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The large synthetic potential and high biological potential in the series of 1,2,4-triazole derivatives cause favorable conditions for the
search for new biologically active substances. A special attention is paid to the possibility of introducing various substituents at the stage of
1,2,4-triazole-3-thiol structure formation. At the same time, derivatives of xanthine are known as the basis for obtaining a wide range of drugs.

The aim of this work was the synthesis and properties’ study of new compounds in the series of esters of 2-[5-((theophylline-7'-yl)
methyl)-4-R-1,2,4-triazole-3-ylthio]acetic acids.

Materials and methods. The strategy of the synthesis of all target products of the reaction was based on the use of theophylline as
starting material. To obtain the intermediate thiol we used reactions of esterification, nucleophilic substitution, hydrazinolysis and
intermolecular alkaline heterocyclic. The esters of 2-[ 5-((theophylline-7'-yl)methyl)-4-R-1,2.4-triazole-3-ylthio]acetic acid were obtained
by two methods. The melting point was determined using capillary method on OptiMelt MPA 100 (SRS, USA). The structure of the
compounds was confirmed with elemental analysis on Elemental Vario EL cube (Elementar Analysensysteme, Germany), IR spectra
(4000400 cm™) were taken off the module ALPHA-T of Bruker ALPHA FT-IR spectrometer (Bruker optics, Germany). Chromate-
mass-spectral studies were carried out on Agilent 1260 Series LC/MSD System.

Conclusion. The optimal conditions of obtaining esters of 2-[5-((theophylline-7'-yl)methyl)-4-R-1,2,4-triazole-3-ylthio]acetic acid
have been determined. 15 not described previously compounds have been synthesized, its structure has been confirmed by physical
and chemical methods of analysis. It has been established that the synthesis of esters of 2-[5-((theophylline-7’-yl)methyl)-4-R-1,2,4-
triazole-3-ylthio]acetic acid proceeds with greater yield, if they are gotten directly from the thiol.
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CuHres i B1actuBocTi ectepis 2-[4-R-5-(Teodinin-7'-in)-1,2,4-Tpiazon-3-inriolaneraTrHoi kuciaoTu
A. C. Toyyns

Benuki CHHTETHYHI MOJKIIMBOCTI Ta BUCOKHUH O10IOTTYHUHN MOTEHLIaN y psIy MOXigHUX 1,2,4-Tpia3oimy 3yMOBIIOIOTE CIPHATINB] yMOBH
MOIITYKY HOBUX 010JIOT1YHO aKTUBHUX pedoBUH. OCOONMMBY PUBAOIUBICTH TAKOXK BUKIMKAE MOKIIMBICTh YBEICHHS Pi3HUX 3aMiCHHUKIB
Ha erami (opMyBaHHs CTPYKTypH 1,2,4-Tpia3on-3-Tiomy. BogHowac moxinHI KCAaHTHHY BiJIOMI SIK OCHOBA JJISi OTPHMAHHS ITHPOKOTO
CHEKTpa JIKapChKHUX 3aC00iB.

Meta podoTH — CUHTE3 | BUBYCHHS BIACTUBOCTEH CIOIYK y psiny ckiagnHux edipis 2-[5-((teodinin-7’-im)mermn)-4-R-1,2,4-rpiazon-
3-inTio]ameTarHoi KHCIOTH.

