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Synthesis and structural modification of azoles remains an important area of medical chemistry and allows to obtain new compounds with a wide
range of biological activity. Among the significant number of azoles, 1,3,4-thiadiazoles and 1,2,4-triazoles attract special attention, among which
are known drugs, larvicides, insecticides, growth regulators, etc. Even though heterocyclizations of functionally substituted hydrazines for their
synthesis are well studied, N-(R-hydrazine-1-carbonothioyl)cycloalkanecarboxamides, and nowadays, remain reagents with undiscovered potential.
Moreover, the introduction of lipophilic “pharmacophore” fragments (cycloalkanes) in the structure of 1,3,4-thiadiazoles and 1,2,4-triazoles is a
promising direction for their modification. That should provide additional intermolecular interactions with enzymes and may lead to enhancement
or alteration of the biological activity vector. Thus, the synthesis of new derivatives of this class of compounds and the study of their antibacterial
properties remains an urgent problem of medical and organic chemistry.

Aim. To investigate the heterocyclization of N-(R-hydrazine-1-carbonothioyl)cycloalkanecarboxa-mides, to establish the structure and antibacterial
activity of the synthesized compounds.

Materials and methods. Methods of organic synthesis, physical and physical-chemical methods of analysis of organic compounds (NMR
H-spectroscopy, chromato-mass spectrometry, elemental analysis). The antimicrobial activity of the synthesized compounds was studied according
to the generally accepted method for standard strains of microorganisms and fungi.

Results. The peculiarities of heterocyclization of N-(R-hydrazine-1-carbonothioyl)cycloalkanecarboxamides have been studied and
the factors influencing this reaction have been elucidated. It was shown that these compounds under the conditions of the heterocyclization
reaction in concentrated mineral acids form 5-R-2-amino-1,3,4-thiadiazoles. The intermediate undergoes additional hydrolysis by cleavage of
the cycloalkanecarboxyl fragment. Alternative methods for the synthesis of 5-R-2-amino-1,3,4-thiadiazoles were proposed. For the first time,
the original 4-cycloalkanecarbonyl-3-(amino-,phenyloxo-(thio)methyl-1,5-dihydro-4H-1,2 4-triazole-5-thiones were synthesized by prolonged heating
of the corresponding disubstituted thiosemicarbazides. It was not possible to extend this reaction to other diacylthiosemicarbazides, the latter
undergo heterocyclization in the presence of sodium hydroxide with the formation of the known 5-R-2,4-dihydro-3H-1,2,4-triazole-3-thiones. 'H
NMR spectra were studied, analyzed, and regularities of splitting of characteristic protons in functionalized azoles were established. Conducted
microbiological screening was showed that 5-R-2-amino-1,3,4-thiadiazoles, 4-cycloalkanecarbonyl-3-(amino-,phenyloxo-(thio)methyl-1,5-dihydro-
4H-1,2 4-triazole-5-thiones and 5-R-2,4-dihydro-3H-1,2,4-triazole-3-thione were less effective antibacterial and antifungal agents (MIC 100-200
pg/ml) compared with N-(R-hydrazine-1-carbonothioyl)cycloalkanecarboxamides (MIC 3.125-200 pg/ml).

Conclusions. It was found that N-(R-hydrazine-1-carbonotioyl)cycloalkane-carboxamides, depending on the conditions of heterocyclization form
5-R-2-amino-1,3,4-thiadiazoles, 3-(phenyloxo-(thio)methyl-1,5-dihydro-4H-1,2,4-triazole-5-thiones or 5-R-2,4-dihydro-3H-1,2,4-triazole-3-thiones.
It was established that synthesized azoles were shown less effective antimicrobial and antifungal activity in comparison with N-(R-hydrazine-1-
carbonothioyl)cycloalkanecarboxamides.

Key words: N-(acylhydrazine-1-carbonothioyl)cycloalkanecarboxamides, heterocyclization, 1,3,4-thiadiazoles, 1,2,4-triazoles, antimicrobial activity.
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leTepouuknisauis Ha ocHoBi N-(R-rigpa3uH-1-kap6oHoTioin)umknoankaHkapbokcamigis:
¢yHKUioHani30BaHi a3onu Ta ixHA NPOTMMiKPOOHa aKTMBHICTb

O. B. Xonoghsik, 0. B. Ly6iHa, C. |. KoBaneHko

CuHTe3 i CTPYKTypHa MoaudikaLlis a3oniB 3anuILaeTbCA akTyanbHAM HanpsIMOM MEAWYHOI XiMii Ta ae MOXMUBICTb OTPUMATH HOBI CMOMYKK 3
LUIMPOKKM criekTpoM GionoriyHoi akTuBHOCTI. Cepen YMmanoi KinbkocTi a3onis 0cobnuey yBary npueeptatoTs 1,3,4-Tiagiasonu ta 1,2,4-tpiasonu,
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OpueiHarbHi QoCiOXeHHs

ceper HWX — BifoMi nikapcbki 3acobu, napsiluau, iHCEKTULMAN, piCTPerynsTopu ToLo. HeaBaxatoum Ha Te, Lo reTepoumknisaLlii (pyHKLioHanbHUX
3aMiLLEHWX ripasuHy Ans ixHboro cuHTesy fobpe pocnigxeHi, N-(R-rigpasun-1-kap6oHoTioin)umknoankaHkapbokamiay i CbOrofHi 3anmiLarTbes
peareHTamu 3 HepO3KPUTUM MoTeHuianom. ba Ginblue, BBeAeHHS MinodinbHUX «apmakodopHux» dparMeHTIB (LMKnoarnkaHn) y CTpykTypy
1,3,4-Tiapiasonis Ta 1,2,4-Tpia3onis — NepPCrekTUBHMIA HanpsiM iXHbOI MoamMdikayi, 3abe3neyyBaTMe 4OAATKOBI MKMONEKYNSIpHI B3aeMOgii 3
€H31MMaMM i, MOXIIMBO, NPU3BOANTIME O NOCUMEHHs abo 3MiHW BekTopa GionoriyHoi akTMBHOCTI. OTXXe, CUHTE3 HOBWX MOXIAHMX LIbOrO Knacy
CrONyK i BUBYEHHS iXHIX aHTUbaKTepianbHNX BNACTUBOCTEN 3aNMULLAETLCS aKTyanbHOK NpoBneMoro MeanyHoi Ta opralivyHoi XiMii.

