MICTATb
MeTokcudeHinbHi 3amicHukn (Doctoral dissertation, 3anopisbkuii gep>xaBHUn MeaunyHWiA yHiBepcuTeT); Pyap, A.
M. (2018). «[Mowyk cnonyk renatonpoTekTopHoi Aii cepeq (3-Tio-4-r-1, 2, 4-Tpia3on-5-in)(deHin) meTaHonis Ta ix
noxigHux» 15.00. 02—chapmaveBTvyHa Ximis Ta dpapmakorHosiss 22—OxopoHa 3gopos’st (Doctoral dissertation,
3anopisbkuin AepxaBHU MeanyHuin yHiBepeuTeT); Shcherbyna, R. O., Panasenko, O. ., Knysh, Y. G, Fotina, H. A,
Vashchyk, Y. V., & Fotina, T. I. (2016). The study of antimicrobial activity of 2-((4-R-3-(morpholinomethylene)-4H-1, 2,
4-triazole-5-yl) thio) acetic acid salts. 3anopoxckuit MeguUMHcKuiA xypHan, (4), 97-100; Shcherbyna, R. O. (2016).
The synthesis and prediction of biological activity in silico for new alkyl derivatives of 4-R-3-(MORFOLINOMETY-
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viability of the molecule is then confirmed by computer screening using PASS-online
programs and acute toxicity using GUSAR-online.

Thus, scientists have selected and synthesized more than 700 new, previously
undescribed compounds derived from 1,2, 4-triazole.

The synthesis of 1,2,4-triazole derivatives is carried out on basic matrices with aryl or
heteroryl substituents in the 5 position. Examples of such compounds are shown in the
Fig. 1

N—N
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|
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3% v 3%
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CH, » @: C(@/ QOCH:; @j -

CgHs ’/ OCH3
NH
NH2 ©/ 2
- \\
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Fig. 1. Variants of basic matrices for searching for biologically active
substances among 1,2,4-triazole derivatives

Investigation and detection of biologically active agents among 3-thio-4-amino-
5-(nitrophenyl)-1,2,4-triazoles.

Thus, the authors? was used 3-thio-4-amino-5-(nitrophenyl)-1,2,4-triazoles. They
synthesized a number of 3-alkyl(nitrilomethylene)thio-4-amino-5-(2-, 3-, 4-nitrophenyl)-
1,2,4-triazoles.

Subsequently, the Sulfur atom of 3-alkylthio-5-(2-, 3-, 4-nitrophenyl)-4-amino-
1,2,4-triazoles was oxidized to the tetravalent and hexavalent states. A number of
2-(4-amino-5-(2-, 3-, 4-nitrophenyl)-1,2,4-triazole-3-ylthio)acetic acids and their salts
were synthesized and the regularity of the effect of substituents on acid-base properties

LEN)-4H-1, 2, 4TRIAZOLE-5-THIOLES. YkpaiHcbkuin 6iodhapmaueBTuyiHuii xypHan, (3), 34-38; Shcherbyna, R,
Parchenko, V., Varynskyi, B., & Kaplaushenko, A. (2019). The development of HPLC-DAD method for determination
of active pharmaceutical ingredient in the potassium 2-((4-amino-5-(morpholinomethyl)-4H-1, 2, 4-triazol-3-yl) thio)
acetate substance. Current Issues in Pharmacy and Medical Sciences, 32(1), 5-9; Shcherbyna, R., & Vashchyk, Y.
(2019). The research of 1, 2, 4-triazole derivatives hepatoprotective activity under tetracycline and infectious hepa-
titis. Ankara Universitesi Eczacilik Fakultesi Dergisi, 43(2), 135-146; Shcherbyna, R. (2020). An investigation of the
pharmacokinetics and potential metabolites of potassium 2-((4-amino-5-(morfolinometyl)-4H-1, 2, 4-triazol-3-yl) thio)
acetate on rats. Ankara Universitesi Eczacilik Fakiiltesi Dergisi, 44(2), 233-241.