Marepiaan ta Metoau. Crparerist CHHTE3y BCiX HITbOBHX MPOAYKTIB peakiii 0a3yBaiach Ha BUKOPUCTAHHI TeO(iTiHY SIK BHXiTHOT
pedoBuHU. N OTpUMaHHS MPOMIKHOTO TiOMy BHKOPHCTaHI peakuii erepudikarii, HykIeopiIbHOTO 3aMillleHHs, T1Ipa3sHHOMI3y Ta
BHYTPIITHOMOJIEKYIISIPHOT JTy>kHOT reteporukiizanii. Edipu 2-[5-((Teodinin-7’-im)mermn)-4-R-1,2,4-tpiazon-3-inrioaneraTHoi Kuc-
JIOTH OJIeprKaHi 3a JBoMa MeToziaMu. byioBa pedoBHH MiATBEpAXKEHA 3a JIOHOMOI'0I0 €IIEMEHTHOTO aHaui3y Ha npunai Elementar Vario
EL cube (CHNS), I4-cniekrpu (4000400 cm™) 3usti Ha momyni ALPHA-T cnekrpomerpa Bruker ALPHAFT-IR. 'H SIMP crekrpu
CTIONYK 3aIMCcaHi 3a JonoMoroko crniekrpomerpa «Mercury 400» (pozuuannk — JIMCO-d,, BHyTpilHiif cTaHIAPT — TETPAMETHIICHIIAH).
Xpomaro-Mac-CIeKTpaibHi JoCIiuKeH s 3ailicHnmm Ha npwiani Agilent 1260 Series LC/MSD System.

BucnoBku. BeTanoBwim ontuManbHi yMOBH OTpuMaHHS edipiB 2-[5-((teodinin-7’-im)mernin)-4-R-1,2,4-Tpia3on-3-inrio]anerarHol
kucnor. CuHTe3yBanu 15 crionyk, 1o He ONUCcaHi B HAyKOBIiH JIiTepaTypi paHilie, CTPYKTypa SKUX MiATBepDKeHa (Pi3HKO-XIMIYHIMHI
MeTofaMH aHaii3y. BeranoBuiu, mo curte3 edipiB 2-[5-((teodimin-7’-im)mernn)-4-R-1,2,4-tpia3zon-3-inTio]aneraTHoi KHCIOTH Te-
pebirae 3 OLIBIIAM BHXOOM, SKIIO X OTPUMYBATH OE3IOCEPEIHBO 3 TIOMY.

KurouoBi cioBa: 1,2,4-Tpia3on, Teodinin, (pi3udHI BIACTUBOCTI, OpraHIiYHUI CHHTE3, eipH.

AKTyaJbHi nUTaHHS ¢apManeBTHYHOI i MeANYHOI HayKkH Ta npakTuku. — 2017. — T. 10, Ne 2(24). — C. 124-128

Cunre3s u cBoiicTBa 3¢upoB 2-[5-((reopunaun-7"-ua)merni)-4-R-1,2,4-rpuazon-3-wirnolaneraTHoil KHCJIOTHI

A. C. Toyyna

Bonpime cuaTeTHYECKME BO3MOXXHOCTH 1 BEICOKHI OMOJIOTHYECKUH ITOTEHIIUAM B PSAY IPOU3BOAHBIX 1,2,4-Tprazoina 00yCIOBINBAIOT
OIAaronpHATHBIC yCIOBUS IS TOMCKA HOBBIX OMOJIOTHYECKH aKTHBHBIX BemiecTB. Oco0yro MPHBIEKATEIFHOCTh TAK/KE BBI3BIBACT BO3MOK-
HOCTb BBEACHHSI PA3JIMYHBIX 3aMECTUTEIICH Ha dTare GOPMUPOBAHUS CTPYKTYpHI 1,2,4-Tprazon-3-Tuona. B To ke Bpemst Mpon3BoaHbIE
KCaHTUHA U3BECTHBI KaK OCHOBA JUIA IOJIy4YCHHUS HIUPOKOI'o CIIEKTPa JICKAPCTBEHHBIX CPEIACTB.

Ilesab padoThl — CUHTE3 U MU3YUYCHUE CBOWCTB COCIMHEHUHN B PAMy CIOXKHBIX 3GupoB 2-[5-((Treopumnun-7'-mr)mernn)-4-R-1,2,4-tpu-
a30J1-3-WJITHO |alleTaTHOW KHUCIIOTHI.