MeTta poGoTtu — gocnigutn retepoumknisavito N-(R-rigpasuH-1-kap6oHoTioin)umknoankaHkapbokcamiis, BCTAHOBUTM CTPYKTYPY Ta aHTuUbak-
TepiarnbHy akTUBHICTb CUHTE30BAHWX CMIOMYK.

Marepianu Ta metoau. MeToAKW OpraHiuHoro CUHTE3Y, dhisuyHi Ta isnko-xiMiuHi MeToan aHanisy opraiuHux cnonyk (AMP 'H-cnekTpockonisi,
XPOMaTO-Mac-CnekTPOMETPIs, eNeMEHTHWIA aHani3). MpoTUMIKPOBHY aKTUBHICTb CUHTE30BAHWX CMOMYK AOCHIAKYBamnM 3riAHO 3 3aranbHOMPUIAHATAM
METOLOM A0 CTaHAAPTHUX LUTAMiB MiKpOOPraHiamiB i rpubkis.

Pesynisratu. [Jocnigunu ocobnueocTi retepouyknisadii N-(R-rigpaauH-1-kapboHoTioin)umknoankaHkapbokcamigis i 3'sicyBanu akTtopy, Lo
BMNMBAIOTH Ha Lit0 peakLiito. MNMokasaHo, Lo 3a3HayeHi Cromnyky 3a yMOB peakLii reTepoLykniaallii B KOHLEHTPOBaHUX MiHepanbHUX KUCnoTax yTBo-
ptotoTb 5-R-2-amiHo-1,3,4-Tiagiasonu, TO6TO NPOMIXHMI iHTEpMeaiaT 3a3Hae A0AATKOBOTO riaponiay 3 BiALEenIeHHAM LMKIoankaHkapboKCubHOro
(bparmeHTa. 3anponoHoBaHi ansTepHaTUBHI MeToAW CuHTE3Y 5-R-2-amiHo-1,3,4-Tiagiasonis. YnepLue CHTe3yBanm opuriHanbHi 4-LyknoankaHkap-
GoHin-3-(amiHo-,cheHinokco-(Tio)meTun-1,5-gurinpo-4H-1,2,4-Tpiaon-5-TioHu TpMBanMM HarpiBaHHsM BignoBigHUX An3aMilLieHX Tiocemukapbasu-
JiB. Po3wmpuTy Lo peakLito Ha iHLWi AiaumunTiocemikapbasuan He BAANOCS, OCTaHHi 3a3HaK0Th reTepoLmKIidaLi y NpucyTHOCTI HaTpiii rigpokeuay
3 YTBOPEHHSAM Bifomux 5-R-2,4-purigpo-3H-1,2,4-Tpiason-3-TioHis. JocnigxeHi Ta npoaHanizosaHi 'H AMP-cnekTpu, BCTaHOBNEHI 3aKOHOMIPHOCTI
PO3LUENIEHHS XapaKTEPUCTUYHIX MPOTOHIB y (PYHKLiOHANi30BaHWX a3onis. MikpobionoriuHuii CKpUHIHF nokasas, Lo 5-R-2-amiHo-1,3,4-Tiagiasonu,
4-umknoankaHkapboHin-3-(amiHo-,deHinokco-(tio)metun-1,5-gurigpo-4H-1,2,4-tpiason-5-tionn Ta 5-R-2,4-purigpo-3H-1,2,4-tpiason-3-TioH €
MeHLL eeKTUBHUMM aHTubakTepianbHuMK Ta npoturpubkoBumm areHtamu (MIC 100-200 mkr/mn) nopiHsiHO 3 N-(R-rigpasuH-1-kapboHoTioin)
umknoankaxkapbokcamigamu (MIC 3.125-200 mkr/mn).

BucHosku. Beranosunu, wo N-(R-rigpasui-1-kapboHoTioin)unknoankaHkapbokamign 3anexHo Bif yMOB NPOBEAEHHS reTepouuknisaLii yTeo-
ptotoTb 5-R-2-amiHo-1,3,4-Tiagiasonu, 3-(deHinokco-(Tio)metun-1,5-gurigpo-4H-1,2,4-tpiason-5-tionn abo 5-R-2,4-guriapo-3H-1,2,4-Tpiason-3-
TioHw. Mokasanu, Lo CUHTE30BaHi a3011 — MeHLL eheKTVBHI NPOTUMIKPOGHI Ta NpOTUrpubKoBi areHTH nopisHsHO 3 N-(R-rigpasuH-1-kap6oHoTioin)
LMKnoankaHkapbokcamigamu.

Kniouogi cnosa: N-(auunrigpa3suH-1-kap6oHoTioin)umknoankaH-kapbokcamigu, retepouuknidadis, 1,3,4-tiagiazonu, 1,2,4-tpiasonu, npotumik-
poBHa aKTUBHICTb.
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leTepouuknusaums Ha ocHoBe N-(R-rugpasmH-1-kap6oHoTMOMN)LUMKIOaNKaHKapOoKcaMnUaoB:
(byHKLUMOHANM3MPOBaHHbIe a30sibl U MX NPOTUBOMUKPOOHAs aKTUBHOCTb

E. B. XonogHsik, 0. B. Wy6uHa, C. N. KoBaneHko

CuHTE3 1 CTPYKTYpHas MoaudhyKaLms a30110B OCTAETCA akTyarbHbIM HANpaBnNeHMeM MEAVLIMHCKON XMMUM W MO3BONSIET NONYYUTH HOBbIE COEANHEHUS
C LIMPOKNM CMIeKTPOM B1ONoryeckoit akTBHOCTY. Cpeam 3HaUNTENbHOTO KOMNYECTBa a3o10B 0c000e BHUMaHWe Bbi3biBatoT 1,3,4-Tragnasonbl u
1,2,4-Tp1asonsl, Cpeamn KOTOpbIX N3BECTHbI NEKapPCTBEHHbIE CPEACTBA, NapBULMAbI, MIHCEKTULMABI, POCTPErynaTopsl U T. 4. HecMoTps Ha To, UTo
reTepoLMKNN3aLmMmn (yHKLMOHANbHBIX 3aMELLEHHbIX TMAPAa3NHOB A4S UX CUHTE3a XOPOLLUO uccnefosabl, N-(R-ruapasnH-1-kapboHoTronn)Lmuko-
arnkaHkapbokamuabl ¥ Tenepb OCTAIOTCS peareHTaMm ¢ HepackpbITbIM NoTeHuranom. Momumo atoro, BBeAeHe MMNodunbHbIX «hapMakoOpHbIX»
(hparmeHTOB (LMKnoankaHel) B cTpykTypy 1,3,4-Twagmasonos v 1,2,4-TpuasonoB SBASETCS NEPCNEKTUBHBIM HANpaBneHeM Ux MogudUKaLmi,
06€eCcneynT AONOMHUTENBHBIE MEXMOMNEKYNSIPHLIE B3aMMOAENCTBUS C SH3UMaMI W, BOIMOXKHO, MPUBEAET K YCUIEHUIO UMM UBMEHEHUIO BEKTOPA
Buonornyeckomn akTBHOCTW. CrieoBaTeNbHO, CUHTES HOBBIX MPOM3BOAHBIX TOTO KMacca COEAUHEHNI 1 3yYeHMe X aHTUOaKTepUanbHbIX CBOACTB
0CTaeTCs akTyanbHOM Npobnemon MeanLMHCKOM N OpraHNYeCcKon XMMUK.

