OpwriHanbHi gocnigkeHHs @ Original research

Synthesis, structure and properties of N-R-amides and hydrazides
of 2-[4-R-5-(3’-methylxanthine-7’-yl)-1,2,4-triazole-3-ylthio]acetic acid

A. S. Hotsulia

Zaporizhzhia State Medical University, Ukraine

Introduction. Heterocyclic compounds are the foundation on which the creation of medicines is successfully carried out. One such system
is 1,2,4-triazole and 3-methylxanthine. These heterocycles are characterized by wide range of biological properties, along with low toxicity.

The purpose of this work was to synthesize and investigate the properties of N-R-amides and hydrazides 2-[4-R-5-(3’-methylxanthine-
7"-yl)-1,2,4-triazole-3-ylthio]acetic acid (R = CH,, C,H,, C_H,) when changing the conditions of the chemical process.
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Methods and results. As initial key reagents we used 7'-((3-thio-4-R-4H-1,2,4-triazole-5-yl)methyl)-3’-methylxanthine and ethers of
2-[4-R-5-((3"-methylxanthine-7-yl)methyl)-1,2,4-triazole-3-ylthio]acetic acid, which were prepared according to known procedures from
available raw materials. In the course of studies, it was found that when heated in ethanol the corresponding primary or secondary
alkylamines (methylamine, ethylamine, monoethanolamine, diethylamine) or ammonia solution from prop-1-yl 2-[4-R-5-((3’-methylxanthine-
7’-yl)methyl)-1,2,4-triazole-3-ylthiolethanoate, then the corresponding amidated derivatives of 2-[4-R-5-((3’-methylxanthine-7’-yl)methyl)-
1,2,4-triazole-3-ylthio]acetic acid are created. The corresponding amides were obtained by reacting 7’-((3-thio-4-R-4H-1,2,4-triazol-5-yl)
methyl)-3-methylxanthine with 2-chloroacetamide in a high yield sodium hydroxide medium. Hydrazides of 2-[4-R-5-((3'-methylxanthine-7'-
yl)methyl)-1,2,4-triazole-3-ylthio]-ethane acid are synthesized by the interaction of the corresponding esters of 2-[4-R-5-((3'-methylxanthine-
7'-yl)methyl)-1,2,4-triazole-3-ylthio]acetic acid with an aqueous hydrazine hydrate solution in ethanol. The structure of the obtained
compounds is confirmed by the data of elemental analysis, '"H NMR spectroscopy, IR-spectrophotometry. Individuality was established
using thin-layer chromatography and chromatography-mass spectrometry. For synthesized compounds, preliminary screening was
performed using the PASS On-line®software and molecular docking. The optimal methods for the preparation hydrazides and amides of
2-[4-R-5-((3"-methylxanthine-7'-yl)methyl)-1,2,4-triazole-3-ylthio]ethane acid were developed. The production of amides in two alternative
pathways using the starting thiol and the ester, derived from it, was studied: it was established that the interaction of the starting thiol
with 2-chloroacetamide runs with a larger yield of the reaction product in comparison with the reaction of the corresponding ester with
ammonia. The results of physical-chemical analysis of synthesized compounds was interpreted. This preliminary assessment of the possible
manifestation of anti-inflammatory activity was given. The probability of manifestation of this type of activity was not high.

Conclusions. 19 amides and 3 hydrazide of 2-[4-R-5-((3"-methylxanthine-7’-yl)methyl)-1,2,4-triazole-3-ylthiolethane acid were obtained
with high yields and purity, their structure was proven and properties were investigated.

CuHTes, OygoBa Ta BnactuBocTti N-R-amigiB 2-[4-R-5-(3’-meTunkcaHTuH-7'-in)-1,2,4-tpiason-3-intiolauetaTHoi Kucnotu
A. C. Touyns

leTepouykniyHi cnonykn — dyHAAMEHT, Ha SIKOMY YCMiLLHO BiAOYBaeTLCS CTBOPEHHS nikapchbkux 3acobiB. OQHUMM 3 TakuxX CUCTEM €
1,2,4-Tpia3on i 3-meTunKkcaHTuH. MOXigHUM LMX reTepOLMKIIYHUX CUCTEM NMPUTAMaHHUIA LWMPOKMIA CEKTP GioNoriYHMX BNacTUBOCTEN i
HEBMCOKA TOKCUYHICTb.

