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At this stage of modern science development scientists get a lot of questions in the
field of medicine and pharmacy. The study and search of new ways for synthesis of high-
performance and low-toxic substances is one of the most important questions among them.
Special attention is paid to 1,2,4-triazole and xanthine. On their basis some medical drugs
have been previously made and are widely used in nowadays medicine.

The aim of this work was the synthesis of salts of 2-(5-((theophylline-7’-yl)methyl)-4-
methyl-4H-1,2,4-triazole-3-ylthio)acetic acid and the study of their properties.

Methods and results. Theophylline has been selected as starting material. Through a
number of stages 7’-((3-thio-4-methyl-4H-1,2,4-triazole-5-yl)methyl)theophylline has
been obtained.

Salts with organic and inorganic bases have been obtained by the neutralization reaction
in aqueous medium. The structure of the compounds has been confirmed with elemental
analysis on Elemental Vario EL cube (Elementar Analysensysteme, Germany), IR spectra
(4000-400 cm™) have been taken off the module ALPHA-T of Bruker ALPHA FT-IR
spectrometer (Bruker optics, Germany). Gear Liquid Chromatography System with
Mass spectrometric detector (Agilent Technologies, USA): Agilent 1260 Infinity HPLC
System; single quadrupole mass spectrometer Agilent 6120 with electrospray ionization
(ESI); Open LAB CDS Software. The formation of salts has been confirmed by the signals
corresponding to protonated amines.

Conclusion. The optimal conditions of obtaining salts of 2-(5-((theophylline-7’-yl)
methyl)-4-methyl-4H-1,2,4-triazole-3-ylthio)acetic acid with inorganic and organic bases
have been determined. Corresponding carboxylic acid has been obtained by interaction of
the resulting thiol with monochloroacetic acid in aqueous solution with double quantity of
alkali and subsequent neutralization by hydrochloric acid.

It has been confirmed that the greatest outputs of the reaction products were observed
while using water as the solvent and its further replacement of propan-1-ol or acetone.
The general physical-chemical properties of the obtained compounds have been studied
and a preliminary study of biological activity has been done.

Cunre3 i gocaimkeHHst (i3nKo-XiMiYHUX BJIACTHBOCTEH coJieil
2-(5-((reodinin-7’-im)mernn)-4-metui-4H-1,2,4-rpiazon-3-inrio)aneraTHoi KHCJI0TH
A. C. Toyyns

CroroziHi mepes; HayKOBISIMU MOCTa€ 06araro MUTaHb y cepi MeIUIMHK Ta papMarii, OHUM i3 HAHBAKIIUBILIMX CEPel HUX € JI0-
CIIDKEHHA Ta MOUIYK HOBHX IUIAXIB CHHTE3Y BUCOKOC(PEKTUBHHX 1 MAIOTOKCHYHHUX PeYOBUH. OCcOOIUBY 3alliKaBICHICTh BUKIUKAIOTH
noxiaHi 1,2,4-Tpia3ony Ta kcanTHHY. Ha IXHIl OCHOBI CTBOPEHO BEJMKY KUIBKICTB JIIKAPCHKUX IIPETapariB, sSKi ITHPOKO 3aCTOCOBYIOTHCS
B Cy4JacHIH MEAWYHIH MpaKTHIIi.

Meta po60OTH — cHHTE3 i JOCHI/PKeHHS BIacTUBOCTeH coueit 2-(5-((Teodinin-7’-im)mernn)-4-metnn-4H-1,2,4-rpiazon-3-inrio)
aneTaTHol KHCIIOTH.

MeToau Ta pe3yJabTaTH. SIK BUXiTHY peY4OBHHY 0Opaii Teo(isliH, HA OCHOBI SKOTO Yepe3 HHU3KY MOCIITOBHHUX CTaIiil OTpUMaHO
7’-((3-ti0-4-metnn-4H-1,2,4-tpiazon-5-in)metmn)reodinin. Peakiiero HeWTpatizamii ofepkaHi coiii 3 OpraHiuHINMHU Ta HEOPTaHIYHIUMHU
OCHOBAaMH y BOIHOMY cepeaoBuii. Jlocmimkeni Gpi3nyuHi Ta XiMiuHI BIACTUBOCTI CIOYK, 1[0 OTPUMANHU. byIoBa pedoBHH MiATBEpHKEHA
3a JIONIOMOTOFO €JIEMEHTHOTO aHaIi3y 3 BuKopuctanHsim npuiaay Elementar Vario L cube (CHNS), TU-criekrpodoromerpii (4000400 cm™):
T9-cniexrpu 3usiti Ha Momynti ALPHA T criekrpomerpa Bruker ALPHA FT-IR. 'H SIMP criekTpu CIOJTyK 3alucaHi 3a JOMOMOTOIO CIIeK-
tpometpa «Mercury 400» (posunamuk — IMCO-d,, BHYTpilIHil cTaHAapT — TETPAMETUIICHIIAH ). XPOMATO-Mac-CIIeKTPaTbHi I0CHiKEHH S
3nificHeni Ha nprtazai Agilent 1100 Series LC/MSD System, crioci6 ioni3awii — ximiuna ionizauist npu armocdepuomy tucky (APCI).
Y TBOpeHHS colel MiTBEp/KEH] CUTHAIAMH BiJIITOBITHAX IIPOTOHOBAHHX aMiHiB.