Llenb pa6oTkl — uccnegosath reTepoumknunsaumio N-(R-rugpasit-1-kapboHoTHOMN)UMKoankaHkapbokcaMUIoB, YCTaHOBUTb CTPYKTYPY W
aHTMBaKTepUarnbHyo akTMBHOCTb CUHTE3MPYEMbIX COBAMHEHNIA.

MaTepuansi n MeToabl. METOAMKI 0praHnYeckoro cuHTesa, nandeckne 1 GrsnKo-XMMUYECKNe METOAbI aHan3a OPraHMYECKNX COeLMNHEHUIA
(AIMP "H-cnekTpockonusi, XpoMaTo-MacC-CrieKTPOMETPUSI, ANEMEHTHbIN aHanu3). MpoTMBOMUKPOGHYH aKTUBHOCTb CUHTE3NPOBAHHbIX COEAMHEHMIA
VCCIIEI0BANM COMMACHO OBLENPUHATOMY METOMY K CTaHAAPTHBLIM LTAMMaM MUKPOOPTaHU3MOB 1 rPUBKOB.

Pesynkrathl. ViccnegoBaHbl ocobeHHocTH reTepoumknuaanmm N-(R-rugpasut-1-kapboHoTronn)umknoankaHkapbokcaMmaoB U BbISICHEHbI
thakTopbl, BIVAIOLMNE HA AaHHYIO peakuyio. MokasaHo, YTO ykasaHHble COEANHEHWS MPW peakLmu reTepoLMKIN3aLmy B KOHLEHTPUPOBaHHbIX
MWHEpanbHbIX KucnoTax o0bpasytoT 5-R-2-ammHo-1,3,4-Tagnasonsbl, To €CTb NPOMEXYTOUHBIN MHTEPMEANAT NOABEPraeTCsa AOMONHUTENBHOMY
TMAPONW3Y C OTLLENNeHneM LuknoankaHkapbokeunbHoro dparmerTa. MpeanoxkeHbl ansTepHaTMBHbIE MeTOAbI CMHTe3a 5-R-2-amuHo-1,3,4-Tu-
aanasonos. Bnepsble CUHTE3MPOBAHBI OPUTMHANbHbIE 4-LinknoankaHkapboHun-3-(amuHo-,eHunnokco-(Tno)metun-1,5-gurngpo-4H-1,2,4-tpua-
301-5-TMOHbI NPOAOMKNTENBHBIM HarpeBaHeM COOTBETCTBYIOLLMX AU3aMELLEHHbIX TMOCEMIKapBa3naoB. PaclumpuTb faHHYI0 peakLyio Ha apyrue
Avauuntmocemukapbasnipl He yaanock, NocnesHue NoABEPratoTCs reTepoLMKInN3aLmMm B NpUCyTCTBUM TMAPOKCHAA HaTpus ¢ 06pasoBaHem
U3BECTHbIX 5-R-2,4-aurnapo-3H-1,2,4-Tpuasor-3-TmoHoB. ViccrenoBaHbl v npoaHanuauposaHbl 'H AMP-cnekTpbl, ycTaHOBMEHbI 3aKOHOMEPHOCTU
pacLUenneHns XxapakTeprucTNYeCKMX NPOTOHOB Y (OYHKLIMOHANM3NPOBaHHBIX a30110B. [MpoBeAEHHBIN MUKPOBMONOTMYECKMI CKPVHWHT NoKasan, YTo
5-R-2-amuHo-1,3,4-Tnagmasonsl, 4-LuknoankaHkapboHWUn-3-(amMmnHo-,peHunokco-(Tno)metun-1,5-auruapo-4H-1,2,4-tpua3on-5-Tnoxbl n 5-R-2,4-an-
rnapo-3H-1,2,4-Tprnason-3-TUoH SBNSOTCS MeHee 3 eKTUBHLIMM aHTbakTepuanbHbIMK 1 NpoTueorprubkosbiMy areHTamu (MIC 100-200 mkr/mi)
no cpasHeHuto ¢ N-(R-rnapasun-1-kapboHoTromn)umuknoankarkapbokcamugamu (MIC 3.125-200 mkr/mn).

BriBogkl. YcranoeneHo, 4to N-(R-rnapasut-1-kapboHoTronn)umknoankaHkapbokcamuapl, B 3aBUCUMOCTM OT YCMOBUIA NPOBEAEHNS reTepo-
umMknu3aumm, obpasyiot 5-R-2-amunHo-1,3,4-Tnaguasonsl, 3-(cheHunokco-(tno)metun-1,5-aurnapo-4H-1,2,4-tpuason-5-tmonsl unn 5-R-2,4-nu-
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rngpo-3H-1,2,4-Tpuason-3-T1oHsl. [okasaHo, YTo CMHTE3NPOBaHHbIE a30mbl — MeHee PEKTUBHbIE NPOTUBOMUKPOOHBIE 1 NPOTUBOTPUBKOBbIE
areHTbl No cpasHeHuto ¢ N-(R-ruapasut-1-kapboHoTron)umknoankaHkapbokcammaamu.