Meta pobotu — cuHTes i gocnigxerHs Bnactusocten N-R-amigis i rippasugis 2-[4-R-5-(3'-metunkcantve-7"in)-1,2,4-tpiason-3-intio]-

auerarHoi kucnot (R = CH,, C,H,, C.H,) npu amiHi ymoB nepebiry ximi4Horo npouecy.

Matepianu ta metoau. FAk KNOYOBI BUXIQHI peareHTn Bukopuctanu 7’-((3-Tio-4-R-4H-1,2,4-Tpiazon-5-in)MeTun)-3'-MeTUNKCaHTUH Ta
edipn 2-[4-R-5-((3'-meTunkcaHTuH-7"-in)metun)-1,2,4-Tpiason-3-inTioleTaHOBOI KUCMOTKW, AKi OTPUManu 3a BifOMUMKU METOAMKaMU 3
[OCTYMHOT CUPOBUHM.

Pesynsratn. BetaHoBunu, Wo npu HarpiBaHHi B €TaHONi BiAMOBIAHVMX NEPBUHHMX Y/ BTOPWHHKX ankinamiHiB (MeTunamiH, etunami,
MOHOETaHomNaMiH, AieTnnami), pos3dnHy amoHiaky 3 npon-1-in-2-[4-R-5-((3'-metunkcaHTuH-7'-in)metun)-1,2,4-tpiason-3-intioletaHoatom
YTBOPIOKOTLCA BiANOBIAHI amifoBaHi noxigHi 2-[4-R-5-((3'-metunkcaHTuH-7'-in)metun)-1,2,4-Tpiason-3-inTioletaHoBoi kucnotn. B3aemopieto
7'~((3-Tio-4-R-4H-1,2,4-Tpia3on-5-in)MeTnn)-3’-MeTUn-KCaHTUHY 3 2-xnopaLeTamifom Y CepefoBuLLI PO34YUHY HATPIN riapoKCUay 3 BUCOKM-
MU BUXOA4AMM ofepxanu BianosiaHi amigwn. lgpasugmn 2-[4-R-5-((3'-meTunkcaHTuH-7'-in)metun)-1,2,4-Tpiadon-3-inTioletaHoBoi KMCnoTu
CUHTE30BaHi B3aeMogieto BignosigHux ectepiB 2-[4-R-5-((3-meTunkcanTuH-7"-in)metun)-1,2,4-tpiason-3-inTioJeTaHoBOi KUCNOTU 3 BOAHUM
PO34MHOM FiZjpasvH rigparty B cepefoBuLL eTaHony. CTPyKTypa cronyk NiaTBEpIeHa AaHUMM eneMeHTHOro aHaniay, cnektpockonii 'H AMP,
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Synthesis, structure and properties of N-R-amides and hydrazides of 2-[4-R-5-(3-methylxanthine-7’-yl)-1,2,4-triazole-3-ylthio]acetic acid

|4-cnekTpodpoTomeTpii. IHAMBIAYanbHICTL BCTAHOBWIIM 3a JOMOMOrO TOHKOLLIAPOBOi XpoMatorpadii Ta XpomaTto-Mac-crnekTpoMeTpii. 4ns
CHHTE30BaHMX CrOyK BKOHAMNMW NonepeaHii po3paxyHKOBUIA CKPYHIHT 3a fornoMoroto nporpamHoro npogykTy PASS On-line®Ta MonekynsipHoro
LOKiHry. Po3pobunu onTumansHi MeToam ofepaHHs rigpasuais Ta amigis 2-[4-R-5-((3-meTtunkcaHTun-7"-in)metun)-1,2,4-tpiason-3-intio)
€TaHOoBOI KUCNOoTU. [locniannm oaepxaHHs aMialiB 3a ABOMa ansTepHaTVBHUMY LUNSIXaMy 3 BUKOPUCTaHHSIM BUXIQHOTO Tiony Ta OTPUMaHOro
Ha I0ro OCHOBI €CTEPY: BCTAHOBIEHO, LLIO B3aEMOZIEH BUXIAHOIO Tiony 3 2-xnopadeTamigom nepebirae 3 6inbLUmMM BUXOAOM NPOAYKTY peakLii
NOPIBHSIHO 3 peakLieto B3aeMogii BignoBigHOro ectepy 3 aMmoHiakoM. IHTepnpeTyBany pesynsrati gisnko-XiMiYHOMo aHani3y CMHTE30BaHWX
Cronyk. 3aicHWUM nonepenHe OLiHIBaHHSA MOXITMBOI MOSIBM NPOTW3ananbHOi akTMBHOCTI — IMOBIPHICTb HE BUCOKA.