BucHoBku. BecTraHOBIITN onTUMalbHI yMOBH OTpHMaHHs coneit 2-(5-((Teodinin-7’-im)merun)-4-metnn-4H-1,2,4-tpia3on-3-intio)
alleTaTHOI KMCJIOTH 3 HEOPraHIYHUMHU Ta OpraHiYHUMH OCHOBaMH. B3aemoiero Tiomy, 110 ofiepykaiu, 3 KUCIOTOK MOHOXJIOPAIETATHOO
Yy BOJHOMY PO34HHI MOABIHHOT KITBKOCTI JIYTY 3 HACTYITHOIO HEUTpai3alielo KACIOTOI0 XJIOPUIHOI0 OTPUMAaHa BiIOBITHA KapOOHOBA
kuciota. [linTBeppkeHo, 1110 HaWO1IbIIT BUXO/H COJICH SIK IPOYKTIB peaKLil CoCTepirajy MiJ 4ac BUKOPUCTAHHS BOAM SIK POZYHHHUKA
3 HACTYIHOIO ii 3aMiHOIO0 Ha IpomaH-1-071 a00 aneToH. 3AIMCHUIN JOCIiKeHHS 3arajJbHUX (PI3MYHMX 1 XIMIYHUX BIACTUBOCTEH CIIOTYK
1 BUKOHAJIM TIONICPEITHE JTOCIIKCHHS 010JI0TTYHOT aKTUBHOCTI.

Knrwuosi cnosa: meoghinin, 1,2,4-mpiason, ¢pizuxo-ximiuni enacmugocmi, cCunmes.
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CuHTe3 M HccsaeoBaHue (PU3NKO-XUHMHUYECKUX CBOCTB CoJIei
2-(5-((reopunnH-7’-nia)meTui1)-4-metnn-4H-1,2,4-rpuaszoii-3-miTuo)-aneTaTHoH KUCJI0ThI

A. C. Toyynsa

Ceroznst nepe]; yu€HbIMU BO3HUKAET MHOTO BOIIPOCOB B chepe MeIULUHBI U (papMalyy, U OXHUM U3 BOXKHEHIIMX CPeIy HUX SIBIIS-
eTCs MICCIICIOBAaHUE 1 TIOMCK HOBBIX ITyTel CHHTE3a BBICOKOI()(EKTUBHBIX W MAJOTOKCHYHBIX BemecTB. OcOObIi HHTEpEC BHI3BIBAIOT
nponsBoanbie 1,2,4-Tpraszona n kcanTnHa. Ha MX 0CHOBE CO3/aHO 3HAYNTETbHOE KOIMYECTBO JIEKAPCTBEHHBIX TPEMNapaToB, KOTOPBIE
LIMPOKO NPUMEHSIOTCS B COBPEMEHHON MEAUIIMHCKON IIPAKTHKE.

Leas padoTbl — CHHTE3 M HCCIIEIOBAHNE CBOKMCTB coneil 2-(5-((teodmmmmH-7’-mn)mernn)-4-metun-4H-1,2,4-tprua3on-3-uitmo)
alleTaTHOW KUCIIOTBI.

