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Aim of our work was the further exploration of the new 5-(furan-2-yl, 2-metylfuran-3-yl)-4-amino-1,2,4-triazole-3-thiol alkyl derivatives’
acute toxicity, setting some patterns of alkyl substituents influence by the Sulfur atom on the acute toxicity.

Research materials and methods. In this study we used first time synthesized 5-(furan-2-yl, 2-metylfuran-3-yl)-4-amino-4H-1,2,4-triazole-
3-thione derivatives. Acute toxicity was conducted on white rats weighing 160-250 g, which were injected once intraperitoneally with the
investigated substances. The rats were received from the nursery of the Pharmacology and Toxicology Institute of Ukraine Medical Sciences
Academy. The animals were kept on a standard diet with natural light mode “day-night”.

Results and their discussion. After the acute toxicity studies in a group of 5-(furan-2-yl, 2-metylfuran-3-yl)-4-amino-4H-1,2,4-triazole 3-alkyl
derivatives it was found that among all studied structures the most toxic was 2e, LD_ of which was 263 mg/kg, and the least toxic compound
was 2a, LD, of which was 1570 mg/kg, that belongs to the V toxicity class. After comparing the acute toxicity of well-known antimycotic
agent fluconazole with the studied compounds it can be argued that most compounds are less toxic than the comparison drug fluconazole with
the index of LD, >320 mg/kg.

It was found that the transition in a group from butyl to decyl, octyl, ventyl, propyl, nonyl and heptyl substituents in the molecule of 3-alkylthio
5-(furan-2-yl)-4-amino-4H-1,2,4-triazole is accompanied by the toxicity increasing. Speaking about the 5-(2-metylfuran-3-yl)-4-amino-4H-
1,2,4-triazole 3-alkylthio derivatives we can find that this dependence is observed in a number from propyl, pentyl, nonil, butyl, heksyl, octyl
and heptyl hydrocarbon chains.

Conclusions. The investigated 3-alkylthio 5-(furan-2-yl, 2-metylfuran-3-yl)-4-amino-4H-1,2,4-triazole derivatives belong to the IV-V toxi-
city class. The toxicity of 5-(furan-2-yl, 2-metylfuran-3-yl)-4-amino-4H-1,2,4-triazole alkyl derivatives varies depending on the hydrocarbon
substituents, so the presence of 3-heptylthiol substituent in the C, atom at 5-(furan-2-yl, 2-metylfuran-3-yl)-4-amino-4H-1,2,4-triazole leads to
the toxicity increase. Introduction of 3-butylthiol to the molecule of 5-(furan-2-yl)-4-amino-4 H-1,2,4-triazole, and the 3-propylthiol substituents
in the 5-(2-metylfuran-3-yl)-4-amino-4H-1,2,4-triazole results the formation of lowest acute toxicity.
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TFocTpa TokcnuHicTh ankinnmoxinuux S-(gpypau-2-in, 2-meruiadypan-3-in)-4-amino-1,2,4-Tpiazon-3-tioJis
M. M. Jlaninvuenxo, B. B. Ilapuenko

MeTa po00TH — IETaTbHO JOCTIAUTU TOCTPY TOKCHYHICTh HOBUX aNKUIMOXIHUX S-(pypaH-2-i1, 2-meTmndypan-3-i1)-4-amino-1,2,4-Tpi-
a30J1-3-TiONiB, BCTAHOBUTH JISsIKi 3aKOHOMIPHOCTI BIUTMBY QJIKUIBHHX 3aMicHHKIB 1o atoMy Cynbdypy Ha NMOKa3HHKH rocTpOl TOKCHYHOCTI
BiJITIOBIIHUX CIIONYK.

Martepiaau Ta MeToan. Y JOCITIUKEHHAX BHKOPHCTaHI BIEpIIE CHHTE30BaHi moxiaHi 5-(pypan-2-in, 2-metundypan-3-in)-4-ami-
HO-4H-1,2,4-Tpia3on-3-TioHy. OLiHIOBaHHS rOCTPOI TOKCHYHOCTI 3/1ificHeHO Ha OiHX mrypax macoro 160-250 1, sKuM OZHOPa30BO BHYTIII-
HBOYEPEBUHHO BBOJIWIIN TOCIIKyBaHi pedoBuHU. LllypiB orpumanu 3 posutigauka [actutyTy dapmakosnorii ta Tokcukonorii AMH Ykpainn.
TBapuHU yTPUMYBAJIHCS HA CTAHIAPTHOMY PALiOH] XapuyBaHHs, IPU IPUPOTHOMY CBITIIOBOMY PEXKUMI «ICHb — HIU».