BucHoBku. 3 BUCOKMMM BUXoZaMu Ta ymcTtototo ogepxanu 19 amigis i 3 rigpasugm 2-[4-R-5-((3'-meTunkcaHTvH-7"-in)metun)-1,2,4-tpia-
3011-3-iTi0]eTaHOBOI KUCNOTW, AOBENM TX CTPYKTYPY Ta AOCNIAMMM BNACTUBOCTI.

Kniovogi cnosa: 1,2,4-Tpiazon, 3-MeTUNKCaHTUH, i3nKO-XiMiYHi BNaCTUBOCTI, MONEKYNSPHWIA JOKIHT.
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CuHTes, cTpoeHue u cBoiicTBa N-R-amupaoB 2-[4-R-5-(3’-meTunkcanTuH-7"-un)-1,2,4-tpuazon-3-untuojaLetaTHom KUCNOTbI

A. C. Touyns

leTepoumknuyeckme coeanHeHnst — yHOAAMEHT, Ha KOTOPOM YCMELIHO NPOUCXOANT CO3LaH1e NekapcTBEeHHbIX cpeacTB. OaHUMM U3 Takmx
cuctem aenstotes 1,2,4-Tpuason u 3-MeTUNKCaHTVH. MNpon3BOaHBIM AaHHBIX FETEPOLIMKIOB NMPUCYLL LUMPOKUIA CNEKTP Gronornyeckmx
CBOWCTB Hapsily C HEBLICOKOW TOKCUYHOCTBH).

Llenk pa6otki — cuHTe3 1 uccneposaxue ceoncTs N-R-amnaos v ruapasngos 2-[4-R-5-(3'-meTtunkcaHTuH-7"-un)-1,2,4-tpuason-3-untmo)

auetatHon kucnotsl (R = CH,, C,H,, C,H,) npn nameHeHnm ycnosuit npotekaH1s XMMUYECKOro npovecca.

Matepuansi n meTofbl. B kauecTBe KitoYeBbIX MCXOOHbIX PeareHToB UCMomnb3oBaHbl 7'-((3-Tno-4-R-4H-1,2,4-Tpnason-5-un)metnn)-3'-me-
TUKCAHTWH 1 aupbl 2-[4-R-5-((3'-meTunkcanTun-7"-un)metun)-1,2,4-tpnason-3-mnTunoj-aTaHOBOW KUCMOTbI, KOTOPbLIE NOMYyYeHbl Mo
13BECTHLIM METOAMKAM W3 JOCTYMHOTO ChIpbSi.