2 Llepbak, M. O., & KannaywueHko, A. I". (2013). CuHTe3s, disnko-XimMiyHi BNacT1BOCTI Ta nodanbLui nepeTBopeHHst 5-(3-,
4-HiTpodheHin)-4-amiHo-1, 2, 4-Tpia3on-3-TioHiB Ta iX inigeHamiHONOXiAHUX. AKTyanbHi MMTaHHA apMaLeBTUYHOI i
MEAUWYHOI Haykv Ta nNpakTuky, (2), 129-132; LLepbak, M. O., & Kannaywwetko, A. I. (2013). Metoau cuHTesy, dismko-
XiMi4YHi BNACTVBOCTI Ta nofarbLui nepeTBOPeHHst B psaay 4-amiHo-1, 2, 4-Tpmnason-3-TioHiB. PapMaLeBTUYHUI XXypHarn,
(2), 10-19; Wepbak, M. O., & KannayweHko, A. I. (2014). Bnnue agcopObuinHux BnactmeocTen 3-ankintio-5-(2-,
3-, 4-HiTpodbeHin)-4-amiHo-1, 2, 4-TpmasoniB Ha iX TOKCWMYHICTb Ta aKTOMPOTEKTOPHY aKTWUBHICTb. YKpaiHCbKUIA
GiohapmaLeBTUYHWMIA XXypHan, (2), 68-72; Wepbak, M. O., BeneHives, |. ®., Abpamos, A. B., ByxTisiposa, H. B.,
MopryHuoBa, C. A., Maenos, C. B., & KannayweHko, A. I. (2014). JocnigXeHHs KapAionpoTEKTOPHOT aKTUBHOCTI
3 (4HiTpodpeHin) 5 (HoHincynbdoHin) 1, 2, 4TpiazondamiHy. Papmakonorisi Ta fikapcbka Tokcukonoris, (3), 64-69;
LWep6ak, M. O., Kannaywenko, A. I, Benenives, |. ®., LLlepbak, M. A., Kannaywetko, A. I, & BeneHnnues, V. ®.
(2014). lNocTpa TOKCMYHICTb 4-aMiHo-5-(2-, 3-, 4-HiTpodeHin)-1, 2, 4-Tpia3on-3-TiOHIB Ta iX NOXiAHWX.
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for the selection of the optimal dosage form were established. A few of 1-R1-3-(3-
thio-5-(2-, 3-, 4-nitrophenyl)-1,2,4-triazole-4-yl)thioureas were obtained. A preparative
method for the selective reduction of the aliphatic C=N group was developed for 5-(2-,
3-, 4-nitrophenyl)-4-benzylideneamino-1,2,4-triazole-3-thiones.

The authors also developed 3-thio-5-(2-, 3-, 4-nitrophenyl -1,2,4-triazole-4-diazonium
chlorides. The optimal conditions for the diazotization reaction and subsequent azo
coupling of these compounds were established.

It was found that their LD, is in the range of 512-1256 mg / kg in the study of acute
toxicity of new 4-amino-5-(nitrophenyl)-1,2,4-triazole-3-thions and their derivatives. In
the study of biological action 72 compounds with high indicators of antimicrobial (3),
antioxidant (14), antihypoxic (2), diuretic (5), actoprotective (12), hypoglycemic (3) and
antipyretic (4) effects were found.

It should be noted that the most toxic in majority cases were compounds containing
4-nitrophenyl substituent.

Alkylation of thions with halide alkanes led to a decrease in toxicity, increased diuretic
and actoprotective effects. Increasing the length of the hydrocarbon chain increased the
actoprotective effect. Oxidation of 3-alkylthio derivatives of 1,2,4-triazole (Fig. 2) led to a
decrease in toxicity and diuretic activity, while increasing the antioxidant effect.