PesyabTarn. [licns 3aBeplieHHS eKCIIEPUMEHTATBHUX JOCIIIKEHb TOCTPOi TOKCHYHOCTI B ALY 3-aJIKiTionoxigHux 5-(dypan-2-in, 2-me-
Tundypan-3-in)-4-amino-4£-1,2,4-Tpia3ony BCTaHOBHIIH, IO HANTOKCUYIHIIIIOKO CIIOYKOKO CEPEJT IOCTIDKYBAHUX BUABUIIACH CrioyKa 2e, LD,
K01 cTaHOBMIIA 263 MIV/KT, @ HAHMEHII TOKCHYHOIO — crioiryka 2a, LD, koTpoi cranoButh 1570 MI/KT, 10 HANIEKUTH 110 V KJIacy TOKCHYHOCTI
crnonyk. [TopiBHIOIOUH rOCTPY TOKCHYHICTB BiJIOMOTO aHTUMIKOTHYHOTO 3ac00y (NTyKOHA30MIy 3 TOCHTIPKyBaHUMH CIIOTyKaMH, MOJKHA CTBEp-
JUKYBATH: OLIBITICTE CHOJYK, IO JOCIIKYBaJIH, MEHII TOKCHYHI, HiXK Iperapar NopiBHAHHS (IyKoHa301 i3 nokasHukom LD  >320 mr/kr.

Bceranosuim, 1o npu nepexoi B psity Bi Oy THIIEHOTO 10 AEIHITEHOTO, OKTHIIBHOTO, BEHTHIIEHOTO, TPOIUIFHOTO, HOHIJTBHOTO Ta FENTHIILHOTO
3aMICHHKIB Y MOJIEKYIH 3-ankinTio 5-(pypan-2-in)-4-amino-4H-1,2,4-tpiazony 3pocrae TokcHu4HicTh. 1o % cTocyeThcs Monekynu 3-ajikin-
TiONoXiAHUX 5-(2-meTundypan-3-in)-4-amino-4H-1,2,4-Tpiazoiy, TO 15l 3aJISKHICTb CIIOCTEPIracThCs B Py Bijl HPOIIIBHOTO, HEHTHIBHOTO,
HOHITBHOTO, Oy THIIBHOTO, TEKCHIIBHOTO, OKTHIIEHOTO Ta TeNITHIBHOTO BYTJICBOJHEBHX JAHIIIOTIB.

BucunoBku. [locnimkyBani noxiaHi 3-ankinrio 5-(gpypan-2-in, 2-metundypan-3-in)-4-amino-4H-1,2,4-rpiazony Hanexarb A0 CIONYK i3
IV-V knacom toxcnunocTi. ToKCHUHICTD 3-aiKinmoxiguux 5-(dypan-2-i1, 2-metmidypan-3-in)-4-amino-4H-1,2,4-tpiazoiny BapiroeThest 3a-
JIEXKHO BiJl ByIIEBOJHEBUX 3aMiCHUKIB. Tak, HAABHICTh 3-TeNTUNTIONBHOTO 3aMicHuKa 3a C, atromoM 5-(bypan-2-in, 2-meTundypan-3-in)-4-a-
MiH0-4H-1,2,4-Tpia3ony NpU3BOAMTH 10 3pOCTAHHS IXHBOT TOKCHYHOCTI. BBenenHs 1o Monekyu 5-(dypan-2-in)-4-amino-4H-1,2,4-tpiazony
3-OytuarionbHOrO, a 10 5-(2-Metmndypan-3-in)-4-amino-4H-1,2,4-tpiazony 3-HpomiNTIONFHOTO 3aMICHUKIB TPU3BOIUTE 10 (GOpMYBaHHSI
HAaWHWKYMX TIOKAQ3HUKIB TOCTPOT TOKCHYHOCTI.

