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The process of studying free radicals began in the middle of the last century (the free radical theory of aging in 1956). Multiple studies
have revealed the effect of free radicals on the cells of the body and the development of various diseases, such as diabetes, autoimmune
diseases, diseases of the nervous system, and others. As a result, the term antioxidant has emerged, compounds that reduce and prevent
the effects of free radicals. Most of the newly synthesized substances are studied for their antiradical properties. 1,2,4-Triazole derivatives
are no exception, which has already proven themselves as biologically active compounds.

The aim of this work was the investigation antiradical activity among 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol derivatives.

Materials and methods. Previously synthesized 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol derivatives were used as
test compounds. The research of antiradical activity was based on the interaction between 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-
triazole-3-thiol derivatives and 2,2-diphenyl-1-picrylhydrazyl (DPPH) in vitro. DPPH is a stable free radical. The color of its alcoholic
solutions were intense purple (Amax = 517 nm). When DPPH interacted with compounds that were capable of scavenging free radicals,
it produced products. These products are yellow in color and do not absorb light of the aforementioned wavelength. The study was carried
out according to the method.

Results. The antiradical activity of 10 new 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol derivatives was studied. Most of
the test compounds show antiradical activity against DPPH. Compound 1 was the most active at a concentration of 1 x 10° M and
the antiradical effect was close to ascorbic acid.

Conclusions. The most active compound is 4-amino-5-(thiophen-2-ylmethyl)-4 H-1,2,4-triazole-3-thiol, which in a concentration of 1 x 103
M has an antiradical effect in 88.89 %. When reducing the concentration to 1 x 10 M, also reduces the antiradical activity to 53.78 %.
Some conclusions are drawn regarding the “structure — effect” dependence between 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-
3-thiol derivatives:

—the introduction of 4-fluorobenzylidene radical (compound 2) into the 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol molecule
results in a slight decrease in activity;

—the introduction of 2-hydroxybenzylidene radical (compound 3) into initial molecule results a high antiradical effect, which hardly changes
with decreasing concentration;

— transformation to 2-((5-(thiophen-2-ylmethyl)-4-((R)amino)-4H-1,2,4-triazol-3-yl)thio)acetic acid has almost no effect on antiradical
activity, except for compound 9 (the antiradical effect is reduse).
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AHTUpaguKanbHa akTUBHICTb HOBUX NOXiAHMX 4-aMiHO-5-(TiodeH-2-inmeTnn)-4H-1,2,4-Tpia3on-3-Tiony
A. A. CacpoHos, I. C. Hocynerko

BuBYEHHS BiNbHWX paguKanis po3noyarnocsi B cepeaunHi MUHYOro cTopivyst (BinbHopaayvkanbHa Teopist ctapiHHs, 1956 p.). YucnenHi gocni-
[PKEHHS BUSIBUINN BNIVWB BiflbHUX PaAuMKaniB Ha KIiTYHW OpraHiamMy Ta pO3BUTOK Y pe3ynbTaTi LibOro Pi3HNX 3aXBOPOBaHb: LyKpOBOro Aiabety,
aBTOIMYHHVIX 3aXBOPOBaHb, NATOIONi HEPBOBOI CUCTEMM TOLLO. Y 3B’A3KY 3 LiIM 3'ABMBCS TaKUI TEPMIH, SIK aHTUOKCUAAHTM, Ha MO3HAYEHHS
CMOMYK, L0 3MEHLLYIOTb i 3anobiratoTb BNNVBOBI BiNbHUX paayvkanis. binbLuicTb HOBUX CUHTE30BaHWX PEYOBUH AOCHILKYIOTb HA HAsSBHICTb
aHTMpaauKanbHuX BnactmeocTei. He € BuHsTkom noxigHi 1,2,4-Tpiasony, Lo 3apekoMeHayBanu cebe sik 6ionoriyHo akTUBHI CoMyKu.