MarepuaJjbl 1 MeTofibl. CTpaTernst CHHTe3a BCEX IIENEBBIX MPOIYKTOB PEeakIUu 0a3upoBanach Ha MCIOIb30BAHUH B KaueCTBE HC-
XOIHOTO BeIecTBa TeoQmUIMHA. [T MOMydeHHsI IIPOMEXYTOYHOTO THOIA OBIIM MCHOJIB30BaHbl PEaKINHU dTepUPHUKAINHN, HYKIEO-
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Synthesis and physical properties of esters of 2-[5-((theophylline-7"-yl)methyl)-4-R-1,2,4-triazole-3-ylthio]acetic acid

(UIBHOTO 3aMeIleHH s, THIPA3UHOIN3a U BHYTPHUMOJICKYISIPHON IIEIOYHON TreTepounkiu3anud. Ddups! 2-[5-((teodusmmmn-7"-1m)
Metmin)-4-R-1,2,4-Tpra3on-3-miTHo |alieTaTHEIX KUCIOT HOJIy9IeHBb! AByMst MeTofaMu. CTpoeHHE BEIIeCTB MOATBEPKICHO C ITOMOIIBIO
9IIEMEHTHOTO aHasm3a Ha mprubope Elementar Vario EL cube (CHNS), UK-criektpsi (4000400 cm™) casitel Ha Moyie ALPHA-T criek-
tpomerpa Bruker ALPHA FT-IR. 'H SIMP crieKTpbl COeTMHEHNU# 3alIMCaHbl C ITOMOIIBIO criekTpomerpa «Mercury 400» (pacTBOpUTEINH —
HAMCO-d,, BHyTpeHHHUI CTaHIAPT — TETPAMETHIICHNIAH). XpOMATO-Macc-CIEKTPAILHBIE HCCIIEN0BaHHU TIPOBOIWIIHN Ha Ipubope Agilent
1260 Series LC/MSD System.

BrIBoaBI. YcTaHOBIEHB! ONTHMAJIBHBIE YCIOBUS moiydeHust 3¢pupos 2-[5-((teopummun-7"-mwa)mern)-4-R-1,2,4-tpuazon-3-uinrno)
areTaTHOU KHCIoThl. CHHTE3MpOBaHO 15 paHee He ONMMCAHHBIX B HAYIHOH IUTEpaType COSANHEHHH, CTPYKTypa KOTOPBIX TIOATBEP KICHA
(H3UKO-XMMHYECKUMH METO/IaMHU aHaJi3a. YCTAHOBJICHO, YTO cHHTE3 3¢pupoB 2-[5-((teodumun-7"-un)mernn)-4-R-1,2,4-rpuazon-3-

HHTHO]aHeTaTHOﬁ KHCJIOTBI ITPOTEKACT C 0OJIBIIUM BbBIXOJI0M, €CJIU UX I0Jy4aThb HEIMOCPEACTBEHHO U3 THOJIA.

KuroueBsie ciioBa: 1,2,4-tpuason, TeopuuinH, GU3NKO-XUMUYECKHE CBOMCTBA, OPraHMYECKHIA CHHTE3, d(HPHI.
AKTyaJIbHble BOIIPOCHI (hpapManeBTUYECKOH U MeIUIMHCKONH HayKkH U npakTuku. — 2017. — T. 10, Ne 2(24). — C. 124-128

he creation of new highly effective medicines is one of the
main tasks of modern pharmaceutical industry [5]. Signifi-
cant interest in search for compounds with high pharmacological
activity is paid to derivatives of 1,2,4-triazole and 1,3-dime-
thylxanthine [1,3,4,7]. Therefore, it was deemed appropriate
to combine these two famous sinton within a single molecule.
Ethers of 2-[5-((theophylline-7'-yl)methyl)-4-R-1,2,4-tri-
azole-3-ylthioJacetic acid are widely used in organic chemi-
cals and pharmaceutical intermediates [2,3,7-11]. Ethers
of 2-[5-((theophylline-7'-yl)methyl)-4-R-1,2,4-triazole-3-
ylthioJacetic acids is an understudied group of compounds,
which creates conditions for their own data supplement
information regarding this class of compounds.