D43, 3, 041
ON = ,N*srR CHiCOOH o

H,N H,N >0
R=CH,CH,,CH, ., CH._C H

307 e 1130 7" 15 M9l T1gr 10! T2
Fig. 2. Scheme of synthesis of 4-amino-5-(2-, 3-, 4-nitrophenyl)-3-alkylsulfonyl-1,2,4-triazoles

5-(2-, 3-, 4-methoxyphenyl, 3,4,5-trimethoxyphenyl)-1,2,4-triazole-3-thione.
Synthesis and biological regularities among synthesized compounds

The authors® were obtained several corresponding 3-alkylthio-substituted of
5-(methoxyphenyl)-1,2,4-triazole-3-thions. For compounds, 3-alkylthio-5-(2-, 3-,
4-methoxyphenyl, 3,4,5-trimethoxyphenyl)-1,2,4-triazoles were tested for surface
activity. Studies have shown that with increasing length of the alkyl chain increases the
ability of compounds to adsorb, which is characterized by an increase in acute toxicity
and biological activity. The authors* were investigated the oxidation conditions of the
Sulfur atom of 3-alkylthio-5-(methoxyphenyl)-1,2,4-triazoles to the hexavalent state
and 3-alkylcarboxymethylenethio-5-(methoxyphenyl)-1,2,4-triazoles to the tetravalent
state by HPLC-MS. In®, the preparation of 2-(5-(methoxyphenyl)-1,2,4-triazole-3-ylthio)

3 Sameluk, Y. G., & Kaplaushenko, A. G. (2015). The synthesis and physicochemical properties of 2-(5-methoxy-
phenyl-1H-1, 2, 4-triazole-3-ylthio) acetonitriles and their iminoethers. Journal of Organic and Pharmaceutical
Chemistry, 13(3 (51)), 57-62.

4 Sameluk, Y. G., & Kaplaushenko, A. G. (2015). The synthesis and physicochemical properties of 2-(5-methoxy-
phenyl-1H-1, 2, 4-triazole-3-ylthio) acetonitriles and their iminoethers. Journal of Organic and Pharmaceutical
Chemistry, 13(3 (51)), 57-62.

5 Cawmentok, HO. I, & BapuHcbkuin, b. O. (2015). BUB4EHHS TiOH-TIONBbHOT TayTOMEpIii 5-MeTOKCUMEHINBHMX NOXiAHNX
3-Tio-1, 2, 4-Tpiazony metogom BEPX-MC. lNosigomneHHs 1. dapmakom, (3-4), 54-59.
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acetymidate of hydrogen chlorides, amides, imidazolides, hydrazides and ylidene hydrazide
2-(5-(methoxyphenyl)-1,2,4-triazole-3-ylthio)ethanoic acid, 2-(2-(5-((methoxyphenyl)-
1,2,4-triazole-3-ylthio)acetyl)hydrazino-1-carbothioamide,  2-(2-(5-(4-methoxyphenyl))-
1,2 4-triazole-3-ylthio)acetyl)-N-(methyl, ethyl, phenyl)hydrazino-1-carbothioamides, and
the conditions for further cyclization of the latter were studied.

Regarding biological action®. Acute toxicity studies have shown that by KK Sidorov’s
classification the obtained compounds belong to the class of non-toxic or low-toxic.

In the study of biological action, it was found that the replacement 2-, 3-,
4-methoxyphenyl substituents with 3,4,5-trimethoxyphenyl, as a rule, increases the
indicators of acute toxicity, antipyretic, antioxidant and antihypoxic properties. Alkylation
of thiols leads to increased antipyretic and actoprotective activities, while increasing
the length of the alkyl residue increases the antipyretic effect; further introduction to
the aliphatic fragment of the chlorine atom increases the hypoglycemic effect of the
test substances; increase in diuretic properties was observed with the introduction of
acetonitrile and amide groups. Salts of 2-(5-R-1,2,4-triazole-3-ylthio)ethanoic acids lead
to themselves as the most active actoprotectors.

The authors” pay attention to 2-(5-(3,4,5-trimethoxyphenyl)-1,2,4-triazole-3-ylthio)
acetymidate hydrogen chloride (Fig. 3), which has high antioxidant and antihypoxic effects.