MeTa po6oTu — JocnimKeHHs aHTMpaauKanbHOi akTUBHOCTI cepe NoXigHux 4-amiHo-5-(TiodeH-2-inmetun)-4H-1,2,4-Tpiason-3-Tiony.
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Matepianu Ta metoau. [locnignnu cuHTe30BaHi paHille noxigHi 4-amiHo-5-(TiodeH-2-inmetun)-4H-1,2,4-tpiason-3-tiony. JocnimkeHHs
aHTUpaguKanbHOI aKTMBHOCTI 3aCHOBaHe Ha B3aeMopii noxigHWx 4-amiHo-5-(TiodeH-2-inmeTun)-4H-1,2,4-Tpiason-3-Tiony 3 2,2-an-
dheHin-1-nikpunrigpasunom (DPPH) in vitro. DPPH — cTabinbHui BinbHWi pagukan. Konip #oro cnmpToBMX po34uHiB — iHTEHCUBHO-iO-
netoBwit (Amax = 517 um). Konn DPPH B3aemogie 3i cnomykamu, Lo 34aTHi BNIOBMIOBATY BifbHI pagukanu, BiH YTBOPIOE KOMMIIEKCH.
Lli cnonyku MatoTb KOBTWIA KOMIP i HE MOMMMHAKTb CBITNO 3 HA3BAHOK AOBXUHOW XBUMi. [OCMIAXEHHS BUKOHAMM 3TiAHO 3 METOAMKOI.

Pesynisratn. BuBunnu aHTMpagukansHy akTuBHicTb 10 HOBKX Cnonyk noxigHux 4-amiHo-5-(TiocpeH-2-inmetun)-4H-1,2,4-Tpiason-3-Tiony.
BinbLUicTb cnonyk BUSBMNAOTL aHTUPaaMKanbHy akTuBHICTb Wwopao DPPH. PeyoBuHa 1 HanbinbLu akTMBHa B KOHUeHTpauii 1 x 10° M, a i
aHTMpaguKanbHUi edekT 6nmnsbkuii 4o ackopbiHOBOI KMCNOTH.

BucHoBku. HanaktuBHilwa cnonyka — 4-amiHo-5-(TiopeH-2-inmetun)-4H-1,2,4-Tpiason-3-Tion, sikuil y KoHUeHTpauii 1 x 10 M xapakTe-
pu3yeTbCsa npoTupaaukansHoto gieto 88,89 %. Mpu 3HWKeHHi koHUeHTpauii o 1 x 10* M aHTUpaamkarnbHa akTUBHICTb 3HUXYETLCS A0
53,78 %. 3pobunu BUCHOBKM LLOAO 3aNIEXHOCTI «CTPYKTYpa — aHTUpaamKanbHuiA edhekTy»:

— BBEAEHHS 4-¢hTopbeH3nnigeHOBOro pagukana (cnonyka 2) B Monekyny 4-amiHo-5-(tiodpeH-2-inmetun)-4H-1,2,4-tpiason-3-Tiony npu3eo-
ANTb A0 HE3HAYHOTO 3HVDKEHHS aKTUBHOCTI;

— BBEAEHHS 2-TinpokcnbeH3nnigeHoBoro pagmkana (cnonyka 3) y BUxigHy MONekysy CnpuyuHSIE BUCOKUIA aHTUpaamKanbHUi ehekT, SKui
Maiibke He 3MIHIOETBCS 3i BMEHLLEHHAM KOHLEHTpaLii;

— TpaHcopmalis o 2-((5-(tiodeH-2-inmeTtun)-4-((R)amiHo)-4H-1,2,4-Tpia3on-3-in)Tio)oLToBOI KUCNOTU Maiike He BNIMBAE Ha aHTUpa-
[VKanbHy aKTUBHICTb, KpiM Ccrionyku 9 (aHTMpaamkanbHUn epekT CyTTEBO 3HIKYETHCS).

KntovoBi crioBa: aHTUpagukasnbHa akTUBHICTb, 1,2,4-Tpia3on, reTepoLmKiYHi Cromnyku.
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AHTUpaguKanbHas akTMBHOCTb HOBbIX NPOU3BOAHbLIX 4-aMUHO-5-(TnObeH-2-unmetun)-4H-1,2,4-tpuason-3-Tuona
A. A. CacboHos, W. C. HocyneHko

