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Analysis of the literature over the past decade has shown that the chemistry of 1,2,4-triazole and 1,3,4-thiadiazole attracts considerable
interest from scientists around the world because of the many valuable properties of compounds of this class. Bibliosemantic analysis
shows that the nuclei of 1,2,4-triazole and 1,3,4-thiadiazole are fragments of a number of known drugs and biologically active compounds.
That is why the synthesis and study of physical-chemical, biological properties of salts and acids containing these heterocyclic fragments
are quite relevant both from a theoretical and practical point of view.

The aim of the work was to targeted synthesis of 2-((4-phenyl-5-((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)
thio)ethanoic acid and its salts, as well as the establishment of physical-chemical properties of the synthesized compounds. Estimation
of the biological potential of the obtained compounds by molecular modeling method.

Materials and methods. 4-Phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-thiol, which was synthesized
by the classical method described in earlier works, was used as a key intermediate. The reaction of the corresponding thiol with sodium
monochloroacetate in aqueous medium and subsequent acidification with ethanoic acid gave the target acid.

Inorganic salts of 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)-methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid was syn-
thesized by the reaction of the acid with sodium hydroxide, potassium hydroxide, magnesium oxide, calcium carbonate or zinc sulfate
in an aqueous medium. For analysis, the salts obtained were purified by crystallization from methanol. Organic salts of 2-((4-phenyl-
5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)-methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid was obtained by the interaction of the
corresponding acid with organic bases (ammonia, diethylamine, diethylmonoethanolamine, morpholine, piperidine) in propan-2-ol fol-
lowed by evaporation of the solvent. For analysis, the synthesized substances were purified by crystallization from a mixture of water —
propan-2-ol (1:1).

Results. During the work, the method of obtaining 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)
thio)ethanoic acids was optimized. The role of the reaction medium at this stage was played by water. The conditions of the synthesis
of organic and inorganic salts of the specified acid, their structure, and physical-chemical properties were established. The biological
potential was preliminarily assessed with molecular docking.

Conclusions. As a result of synthetic studies, 11 new, previously undescribed compounds were obtained. The structure, composition
and individuality of the synthesized substances was confirmed by a set of the latest physical-chemical methods of analysis.
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CuHre3 i BnactuBocTi 2-((4-cbenin-5-(((5-cpeninamino-1,3,4-riagiazon-2-in)tio)metnn)-1,2,4-tpiazon-3-in)tio)eTaHoBoi KucnoTu
Taii conen
A. C. Touyns, C. O. degoTos

AHani3 haxoBoi nitepaTtypu 3a OCTaHHE AeCATUNITTA Nokasas, Lo ximis 1,2,4-Tpiasony Ta 1,3,4-Tiagiasony npueepTtae yBary HayKoBL,iB
CBITY Yepe3 6e3aniy LiHHKX BNACcTUBOCTEN CNomyk Lboro knacy. bibniocemaHTnuHMin aHanis ceiguuTb, Wo saapa 1,2,4-tpiasony 1a 1,3,4-Ti-
afiasony e parmMeHTamm HU3KM BiJOMMX Nikapcbkux npenapatiB i 6ionoriyHo akTuBHMX cnonyk. Came TOMy CUHTE3 i JOCHiAKEeHHS
hi3nKo-xiMiYHKMX, BionorivyHKUX BMACTUBOCTEN COMEN i KUCMNOT, LU0 MICTSATb Ha3BaHi reTepoLIMKNiYHI (hparMeHTM, € JOBOSI akTyanbHUMM i
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Synthesis and properties of 2-(4-phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid and its salts

MeTa po6oTu — LinecnpsmoBaHui cuHTes 2-((4-ceHin-5-(((5-dexinamiHo-1,3,4-tiagiazon-2-in)tio)metnn)-1,2,4-Tpiason-3-in)Tio)eTaHoBOi
KMCNOTU Ta ii CONen, a TakoX BCTAHOBMEHHS i3NKO-XiMIYHMX BNACTUBOCTEN CUHTE30BAHMX CMOMNYK; OLiHIOBAHHS 6ioNnoriYHOro noTeHujiany
CronyK, Lo ofepKarnu, MeToA0M MOEKYNSPHOTO MOAENoBaHHS.