KnioueBsle crosa: N-(auunruzapasut-1-kapboHoTuomn)umknoankaHkapbokcamuzsl, retepoumknusauus, 1,3,4-tuagnasonsi, 1,2,4-tpuasonsl,

I'IpOTVIBOMVIKpOGHaFI aKTUBHOCTb.
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Azoles and their substitutes are one of the most important and
well-known classes of heterocyclic compounds, which are
widely represented in various natural objects and medicines
[1-15]. Methods for the synthesis of azoles and their substi-
tutes are diverse, but usually, the basis of their synthesis is
the cyclization of functionally substituted hydrazine (mono-
and diacylhydrazines, thiosemicarbazides, thiocarbazides,
dithiocarbazates, thioacylhydrazines, dithioureas, etc.) or
their interaction with cyclization reagents (phenacyl halides,
chloroacetates, acid chlorides, isocyanates, isothiocyanates,
dialkyl but-2-endiolates, chloroacetonitriles, bases, etc.)
[1-14].

Diverse and high biologically active azoles have given them
the status of “privileged” and pharmacologically attractive
compounds. These heterocycles are characterized by anti-in-
flammatory, analgesic, antiepileptic, diuretic, antimicrobial,
antiviral, antitumor, antituberculous, and many other types
of activity [5—15]. However, at this stage, the synthesis and
modification of azoles remains an important area of medical
chemistry and allows to obtain of new compounds with a
wide range of pharmacological activity. Moreover, the orig-
inal N-(R-hydrazine-1-carbonothioyl)cycloalkanecarbo-
xamides still remain reagents with undiscovered potential
for the synthesis of functionalized azoles with lipophilic
“pharmacophore” fragments (cycloalkanes), and their intro-
duction will undoubtedly provide additional interactions with
enzymes and may increase or alter the vector of biological
activity.

Aim

Therefore, the aim of this work is to study the heterocycliza-
tion reactions of N-(R-hydrazine-1-carbonothioyl)cycloal-
kanecarboxamides and to establish the structure and study
the antimicrobial activity of the synthesized compounds.

Materials and methods

The melting point of the compounds was determined by
the capillary method on the device “Mettler Toledo MR 50”.
Determination of the elemental composition of the com-
pounds was performed on an elemental analyzer “ELE-
MENTAR Vario EL cube”. The components on the thermal
conductivity detector (TCD) were quantified. The error rate
was £0.3 %. IR spectra were recorded on a Bruker Alpha
spectrophotometer in the range of 7500—400 c¢cm', using
an ATR prefix (direct injection). 'H and *C NMR spectra
was on a nuclear magnetic resonance spectrophotometer
“Mercury 5007, solvent DMSO-d., internal standard — TMS.
Chromato-mass spectra were obtained on a high-performance
liquid chromatography “Agilent 1100 Series”, equipped with

diode-matrix and mass-selective detector “Agilent LC/MSD
SL”. Tonization method — chemical ionization at atmospheric
pressure (APCI). Ionization mode — simultaneous scanning
of positive and negative ions in the mass range of 80—
1000 m/z.

Synthetic studies were conducted according to general
approaches to the search for potential biologically active
substances, using reagents from Merck (Darmstadt, Germa-
ny), Sigma-Aldrich (Missouri, USA) and Enamine (Kyiv,
Ukraine). Substituted N-(acylhydrazine-1-carbonotioyl)
cycloalkanecarbocamides (1.1-1.14) for the synthetic part of
the work were obtained by known methods with constants
that correspond to the literature [16—18].

Methods for the synthesis of 5-substituted 1,3,4-thiadiazole-
2-amines (2.1-2.6)

Method A. To the 0.01 mol of N-(acylhydrazine-1-car-
bonothioyl)cycloalkanecarboxamides (1.1-1.7) 5 ml of conc.
sulfuric or phosphoric acids were added and kept at a tem-
perature of 80 °C for 8 hours. Then the mixture was cooled,
poured into water, neutralized by potassium acetate. The
formed precipitates were filtered off. Crystallized from DMF.

Method B. 0.01 Mol of the corresponding cycloalkanecar-
boxylic acid (3.1-3.6) and 0.91 g (0.01 mol) of thiosemicarba-
zide were placed in a flat-bottomed flask, then 5 ml of conc.
sulfuric or phosphate acids were added, mixed, and kept at
a temperature of 80 °C for 8 hours. Then the mixture was
cooled, poured into water, neutralized. The formed precipi-
tates were filtered off. Crystallized from DMF.

5-Cyclopropyl-1,3,4-thiadiazol-2-amine (2.1). Yield: 41.2 %
(Method A), 61.3 % (Method B); m.p. 219-221 °C,'H NMR
(400 MHz, DMSO-d,) 6 7.12 (s, 2H, NH,), 2.32 (qu, /= 8.0
Hz, 1H, Cpr H-1), 1.13-0.74 (m, 4H, Cpr H-2_, 3_, 2,
3,); LC-MS, m/z = 142 (M+H); Calculated for: C.H.N,S:
C, 42.53; H, 5.00; N, 29.76; S, 22.71; Found: C, 42.57; H,
5.04; N, 29.81; S, 22.74.

5-Cyclopentyl-1,3,4-thiadiazol-2-amine (2.2). Yield: 44.3 %
(Method A); 60.8 % (Method B); m.p. 232-235 °C,'H
NMR (400 MHz, DMSO-d,) § 6.97 (s, 2H, NH,), 3.25 (qu,
J=7.9Hz, 1H, Cpe H-1),2.04-1.97 (m, 2H, Cpe H-5_, 2 ),
1.68-1.59 (m, 6H, Cpe 5, 2,3 ., 4., H-3 .4 ); LC-MS,
m/z = 170 (M+H); Calculated for: C.H N.S: C, 49.68; H,
6.55;N,24.83; S, 18.94; Found: C,49.71; H, 6.59; N, 24.79;
S, 18.93.

5-((Phenylthio)methyl)-1,3,4-thiadiazol-2-amine (2.3). Yield:
24.5 % (Method A); 56.6 % (Method B); m.p. 146-148 °C,
'H NMR (400 MHz, DMSO-d,) § 7.39 (d, J = 7.8 Hz, 2H,
Ph H-2,6),7.27 (t,J=7.8 Hz, 2H, Ph H-3,5), 7.20 (t, J=7.8
Hz, 1H, Ph H-4), 6.93 (s, 2H, NH,), 4.34 (s, 2H, -CH,SPh);
Calculated for: CHN.S : C, 48.41; H, 4.06; N, 18.82; S,

9779 372"

28.71;Found: C, 48.47; H, 4.09; N, 18.84; S, 28.74.
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5-(Pyridin-4-yl)-1,3,4-thiadiazol-2-amine (2.4). Yield: 21.8 %
(Method A); 59.3 % (Method B); m.p. 15—154 °C,'H NMR
(400 MHz, DMSO-d,) 6 8.56 (d, J = 5.2, 2H, Py H-2, 6),
7.71(d,J=5.2,2H, Py H-3, 5), 6.97 (s, 2H, NH,); LC-MS,
m/z=179 (M+H); Calculated for: C HN,S: C,47.18; H, 3.39;
N, 31.44;S,17.99; Found: C,47.21; H, 3.43; N, 31.48; S, 18.03.