Mpouecc nsyveHnss cBOBOAHBIX PagMKarnoB Havancs ele B cepefyHe MpoLunoro Beka (cBobogHopaavkanbHas Teopust cTapeHus,
1956 r.). MHOrouncneHHble NCCnenoBaHns nokasany BnusiHWe CBOOOAHbIX paanKanoB Ha KNETKU OpraHvM3ma v pa3BuTue B pesynbsrate
3TOro pasnuyHbIx 3abonesaHwnit: caxapHoro AnabeTa, ayTOMMMYHHbIX 3a60n1eBaHui, NaTonorin HePBHOW CUCTEMBI U Ap. B cBa3n ¢ aTuM
NOSIBUIICA TakoW TEPMUH, Kak aHTWOKCMAAHTbI, AN 0603HaYeHUs COeaMHEHNIA, YMeHbLUAIOLWMX 1 NpeaynpexaatoLmx BosaelicTame
cBoOOAHBIX paguKanoB. BonbLUMHCTBO HOBBLIX CUHTE3MPOBAHHbIX BELLECTB NCCNeayoT Ha aHTupaaukanbHble CBovcTBa. MNponaBoaHbie
1,2,4-Tpnasona, KoTopble yxe 3apekomeHaoBany cebs kak 61onornveckn akTUBHbLIE COEANHEHNS, — HE UCKITIOYeHNe.

Llenk pa6oTkl —nccnenoBaHne aHTUpPaAMKanbHOW akTUBHOCTM NPOU3BOAHbIX 4-aMUHO-5-(TnodheH-2-unvetun)-4H-1,2,4-tpnason-3-tu-
ona.

Matepuanki n meTofkl. B KayecTBe TeCTUPYEMbIX COEAMHEHWI UCMOMb30BaNN CUHTE3NPOBAHHbBIE PaHEeE NMPOU3BOAHBIE 4-aMWUHO-5-(T1O-
deH-2-unmetun)-4H-1,2,4-tpnason-3-tnona. MiccnegosaHue aHTMpaaukanbHON akTUBHOCT OCHOBAHO Ha B3aMOAENCTBIUN MPOU3BOLAHbIX
4-aMuHO-5-(TnodhbeH-2-unmetun)-4H-1,2,4-tpmason-3-tnona c 2,2-andenunn-1-nukpunrugpasunom (DPPH) in vitro. DPPH — cTabunbHbiii
cBoboAHbIN pagukan. LiBeT ero CnnpToBbIX pacTBOPOB — WHTEHCHBHO-broneToBei (Amax = 517 um). Korna DPPH B3aumopeiictyet
C COeaMHEHNSIMU, KOTOPbIE CNOCOBHBI ynaBnmBaTh cBOOGOAHbIE paguKanbl, 06pasyloTcst KOMNMEKChbl. AT COEAMHEHMS XENTOTO LiBETa W
He MOrMOLLAK0T CBET C AaHHOW AJIMHON BOMHbI. ViccnenoBaHue NpoBeAeHO COrMacHo METOANKE.

Pesynkrathl. M3yyeHo aHTupaaukansHoe aeiictane 10 HOBbIX COEANHEHNI NPOU3BOAHbBIX 4-aMUHO-5-(TModeH-2-unvetun)-4H-1,2 4-tpu-
ason-3-tuona. bonbLlMHCTBO UccnedyemblX COeAUHEHNI MPOSBASIOT aHTUPaaMKanbHy akTMBHOCTL B OTHOLeHMM DPPH. BelecTtso 1
Haubornee akTMBHO B KOHUeHTpauum 1 x 10 M, a ero aHTMpaawmkanbHbIn addekT Brinaok k ackopoMHOBOI KMcnoTe.

BriBogkl. Camoe akTUBHOE coeayHeHne —4-aMnHo-5-(TnoteH-2-unmetun)-4H-1,2,4-tpuason-3-T1on, KOTopbIi B KoHUeHTpauun 1 x 10° M
obnapaet aHTUpaavkanbHbIM fencteuem 88,89 %. Mpu cHKkeHWM kKoHueHTpaumn o 1 x 104 M aHTMpaaukanbHas akTUBHOCTb CHUXa-
etca 0o 53,78 %. CaenaHbl BbIBOAbI O 3aBUCMMOCTU «CTPYKTYpa — aHTUpaauKarbHbIn 3pdekTy:

— BBeAeHue 4-pTopbeH3nnmaeHoBoro pagykana (coeguHeHme 2) B Monekyny 4-amnHo-5-(tnodper-2-unmetun)-4H-1,2,4-tpnason-3-tnona
NPUBOANT K HE3HAYUTENBHOMY CHVXXEHWIO aKTUBHOCTH;