Matepianu ta metoam. FK KnNOYOBY MPOMKHY Cronyky Bukopuctanu 4-cpeHin-5-(((5-deninamino-1,3,4-tiagiason-2-in)tio)meTtnn)-
1,2,4-Tpia3on-3-Tion, IKUN CUHTE3yBanu, BUKOPUCTOBYIOUM KNAcUYHY METOAWMKY. Y pesynbTaTi B3aEMOogii Ha3BaHOro Tiony 3 HaTpili MOHO-
XIopaLeTaToM y BOAHOMY CepeIOBULLi 3 HACTYMHMUM MIZKUCIIEHHSM KUCIIOTOK €TaHOBOK OfepKany LinboBy KUCMOTY. HeopraHiyHi coni
2-((4-tenin-5-(((5-deHinamiHo-1,3,4-Tiagiazon-2-in)tio)meTnn)-1,2,4-tpiazon-3-in)Tio)eTaHOBOI KUCNOTW CUHTE3yBanM B3aEMOLIEH Ljiei
KUCINOTM 3 HATPIN TipOKCUAOM, Kanii riipoKCUA0M, MarHiil OKCMAoM, KanbLi kapboHaToM abo LuHK CynbgaTom y BOAHOMY CEPELOBULL.
[insa aHanisy ogepxaHi coni o4McTMIM kprcTanisadieto 3 metaHony. OpraHiyHi coni 2-((4-cpenin-5-(((5-cbeninamiHo-1,3,4-Tiagiason-2-in)
Tio)MeTun)-1,2,4-tpia3on-3-in)Tio)eTaHOBOI KMCMOTW OTpUMAsni B3aeMOpied BiAMOBIAHOT KUCMOTM 3 OpraHiYHMMM OCHOBaMM (aMOHiak,
AieTunamid, gieTunmMoHoeTaHonamMid, Mopdoni, NinepuamnH) y cepefoBuLLi NponaH-2-ony 3 BUNaptoBaHHAM po3ynHHUKa. [ns aHaniy
CYHTE30BaHi PEYOBVHM OYMCTUMM KpUCTaniaLieto 3 cymiwi Boga — nponax-2-on (1:1).

Pesyniratu. Mpotsirom poboTu onTumidysanu cnoci6 onep:kaHHs 2-((4-enin-5-(((5-cdeHinamiHo-1,3,4-tiagiason-2-in)tio)meTun)-1,2,4-
Tpia3on-3-in)Tio)eTaHOBOI KMCNOTU. Ponb peakuiiHOro cepeoBuLLa Ha LbOMY eTani BUKOHana Boga. BctaHoBUMM onTuManbHi yMOBM
CHTE3y OpraHiYHMX i HEOPraHiYHWX COMel Ha3BaHOI KMCNOTH, IXHIO CTPYKTYPY Ta (idnko-xiMiyHi BnactTusocTi. 3a 4ONOMOrow mMeToay
MOMEKyNsPHOTO JOKIHrY 34iNCHUNM nonepesHe OLiHioBaHHS 6ioNoriYHOro NOTeHLiany crnonyk, siki CUHTe3yBany.

BucHoBku. Y pesynsrati CUHTETUYHUX JOCTIMKEHb oAepxanu 11 HOBMX, HeonmcaHWX paille cnonyk. bynosy, cknag Ta iHavBIAyanbHICTb
LIMX PEYOBUWH NiATBEPAUMN KOMMIIEKCOM HOBITHIX (i3MKO-XiMIYHUX METOAIB aHaniay.