1,3,4-thiadiazole-2,5-diamine (2.5). Yield: 26.9 % (Method
A); m.p.201-203 °C,'"HNMR (400 MHz, DMSO-d,) 5 6.83
(s, 4H, NH,); LC-MS, m/z = 117 (M+H); Calculated for:
CH,N,S: C, 20.68; H, 3.47; N, 48.24; S, 27.60; Found: C,
20.70; H, 3.49; N, 48.28; S, 27.63.

5-Cyclobutyl-1,3,4-thiadiazol-2-amine (2.5). Yield: 41.2 %
(Method B); m.p. 21-221 °C, 'H NMR (400 MHz, DM-
SO-d,) 5 7.00 (s, 2H, NH,), 3.67 (qu, J = 8.3 Hz, 1H, Cbu
H-1),2.36-2.28 (m, 2H, Cbu H-4_, 2 ), 2.20-2.16 (m, 2H,
Cbu2 ,4 ),1.97-1.83 (m,2H, Cbu H-3,,3,); LC-MS, m/z
=156 (M+H); Calculated for: CH/N,S: C,46.43; H, 5.84; N,
27.07;S,20.65; Found: C,46.45; H, 5.89; N, 27.11; S, 20.77.

5-Cyclohexyl-1,3,4-thiadiazol-2-amine (2.6). Yield: 70.3 %
(Method B); m.p. 24—244 °C,'H NMR (400 MHz, DM-
SO-d,) 6 6.96 (s, 2H, NH,), 2.82 (qu, J = 7.9 Hz, 1H, Cy
H-1), 1.95-1.92 (m, 2H, Cy H-6_, 2 ), 1.79-1.68 (m, 3H,
CyH-3,5.,6,), 1.49-1.11 (m, 5H,Cy H-2 , 3,5 . 4_,
4 ); LC-MS, m/z = 184 (M+H); Calculated for: C.H ,N.S:
C,52.43; H, 7.15; N, 22.93; S, 17.49; Found: C, 52.44; H,
7.19; N, 22.98; S, 17.52.

Method for the synthesis of 4-cycloalkanecarbonyl-3-R-1,5-
dihydro-4H-1,2,4-triazole-5-thiones (4.1-4.4). 0.01 Mol of
the corresponding N-(2-(phenyloxy-(phenylthio-)acetyl-hy-
drazine-1-carbonotioyl)-cycloalkanecarboxamides (1.4, 1.6,
1.10, 1.11) and 2-((cyclopropanecarbonyl)carbamothioyl)
hydrazine-1-carboxamide (1.8) were refluxed in n-buta-
nol for up to 8 hours. The mixture was poured into water,
the formed precipitate was filtered off, dried, and crystallized
from ethanol.

4-Cyclobutanecarbonyl-3-phenoxymethyl-1,5-dihydro-4 H-
1,2,4-triazol-5-thione (4.1). Yield: 35.4 %; m.p. 190-192 °C,
'H NMR (400 MHz, DMSO-d,) § 12.43 (s, 1H, NH), 7.26
(t, J= 7.6 Hz, 2H, H-3,5 Ph), 6.99 (t, /= 7.6 Hz, 1H, H-4
Ph), 6.90 (d,J=7.6 Hz, 2H, H-2,6 Ph), 5.27 (s, 2H, -OCH,-),
3.59-3.43 (m, 1H, Cbu H-1), 2.29-2.05 (m, 4H, Cbu H-4_,
2. 2,0 4,), 2.05-1.48 (m, 2H, Cbu H-3_, 3 ); LC-MS,
m/z = 290 (M+H); Calculated for: C H /N,O,S: C, 58.11;
H, 5.23; N, 14.52; S, 11.08; Found: C, 58.16; H, 5.29; N,
14.54; S, 11.11.

4-Cyclohexanecarbonyl-3-phenoxymethyl-1,5-dihydro-4H-
1,2.4-triazol-5-thione (4.2). Yield: 48.2 %; m.p. 172-174 °C,
'HNMR (400 MHz, DMSO-d,) 6 12.75 (s, 1H,NH), 7.29 (t,
J=17.6 Hz, 2H, H-3,5 Ph), 7.05 (t,J= 7.6 Hz, 1H, H-4 Ph),
6.93(d,J=7.6 Hz,2H, H-2,6 Ph), 5.19 (s, 2H, -OCH.,-), 2.63
(qu, 1H, J=8.0 Hz, Cy H-1), 1.91-1.73 (m, 2H, Cy H-6_,
2,0, 172-1.51 (m, 4H, Cy H-3 , 5, H-6,, 2 ), 1.50-1.44
(m, 4H, Cy 3, 5_, 4eq, 4 ); LC-MS, m/z = 318 (M+H);

ax?

Calculated for: C, \H ;N.O,S: C, 60.55; H, 6.03; N, 13.24; S,
10.10; Found: C, 60.62; H, 6.07; N, 13.27; S, 10.13.
4-Cyclopentanecarbonyl-3-(phenylthio)methyl)-1,5-dihydro-