MeToab! 1 pe3yJbTaThl. B KauecTBe HCXOIHOTO BEIECTBA BHIOPAH TEO(DHIIINH, HA OCHOBE KOTOPOTO Yepe3 Psifl ITOCIIEe0BATEIbHBIX
craauit 61 omydeH 7°-((3-tuo-4-metun-4H-1,2,4-tpuazon-5-un)metnin)reopwuinH. Peaknueit HeHTpanIn3auy MOIyYeHbI COIH C
OpPraHWYECKVMHU M HEOPraHWYECKHMMHU OCHOBAaHHMSMH B BOJHOW cpeze. MccienoBansl obmme (Gusnueckue ¥ XMMHYECKHE CBOMCTBA
TIOTyYeHHBIX coenHeHnil. CTpoeHne BemecTB MOATBEPK/ICHO ¢ IIOMOIIBIO AJIEMEHTHOTO aHainmu3a Ha npubope ElementarVario L cube
(CHNS), UK-cniekrpodoromerpun (4000-400 cm™): MK criektpbl Obuin cHsiThl Ha Moayiie ALPHA T cnekrpomerpa Bruker ALPHA
FT-IR. 'H SIMP criekTpbl coeIMHEHH 3aMMCaHbl C MOMOMIBIO criekTpomeTpa «Mercury 400» (pactBopurens — IMCO-d,, BHyTpeHHUit
CTaHAAPT — TeTpaMeTHICIIaH). XpoMaTo-MacC-CIeKTpaIbHbIe HCCIenoBaHus npoBoamn Ha npudope Agilent 1100 Series LC/MSD
System, crnoco0 MOHHM3ALUN — XUMHYECKass HOHU3aus rpu atMocdeprom nasinernu (APCI). ObpasoBanue coneil TOATBEpKICHO
CHUTHAJaMH COOTBETCTBYIOLIMX POTOHUPOBAHHBIX AMHHOB.

BbiBoOBI. YcTaHOBIEHBI ONTHMATBHBIE YCIOBHS OMy4eHuUs coneit 2-(5-((teopummmu-7-un)metun)-4-metnn-4H-1,2,4-tpuazon-
3—HHTHO)aueTaTHOﬁ KHCJIOTBI ¢ HEOPTaHWUYCCKUMHU U OPraHM4€CKUMU OCHOBAHUSMMU. BSal/IMOJICI\/'ICTBHeM MOJIY4€HHOI'0O THOJIa C
KHCJIOTOH MOHOXJIOPAIETaTHO! B BOZAHOM PacTBOPE YABOCHHOTO KOJIMUECTBA MIENOUYH C MOCIEAyIonel HelTpaau3aneld KuCIoToi
COJISTHOM TI0JIy4eHa COOTBETCTBYOIIAsi KapOOHOBas KucioTa. IT0ATBEpK/ICHO, 4TO HAMOOJIBLINE BBIXOJBI COJICH KaK MPOAYKTOB
peaku HaOMIOaIKiCh MIPU MCIOIb30BAHMM BOJBI B KaUu€CTBE PACTBOPHUTENS ¢ TOCHeayroueil e€ 3aMeHoH Ha mponaH-1-omn uiu
anetoH. VccnenoBansl o0mue Gpusndyeckne 1 XMMHYECKHE CBOHCTBA ITOJMYYEeHHBIX COSIMHEHUH U IPEIBAPUTEIFHOE HCCIIEOBAHNUE

OMOJIOTHYCCKON aKTHBHOCTH.

Knrwuesvie cnosa: meogunnun, 1,2,4-mpuazon, puzuko-xumuveckue coUCmMed, CUHMES.
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At this stage of modern science development scientists
get a lot of questions in the field of medicine and
pharmacy. The study and search of new ways for synthesis
of high-performance and low-toxic substances is one of
the most important questions among them. Derivatives of
1,2,4-triazole and xanthine are of special interest [2—10].
Established drugs on their basis are widely used in medi-
cine. Despite the achievements of modern pharmacy in the
sphere of this group of heterocyclic compounds the search
for new biologically active compounds remains timely and
important.

The aim of this work was the synthesis of salts of
2-(5-((theophylline-7’-yl)methyl)-4-methyl-4H-1,2,4-tri-
azole-3-ylthio)acetic acid and the study of their properties.

Materials and methods

Theophylline has been selected as starting material.
Through a number of stages 7’-((3-thio-4-methyl-4H-1,2.4-
triazole-5-yl)methyl)theophylline has been obtained.

The study of physical-chemical properties of the obtained
compounds was carried out using methods listed in the State
Pharmacopoeia of Ukraine (7able 1).

The melting point was determined using capillary method
on Stanford Research Systems Melting Point Apparatus
100, America. The structure of the compounds was con-
firmed 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, Ger-
many). Chromate-mass-spectral studies were carried out on
Agilent 1100 Series LC/MSD System, method of ionization

— chemical ionization at atmospheric pressure (APCI).

Getting the n-propyl ester theophylline (2), theophylline
hydrazide (3), 2-(2- (theophylline-7’-yl)acetyl)-N-methylhy-
drazinecarbothioamide (4) has been held by the previously
described methods [1].