Kniouogi cnosa: Tiagiason, 1,2,4-tpia3on, i3nKo-ximMiYHi BNaCTUBOCTi, MONEKYNSPHNIA JOKIHT.
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CuHTe3 n cBomncTBa 2-((4-penun-5-(((5-pennnamuto-1,3,4-Tuagmason-2-un)tuo)metun)-1,2,4-rpuason-3-un)Tmo)aTaHoBOM
KUCNOTLI U ee conen

A. C.Touyns, C. O. degoTos

AHanus Hay4YHOMN NuTepaTypbl 3a NocneaHee AecatuneTme nokasan, u4to xumus 1,2,4-tpuasona v 1,3,4-tnagumasona Bbi3biBaeT 60MbLLION
MHTEpeC y4éHbIX BCero Mupa bnarogapst MHOXECTBY LIEHHBIX CBOMCTB COEAMHEHUI JaHHOrO knacca. bubnuocemaHTuyeckuii aHanma
CBUAETENbLCTBYET, 4To siapa 1,2,4-Tpuasona u 1,3,4-Tnagmasona — parMeHTbl psiga 3BECTHLIX JIEKapCTBEHHbIX MpenapaToB 1 61oso-
TMYECKN aKTUBHBLIX COeOMHEHWI. IMEHHO NO3TOMY CUHTE3 U MUccnefoBaHue hUSMKO-XUMUYECKUX, BUONOrMYECKUX CBOWCTB COnel un
KUCIOT, COAEPXKALLMX YKa3aHHbIE reTepOLIMKNNYECKMe hparMeHTbl, akTyarnbHbl U C TEOPETUHECKON, U C NPAKTUYECKOW TOYKN 3pEHNS.

Llenb paboTkl — ueneHanpasneHHbIn cuHTes 2-((4-deHunn-5-(((5-bennnammno-1,3,4-tnaguason-2-un)tvo)metun)-1,2,4-tpnason-3-
1I)TNO)3TaHOBOW KWUCIOTbI U ee Conel, a Takke yCTaHOBNEHNEe M3NKO-XMMUYECKNX CBOWCTB CUHTE3MPOBAHHbIX COEAUHEHWI; OLieHKa
Buronornyeckoro noTeHumana nosly4eHHbIX COEAMHEHNI METOLOM MOMEKYNAPHOrO MOAENMPOBaHNS.

Matepuansl u MeTofbl. B ka4ecTBe KNOYEBOTO NPOMEKYTOUHOTO COEAMHEHNS UCTONb30BaH 4-heHunn-5-((5-peHnnammto-1,3,4-tna-
anason-2-un)tmo)meTun)-1,2,4-tpuason-3-T1on, KOTOPbIi CUHTE3NPOBAH C UCMONb30BAHMEM KIACCUYECKON MeToauku. B pesynstate
B3aMMOAENCTBMSI COOTBETCTBYIOLLIErO TUOMA C HAaTPMIA MOHOXIIOpaLleTaToM B BOAHOM cpeae Y C MOCNeayoLWMM NOAKUCIIEHNEM KUCIIOTON
3TaHOBOW MOJyYeHa Lienesas kucnota.

Heopranunyeckue conu 2-((4-pennn-5-(((5-bermnammyo-1,3,4-tnaguason-2-un)tmo)metun)-1,2,4-rpuason-3-nn)Tmo)aTaHoBOMN KNCNOTbI
CYHTE3MPOBaHbl B3aWMOAENCTBMEM YKa3aHHOM KUCMOTbI C HAaTPUIA TMAPOKCMAOM, Karnui rtMapoOKCUAOM, MarHuii OKCUMAOM, KanbLuii kap-
GOHATOM WMNW UMHK CyNbdaToM B BOAHOW cpefe. [Ans aHanusa nonyveHHble CONMM OYULLEHBI KpucTannusauuen n3 metaHona. OpraHu-
yeckwe conm 2-((4-thennn-5-(((5-pernnamnro-1,3,4-Tnagnason-2-un)tmo)metun)-1,2,4-tprason-3-un)Tmo)3TaHoOBOW KUCMOTbI NONYyYeHbI
B3aMOAENCTBNEM COOTBETCTBYIOLLIEN KNCNOTbI C OPraHNYeCKMM OCHOBaHUAMM (aMMUaK, AU3TUNaMUH, AN3TUIIMOHO3TaHONaMMH, MOp-
onuH, NNepuanH) B cpeae nponax-2-ona ¢ NoceayoLmMM BeinapuBaHneM pactBoputens. [Ins aHanusa cMHTE3MpOBaHHbIE BELLECTBa
OYMLLIEHbI KpUCTanNnu3aLmei n3 cmecu Boga — nponax-2-on (1:1).