4H-1,2,4-triazol-5-thione (4.3). Yield: 54.6 %; m.p. 184—

186 °C, 'H NMR (400 MHz, DMSO-d,) 5 12.64 (s, 1H,
NH), 7.38 (d, J = 7.8 Hz, 2H, H-2,6 Ph), 7.30 (t, ] = 7.9
Hz, 2H, H-3,5 Ph), 7.11 (t, = 7.8 Hz, 1H, H-4 Ph), 4.03 (s,
2H, -SCH,-), 3.06 (qu, /= 8.0 Hz, 1H, Cpe H-1), 1.83-1.47
(m, 8H, Cpe H-5,, 2., 5, 2, 3.+ 4., 3,0 4,0: LC-MS,

m/z=320 (M+H); Calculated for: C, H N,OS.: C, 56.40; H,
5.36; N, 13.15; S, 20.07; Found: C, 56.46; H, 5.38; N, 13.18;
S, 20.12.
4-Cyclohexanecarbonyl-(3-((phenylthio)methyl)-1,5-di-
hydro-4H-1,2,4-triazol-5-thione (4.4). Yield: 58.1 %; m.p.
164-166 °C,'H NMR (400 MHz, DMSO-d,) 5 12.72 (s, 1H,
NH), 7.41 (d, J =7.8 Hz, 2H, H-2,6 Ph), 7.32 (t, ] = 7.9 Hz,
2H, H-3,5 Ph), 7.16 (t, J = 7.8 Hz, 1H, H-4 Ph), 4.09 (s, 2H,
-SCH.-), 2.48 (qu, 1H, J = 8.0 Hz, Cy H-1), 1.84-1.73 (m,
2H,CyH-6,,2 ), 1.72-1.64 (m,2H,CyH-3 5 ), 1.61-1.51
(m,4H,CyH-6,,2 .3 .5,.),1.40-1.19 (m,2H, Cy 4 .4 );
LC-MS, m/z = 334 (M+H); Calculated for: C, H ;N,OS: C,
57.63; H,5.74; N, 12.60; S, 19.23; Found: C, 56.46; H, 5.38;
N, 13.18; S, 20.12.
3-Amino-4-cyclopropanecarbonyl-1,5-dihydro-4H-1,2,4-
triazol-5-thione (4.5). Yield: 38.7 %; m.p. 143-145 °C, 'H
NMR (400 MHz, DMSO-d,) 6 11.93 (s, 1H, NH), 6.40 (s,
2H,-NH,), 2.48 (qu,J/=7.9,4.6 Hz, 1H, Cpr H-1), 0.96-0.80
(m, 4H, CprH-2 3 .2, 3 ); LC-MS, m/z = 185 (M+H);
Calculated for: CHN,OS: C, 39.12; H, 4.38; N, 30.41; S,
17.40; Found: C, 39.17; H, 4.42; N, 30.43; S, 17.45.
Method for the synthesis of 5-R-2,4-dihydro-3H-1,2,4-triazole-
3-thiones (5.1-5.4). 0.01 Mol of the corresponding diacylth-
iosemicarbazides (1.7, 1.10-1.14) and 10 ml of 1 M sodium
hydroxide solution were added to the flask. The mixture was
refluxed for 2 hours until complete dissolution of the precipi-
tate, then it was cooled, neutralized with hydrochloric acid to
pH 4-5. The formed precipitates were filtered off and dried.
If necessary, the obtained compounds were further purified
by reprecipitation.
5-((Phenylthio)methyl)-2,4-dihydro-3H-1,2,4-triazole-3-
thione (5.1). Yield: 54.8 %; m.p. 96-98 °C,'H NMR (400
MHz, DMSO-d,) 6 12.28 (s, 1H, 2-NH-), 10.19 (s, 1H, 4-NH-
), 7.38 (d, J=7.9 Hz, 2H, H-2,6 PhS-), 7.30 (t, /= 7.7 Hz,
2H, H-3,5 PhS-), 7.21 (t,J= 7.4 Hz, 1H, H-4 PhS-), 3.76 (s,
2H, PhSCH,-); LC-MS, m/z = 224 (M+H); Calculated for:
C,H,N.S,: C,48.41; H, 4.06; N, 18.82; S, 28.71; Found: C,
48.42; H, 4.08; N, 18.84; S, 28.76.
5-Phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione (5.2). Yield:
76.3 %; m.p. 13134 °C,'H NMR (400 MHz, DMSO-d,) &
13.24 (brs., 1H, 2-NH-),9.31 (s, 1H,4-NH-), 7.71 (d,J=7.9
Hz, 2H, H-2,6 Ph), 7.50 (t,J="7.9 Hz, 1H, H-4 Ph), 7.44 (t,
J=17.9 Hz, 2H, H-3,5 Ph); LC-MS, m/z = 178 (M+H); Cal-
culated for: CH.N,S: C, 54.22; H, 3.98; N, 23.71; S, 18.09;
Found: C, 54.24; H, 4.03; N, 23.73; S, 18.11.
5-(Furan-2-yl)-2,4-dihydro-3H-1,2,4-triazole-3-thione (5.3).
Yield: 67.8 %; m.p. 158-160 °C,'H NMR (400 MHz, DM-
SO-d,) 6 9.14 (s, 1H, 4-NH-), 7.69 (d, J = 3.6 Hz, 1H, furyl
H-5),7.18 (d, J=3.6 Hz, 1H, furyl H-3), 6.50 (t,J=3.6 Hz,
1H, furyl H-4); LC-MS, m/z =168 (M+H); Calculated for:
CHN,OS: C, 43.11; H, 3.01; N, 25.13; S, 19.18,; Found: C,
43.12; H,3.02; N, 25.17; S, 19.21.
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Method A: H,S0, or H,PO,, 80° C, 8 h;
Method B: NH,C(S)NHNH,,H,S0, or H,PO,, 80° C, 8 h

2.1 R=Cpr; _N

— . N Method B 3.1R=Cpr;
§§ E - gEgCH ; )l\ \> ke 3.2R=Cpn;
2.4R = pyridyl-4: R S OH 3.3R=PhOCH,;
2.5R=NH,; 2.1-2.7 3.1-3.6 3.4 R = pyridyl-4;
2.6R = Chur 3.5R=Cbuy;
27R=Cy 3.6R=Cy
. y Method A
N 0 S ! .
~\__R N R NaOH HN 5.1 R =PhOCH,-
- N N_ \_R 52R=Ph
S N BuOH, reflux, 8 h H H T reflux, 2-3 h; HCI )\N 53R= fury|_2;
n H = pyri
4.1-4.5 0 1.1-1.4 5.4 R = pyridyl-4
5.1-5.4
)n 11R=Cpr,n=1;1.2R=Cpn,n=3;

1.3 R =PhOCH,-, n=1;.1.4 R =PhOCH,, n=2;

4.1R=PhOCH,-, n=2;
4.2R=PhOCH, . ,n=4;
4.3 R=PhSCH,-n=3;
4.4R=PhSCH,-, n=4;
45R=NH, n=1

Fig. 1. Approaches to the synthesis of functionalized azoles.