N—NH N—NH
Ol Ol
H;CO H,CO
H;CO HCl H,CO
H;CO )\ /\\N H;CO )\ /\\NH
H;CO' H;CO a0
: ’ =k
L gl .
<
H;CO /\( H;CO /\(
\Alk
\Alk HCI
H,CO. ~— H,CO,
N—NH NHz © N—NH
/
H,CO /)\s HyCO )\ /\(
N
\-..
H,CO O~k H,CO H/ ® Ak

Fig. 3. Synthesis of alkyl 2-(5-(3-, 4-methoxyphenyl,
3,4,5-trimethoxyphenyl)-1,2,4-triazole-3-ylthio)acetimidate hydrogen chloride

6 Cawmentok, HO. I, & BapuHcbkun, B. O. (2015). BuBYeHHS TIiOH-TIONbHOI TayTOMeEpii 5-METOKCUEHINbHMX
noxigHux 3-tio-1, 2, 4-tpiasony metogom BEPX-MC. NoeigomneHnHs 1. ®apmakom, (3-4), 54-59; Camentok, tO.
I, Kannaywetko, A. T, lMpyrno, €. C., Camentok, 0. I, Kannaywenko, A. I, & MNpyrno, E. C. (2014). CuHTe3
Ta aKTOMPOTEKTOPHA aKTUBHICTb conewn 2-(5-(4-meTtokcudperin-(3, 4, 5-tpumetokcudenin)-)-1, 2, 4-tpiason-3-
inTio)-auetatHux kucnot; Camentok, tO. I, KannayweHko, A. I, Kamuwruia, O. M., MNoniwyk, H. M., Camentok,
t0. I, KannayweHko, A. I, ... & Monuwyk, H. H. (2013). 4-meTokcnbeHsunigeH-2-(3-(4-metokecndpenin)-1H-1, 2,
4-Tpnason-5-inTio) auertorigpasung, Lo BUSBMSE NPOTUMIKPOOHY Ta NpOTUrpubKoBy akTUBHICTb; Camentok, HO. I,
Benenives, |. ®., Abpamos, A. B., ByxTisiposa, H. B., MopryHuoBa, C. A,, Maenos, C. B., & KannayweHko, A. I.
(2015). OocnigxeHHs HeMponpOTEeKTOPHOI akTMBHOCTI nponin 2-(5-(3, 4, 5-TpumeTtokeudeHrin)-1H-1, 2, 4-tpia-
30n-3-inTio) aueTimigaTy rigpoxnopuay. Papmakonoris Ta nikapcbka Tokcukonoris, (6), 34-40.

7 Cawmentok, K. I (2016). CuHTe3 Ta JoCnimKeHHs GionoriYyHo akTMBHUX NoxigHux 1, 2, 4-Tpia3on-3-TioHy, Lo Mic-
TATb MeTOKcUdeHinbHi 3amicHukmn (Doctoral dissertation, 3anopisbkuii fep>kaBHUA MEAVYHWIA YHIBEPCUTET);
Cameniok, 0. I, & BapuHcbkuin, 5. O. (2015). BuB4eHHS TiOH-TioNbHOI TayTOMepii 5-MeTOKCUeHINbHUX NOXiAHMX
3-Tio-1, 2, 4-Tpiazony metogom BEPX-MC. lNosigomneHHs 1. ®apmakom, (3-4), 54-59.
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Combination of 4-R-1,2,4-triazole-3-thiones with quinolinecarboxylic acids.
Biological action of compounds.

The authors were developed methods for obtaining 5-(quinolin-2-yl-,
2-hydroxyquinolin-4-yl)-4-R -1,2,4-triazole-3-thions, for which further reactions involving
electrophilic attack particles were studied; synthesized 3-alkyl- and 3-heterylthio-
5-(quinolin-2-yl, 2-hydroxyquinolin-4-yl)-4-R-1,2 4-triazoles, 2-(5-(quinolin-2-yl-,
2-hydroxyquinolin-4-yl)-4-R -1,2,4-triazole-3-ylthio)acetonitrile and 2-(5-(quinolin-2-yl,
2-hydroxyquinolin-4-yl)-4-R -1,2,4-triazole-3-ylthio)acetic acid.

Targeted synthesis® of a number of iminoesters, hydrazides and ylidenehydrazides
of 2-(5-(quinolin-2-yl, 2-hydroxyquinolin-4-yl)-4-R.-1,2,4-triazole-3-thio)-acetate acids
and a number of their salts.

