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One of the most important tasks of modern pharmaceutical science is the search for new biologically active substances, which have high
efficacy and low toxicity. Derivatives of 1,2,4-triazole and theophylline are a promising class of compounds for synthesis of biologically
active substances on their basis, due to a wide range of biological activity of these heterocycles’ derivatives.

The purpose of work is the development of efficient methods for synthesis of new amides and hydrazides of 2-[4-R-5-(theophylline-
7’-yl)-1,2,4-triazole-3-ylthioJacetic acid (R = CH,, C,H,, C H,) with variation of the reactions conditions and the study of physical
properties of the obtained compounds.

Materials and methods. As a key source of reagents we used 7°-((3-thio-4-R-4H-1,2 4-triazole-5-yl)methyl)theophylline and esters
of 2-[4-R-5-(theophylline-7’-yl)-1,2,4-triazole-3-ylthio]acetic acid, which were obtained by known methods from readily available
raw materials. By heating in ethanol medium the corresponding amines (ammonia, methylamine, ethylamine, monoethanolamine,
diethanolamine), n-propyl ether 2-[4-R-5-(theophylline-7’-yl)-1,2,4-triazole-3-ylthio]acetic acid a series of amides of 2-[4-R-5-
(theophylline-7’-yl)-1,2,4-triazole-3-ylthio]acetic acid were obtained. Hydrazide of 2-[4-R-5-(theophylline-7’-yl)-1,2,4-triazole-3-
ylthio]acetic acid was synthesized by interaction of corresponding esters of 2-[4-R-5-(theophylline-7’-yl)-1,2,4-triazole-3-ylthio]acetic
acid with an aqueous solution of hydrazine hydrate in ethanol medium. The structure of the obtained compounds is confirmed by data
of elemental analysis, 'H NMR spectroscopy and IR-spectrophotometry. The individuality of substances is established by using high
performance liquid chromatography with diode-array and mass spectrometric detection.

Results. Optimal methods of obtaining amides and hydrazides of 2-[4-R-5-(theophylline-7’-yl)-1,2,4-triazole-3-ylthio]acetic acid have
been developed. Getting investigated amides by two alternative ways of synthesis, it was established that the initial interaction of thiol
with 2-chloracetamide proceeds with high yield product of the reaction compared to the reaction between a corresponding ester with
ammonia.

Conclusions. 15 amide and 3 hydrazide 2-[4-R-5-(theophylline-7°-yl)-1,2,4-triazole-3-ylthio]acetic acids have been synthesized, their
structure has been established and physical properties have been studied.
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Cunre3, 6ynoBa Ta Bi1acTuBocTi N-R-aminis i rinpasuais 2-[4-R-5-(Teodinin-7’-in)-1,2,4-Tpiazoesn-3-iario]-
aleTaTHOI KHCJIOTH

A. C. Toyyns

OpHMM 13 HAHBAKIIMBININX 3aBJaHb Cy4acHOI (papManeBTHYHOI HAYKH € MOUIyK HOBUX O10JIOT1YHO aKTUBHUX PEYOBHH, SIKi BOJIOILIN O
BHCOKOIO e(peKTHBHICTIO Ta HU3bKOIO TOKcHuHicTIO. [ToxinHi 1,2,4-Tpia3ony Ta Teo(iniHy € MepCIeKTHBHAM KIACOM XIMIYHHX CITOTYK
JUIsL CHHTE3Y Ha TXHiil OCHOBI 010JI0TYHO AKTUBHHUX PEYOBHH, IO 3yMOBJICHO IIMPOKHM CHEKTPOM Oi0JNIOTi4HOT aKTMBHOCTI MOXITHUX
IIUX TeTePOIMKIIB.

MeTa po6oTH — po3poOaeHHs e(heKTUBHUX METOIB CHHTE3Y HOBHX aMilliB i rixpasuais 2-[4-R-5-(teodinin-7’-i1)-1,2,4-Tpiazon-3-inrio]-
areratHol kuciotu (R = CHS, CZHS, CGHS) 1 TocIiKeHHS (PI3HYHHUX BIACTHBOCTEH CIIONYK, IO OTPUMAITH.