Pesynirartsl. B xoge uccnenoBaHuin yCTaHOBEHO, YTO MPU HAarpeBaHWU B 3TAHOME COOTBETCTBYIOLUMX MEPBUYHBLIX UMW BTOPUYHbIX
ankunaMmnHoB (METUNAMUH, STUNAMWUH, MOHO3TaHOMaMUH, AUSTUNAMWH) UMK pacTBOpa aMmMuaka ¢ npon-1-un-2-[4-R-5-((3'-meTunkcaH-
TUH-7"-un)meTnn)-1,2,4-tpmason-3-unTuolaTaHoatoM 0bpasytoTcs COOTBETCTBYyOWME amMmuabl 2-[4-R-5-((3'-meTunkcaHTuH-7"-un)me-
T"n)-1,2,4-Tpnason-3-nntnojaTaHoBon kucnotel. Bsanmopenctamem 7’-((3-tno-4-R-4H-1,2,4-tpnason-5-un)metnn)-3'-MeTun-kcaHTUHa
C 2-xnopaLeTamuzom B cpefie pacTBopa HaTpuUiA TMApoKCKaa C BbICOKMMM BbIXOAaMM NOMyYeHbl COOTBETCTBYIOLLME amuabl. [Mapasuabl
2-[4-R-5-((3"-meTunKkcaHTUH-7"-un)metun)-1,2,4-tTpma3on-3-MnTunojaTaHoBOW KUCIOThl CUHTE3UPOBaHbI B3aUMOAENCTBNEM COOTBETCTBY-
owmx acmpoB 2-[4-R-5-((3’-meTunkcaHTnH-7"-un)metnn)-1,2,4-1pnason-3-MnTruojaTaHoBON KUCMOTbI C BOAHBIM PAcTBOPOM rMApPa3vH
ruapata B cpege ataHona. CTpyKTypa Nony4YeHHbIX COeAMHEHUI NOATBEPXAEHA AAHHBIMK SIEMEHTHOTO aHanusa, cnexktpockonuy 'H
AMP, UK-cnektpocboTomeTpun. MHAMBUAYanNbHOCTb YCTAHOBIIEHA C MOMOLLbIO TOHKOCSIOMHOM XpoMaTorpadum n XxpoMaTo-mMacc-CnekTpo-
meTpum. [Ins CMHTE3MPOBaHHbIX COEAMHEHUI NPOBEeAEH NpeaBapUTESNbHbIN PACYETHBIN CKPUHUHT C MOMOLLIbKO MPOrPaMMHOTO NPOAYKTa
PASS On-line® n monekynspHoro fokuHra. PaspaboTaHbl onTuManbHble MeTOAbI MOSyYeHUst rmapasuaos M ammuaos 2-[4-R-5-((3-me-
TUNKCaHTUH-7"-un)metnn)-1,2,4-Tpnason-3-unTruo]aTaHoBon Kucnotsl. MiccnegoBaHo nonyvyeHne amyaoB Mo ABYM anbTepHaTUBHBIMU
nyTSM C MCMOMb30BAHNEM UCXOAHOMO TUOMa M MOMYYEHHOTO Ha ero OCHOBe 3dupa: YCTAHOBMNEHO, YTO B3aMMOLENCTBMEM UCXOOHOMO
TWona ¢ 2-xnopaweTammaom NpoTekaeT ¢ 6oMbLIMM BIXOLOM NPOAYKTa peakLmm Mo CPaBHEHMIO C peakLMen B3auMOLECTBIS COOTBET-
CTBYHOLLErO 3chmpa C aMMmakoMm. IHTepnpeTupoBaHbl peynstaThbl (Pr3nKO-XMMWYECKOro aHanmaa CHTE3MPOBaHHbIX CoeauHeHnN. [laHa
npeaBapuTenibHas oLeHKa BO3MOXHOIO NPOSBIEHNS NPOTMBOBOCMANMTENbHOW aKTUBHOCTU — BEPOSITHOCTb HEBBLICOKAS.

BeiBogki. C BbICOKMMYM BbIXOAAMM M YUCTOTOM nonyyeHbl 19 amnaos u 3 ruapasuaa 2-[4-R-5-((3'-metunkcaHTuH-7"-un)metun)-1,2,4-tpu-
a30n-3-MNTHNOJ3TaHOBOMN KUCIOTbI, A0Ka3aHa X CTPYKTypa W uccnenoBaHbl CBOMCTBA.

KnioueBtie cnoga: 1,2,4-tpuason, 3-METUMKCAHTUH, PU3NKO-XMMUYECKME CBOWCTBA, MOMNEKYNAPHbIN JOKWHT.

AxTyanbHble Bonpochl (hapMaLieBTMYeCKON N MeAULMHCKON HayKu n npakTuku. — 2018. — T. 11, Ne 3(28). — C. 254-259

Introduction

One of the important tasks of modern pharmaceutical science
is the search for new biologically active substances that have
high efficiency and low toxicity [1,6-8]. In our time there is
a considerable interest in the derivatives of various hetero-
cyclic systems [3]. There are no exceptions to 1,2,4-triazole
and 3-methylxanthine, which are important synthones for
the synthesis of various biologically active compounds on

The purpose

The purpose of the work is to synthesize new amides and
hydrazides of 2-[4-R-5-(3’-methylxanthine-7’-yl)-1,2,4-
triazole-3-ylthio]acetic acid and investigate their properties.