7°-((3-thio-4-methyl-4H-1,2,4-triazole-5-yl)methyl)
theophylline. A mixture of 0.01 mol 2-(2-(theophylline-7-yl)
acetyl)-N-methylhydrazine-carbothioamide, 0.01 mol so-
dium hydroxide and 50 ml water is heated to boiling for 2
hours, cooled and added to the filtrate 2 ml of concentrated
hydrochloric acid. The resulting precipitate was filtered off,
washed with water. Crystallized from a mixture of DMF with
water. Yield — 87 %, m. p. 261 — 262 °C.

IR spectrum, v, cm': 2885 (vCH,, aliphatic), 1645 (v.._),
1665 (v._,), 1610 (v._), 1560 (v._), 1510 (v.,), 1480
(3CH,).

'HNMR (DMSO-d,, 400 MHz), 8, ppm: 3.47—-3.35 (6H, s,
2CH,),4.64 (2H,s,CH,), 8.36 (1H, s, CH), 11.3 (1H, s, SH).

2-((5-((theophylline-7’-yl)methyl)-4-methyl-4 H-1,2 ,4-
triazole-3-yl)thio)-acetic acid (Fig. /). In heat resistant
flask 0.01 mol 7°~((3-thio-4-methyl-4H-1,2,4-triazole-5-yl)
methyl)theophylline is heated with 0.02 mol of NaOH and
0.01 mol of acid monochloracetate. Heated to boiling for 1
hour. Cooled. Neutralized by acetic acid. Crystallized with
propan-1-ol. Yield — 74 %, m. p. 164—166°C.

IR spectrum, v, cm™: 2979 (Vo> 2875 (vCH,, aliphatic),
1735 (Vegon)s 1653 (vi_), 1608 (v ), 1553 (v..), 1510
(Vey)s 1475 (3CH,).

The '"H NMR spectrum, 6, ppm: 3.25-3.45 (3H, s, CH,),
4.05(2H,s,CH)), 5.11 (2H, s, CH,), 8.38 (1H, s, CH), 11.6
(1H, s, COOH).
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Sodium, potassium, magnesium, calcium and zinc, am-
monium salts and salts with organic bases 2-(5-((theoph-
ylline-7’-yl)methyl)-4-methyl-4 H-1,2,4-triazole-3-yl)thio)
acetic acids have been obtained according to previously
described methods (Fig. 1).

Results and their discussion

"H NMR spectrum of the synthesized acid is character-
ized by the signals of the protons of -CH, groups of xan-
thine fragment and 1,2,4-triazole in the form of singlets at
3.25ppm, 3.38 ppm and 3.45 ppm, the signals of protons
of -CH,- groups in the form of the singlet at 4.05 ppm and
5.12 ppm. =CH- group is defined by singlet signal, which is

fixed with at 8.36 ppm. Proton of a -COOH group resonate
in the form of widening the singlet at 11.2 ppm.

The IR spectrum of the obtained acid includes the bands
of stretching vibrations of associated OH-links at 2880 cm!
and at 2937 cm™', -CH, - group at 2820 cm™, -COOH group at
1706 cm™. There are also absorption bands of C=0, C=N and
C=C xanthine fragment apparent in the area 1503-1658 cm™.
Fragment C-S is recorded in the form of bands of stretching
vibrations at 745 cm’'.

The formation of salts was confirmed by the signals corre-
sponding protonated amines. For example, in the spectrum
diethylammonium salt is observed triplet and quadruplet

Table 1
Physicochemical properties of the synthesized compounds
Hsc\ o
2\ N CH2—< }—s c< / . R
T &, i
CH;
o 5 M.p., | Yield, Empirical Estimated, % Found, %
°C % formula C H N s C H N S