5-(Pyridin-4-yl)-2,4-dihydro-3H-1,2,4-triazole-3-thione (5.4).
Yield: 81.0 %; m.p. 162-164 °C,'H NMR (400 MHz, DM-
SO-d,) 5 9.31 (s, 1H, 4-NH-), 8.60 (d,/= 7.4 Hz, 2H, H-3,5
Py), 7.68 (t,J = 7.4 Hz, 2H, H-2,6 Py); LC-MS, m/z = 168
(M+H); Calculated for: C HN,S: C,47.18; H, 3.39; N, 31.44;
S, 17.99; Found: C, 47.21; H, 3.43; N, 31.49; S, 18.03.

Antimicrobial test. The sensitivity of the microorganisms
to the synthesized compounds was evaluated according to
the described methods [19]. The assay was conducted on
Mueller-Hinton agar by two-fold serial dilution of the com-
pound in 1 ml. After which, 0.1 ml of microbial seeding
(106 cells/ml) was added. Minimal inhibition concentration
of the compound was determined by the absence of visual
growth in the test tube with a minimal concentration of
the substance. Minimal bactericide/fungicide concentration
was determined by the absence of growth on agar medium
after inoculation of the microorganism from the transparent
test tubes. DMSO was used as a solvent, initial solution
concentration was 1 mg/ml. For preliminary screening of
the abovementioned standard test, cultures were used: S. au-
reus ATCC 25923, E. coli ATCC 25922, P. aeruginosa ATCC
27853, and C. albicans ATCC 885-653.

All test strains were received from the bacteriological labo-
ratory in Zaporizhzhia Regional Laboratory Center of State
Sanitary and Epidemiological Service of Ukraine. Nitrofural
((E)-2-((5-nitrofuran-2-yl)methylene)hydrazine-1-carbo-
xamide) and Ketoconazole (1-(4-(4-[(2-((1 H-imidazol-1-yl)
methyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-4-yl)methoxy)
phenyl)piperazin-1-yl)ethan-1-one) were used as reference
compounds with proved antibacterial/antifungal activity.
Additional quality control of the culture media and solvents
was conducted by commonly used methods [19].

1.5R =PhOCH,-, n=3; 1.6 R=PhOCH,-, n =4,

1.7 R=pyridyl-4,n=3;1.8 R=NH,, n=1,1.9R=NH2, n=2;
1.10R=PhSCH,-, n =3;1.11 R=PhSCH,,n =4;
112R=Ph,n=1;113R=Ph,n=2;1.14 R =furyl-2,n= 3

Results

Synthesis of substituted 1,3,4-thiadiazoles (2) was carried out
by heterocyclization of N-(acylhydrazine-1-carbamothioyl)
cycloalkanecarboxamides (1.1-1.7) and 2-(cycloalkanecar-
bonyl)carbamothioyl)hydrazine-1-carboxamides (1.8, 1.9) or
alternative synthesis by cyclization of carboxylic acids (3.1-3.6)
with thiosemicarbazide in concentrated mineral acids (Fig. /).

Synthesis of the series of 4-cycloalkanecarbonyl-3-
R-1,5-dihydro-4H-1,2,4-triazole-5-thiones (4.1-4.5) was
carried out by prolonged refluxing of N-(R-hydrazine-1-car-
bonothioyl)-cycloalkanecarboxamides (1.4,1.6, 1.8, 1.10, 1.11)
in butanol (scheme). Heterocyclization of diacylthiosemicar-
bazides (1.7, 1.10-1.14) by the conventional method, namely in
the presence of alkalis [11], leads to the formation of known
triazole-5-thiones (5.1-5.4, Fig.1.).

The results of the microbiological screening were showed
(Table 1) that diacylthiosemicarbazides (1) in contrast to
azoles (2, 4, and 5) had a higher antimicrobial and fungici-
dal effect. Thus, compounds 1.1, 1.12, and 1.13 were active
against E. coli (MIC 3.125-25 pg/ml, MBC 6.2-50 pg/ml),
while azoles (2, 4, and 5) inhibited the growth of this bacte-
rium in MIC 100-200 pg/ml. A similar picture was typical
for S. aureus, namely compounds 1.1, 1.3, 1.5-1.14 inhibit
growth in MIC 6.25-50.0 pg/ml, and azoles 2, 4, and 5 — in
MIC 100-200 pg/ml. Unfortunately, all test compounds had
moderate activity against P. aeruginosa (MIC 50.0-100.00
pg/ml, MBC 100.0-200.0 pg/ml). High rates of fungicidal
activity of diacylthiosemicarbazides (1), in comparison
with azoles (2, 4, and 5), were also obtained with respect to
C. albicans (Table I). Thus, compounds 1 had an inhibitory
effect at a concentration of 12-50 pg/ml, and azoles (2, 4 and
5) —100-200 pg/ml.
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Table 1. Antibacterial and fungicidal activity of synthesized compounds

Compounds S. aureus

C. albicans

P. aeruginosa

MIC, pg/ml MBC, pg/ml MIC, pg/ml MBC, pg/ml MIC, pg/ml MBC, pg/mi MIC, pg/ml MFC, pg/ml

11 3.125 6.25 6.25 12.5 12.5 12,5
1.3 50 100 25 50 50 100 25 50
1.5 50 100 12.5 25 100 200 25 50
1.6 200 >200 25 100 100 200 50 50
1.7 50 100 50 200 50 100 50 50
1.8 50 100 12,5 25 50 100 50 50
1.9 25 50 12,5 25 50 100 50 50
1.10 100 200 25 100 50 100 25 25
1.11 100 >200 12,5 50 100 200 25 50
1.12 6.25 12.5 6.25 12.5 50 100 23 50
1.13 125 25 12,5 25 100 200 25 50
1.14 100 200 25 50 50 100 50 50
Nitrofural 1.5 - 6.25 - 6.25 - - -
Ketoconazole |- - - - - - 25 50

For compound 1.4, 2.1-.2.7, 4.1-4.5, 5.1-5.4 MIC, MBC and MFC is 100-200 pg/ml against all strains of microorganisms and fungi.