Marepianau Ta MeToau. SIK KIFOYOBI BHXi/IHI peareHTH BUKopuctamu 7°-((3-tio-4-R-4H-1,2,4-tpiazon-5-im)merun)reodinin Ta edipu
2-[4-R-5-(teodinin-7’-ixn)-1,2,4-Tpiazon-3-inTio |aneTaTHOI KMCJIOTH, KOTPi OTPUMAJIHX 32 BiJOMUMH METOAUKAMH 3 JIOCTYIHOI CHPOBHHH.
HarpiBaHHsIM B €TaHOJII BiIMOBIIHUX aMiHIB (aMOHiaK, METUJIAMiH, €THJIAMiH, MOHOCTAHOJIAMiH, IICTAHOJIAMIH) i3 H-TTPOMIJIOBHM ehipoM
2-[4-R-5-(teodinin-7"-i1)-1,2,4-Tpiazon-3-inrioJarerarHol KUCIOTH OTpUMaiIn psix amigiB 2-[4-R-5-(teodinin-7’-im)-1,2,4-rpiazomn-
3-inriolamerarHoi kucnotu. Bzaemoniero 7°-((3-tio-4-R-4H-1,2,4-Tpiazon-5-im)MeTrin)Teodisiny 3 2-XI0paneTamiioM y MpUCyTHOCTI
NaOH i3 BUCOKMME BHXOIaMH OTpHMaHi BiamoBinHi amimu. ['inpasunm 2-[4-R-5-(teodinin-7’-im)-1,2,4-Tpiazon-3-inTio |aneTaTHol
KHCIIOTH CHHTE30BaHi B3a€MOII€I0 BiAoBiqHNX edipiB 2-[4-R-5-(Teodinin-7’-im)-1,2,4-Tpiazomn-3-11Ti0o |aneTaTHOT KUCIOTH 3 BOJHUM
PO3YMHOM TiZpa3uH riipaty B cepeoBHILi eTaHory. CTpyKTypa CIOIyK, KOTPi OJlepKallH, MiITBepIKeHa JaHUMH eJIEMEHTHOTO aHaJIi3y,
'H SIMP-criekrpockorii Ta [Y-criekrpodoromerpii. [HANBixyansHiCTs peOBHH BCTAHOBICHA 32 TOIIOMOTOI0 BHCOKOE()EKTHBHOI PiANHHOT
xpomartorpadii 3 110HO-MaTPUIHOIO TA Mac-CIIEKTPOMETPHYHOIO AETEKILI€I0.

PesyabTaTn. Po3pobieHi onTumansHi METOIM OTPUMAaHHS aMifiB i rigpasuni 2-[4-R-5-(teodinin-7’-in)-1,2,4-Tpiazon-3-inrio]are-
TaTHOI KUCJIOTH. J[OCIII/DKEHO OTPHMaHHS aMiJliB 3a IBOMa aJbTePHATUBHIMH LIIIXaMH CHHTE3y 3 BUKOPUCTAHHSM BHXIJHOTO TiOy Ta
OTPHUMAHOT0 Ha HOT0 OCHOBI CKJIaHOTO ehipy: BCTAHOBWIIH, IO B3a€MOJIisT BUXITHOTO TiONy 3 2-XJI0parieTaMiioM nepebirae 3 61p0mmm
BHXOJIOM IIPOAYKTY peakiii MOpiBHIHO 3 PeaKiliero B3aeMoii BiJIITOBIIHOTO edipy 3 aMOHIaKoM.

BucnoBkn. Cunte3oBano 15 aminis i 3 rigpasuau 2-[4-R-5-(teodinin-7’-im)-1,2,4-Tpia3on-3-inrio|aneraTHoi KUCIOTH, BCTAHOBIICHA
IXHsI CTPYKTYpa Ta BUBUCHI (i3M4HI BIACTUBOCTI.

Kurouosi ciioBa: Teodinin, 1,2,4-rpia3on, aminy, riapa3uan, CHHTE3, Gpi3UdHi BIACTHBOCTI.
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Synthesis, structure and properties of N-R-amides and hydrazides of 2-[4-R-5-(theophylline-7"-yl)-1,2,4-triazole-3-ylthioJacetic acid

Cunre3, crpoeHue u cBoiictBa N-R-amuioB 2-[4-R-5-(Teopuaaun-7'-ui)-1,2,4-rpua3zon-3-wjirno]aneTaTHoi KHCJI0THI
A. C. Toyyns

OnHOl 13 BaKHEHIINX 3a/1a4 COBPEMEHHOI! (hapMaIleBTHUECKOH HAyKU SIBISIETCS MOMCK HOBBIX OMOJIOTMYECKH aKTUBHBIX BEILECTB,
KOTOpbIe 00J1aJal0T BBICOKOH d((PEKTHBHOCTBIO U HU3KOH TOKCHYHOCTBIO. [Ipon3Boansie 1,2,4-Tpuaszona u Teo)UUIMHA SBISIOTCS
MIePCTICKTUBHBIM KJIACCOM XUMHWYECKUX COSANHEHHH ISl CHHTE3a Ha HX OCHOBE OMOJIOTMYECKN aKTHBHBIX BEIIECTB, YTO 00YCIIOBICHO
HIMPOKHM CIIEKTPOM OMOJIOIHYECKOil aKTHBHOCTH IPOM3BOIHBIX ATHX T€TEPOIMKIIOB.