Pezynkratil. B xope paboTbl onTummanpoaH cnocob nonyyexns 2-((4-gpeHun-5-(((5-peHnnammyo-1,3,4-Tnagnason-2-un)Tmo)metvn)-
1,2,4-Tpnason-3-1n)Tmo)-aTaHoBoOw KUCNOTbI. Ponb peakuMoHHOW Cpefbl Ha 3TOM JTarne BbiMorHWa Boda. YCTaHOBMNEHbI ONTUMarnbHbIe
YCNOBMS! CYHTE3a OPraHNYECKVX N HEOPraHUYECKNX COMNEN YkazaHHO KUCMOTbI, UX CTPYKTYpa 1 pn3nko-xummyeckyie cBoiicTea. C noMoLLbo
MeToZa MOEKYNSPHOTO AOKMHIa OCYLLECTBNEHA NPeABapuUTENbHAs OLeHKa 61onormyeckoro NoTeHumana CHTE3POBaHHbIX BELLECTB.

BbiBoabl. B pesynbrateé CUHTETUYECKNX ncenegoBaHun nony4eHsbl 11 HOBBbIX, HEOMMCAHHbIX paHee COENHEHWN. CTpOGHMe, COCTaB "
MHOMBNOYaNbHOCTb CUHTE3UPOBAHHbIX COEAVHEHNI noareepXaeHbl KOMNNekcom HOBEMLLNX (*)I/I3VIKO-XVIMVNGCKVIX MeToA0B aHanusa.

KnioueBkle cnosa: Taguason, 1,2,4-t1pnason, rUanko-XuMn4eckne CBOMCTBa, MONEKYNAPHBLIA JOKUHT.

AxTyanbHble Bonpochl (hapMaLeBTMYeCKON N MeaULUMHCKON Hayku 1 npakTuku. 2020. T. 13, Ne 3(34). C. 330-336

An analysis of the literature sources over the last decade hasshown ~ 1,3,4-thiadiazole are fragments of a number of known drugs and
that the chemistry of 1,2,4-triazole and 1,3 4-thiadiazole attracts biologically active compounds [3,4]. That is why the synthesis
significant interest from scientists around the world because of ~ and study of physical-chemical, biological properties of salts and
the many valuable properties of compounds of this class [1,2].  acids containing these heterocyclic fragments are quite relevant
Bibliosemantic analysis shows that the nuclei of 1,2 4-triazoleand ~ both from a theoretical and practical point of view [5,6].
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Aim

The aim of this study is the directed synthesis of 2-((4-phe-
nyl-5-(((5-phenylamino-1,3,4-thiadiazol-2-yl)thio)methyl)-
1,2,4-triazole-3-yl)thio)ethanoic acid and its salts, as well
as the establishment of physical-chemical properties of the
synthesized compounds. Estimation of biological potential
of the obtained compounds by molecular modeling method.

Materials and methods
4-Phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)
methyl)-1,2,4-triazole-3-thiol, which was synthesized by
the classical method described in earlier works, was used
as a key intermediate [7]. The reaction of the corresponding
thiole with sodium monochloroacetate in aqueous medium
and subsequent acidification with ethanoic acid gave the target
acid. Inorganic salts of 2-((4-phenyl-5-(((5-phenylamino-
1,3,4-thiadiazol-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)
ethanoic acid was synthesized by the interaction of this acid
with sodium hydroxide, potassium hydroxide, magnesium
oxide, calcium carbonate or zinc sulfate in an aqueous
medium. For analysis, the salts obtained were purified by
crystallization from methanol. Organic salts of 2-((4-phenyl-
5-(((5-phenylamino-1,3,4-thiadiazol-2-yl)thio)methyl)-1,2,4-
triazole-3-yl)thio)ethanoic acid is obtained by reacting the
corresponding acid with organic bases (ammonia, diethyl-
amine, diethylmonoethanolamine, morpholine, piperidine)
in propan-2-ol followed by evaporation of the solvent. For
analysis, the synthesized substances were purified by crystal-
lization from a mixture of water — propan-2-ol (1 : 1).