Knrouosi cnosa: cocmpa mokcuunicms, 1,2,4-mpiazonu, akmugnicms, LD50_
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OcTpasi TOKCHYHOCTD AJTKHWJIIPOU3BOAHBIX S5-((pypaH-2-ui, 2-MeTHiadypan-3-ui)-4-amuHo-1,2,4-Tpua3oi-3-TuonoB
. M. Jlanunvuenxo, B. B. [lapuenxo

Leanb padoThl — OeTaIbHO HCCIIENOBATh OCTPYIO TOKCHYHOCTh HOBBIX aJIKWJINIPOM3BOAHBIX S-(QypaH-2-mi, 2-metuindypas-3-mi)-4-amMmu-
HO-1,2,4-Tpra3oi-3-THOJIOB, yCTAHOBUTH HEKOTOPBIE 3aKOHOMEPHOCTH BIMSHUS alIKHIIbHBIX 3aMecTuTelneil mo aromy Cynbdypa Ha rmokasaresnn
OCTPOI TOKCHYHOCTH COOTBETCTBYIOIINX COCIMHEHUH.

MarepuaJjibl M MeTOAbl. B mccrnenoBaHusAX HCIOIB30BAHBI BIIEPBHIC CHHTE3UPOBAHHBIC MPOU3BOAHBIE S5-((ypan-2-um, 2-MeTundy-
pas-3-wmn)-4-amuHo-4H-1,2,4-tprazon-3-tronos. OneHka 0CTPOit TOKCHYHOCTH ObLIa POBeieHa Ha OelbIX Kpbicax Maccoit 160—250 1, KoTopbiM
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OJIHOKPATHO BHYTPUOPIOIINHHO BBOIMIIH HCCIIETyeMble BeniecTBa. KphIChl ObLIN ITOTydeHBI N3 MUTOMHKKA MIHCTHUTYTaA ()apMaKoIoriuy ¥ TOKCH-
xonorun AMH Ykpanusl. JKHBOTHBIE COTEPKATUCh HAa CTAHAAPTHOM PAIIMOHE TIUTAHUS, IIPU €CTECTBEHHOM CBETOBOM PEKHME «IEHb — HOUBY.

Pesyabrarsl. [Tocie 3aBepiiieHus SKCIIEPUMEHTATBHBIX HCCIICIOBAHNI OCTPO TOKCHYHOCTH B Py 3-aJIKWITHONPOU3BOMHBIX S-((hypaH-2-1i,
2-metmndypan-3-mn)-4-amuno-4H-1,2,4-rpua3zosna ObLUIO yCTAHOBIEHO, YTO CAMBIM TOKCHYHBIM COEMHEHHEM CPEJH UCCIIeyeMbIX OKa3aaach
coenunenue 2e, LD, kotoporo cocrasuia 263 MI/KT, a HauMeHee TOKCHYHBIM ObLI0 coenunenue 2a, LD, kotoporo cocrapuia 1570 mr/kr,
YTO OTHOCHUTCS K V KJTaccy TOKCHUHOCTH. CpaBHUBASI OCTPYEO TOKCHYHOCTh H3BECTHOTO aHTHMUKOTHYECKOTO CPeICTBa (PIyKOHA30J1a ¢ HCCIIe-
JIyeMBIMH COEAMHEHUSIMH, MOYKHO YTBEPIK/ATh, YTO OOJNBIITHHCTBO MCCIICIYEMbIX COSMHEHUI MEHEe TOKCHYHbI, HEKEITH TPerapaTr CPaBHeHHUS
(myxonasoin ¢ nokasarenem LD, >320 mr/kr.

MBI yCTaHOBWIIH, YTO MPU MEPEXO/ie B POy OT OYTHIBHOTO K JEIMIBHOMY, OKTHJIBHOMY, BEHTHIBHOMY, MPONMIBHOMY, HOHWIEHOMY U
TEeNITHIBHOMY 3aMECTHTEISIM B MOJIEKyne 3-ankuntuo S-(ypan-2-mn)-4-amuno-4H-1,2,4-rpuazona pactéT TOKCHYHOCTh. UTO ke Kacaercs
MOJICKYJIbI 3-aJIKHITHOIIPOM3BOAHBIX 5-(2-MeTnndypan-3-un)-4-amuno-4H-1,2,4-tpuasona, To 3Ta K€ 3aBUCUMOCTb HAOJIIOAAeTCsl B PSAY OT
MIPOTHJIBHOM, TIEHTHIBHOM, HOHIJIBHOM, Oy THITBHO, TEKCHIIbHOM, OKTHIIFHOM U TeNTUIIEHON YIIIEBOAOPOIHBIX IICTICH.