Lleas paGoTsI — pa3paboTka 3pPEKTHBHBIX METOJJOB CHHTE3a HOBBIX aMHIOB U THAPa3uaoB 2-[4-R-5-(teopmwuna-7’-mn)-1,2,4-Tpua-

301-3-unrro |aneratHoi kucnotel (R = CH,, C H,, C H,) n nccnenosanue Gpu3uuecknx CBOMCTB MOTYYEHHBIX COSTMHEHAN.

MarepuaJjibl 1 MeTOIbI. B KauecTBe KITIOUEBBIX HUCXOTHBIX PEarceHTOB MCIONb30BaHbl 7°-((3-tno-4-R-4H-1,2,4-Tpuaszon-S-um)me-
THI)TeOQWIIMH U dPUpsl 2-[4-R-5-(Teodummmn-7’-nn)-1,2,4-1pra3on-3-1iITHO |alieTaTHOH KHUCIIOTHI, KOTOpbIe OBUIN ITOIYYEHBI 110
M3BECTHBIM METOJMKAM U3 JOCTYITHOTO ChIpbs. HarpeBanneM B 3TaHOJIE COOTBETCTBYIOMINX AMHHOB (AMMHAK, METUIIAMUH, STHIAMHH,
MOHOATaHOJIAMUH, JIUITAHOIAMHH) C H-TIPOIHIOBBIM 3dupoM 2-[4-R-5-(teodpmmann-7’-mn)-1,2,4-Tpra3on-3-uitHo|aneTaTHol Kuc-
JIOTHI TOJTy4eH psift aMu0B 2-[4-R-5-(Teodmmmn-7’-m)-1,2,4-rpuaszon-3-untro JaneraTHoil KuciaoTsl. B3aumoneticrsuem 7°-((3-tuo-
4-R-4H-1,2,4-tpuazon-S-un)metuin)reopunnHa ¢ 2-xmopanetraMuioM B npucyTcTBur NaOH ¢ BBICOKHMMH BBIXOAaMHU HOTYyYEHBI
cOOTBeTCTBYyIOIMEe aMuabl. ['uapasunst 2-[4-R-5-(teodpumnmnn-7’-wmin)-1,2,4-rpra3on-3-uiaTno|aneTaTHol KUCIOTH CHHTE3UPOBaHBI
B3aMMOJICHCTBHEM COOTBETCTBYIOIIUX dPHUPOB 2-[4-R-5-(Teodmmmun-7"-mn)-1,2,4-Tpra3on-3-miTno |aieTaTHOH KUCIOTHI ¢ BOJAHBIM
pacTBOPOM THIPA3UH T'UAPaTa B cpejie 3Tanona. CTpyKTypa HOMy4IeHHBIX COSANHEHUH TOATBEPK/IeHA JaHHBIMU YJIEMEHTHOTO aHAIIN3a,
'H SIMP-criekrpockonuu U MK-criekrpodoromerprn. NHIMBHIYalbHOCTh BEIIECTB YCTAHOBJICHA C MTOMOIIBIO BHICOKOI(P(EKTHBHOM
KHUIKOCTHOH XpoMaTorpaduy ¢ ANOTHO-MATPUIHOM U MacC-CIEKTPOMETPUIECKON ICTEKIHEH.

Pesynbrarsl. Pa3paboraHb! onTrManbHbIe METObI MOIYYEHNS aMUIOB U TUApa3uaoB 2-[4-R-5-(teodumtun-7"-nn)-1,2,4-Tpuazon-3-ui-
THO|anieTaTHOH KUCIIOTHI. cciie[oBano moydeHrne aMuIoB IByMs aJIbTEPHATUBHBIMH ITy TSIMH CHHTE3a C HCHOJIL30BAaHUEM HCXOIHOTO
THOJIa ¥ TOJY4EHHOTO Ha €ro OCHOBE CIOXKHOTO 3(hHpa: yCTaHOBJICHO, YTO B3aUMOJCHCTBHE HCXOHOTO THOJA C 2-XJI0palleTaMII0M
IIPOTEKAET ¢ OOIBIINM BBIXOJIOM IIPOAYKTA PEaKLU B CPABHEHHUH C peaKLieil B3auMOeHCTBUS COOTBETCTBYIOLIET0 3hHpa C aMMHAKOM.