Aim of the work

The aim of this work was the synthesis and properties’ study
of new biologically active compounds in the series of esters
of 2-[5-((theophylline-7'-yl)methyl)-4-R-1,2,4-triazole-3-
ylthio]acetic acid.

Materials and methods

To achieve this goal the following experimental methods
of organic chemistry have been used: synthesis and chemical
analysis with using IR-, '"H NMR-spectroscopy, and chroma-
tography-mass-spectrometry and elemental analysis.

The melting point was determined using capillary me-
thod on OptiMelt MPA 100 (SRS, USA). The structure of
the compounds was confirmed with elemental analysis on
Elemental Vario EL cube (Elementar Analysensysteme,
Germany), IR spectra (4000-400 cm™') were taken off the
module ALPHA-T of Bruker ALPHA FT-IR spectrometer
(Bruker optics, Germany).

Gear Liquid Chromatography System with Mass spectro-
metric detector (Agilent Technologies, USA): Agilent 1260
Infinity HPLC System (degasser, binary pump, autosampler,
thermostat column, diode-array detector); single quadrupole
mass spectrometer Agilent 6120 with electrospray ionization
(ESI); Open LAB CDS Software. Terms of HPLC-MS study:
1) binary gradient—A: H,O (0.1 % solution of HCOOH), B:
CH,CN (0.1 % solution of HCOOH); 2) Column: Zorbax
SB-C18;30 mm x 4.6 mm x 1.8 mm; 3) column temperature:
40 °C; 4) DAD: 210, 254 nm; 5) ion source: APIES; 6) scan-
ning range m/z: 160—-1000; 7) fragmentor: 10 V; 8) positive

polarity; 9) nitrogen temperature — 300 °C; 10) Nebulizer
pressure 40 psig; 11) the rate of drying gas (nitrogen) —
10 /min.

The strategy of the synthesis of all target products of the
reaction was based on the use of theophylline as starting ma-
terial. To obtain the intermediate thiol we used esterification
reaction, nucleophilic substitution, hydrazinolysis and inter-
molecular alkaline heterocyclic [6]. The esters of 2-[5-((theo-
phylline-7"-yl)methyl)-4-R-1,2,4-triazole-3-ylthio]acetic acid
were obtained by two methods.

The first method (A) involves the interaction of 7°-((3-thio-
4-R-1,2,4-triazole-5-yl)methyl)theophylline with ethyl
ether of bromacetic acid in the presence of equimolecular
amount of alkali. The second method (B) involves esterifi-
cation 2-[5-((theophylline-7'-yl)methyl)-4-R-1,2,4-triazole-
3-ylthio]acetic acid with methanol, ethanol, propanol-1,
propanol-2 and butanol-1 in the presence of a catalytic amount
of concentrated sulfuric acid. Synthesis of 2-[5-((theophyl-
line-7'-yl)methyl)-4-R-1,2,4-triazole-3-ylthio]acetic acid was
carried out by known method in double excess of sodium
hydroxide with 2-chroacetic acid [6].

After the reaction, the excess alcohol is evaporated; the
residue first washed thoroughly with a solution of sodium bi-
carbonate, then with water, precipitation was filtered, washed
with water and dried. For the analysis the esters /—/5 were pu-
rified by recrystallization from a mixture ethanol-water 3:1.

The purity and structure of the obtained compounds has been
confirmed using 'H NMR spectroscopy, elemental analysis, IR
spectrophotometry and gas chromatography-mass spectrometry.