— BBeZeHME 2-rnapoKcnbeH3MNaEeHOBOrO paavkana (coefuHeHne 3) B UICXO4HYO MOMeKyny NPUBOAMT K BLICOKOMY aHTUpaamKaribHOMY
3hpekTy, KOTOPbIN MOYTU HE MEHSIETCS C YMEHBLUEHUEM KOHLIEHTPALMK;

— TpaHcopmaums fo 2-((5-(tnoden-2-unmetun)-4-((R)ammnHo)-4H-1,2,4-Tpnason-3-nn)TMO)yKCYCHOW KUCMOTbI MOYTU HE BUSET Ha
aHTMpaavKanbHyH akTWBHOCTb, KpOME CoeanHeHns 9 (aHTpaamKanbHbI aPgEKT 3HAYUTENBHO CHIKAETCS).

KnioueBble croBa: aHTUpaauKkanbHas akTMBHOCTb, 1,2,4-Tprason, reTepoLMKNNYeckne COeQUHEHMS.
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The process of studying free radicals began in the middle  such as diabetes, autoimmune diseases, diseases of the ner-
of the last century (the free radical theory of aging in 1956).  vous system, and others.

Multiple studies have revealed the effect of free radicals on The study of the effects of free radicals on living organisms
the cells of the body and the development of various diseases,  is a very interesting topic for discussion. Most scientists and
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doctors believe that in order to prolong the life of cells, it is
necessary to reduce the number of free radicals in the human
body. In this case, special compounds can help. As a result,
the term antioxidant has emerged, compounds that reduce
and prevent the effects of free radicals. Most of the newly
synthesized substances are studied for their antiradical prop-
erties [1-3]. 1,2,4-Triazole derivatives are no exception [4],
which have already proven themselves as biologically active
compounds [5-10].

Aim

The aim of this work was the investigate antiradical activity
among 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2 4-triazole-
3-thiol derivatives.

Materials and methods
4-Amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol
derivatives which previously synthesized were used as test
compounds [11,12].

The research of antiradical activity was based on the inter-
action between 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-
triazole-3-thiol derivatives and 2,2-diphenyl-1-picrylhydrazyl
(DPPH) in vitro. DPPH is a stable free radical. The color of
its alcoholic solutions is intense purple (Amax = 517 nm).
When DPPH interacts with compounds that are capable
of scavenging free radicals, it produces products. These
substances are yellow in color and do not absorb light of
the aforementioned wavelength. The study was carried out
according to the method [13,14].

Research methodology. 2 ml of solution of 4-amino-5-
(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol derivatives
in DMSO of corresponding concentration (2 mM, 0.2 mM,
0.01 mM, 0.02 mM, 0.002 mM) was mixed with 2 ml of
0.1 mM DPPH methanolic solution. Optical density (Ad)
was measured after incubating the resulting mixture at 25 °C
for 30 minutes. The sample was obtained by mixing 2 ml of
DMSO with 2 ml of 0.1 mm methanolic DPPH solution and
determined the optical density simultaneously (ADPPH).

Antiradical activity (ARA) was calculated by the next
formula:

ARA% = (A,,,.-Ad)A . %100 %.

DPPH DPPH

In the case of a negative meaning, ARAin % was estimated
at 0. Electronic balance “ANG 200C” (Poland) was used to
weigh reagents and synthesized compounds. Optical densi-
ty was measured with a ULAB 108UV spectrophotometer
(China).

Results

The antiradical activity of 10 new 4-amino-5-(thiophen-2-
ylmethyl)-4H-1,2,4-triazole-3-thiol derivatives was studied.
Most of the test compounds showed antiradical activity
against DPPH. Compound 1 was the most active at a con-
centration of 1 x 10 M and the antiradical effect was close
to ascorbic acid (Table I).

Table 1. The antiradical activity of 4-amino-5-(thiophen-2-ylmethyl)-4H-
1,2,4-triazole-3-thiol derivatives

Antiradical activity, %
Compound

Ascorbic acid 92.23 87.77
1 88.89 53.78
2 78.26 57.65
3 7391 72.14
4 75.68 66.99
5 74.24 60.06
6 72.46 69.08
7 78.26 45.73
8 78.42 78.10
9 10.31 6.44

10 3.06 2.90

According to the results of the investigation, “struc-
ture — effect” dependence between 4-amino-5-(thiophen-
2-ylmethyl)-4H-1,2,4-triazole-3-thiol derivatives was
researched.