Materials and methods
As the key starting reagents we used alkyl-2-(4-R-5-(3’-

their basis [4,5,10]. Objective reasons for the search for a
number of these derivatives are the high synthetic and phar-
macological potential of these synthones. Our attention was
drawn to previously unexplored amides and hydrazides of
2-[4-R-5-((3’-methylxanthin-7’-yl)-1,2,4-triazole-3-ylthio]
acetic acid [2,4-6,9].

methylxanthine-7’-yl)methyl)-4H-1,2 4-triazole-3-ylthio)
ethanoates, which were obtained according to well-known
techniques from available raw materials. In the course of
studies, it was found that when heated in ethanol, the cor-
responding amines (ammonia, methylamine, ethylamine,
monoethanolamine, diethanolamine) with prop-1-yl ester

ISSN 2306-8094
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A. S. Hotsulia

Table 1. Characterization data of synthesized compounds

O
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H,C 2
Compound R R, R, M. p.,°C Molecular formula Yield, %
3.1 CH, H H 226-228 C,H.N,O,S 82
3.2 CH, H NH, 231-233 C,,H,:N,O,S 76
33 CH, H CH, 202-204 C,;H,N;O,S 69
34 CH, H C,H, 286-288 C,HN;O,S 75
3.5 CH, C,H, CH, 217-219 C,;H,,N;O,S 78
3.6 CH, H C,H,OH 265-268 C, HN;O,S 81
3.7 CH, H CH,-4-Br 197-199 C,H,,BrN,O,S 64
3.8 C,H, H H 241-243 C,;H,N;O,S 76
3.9 C,H, H NH, 229-231 C,;H;;N,O,S 77
3.10 CH, H CH, 214-216 C,HN,O,S 68
3.1 C,H, H C,H, 289-291 C,;H,0N;0,S 80
3.12 C,H, C,H, C,H, 233-235 C,;H,,N,O,S 73
3.13 C,H, H C.H,-4-Br 220-222 C,H,;BrN,O,S 69
3.14 C.H, H H 237-239 C,,H,N;O,S 76
3.15 CH, H NH, 198-200 C,,H,N,O,S 83
3.16 CH, H CH, 232-234 C,sHgN;O,S 71
3.17 CH, CH, CH, 233-235 C,,H,N,O,S 75
3.18 CH, H C,H, 225-227 C,oH,0N;O,S 63
3.19 C.H, H C,H,OH 231-233 C,oH,0N;O,S 86
3.20 CH, H C.H,-2-Br 187-189 C,H,,BrN,O,S 64
3.21 CH, H C.H,-4-Br 212-214 C,H,F.N,O,S 67
3.22 C.H, H C.H,-4-OCH, 179-181 C,H,,N,O,S 76

2-[4-R-5-(3’-methylxanthine-7’-yl)-1,2,4-triazole-3-ylthio]
acetic acid, then the corresponding amidated derivatives
of 2-[4-R-5-(3’-methylxanthine-7’-yl)-1,2,4-triazole-3-
ylthio]acetate acid are created. The solvent was evaporated,
the residue was crystallized. Interaction of 7°-((3-thio-4-
R-4H-1,2,4-triazole-5-yl)methyl)-3’-methylxanthine with
2-chloroacetamide in the NaOH presence leaded to high
yielded of corresponding amides (Fig. 1). Hydrazides of
2-[4-R-5-(3’-methylxanthin-7’-yl)-1,2,4-triazole-3-ylthio]
acetate acid were synthesized by the reaction of the cor-
responding esters of 2-[4-R-5-(3’-methylxanthine-7’-yl)-
1,2,4-triazole-3-ylthio]acetic acid with an aqueous hydrazine
hydrate solution in ethanol medium (Fig. 7).

The study of physical-chemical properties of the obtained
compounds was carried out using methods listed in the State
Pharmacopoeia of Ukraine. Melting points were determined
in open capillary tubes in a “Stanford Research Systems
Melting Point Apparatus 100” (SRS, USA). The elemental

analysis (C, H, N) was performed using the “Elementar vario
EL cube” analyzer (Elementar Analysensysteme, Germany).
IR spectra (4000 — 400 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-Mercury 400” spectrometer with SiMe, as internal
standard in DMSO-d, solution. Chromatography-mass spec-
tral studies were conducted on the instrument “Agilent 1260
Infinity HPLC” equipped with a mass spectrometer “Agilent
6120” (method of ionization — electrospray (ESI)).