The study of physical-chemical properties of the obtained
compounds was carried out by methods listed in the State
Pharmacopoeia of Ukraine. Melting points were determined
by the open capillary method on an OptiMelt MPA 100 with a
platinum RTD sensor. The elemental analysis was performed
by the “Elementar vario EL cube” analyzer (Elementar

HNA %Sﬁi{s

N,N

/k %sﬁ,{s

Cl\)l\OJ\

NN
€S —= HN/LS>\ S

Analysensysteme, Germany). IR spectra (4000400 cm™)
were taken off the module ALPHA-T of Bruker ALPHA FT-
IR spectrometer (Bruker optics, Germany). '"H NMR spectra
(400 MHz) were recorded at “Varian-MR 400 spectrometer
with SiMe, as internal standard in DMSO-d, solution. Chro-
matography-mass spectral studies were conducted on the
instrument “Agilent 1260 Infinity HPLC” equipped with a
mass spectrometer “Agilent 6120” (method of ionization —
electrospray (ESI)).

2-((4-Phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)
thio)methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid (2) (Fig. 1).
It was heated 0.005 mol of 4-phenyl-5-(((5-phenylamino-
1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-thiol,
0.01 mol of NaOH, 50 H,O and 0.005 mol of monochloro-
acetic acid in a round bottomed flask. The reaction mixture
was boiled for 1 hour and cooled up to room temperature.
The solution was neutralized with acetic acid. The obtained
compound was filtered off, washed with H,O and recrys-
tallized from propan-1-ol. Yield—79 %. M. p.: 104-106 °C.

2-((4-Phenyl-5-((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)
methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid with organic
bases. A mixture of 0.01 mol of the starting carboxylic acid,
15-20 ml of water and 0.012 mol of the corresponding organic
base (diethylamine, diethylmonoethanolamine, morpholine,
piperidine) was heated for 1 hour in a water bath, filtered,
the solvent was evaporated to a total volume. The residue
was added to acetone or propan-1-ol. The precipitated white
crystalline substances were recrystallized from ethanol. The
product was soluble in water, sparingly soluble in organic
solvents.

Sodium, potassium salts of 2-((4-phenyl-5-((5-phenylami-
no-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)
thio)ethanoic acid (Fig. 2). A mixture of 0.01 mol of
the starting carboxylic acid and 0.01 mol of sodium or
potassium hydroxide in 30 ml of water was heated in a
water bath for 10—15 minutes, filtered and evaporated to its

i
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Fig. 1. Synthesis scheme of 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid.
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Synthesis and properties of 2-(4-phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid and its salts
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Fig. 2. Scheme for the synthesis of salts of 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid.

original volume and precipitated by the addition of acetone.
It was obtained white crystalline substances, sparingly
soluble in organic solvents. The compound was recrystal-
lized from ethanol for analysis.

Magnesium, calcium and zinc salts of 2-((4-phenyl-5-(((5-
phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-tri-
azole-3-yl)thio)acetic acid (Fig. 2). A mixture of 0.02 mol
of the starting carboxylic acid, 25 ml of water and 0.01 mol
of magnesium oxide or calcium carbonate or zinc sulphate,
respectively, was heated to dissolve the precipitate, filtered
and the filtrate was evaporated. The compounds were re-
crystallized from water. The resulting product was a white
solid, sparingly soluble in water, sparingly soluble in organic
solvents.

Ammonium 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thia-
diazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)acetate. A
solution of 0.01 mol of the original carboxylic acid in 30 ml
of 25 % ammonia solution was evaporated. The product was
recrystallized from 1,4-dioxane : water (3:1). The target com-
pound was a white solid, slightly soluble in water, sparingly
soluble in ethanol.

Results

The structure and individuality of the synthesized compounds
were confirmed by a package of modern physical-chemical
methods of analysis.