BriBoabl. CunresupoBano 15 amunos u 3 runpasuna 2-[4-R-5-(teopummmn-7’-nm)-1,2,4-Tpra3on-3-niITHo |aineTaTHOH KUCTIOTH, yCTa-

HOBJIEHA UX CTPYKTypa U U3y4eHbI (H3UIECKUE CBONCTBA.

KarwueBsie cioBa: TeodpmmvH, 1,2,4-Tpra3on, aMuIbl, THAPA3HIBI, CHHTE3, (PH3HYCCKIE CBOICTBA.
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One of the important tasks of modern pharmaceutical
science is the search for new biologically active sub-
stances that have high efficiency and low toxicity [1,8,9].
The derivatives of 1,2,4-triazole-3-thiol and theophylline are
a very promising class of chemical compounds for the synthe-
sis of biologically active compounds based on them, due to
the wide spectrum of biological activity of these heterocycles’
derivatives [2—7,10]. Objective reasons for the search for a
number of 1,2,4-triazol-3-thiol and theophylline derivatives
are the high synthetic and pharmacological potential of these
synthones [2,5,7,10]. Our attention was drawn to previously
unexplored amides and 2-[4-R-5-(theophylline-7’-yl)-1,2,4-
triazole-3-ylthioJacetic acid.

The purpose of the work

The purpose of the work is the synthesis of new amides and
hydrazides of 2-[4-R-5-(theophylline-7’-yl)-1,2,4-triazol-3-
ylthio]acetic acid and the study of their physical properties.

Materials and methods

As the key starting reagents, we used 7°-((3-thio-4-R-4H-
1,2 4-triazol-5-yl)methyl)theophylline ester 2-[4-R-(theophy-
lline-7’-yl)-1,2,4-triazol-3-ylthio]acetic acid, which were
obtained by known methods from available raw materials.
In the course of the research, it was found that by heating in
ethanol, the corresponding amines (ammonia, methylamine,
ethylamine, monoethanolamine, diethanolamine) from
n-propyl ethers 2-[4-R-5-(theophyllin-7’-yl)-1,2,4-triazole-
3-ylthio]acetic acid are formed to 2-[4-R-5-(theophyllin-
7’-yl)-1,2,4-triazol-3-ylthioJacetic acid amides. The solvent

was evaporated, the residue crystallized. Interactions of
7°-((3-thio-4-R-4H-1,2 4-triazol-5-yl)methyl)theophylline
with 2-chloroacetamide in the presence of NaOH in high
yields yielded the corresponding amides (Fig. /). Hydrazides
2-[4-R-5-(theophylline-7’-yl)-1,2,4-triazol-3-ylthio]acetic
acid are synthesized by the interaction of the corresponding
esters of 2-[4-R-5-(theophylline-7’-yl)-1,2 4-triazol-3-ylthio]-
acetic acid with an aqueous solution of hydrazine hydrate in
ethanol (Fig. I).

The study of physical-chemical properties of the obtained
compounds was carried out using methods listed in the State
Pharmacopoeia of Ukraine. The melting point was deter-
mined using capillary method on Stanford Research Systems
Melting Point Apparatus 100 (SRS, USA). The structure of
the compounds was confirmed with elemental analysis on
Elemental Vario EL cube (Elementar Analysensysteme, Ger-
many), IR spectra (4000400 cm™) were taken off the module
ALPHA-T of Bruker ALPHA FT-IR spectrometer (Bruker
optics, Germany). Chromato-mass-spectral studies were
carried out on the instrument Agilent 1260 Series LC/MSD
System, method of ionization — electrospray (ESI).