1 H 164-166 | 74 C,H,N.0,S 4264 | 415 | 26.78 | 875 | 4273 | 4.14 | 26.84 | 8.77
2 Na* 178-180 | 67 | C,H,N,NaO,S | 40.24 | 365 | 2527 | 830 | 40.31 | 3.64 | 2531 | 828
3 K 186-188 | 64 C.H,NKOS | 3863 | 351 | 2426 | 7.97 | 38.70 | 350 | 24.30 | 7.95
4 Mg? >210 74 |C,H,MgN,O,S, | 41.39 | 3.76 | 26.00 | 853 | 4147 | 3.75 | 26.04 | 851
5 Crp 125129 | 76 |C,H,CaN,O,S, | 40.55 | 3.68 | 2527 | 8.36 | 40.62 | 3.67 | 2551 | 8.34
6 Zn?* 200202 | 81 |[C,H,ZnN,O,S, | 39.23 | 354 | 2465 | 8.09 | 39.32 | 3.55 | 24.69 | 8.07
7 H,N*CH, 129-131 | 63 C,H,N,0,S 4235 | 510 | 2823 | 811 | 4242 | 509 | 28.27 | 8.09
8 H,N"C,H, 155-157 | 70 C,H,,N,0,S 4381 | 541 | 2726 | 7.83 | 4389 | 540 | 27.30 | 7.81
9 | H,NY(CH,0H), |119-121 | 87 C,,H,,N,0,S 4217 | 521 | 26.24 | 7.504 | 42.25 | 520 | 26.28 | 7.52
10 | HN*(C,H,),C,H,OH | 146-149 | 65 C,H,,N,0,S 44.81 | 578 | 2461 | 710 | 4492 | 577 | 2465 | 7.05
1 HN*(C,H,), 119-120 | 72 C,.H,,N,0,S 5439 | 7.70 | 2032 | 584 | 5452 | 7.69 | 20.35 | 5.82
12 piperidinium 136-138 | 88 C,H,,N,0,S 47.83 | 583 | 2482 | 713 | 47.99 | 582 | 24.87 | 7.12
13 |  morpholinium 140-142 | 76 CH,N,0.S 4501 | 536 | 2472 | 711 | 4512 | 535 | 24.76 | 7.09
14 piperazinium 155-156 | 83 CH,.N,0,S 4511 | 559 | 27.88 | 712 | 4522 | 558 | 27.92 | 7.10

)E[N CH{ }s —c*-cooNa (K)| o
/l\ (':H3

Na(K)+

)in—cazk Vs Ecoon /
PN En,

s fi

0 N-N 4
C I\ 2 - 2+ 2+
" N—CH,{ }-s-c"coo |Mg™ (ca™,
)\ | /> N Zn%, Cu?*, Fe?")
N CH3
\
CHj

N-N H, R
N N—CH2J<N»—S—C -c00 H-N

| R3; R
Vi ¢H, 3 R2

H, + /N
—CHZJ\ )—s -C>COOHN X
N

CH3

X=NH, O, CH,; R =R,=R.=H, CH,, C,H,, C,H,

2775

Fig. 1. Synthesis of salts of 2-((5-((theophylline-7’-yl)methyl)-4-methyl-4H-1,2,4-triazole-3-yl)thio)acetic acid.
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with centers at 1.35 and 2.95 ppm and singlet at 7.10 ppm,
in the spectrum diethylmonoethanolammonium salt — quar-
tets at 3.18 ppm and a triplet at 1.46 ppm and a singlet at
7.05 ppm, and the signal of OH-group in the form of a
triplet at 3.48 ppm. 'H NMR spectrum benzylammonium
salt is characterized by a singlet NCH, group at 3.82 ppm
and multiplet C_H_-group at 7.15-7.72 ppm.

Morpholinium salt is characterized by a set of signals of
the protonated morpholine in the form of two multiplets
at 3.25, 3.89 ppm and singlet at 8.95 ppm. Piperazinium
cation is described by the presence of singlets of protons at
2.80 ppm and 3.40 ppm. Piperidinium salt is characterized
by the signals of the protons of the organic bases in the form
of multiplet when of 1.51 ppm and 2.60 ppm and singlet at
7.03 ppm.

In the IR spectra of salts of 2-((5-((theophylline-7’-yl)
methyl)-4-methyl-4H-1,2,4-triazole-3-yl)thio)acetic acid
the absence of absorption bands of stretching vibrations

of OH-bond and the presence of three bands of stretching
vibrations in the region of 1740-1660 cm™ is observed. For
salts of organic bases broad absorption bands of primary
and secondary amines in the region 3050-2900 ¢m™ and
2710-2250 cm™ and deformation vibrations in the region
of 16101565 cm'! is observed.

Conclusions

The optimal conditions of obtaining salts of 2-(5-((theoph-
ylline-7’-yl)methyl)-4-methyl-4H-1,2,4-triazole-3-ylthio)
acetic acid with inorganic and organic bases have been de-
termined. It has been confirmed that the greatest outputs of
the reaction products were observed while using water as the
solvent and its further replacement of propan-1-ol or acetone.

The general physical-chemical properties of the obtained
compounds have been studied and a preliminary study of
biological activity has been done.

Conflicts of Interest: authors have no conflict of interest
to declare.
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