For example, in the IR spectra of all synthesized com-
pounds there were absorption bands —C=N groups at
1607-1582 cm!, C—S groups — at 702—685 cm’!, as well as
symmetric and asymmetric absorption bands characteristic

of carboxylic acid salts containing COO groups in the range
of 1371-1342 cm™ and 1597-1525 cm!, respectively. The
IR spectra of salts also were contained absorption bands at
1508-1473 cm™, which indicates the presence of aromatic
substituent’s in their structure. For salts of organic bases
there are wide absorption bands of primary and secondary
amines in the range 3053-2907 cm™! or 2712-2258 cm™! and
deformation oscillations in the range 1610-1563 cm™.

The IR spectrum of the ammonium salt were contained the
absorption band of the valence vibrations of the ammonium
group at 3435 cm™.

"H NMR spectra of salts were confirmed by signals of the
corresponding protonated amines. For example, in the spectrum
of the diethylammonium salt, multiplets were observed in the
intervals 3.12-3.01 and 1.40-1.33 ppm, respectively. In the
spectrum of the diethylmonoethanolammonium salt there were
two triplets at 4.03 ppm and 3.46 ppm, a singlet at 7.08 ppm,
and an OH group signal in the form of a triplet at 4.16 ppm. The
spectrum of the morpholine salt had a characteristic set of signals
of the protonated cation of morpholine in the form of two multi-
pletsat3.96-3.83,3.38-3.30 ppm and a singletat 7.11 ppm. The
piperidinium salt was characterized by proton signals of organic
bases in the form of multiplets 3.15-3.11 ppm, 1.93-1.76 ppm,
1.55-1.42 ppm and 1.50 ppm and singlet 7.04 ppm.

2-((4-Phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)
thio)methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid. White
crystalline substance in 77 % yield; m. p.: 204-206 °C; 'H
NMR (400 MHz, DMSO-d,) 6 10.51 (s, 1H, NH), 7.64-7.50
(m, 4H, NH-C H, H-3,5, C.H, H-2,6), 7.46 (d, 2H, NH-C H,
H-2,6),7.37-7.26 (m, 3H, C LI H-3,5), NH-C H, H-4),7.00

ISSN 2306-8094
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(t, /=7.1 Hz, 1H, N-C H, H-4), 4.36 (s, 2H, S-CH,), 3.86
(s, 2H, CH,COO0).

Sodium 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thiadi-
azole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)acetate.
White crystalline substance in 83 % yield; m. p.: 228-230
°C. Analytical calculated (%) for C ,;H N ,NaO,S.: C, 47.69;
H, 3.16; N, 17.56; S, 20.10. Found: C, 47.80; H, 3.14; N,
17.52; S, 20.17.

Potassium 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thia-
diazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)acetate.
White crystalline substance in 79 % yield; m. p.: 247-249
°C. Analytical calculated (%) for C,;H KN.O,S.: C, 46.13;
H, 3.06; N, 16.99; S, 19.45. Found: C, 46.06; H, 3.07; N,
16.94; S, 19.48.

Magnesium 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thia-
diazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)acetate.
White crystalline substance in 74 % yield; m. p.: 194-196 °C.

Calcium 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thia-
diazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)acetate.
White crystalline substance in 69 % yield; m. p.: 222-224 °C.

Zinc 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-
2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)acetate. White
crystalline substance in 81 % yield; m. p.: 213-215 °C.

Diethylammonium 2-((4-phenyl-5-(((5-phenylamino-
1,3,4-thiadiazole-2-yl)thio)-methyl)-1,2,4-triazole-3-yl)
thio)acetate. White crystalline substance in 78 % yield; m.
p.: 179-181 °C; 'H NMR (400 MHz, DMSO-d,)  10.48 (s,
1H,NH),9.24-9.19 (m, 3H, 'NH -(C,H,),,7.62-7.51 (m, 4H,
NH-C 4, H-3,5, C.H, H-2,6),7.44 (d, 2H, NH-C H, H-2,6),
7.35-7.25 (m, 3H, C H, H-3,5), NH-C H, H-4), 7.02 (t,J =
7.1 Hz, 1H, N-C H, H-4), 4.36 (s, 2H, S-CH,), 3.86 (s,2H,
CH,COO0) 3.12-3.01 (m, 4H, 'NH-(CH,CH,), ), 1.40-1.33
(m, 6H,"NH -(CH,CH,),.Analytical calculated (%) for C,,H-
,,N.O,8.: C, 52.15; H, 5.14; N, 18.51; S, 18.16. Found: C,
52.08; H, 5.16; N, 18.47; S, 18.19.