The most active compounds were substances 3 and 8 at a
concentration of 1 x 10 M. Thus, the best effect of (2-hy-
droxybenzylidene)amino and (thiophen-2-ylmethylene)
amino radicals on antiradical activity.

Discussion

The antiradical effect of 4-amino-5-(thiophen-2-ylmeth-
yl)-4H-1,2,4-triazole-3-thiol derivatives was studied and
“structure — effect” dependence were established. The most
active compound was 4-amino-5-(thiophen-2-ylmethyl)-4H-
1,2,4-triazole-3-thiol, which in a concentration of 1 x 103 M
had an antiradical effect in 88.89 %. When the concentration
was reduced to 1 x 10 M, the antiradical activity was reduced
to 53.78 %. (Table 2).

The adding of 4-fluorobenzylidene radical (compound 2)
into the 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-
3-thiol molecule was resulted in a slight decrease in activity
(Fig. 1). Dilution of the solution to 1 x 10 M also was
reduced the antiradical effect (Fig 2).

The same pattern was observed with the adding of thio-
phen-2-ylmethylene (compound 4) and 1-(4-aminophenyl)
ethylidene (compound 5) radicals into the molecule 4-ami-
no-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol.
When the 2-hydroxybenzylidene radical (compound 3)
was added into the 4-amino-5-(thiophen-2-ylmethyl)-4H-
1,2,4-triazole-3-thiol molecule, a high antiradical effect was
observed, which hardly changes with decreasing concen-
tration. A similar dependence was shown by compound 8
(2-((5-(thiophen-2-ylmethyl)-4-((thiophen-2-ylmethylene)
amino)-4H-1,2,4-triazol-3-yl)thio)acetic acid), which showed
an antiradical effect of 78.42 % (1 x 10 M) and 78.10 %
(1 x 10* M) at appropriate concentrations.
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Table 2. “Structure — activity” dependence between 4-amino-5-(thiophen-
2-ylmethyl)-4H-1,2,4-triazole-3-thiol derivatives.

N—N

\

s —R
R
N O
stance radlcal
H
2 H (4-fluorobenzylidene)amino 1
3 H (2-hydroxybenzylidene)amino "
4 H (thiophen-2-ylmethylene)amino 1
5 H (1-(4-aminophenyl)ethylidene)amino | 1
6 CH,COOH | (4-fluorobenzylidene)amino 1
7 CH,COOH (2-hydroxybenzylidene)amino 1
8 CH,COOH | (thiophen-2-yimethylene)amino "
9 CH,COOH | (1-(4-aminophenyl)ethylidene)amino | |
10 CH,COONa |NH, !

Transformation to 2-((5-(thiophen-2-ylmethyl)-4-((R)
amino)-4H-1,2,4-triazol-3-yl)thio)acetic acid had almost no
effect on antiradical activity, except for compound 9. In this
case, the antiradical activity was significantly reduced.

Transformation to 2-((5-(thiophen-2-ylmethyl)-4-amino-
4H-1,2 4-triazol-3-yl)thio)acetic acid salts reduced antiradical
activity, which can be explained by blocking the carboxyl

group.

Conclusions

1. For 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-tri-
azole-3-thiol derivatives antiradical activity with stable free
radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) in vitro was
investigated. The most active compound was 4-amino-5-
(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol, which in
a concentration of 1 x 103 M had an antiradical effect in
88.89 %. When reducing the concentration to 1 x 10* M,
also reduced the antiradical activity to 53.78 %.

2. Some conclusions were drawn regarding the “structure —
effect” dependence between 4-amino-5-(thiophen-2-ylmeth-
yl)-4H-1,2 4-triazole-3-thiol derivatives:

— the adding to 4-fluorobenzylidene radical (compound 2)
into the 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-
3-thiol molecule resulted in a slight decrease in activity;
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— the adding to 2-hydroxybenzylidene radical (compound
3) into initial molecule resulted a high antiradical effect,
which hardly changed with decreasing concentration;

— transformation to 2-((5-(thiophen-2-ylmethyl)-4-((R)
amino)-4H-1,2,4-triazol-3-yl)thio)acetic acid had almost no
effect on antiradical activity, except for compound 9 (the an-
tiradical effect is reduse).
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