The esters of 2-[5-((theophylline-7'-yl)methyl)-4-R-1,2,4-
triazole-3-ylthio]acetic acid (Fig. 1)

A. A mixture of 0.01 mole 2-[5-((theophylline-7'-yl)me-
thyl)-4-R-1,2 4-triazole-3-ylthio]acetic acid, 35 ml of the ap-
propriate alcohol (methanol, ethanol, propanol-1, propanol-2
and butanol-1) and 1 ml of concentrated sulfuric acid is boiled
for 10 hours, the solvent is evaporated, the residue is neutra-
lized with a solution of sodium hydrogencarbonate. Thus we
receive compounds /-15. The synthesized compounds are
white crystalline substances, soluble in solutions of alkalis
and carbonates of alkali metals, insoluble in water, soluble
in organic solvents. For the analysis of esters are purified by
recrystallization from the mixture ethanol-water 3:1.

B. To the solution of 0.01 mol sodium hydroxide in 5 ml of
water the 0.01 mol of corresponding 7°~((3-thio-4-R-1,2,4-tri-
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Fig. 1. Synthesis of esters of 2-[5-((theophylline-7'-yl)methyl)-4-R-1,2,4-triazole-3-ylthio]acetic acid.

azole-5-yl)methyl)-theophylline was added in 50 ml of ethanol
and 0.01 mol ethyl ether of 2-chloracetic acid, boil for 1 hour,
the solvent was evaporated and the residue was washed with
water. Purified, crystallized from ethanol-water (3:1).

Sample mixing substances obtained by methods A and B
gave no depression of melting point.

Results

The resulting compounds are white crystalline substances,
practically insoluble in water, soluble in alcohols and 1,4-di-

Table 1. Physical-chemical properties of the synthesized compounds

ﬁi»

3

N\

R

oxane (7able I). In the IR-spectra of the compounds the
stretching vibrations of the groups C=0 appear in the region
of 17301715 cm’!, bands of medium intensity at 1310—
1250 cm™ at 1110 cm™ attributed to C-O-bond of esters
group. Also fixed the deformation vibrations of the fragment
N-CH, at 1426 cm, a fragment of O-CH, at 1455 cm™ and
fragment -CH, at 1375 cm™. A fragment of xanthine N-CH
is recorded in the form of stretching vibrations at 2820-2730
cm™. Group -CH.- is observed in the form of stretching vi-
brations at 2940-2915 cm™ (v, ) at 2870-2845 cm™ (v ) and

N
S/\\( "R,

Ne R R, M. p., °C Empirical formula Yield, %
1 CH, CH, 148-151 C,H,N,0,S 71
2 CH, C,H, 125-127 C,H,N,0,S 63
3 CH, CH, 134-136 CH,N,0,S 82
4 CH, CH,i 123-125 C,H,N,0,S 85
5 CH, C,H, 117-119 C,H,N,0,S 69
6 C,H, CH, 130-132 C,HN,0,S 77
7 C,H, CH, 114-116 CH,N,0,S 62
8 C,H, CH, 128-130 C,H,N,0,S 79
9 C,H, CHAi 136-138 C,H,N.O,S 71
10 C,H, C,H, 112-114 CH,N,0,S 82
1 C,H, CH, 147-149 C,HN,0,S 80
12 CeH, C,H, 104-107 C,,H,N,0,S 74
13 C,H, CH, 108-112 C,H,,N.O,S 77
14 C,H, CH,i 137-139 C,H,N.O,S 71
15 CiH, C,H, 128-130 C,,H,.N,0,S 68
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Synthesis and physical properties of esters of 2-[5-((theophylline-7"-yl)methyl)-4-R-1,2,4-triazole-3-ylthio]acetic acid