The synthesized compounds were studied for 7 types of biological activity, such
as acute toxicity, antimicrobial and antifungal, antiviral, antihypoxic, antioxidant
and anti-edematous. The regularities of the influence of substituents in the position
of the 5-nucleus of 1,2,4-triazole and on the Sulfur atom on the biological action
were established. Introduction to position 5 of the nucleus of 1,2,4-triazole cycle of
2-hydroxyquinoline substituentincreases the antimicrobial activity. Oxidation of the Sulfur
atom of 3-alkylthio derivatives to the hexavalent state increases acute toxicity. Salts
of 2-(5-(quinoline)-4-R,-1,2,4-triazole-3-ylthio)acetic acids were showed a decrease in
toxicity and a significant increase in antioxidant and antihypoxic activity. The most active
antioxidant was 4-((2-((5-(5-(quinolin-2-yl)-1H-1,2,4-triazole-3-yl)thio)acetyl hydrazone)
methyl)-benzoate (Fig. 4), which is low-toxic. Its authors??2 were recommended as the
most active compound.

HaNHN, HaCO,
C—CH, —CH N-N
/4 M2
S’< N ¢ s U n
A HoN-NH, N N
| Ha-NH, Ho
= Z

Fig. 4. Scheme of synthesis of hydrazide
2-(5-(quinolin-2-yl -4-1H-1,2,4-triazole-3-thio)-acetic acid
Synthesis of bioactive S-derivatives of
5-(phenoxymethylene)-4-R-1,2,4-triazole-3-thione.

The authors®%* were synthesized 2-((5-(phenoxymethylene)-4-R-1,2,4-
triazole-3-yl)thio)-ethan-1-ol and the corresponding ethyl chlorides. The alkylation
of 2-((5-(phenoxymethylene)-4-R-1,2,4-triazole-3-yl)thio)ethyl chloride with the
corresponding 5-R;-4-R,-1,2,4-triazole-3-thions were carried out. Methods for

8 KannayweHko, T. M., MaHacetko, O. |., & Camentok, 0. I. (2016). CnHTE3 Ta BCTaHOBMEHHST (Di3MKOXIMIYHUX
KOHCTaHT 2-(5-(XiHOMiH-2-in, 2-rigpoKcuxiHoniH-4-in)-4-r1-1, 2, 4-tpnason-3-inTio) aueraTHNX KUCMOT Ta iX ecTepis.
dapmaueBTUYHMI xypHan, (2), 53-59; Kaplaushenko, T. M., & Panasenko, O. I. (2016). Synthesis and physi-
cal-chemical properties of 3-alkylthio-5-(quinoline-2-yl, 2-hydroxyquinoline-4-yl)-4-R-2, 4-dihydro-3H-1, 2, 4-tri-
azoles. 3anopoxckuin meauumHckuin xxypHan, (3), 99-103; KannayweHko, T. M., MNMaHaceHko, O. |., & Kyyepsasun,
0. M. (2016). OkucHeHHs 2-(5-(xiHoniH-2-in)-1, 2, 4-Tpuason-3-in) Ti0) eTaHOBOI KUCNOTU Ta ii ecTepiB Ao
3-incynbdiHin-Ta 3-incynbgoHinnoxigHunx. YkpaiHcbkuin 6iodbapmaueBTUYHNI XypHan, (4), 56-60.

11
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obtaining of 2-((5-(phenoxymethylene)-4-R-1,2,4-triazole-3-yl)thio)aceto- and
propanonitriles and 2-, 3-, 4-(((5-(phenoxymethylene)-4-R-1,2,4-triazole-3-yl)thio)
methyl)benzonitriles were established by HPLC-MS. The conditions of their further
acid hydrolysis and counter-synthesis were obtained. As a result, the corresponding
alkyl- and arylcarboxylic acids (Fig. 5), and salts and esters were synthesized to
expand the range of studies of biological action®.