Amides of 2-[4-R-5-(theophyllin-7°-yl)-1,2,4-triazol-3-
ylthio]acetic acid. A. To 0.01 mol of ester of 2-[4-R-5-(the-
ophyllin-7’-yl)-1,2,4-triazol-3-ylthio]acetic acid, 0.01 mol
of amine and 35 ml of propanol-1 are added, then heat for
3 hours. Water is added to the cooled reaction medium.
The resulting precipitate is filtered off and recrystallized
from 1,4-dioxane (2—6, 8—12, 14—18) or ethanol (1, 7,
13). White crystals, slightly soluble in water and alcohols
(Table I). B. A mixture of 0.01 mol of ester and 10 ml of
concentrated aqueous ammonia (25 %) is boiled for 12 hours.
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Table 1. Amides and hydrazides of 2-[4-R-5-(theophyllin-7’-yl)-1,2,4-triazol-3-ylthio] acetic acid

ch\N 0 N—N
_ A\
R
| N R
CH

3

_0

C/

N-R

H

1

Compound R R, M.p.,°C Molecular formula Yield, %
1 CH, H 150-151 C,H,N,0,S 83
2 CH, CH, 187-189 C,H,:N,0,S 79
3 CH, CH. 229-231 C,.H,N,0,S 72
4 CH, (CH,),0H 211-213 C,.H,N,0,S 77
5 CH, (C,H,0H), 280-285 C,H,N,0.S 84
6 CH, NH, 245-247 C,,;H,N,0,S 81
7 CH, H 237-240 C,H,:N,0,S 77
8 CH. CH, 182-185 C,.H,N,0,S 85
9 CH. CH. 160-162 C,H,N,0,S 84
10 CH, (CH,),0H 192-194 C,H,N,0,S 72
11 CH, (C,H,0H), 209-211 C,;H,N,0.S 78
12 CH. NH, 240-242 C,HN,0,S 71
13 CH. H 231-233 C,H,N,0,S 69
14 CH, CH, 176-177 C,HyN,0,S 58
15 CH, C,H, 194-196 C,,H,,N,0,S 65
16 C.H. (CH,),0H 234-235 C,H,N,0,S 84
17 CH. (C,H,0H), 210-212 C,H,N,0.S 75

CH, NH, 239-241 C,H,,N,0,S 79
HsC\N 0 N—N W0
O{}N—C&% Ms—c-Z
NH,OH \ 2 I}l NH,
-ROH (Ij y N R
3 1,7,13
HC. o o HC o N—N
37N N—N ~ N H
N N-CH 4 )-S_E'Z_C//O—&»04 ) N—CHZ% Y s
O’J\ / ) 2 N \OR -ROH N /) ,Tl NR,R,
N 7 | 1 N
LN R eH R
CH, s
2-5, 8-11, 14-17
H.C 0
3\ N—N
el N N-cH, )—s—gz—c//o
-ROH ol ] )N “N—NH
N N/ | H 2
| R
CH, 6,12, 18

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

The resulting solution is evaporated; the residue is crystal-
lized from ethanol. White crystals are insoluble in water and
alcohols. Washed with ethanol and dried. White crystalline
substances, practically insoluble in water and slightly soluble
in alcohols.

Results and their discussion

The presence of the amide group in the IR-spectrum of
the obtained compounds was confirmed by the presence
of characteristic absorption bands in the region of 3132—
3370 cm™' (CONH,) and in the region 1630-1675 cm!
(CONH,). The absorption band of the secondary amino
group was observed in the range of 3165-3200 cm™'. The
IR—spectrum of compounds 4, 5, 11, 12, 17, 18 in addition to
the above has an additional absorption band within 950-890
cm™!, indicating the presence of OH-groups.

In the NMR 'H synthesized compounds, signals of protons
with chemical displacements are present, which confirm
the structure of the resulting compounds. Signals of protons
of methylene groups (3.75-3.85 ppm), aromatic prototype
multiplets — for compounds 13—18 (7.25-8.16 ppm). In ad-
dition, proton of amide NH—group (7.65-7.93 ppm), a proton
of the hydroxyl group (2.09—4.71 ppm). Intense signals of

protons of methyl groups of the xanthine fragment are re-
corded in intervals at 3.15-3.30 ppm, and at 3.50-3.60 ppm.
The signal of the methyl proton of the indicated fragment
is registered in the form of a singlet in the range of 8.30—
8.43 ppm. The protons of the thiomethylene moiety resonate
at 3.88 ppm in the form of a singlet. In compound 13, the mag-
netic properties of the protons of the phenyl substituent and
the amide group were so close that their resonance frequencies
practically coincided: in spectra for protons signals of these
two groups one single multiplier with a total intensity of 7H
can be observed at 6.65-7.75 ppm.

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

Conclusions

A universal method for the preparation of 2-[4-R-5-
(theophylline-7’-yl)-1,2,4-triazol-3-ylthio]acetic acid
amides and hydrazides was developed. It was estab-
lished that while the interaction of the starting thiol with
2-chloroacetamide the product yields of the reaction are
greater than in the reaction of the corresponding ester
with ammonia.
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