Discussion

It was shown 5-substituted 2-amino-1,3,4-thiadiazoles
(2.1-2.5, scheme) by the result of heterocyclization of com-
pounds 1.1-1.8 in concentrated sulfuric or phosphate acids,
according to chromato-mass spectra. This heterocyclization
was realized by a known mechanism, namely through
the nucleophilic attack of the electron pair of the sulfur
atom on the carbonyl group of the semicarbazide fragment,
followed by dehydration of the resulted intermediate and
intramolecular proton migration to form an aromatic sys-
tem [20]. Unfortunately, the cycloalkane-urea fragment of
the molecule was additionally hydrolyzed to form an amino
group in the process of cyclization, regardless of its size. In
addition, this method is not preparative due to the formation
of a significant number of side products, and crystallization
leads to final products with low yields (2-30 %)). It was carried
out their counter-synthesis by cyclization of carboxylic acids
(3.1-3.6) with thiosemicarbazide under these conditions to
prove the structure of compounds 2. The reaction was carried
out by the above mentioned mechanism through the stage
of formation of intermediate, 2-(cycloalkanecarbonyl)
hydrazine-1-carbothioamides, followed by the formation
of 5-R-2-amino-1,3,4-thiadiazoles (2.1-2.7) with a yield of
41-70 % (scheme) [20].

It was also found that diacyl hydrazides with phenoxy- (1.4,
1.6), phenylthio- (1.10, 1.11) acetylhydrazide or semicarbazide
(1.8) fragments in the molecule undergo spontaneous hetero-
cyclization refluxing prolonged heating in butanol (scheme).
However, for compounds with benzoyl- (1.12, 1.13) and
heteroyl- (1.7, 1.14) hydrazide fragments, this transformation
was not characteristic [ 11]. It can probably be explained either

by their lower solubility or by the effect on the redistribution
of electron density in the molecule (hydrazide-hydrazone
tautomerism) and, therefore, a decrease in the electrophilicity
of the carbonyl group. It was important that the yield of final
products in this reaction is not significant (35-58 %).

There is no doubt that the heterocyclization of diacyl-
thiosemicarbazides (1.7, 1.1-1.14) in the presence of alkalis
was rate through intermediate 4-cycloalkanecarbonyl-tri-
azole-3-thiones, which under these conditions are hydrolyzed
to the target compounds 5 (scheme).

The structure and individuality of synthesized compounds
were confirmed by elemental analysis, chromato-mass, and
"H NMR spectrometric. A quasimolecular ion [M+1] was
registered in the chromato-mass spectra of azoles, which
confirms their structure and individuality. '"H NMR spectra
also was indicated their unambiguous formation. Thus, in
the 'H NMR spectra of 5-R-1,3,4-thiadiazol-2-amines (2)
the two-proton singlet of the amino group was characteristic,
which was registered at 7.12—6.83 ppm. Whereas, in the 'H
NMR spectra of compounds 4, single-proton singlet of protons
at the 1* position of the heterocycle were observed, which
resonate at 12.75-12.43 ppm. In compound 4.5, this proton
undergoes a significant diamagnetic shift (11.93 ppm) due to
the presence of an amino group at the 3™ position (positive
mesomeric effect). The '"H NMR spectra of compounds 5 were
also characterized by weak-field singlet protons of the 2™ and
4™ positions of the heterocycle at 13.24-12.28 and 10.19-9.14
ppm, respectively. Significant weak field shifts of these pro-
tons in compounds 4 and 5, clearly indicate their existence in
the form of thions. Additionally, signals of axial and equatorial
protons of methylene and methine groups of the cycloalkyl
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fragment were observed in the 'H NMR spectra of compounds
2.1,2.2,2.6 and 2.7 in a strong magnetic field, the chemical shift
of which depends on the conformational stress in the cycle
[20]. For example, methine protons resonate as quadruplets
with J = 7.9-8.3 Hz at 2.32 ppm for cyclopropane at 3.67
ppm for cyclobutane at 3.25 ppm for cyclopentane and 2.82
ppm for cyclohexane. A similar cleavage pattern for methine
protons of cycloalkyl substituents was also characteristic for
compounds 4.4-4.1, but they undergo a slight diamagnetic shift
(up to 0.19 ppm) due to the influence of the carbonyl group.
Characteristic shift and proton multiplicity of phenoxy-(phenyl-
thio-)methyl fragments in molecules were also characteristic
for compounds 2.3, 4.1-4.4, 5.1. Thus, a two-proton singlet of
the methylene group of the PhOCH, fragment at 5.47-5.19
ppm and the PhSCH, group at 4.09-3.76 ppm was observed
in the spectra, along with the “classical” set of aromatic proton
signals. In addition, there were signals of protons of phenyl,
furan, and pyridine fragments of the molecule with characte-
ristic cleavage and chemical shift in the spectra of compounds
2.4,5.2-5.4 in the “aromatic” region [21].

SAR analysis showed that structural modification of
diacylthiosemicarbazides with the formation of substituted
1,3,4-thiadiazoles or 1,2,4-triazoles leads to loss of antimicro-
bial and fungicidal activity. More interesting were compounds
1.1 and 1.12, which inhibit the growth of S. aureus in MIC
6.25 pg/ml and compete with the reference compound Nitro-
fural (MIC 6.25 pg/ml) and require further study.

Conclusions

1. It was found that N-(R-hydrazine-1-carbonothioyl)
cycloalkanecarboxamides under the conditions of the hete-
rocyclization reaction in concentrated mineral acids form
5-R-2-amino-1,3,4-thiadiazoles. Namely the intermediate
was undergone additional hydrolysis with the cleavage of
the cycloalkane fragment. Alternative methods of their syn-
thesis were offered.

2. Prolonged refluxing of the corresponding diacylthiosemi-
carbazides in butanol resulted in the formation of the novel
4-cycloalkanecarbonyl-3-(amino-, phenyloxo-(thio)methyl-
1,5-dihydro-4H-1,2 4-triazole-5-thiones. This reaction with
diacylthiosemicarbazides was failed because the latter un-
dergo heterocyclization in the presence of sodium hydroxide
with the formation of known 5-R-2,4-dihydro-3H-1,2,4-tri-
azole-3-thiones.

3. "H NMR spectra were studied and patterns of splitting
of characteristic protons were established for the synthesized
azoles.

4. It was found that 5-R-2-amino-1,3,4-thiadiazoles,
4-cycloalkanecarbonyl-3-(amino-, phenyloxo-(thio)me-
thyl-1,5-dihydro-4H-1,2,4-triazole-5-thiones and 5-R-2,4-
dihydro-3H-1,2,4-triazole-3-thiones were less effective
antimicrobial and antifungal agents compared to N-(R-hy-
drazine-1-carbonothioyl)cycloalkanecarboxamides.
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