CICH,COOH, .
Hz0 - Ha o CH3COONa
SN /( >\ O~ | v —
C N S \ -NaCl
Hz | OH
R
A
CICH,COOH,
NaOH DMF N—N Hy o
J\ B N
NaCI C N S \
= -Hy0 Ha | OH
R R

N—N Ha o
CICH,COOH, o /( »\ L7 "
2NaOH, DMF o) S - Na
. hll \O, CH3COOH

-NaCl R -CH3COONa

1B
Fig. 5. Scheme of synthesis of
2-(5-(phenoxymethylene)-4-R-1,2,4-triazole-3-ylthio)acetic acids

Hydrazides of 2-(5-(phenoxymethylene)-4-R-1,2,4-triazole-3-yl)thioacetic acids
were used to obtain a number of suitable ylidene hydrazides. The presence of isomeric
forms was determined by two-dimensional NOESY NMR spectrometry for it.

The authors were investigated antimicrobial and antifungal, antihypoxic,
diuretic, antipyretic, actoprotective and hypoglycemic properties for derivatives of
5-(phenoxymethylene)-4-R-1,2,4-triazole-3-thions.

As the most active hypoglycemic agent were proposed 2-(4-ethyl-5-
(phenoxymethylene) 1,2,4-triazole-3-ylthio)acetic acid hydrochloride.

Development of hepatoprotectors based on (3-thio-4-R-1,2,4-triazole-5-yl)
(phenyl)methanols and their derivatives.

Scientists'® have synthesized a number of (3-alkyl, alkarylthio-4-R-4H-1,2,4-triazole-
3-yl)(phenyl)methanols. The oxidation reactions of the Sulfur atom with potassium hy-

9 KyyepsBuir, HO. M., Kannaywenko, A. I, & An, 3. ®. (2015). CuHTes 5-(deHokcumeTnneH)-4-R-3-ankinTio 1, 2,
4-Tpiasonis Ta ix nogasnblue OKUCHEHHs1 A0 3-ankincynbgoHinnoxigHnx. AKTyanbHi NUTaHHA dapmaueBTUYHOT
i MegnyHOI Hayku Ta nmpakTuku, (3), 14-18; Kydepsasuwn, 0. M. (2016). Mowwyk NOTEHUINHUX NPOTUAIabEeTUYHMX
3acobiB cepen peskux 3-TionoxigHnx 5-(deHokcumeTnneH)-4-R-1, 2, 4-Tpiazon-3-TioHiB. AKTyanbHi MUTaHHSA
hapMaLeBTUYHOI | MeanYHOT Haykn Ta npakTuku, (2), 15-19; Kyuepsiui, 0. M. (2016). nonck noTeHUmanbHbIX
nNpoTUBOAMABETNYECKNX CPEACTB B pAdy 3-TMONPON3BOAHbLIX 5-(peHokcumeTuneH)-4-R-1, 2, 4-Tpnason-3-TMOHOB.
AKTyanbHi TUTaHHS hapMaLeBTUYHOI | MEAUYHOT HAayKu Ta NpakTuku, (2), 15-19.

10 Pyap, A. M., Kannaywerko, A. I., Cameniok, tO. I, Pyab, A. M., KannayweHko, A. I, & Cameniok, 0. I. (2018).
CuHTe3 HoBUX ankincynbdoHin (cynbdinin) noxigHux 1, 2, 4-tpiasony Ha ocHoBi (3-(ankinTio)-4-R-1, 2, 4-Tpia-
30n-5-in)(deHin) metanonis; Pyab, A. M., & Kyyepssui, KO. M. (2015). BcTaHOBNEHHSA NOKA3HMKIB AiypeTUYHOI
aKTUBHOCTI pagy (4-amiHo-5-(ankinTio)-1, 2, 4-Tpiason-3-in)(deHin) metaHonis.
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drogen peroxosulfate and hydrogen peroxide of the starting (3-alkylthio-4-R-4H-1,2,4-
triazole-3-yl)(phenyl)methanols were studied. A number of new 3-(5-(hydroxy(phenyl)
methyl)-4-R-4H-1,2 4-triazole-3-yl)thio)aceto(propano-, methyl-2-, 3-, 4-benzo)nitriles,
2-((5-(hydroxy(phenyl)methyl)-4-R-4H-1,2,4-triazole-3-yl)thio)acetic and methylben-
zoic acids, their esters, salts, alkyl 2-((5-(hydroxy(phenyl)methyl)-4-methyl-4H-1,2 4-tri-
azole-3-yl)thio acetymidate, 2-((5-(hydroxy(phenyl)methyl)-4-R-1,2,4-triazole-3-yl)thio)
acetohydrazide, N’-R-(aryl)iden-2-((5-(hydroxy-(phenyl)methyl)-4-R-1,2,4-triazole-3-yl)
thio)acetohydrazides were synthesized.