BriBonbl. VccnenyeMbie mpon3BoaHbie 3-ankuntio S-(gpypan-2-ui, 2-metundypan-3-un)-4-amuno-4 H-1,2,4-rprua3zona nprHaIIexKar K coe-
nuHeHusM V-V kiiacca TokenaHOCTH. TOKCHYHOCTD 3-aJIKUIIIPOM3BOAHEIX S-((ypaH-2-w, 2-meTrindypan-3-mwi)-4-amuno-4H-1,2,4-rpuazona
BapBHUPYETCsI B 3aBUCHMOCTH OT YIIIEBOIOPOAHBIX 3aMecTHTelNel. Tak ObIIO BBIBICHO, YTO NIPY HATMYHUHU 3-TeNITHITHOIBLHOTO 3aMECTHTEIIS TI0
C, aromy 5-(dypan-2-un, 2-meTusndypan-3-mwi)-4-amuno-4/-1,2,4-Tpuasona IpUBOAMT K POCTY TOKCUYHOCTH. BBenenue B Monekyiy S-(dy-
pan-2-un)-4-amuno-4H-1,2,4-tpuaszona 3-0OyTHATHOIBHOTO, a B MOJIeKyle 5-(2-meTwidypan-3-wmn)-4-amuHo-4H-1,2,4-Tpraszona BKIIOUCHHE
3-IIPONMITHOIBHOTO 3aMECTHTEIIS IPUBOJUT K HAMMEHBIIINM ITOKA3aTeIIsIM OCTPON TOKCHIHOCTH.

Kniouesvie cnosa: ocmpas moxcuunocms, 1,2,4-mpuasonvl, akmusrocms, peL.D,,
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Introduction. Asignificant contribution to the development Table 1
of modern chemistry of heterocyclic compounds have sci-

entific achievements of domestic scientists, who are engaged
in the research of 1,2,4-triazole system for many years. The
1,2,4-triazole core is the study object of a wide scientists circle N—N N—N

due to a number of unique properties. Modeling the 1,2,4-tri- W >\s . 4 >\
azole heterocycle by attaching different functional substituents o T — / \ T s—R
results the formation of promising compounds, new “libraries” NH, NH,

for further chemical reactions, the study of biological properties, CH,

different patterns installation. Scientific publications demon- leg 28

5-(furan-2-yl, 2-metylfuran-3-yl)-4-amino-
4H-1,2,4-triazole-3-thione derivatives

strate the relevance and perspective of 1,2,4-triazole derivatives Mo Compound R LD, %S, oy
study which contain the remains of furan heterocyclic system ) mg/kg
and amino groups as typical substituents. The authors convinc- 1 1a CH 834181
ingly demonstrated that an active “symbiosis” of 1,2,4-triazole, 2 2a CH 15704270
furan and amino groups in one molecule has positive effect on 3 1b C.H, 1131+89
the new compounds’ properties. 4 2b CH, 450435
The vast experience of domestic scientists is an evidence of S 1c Gy 842+142
absolute necessity and obvious perspective for further research S ;Z gs:::“ 1§g§i§7
of these derivatives. The bright example of a typical functional 3 1d CSH13 51 4+'292
substituents successful combination in one molecule is a new 9 % C7H15 263_126
domestic drug “Tryfuzol”, which is now widely used in vete- 0 Te CH. 89871
rinary practice. Previously was noted [1] that further testing of PP of C:H:: 31455
new 5- (furan-2-yl, 2-metylfuran-3-yl)-4-amino-1,2,4-triazole- 12 PP CH, 796+231
3-thiol derivatives is important to have theoretical and practical 13 29 C.H,, 505+51
significance. 14 1g C.H,, 900+108

The purpose of our work was the further exploration of the
new 5-(furan-2-yl, 2-metylfuran-3-yl)-4-amino-1,2,4-triazole-
3-thiol alkyl derivatives’ acute toxicity, setting some patterns of
alkyl substituents influence by the Sulfur atom on acute toxicity.

The study was conducted on the basis of “Pharmacological
agents preclinical safety evaluation rules (GLP)” [4,6].

In the acute toxicity study each investigated compound was
taken in the four doses range, each dose was tested in 2 animals
[5]. Follow-up term was 14 days, during which we studied the
nature and duration of intoxication symptoms, death dates and
the number of dead animals from each dose [6].

Research materials and methods

In this study we used first time synthesized 5-(furan-2-yl,
2-metylfuran-3-yl)-4-amino-4H-1,2,4-triazole-3-thione deriva-
tives (Table 1).