Amides of 2-[4-R-5-(3 -methylxanthine-7-yl)-1,2,4-tri-
azole-3-ylthio]acetic acid (Table 1). Method A. To 0.01 mol of
prop-1-yl 2-[4-R-5-(3’-methylxanthin-7’-yl)-1,2,4-triazole-
3-ylthio]acetate and 35 ml of propan-1-ol 0.01 mol ofamine
was added, and mixture was heated for 3 hours. Filtrate was
cooled, diluted with 50 ml of water. The resulting precipitate
was filtered off and recrystallized from 1,4-dioxane (3.3-3.6,
3.10-3.13, 3.16-3.19) or ethanol (3.2, 3.9, 3.15). White
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Synthesis, structure and properties of N-R-amides and hydrazides of 2-[4-R-5-(3-methylxanthine-7’-yl)-1,2,4-triazole-3-ylthio]acetic acid

0
4 O{}N CH{I)—S 02 f/
H,C

341, 3.8, 3.14

HN H, ©  HN H2 //

N neon L Vgl o o{ N CHZJ\ )—s

(6] / /) 2 N \O —» R1 5
N l “C,H, "CH,OH

3.3-3.7, 3.10-3.13, 3.16-3.22

R = CH,, C,H,, CH R, =R, = H, CH,, C,H,, C,H,OH, C.H,-2-Br, CH,-4-Br, C;H,-4-OCH,

Fig. 1. The scheme of the synthesis of N-R-amides and hydrazides of 2-[4-R-5-(3’-methylxanthine-7’-yl)-1,2,4-triazole-3-ylthio]acetic acid.

crystals, slightly soluble in water and alcohols. Method B.
A mixture of 0.01 mol of ester and 10 ml 25 % aqueous
ammonia was refluxed for 12 hours. The obtained solution
was evaporated to dryness, the residue was crystallized from
ethanol. White crystals, slightly soluble in water and alcohols
(3.1, 3.8, 3.14). Method C. To a solution of 0.021 mol of
sodium hydroxide in 40 ml of water 0.02 mol of 7°-((4-R-5-
thio-4H-1,2,4-triazole-3-yl)methyl)theophylline was added.
The mixture was stirred until dissolved. Subsequently, 0.02
mol of alkylation agent (2-chloroacetamide, N-(2-bro-
mo-phenyl)-2-chloroacetamide, N-(4-bromophenyl)-2-chlo-
roacetamide, 2-chloro-N-(4-methoxyphenyl)acetamide) in
methanol or propan-2-ol was added to the obtained solution.
The obtained solution was evaporated to dryness, the residue
was crystallized from ethanol. White crystals, slightly soluble
in water (3.1, 3.7, 3.8, 3.13, 3.14, 3.20-3.22).

Hydrazides of 2-[4-R-5-(3 -methylxanthine-7’-yl)-1,2,4-
triazole-3-ylthio]-acetate acid (Table 1). A mixture of 0.010
mol of the corresponding ester and 0.011 mol of N,H, « H,O
in 50 ml of ethanol was boiled for 1 hour. The resulting
precipitate was filtered off, washed with ethanol and dried.
White crystalline substances, practically insoluble in water
and slightly soluble in alcohols (3.2, 3.9, 3.15).

Molecular docking. Based on the data obtained through
the online service PASS on-line, we have selected compounds
for further confirmation of possible activity (anti-inflamma-
tion) in silico. Studies were carried out by molecular docking
as an approach to the search for molecules with affinity for a
specific biological target. As biological targets, we used such

macromolecules from Protein Data Bank (PDB): the enzyme
COX-2 in combination with indomethacin and celecoxib
(PDB ID — 3LN1) [7]. The choice of biological targets is
made due to literary data on the mechanism of action of an-
ti-infectious agents [1]. The research methodology consisted
of the following stages: /) preparation of the ligand: con-
struction of structural formulas of compounds using program
MarvinSketch 6.3.0 and their preservation in mol-format [§];
generation of 3D structure of compound formulas — molec-
ular modeling (Hyper Chem 8 program using the method of
molecular mechanics MM+ and semi-empirical quantum me-
chanical method PM3, with the maximum number of cycles
and Polak-Ribiere algorithm and preservation of molecules
in PDB files); use AutoDockTools-1.5.6 to convert PDB — to
PDBQT files [9]; 2) preparation of enzymes: removal of water
molecules and ligand from a file using the software package
Discovery Studio 4.0 and preservation of the enzyme in PDB
format [10]; use AutoDockTools-1.5.6 to convert PDB- to
PDBQT-files [9]; 3) actual molecular docking: implemen-
tation of doking with the program «Vina» with the follow-
ing spatial parameters of the active center of the enzyme:
center x = 18.37, center y = -52.296, center z = 53.949,
size x=18,size_ y=16,size z=16 for COX-2 (3LNI)[11];
visualization of data using program Discovery Studio 4.0 [10].