Piperidin-1-ium 2-((4-phenyl-5-(((5-(phenylamino)-1,3,4-
thiadiazole-2-yl)thio)-methyl)-1,2,4-triazole-3-yl)thio)ace-
tate. White crystalline substance in 80 % yield; m. p.: 197-199
°C; '"H NMR (400 MHz, DMSO-d,) 6 10.48 (s, 1H, NH),
7.61-7.50 (m, 4H, NH-C H_ H-3,5,C H, H-2,6), 7.41 (d, 2H,
NH-C H, H-2,6), 7.33-7.26 (m, 3H, C H, H-3,5), NH-C H,
H-4),7.04 (s,2H,NH,) 7.05 (t,/= 7.0 Hz, IH, N-C H, H-4),
4.35 (s, 2H, S-CH,), 3.83 (s,2H, CH,CO0) 3.15-3.11 (m,
4H, piperidine H-2,6), 1.93—1.76 (m, 4H, piperidine H-3,5),
1.55-1.42 (m, 1H, piperidine H-4). Analytical calculated
(%) for C,,H,N.O,S : C,53.21; H, 5.02; N, 18.10; S, 17.76.
Found: C, 53.27; H, 5.00; N, 18.15; S, 17.76.

Morpholinium 2-((4-phenyl-5-(((5-phenylamino-1,3,4-
thiadiazole-2-yl)thio)-methyl)-1,2,4-triazole-3-yl)thio)
acetate. White crystalline substance in 84 % yield; m. p.:
189-191 °C; '"H NMR (400 MHz, DMSO-d,) 6 10.45 (s, 1H,
NH), 7.59-7.48 (m, 4H, NH-C H, H-3,5, C.H, H-2,6), 7.38
(d, 2H,NH-C H,H-2,6), 7.31-7.24 (m, 3H, C,H, H-3,5), NH-
CH,H-4),7.11 (s,2H,NH,) 7.03 (t,/=7.1 Hz, 1H, N-C H,
H-4), 4.33 (s, 2H, S-CH,), 3.80 (s,2H, CH,CO0) 3.96-3.83
(m, 4H, morpholine H-3,5), 3.38-3.30 (m, 4H, morpholine
H-2,6). Analytical calculated (%) for C H,.N.O.S.: C, 50.81;

2377257 77 7373

H, 4.63; N, 18.03; S, 17.69. Found: C, 50.74; H, 4.62; N,
18.08; S, 17.72.

N,N-Diethyl-2-hydroxyethanaminium 2-((4-phenyl-5-(((5-
phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-tri-
azole-3-yl)thio)acetate. White crystalline substance in 76 %
yield; m. p.: 201-203 °C; '"H NMR (400 MHz, DMSO-d,) 6
10.41 (s, 1H, NH), 7.56-7.47 (m, 4H, NH-C H, H-3,5, C H,
H-2,6),7.35(d, 2H,NH-C H, H-2,6), 7.30-7.25 (m, 3H, C H.
H-3,5), NH-C H, H-4), 7,08 (s, 2H, NH,) 6.98 (t,J=7.1 Hz,
1H,N-C H H-4),4.39 (s, 2H, S-CH,), 4.13 (s,2H, CH,COO)
4.16 (t, J= 6.8, Hz, 1H, OH), 4.03 (t, /= 7.2 Hz, 2H, OH-
CH)), 3.46 (t, 5.3 Hz, 2H, , OH-CH_-CH,- ), 3.30-3.24 (m,
4H,"NH,«(CH,-CH,),), 1.35-1.28 (m, 6H, 'NH_-(CH,-CH,),).
Analytical calculated (%) for C,,;H, N.O,S.: C, 52.33; H,
5.45;N, 17.09; S, 16.77. Found: C, 52.28; H, 5.44; N, 17.13;
S, 16.81.