Acute toxicity assessment was conducted on white rats

weighing 160-250 g, which were injected once intraperitoneally ~ Results and their discussion

with the investigated substances. The rats were received from
the nursery of the Pharmacology and Toxicology Institute of
Ukraine Medical Sciences Academy. The animals were kept
on a standard diet with natural light mode “day — night” [2,3].

After the acute toxicity studies in a group of 5-(furan-2-yl,
2-metylfuran-3-yl)-4-amino-4H-1,2 4-triazole 3-alkyl deriva-
tives it was found that among the all studied structures the most
toxic was 2e, LD, of which was 263 mg/kg, and the least toxic
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Table 2
“Structure — acute toxicity” dependence
Substituent Substituent Substituent Substituent
by C, Carbon atom by C, Carbon atom o by C, Carbon atom by C, Carbon atom
Ne of 1,2,4-triazole of 1,2,4-triazole Activity of 1,2,4-triazole of 1,2,4-triazole
R R R R

1 C7H15 C7H15

2 CQH19 (:2‘ CBH15

3 / \ CH, % CH,, / \

4 CSH11 (53 C4H9

5 O CSH15 § CQH19 O CH3

)
6 C10H21 C5H11
7 C,H, C.H,

compound was 2a, LD, of which was 1570 mg/kg, that belongs
to the V toxicity class [3].

For a more in-depth acute toxicity analysis we compared the
LD, test substances with the acute toxicity of well-known drugs.
Itis known that LD, of anticancer drug Anastrazol is >50 mg/kg
[7], which exceeds the compound 2¢ by the toxicity in 5 times,
dapiprazol’s LD, is in the range 1189-2100 mg/kg [7], which
is comparable to the toxicity of the compounds 1b , 2a, 2c.

After comparing the acute toxicity of well-known antimycotic
agent fluconazole with the studied compounds it can be argued
that most of compounds are less toxic than the comparison drug
fluconazole with the index of LD, >320 mg/kg.

Having analyzed the chemical structure of these 1,2,4-triazole
derivatives, some dose—acute toxicity patterns were found
(Table 2).

So the transition from the furan-2-yl substituent in the C,
Carbon atom to the 2-metylfuran-3-yl substituent in alkyl thio
derivatives with the propyl (1a, 2a) and pentyl (1¢, 2¢) substi-
tuents results the toxicity decrease.

In the transition from furan-2-yl substituent at the C, Carbon
atom to the 2-metylfuran-3-yl substituent in alkyl thio deriva-
tives with the butyl (1b, 2b), heptyl (1d, 2e), octyl (1e, 2f) and
nonyl (1f, 2g) substituents shows the growth of acute toxicity.

It was found that the transition in a group from butyl to decyl,

octyl, ventyl, propyl, nonyl and heptyl substituents in the mole-
cule of 3-alkylthio 5-(furan-2-yl)-4-amino-4H-1,2,4-triazole is
accompanied by the toxicity increasing.

Speaking about the 5-(2-metylfuran-3-yl)-4-amino-4H-1,2,4-
triazole 3-alkylthio derivatives we can find that this dependence
is observed in a number from propyl, pentyl, nonil, butyl, heksyl,
octyl and heptyl hydrocarbon chains.

Conclusions

1. The investigated 3-alkylthio 5-(furan-2-yl, 2-metylfu-
ran-3-yl)-4-amino-4H-1,2,4-triazole derivatives belong to the
IV-V toxicity class and their LD, ranges from 263 mg/kg to
1570 mg/kg.

2. The toxicity of 5-(furan-2-yl, 2-metylfuran-3-yl)-4-ami-
no-4H-1,2,4-triazole alkyl derivatives varies depending on
the hydrocarbon substituents, so the presence of 3-heptylthiol
substituent in the C, atom at 5-(furan-2-yl, 2-metylfuran-3-yl)-
4-amino-4H-1,2,4-triazole leads to the toxicity increase.

3. Introduction of 3-butylthiol to the molecule of 5-(furan-
2-yl)-4-amino-4H-1,2,4-triazole, and the 3-propylthiol substit-
uents in the 5-(2-metylfuran-3-yl)-4-amino-4H-1,2,4-triazole
results the formation of lowest acute toxicity (1131 mg/kg and
1570 mg/kg, respectively).

Conflicts of Interest: authors have no interest conflicts to
declare.
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