Results and discussion

In the IR-spectra of the obtained compounds, the band of
absorption valence of the amide group of primary amides was
recorded in the region of 3480-3495 cm™ and in the range
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Table 2. Affinity (kcal/mol) of investigated compounds to cyclooxygenase-2

Affinity, (kcal/mol)

Affinity, (kcal/mol)

Affinity, (kcal/mol)

to COX-2 (3LN1) Ll to COX-2 (3LN1) il to COX-2 (3LN1)
3.1 7.7 38 77 3.15 8.2
32 7.1 3.9 7.7 3.16 7.7
33 7.7 3.10 77 3.7 76
34 7.6 3.11 7.7 3.18 7.7
35 68 3.12 7.1 3.20 8.0
36 7.7 313 7.9 3.20 8.1
37 7.9 3.14 7.7 Celecoxib 124

3390-3415 cm (CONH,), as well as at 1630-1675 cm’!
(CONH,). The absorption bands of the valence fluctuations
of secondary amides were recorded in the region of 3135—
3310 cm'. The band of deformation fluctuations of the N-H
bond was observed in the range 1605-1621 cm'.

In the IR-spectrum of hydrazide, an intense absorption band
was observed in the region of 16601665 cm™'. The band of
valence oscillations of the chemical bonds C=C and C=N
involved in conjugation has a frequency of 1620-1625 cm'.

In '"H NMR spectra of synthesized compounds there are
signals of protons with chemical displacements, which
confirm the structure of the obtained compounds. Signals
of alkyl and aryl protons of the amide residue are observed:
methylene groups in the range of 3.75-3.85 ppm, aromatic
protons multiplets — for compounds 3.74-3.22 (7.35-8.16
ppm) and the proton of the CONH group (7.05-7.13 ppm).
Intense signals of the protons of the methyl group of the xan-
thine fragment are fixed in the range of 3.35-3.37 ppm,
the signals of the methyl group of the triazolum fragment
are observed in the region at 3.62-3.66 ppm. The signal
of the methine protone of the xanthine fragment is written
as a singlet in the region of 8.05-8.12 ppm. The protons of
the thiomethylene fragment resonates at 3.88—4.00 ppm. as a
singlet. In compounds 3.20-3.22 the magnetic properties of
the protons of the phenyl substituent of the triazole fragment
and the aryl fragment of the amide group were so close that
their resonance frequencies practically coincided.

In the mass spectrum, there is a peak of the molecular ion
and peaks of fragment ions, which confirm this structure.

Based on molecular docking data, it was found that the com-
pounds that were tested for the study are characterized by a
moderate level of affinity for the COX-2 enzyme (Table 2).

For one of the compounds with the highest affinity, the com-
plex of the active site of the enzyme COX-2 was visualized
and it was established that 2-((5-((3’-methylxanthin-7’-yl)
methyl)-4-phenyl-4H-1,2,4-triazol-3-yl)thio)acetohydra-
zides are characterized by the formation of hydrogen bonds
of the second Nitrogen atom of the triazole fragment and
the Sulfur atom of the -S-CH,-C(O)-fragment with the amino
acid residues TYR341 and ARG106 respectively.

The comparable values of the scoring functions of the ref-
erence preparations and the compound under study indicate

the thermodynamic probability and energy favorability of
the formation of complexes between the molecule of the sub-
stance under study and the specified receptor.

Conclusions

A universal method for the preparation of N-R-amides and
hydrazides of 2-[4-R-5-(3’-methylxanthine-7’-yl)-1,2,4-tri-
azole-3-ylthio]acetic acid were developed. It was established
that reaction product yield of the interaction of the starting
thiol with 2-chloroacetamide is greater than that of the reac-
tion of the corresponding ester with ammonia.

Prospects for further research. According to the research
results it is planned to expand the line of this class of com-
pounds to identify promising biologically active compounds
among them.
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