The study of acute toxicity, antioxidant and actoprotective activity of (3-thio-4-
R-1,2,4-triazole-5-yl)(phenyl)methanols and their derivatives were allowed to select
a number of substances, among which promising highly active hepatoprotectors
were identified.

According to the results of pharmacological screening? for in-depth study was rec-
ommended as a highly active potential hepatoprotector of antioxidant action, previously
unknown  2-((5-(hydroxy(phenyl)methyl)-4-methyl-4H-1,2,4-triazole-3-yl)thio)acetoni-
trile. The scheme of synthesis of 3-(5-(hydroxy(phenyl)methyl)-4-R-4H-1,2,4-triazole-3-
ylthio)alkyl(alkylaromatic)acids was in Fig. 6.

cl
~"cn NN
)\ cN
NaOH, C3H;OH-1 HG s
R

/‘\ —N

CN N /“CN
\>*SH \>“S
NaOH, CqH,OH-1
OH R OH R

N
i @ SR
NaOH, C3zH;0OH-1

R = CHj3 CyHs CgHs

Fag. 6. Scheme for obtaining a number of nitriles of 3-(5-(hydroxy(phenyl)methyl)-4-R-4H-1,2,4-
triazole-3-ylthio)alkyl(alkylaromatic)acids
The prospect of using 5-(1H-tetrazole-1-yl)-4-R-3-thio(amino)-1,2,4-triazole to
create new biologically active substances.
The synthesis of alkyl-2-[{5-(1H-tetrazole-1-yl)methyl-4-R-(1,2,4-triazole-3-yl)thio}
ethane (propane, benzyl)]limidates was had a hypoglycemic effect. The authors™ were

11 Frolova, Y., Kaplaushenko, A., & Nagornaya, N. (2020). Design, synthesis, antimicrobial and antifungal activities
of new 1, 2, 4-triazole derivatives containing 1h-tetrazole moiety; Hulina, Y. S., & Kaplaushenko, A. G. (2017).
Synthesis and physical-chemical properties of 6-(5-(1H-tetrazole-1-ylmethyl)-4-R-1, 2, 4-triazole-3-ylthio) pyr-
idin-3-amines and 6-((5-(1H-tetrazole-1-yl) methil-4-R-1, 2, 4-triazole-3-ylthio) pyridin-3-yl)-(alk, ar, heter) yl-
methanimines. 3anopoxckuii meguumHckmi xxypHan, (19,Ne 1), 100-104; Hulina, Y. S., & Kaplaushenko, A. G.
(2018). CuHTe3, husmko-xmmmyeckme CBOMCTBA 1 AanbHewmne npespallenus B psgy 5-((1H-tetpason-1-vn) me-
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received  2-[5-(1H-tetrazole-1-yl)methyl-4-R-(1,2,4-triazole-3-yl)thiolethane(propane)
and 2-, 4- [5-(1H-tetrazole-1-yl)methyl-4-phenyl-(1,2,4-triazole-3-yl)thiomethyllbenzoic
acids, their salts.

Scientists have also obtained 6-(5-(1H-tetrazole-1-yl)methyl-4-R-(1,2,4-triazole-3-yl)
thio)pyridin-3-amines, which were converted to 6-[((5-(1H-tetrazole-1-yl)methyl-4-R-
(1,2,4-triazole-3-yl)thio)pyridin-3-yl)-(alkyl-, aryl)lmethanimines (Fig. 7). Subsequently, the
compounds were subjected to selective reduction of the double aliphatic C=N bond.