Cont. Table 1
Ne Found, % Estimated, %
C H N S C H N S

1 44.24 4.53 25.89 8.43 4432 4.52 25.84 8.45
2 45.87 4.86 24 .87 8.16 45.79 4.87 24.92 8.15
3 47.24 5.19 24.03 7.86 4717 5.20 24.06 7.87
4 47.09 5.21 24.10 7.88 4717 5.20 24.06 7.87
5 48.55 5.51 23.20 7.60 48.45 5.50 23.26 7.61
6 45.71 4.86 24.94 8.16 45.79 4.87 24.92 8.15
7 47.26 5.21 24.01 7.86 4717 5.20 24.06 7.87
8 48.34 5.49 23.31 7.62 48.45 5.50 23.26 7.61
9 48.35 5.49 23.30 7.62 48.45 5.50 23.26 7.61
10 49.56 5.80 22.48 7.37 49.64 5.79 22.51 7.36
1 51.57 435 22.16 7.23 51.69 4.34 22.21 7.26
12 52.63 4.66 21.57 7.03 52.74 4.65 21.53 7.04
13 53.82 4.95 20.84 6.82 53.72 4.94 20.88 6.83
14 53.81 4.93 20.91 6.84 53.72 4.94 20.88 6.83
15 54.53 5.20 20.32 6.64 54.65 5.21 20.28 6.63

the deformation vibration at 1480-1440 cm™'. Purine cy-
cle causes the appearance of stretching vibrations in the
high-bandwidth of C-H at 3060-3010 cm™, deformation
vibrations of C-H at 1000-960 c¢cm, 875-775 ¢m™ and
vibrations of a ring in the middle lane at 1580-1520 cm''.
The study of "H NMR spectra has been discovered and
helps to analyze a number of patterns. The protons of the
methyl radicals in the first and third position of the xanthine
cycle reflected the characteristic singlet’s at 3.27 ppm and
3.40 ppm respectively. The proton at Carbon atom at the
eighth position of the loop of theophylline resonates with
8.35 ppm. Protons of methylene group between the Carbon
atom at the seventh position of theophylline and a Carbon
atom in the fifth position of the 1,2,4-triazole resonate in the
span of 6.20—6.17 ppm. Protons of the methyl radical in the
fourth position of 1,2,4-triazole are placed in a strong field
at 3.73 ppm. At the same time a quadruplet -CH, - group and
a triplet -CH, groups resonated in the interval of 4.35 ppm
and 1.21 ppm respectively. The protons of the phenyl radical
are presented in the form of a number of signals, the second
and sixth protons resonate doublet of doublets at 7.73 — of
7.69 ppm. Third and fifth protons resonate one multiplet’s
7.50-7.44 ppm; fourth proton is represented by a triplet at
7.65-7.58 ppm. Protons of the fragment -S-CH_ - represented
by a singlet in the interval of values of 4.09 is 4.03 ppm.
Protons of esters group fragment — OCH, resonate in the
form of the singlet at 3.55 ppm. In the "H NMR spectrum
of compound (2), the signals of the protons of CH,-CH,- of

esters group appear in the region of 1.31 ppm in the form of
the singlet. The doublet in the region of 4.30 ppm assigned
to the proton of CH,-CH, of esters group. The protons of
the fragment (CH,),CH- resonate in the form of a doublet
at 1.25 ppm. Protons of esters group fragment with butyl
component are recorded in the form of two multiplet’s when
4.12 ppmand of 1.43 ppm and a triplet at 0.90 ppm. As a result
of mass spectrometric studies we have established the individ-
ual peaks of the synthesized substances: observed separation
of the fragment, which is associated with carbonyl group.

Conclusions

The optimal conditions of obtaining esters of 2-[5-((theo-
phylline-7'-yl)methyl)-4-R-1,2,4-triazole-3-ylthio]acetic acid
have been determined. It is established that the synthesis
of esters of 2-[5-((theophylline-7’-yl)methyl)-4-R-1,2,4-
triazole-3-ylthio]acetic acid proceeds with greater yield, if
they are gotten directly from the thiol. The general physical
properties of the obtained compounds have been studied.

Funding: The research was carried out within the state bud-
get scientific-research work “Synthesis of new biologically
active substances - derivatives of 5-(alkyl-, aryl-, heteryl-)
of 4-R-(amino)-1,2,4-triazolyl-3-thiones for the creation of
original drugs with analgesic, actoprotective, antimicrobial,
anti-inflammatory and diuretic effect” (0115U003470), 2015-
2017, funded by the Ministry of Health of Ukraine.
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