Ammonium 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thia-
diazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)acetate.
White crystalline substance in 79 % yield; m. p.: 193—195
°C; 'H NMR (400 MHz, DMSO-d,)  10.38 (s, 1H, NH),
7.54-7.45 (m, 4H, NH-C H, H-3,5, C H, H-2,6), 7.37
(d, 2H, NH-C H, H-2,6), 7.31-7.24 (m, 3H, C.H, H-3,5,
NH-CH, H-4), 7,09 (s, 2H, NH,) 6.95 (t, J = 7.1 Hz, 1H,
N-C,H, H-4), 5.45 (s, 4H, 'NH,) 4.37 (s, 2H, S-CH,), 4.11
(s,2H, CH,COO0). Analytical calculated (%) for C, H, )N S.:
C, 40.98; H, 3.13; N, 26.06; S, 29.83. Found: C, 41.04; H,
3.12; N, 26.10; S, 29.80.

Today, the search for new effective drugs that would have
anti-inflammatory and antimicrobial action remains an urgent
problem. The fact remains that for many years the standard
drugs Diclofenac sodium and Ketoconazole are used to treat
inflammatory processes and fungal lesions [8—10].

Despite the pronounced anti-inflammatory and broad
spectrum of antifungal action, these drugs are quite toxic to
humans. In view of this, it is of some interest to obtain new
substances with a similar mechanism of action, but with less
toxicity.

Therefore, in the next stage of our work, we predicted the
probability of anti-inflammatory activity among the syn-
thesized substances using the in silico (molecular docking)
method [11,12].

Molecular docking was performed using Autodock 4.2.6.
Macromolecules from Protein Data Bank (PDB) were used
as biological targets, namely COX-1 enzyme in complex with
diclofenac and lanosterol-14a-demethylase in complex with
ketoconazole (Tables 1, 2). All programs used in the screening
process are publicly available [13,14].

Discussions

As aresult of the molecular docking for the synthesized salts
of 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)
thio)methyl)-1,2,4-triazole-3-yl)-thio)ethanoic acid estab-
lished a promising level of anti-inflammatory effect. It should
be noted that the conversion of the starting acid into a salt as
a result of interaction with organic or inorganic bases leads
to an increase in the likelihood of anti-inflammatory activity.
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Table 1. Energy values of the intermolecular interactions of the studied compounds with COX-1 (4Z0L)

-33.47 -29.29 -32.66
21 -37.66 25 -25.10 29 -35.17
2.2 -25.1 2.6 -29.29 210 -33.91
23 -37.66 2.7 -29.29 Diclofenac -35.17

*E, .+ the minimum energy of complex formation, kJ x mol-'.

Table 2. Energy values of the intermolecular interactions of the studied compounds with lanosterol-14a-demethylase (3LD6)

-41.03 -36.84 -40.61
21 -47.31 25 -39.77 2.9 -43.12
22 -45.22 2.6 -43.96 2.10 -43.96
2.3 -41.87 2.7 -37.68 Ketoconazole -42.29

*E, ..+ the minimum energy of complex formation, kJ x mol".

Regarding the results of the study of the affinity of the syn-
thesized compounds to the active site of lanosterol-14a-de-
methylase, it should be noted that there is an increase in
the energy of interaction with the enzyme as a result of the
transition from acid to its salts.

Analysis of the results showed that the most promising
compound for more in-depth study is sodium 2-((4-phenyl-5-
(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-
triazole-3-yl)thio)acetate. This compound demonstrated the
value of the energy of intermolecular interaction with the
target enzymes, which to some extent exceeds the values for
the reference compounds.

Conclusions

1. It was synthesized a number of salts of 2-((4-phenyl-5-
(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-
triazole-3-yl)thio)ethanoic acid.

2. The optimal conditions for the synthesis of the target
reaction products were established.

3. The structure and individuality were confirmed by means
of spectral and chromatographic methods of the analysis.

4. The results of the molecular docking revealed promising
compounds in a number of derivatives of 2-((4-phenyl-5-
(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-
triazole-3-yl)thio)ethanoic acid for more in-depth study.
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