NS NG Y
}\\j 7 NaBHg4 N—N N-NH

L R NaOH \——</N /)\N/E’i

N"SN=dy DMFA N

R= H, CH3‘ C5H5’ 3-FC6H4‘ 4-C|CGH4’ 3-N0206H4, 2-COOHCGH4,
4-M92N06H4, 3,4-(MGO)2C6H3, 4-OH-2-MeOCGH3

R

Fig. 7. Scheme of synthesis of 5-(1H-tetrazole-1-yl)methyl-4H-1,2,4-triazole-3-yl-1-(alkyl-, aryl-,
heteryllmethanamines

Acute toxicity was investigated for the compounds. The LD, of 5-(1H-tetrazole-1-yl)
methyl-4-R-3-thio(amino)-1,2,4-triazole derivatives was in the range of 357-1060 mg /
kg. During the study of the biological activity of 1,2,4-triazole derivatives, substances
were found that show high indicators of antimicrobial and fungal (6), diuretic (5), acto-
protective (3), antihypoxic (6), antipyretic (2) and hypoglycemic (4) ) actions.

The authors'? were recommended 5-(1H-tetrazole-1-yl)methyl-4H-1,2,4-triazole-3-
yl-1-(5-nitrofuran-2-yl)methanimine as antimicrobial and antifungal agent.

Also, scientists of Zaporizhzhia State Medical University are currently developing
new unique compounds based on 4-R-5-phenethyl-2,4-dihydro-3H-1,2,4-triazole-3-thi-
ons, which has already given the first results', among which, according to preliminary
data, it is possible to select compounds with high rates of antihypoxic action.

DOI: 10.51587/9781-7364-13302-2021-002-7-14

™In)-4-R-4H-1, 2, 4-tpnason-3-tnonos. brodapmauestnyeckuin XKypHan, 10(1), 26-30; ®ponosa, 0. C. (2019).
LocnigpkeHHA rocTpoi TOKCUYHOCTI NoxigHux 1, 2, 4-Tpiasony, WO MIiCTATb B CBOEMY cknagi sapo 1H-teTpasony.
International Academy Journal Web of Scholar, (6 (36)).

12 Hulina, Y. S., & Kaplaushenko, A. G. (2017). Synthesis and physical-chemical properties of 6-(5-(1H-tetrazole-1-
ylmethyl)-4-R-1, 2, 4-triazole-3-ylthio) pyridin-3-amines and 6-((5-(1H-tetrazole-1-yl) methil-4-R-1, 2, 4-triazole-3-
ylthio) pyridin-3-yl)-(alk, ar, heter) yimethanimines. 3anopoxckuin meguumHckmin xypHan, (19,Ne 1), 100-104.

13 lhnatova, T. V., Kaplaushenko, A. G., & Frolova, Y. S. (2020). CuHTe3 Ta [OCRigKeHHs i3NKO-XIMIYHNX
BNacTMBOCTEN noXigHux 1, 2, 4-Tpunasony, WO MICTATb (heHEeTUNbHUIN 3aMiCHUK Y NonoXeHHi 5. XKypHan opraHidHoi
Ta chapmaueBTHYHOI Ximii, 18(2 (70)), 48-53; Ihnatova, T., Kaplaushenko, A., Frolova, Y., & Pryhlo, E. (2021). Synthe-
sis and antioxidant properties of some new 5-phenethyl-3-thio-1, 2, 4-triazoles. Pharmacia, 68, 129; Irnatosa, T. B.,
Kannaywwetko, A. I, ®ponoea, tO. C., rHatosa, T. B., KannayweHko, A. I, & ®ponoga, 0. C. (2019). CTBOpeHHs,
OOCNIMKEHHS i3nYHUX | XiMiyHux BnacTtusocten 2-((4-R-5-dpeHetnn-4H-1, 2, 4-tpiason-3-in) Tio) eTaHOBMX
(nponaHoBux, 6EH30MHMX) KUCMOT i conen 2-((4-R-5-peHetnn-4H-1, 2, 4-Tpiason-3-in) Tio) eTaHOBKX KUCHOT.

14





